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Baryon Particle Listings
=,(3055), =.(3080), =.(3123), 2°

=.(3055) DECAY MODES

Mode Fraction (I;/T)
rh ~Xttk- seen
r, AD% seen

=,(3055) BRANCHING RATIOS

T(AD*)/T(E++K")

VALUE

DOCUMENT ID TECN  COMMENT

r2/T1

5.09+1.01+0.76

KATO 16 BELL 721 and 103 evts

=,(3055) REFERENCES

KATO 16 PR D94 032002
KATO 14 PR D89 052003
AUBERT 08J PR D77 012002

Y. Kato et al
Y. Kato et al
B. Aubert et al.

(BELLE Collab.)
(BELLE Collab.)
(BABAR Collab.)

?

—_ Py _ 177 .
=.(3080) 1UP) = 1(?%) status: k%
=.(3080) MASSES
=.(3080)+ MASS
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
3077.2+0.4 OUR AVERAGE
3077.9+0.9 596 KATO 16 BELL ete— T region
3077.0+£0.4+0.2 403 £+ 60 AUBERT 08) BABR et e~ ~ 10.58 GeV

e o o We do not use the following data for averages, fits, limits, etc. o o o

3076.9+0.3+0.2 210 + 30 KATO 14 BELL See KATO 16
3076.7+0.9+£0.5 326 + 40 CHISTOV 06 BELL See KATO 14
=.(3080)° MASS

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
3079.9+1.4 OUR AVERAGE Error includes scale factor of 1.3.

3079.3+1.1+£0.2 90 + 27 AUBERT 08) BABR et e~ ~ 10.58 GeV
3082.8+1.8+1.5 67 + 20 CHISTOV 06 BELL ete =~ T(4S)

=,(3080)+ WIDTH

=,(3080) WIDTHS

DOCUMENT ID TECN  COMMENT

3.6+1.1 OUR AVERAGE Error includes scale factor of 1.5.

VALUE (MeV) EVTS
3.0+0.7+0.4 596
55+1.3+0.6 403 £+ 60

KATO
AUBERT

e o o We do not use the following data for averages, fits, limits, etc. o o

16 BELL ete™ T region
08) BABR ete™ ~ 10.58 GeV

24+09+1.6 210 £ 30 KATO 14 BELL See KATO 16
6.2+1.2+0.8 326 + 40 CHISTOV 06 BELL See KATO 14
=.(3080)° WIDTH
VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
5.6+2.2 OUR AVERAGE
59+23+15 90 + 27 AUBERT 08) BABR ete™ ~ 10.58 GeV
52+3.1+1.8 67 + 20 CHISTOV 06 BELL ete =~ T(4S)

=c(3080) DECAY MODES

Mode Fraction (I;/T)
I /\j?ﬂ seen
P > (2455)K seen
M3 X (2455)tt K~ seen
My 26(2520)++_K7 . seen
I X(2455)K + X (2520)K seen
e /\2r K not seen
r; Ai?ﬂ"*’ T not seen
rg AD* seen
=.(3080) BRANCHING RATIOS

I(Zc(2455)K) /T (A K7) PY/
VALUE DOCUMENT ID TECN  COMMENT.
0.45+0.06 OUR AVERAGE
0.45+0.05+0.05 AUBERT 08) BABR in /\2’ Kot
0.44+0.12+0.07 AUBERT 08) BABR in AT K& n~
I'(Zc(2520)++ K _) / F(Z,_-(2455)++ K _) F4/T3
VALUE DOCUMENT ID TECN  COMMENT.
1.07+0.27+0.04 KATO 16 BELL 234 and 176 evts

.
[F(Zc(2455) K) + [ (Z(2520)K)] /T (AT Km) s/
VALUE DOCUMENT ID TECN COMMENT
0.89+0.12 OUR AVERAGE
0.95+0.144+0.06 AUBERT 08J BABR in /\CJr K~ nt
0.78+£0.214+0.05 AUBERT 08) BABR in /\2r Kosﬁ’
F(AD*) /T (Xc(2455)** K~) Mg/T3
VALUE DOCUMENT ID TECN COMMENT
1.29+0.30+0.15 KATO 16 BELL 186 and 176 evts I
=.(3080) REFERENCES

KATO 16 PR D94 032002 Y. Kato et al. (BELLE Collab.)
KATO 14 PR D89 052003 Y. Kato et al. (BELLE Collab.)
AUBERT 08J PR D77 012002 B. Aubert et al. (BABAR CoHab.)
CHISTOV 06  PRL 97 162001 R. Chistov et al. (BELLE Collab.)

—_— ?

_6(3123) 1JP) = 2(2%) Status: *

OMITTED FROM SUMMARY TABLE
A peak in the 26(2520)JrJr K™ — /\'C*' K~ at mass spectrum with
a significance of 3.6 standard deviations. KATO 14 finds no evidence
for this state.

=,(3123) MASSES
Zc(3123)t MASS

VALUE (MeV) EVTS
3122.9+1.3+0.3 101 £ 35

DOCUMENT ID TECN COMMENT
AUBERT 08/ BABR ete~ ~ 10.58 GeV

=,(3123) WIDTHS
=.(3123)* WIDTH

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
4413417 101 + 35 AUBERT 08) BABR e+ e~ =~ 10.58 GeV
=,(3123) REFERENCES
KATO 14 PR D89 052003 Y. Kato et al. (BELLE CoHab.)
AUBERT 08J PR D77 012002 B. Aubert et al. (BABAR CoHab.)
0 1Py = o(1+) status: *k k%
Cc

The quantum numbers have not been measured, but are simply
assigned in accord with the quark model, in which the Qg is the
ssc ground state.

29 MASS

VALUE (MeV) EVTS DOCUMENT ID
2695.2+ 1.7 OUR FIT Error includes scale factor of 1.3.

2695.21' %g OUR AVERAGE Error includes scale factor of 1.3. See the ideogram

TECN _ COMMENT

below.

2693.6+ 0.3718 725 SOLOVIEVA 09 BELL Q_vf(ﬁsi)n ete -
2694.6+ 2.6+1.9 40 L CRONIN-HEN..01 CLE2 ete™ ~ 10.6 GeV
2699.9+ 1.5+25 42 2FRABETTI 944 E687 ~Be, E, =221 GeV
e o o We do not use the following data for averages, fits, limits, etc. o o o

2705.9+ 3.3+2.0 10 3FRABETTI 93 E687 ~Be, E, =221 GeV
2719.0+ 7.0+25 11 4 ALBRECHT 920 ARG eTe™ ~10.6 GeV

2740 +20 3 BIAGI 858 SPEC X~ Be 135 GeV/c

WEIGHTED AVERAGE
2695.2+1.8-1.6 (Error scaled by 1.3)

Values above of weighted average, error,
and scale factor are based upon the data in
this ideogram only. They are not neces-
sarily the same as our ‘best’ values,
obtained from a least-squares constrained fit
utilizing measurements of other (related)
quantities as additional information.

2

X
—— SOLOVIEVA 09 BELL 0.8
— i CRONIN-HEN...01 CLE2 0.0

t FRABETTI 94H E687 26

3.4
(Confidence Level = 0.181)
L L L L L |
2685 2690 2695 2700 2705 2710 2715

0
¢ mass (MeV)
1 CRONIN-HENNESSY 01 sees 40.4 & 9.0 events in a sum over five channels.
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2°, 2.(2770)°

2FRABETTI 94H claims a signal of 42.5 &+ 8.8 st K=K~ nt events. The background
is about 24 events.

3FRABETTI 93 claims a signal of 10.3 + 3.9 2~ 7t events above a background of 5.8
events.

4 ALBRECHT 92H claims a signal of 11.5 & 4.3 =~ K~ nt 7 events. The background
is about 5 events.

29 MEAN LIFE

DOCUMENT ID

VALUE (107155) _EVTS TECN  COMMENT

6912 OUR AVERAGE

72411411 64 LINK 03c FOCS Q~nt, ="K zatat
55T 13+18 86 ADAMOVICH 958 WA89 Q2 n—atat, ==K ntat
8620 +28 25 FRABETTI 950 E687 X+K— K at
2% DECAY MODES
Mode Fraction (I;/T) Confidence level

No absolute branching fractions have been measured.
The following are branching ratios relative to 2~ 7+.

Cabibbo-favored (S = —3) decays — relative to 2~ «+

rn Q2 =t DEFINED AS 1

r, 0 atx0 1.8040.33

I3 0= pt >1.3 90%
r, Q n 2nt 0.31£0.05

s N eTr,e 24 £12

re =0KO 1.64:0.29

r; Z0Kk—xt 1.2040.18

lg 20RO, KO Kot 0.68£0.16

Iy “KOrt 2.1240.28

Mo ="K 2nt 0.630.09

M1 Z(1530)° K~ t, =0 - 0.21+0.06

=

PP Z-KOgt 0.3440.11

Mz ItK K ot <0.32 90%
Ma AKOKO 1.7240.35

.ro BRANCHING RATIOS

A few early but now obsolete measurements have been omitted. See K.A.
Olive, et al. (Particle Data Group), Chinese Physics C38 070001 (2014).

r(@-a+a%/r(@-=*) r2/T
VALUE EVTS DOCUMENT ID TECN  COMMENT

1.80+0.33 OUR AVERAGE  Error includes scale factor of 1.9.

2.00+0.17£0.11 403 YELTON 18 BELL ete™ — T(4S), +higher
1.27+£0.31+0.11 64 AUBERT 07AHBABR ete™ ~ T(4S)
r(Q-p*)/r(@-=*a% r3/T2
VALUE % DOCUMENT ID TECN _ COMMENT

>0.71 90 L YELTON 18 BELL eTe~ — T(45), +higher

1 This submode fraction is evaluated from a background-subtracted signal in a mass plot.
Result ignores interference effects and systematic uncertainties, which YELTON 18 claim
are both small.

r(@-=2x*)/r(Q"=t)

VALUE EVTS

a/T1

DOCUMENT ID TECN  COMMENT

0.31+0.05 OUR AVERAGE

0.3240.05+0.02 108 YELTON 18 BELL eTe™ — T(45), +higher
0.2840.09+0.01 25 AUBERT 07AHBABR ete™ ~ 7(45)

Q- =) /T(2 etwve) /s
VALUE EVTS DOCUMENT ID TECN COMMENT
0.41+0.19+0.04 11 AMMAR 02 CLE2 ete = 7(45)
r(ZOK0)/r(2-=t) le/T1
VALUE EVTS DOCUMENT ID TECN COMMENT
1.6410.26+0.12 98 YELTON 18 BELL ete™ — T(4S), +higher
r(Zk—=t)/r(2-=t) 7/
VALUE EVTS DOCUMENT ID TECN COMMENT

1.200.162:0.08 168

r(=0K*, K*0 > K—n+) /T (S° K~ =)

VALUE EVTS
0.57+0.10 95

1 YELTON 18 BELL

YELTON 18 BELL ete™ — 7(4S), +higher

lg/T7
DOCUMENT ID TECN COMMENT

ete~ — 7T(4S), +higher

1 This submode fraction is evaluated from a background-subtracted signal in a mass plot.
Result ignores interference effects and systematic uncertainties, which YELTON 18 claim
are both small.

r(E-Koz+)/r(Q-=t)
VALUE _EVTS
2.12+0.24+0.14 349

F(Z-K-2nt)/r(Q-+)

Fo/T1
DOCUMENT ID TECN COMMENT
YELTON 18 BELL ete— — T(4S), +higher

Mo/T1

VALUE _EVTS DOCUMENT ID TECN  COMMENT

0.63+0.09 OUR AVERAGE Error includes scale factor of 1.4.

0.68+0.07+0.03 278 YELTON 18 BELL ete™ — T(4S), +higher
0.46+0.1340.03 45 AUBERT 07AH BABR ete™ ~ T(45)
r(=(1530)°K—n*, =0 =—a+) /I (Z- K~ 2xt) M1/l
VALUE _EVTS DOCUMENT ID TECN  COMMENT

0.33+0.09 74 1 YELTON 18 BELL ete™ — T(4S), +higher

1 This submode fraction is evaluated from a background-subtracted signal in a mass plot.
Result ignores interference effects and systematic uncertainties, which YELTON 18 claim
are both small.

M(E-K*Oxt)/r(=-K-2xt)
VALUE EVTS DOCUMENT ID TECN COMMENT
0.55+0.16 136 LYELTON 18 BELL eTe™ — T(45), +higher

1 This submode fraction is evaluated from a background-subtracted signal in a mass plot.
Result ignores interference effects and systematic uncertainties, which YELTON 18 claim
are both small.

rEtk—K-at)/r(Q-=t)
VALUE CL% _EVTS
<0.32 90 17

M2/T1o

MNs/N
DOCUMENT ID TECN COMMENT

YELTON 18 BELL eTe™ — T(45),
+higher

r(AKYKO)/r (2~ =t)
VALUE _EVTS
1.724+0.32+0.14 95

a4/
DOCUMENT ID TECN  COMMENT
YELTON 18 BELL eTe~ — T(4S), +higher

0% REFERENCES

YELTON 18 PR D97 032001 J. Yelton et al. (BELLE Collab.)
PDG 1 CP €38 070001 K. Olive et al. (PDG Collab.)
SOLOVIEVA 09 PL B672 1 E. Solovieva et al. (BELLE Collab.)
AUBERT 07AH PRL 99 062001 B. Aubert et al. (BABAR Collab.)
LINK 03C PL B561 41 J.M. Link et al. (FNAL FOCUS Collab.)
AMMAR 02 PRL 89 171803 R. Ammar et al. (CLEO Collab.)
CRONIN-HEN... 01 PRL 86 3730 D. Cronin-Hennessy et al. (CLEO Collab.)
ADAMOVICH 95B PL B358 151 M.I. Adamovich et al. (CERN WA89 Collab.)
FRABETTI 95D PL B357 678 P.L. Frabetti et al. (FNAL E687 Collab.)
FRABETTI 94H PL B338 106 P.L. Frabetti et al. (FNAL E687 Collab.)
FRABETTI 93 PL B300 190 P.L. Frabetti et al. (FNAL E687 Collab.)
ALBRECHT 92H PL B288 367 H. Albrecht et al. (ARGUS Collab.)
BIAGI 85B  ZPHY (28 175 S.F. Biagi et al. (CERN WA®62 Collab.)

Py — o3+ .
95(2770)0 I(JT) = 0(3™) Status: *3k X
The natural assignment is that this goes with the X(2520) and

Z.(2645) to complete the lowest mass P =3+ SU(3) sextet,
part of the SU(4) 20-plet that includes the A(1232). But J and P
have not been measured.

2,(2770)° MASS

The mass is obtained from the mass-difference measurement that follows.

VALUE (MeV) DOCUMENT ID
2765.94+2.0 OUR FIT  Error includes scale factor of 1.2.

02:(2770)° — 2% MASS DIFFERENCE

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

70.7+33 ouR FIT

70.7+98 oUR AVERAGE

70.720.97 03 5449 SOLOVIEVA 09 BELL 20yinete™ — 7(45)
708+£1.041.1 1054+ 22 AUBERT,BE 06/ BABR eTe™ ~ T(45)

0,(2770)° DECAY MODES

The QC(2770)0—92 mass difference is too small for any strong decay to

occur.
Mode Fraction (I';/T)
ry Qg v presumably 100%
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2.(2770)°, 2.(3000)°, £2.(3050)°, £2.(3065)°, £2.(3090)°, £2.(3120)°

0,(2770)° REFERENCES

SOLOVIEVA 09 PL B672 1
AUBERT,BE 06l  PRL 97 232001

E. Solovieva et al.
B. Aubert et al.

(BELLE Collab.)
(BABAR Collab.)

10P) = 2(2%)  status: kkk

2.(3000)°

2.(3000)° MASS

VALUE (MeV) EVTS DOCUMENT ID TECN _ COMMENT
3000.4+0.24+0.1+0.3 1.3k 1 AAL 17AHLHCB pp at 7, 8, 13 TeV |
L The third error is the uncertainty on the Ezr mass. (AAIJ 17AH gave J_rgg MeV here,

but as of 2018 it is £0.3.)

0,(3000)° WIDTH
VALUE (MeV’ EVTS DOCUMENT ID TECN COMMENT
4.5+0.61+0.3 1.3k AALJ 17AHLHCB pp at 7, 8, 13 TeV |

0,(3000)° DECAY MODES

Mode Fraction (F;/T)
I Ezr K~ seen

2:(3000)° BRANCHING RATIOS

M(=FK~)/Teotal /T
VALUE DOCUMENT ID TECN COMMENT
seen AALJ 17AH LHCB pp at 7, 8, 13 TeV |

0,(3000)° REFERENCES

AALJ 17AH PRL 118 182001 R. Aai] et al. (LHCb Collab.)

10P) = 2(27)  status: kkk

2.(3050)"

2(3050)° MASS

VALUE (MeV' EVTS DOCUMENT ID TECN _ COMMENT
3050.2+0.1+0.1+£0.3 970 1 aAl 17AHLHCB ppat 7, 8, 13 TeV I
L The third error is the uncertainty on the E? mass. (AAIJ 17AH gave J_rgg MeV here,

but as of 2018 it is +0.3.)

02,(3050)° WIDTH
VALUE (MeV) CLY% DOCUMENT ID TECN COMMENT
<1.2 95 AAlJ 17AHLHCB pp at 7, 8, 13 TeV |

0,(3050)° DECAY MODES

Mode Fraction (F;/T)
I E'C" K~ seen

2:(3050)° BRANCHING RATIOS

=t -
M= K)/Teotal r/r
VALUE DOCUMENT ID TECN COMMENT
seen AALJ 17AHLHCB pp at 7, 8, 13 TeV |

0,(3050)° REFERENCES

AALJ 17AH PRL 118 182001 R. Aai] et al. (LHCb Collab.)

10P) = 2(27)  status: kkk

2.(3065)°

2(3065)° MASS

VALUE (MeV' EVTS DOCUMENT ID TECN COMMENT
3065.60.1+£0.3+£0.3 1.74k 1 AALl 17AHLHCB pp at 7, 8, 13 TeV |

1 The third error is the uncertainty on the Ezr mass. (AAIJ 17AH gave fgg MeV here, |

but as of 2018 it is £0.3.)

0,(3065)° WIDTH
VALUE (MeV. EVTS DOCUMENT ID TECN COMMENT
3.5+0.4+0.2 1.74k AALJ 17AHLHCB pp at 7, 8, 13 TeV |

0,(3065)° DECAY MODES

Mode Fraction (I;/T)

[ _:? K~ seen

02(3065)° BRANCHING RATIOS

M(EEK™) Mrota /v
VALUE DOCUMENT ID TECN COMMENT
seen AALJ 17AHLHCB pp at 7, 8, 13 TeV |

2,(3065)° REFERENCES

AALJ 17AH PRL 118 182001 R. Aai] et al. (LHCb Collab.)

1UP) = 227)  Status: k%%

2.(3090)°

0,(3090)° MASS

VALUE (MeV) EVTS DOCUMENT D TECN  COMMENT
3090.2+0.3+0.5+0.3 2.0k L aAl 17AHLHCB pp at 7, 8, 13 TeV |
1 The third error is the uncertainty on the Ezr mass. (AAIJ 17AH gave fgg MeV here,

but as of 2018 it is +0.3.)

0,(3090)° WIDTH
VALUE (MeV EVTS DOCUMENT ID TECN COMMENT
8.7+1.0+0.8 2.0k AAIJ 17AHLHCB pp at 7, 8, 13 TeV |

0,(3090)° DECAY MODES

Mode Fraction (I';/T)
I :_j K~ seen

2(3090)° BRANCHING RATIOS

M(EEK™)/rotal /v
VALUE DOCUMENT ID TECN COMMENT
seen AAIJ 17AHLHCB pp at 7, 8, 13 TeV |

0,(3090)° REFERENCES

AALJ 17AH PRL 118 182001 R. Aai] et al. (LHCb Collab.)

1UP) = 227)  Status: k%%

2.(3120)°

2,(3120)° MASS

VALUE (MeV. EVTS DOCUMENT ID TECN  COMMENT
3119.1+£0.3+0.9+£0.3 480 L AALS 17AHLHCB pp at 7, 8, 13 TeV I
L The third error is the uncertainty on the E:_r mass. (AAIJ 17AH gave fgg MeV here,

but as of 2018 it is +0.3.)

2,(3120)° WIDTH
VALUE (MeV CL% DOCUMENT ID TECN COMMENT
<2.6 95 AALJ 17AHLHCB pp at 7, 8, 13 TeV |

0,(3120)° DECAY MODES

Mode Fraction (I';/T)
I :_? K~ seen
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2.(3120)°

0,(3120)° BRANCHING RATIOS

M(EfK~)/Mota ra/r
VALUE DOCUMENT ID TECN  COMMENT
seen AALJ 17AHLHCB pp at 7, 8, 13 TeV

0,(3120)° REFERENCES

AALJ 17AH PRL 118 182001 R. Aaij et al. (LHCb Collab.)
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DOUBLY CHARMED BARYONS
(C=+2)

=++ — -+ _ + _
=T =ucc, =] dce, 27 =scc

.=

=+ 10P) = 2(2%)  status: *
— cc

OMITTED FROM SUMMARY TABLE
This would presumably be an isospin-1/2 particle, a ccu _:;;"' and a
ccd Ej’c. However, opposed to the evidence cited below, the BABAR
+

experiment has found no evidence fora = in a search in /\‘C*' K™ m

and =27+ modes, and no evidence of a =1t in AT K~ 7T and
=%7% 7t modes (AUBERT,B 06D). Nor have the BELLE (CHIS-
TOV 06, KATO 14) or LHCb (AAIJ 13CD) experiments found any
evidence for this state.

=+
=F MASS
VALUE (MeV) EVTS DOCUMENT ID TECN_ COMMENT
3518.9+0.9 OUR AVERAGE
3518 +3 6 1 OCHERASHVI..05 SELX X~ nucleus ~ 600 GeV
3519 +1 16 2 MATTSON 02 SELX X7 nucleus =~ 600 GeV

1 OCHERASHVILI 05 claims “an excess of 5.62 events over ... 1.38 = 0.13 events” for a
significance of 4.8 o in pDT K~ events.

2 MATTSON 02 claims “an excess of 15.9 events over an expected background of 6.1 +£0.5
events, a statistical significance of 6.3 ¢” in the /\? K~ 7T invariant-mass spectrum.

The probability that the peak is a fluctuation increases from 1.0 x 1076 to 1.1 x 1074
when the number of bins searched is considered.

-+ —++
—cc? T ce
=++ 1JP) = 2(27)  Status: *kk

cc

A nerrow peak seen in 13 TeV pp collisions in /lzr K~ 27T with a
significance of 12 standard deviations. Supported by measurements
at 8 TeV by the same collaboration.

=H+ MASS

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

=} MEAN LIFE

VALUE (10’15 s) CL% DOCUMENT ID TECN  COMMENT
<33 90 MATTSON 02 SELX X7 nucleus, ~ 600 GeV

=} DECAY MODES

Mode
rn AfK- =t
f, pDYK™
—_ + p—
F(pD*K~)/r(AF K~ =) M2/N
VALUE EVTS DOCUMENT ID TECN  COMMENT
0.361+0.21 6 OCHERASHVI..056 SELX X~ = 600 GeV
=} REFERENCES

KATO 14 PR D89 052003 Y. Kato et al (BELLE Collab.)
AALJ 13CD JHEP 1312 090 R. Aaij et al. (LHCb Collab.)
AUBERT,B 06D PR D74 011103 B. Aubert et al. (BABAR Collab.)
CHISTOV 06 PRL 97 162001 R. Chistov et al. (BELLE Collab.)
OCHERASHVI...05 PL B628 18 A. Ocherashvili et al. (FNAL SELEX Collab.)
MATTSON 02 PRL 89 112001 M. Mattson et al. (FNAL SELEX Collab.)

3621.40+0.72+0.27+0.14 313 1 Al 178C LHCB pp at 13 TeV

1 The third error in AAIJ 17BC value is from the uncertainty of the /\Z_r mass. The width
of the signal is 6.6 & 0.8 MeV, consistent with the experimental resolution.

=3+ DECAY MODES

Mode Fraction (I;/T)
I /\CJr K- ntrot seen
+ po—
F(Ac K~ at 7r+)/rm. r/r
VALUE DOCUMENT ID TECN  COMMENT
seen AAlJ 17BC LHCB pp at 13 TeV

=+ REFERENCES

AALJ 17BC PRL 119 112001 R. Aai] et al. (LHCb Collab.)
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Ay

1.449:£0.036£0.017 1 AAD 13U ATLS ppat7 Tev
BOTTO M BA RYO NS 1.503+0.052+0.031 1 CHATRCHYAN 13AC CMS  pp at 7 TeV

1.303:£0.075:£0.035 1 ABAZOV 120 DO pp at 1.96 TeV

1.401+0.046+0.035 3 AALTONEN 108 CDF  pp at 1.96 TeV

(B=-1)

e o o \We do not use the following data for averages, fits, limits, etc. o o o

AN — ydb =0 = ysb. =7 = dsb, 27 = ssb 1.482+0.0184+0.012 4 AAL 138B LHCB Repl. by AAIJ 14U
b ‘b ' b ' b 1.5370.045+0.014 LAALTONEN 11 CDF  Repl. by AALTONEN 14B
12187 31300.042 1 ABAZOV 07s DO  Repl. by ABAZOV 12U
/\g 1UP) = 0(3F) Status: *k* % 1200+ 0119 +0.087 5ABAZOV 070 DO  pp at 1.96 TeV
0. 0 159370983 +0.033 1 ABULENCIA 07A CDF  Repl. by AALTONEN 11
In the quark model, a A}, is an isospin-0 v d b state. The lowest Ap +0'22
. 1
ought to have JF = 172, None of I, J, or P have actually been 122 “q1g £0.04 ABAZOV 05c DO Repl. by ABAZOV 075
measured. 11 T312 +o0s 6 ABREU 99w DLPH ete™ — Z
A8 MASS 120 7328 o006 6 ACKERSTAFF 986 OPAL eTe™ — Z
121 +0.11 6 BARATE 980 ALEP ete™ — Z
M 1.32 £0.15 £0.07 7 ABE 96M CDF  ppat 1.8 TeV
A_HI;EWM;V T OUR AL, MmN TECN  COMMENT 119 +9:21 +0.07 ABREU 960 DLPH Repl. by ABREU 99w
5619.624 0.16+ 0.13 L AALS 17AMLHCB pp at 7, 8 TeV | 114 1022 1007 69  AKERS 95k OPAL Repl. by ACKERSTAFF 98G
5619.30+ 0.34 2 AAL 14AA LHCB pp at 7 TeV 4023
5620.15+ 0.31+ 0.47 3 AALTONEN 148 CDF  pp at 1.96 TeV 1.02 Ty1g +0.06 44 BUSKULIC  95L ALEP Repl. by BARATE 98D
3
5619.7 £ 07 £ 1.1 AAD 13U ATLS pf at 7 Tev 1 Measured mean life using fully reconstructed Ny ¥ A decays.
5621 + 4 + 3 4 ABE 978 CDF t 1.8 TeV b
ppatl.8le 2 0 ) —
5668 + 16 + 8 4 5ABREU 96N DLPH ete™ — Z Used A, = J/wpK™ decays.
5614 + 21 + 4 4  S5BUSKULIC 96L ALEP ete  — Z 3 Measured mean life using fully reconstructed A9 — AT 7~ decays.
e o o \We do not use the following data for averages, fits, limits, etc. o o o 4Measured the lifetime ratio of decays /l?, — J/ppK~ to B - J/pnt K~ to be
5619.65+ 0.17+ 0.17 gAAIJ 16v LHCB Repl. by AALJ 17am | 0.976 & 0.012 + 0.006 with 7 g = 1.519 & 0.007 ps.
5619.44+ 0.13+ 0.38 AALJ 13av LHCB  Repl. by AALJ 17aM 5 Measured using semileptonic decays A0 = A+ v X and AT KO p.
5619.194 0.70+ 0.30 3 AAL 126 LHCB Repl. by AALJ 13Av 6 ' " P c c S
5619.7 £+ 1.2 + 1.2 7 ACOSTA 06 CDF Repl. by AALTO- Measured using Ac £~ and ALT L7
NEN 148 7 Excess Ao £, decay lengths.
not seen 8 ABE 938 CDF  Repl. by ABE 978
5640 + 50 30 16 9ALBAJAR  91E UAL  pp 630 GeV /T
+100 0 0_— b b
5640 —210 52 BARI 91 SFM Ab g pD 7T VALUE DOCUMENT ID TECN COMMENT
1
ses0 +150 % BARI 9 SFM Qs Atataa 0.940-0.035:-0.006 AALJ 14 LHCB ppat 7 TeV

1 i 0 /

Luses A9 — xc1 PK™, AQ = xapK™ AD = J/pA A) = pu(2S)K—, AJ — Measured using A, = /A decays.
pJ/rt = K, and /\% — pJ/Y K™ decays.

2Uses exclusively reconstructed final states A% — Azr D;, /Izr D~ and BY = Dt D;
decays. The uncertainty includes both statistical and systematic contributions.

3 Uses A% — J/4 A fully reconstructed decays.

4 ABE 978 observed 38 events with a background of 18 + 1.6 events in the mass range
5.60-5.65 GeV/cZ, a significance of > 3.4 standard deviations.

5Uses 4 fully reconstructed Ap events.

Ouses A) — pu(2S)K—, AY — pJ/prtaT K™, and AQ — pJjwK™ decays. |

7 p0/Tgo MEAN LIFE RATIO
b

T g0/ T go (direct measurements)

“OUR EVALUATION” has been obtained by the Heavy Flavor Averaging Group
(HFLAV) by including both B and B+ decays.
VALUE DOCUMENT ID
0.964+0.007 OUR EVALUATION

0.969+0.010 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below.

TECN  COMMENT

7 Uses exclusively reconstructed final states containing a J/¢ — /DL p~ decays. 0.92940.0180.004 1 AAL 14E LHCB ppat7 Tev
ABE 93B states tohat, based on the signal claimed by ALBAJAR 91k, CDF should have 0.974+0.006+0.004 2 AALL 14U LHCB pp at7,8 TeV
found 30 £ 23 Ay — J/4(1S5)A events. Instead, CDF found not more than 2 events. 0.960+0.025+0.016 3 AAD 130 ATLS pp at 7 TeV

9 ALBAJAR 91E claims 16 4 5 events above a background of 9 £ 1 events, a significance 0.864+0.0524+0.033 4,5 ABAZOV 120 DO pp at 1.96 TeV

of about 5 standard deviations. 1.0200.030-0.008 4AALTONEN 11 CDF  pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o

my — Mpgo

b 0.9760.012-0.006 6 AAILS 1388 LHCB  Repl. by AAIJ 14U
VALUE(MEV) DOCUMENT ID TECN COMMENT +0.096 45 ABAZOV D Repl ABAZOV
339.2+1.4+0.1 1 ACOSTA 06 CDF ppat 1.96 TeV 0-811 T g gg7 +0-034 N 0 07s Do epl- by ovizy

Luses exclusively reconstructed final states containing J/¢ — ,uJr p~ decays. 1.041+£0.057 ABULENCIA 074 CDF  Repl. by AALTONEN 11
0.87 317 +003 7 ABAZOV 05 DO Repl. by ABAZOV 075

mAg - mB+
VALUE (MeV) DOCUMENT ID TECN COMMENT WEIGHTED AVERAGE

339.72+0.28 OUR AVERAGE 0.969+0.010 (Error scaled by 1.6)
339.72:40.24+0.18 1 AAl 14AA LHCB pp at 7 TeV

339.714+0.71+£0.09 2 AAILS 12 LHCB ppat 7 TeV

1 Uses exclusively reconstructed final states A% — Azr D;, /Izr D~ and BY — Dt D;
decays.
2yses exclusively reconstructed final states containing J/¢» — ut u™ decays.

A9 MEAN LIFE

See b-baryon Admixture section for data on b-baryon mean life average
over species of b-baryon particles.

“OUR EVALUATION” is an average using rescaled values of the X2
data listed below. The average and rescaling were performed by —— AAIJ 14E LHCB 4.6
the Heavy Flavor Averaging Group (HFLAV) and are described at AAIJ 14U LHCB 05
http://www.slac.stanford.edu/xorg/hflav/. The averaging/rescaling pro- AAD 13U ATLS 0.1
cedure takes into account correlations between the measurements and — ABAZOV 12U DO
asymmetric lifetime errors. AALTONEN 11  CDF %

(Confidence Level = 0.046)
J

VALUE (10’12 s) EVTS DOCUMENT 1D TECN COMMENT | |

1.470:£0.010 OUR EVALUATION 08 09 1 11 12
1.415+0.027+0.006 L AAl 14E LHCB ppat7 TeVv

1.479+0.009+0.010 2 pALS 14U LHCB ppat7,8Tev

TAo/TBO (direct measurements)
b

1.565+0.0354+0.020 L AALTONEN 148 CDF pp at 1.96 TeV
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1 Measured using A% — J/YA and BY - J/ K*0 decays.

2used A9 — J/ppK~ and BY — J/y K*(892)0 decays.

3 Measured with A% = J/p(uT p) AO(pr) decays.

4Uses fully reconstructed Ap — J/4A decays.

5Uses B0 — J/Y K% decays for denominator.

6 Measures l/rAg - l/rBo and uses 7 go = 1.519 + 0.007 ps to extract lifetime ratio.

7 Measured mean life ratio using fully reconstructed decays.

A9 DECAY MODES

The branching fractions B(b-baryon — A{~ 7 anything) and B(/\g —

/\zrl*?éanything) are not pure measurements because the underlying
measured products of these with B(b — b-baryon) were used to determine
B(b — b-baryon), as described in the note “Production and Decay of
b-Flavored Hadrons.”

For inclusive branching fractions, e.g., Ap — annything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

Scale factor/

Mode Fraction (I';/T) Confidence level

M J/YAS)Ax B(b — A9)
Ty J/yY(1S)A

r3  ¥(2S)A

r, pDon— (63 £0.7 )x10~4
Mg Ac(2860)F 7, AT — DOp

le Ac(2880)F 7, AT — DOp

ry Ac(2940)F 7, AT — DOp

(58 +0.8 )x1075

rgs pDOK— (46 +£0.8)x1075
Fy pJ/in~ (26 £3%)x1075
To pr J/, J/y— ptu (16 +08 )x10-6
i pJ/vK~ (32 FJ8)x10

P P.(4380)* K=, Pc— pJ/i [a] (27 +14)x1073
M3 P (4450)* K=, Pc — pJ/i [a (1.3 +0.4 )x1075

Ma xca(1P)pK~ (76 713 yx10-5

~13
s Xc2(1P)pK~ (7.9 F1§)x1075

Me pJ/p(AS)ata K- (66 T13)x10-5

7 pﬂ(25)K’ (66 F12)x1075

rg pK°m— (1.3 £0.4 ) x 103

Mo pKIK— < 35 x1076  CL=90%
Fog Afr™ (49 +0.4 )x10-3 5=12
My ATK™ (3.5940.30) x 1074 s=1.2
Py /l:_r a1(1260)~ seen

s AfD™ (46 £06)x10~4

g ATD;
o5 /\CJr atrT T
M6 Ac(2595)T 7, Ac(2595)F —

(1.10+0.10) %
. . X - —1.
7.7 £1.1 ) x 1073 s=1.1
(34 £15)x1074

/\jﬂ'*m"
o7 Ac(2625)T 17, Ac(2625)T — (33 1.3 )x1074
A-CFTA'+7T7
Mg (245507, £ (57 +22)x10~4
/\:Yﬂ"
M9 Tc(2455) Tt T, 25T (32 16 ) x1074
/\'C*'ﬂ"*'
Mg AK%2nt2r—
31 Af (" Tyanything [ (103 £2.1 )%
M3 AT T, (62 t13)9
M3 Arrtr= 7, (56 +31)%
M34 Ac(2595)T ¢~ 7, (79 132 ) %1073
Mz Ac(2625)T ¢~ 7, (13 £38)%
M3 (24550 7t 0w,
M7 T (2455) Tt~
l3g ph~ [c] < 23 x 1073 CL=90%
M9 pr— (42 408 )x1076
Ta0 pK~ (5.1 +0.9 )x10°
a1 pD; < 48 x 1074 CL=90%

T2 pu~ 7y, (41 +1.0 )x1074

Fa3 Aptp~ ( 1.0840.28) x 1076

Taa prptp~ (69 +2.5)x108

F45 ANy < 13 x 1073 CL=90%
Fsg A% (9 *I )x106

F47  A97/(958) < 31 x1076  CL=90%
Fgg Arntn— (46 +£1.9 )x107°

Fag AKT7™ (57 £1.2 ) x 1076

M50 AKTK™ (1.6140.23) x 1075

rs; Ao (9.2 425 )x1076

Mo pr wtn™

Ms3 pK-KTn—

la] Pzr is a pentaquark-charmonium state.
[b] Not a pure measurement. See note at head of /\g Decay Modes.

[c] Here h™ means 7~ or K—.

CONSTRAINED FIT INFORMATION

An overall fit to 10 branching ratios uses 12 measurements and
one constraint to determine 7 parameters. The overall fit has a
X2 = 10.7 for 6 degrees of freedom.

The following off-diagonal array elements are the correlation coefficients
<‘$Xi5Xj>/(5Xi"5Xj)' in percent, from the fit to the branching fractions, x; =
;/Ttotal- The fit constrains the x; whose labels appear in this array to sum to
one.

X1 | 94

Xo5 | 50 47

X | 14 147

X39 | 0 0 0 0

0 |0 0 0 o 8

X0 X1 X5 X32 X39
A3 BRANCHING RATIOS

I (J/¥(1S)Ax B(b— A9))/Ttotal r/r
VALUE (units 10’5) EVTS DOCUMENT ID TECN COMMENT

5.8 =+ 0.8 OUR AVERAGE

6.01+ 0.60+ 0.5840.28 1 ABAZOV 110 DO pp at 1.96 TeV

47 £ 23 + 02 2 ABE 978 CDF  pp at 1.8 TeV
e o o We do not use the following data for averages, fits, limits, etc. o o o
180 +60 490 16 ALBAJAR 91E UA1l pp at 630 GeV

1ABAZOV 110 uses B(BO — J/wK) x B(b - BO) = (1.74 £ 0.08) x 107% to
obtain the result. The (+0.08) x 104 uncertainty of this product is listed as the last
uncertainty of the measurement, (£0.28) x 1075,

2 ABE 978 reports [B(A) — J/pA) x B(b — A9)] / [B(BY — J/wKE) x B(b —
BO)] = 0.27 £ 0.12 4 0.05. We multiply by our best value B(BO — J/vK%) x B(b —

BO) = (1.74 + 0.08) x 10~ 4. Our first error is their experiment error and our second
error is the systematic error from using our best value.

I (¥(25)A) /T (J/%(1S)A) r3/T2
VALUE DOCUMENT ID TECN COMMENT
0.50+0.03+0.02 1 AAD 15CH ATLS pp at 8 TeV

LAAD 15CH uses B(J/¢p — ptp™) = (5.961 & 0.033) x 1072 (PDG 14). And
B(y(2S) — pTp~) = (7.89 £ 0.17) x 103 (PDG 14) is used assuming lepton

universality.
M(pD%n~) /Teotal Ta/T
VALUE EVTS DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
seen 52 BARI 91 SFM DO Kkt
seen BASILE 81 SFM DO — K—at
- 0 - 0
I (Ac(2860)* n—, At — D®p)/T(Ac(2880)* n~, AY — Dlp) I's/Te
VALUE DOCUMENT ID TECN COMMENT
+0.51+0.21
4547 025 059 AALJ 175 LHCB ppat 7,8 TeVv
- At 0 - At 0
I(Ac(2940)t 7=, At — D°p)/T(Ac(2880)* n~, At — DOp) r7/Te
VALUE DOCUMENT ID TECN COMMENT
0.83+931+0.48 AALJ 175 LHCB ppat7,8 TeV
r(pD°K~)/T(pD%x~) le/Ta
VALUE (units 10’2) DOCUMENT ID TECN COMMENT
73x08+03 AALJ 140 LHCB ppat7 Tev
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M(xc1(1P)pK~) /T (pd /¥ K™) M4/
VALUE DOCUMENT ID TECN COMMENT
0.239:£0.0190.007 1 pAl 17AMLHCB pp at 7, 8 TeV

LAAIL 17am reports 0.242 £ 0.014 £ 0.016 from a measurement of [r(/\g —
Xcl(lP)pK*)/I'(A% = pJ/PKT)] x [B(xc1(1P) — ~J/¥(1S))] assuming
B(xc1(1P) = ~vJ/4(1S)) = (33.9 £ 1.2) x 10*2, which we rescale to our best value

B(xc1(1P) = ~J/9¥(15)) = (34.3 £ 1.0) x 10~2. Our first error is their experiment’s
error and our second error is the systematic error from using our best value.

I (xc2(1P)pK~) [T (pJ /¥ K™) M5/
VALUE DOCUMENT ID TECN COMMENT
0.2500.0250.007 1 AAl 17AMLHCB pp at 7, 8 TeV

LAAIS 17am reports 0.248 + 0.02 & 0.017 from a measurement of [I(A) —
XC2(1P)pK*)/F(/\(b) = pJ/PKT)] x [B(xca(1P) —  ~vJ/9(1S))] assuming
B(xc2(1P) = vJ/4(15)) = (19.2 £ 0.7) x 10~2, which we rescale to our best value

B(xcp(1P) = ~J/9(15)) = (19.0 £ 0.5) x 10~2. Our first error is their experiment’s
error and our second error is the systematic error from using our best value.

T(pJ/n™)/[T(pd/HK™) Fo/T11
VALUE (units 1072) DOCUMENT _ID TECN  COMMENT
8.24+0.25+0.42 AAIJ 14k LHCB ppat7, 8 TeV
T(pJ/¥K™)/Tiotal /T
VALUE (units 1074) DOCUMENT ID TECN  COMMENT

317:x0.0e1 357 1 AAlY 16A LHCB ppat7,8Tev

1 AALJ 16A reported the measurement of (3.17 + 0.04 + 0.07 + 0.347032) x 10~4
where the first uncertainty is statistical, the second is systematic, the third is due to the

branching fraction of BO — J/wK*(892)0, and the fourth is due to the knowledge of
f/\b/fd- We combined in quadrature second to fourth uncertainties to a total systematic

uncertainty.
r(Pc(438°)+ K=, Pc— PJ/¢)/rwtal M2/
Pzr is a pentaquark-charmonium state.

VALUE (units 10~5) DOCUMENT ID TECN  COMMENT

2660221 141 1 AAll 16A LHCB ppat7,8Tev
1 AAIJ 16 total systematic includes the uncertainties on f(PZL) and B(Ap, — pJ/YK™).
r(Pc(445°)+ K=, Pc— PJ/'p)/rmtal M3/

Pi is a pentaquark-charmonium state.

VALUE (units 10~5) DOCUMENT ID TECN _ COMMENT

1.30+0.16 7042 1 AAL 16A LHCB ppat7,8 Tev

1 AAIJ 16 total systematic includes the uncertainties on f(P'C*') and B(Ap — pJ/YK™).

r(pJ/¢(15)1r+1l'_ K_)/r(pJ/tllK_) rls/ru

VALUE DOCUMENT ID TECN COMMENT

0.2086-:0.00960.0134 L AAL 16v LHCB ppat7,8TeV
LExcludes 1(25) = J/pmtx.

F(py(25)K~)/T (pJ/¥ K") M7/

VALUE DOCUMENT ID TECN COMMENT

0.2070-:0.0076 =+ 0.0059 L aAl 16v LHCB ppat7,8TeV

LAAI 16 reports a measurement of 0.2070 + 0.0076 4 0.0046 + 0.0037 where the third
uncertainty is due to the knowledge of J/i and v(2S) branching fractions. We have
combined both systematic uncertainties in quadrature.

I (pK°7~)/Teotal s/l
VALUE (units 10’5) DOCUMENT ID TECN COMMENT
1.26+0.19+0.36 1 AAl 14Q LHCB ppat 7 TeVv

L Used the normalizing mode branching fraction value of B(B® — KOxt7x—) = (4.96 +
0.20) x 1073.

F(pKOK™)/Tiotal 9/l
VALUE CLY% DOCUMENT ID TECN COMMENT

<3.5x10~6 90 AAlJ 14Q LHCB ppat 7 TeV

I (AF7~)/Trotal F20/T
VALUE (units 10~3 EVTS DOCUMENT ID TECN COMMENT

4.9 +0.4 OURFIT Error includes scale factor of 1.2.
4.9 +0.5 OUR AVERAGE Error includes scale factor of 1.5.

4577031023 1 AAl 141 LHCB ppat 7 TeV
5.9740.2840.81 2 AAL 14Q LHCB ppat7 TeV

8.8 +£2.8 +1.5 3 ABULENCIA 078 CDF pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o

seen 3 ABREU 96N DLPH /\C+ — pk—at

seen 4 BUSKULIC  96L ALEP /\j — pK— T,
p?o, Antata—

LAAIJ 141 reports (4.30 + 0.03t8:¥ 4 0.26 + 0.21) x 103 from a measurement of
(9 — Ajw*)/rtotal] x [B(B® — D~ nt)]assuming B(BO — D~ xt) = (2.68+
0.13) x 10~3, which we rescale to our best value B(BO — D~ nt) = (2.52 + 0.13) x

10~3. Our first error is their experiment’s error and our second error is the systematic
error from using our best value. Uses information on fbaryon/fd from measurement in

semileptonic decays by the same authors.
2 Obtained using the branching fraction of A? — pK— ot decay.

3The result is obtained from (fbaryon/fd) (B(/\g — Ajﬂ_)/B(EO — Dtx7)) =
0.82 + 0.08 + 0.11 + 0.22, assuming faryon/fy = 0.25 + 0.04 and B(B® — DF )
= (268 £ 0.13) x 1073,

r(pD%7~) /T (Af7~) F4/T20
VALUE DOCUMENT ID TECN  COMMENT
0.129+0.0070.007 L AAL 144 LHCB ppat7 TeV

LAAL 141 reports [F(A) — pDOx=)/r(A) — Af 7)) x B(DO » K= F)] /
[B(AE — pKk~at)] = (8.06 & 023 & 0.35) x 10~2 which we multiply or divide by
our best values B(D0 — K~ ) = (3.89 & 0.04) x 1072, B(AT — pk—xt) =

(6.23 £ 0.33) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best values.

I(AF K~)/Teotal M/l
VALUE (units 10~%) DOCUMENT ID TECN  COMMENT

3.59+0.30 OUR FIT Error includes scale factor of 1.2.

3.55:+0.44+0.50 L AAL 14Q LHCB ppat7 TeV

1 Obtained using the branching fraction of A:’ — pK— =t decay.

+ po— +,—
r(Ac K )/r(Ac m ) r21/r2lJ
VALUE (units 1072) DOCUMENT ID TECN COMMENT
7.31+0.22 OUR FIT
7.31+0.160.16 AAI 14H LHCB ppat 7 TeV
I(AF a1(1260)™) /Tyotal T/l
VALUE EVTS DOCUMENT ID TECN COMMENT
seen 1 ABREU 96N DLPH Aéf — pK~xt, 2] -

po " = atn a

+ —_

I (Af D7) /Teotal 24/T

VALUE (units 1072) DOCUMENT ID TECN COMMENT
1.140.1 L aAl 14AALHCB pp at 7 TeV

Luses B(§0 — D*D;) = (7.2 £ 0.8) x 10~3 and their measured B(/Ig —
AT 7=))/B(BY - Dt x~) values.

+ +p—
r(Ac D )/r(Ac Ds ) r23/r24
VALUE DOCUMENT ID TECN  COMMENT
0.042+0.003+0.003 AALJ 14AA LHCB pp at 7 TeV

+ PR
F(Afata= 7)) [Tiotal s/
VALUE (units 10~3) EVTS DOCUMENT ID TECN  COMMENT

7.7+1.1 OUR FIT Error includes scale factor of 1.1.
149738412 LAALTONEN 124 CDF  pp at 1.96 TeV
e o o We do not use the following data for averages, fits, limits, etc. o o o
seen 9 BARI 91 SFM /\;r - pK—at
LAALTONEN 124 reports [F(A) — ATzt x=n=)/Fioa] / [B(AG - Afx7)] =
3.04 % 0.33 020 which we multiply by our best value B(AY — A¥7) = (4.9 +

0.4) x 10~3. Our first error is their experiment’s error and our second error is the
systematic error from using our best value.

r(Afat o= =) /T (At 77) l25/T20
VALUE DOCUMENT ID TECN COMMENT

1.56+0.21 OUR FIT

1.43+0.16+0.13 AALJ 11E LHCB ppat 7 TeV
I(Ac(2595)* 7=, Ac(2595)F — Afnta=) /T (A nt o~ 7m~) T26/T25
VALUE (units 10’2) DOCUMENT ID TECN COMMENT
4.4:!:1.1tgj AAIJ 11E LHCB ppat 7 TeV

I (Ac(2625)F 1=, Ac(2625)F = At nta~) [T(AFatn— ™) T27/T2s
VALUE (units 10’2) DOCUMENT ID TECN COMMENT
43115104 AAlJ 11E LHCB ppat7 TeV
(Zc(2455)° 1t 7=, £ o A 7~) T (A 7t = 7~) log/l25
VALUE (units 10’2) DOCUMENT ID TECN COMMENT
74424412 AALJ 11E LHCB ppat7 TeV
(Zc(455) o= a=, ZFt o A at)T(AF ot a—n~) T29/T25
VALUE (units 10’2) DOCUMENT ID TECN COMMENT
42+1.8+0.7 AAlJ 11E LHCB ppat7 TeV
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I(AK® 27+ 27~) [Tyopal M3o/T
VALUE EVTS DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

seen 4 LARENTON 86 FMPS AKY2rt2r—

L see the footnote to the ARENTON 86 mass value.

I (A £~ vganything) /Trotal a1/l
The values and averages in this section serve only to show what values result if one
assumes our B(b — b-baryon). They cannot be thought of as measurements since the
underlying product branching fractions were also used to determine B(b — b-baryon)
as described in the note on “Production and Decay of b-Flavored Hadrons.”

VALUE EVTS DOCUMENT ID TECN  COMMENT
0.10320.021 OUR AVERAGE

0.097+0.018+0.013 1 BARATE 98D ALEP ete™ — Z

013 +0.0% o002 29 2ABREU 955 DLPH ete™ — Z

e o o We do not use the following data for averages, fits, limits, etc. o o
0.085-0.02140.011 55  3BUSKULIC 95U ALEP Repl. by BARATE 98D
0.17 £0.06 =£0.02 21 4BUSKULIC 92 ALEP /\C+ — pK—at

1 BARATE 98D reports [I (A9 — Ajz— Danything) /Tyorarl * [B(b — b-baryon)] =
0.0086 + 0.0007 + 0.0014 which we divide by our best value B(b — b-baryon) =
(8.9 £1.2) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value. Measured using A ¢~ and Aete.

2 ABREU 955 reports [r(/\% — /\zrl_ vganything) /Tyora]l x [B(b — b-baryon)] =

0.0118 + 0.0026t8'88§{ which we divide by our best value B(b — b-baryon) =
(8.9 + 1.2) x 10=2. Our first error is their experiment’s error and our second error
is the systematic error from using our best value.

3BUSKULIC 95L reports [[(A) — Al ¢~z anything) /Tyoia] x [B(B — b-baryon)]
= 0.00755 =+ 0.0014 + 0.0012 which we divide by our best value B(b — b-baryon) =
(8.9 £1.2) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

4BUSKULIC 92€ reports [r(/\% — A?Z’Pganything)/rtom] x [B(b — b-baryon)]
= 0.015 = 0.0035 =+ 0.0045 which we divide by our best value B(b — b-baryon) =
(8.9 +£1.2) x 10=2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value. Superseded by BUSKULIC 95L.

T (At €~ 7p) [Teotal 32/T
VALUE DOCUMENT _ID TECN. COMMENT
+0.014
0.062+3-012 ouR FIT
0.05010-011+0.016 1 ABDALLAH 04A DLPH ete— — Z0

—0.008 —0.012

1 Derived from a combined likelihood and event rate fit to the distribution of the Isgur-
Wise variable and using HQET. The slope of the form factor is measured to be p2 =
2.03 + 0.46 7072,

M (At e 5g) [T (AF77) 32/T20

VALUE DOCUMENT ID TECN  COMMENT

127431 ouR FIT

16.6+3.0+28 AALTONEN 09 CDF  pp at 1.96 TeV

r(A;_-F ntn=e 7!)/rtotal r33/r
VALUE DOCUMENT ID TECN COMMENT

0.056+0-931 1 ABDALLAH 04 DLPH ete— — 20

L Derived from the fraction of I'(/\g — /l;r =7y) /[ ( F(Ag — A?Z_P[) + F(/\g —
AFatnm o)) = 0477301007

20,08 0.06°
(AL e wg) [ [T(AL £ 5) + T (AE 7t 7 £ y)] l32/(M32+33)
VALUE DOCUMENT ID TECN COMMENT
0.47+3:10+0.07 ABDALLAH  04A DLPH ete~ — 20

T (Ac(2595)* £~ ) [T (AT ¢~ 7y) l34/T32
VALUE DOCUMENT ID TECN COMMENT
0.126::0.033+3-947 AALTONEN 09 CDF  pp at 1.96 TeV
I(Ac(2625)* €~ 5,) [T (AF £~ 7y) M35/
VALUE DOCUMENT ID TECN COMMENT
0.210+0.042+3-071 AALTONEN 096 CDF  pp at 1.96 TeV

[3T(Zc(2455)0 1t £ 7p) + 3T (Zc(2455)H+ n— 0~ 5) | /T (AT €~ 7)

1 1
(3T36+337)/T32

VALUE DOCUMENT ID TECN COMMENT

0.054:0.022+3-021 AALTONEN 09 CDF  pp at 1.96 TeV

F(ph~)/Trotal l3g/T
VALUE CL% DOCUMENT ID TECN  COMMENT
<2.3x 105 90 1 ACOSTA 050 CDF  pp at 1.96 TeV
1 Assumes 7 / fg = 0.25, and equal momentum distribution for Ay and B mesons.

r(pﬂ'_)/rm| r39/r
VALUE (units 10~©) cL% DOCUMENT ID TECN  COMMENT

4.2+0.8 OUR FIT

3.7+0.8+0.5 LAALTONEN 09C CDF  pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o
<50 90 2 BUSKULIC 96v ALEP ete™ — Z
LAALTONEN 09¢ reports (A — pm™)/Tyora] / [B(BO — K+77)] x [B(b —
b-baryon)] / [B(b — BO)] = 0.042 + 0.007 £ 0.006 which we multiply or divide

by our best values B(B0 — Kt77) = (1.96 + 0.05) x 1073, B(b — b-baryon)

= (89 +£12)x1072, B(b » BY) = (40.5 + 0.6) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best values.
2BUSKULIC 96v assumes PDG 96 production fractions for B, BF, Bg, b baryons.

F(pK™)/Tiota Ta0/T
VALUE (units 1076 CL% DOCUMENT ID TECN COMMENT

5.1:0.9 OUR FIT

5.9+1.1+0.8 1 AALTONEN 09 CDF  pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o
<360 90 2 ADAM 96D DLPH ete — Z
< 50 90 3BUSKULIC  96v ALEP ete™ - Z
LAALTONEN 09¢ reports [[(A) — pK™)/Toa] / [B(BY — K+ 7)) x [B(b —
b-baryon)] / [B(b — BO)] = 0.066 + 0.009 + 0.008 which we multiply or divide
by our best values B(B0 — Ktzx7) = (1.96 + 0.05) x 1075, B(b — b-baryon)

= (8.9+12)x1072, B(b —» BY) = (40.5 + 0.6) x 10~2. Our first error is their
experiment’s error and our second error is the systematic error from using our best values.
2 ADAM 96D assumes fgo = fg— = 0.39 and st = 0.12.

3BUSKULIC 96V assumes PDG 96 production fractions for BO, B+, Bs- b baryons.

r(pn~)/T(pK™) l39/T40
VALUE DOCUMENT ID TECN COMMENT

0.84:0.09 OUR FIT

0.86+0.08+0.05 AALJ 12AR LHCB pp at 7 TeV
r(pD3)/Tiotal Ta/T
VALUE CL% DOCUMENT ID TECN COMMENT

<4.8x10~4 90 AALJ 14Q LHCB pp at 7 TeV
F(Pu~7,) /Total Fa2/T
VALUE (units 10’4) DOCUMENT ID TECN COMMENT

41£1.0 L AAL 158G LHCB pp at 8 TeV

1 The ratio of B(/\g — pu- UM) to B(/\g — /\2’ no ﬁu) is measured within a restricted
q2 region. Combined with theoretical calculations of the form factors and the previously
measured value of |V |, the first |V, | = (3.27 £ 0.15 & 0.16 + 0.06) x 10~3 mea-

surement from the Ay decay is obtained, consistent with the exclusively measured world

averages.
T(pu~ o) [T (Af ) l42/T32
VALUE (units 10~2) DOCUMENT ID TECN _ COMMENT

e o o \We do not use the following data for averages, fits, limits, etc. o o o
1.0+£0.04+0.08 L aAl 158G LHCB pp at 8 TeV

1 This measurement is a ratio of r(/\g - p;fv#)[q2 > 15 GeV/c?] to r(/\g -
/\2’ ,LFPM)[CI2 >7 GeV/cQ] within a restricted q2 region. Combined with theoretical

calculations of the form factors and the previously measured value of ‘Vcb , the first

[Vyp| = (3.27 + 0.15 & 0.16 £ 0.06) x 103 measurement from the A, decay is
obtained, consistent with the exclusively measured world averages.

F(Apt ™) [Teotal Ta3/T
VALUE (units 1077) DOCUMENT ID TECN COMMENT
10.8:£2.8 OUR AVERAGE

9.6+1.6+25 1 aAlS 13AJ LHCB pp at 7 Tev

17.3+£4.2£5.5 AALTONEN 11A1 CDF  pp at 1.96 TeV
L uses B(/\g — J/pA) = (6.2 + 1.4) x 10~4. This measurement comes from the sum

of the differential rates in q2 regions excluding those corresponding to J/v and (2S)
([8.68,10.09] and [12.86, 14.18] GeV2/c?).

F(pr~ u* 1™) /Tiotal Taa/T
VALUE (units 1078) DOCUMENT ID TECN COMMENT
69+19+17 1 Al 17p LHCB ppat7,8Tev

1 Excludes J/4 and ¥(2S) decays to p p—.

F(pr=ptu™)/T(pr=J/, I — ptp~) T44/T10
VALUE (units 10’2) DOCUMENT ID TECN COMMENT
44+1.2+07 L AAl 17 LHCB ppat7, 8 TeV

1The pr— ut ™ mode excludes J/4 and (25) decays to pt .
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I (A7) /Ttotal Tas/T
VALUE CLY% DOCUMENT ID TECN COMMENT

<13x10-3 90 ACOSTA 026 CDF  ppat 1.8 TeV

T (A%n)/Trotal Fa6/T
VALUE (units 10 6) DOCUMENT ID TECN COMMENT

9+l 1 AAL 15AH LHCB pp at 7, 8 TeV

LAAL 15aH reports [T(A) =A%) /Tyora] / [B(BO — o KO)] = 0.142 7023 which

we multiply by our best value B(BO - KO) = (6.6 + 0.4) x 107>, Our first error
is their experiment’s error and our second error is the systematic error from using our
best value. The single uncertainty quoted with the original measurement combines in
quadrature statistical and systematic uncertainties.

I(A%7(958)) /T eotal Taz/T
VALUE CL% DOCUMENT _ID TECN COMMENT
<3.1x10~6 90 1 AALS 15AHLHCB pp at 7, 8 TeV

LAAIL 15aH reports [F(AD — A0+ (958)) /Tyopal / [B(BY — # KO)] < 0.047 which
we multiply by our best value B(B® — 7/ K0) = 6.6 x 10~5.

- +, -
I (Axta=) /T (AF ) Ta8/T20
VALUE (units 10’4) DOCUMENT ID TECN COMMENT
9.4+3.8+05 1 AAl 16w LHCB pp at 7, 8 TeV

LaAl 16w reports [F(A) — Anta)/r(AQ — Ata7)]/ [B(AL — AnT)) =
(7.3 £ 1.9 + 2.2) x 102 which we multiply by our best value B(AC+ — Art) =

(1.29 £ 0.07) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

- 4+ —
I'(AK+1r )/r(/\c T ) F49/T20
VALUE (units 10~4) DOCUMENT 1D TECN  COMMENT
11.5+2.3+0.6 1 AAL 16w LHCB pp at 7, 8 TeV

Laal 16w reports [F(A) - Aktr=)/r(A) — afz7)]/ BT — Ant)] =
(8.9 + 1.2 4 1.3) x 1072 which we multiply by our best value B(/\zr — Art) =
(1.29 £ 0.07) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

F(AK*TK=) [T (A7) Iso/T20
VALUE (units 10~3)

327+035 017 1 AAll

DOCUMENT ID TECN  COMMENT

16w LHCB ppat7, 8 TeV
Laal 16w reports [M(A) — AKT k™) /r(A) - Ata7)] / [BOAL = Art)] =
(25.3 £1.9 +£1.9) x 10~2 which we multiply by our best value B(Az' - Ant) =

(1.29 £ 0.07) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

I(A%9)/Trotal sy /T
VALUE (units 10’6) DOCUMENT ID TECN COMMENT
9.2+1.9+15 1 AAl 165 LHCB ppat7, 8 TeV

LAAL 161 reports [T(A) — A0¢)/Tyqia] / [B(BY — KO9)] x [B(B — b-baryon)] /
[B(B — BY)] = 0.275 + 0.055 + 0.020 which we multiply or divide by our best values
B(BO - KY¢) = (7.3+£0.7)x1076, B(b — b-baryon) = (8.9 £1.2)x 102, B(b —
BO) = (40.5 £+ 0.6) x 10~2. Our first error is their experiment’s error and our second
error is the systematic error from using our best values.

PARTIAL BRANCHING FRACTIONS IN Ap = Autpu~
B(Ap = Autp~) (q? < 2.0 GeV2/ct)

VALUE (units 10~7) DOCUMENT ID TECN _ COMMENT
0.71+0.27 OUR AVERAGE

o.72f8-%gio.14 1 AAl 15AE LHCB pp at 7, 8 TeV
0.15+2.01+0.05 AALTONEN 11A1 CDF pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o
0.56+0.76+£0.80 2 AAI 13A) LHCB Repl. by AAIJ 15AE

L AALJ 15AE measurement covers 0.1 < q2 <20 GeV2/c4.
2uses B(A) — J/wA) = (6.2 £1.4) x 1074,

B(Ap = Aptp~) (20 < q? < 4.3 GeV2/cH)

VALUE (units 1077) DOCUMENT ID TECN COMMENT

0.28 +3:28 OUR AVERAGE

0.25315-218 + 0,046 1 AALL 15AE LHCB pp at 7, 8 TeV

18 +1.7 +06 AALTONEN  11A1 CDF  pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o

0.71 +0.60 +£0.23 2 AALJ 13A) LHCB Repl. by AALJ 15AE

L AAIJ 15AE measurement covers 2.0 < g2 < 4.0 GeV2/c4.
2uses B(A — J/uwA) = (6.2 £1.4) x 1074,

B(Ap = Aptp~) (q? < 4.3 GeV2/c?)

VALUE (units 1077) DOCUMENT ID TECN COMMENT
27425409 AALTONEN 11a1 CDF  pp at 1.96 TeV
B(Ap = Aptp~) (4.0 < q? < 6.0 GeV2/c?)

VALUE (units 1077) DOCUMENT ID TECN COMMENT
0.04+0:38.0.02 AALJ 15AE LHCB pp at 7, 8 TeV

B(Ap = Autpu~) (1.0 < q? < 6.0 GeV2/c*)

VALUE (units 1077) DOCUMENT ID TECN COMMENT
+0.31
0.47%0:31 OUR AVERAGE
0.45+03% 010 L AAL 15AE LHCB pp at 7 and 8 TeV
13 +£21 +0.4 AALTONEN  11a1 CDF  pp at 1.96 TeV

L AAIJ 15AE measurement covers 1.1 < q2 < 6.0 GeV2/c4.

B(Ap = Autp~) (6.0 < q? < 8.0 GeV2/c?)

VALUE (units 10~7) DOCUMENT ID TECN _ COMMENT

0.50+3-24 +0.10 AAIJ 15AE LHCB pp at 7, 8 TeV

B(Ap = Autpu~) (4.3 < q? < 8.68 GeV2/c*)

VALUE (units 10~7) DOCUMENT ID TECN  COMMENT

0.5 +£0.7 OUR AVERAGE

0.66+0.74+0.18 L AAIS 13A) LHCB pp at 7 TeV
—02 +1.6 £0.1 AALTONEN  11A1 CDF  pp at 1.96 TeV

Luses B(AD — J/wA) = (6.2 £ 1.4) x 1074,

B(Ap = Autp~) (10.09 < q2 < 12.86 GeV2/c*)

VALUE (units 10~7) DOCUMENT ID TECN  COMMENT

2.2 0.6 OUR AVERAGE

2.08+092 0.4 L AALS 15AE LHCB pp at 7, 8 TeV

3.0 £15 +1.0 AALTONEN 11a1 CDF  pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o
1.55+0.58+0.55 2 pAl 13AJ LHCB Repl. by AAIJ 15AE

L AAIJ 15AE measurement covers 11.0 < q2 < 12.5 GeV2 /4.
2uses B(A) — J/wA) = (6.2 £ 1.4) x 1074,

B(Ap = Aptp~) (14.18 < q2 < 16.0 GeV2/c4)

VALUE (units 10~7) DOCUMENT ID TECN  COMMENT

1.7 £0.5 OUR AVERAGE Error includes scale factor of 1.1.

2047335 +0.42 L AALS 15AE LHCB ppat 7, 8 TeV

1.0 £0.7 +0.3 AALTONEN 11a1 CDF pp at 1.96 TeV

e o o \We do not use the following data for averages, fits, limits, etc. o o o
1.44+0.4440.42 2 AAI) 13AJ LHCB Repl. by AAIJ 15AE

L AAIJ 15AE measurement covers 15.0 < q2 < 16.0 GeV2/c4.
2uses B(A) — J/wA) = (6.2 £ 1.4) x 1074,

B(Ap = Aptp~) (16.0 < q2 GeVZ/c?)

VALUE (units 10~7) DOCUMENT ID TECN _ COMMENT

7.0 £1.9 +£2.2 AALTONEN 11a1 CDF  pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o
4.734+0.77+1.25 1.2 Ap1) 13AJ LHCB Repl. by AAIJ 15AE

Luses B(A) — J/pA) = (6.2 + 1.4) x 1074,
2Requires 16.00 < q2 < 20.30 GeV2/c?.

B(Ap = Aptp~) (18.0 < g2 < 20.0 GeV2/c?)

VALUE (units 10’7) DOCUMENT ID TECN COMMENT

2.4410.28+0.50 AAlJ 15AE LHCB pp at 7, 8 TeV

B(Ap = Autp~) (15.0 < q2 < 20.0 GeV2/c?)

VALUE (units 10’7) DOCUMENT ID TECN COMMENT

6.00+£0.45+1.25 AALJ 15AE LHCB pp at 7, 8 TeV
CP VIOLATION

Ac p is defined as

A B(AY —f)—B(AY —F)
CP = B(AY SNH+B(AY —7)’

the CP-violation asymmetry of exclusive /\2 and Zg decay.

Acp(Np = p77)
VALUE DOCUMENT ID TECN COMMENT

0.06£0.07+0.03 AALTONEN 14 CDF  pp at 1.96 TeV
e o o \We do not use the following data for averages, fits, limits, etc. o o o

0.03+0.17+0.05 AALTONEN 11N CDF  Repl. by AALTONEN 14p
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— 0 — -
Acp(Ap = PK™) acp(A) - pK—ptp~)
VALUE DOCUMENT 1D TECN ~ COMMENT VALUE (%) DOCUMENT ID TECN  COMMENT
—0.10+0.08+0.04 AALTONEN  14p CDF  pp at 1.96 TeV 1.245.0+0.7 AAlJ 17T LHCB ppat7, 8 TeV I
e o o \We do not use the following data for averages, fits, limits, etc. o o o
0.374+0.17+0.03 AALTONEN 11N CDF  Repl. by AALTONEN 14p Ag DECAY PARAMETERS
Acp(Ap = PVO”_) See the note on “Baryon Decay Parameters” in the neutron Listings.
VALUE DOCUMENT _ID TECN  COMMENT
0.22+0.13+0.03 AALI 14Q LHCB pp at 7 TeV a decay parameter for Ap — J/YA
VALUE DOCUMENT ID TECN  COMMENT
AAcp(J/vpr— [K™) = Acp(J/v¥pm™) — Acp(J/YpK™) 0.18+0.13 OUR AVERAGE .
VALUE (units 10-2) DOCUMENT ID TECN  COMMENT 0.30+0.16£0.06 ) AAD 14L ATLS ppat7 Tev
5.7+2.4+1.2 AAL 14k LHCB ppat7,8 Tev 0.05+0.17+0.07 AALJ 13AG LHCB pp at 7 TeV
1 An angular analysis of Ap — J/4 A decay is performed and magnitudes of all helicity
ACP(Ab - AKT 1r—) amplitudes are also reported.
VALUE DOCUMENT ID TECN  COMMENT 2 An angular analysis of Ap — J/v¥ A decay is performed and a Ap transverse production
—0.53+0.234+0.11 1 Al 16w LHCB pp at 7, 8 TeV I polarization of 0.06 + 0.07 + 0.02 is also reported.
1 Measured relative to AJ — AT 7 decay. I A%‘B(“/‘) inAp > Aptpu~
VALUE DOCUMENT ID TECN  COMMENT
Acp(Ap = AKTK™) —0.050.09:0.03 L AAL 15AE LHCB pp at 7, 8 TeV
VALUE 1 DOCUMENT_ID TECN . COMMENT 1 AAIJ 15AE measurement covers 15.0 < q2 < 20.0 GeV2/c4.
—0.28+0.10+0.07 AALJ 16w LHCB pp at 7, 8 TeV | N
. + -
1 Measured relative to A% — /\zrw* decay. I AFB(p"r) in Ap — A(p")”’ Hn
VALUE DOCUMENT ID TECN  COMMENT
AACP(A?, N PK_IJ+IJ_) = ACP(PK_I‘+I‘_) _ ACP(PK_ J/¢) —0.29+0.07+0.03 L aAl 15AE LHCB pp at 7, 8 TeV
L AAIJ 15AE measurement covers 15.0 < q2 < 20.0 GeV2/c4.
VALUE (units 10-2) DOCUMENT ID TECN  COMMENT +
—3545.0+0.2 AAIL 17T LHCB ppat7,8 Tev | fL(1p) longitudinal polarization fraction in Ap — Au™u
VALUE DOCUMENT ID TECN  COMMENT
CP AND T VIOLATION PARAMETERS 0.611011 4903 1 pAl 15AE LHCB pp at 7, 8 TeV
Measured values of the triple-product asymmetry parameters, odd under time-reversal, —-0.14 '
are defined as Ac(s)(A/¢) = (N;"(Q) - N;(S ) / (sum) where NZ'(S), N;(S) are the L AAIJ 15AE measurement covers 15.0 < 2 < 20.0 GeV2/c4.
number of A or ¢ candidates for which the cos(®) and sin(®) observables are positive
and negative, respectively. Angles cos(®) and sin(®) are defined as in LEITNER 07. FORWARD-BACKWARD ASYMMETRIES
A (/\) The forward-backward assymmetry is defined as AFB(/\?)) = [ N(F) —
VACLUE DOCUMENT 1D TECN  COMMENT N(B)] / [N(F) + N(B) ], where the forward (F) direction corresponds to
— . 0 - . . .
—0.224+0.124+0.06 AAL 16) LHCB ppat7,8 Tev I a .partncle (/\b o_r /\b ) sha_n_ng valence quark flavors with a beam particle
with the same sign of rapidity.
AN .
VALUE DOCUMENT ID TECN  COMMENT AFB(Ab - J/ "/’A)
0.13+0.12+0.05 AAlJ 16 LHCB ppat7,8 TeV | VALUE DOCUMENT ID TECN ~ COMMENT
0.04:+0.070.02 1 ABAZOV 151 DO pp at1.96 TeV
AC(¢) 1 The measured asymmetry integrated over rapidity y in the range of 0.1 < \y} < 2.0.
VALUE DOCUMENT _ID TECN  COMMENT
- 0
0.01+0.1240.03 AAI 165 LHCB ppat7,8 TeVv | Ap(M9)
Aq(9) Ap(A9) = [6(A)) — o(A)] / [0(AD) + o(AD)]
VALUE DOCUMENT ID TECN  COMMENT VALUE (units 10~-2) DOCUMENT ID TECN  COMMENT
—0.07+0.1240.01 AAlJ 16 LHCB ppat7,8 TeV I 2.4 +1.6 OUR AVERAGE Error includes scale factor of 1.1.
—0.11+2.53+1.08 L AAL 178F LHCB pp at 7 TeV
ap(A} & pr—atnT) 3.44+1.61%0.76 1 aAn 178F LHCB pp at 8 TeV
Observable calculated as average of the triple products for Ag and Zg, which is sensitive Lindirect determination in kinematic range 2 < pr <30 GeV/cand 2.1 <n <45
to parity violation. from production asymmetries of BT, BO and Bg.
VALUE (%) DOCUMENT ID TECN  COMMENT
—3.71+1.4540.32 1 AAL 17H LHCB ppat 7,8 TeV | A0 REFERENCES
1 Measured over full phase space of the decay. I b
_ _ AAL 17AM PRL 119 062001 R. Aaij et al. (LHCb Collab.)
3P(Ag - pK Ktn ) AALJ 17BF PL B774 139 R. Aaij et al. (LHCb Collab.)
Observable calculated as average of the triple products for Ag and Zg, which is sensitive QQH 1;;‘ z\ﬁg 13w g: 22: et Zﬁ Et:gg gg”zgg
to parity violation. AAIJ 17S  JHEP 1705 030 R. Aaij et al. (LHCb Collab.)
VALUE (%) DOCUMENT ID TECN  COMMENT AAlJ 17T JHEP 1706 108 R. Aaij et al. (LHCb Collab.)
1 — AAIJ 16 JHEP 1601 012 R. Aaij et al. (LHCb Collab.)
3.6214.5410.42 AALJ 17H LHCB ppat7, 8 TeV | AAL 16A  CP C40 011001 R. Aajj et al. (LHCb Collab.)
AAL 16]  PL B759 282 R. Aaij et al. (LHCb Collab.)
1 Measured over full phase space of the decay. | AAIJ 16W JHEP 1605 081 R. Aaij et al. (LHCb Collab.)
0 + AALJ 16Y JHEP 1605 132 R. Aaij et al. (LHCb Collab.)
— — AAD 15CH PL B751 63 G. Aad et al. (ATLAS Collab.)
aC'I"’(Ab = pmoaTw ) . AALJ 15AE JHEP 1506 115 R. Aaji et al. (LHCb Collab.)
Observable calculated as half of the difference between triple products for /\% and /\g, ﬁﬁ:j gég m\?; 11510974(;06 g- ﬁaﬂ et aﬁ- gt:gg gouag-g
PR e . . . Aaij et al. ollab.
VALUE"‘;h'Ch is sensitive to CP V'°|at"2)”éCUMENTID TECN  COMMENT ABAZOV 151 PR D91 072008 V.M. Abazov et al. (DO Collab.)
(%) TECN AAD 14 PR D89 092009 G. Aad et al. (ATLAS Collab.)
1.15+1.45+0.32 1 AAL 17H LHCB pp at 7,8 TeV | AALJ 14AA PRL 112 202001 R. Aaij et al. (LHCb Collab.)
AALJ 14E  JHEP 1404 114 R. Aaij et al. (LHCb Collab.)
1 Measured over full phase space of the decay. I AALJ 14H PR D89 032001 R. Aaij et al. (LHCb Collab.)
AALJ 141 JHEP 1408 143 R. Aaij et al. (LHCb Collab.)
_ _ AALJ 14K JHEP 1407 103 R. Aaij et al. LHCb Collab.
acp(/\g - pK K+m ) AALJ 14Q JHEP 1404 087 R. Aaij et al. gLch Couab.g
. . 0 =0 AAIJ 14U PL B734 122 R. Aaij et al. (LHCb Collab.)
Ob.serv.able c’fallculated as h.alf o.f the difference between triple products for Ab and /\b, AALTONEN  14B PR D89 072014 T Aaltonen et al. (COF Collab.)
which is sensitive to CP violation. AALTONEN ~ 14P  PRL 113 242001 T. Aaltonen et al. (CDF Collab.)
VALUE (%) DOCUMENT ID TECN  COMMENT PDG 14 CP €38 070001 K. Olive et al. (PDG Collab.)
1 AAD 13U PR D87 032002 G. Aad et al. (ATLAS Collab.)
—0.93:+4.54+0.42 AAL 170 LHCB ppat7,8 TeVv | AALJ 13AG PL B724 27 R Aaij et al. (LHCb Collab.)
1 AALJ 13AJ PL B725 25 R. Aaij et al. (LHCb Collab.)
Measured over full phase space of the decay. I AALJ 13AV PRL 110 182001 R. Aaij et al. (LHCb Collab.)
AAL 13BB PRL 111 102003 R. Aaij et al. (LHCb Collab.)
aP(Ao - pK_u"'p_) CHATRCHYAN 13AC JHEP 1307 163 S. Chatrchyan et al. (CMS Collab.)
b AALJ 12AR JHEP 1210 037 R. Aaij et al. (LHCb Collab.)
VALUE (%) DOCUMENT _ID TECN ~ COMMENT AALJ 12E  PL B708 241 R. Aaij et al. (LHCb Collab.)
—4.845.04+0.7 AAL 17T LHCB ppat7,8 Tev I AALTONEN ~ 12A PR D85 032003 T. Aaltonen et al. (CDF Collab.)
X . A , )

ABAZOV 12U PR D85 112003 V.M. Abazov et al. (DO Collab.
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A%, N,(5912)°, A,(5920)°, X,

AALJ 11E PR D84 092001 R. Aaij et al. (LHCb Collab.) and m(7w) = 139.57061 + 0.00024 MeV. Our first error is their experiment’s error and
AAL%}(')S%EN gELD“ 039904 (errat.) 'T" ﬁaili et al. ! ('(—?[C)l; gouag-g our second error is the systematic error from using our best values.

11 106 121804 . Aaltonen et al. ollab. 3 f 0 0 _+. _— . f . PR
AALTONEN ~ 11AI PRL 107 201802 T, Aaltonen et al. (CDF Collab,) Observed in Ab_(5920) — Apm T w~ decays with 52.5 + 8.1 candidates with a signifi-
AALTONEN 1IN PRL 106 181802 T. Aaltonen et al. (CDF Collab.) cance of 10.2 sigma.
ABAZOV 110 PR D84 031102 V.M. Abazov et al. (DO Collab.) 4 0y _ 0y _
AALTONEN 108 PRL 104 102002 T Aaltonen’ ot o (CDF Collan) AAIJ 12AL measures m(Ap(5920)") m(/\b) 300.40 + 0.08 + 0.04 MeV. We have
AALTgNEN 09C  PRL 103 031801 T. Aaltonen et al. EEDF EOHHD-; adjusted the measurement to our best value of rn(/\%) =5619.60 + 0.17 MeV. Our first
AALTONEN ~ 09E PR D79 032001 T. Aaltonen et al, DF Collab. } ) ; , . : ;
ABAZOV 075 PRL 99 142001 V.M. Abazov et al. (D0 Collab)) error is their experiment’s error and our second error is the systematic error from using
ABAZOV 07U  PRL 99 182001 V.M. Abazov et al. (D0 Collab.) our best values.
ABULENCIA  07A  PRL 98 122001 A. Abulencia et al. (FNAL CDF Collab.)
ABULENCIA  07B  PRL 98 122002 A. Abulencia et al. (FNAL CDF Collab.)
LEITNER 07 NPBPS 174 169 0. Leitner, Z.J. Ajaltouni Np(5920)° WIDTH
ACOSTA 06  PRL 96 202001 D. Acosta et al. (CDF Collab.)
ABAZOV 05C  PRL 94 102001 V.M. Abazov et al. (DO Collab.)
ACOSTA 050 PR D72 051104 D. Acosta et al. (CDF Collab.) VALUE(Mev)  CL% DOCUMENT 1D TECN ~ COMMENT
ABDALLAH ~ 04A PL B585 63 J. Abdallah et al. (DELPHI Collab.) <0.63 90 AALJ 12AL LHCB pp at 7 TeV
ACOSTA 02G PR D66 112002 D. Acosta et al. (CDF Collab.)
ABREU 99W EPJ C10 185 P. Abreu et al. (DELPHI Collab.)
ACKERSTAFF 98G  PL B426 161 K. Ackerstaff et al. (OPAL Collab.) 0
BARATE 98D EPJ C2 197 R. Barate et al. (ALEPH Collab.) /p(5920)° DECAY MODES
ABE 97B PR D55 1142 F. Abe et al. (CDF Collab.)
ABE 96M  PRL 77 1439 F. Abe et al. (CDF Collab.) )
ABREU 96D ZPHY C71 199 P. Abreu et al (DELPHI Collab.) Mode Fraction (I';/T)
ABREU 96N PL B374 351 P. Abreu et al. (DELPHI Collab.) 0+ _—
ADAM 96D ZPHY C72 207 W. Adam et al. (DELPHI Collab.) Iy Apmrm seen
BUSKULIC ~ 96L PL B380 442 D. Buskulic et al. (ALEPH Collab.)
BUSKULIC 96V PL B384 471 D. Buskulic et al. (ALEPH Collab.)
PDG 96 PR D54 1 R. M. Barnett et al. (PDG Collab.) 0
ABREU 955  ZPHY C68 375 P. Abreu et al. (DELPHI Collab.) /p(5920)° BRANCHING RATIOS
AKERS 95K PL B353 402 R. Akers et al. (OPAL Collab.)
BUSKULIC ~ 95L PL B357 685 D. Buskulic et al. (ALEPH Collab.) r(Ao7"+7r_)/rtotal r/r
ABE 93B PR D47 2639 F. Abe et al. (CDF Collab.) b
BUSKULIC 92E  PL B294 145 D. Buskulic et al. (ALEPH Collab.) VALUE DOCUMENT ID TECN ~ COMMENT
ALBAJAR 91E  PL B273 540 C. Albajar et al. (UA1 Collab.)
BAR| 91 NC 104A 1787 G. Bari et al. (CERN R422 Collab.) seen AAL 12AL LHCB pp at 7 Tev
ARENTON 8 NP B274 707 M.W. Arenton et al. (ARIZ, NDAM, VAND)
BASILE 81 LNC 3197 M. Basile et al. CERN R415 Collab.

( ) 75(5920)° REFERENCES
P AALTONEN 13V PR D88 071101 T. Aaltonen et al. (CDF Collab.)
/\ 5912 0 JI = %* Status: kK 3k 3k AALJ 12AL PRL 109 172003 R. Aaij et al. (LHCb Collab.)
b
Quantum numbers are based on quark model expectations. Z /(JP) — 1(%+) Status: Kk k
b I, J, P need confirmation.
0 — N
Ap(5912)° MASS In the quark model £, X9, £, are an isotriplet (uub, udb, ddb)
P _ +
VALUE (Mev) DOCUMENT 1D TECN  COMMENT sFEat;ce. Thi Iolvlvesbt X}, ought tg have J© =1/27. None of /, J, or
ave actua een measured.
5912.20+0.13+0.17 1.2 pAll 12AL LHCB pp at 7 Tev Y
L Observed in /lb(5912)0 — A% 7+ 7~ decays with 17.6 + 4.8 candidates with a signifi-
cance of 5.2 sigma. X, MASS

2 AALJ 12AL measures m(/\b(5912)0) - m(/\%) = 292.60 + 0.12 + 0.04 MeV. We have

+
adjusted the measurement to our best value of m(A%) =5619.60 £ 0.17 MeV. Our first zb MASS
error is their experiment’s error and our second error is the systematic error from using VALUE (MeV) DOCUMENT ID TECN  COMMENT
our best values. 58113102417 LAALTONEN 12F CDF  pp at 1.96 TeV
/\b(5912)n WIDTH e o o We do not use the following data for averages, fits, limits, etc. » o
5807.8729+1.7 2 AALTONEN 07k CDF  Repl. by AALTONEN 12F
VALUE (MeV) % DOCUMENT 1D TECN _ COMMENT :
<0.66 90 AALJ 12AL LHCB pp at 7 TeV Z; MASS
0 VALUE (MeV) DOCUMENT ID TECN  COMMENT
Ap(5912)" DECAY MODES 581551 0-+17 LAALTONEN 12F CDF  pp at 1.96 TeV
Mode Fraction (|—l_/|—) e o o We do not use the following data for averages, fits, limits, etc. o o o
0+ — 5815.2+1.0+1.7 2AALTONEN 07k CDF Repl. by AALTONEN 12F
(B] Abﬂ' ™ seen
mr;. - mz;
Np(5912)° BRANCHING RATIOS VALUE (MeV) DOCUMENT ID TECN  COMMENT
- _an+1l.1 1 _
r(AgW+7r )/rtotal rl/r 4.2_1_°:I:0.1 AALTONEN 12F CDF  pp at 1.96 TeV
VALUE DOCUMENT_ID TECN . COMMENT 1 Measured using the fully reconstructed /\?7 — /\ér 7~ and A;r - K—nt decays.
seen AALJ 12AL LHCB at 7 TeV
pp 20bserved four A9 0

bwi resonances in the fully reconstructed decay mode /\b — Aiﬂ*,

where /\2r — pK‘w‘*’.

Np(5912)° REFERENCES

AALJ 12AL PRL 109 172003 R. Aaij et al. (LHCb Collab.) Xp WIDTH
X} WIDTH
A.(5920 0 JP = 3- Status: Kk X VALUE (MeV) DOCUMENT 1D TECN  COMMENT
b
9.7+38+12 3AALTONEN 12F CDF  pp at 1.96 TeV
Quantum numbers are based on quark model expectations.
X, WIDTH
Ab(5920)° MASS VALUE (MeV) DOCUMENT D TECN  COMMENT
49+31111 3 AALTONEN 12F CDF  pp at 1.96 TeV
VALUE (MeV) DOCUMENT D TECN  COMMENT .
5919.92+0.19 OUR AVERAGE  Error includes scale factor of 1.1. 3 Measured using the fully reconstructed /\?7 — /\2r 7~ and A;r — K~ 7t decays.
5919.4 +£0.5 £0.2 L2 AALTONEN  13v CDF pp at 1.96 TeV
34
5920.00-£0.09+0.17 AAL 12AL LHCB pp at 7 TeV 5, DECAY MODES
1 Measured in Ab(5920)0 — A%ﬂ+ 7~ decays with 17A3f222 events, with a significance
of 3.5 sigma. Mode Fraction (;/T)
2 AALTONEN 13v measures m(A,(5920)%)—m(A9)—2m(r) = 20.68 +0.35 = 0.30 MeV. - 0 -
We have adjusted the measurement to our best values of m(/lg) =5619.60 + 0.17 MeV 1 b dominant
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* =0 —-—
Zb’ b — b —5p

Xp BRANCHING RATIOS

0
I'(Ab7r)/ Ttotal r/r
VALUE DOCUMENT ID TECN  COMMENT
dominant AALTONEN 07k CDF  pp at 1.96 TeV

X REFERENCES

AALTONEN  12F PR D85 092011 T. Aaltonen et al. (CDF Collab.)
AALTONEN 07K  PRL 99 202001 T. Aaltonen et al. (CDF Collab.)

> 1UP) = 13%) status: *kx

b I, J, P need confirmation.
I, J, P need confirmation. Quantum numbers shown are quark-model
predictions.
X} MASS

Iyt MASS
VALUE (MeV) DOCUMENT ID TECN COMMENT
58321+0.7+}7 1T AALTONEN 12F CDF  pp at 1.96 TeV
X}~ MASS
VALUE (MeV) DOCUMENT ID TECN COMMENT
5835.1:!:0.61’}:} 1 AALTONEN 12F CDF  pp at 1.96 TeV
”';:;+ - m}__;_
VALUE (MeV) DOCUMENT ID TECN COMMENT
-30+19+01 1 AALTONEN 12F CDF  pp at 1.96 TeV

1 Measured using the fully reconstructed /\g — /\2r 7 and Azr - K- xt decays.

X}, WIDTH

X}t WIDTH
VALUE (MeV) DOCUMENT ID TECN COMMENT
ns+27+10 2 AALTONEN 12F CDF  pp at 1.96 TeV
X}~ WIDTH
VALUE (MeV) DOCUMENT ID TECN COMMENT
75%22+09 2 AALTONEN  12F CDF  pp at 1.96 TeV

2 Measured using the fully reconstructed Ag — /\2’ 7~ and A'C*' - K—nt decays.

mz; - m;_-h

VALUE (MeV) DOCUMENT ID TECN _ COMMENT

3 AALTONEN 07k CDF  pp at 1.96 TeV

3 Observed four A% 7% resonances in the fully reconstructed decay mode A% — /\zr T,

+2.0+0.4
212779 03

where /\2’ — pK~nt. Assumesm_,, — m

Zh

L=m_, —m__
z Z z,

X} DECAY MODES

Mode Fraction (;/T)

M /\2 s dominant

X7, BRANCHING RATIOS

0
I (A7) /Ttotal r/r
VALUE DOCUMENT ID TECN COMMENT

dominant AALTONEN 07k CDF pp at 1.96 TeV

X}, REFERENCES

AALTONEN  12F PR D85 092011 T. Aaltonen et al. (CDF Collab.)
AALTONEN 07K  PRL 99 202001 T. Aaltonen et al. (CDF Collab.)
— —_ Py _ 1.1+ .
=0 1(J7) = 5(37) Status: *3k X

— pr :b

I, J, P need confirmation.

In the quark model, :_?, and = are an isodoublet (usb, dsb) state;

the lowest _:g and = ought to have JP = 1/2+. None of /, J, or
P have actually been measured.

=p MASSES
=5 MASS
VALUE (MeV. DOCUMENT ID TECN COMMENT

5797.0 + 0.9 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram
below.
5797.72+ 0.46+ 0.31 L AAl 14BJ LHCB pp at7, 8 TeV
5793.4 + 1.8 + 0.7 2 AALTONEN 148 CDF  pp at 1.96 TeV
57958 + 0.9 + 0.4 3 AAL 13aV LHCB pp at 7 TeV
5774 +11 +£15 4 ABAZOV 07k DO pp at 1.96 TeV
e o o \We do not use the following data for averages, fits, limits, etc. o o o
5796.7 £ 5.1 + 1.4 5 AALTONEN 11x CDF Repl. by AALTONEN 14B
57909 + 2.6 + 0.8 6 AALTONEN  09aP CDF Repl. by AALTONEN 14B
57929 + 25 + 1.7 T AALTONEN ~ 07a CDF Repl. by AALTONEN 09AP
1Reconstructed in =7 — =0 T, :_(C) — pK— K~ nt decays. Reference /\% mass
5619.30 £ 0.34 MeV from AALJ 14AA.
2 Uses _:; — J/$p =" and ng* decays.
3 Measured in EE — J/¥ =7 decays.
4 Observed in =, — J/YET decays with 15.2 + 4.4f(1]‘2 candidates, a significance of
5.5 sigma.

SMeasured in =, — =7~ with 25.8 23 candidates.
6 Measured in Eg — J/¢ =7 decays with eeflg candidates.
7 Observed in :; — J/ =7 decays with 17.5 + 4.3 candidates, a significance of 7.7

WEIGHTED AVERAGE
5797.0+0.9 (Error scaled by 1.8)

2
X
—= hAI 14BJ LHCB 1.6
- - AALTONEN  14B CDF 35
—— - AAD 13AV LHCB 15
<. - - - ABAZOV 07K DO
6.6
(Confidence Level = 0.036)
| | | | | J
5788 5790 5792 5794 5796 5798 5800 5802

=, MASS (MeV)

=9 MAsS

VALUE (MeV) DOCUMENT ID TECN _ COMMENT
57919 +0.5 OUR AVERAGE

5794.3 +2.4 +0.7 AALJ 144 LHCB ppat7 TeV
5791.80+0.39+0.31 LaAl 14z LHCB ppat7, 8 TeV

5788.7 £4.3 +1.4 2 AALTONEN 148 CDF pp at 1.96 TeV
e o o We do not use the following data for averages, fits, limits, etc. o o o
5787.8 £5.0 +1.3 3 AALTONEN 11X CDF  Repl. by AALTONEN 14B
L Uses _:g — Ezr 7~ and Ezr — pK™ at decays. The measurement comes from the
mass difference of =9 and A9
+

2Uses _:g — :_c 7~ decays.

3 Measured in E% — E:Y-rr’ with 25.373-C candidates.

—5.4
m_=b_ - mAg
VALUE (MeV) DOCUMENT ID TECN _ COMMENT
177.5 +0.5 OUR AVERAGE Error includes scale factor of 1.6.
177.73+0.33+0.14 L AAl 17BE LHCB pp at 7, 8 TeV |
176.2 +£0.9 +0.1 2 AALL 13Av LHCB pp at 7 TeV
e o o We do not use the following data for averages, fits, limits, etc. o o o
177.08+0.47+0.16 3 AAl 17BE LHCB pp at 7, 8 TeV I
178.36+£0.46+0.16 4.5 AAl) 14BJ LHCB pp at 7, 8 TeV

1 Combination of the original statistically independent measurements of AAIJ 14BE and I
AAIJ 178BJ taking into account correlation between systematic uncertainties.

2Reconstructed in Zp J/¢ =7 decays.

3 Reconstructed in :_; — J/9AK™ decays. Reference decays /\g — J/ A were used. I
c7r_’ 58 — pK— K—nt decays. Reference /\% — /\:fﬂ_.

4 Reconstructed in :_; - =0
5 Combined with AAIJ 17BE. 1
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=0 =
—b =b
’"E“’, - '"A‘}, =p DECAY MODES
VALUE (MeV) DOCUMENT _ID TECN _ COMMENT Scale factor/
172.5 +0.4 OUR AVERAGE Mode Fraction (I;/T) Confidence level
1748 +2.4 +05 AAlJ 144 LHCB pp at 7 TeV r [Ep— - - 2
= 7y Xx B(b— = 39 +1.2 10 S=1.4
172.44+0.39+0.17 1 AAl 14z LHCB ppat7, 8 TeV 1 ¢ ( b) ( o 26) x
oy =— = -5
L uses Ega E:ﬁr_ and Ezra pK—mT decays. fo J/p="xB(b— =) (1.0274557) x 10
M3 J/WAK™ x B(b— =) (25 +0.4 )x 107°
m—_-—m _ - —
= = ry pD°K=xB(b— ) (1.8 £0.6 )x 1076
VALUE (MeV) DOCUMENT ID TECN _ COMMENT. s pKn~ x B(b— =p)/B(b— <16 x 1076 CL=90%
5.9 +0.6 OUR AVERAGE BO)
1 _ _ _
5.924+0.60+0.23 ) AALJ 14BJ LHCB pB at 7, 8 TeV r6 pKO K~ x B(b - :b)/B(b N <11 « 10—6 CL=90%
31 +56 £1.3 AALTONEN 11x CDF pp at 1.96 TeV BO)
1 Reconstructed in = — _07r s _0 — pK~ K~ xT decays. Uses m(_o) — m(/\g) ry pK~ K™ x B(E - ) (3.6 £0.8 ) x 10—8
= 172.44 £0.39 £ 0.17 MeV from AAIJ 14z. r K- K-
2Derived from measurements in :2 — E:rn* and EE — J/Y =~ from AALTO- r8 p o
NEN 09AP taking correlated systematic uncertainties into account. 9 pm _7T _
Mo pPK™m
— =0 —
=p MEAN LIFE M1 /\7r+ér x B(b — =})/B(b — <17 x 1076 CL=90%
A )
“OUR EVALUATION” is an average using rescaled values of the ! 7
data listed below. The average and rescaling were performed by M2 AK 7t x B(b — —b )/B(b <8 x 10 CL=90%
the Heavy Flavor Averaging Group (HFLAV) and are described at /\0)
http://www.slac.stanford.edu/xorg/hflav/. The averaging/rescaling pro- M3 /\K+K x B(b = b)/B <3 «10—7 CL=90%
cedure takes into account correlations between the measurements and 0
asymmetric lifetime errors. Ab)

=, MEAN LIFE

VALUE (10712 )

1.571+0.040 OUR EVALUATION
1.57 +0.04 OUR AVERAGE Error includes scale factor of 1.1.

DOCUMENT ID TECN _ COMMENT

1.59940.04140.022 1 AAIY 14BJ LHCB pp at 7, 8 TeV
155 T010 1003 2 pAl) 14T LHCB ppat7,8Tev

1.36 £0.15 +0.02 AALTONEN 148 CDF pp at 1.96 TeV
e o o We do not use the following data for averages, fits, limits, etc. o o o

1.56 *8 gg +0.02 3 AALTONEN  09AP CDF  Repl. by AALTO-
NEN 148
1 Reconstructed in =7 — =07~ ) =0 pPK™ K—nt decays. Reference /Ig lifetime
1.479 £+ 0.009 + 0.010 ps from AAIJ 14u.

2 Measured in E; — J/¢p =7 decays.

3 Measured in EI; — J/¢% =" decays with 66Jr g candidates.
=9 MEAN LIFE
VALUE (10~12 ) DOCUMENT ID TECN _ COMMENT

1.479+0.031 OUR EVALUATION

1.477+0.026+0.019 1 AAL 14z LHCB ppat7,8Tev
1 Uses =g — E? 7~ and —C+ — pK—nt decays. The measurement comes from the

value of relative lifetime of _g to Ag

=p MEAN LIFE
VALUE (10-12 )
e o o We do not use the following data for averages, fits, limits, etc. o o o

DOCUMENT ID TECN  COMMENT

1481030012 1 ABDALLAH  05¢ DLPH ete™ — 20
+0.37+0.15 2 —
1. 35_0 28 017 BUSKULIC 9T ALEP ete™ — Z
15 *81 +0.3 3 ABREU 95v DLPH Repl. by ABDALLAH 05¢
L used the decay length of =~ accompanied by a lepton of the same sign.

2 Excess =7 (¢, impact parameters.
3 Excess =— £, decay lengths.

Tmiz (1/2m) times the oscillation period
VALUE (s) DOCUMENT ID TECN COMMENT

>13 x 1012 1 AAl 17BHLHCB pp at 7, 8 TeV

Luses =}~ and :‘g decays to = g =, where Eg - Ezrw*, Ezr — pK—nt.

- 0 an life rati
T / TQ mean lire ratio

VALUE DOCUMENT ID TECN  COMMENT
1.089+0.0260.011 1 AAl 14B) LHCB ppat 7, 8 TeV

1 Reconstructed in _:E — —:(c)

T, :_2 — pK— K=t decays. Reference A% — Ac+7r_
7 —— | T = mean life ratio

b b
VALUE DOCUMENT ID TECN  COMMENT
1.083+0.032+0.016 1 aAly 14B) LHCB ppat 7,8 TeV

1 Reconstructed in E[; — :(C)vr* 2—» PK— K™ at decays. Uses = gmeasurements
from AAIJ 14z.

Ma AFK=xB(b— Zp)
Ms Ada=xB(b— Z;)/B(b— A9)

(6 +4 )x1077
(5.7 £2.0 )x 1074

=p BRANCHING RATIOS
F(E= 7 XxB(b— Zp))/Ttotal F/r

VALUE (units 10~4) DOCUMENT ID TECN  COMMENT

3.9+1.2 OUR AVERAGE Error includes scale factor of 1.4.

3.0+1.0£0.3 ABDALLAH 05c DLPH ete— — Zz0
54+4+1.14+0.8 BUSKULIC 96T ALEP Excess = ¢~ over = ¢1

e o o We do not use the following data for averages, fits, limits, etc. o o

594+2.1+1.0 ABREU 95v DLPH Repl. by ABDALLAH 05¢
r(J/le_ xB(b— =3) )/rma. Fa/T
b
VALUE (units 1074) DOCUMENT ID TECN COMMENT
+0.026
0.102+3:026 OUR AVERAGE
0.098F3-923 +0.014 L AALTONEN ~ 09AP CDF  pp at 1.96 TeV
0.16 +0.07 +0.02 2 ABAZOV 07K DO pp at 1.96 TeV

LAALTONEN 09aP reports (3, — J/w="x B(b = =) )/Tiotall / [B(AY —
1/6(18)Ax B(b — A9) )] = 01677 5-337 & 0.012 which we multiply by our best

value B(A) — J/w(15)Ax B(b — AQ)) = (5.8 & 0.8) x 1075, Our first error is
their experiment’s error and our second error is the systematic error from using our best
value.

2ABAZOV 07K reports [r(:b = J/UETx B(b = Zp) )/Tyorall / BUY —
1/6(15)Ax B(b — A9) )] = 0.28 £ 0.09+ 002 which we multiply by our best value
B(Ag — J/P(1S)Ax B(b — /\g) ) =(58+£08) x 10~ 5. Our first error is their
experiment’s error and our second error is the systematic error from using our best value.

F(J/¢AK‘x B(b— Eb_))/l'm;“ r3/r
VALUE (units 10 6) DOCUMENT ID TECN COMMENT
2.45+0.19+0.35 1.2 Ap1) 17BE LHCB pp at 7 and 8 TeV

LAAI 178E reports [T(Z, —  J/YAK™ x B(b — =) )/Tyorall / [BAY —
J/$p(AS)Ax B(b — A9) )] = (419 + 0.29 + 0.15) x 10~2 which we multiply by

our best value B(A) — J/$(15)Ax B(b — A)) = (5.8 £ 0.8) x 1075, Our first
error is their experiment’s error and our second error is the systematic error from using
our best value.

2Integrated over the b-baryon transverse momentum p < 25 GeV and rapidity 2.0 <y
< 4.5.

r(pD°K~xB(b— Zp))/Total Fa/T
VALUE DOCUMENT ID TECN COMMENT
(1.8+0.4+0.4) x 106 L AAl 14H LHCB ppat7 Tev

LAAL 144 reports [[(Zp — pDOK~ x B(b — =p) )/Tiotall / [B(B — b-baryon)] /
[B(/l([)7 — pDO K™)] = 0.44 +0.09 % 0.06 which we multiply by our best values B(b —
b-baryon) = (8.9 + 1.2) x 1072, B(A) — pDOK™) = (4.6  0.8) x 1075, Our first
error is their experiment’s error and our second error is the systematic error from using
our best values.

r(pKn~ x B(b— =p)/B(b— BY))/Total s/T
VALUE CLY% DOCUMENT _ID TECN COMMENT

<1.6 x 106 90 AAIJ 14Q LHCB pp at 7 TeV
F(pK°K—x B(b— Zp)/B(b— B°))/Ttotal Te/T
VALUE CLY% DOCUMENT ID TECN COMMENT

<1.1x106 90 AALJ 14Q LHCB ppat 7 TeV
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=0, =, 21(5935)", =,(5945)°

I'(pK_K_xB(b—) Eb))/rtotal F7/T
VALUE (units 1078) DOCUMENT ID TECN COMMENT
3.6+0.8+0.2 1 aAl 17F LHCB ppat7, 8 TeV

LAAIJ 17F reports [[(Zp = PK K™ x B(b — Zp) )/Tiotall / [B(BT —
Kt K= KT)] / [B(b — Bt)] = (2.65 + 0.35 + 0.47) x 103 which we multiply
by our best values B(BT — KT K~ KT) = (3.40 £ 0.14) x 1075, B(b —» Bt) =
(40.5 + 0.6) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best values.

Mpr—n~)/T(PK~K™) lo/lg
VALUE CLY% DOCUMENT ID TECN COMMENT
<0.56 90 1 AAl 17F LHCB ppat 7,8 TeV

1 Measures the ratio as 0.28 + 0.16 + 0.13.
r(pK—n~)/T(pK~—K™) T10/Ts
VALUE DOCUMENT ID TECN COMMENT
0.98+0.27+0.09 AAlJ 17r LHCB ppat 7,8 TeV
I(Art o~ x B(b— Z9)/B(b— A2))/Ttotal Ma/r
VALUE CL% DOCUMENT ID TECN COMMENT
<1.7x10~6 90 AAILJ 16w LHCB pp at 7, 8 TeV
F(AK=ntxB(b— =9)/B(b— A3))/Ttotal M2/
VALUE CL% DOCUMENT ID TECN COMMENT
<0.8 x 10~ 90 AAIJ 16W LHCB pp at 7, 8 TeV
r(AK+ K= xB(b— =9)/B(b— A9))/Ttotal s/l
VALUE CLY% DOCUMENT ID TECN COMMENT
<0.3x10~6 90 AALJ 16w LHCB pp at 7, 8 TeV

- h = 0 p— h =

I(A¥ K= xB(b— =Zp))/T(pD° K~ x B(b— Zp)) la/Ta
VALUE DOCUMENT _ID TECN. COMMENT
0.360.19+0.02 1 AAl 144 LHCB ppat7 TeV

LAALS 144 reports [I(Zp — Az“ K= x B(b — =p) )/T(Zp - pDYK~x B(b —
Zp) ) x BT - pk=at)] / [B(DO - K~ )] = 0.57 £ 022 4 0.21 which
we multiply or divide by our best values B(/\z_r — pK—nt)=(6.23+£033) x 1072,

B(D? — K~ nat) = (3.89 & 0.04) x 102, Our first error is their experiment’s error
and our second error is the systematic error from using our best values.

r(A3n~xB(b— =5)/B(b— AD))/Ttotal s/l
VALUE (units 1074) DOCUMENT ID TECN COMMENT
57+18+03 1 AALS 15BALHCB pp at 7, 8 TeV

1A signal is reported with a significance of 3.2 standard deviations in the decay chain of

- A0

=p b7 ,/\ga A:rw , and /\er pK 7r+.
=p REFERENCES
AAL) 17BE PL B772 265 R. Aaij et al. (LHCb Collab.)
AAL) 17BH PRL 119 181807 R. Aaij et al. (LHCb Collab.)
AALJ 17BJ PRL 119 232001 R. Aaij et al. (LHCb Collab.)
AALJ 17F  PRL 118 071801 R. Aai] et al. (LHCb Collab.)
AAL) 16W JHEP 1605 081 R. Aaij et al. (LHCb Collab.)
AAL) 15BA PRL 115 241801 R. Aaij et al. (LHCb Collab.)
AAL) 14AA PRL 112 202001 R. Aaij et al. (LHCb Collab.)
AAL) 14BE NP B888 169 R. Aaij et al. (LHCb Collab.)
AALJ 14BJ PRL 113 242002 R. Aaij et al. (LHCb Collab.)
AAL) 14H PR D89 032001 R. Aaij et al. (LHCb Collab.)
AAL) 14Q  JHEP 1404 087 R. Aaij et al. (LHCb Collab.)
AALJ 14T PL B736 154 R. Aai] et al. (LHCb Collab.)
AALJ 14U PL B734 122 R. Aai] et al. (LHCb Collab.)
AAL) 14Z PRL 113 032001 R. Aaij et al. (LHCb Collab.)
AALTONEN 14B PR D89 072014 T. Aaltonen et al. (CDF Collab.)
AAL) 13AV PRL 110 182001 R. Aaij et al. (LHCb Collab.)
AALTONEN 11X PRL 107 102001 T. Aaltonen et al. (CDF Collab.)
AALTONEN 09AP PR D80 072003 T. Aaltonen et al. (CDF Collab.)
AALTONEN 07A  PRL 99 052002 T. Aaltonen et al. (CDF Collab.)
ABAZOV 07K PRL 99 052001 V.M. Abazov et al. (D0 Collab.)
ABDALLAH 05C  EPJ C44 299 J. Abdallah et al. (DELPHI Collab.)
BUSKULIC 96T PL B384 449 D. Buskulic et al. (ALEPH Collab.)
ABREU 95V ZPHY C68 541 P. Abreu et al. (DELPHI Collab.)

_:2(5935)_ P = %+ Status: kX %

=},(5935)~ MASS

VALUE (MeV) DOCUMENT ID TECN  COMMENT
5935.02+0.02+0.05 1 AAl 15H LHCB ppat 7,8 TeV
I Not independent of the mass difference measurement below. Observed in E% 7~ channel

with =9 — 52'7.—* and _:2' — pk—at.

m_, _—m -m__
= (5935) =0~ My

VALUE (MeV) DOCUMENT ID TECN COMMENT
3.6530.018+0.006 2 AALJ 154 LHCB ppat7,8 TeVv

20bserved in =) 7~ channel with =9 — =tx~and =} — pk—rt.

=/,(5935)~ WIDTH

VALUE (MeV) cL% DOCUMENT ID TECN  COMMENT
<0.08 95 3 AAL 154 LHCB ppat 7,8 TeV
3 Observed in E%w’ channel with :_% — Ezrm—* and _:Zr — pK*7r+.

=/(5935)~ DECAY MODES

Mode Fraction (I';/T)
o Z9r xB(b—
=1(5935)7)/B(b — =9)

(11.8+1.8) %

=/,(5935)~ BRANCHING RATIOS

(=97 x B(b— =4(5935)")/B(6— =3))/Ttotal r/r
VALUE DOCUMENT ID TECN COMMENT
0.118::0.0170.007 4 AAL 15H LHCB pp at 7,8 TeV

4 Observed in Egr channel with E% - Ej 7~ and _:C+ — pK—xt.

=/(5935)~ REFERENCES

AALJ 15H PRL 114 062004 R. Aaij et al. (LHCb Collab.)

=5(5945)° JP = 3+ Status: ¥ % ok

Quantum numbers are based on quark model expectations.

Zp(5945)° MASS

VALUE (MeV) DOCUMENT ID TECN COMMENT
5949.8+1.4 OUR AVERAGE
5952.3+£0.1+0.9 L AAlS 16AE LHCB ppat 7, 8 TeV |

2 CHATRCHYAN12s CMS pp at 7 TeV, 5.3 fb—!
1 AA1J 16AE measures m(=(5945)0) — m(Z})) — m(r) = 15.72740.068 +0.023 MeV.
We have adjusted the measurement to our best values of m(=,") = 5797.0 £ 0.9 MeV,

m(7r+) = 139.57061 + 0.00024 MeV. Our first error is their experiment’s error and our
second error is the systematic error from using our best values.

2CHATRCHYAN 125 measures m(Zp,(5945)0) — m(Z}) — m(z¥) = 14.84 £ 074 &
0.28 MeV. We have adjusted the measurement to our best values of m(_:;) =5797.0 +

0.9 MeV, m(wT) = 139.57061 + 0.00024 MeV. Our first error is their experiment’s error
and our second error is the systematic error from using our best values.

5951.44+0.8+0.9

=p(5945)° WIDTH

VALUE (MeV) DOCUMENT ID TECN  COMMENT
0.90+0.16+0.08 3 AALL 16AE LHCB pp at 7, 8 TeV |
e o o We do not use the following data for averages, fits, limits, etc. o o o
21 +1.7 4 CHATRCHYAN12s CMS ppat 7 TeV, 5.3 fb—1

3 Measured using Eb(5945)0 — EE T, :‘E — ng*, 52 — pK~— K—nt decays. I

4 Systematic uncertainty not evaluated.

=p(5945)° DECAY MODES
Mode Fraction (I';/T)

= nt seen

=5(5945)° BRANCHING RATIOS

r(:_;7l’+)/rmta| rl/r
VALUE DOCUMENT ID TECN COMMENT

seen AAIJ 16AE ATLS pp at 7, 8 TeV |
seen CHATRCHYAN12s CMS pp at 7 TeV, 5.3 fb—1

Zp(5945)° REFERENCES

AAlJ 16AE JHEP 1605 161 R. Aaij et al. (LHCb Collab.)
CHATRCHYAN 125 PRL 108 252002 S. Chatrchyan et al. (CMS Collab.)
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=5(5945)°, =,(5955)7, 22,

Status: Kk Xk

=,(5955)" SP=3r

Z5(5955)~ MASS

DOCUMENT ID
1 AAl

VALUE (MeV) TECN _ COMMENT
5955.33:0.12:+:0.05 15H LHCB ppat 7,8 TeV

I Not independent of the mass difference measurement below. Observed in E%w‘ channel

with =9 — Ejf and _:2' - pK—nt.

M= (5955)- — M= — My

VALUE (MeV) DOCUMENT ID TECN COMMENT
23.96+0.120.06 1 aal 15H LHCB ppat7,8 Tev
Lobserved in ZQ 7= channel with Z0 — =t 7= and =+ - pK—xT.
b b c c
=5(5955)~ WIDTH
VALUE (MeV) DOCUMENT ID TECN COMMENT
1.65+0.31+0.10 1 AAl 15H LHCB pp at7, 8 TeV

1 Observed in E%n_ channel with Eg — E;Wr_ and EC+ — pK— at.

=p(5955)~ DECAY MODES

Mode
=97 xB(b—
Z3(5955)7)/B(b — Z9)

Fraction (I;/T)

(20.7+3.5) %

=p(5955)~ BRANCHING RATIOS
r(=%7= x B(b— =3(5955)7)/B(b— =9))/Ttotal

VALUE DOCUMENT ID TECN  COMMENT
0.207+0.032£0.015 1 aAl 15H LHCB ppat7,8 Tev

1 Observed in ng* channel with Eg

ry/r

=t .- =+ -+
- =im and_c — pK—wT.

=5(5955)~ REFERENCES

AALJ 15H  PRL 114 062004 R. Aai] et al. (LHCb Collab.)

1Py = o(1+) status: *k*k*
I, J, P need confirmation.

2,

In the quark model Q; is ssb ground state. None of its quantum
numbers has been measured.

25 MASS
VALUE (MeV) DOCUMENT ID
6046.1+ 1.7 OUR AVERAGE
6045.1+ 3.2+ 0.8

TECN  COMMENT

1 AAl 160 LHCB pp at 7,8 TeV
6047.5+ 3.8+ 0.6 2 AALTONEN 148 CDF pp at 1.96 TeV
6046.04+ 2.2+ 0.5 3 AAl 13Av LHCB pp at 7 TeV
e o o We do not use the following data for averages, fits, limits, etc. o o

6054.4+ 6.8+ 0.9 4 AALTONEN  09AP CDF  Repl. by AALTONEN 148
6165 +£10 +13 5 ABAZOV 08AL DO pp at 1.96 TeV

1 Reconstructed in 2, — an*, _(22 — pK— K~ xt decays. Reference E; mass
5797.72 £ 0.6 MeV from AAIJ 14B.

2uses 27 — J/¥ 2~ and _ng* decays, with the first evidence for _Q; — _ng* at
3.3 o significance.

3 Measured in Qg — J/v 27 with 19 £ 5 events.

4 Observed in _QE — J/¥ Q27 decays with lsfg candidates, a significance of 5.5 sigma

from a combined mass-lifetime fit.
5 Observed in Q; — J/¢ 2~ decays with 17.8 & 4.9 + 0.8 candidates, a significance of
5.4 sigma.

mnb_ - mAg

VALUE (MeV) DOCUMENT ID TECN  COMMENT
426.4+£2.2:+0.4 AALJ 13av LHCB pp at 7 TeV
mn; - mE;

VALUE (MeV) DOCUMENT ID TECN  COMMENT
247.3+3.2+0.5 1 AAl 160 LHCB ppat7,8 TeV

1 — 0.~ 0 — k=t = =0,.— =0 - K=t
USeS_Qbﬁ_QCW ,.QCH PK— K™ 7 and_bﬁ_cw ,_C~> PK™ K™=
decays.

2, MEAN LIFE

VALUE (10’12 s) DOCUMENT ID TECN  COMMENT

1.647 018 OUR EVALUATION

1.65+ 018 OUR AVERAGE

1.780.26:0.05+0.06 1 AAL) 160 LHCB ppat7,8 TeV
1540281005 2 AALS 14T LHCB ppat7,8 Tev
1667053 +£0.02 2 AALTONEN 148 CDF  pp at 1.96 TeV

e o o We do not use the following data for averages, fits, limits, etc. o o o

11370334902 3 AALTONEN  09AP CDF

o Repl. by AALTONEN 148

1 Measured in ‘Qb — ng*, _Qg — pK— K—nt decays relative to _:; - Zim,
Eg — pK~ K~ = decays with reference E; mean life 1.599 + 0.06 ps from AAIJ 14B.

2 Measured in Q; — J/¢ 27 decays.

3 Observed in 2, — J/¢ 2~ decays with léfg candidates, a significance of 5.5 sigma
from a combined mass-lifetime fit.

7(£2,)/7(Z,) mean life ratio
VALUE DOCUMENT ID TECN COMMENT
1.1140.16+0.03 L AAlS 160 LHCB ppat7,8 TeV
Luses 2, — Qgﬂ*, 92 — pK=K”rTand Z, - Egﬂ*, _:2 — pK—K— ot
decays.

2, DECAY MODES

Mode Fraction (I;/T) Confidence level

M J/vR~ xB(b— 1) 9t L1)x 106

l, pK K™ xB(b— 2) <25 x 1079 90%

I3 pr 7 xB(b— 2) <15 x 1078 90%

Iy pK 7 xB(b— ) <7 x 1079 90%
2, BRANCHING RATIOS

I(J/92~ xB(b— 2b) )/Ttotal ra/r

VALUE (units 10~%) DOCUMENT ID TECN  COMMENT

+0.011
0.020 70011 OUR AVERAGE

09AP CDF
08AL DO

+0.010 1
0.026 ~ 557 +0.004 AALTONEN

pp at 1.96 TeV
0.08 +0.04 +0.02 2 ABAZOV pp at 1.96 TeV

LAALTONEN 09aF reports [[(2, — J/v27 xB(b = 2p) )/Tiotall / [BAY —

1/(18)Ax B(b — AZ) )] = 0.045F 0017 & 0.004 which we multiply by our best

value B(A) — J/w(15)Ax B(b — AQ)) = (5.8 & 0.8) x 1075, Our first error is
their experiment’s error and our second error is the systematic error from using our best
value.

2ABAZOV 08AL reports r(2, — J/¥27 xB(b — £2p) )/Tiotall / [B(Zp —

J/E"x B(b = =) )] = 080 & 0.327 333 which we multiply by our best value

B(Zp —» J/WE"x B(b—~ Zp)) = (1.027528) x 1075, Our first error is their
experiment’s error and our second error is the systematic error from using our best value.

F(pK~ K~ xB(b— 2b))/Ttotal r2/T
VALUE (units 1075 CLY% DOCUMENT ID TECN COMMENT
<25 x10~4 ) 1 AAl 17F LHCB ppat7, 8 Tev

LAAIJ 17F reports [F(.Q; - pKTK™xB(b — ) )/Toral / [BBT —
KtK— K1) /[B(b — BT) < 18 x 105 which we multiply by our best values
B(Bt — KtK—Kt)=3.40%x10"5B(b - BT)=405x10"2.

F(pn~ 7~ xB(b— 2p))/Ttotal rs/r
VALUE (units 10’5 CL% DOCUMENT ID TECN COMMENT
<1.5x1073 90 L AAl 17F LHCB pp at 7, 8 TeV

1 AAIJ 17F reports [F(R, = pr— 7~ xB(b— 2))/Tiorall / B(BT = KT K= K™)]
/ B(B - Bt)] < 109 x 1075 which we multiply by our best values B(BT —
Kt K~ Kt)=340x10"% B(b — Bt)=405x10"2.

F(pK‘w‘xB(B—» .Qb) )/rm| F4/r

VALUE (units 1075 CL% DOCUMENT ID TECN COMMENT
<7x10~4 90 L AAlS 17F LHCB pp at 7, 8 TeV

LAAI 17F reports [[(2, — pK~ 7 xB(B — 25) )/Tioral] / [B(BY —
Kt K= Kk*)] /[B(b — Bt)] < 51 x 1075 which we multiply by our best values
B(B* - KTK~Kt)=3.40x10"% B(b— BT)=1405x10"2.




See key on page 885
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2,, b-baryon ADMIXTURE (A, =5, 5, £2,)

2, REFERENCES

AAL) 17F  PRL 118 071801 R. Aaij et al. (LHCb Collab.)
AAL) 160 PR D93 092007 R. Aaij et al. (LHCb Collab.)
AAL) 14B  PL B728 234 R. Aaij et al. (LHCb Collab.)
AAL) 14T PL B736 154 R. Aaij et al. (LHCb Collab.)
AALTONEN  14B PR D89 072014 T. Aaltonen et al. (CDF Collab.)
AALJ 13AV PRL 110 182001 R. Aaij et al. (LHCb Collab.)
AALTONEN 09AP PR D80 072003 T. Aaltonen et al. (CDF Collab.)
ABAZOV 08AL PRL 101 232002 V.M. Abazov et al. (DO Collab.)

b-baryon ADMIXTURE (Ab, :_b, va Qb)

b-baryon ADMIXTURE MEAN LIFE

Each measurement of the b-baryon mean life is an average over an ad-
mixture of various bbaryons which decay weakly. Different techniques
emphasize different admixtures of produced particles, which could result
in a different b-baryon mean life. More b-baryon flavor specific channels
are not included in the measurement.

VALUE 107125 EVTS DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
12187 3130 10.042 1 aBazOVv 07 DO  Repl. by ABAZOV 12U
122 7022 1004 1 aBazOV 05c DO Repl. by ABAZOV 07s
1.16 +£0.20 +0.08 2 ABREU 99w DLPH ete™ — Z
1.19 £0.14 +0.07 3 ABREU 99w DLPH ete™ — Z
1.14 £0.08 £0.04 4 ABREU 99w DLPH ete™ — Z
111 +012 1005 5 ABREU 99w DLPH ete™ — Z
129 7022 10.06 5 ACKERSTAFF 986 OPAL ete~ — Z
1.20 +£0.08 +0.06 6 BARATE 98D ALEP ete™ — Z
1.21 40.11 5 BARATE 98D ALEP ete™ — Z
1.32 £0.15 £0.07 7 ABE 96M CDF  pp at 1.8 TeV
1022 +0.07

146 T022 +0.07 ABREU 960 DLPH Repl. by ABREU 99w
110 219 1009 5 ABREU 960 DLPH ete™ — Z
1.16 +£0.11 +0.06 5 AKERS 9% OPAL ete— — z
127 032 o009 ABREU 955 DLPH Repl. by ABREU 99w
105 012 1009 290 BUSKULIC  95L ALEP Repl. by BARATE 98D
104 248 o0 11 8ABREU 93F DLPH Excess Au~, decay

’ lengths
105 T323 1008 157 9 AKERS 93 OPAL Excess /¢, decay

! lengths
1.12 jggg +0.16 101 10BUSKULIC 921 ALEP Excess A¢~, impact

! parameters

1 Measured mean life using fully reconstructed /\g — J/¥ A decays.

2 Measured using A£™ decay length.
3 Measured using p¢~ decay length.

4 This ABREU 99w result is the combined result of the AL™, pt—, and excess Ap~

impact parameter measurements.
5 Measured using A€~ and At o,
6 Measured using the excess of A¢™, lepton impact parameter.
7 Measured using A€
8 ABREU 93F superseded by ABREU 96D.
9 AKERS 93 superseded by AKERS 96.
10 BUSKULIC 921 superseded by BUSKULIC 95L.

b-baryon ADMIXTURE DECAY MODES
(A5.=b,Xp: %)

These branching fractions are actually an average over weakly decaying b-
baryons weighted by their production rates at the LHC, LEP, and Tevatron,
branching ratios, and detection efficiencies. They scale with the b-baryon
production fraction B(b — b-baryon).

The branching fractions B(b-baryon — A{™ yanything) and B(/Ig —

/\‘C*'Fvlanything) are not pure measurements because the underlying
measured products of these with B(b — b-baryon) were used to determine
B(b — b-baryon), as described in the note “Production and Decay of
b-Flavored Hadrons.”

For inclusive branching fractions, e.g., B — Dianything, the values
usually are multiplicities, not branching fractions. They can be greater
than one.

Mode Fraction (I';/T)

(55F 22)%
(53+ 1.1)%
(66 +21 )%

Iy pp~Tanything

I, plypanything
I3 panything

[y A~ Dyanything (3.6+ 0.6)%

l's ALt vpanything (3.0+ 08) %
I Aanything B7 £7 )%
I; =7 (" Dpanything ( 6.2+ 1.6) x 1073

b-baryon ADMIXTURE (Ap, Zp, Zp. 2») BRANCHING RATIOS

I (pu~ vanything) /Mioral r/r
VALUE (% EVTS DOCUMENT ID TECN COMMENT
55121107 125 11 ABREU 955 DLPH ete— — Z

11 ABREU 955 reports [I(b-baryon — pu~ vanything) /Tyotal] X [B(B — b-baryon)]

= 0.0049 % 0.0011 7 3-301% which we divide by our best value B(b — b-baryon) =

(8.9 £1.2) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

I (p£vganything) /Tiotal ry/r
VALUE (%) DOCUMENT ID TECN COMMENT
5.3+£0.9+0.7 12 BARATE 98v ALEP ete™ — Z

12BARATE 98V reports [ (b-baryon — pewyanything)/Tyoea] x [B(b — b-baryon)]
= (4.72 £ 0.66 £ 0.44) x 10~3 which we divide by our best value B(b — b-baryon)

=(89+12)x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

I (p£vganything) /T (panything) ra/l3
VALUE (%) DOCUMENT ID TECN COMMENT
8.0+1.2+1.4 BARATE 98V ALEP ete™ — Z
F(Ae-ﬁlanything) [Ttotal Fa/T

The values and averages in this section serve only to show what values result if one
assumes our B(b — b-baryon). They cannot be thought of as measurements since the
underlying product branching fractions were also used to determine B(b — b-baryon)
as described in the note on “Production and Decay of b-Flavored Hadrons.”

VALUE (% EVTS DOCUMENT ID TECN COMMENT

3.6+0.6 OUR AVERAGE

3.74£05+05 13 BARATE 98D ALEP ete™ — Z
3.340.440.4 14 AKERS 96 OPAL Excess of A~ over ALt
34408405 262 15 ABREU 955 DLPH Excess of A¢~ over ALt
6.941.340.9 200 16 BUSKULIC ~ 950 ALEP Excess of AC™ over ALt
e o o We do not use the following data for averages, fits, limits, etc. o o o

seen 157 17 AKERS 93 OPAL Excess of AL~ over ALt
7.9+23+1.1 101 18BUSKULIC 921 ALEP Excess of AL~ over ALT

13 BARATE 98D reports [F(b-baryon — A€~ wpanything) /Tioea] X [B(E_% b-baryon)]
= 0.00326 4 0.00016 + 0.00039 which we divide by our best value B(b — b-baryon)
=(89+1.2)x 10~2. Our first error is their experiment’s error and our second error
is the systematic error from using our best value. Measured using the excess of AL~
lepton impact parameter.

14 AKERS 96 reports [I'(b-baryon — AL~ vganything) /Tyorarl X [B(b — b-baryon)] =
0.00291 =+ 0.00023 + 0.00025 which we divide by our best value B(b — b-baryon) =
(8.9 £1.2) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

15 ABREU 955 reports [T (b-baryon — AL~ wpanything) /Tioea ] x [B(b — b-baryon)]
= 0.0030 + 0.0006 + 0.0004 which we divide by our best value B(b — b-baryon) =
(8.9 £1.2) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

16 BUSKULIC 95L reports [ (b-baryon — A¢™ wganything) /Tyota] X [B(b — b-baryon)]
= 0.0061 + 0.0006 + 0.0010 which we divide by our best value B(b — b-baryon) =
(8.9 £1.2) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value.

17 AKERS 93 superseded by AKERS 96.

18 BUSKULIC 921 reports [T (b-baryon — AL~ Dyanything) /yorar]l X [B(b — b-baryon)]
= 0.0070 + 0.0010 £ 0.0018 which we divide by our best value B(b — b-baryon) =
(8.9 £1.2) x 102, Our first error is their experiment’s error and our second error is
the systematic error from using our best value. Superseded by BUSKULIC 95L.

I (A£* vpanything) /T (Aanything) Is/le
VALUE (units 1072) DOCUMENT ID TECN COMMENT
8.0£1.2+0.8 ABBIENDI  99L OPAL ete™ — Z

e o o We do not use the following data for averages, fits, limits, etc. o o o

7.04£1.240.7 ACKERSTAFF 97N OPAL Repl. by ABBIENDI 99L
I (Aanything) /Total re/T
VALUE (%) DOCUMENT ID TECN COMMENT

37+ 7 OUR AVERAGE

394+ 545 19 ABBIENDI ~ 99L OPAL ete™ — Z

25j13i3 20 ABREU 95¢ DLPH ete™ — Z

e o o We do not use the following data for averages, fits, limits, etc. o o o

44+ 716 21 ACKERSTAFF 97N OPAL Repl. by ABBIENDI 99L

19 ABBIENDI 991 reports [I(b-baryon — Aanything) /Tyoay] x [B(B — b-baryon)]
= 0.035 £ 0.0032 + 0.0035 which we divide by our best value B(b — b-baryon) =

(8.9 £1.2) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.
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b-baryon ADMIXTURE (Ab’ :_b, Zb; Qb)

20 ABREU 95c reports O.Zng‘g from a measurement of [ (b-baryon — Aanything)/ b-baryon ADMIXTURE (Ap, =p, Xp, 2p) REFERENCES
r x [B(b — b-baryon)] assuming B(b — b-baryon) = 0.08 =+ 0.02, which we

totall * [B( yon)] g B( yon) s ; ) ABAZOV 120 PR D85 112003 V.M. Abazov et al. (DO Collab.)
rescale to our best value B(b — b-baryon) = (8.9 + 1,2)_>< 107<. Our first error is ABAZOV 075 PRL 99 142001 V.M. Abazov et al. (DO Collab.)
their experiment’s error and our second error is the systematic error from using our best ABAZOV 05C  PRL 94 102001 V.M. Abazov et al. (DO Collab.)
value. ABBIENDI ~ 99L EPJ C9 1 G. Abbiendi et al. (OPAL Collab.)
21 _ i B , ABREU 99W EPJ CI0 185 P. Abreu et al. (DELPHI Collab.)
ACKERSTAFF 97N reports [T (b baryon — Aanything) /Tota] < [B(b — b-baryon)] ACKERSTAFF 98G  PL Ba26 161 K. Ackerstaff et al. (OPAL Collab.)
= 0.0393 + 0.0046 + 0.0037 which we divide by our best value B(b — b-baryon) = BARATE 98D EPJ C2 197 R. Barate et al. (ALEPH Collab.)
(8.9 = 1.2) x 1072, Our first error is their experiment’s error and our second error is /ECAEQESETAFF 23\’6 52#556325423 E- ia;(atetsftf 3’; . (/?l(-)i';': gouag-g
1 1 . Ackerstafl et al. ollab.
the systematic error from using our best value. ABE 96M  PRL 77 1439 F Abe of al (CDF Collab))
— _ . ABREU 96D ZPHY C71 199 P. Abreu et al. (DELPHI Collab.)
I (=~ £~ panything) /Total F7/T AKERS 9 ZPHY C69 195 R. Akers et al. (OPAL Collab.)
_ 3 BUSKULIC 96T PL B384 449 D. Buskulic et al. (ALEPH Collab.)
VALUE (units 10~°) DOCUMENT ID TECN  COMMENT ABREU 95C  PL B347 447 P. Abreu et al. (DELPHI Collab.)
6.2+1.6 OUR AVERAGE ABREU 955 ZPHY C68 375 P. Abreu et al. (DELPHI Collab.)
o _ ABREU 95V ZPHY C68 541 P. Abreu et al. (DELPHI Collab.)
6.14+1.540.8 22BYSKULIC ~ 96T ALEP Excess =~ ¢~ over =— ¢+ BUSKULIC ~ 95L PL B357 685 D. Buskulic et al. (ALEPH Collab.)
6.6+2.64+0.9 23 ABREU 95v DLPH Excess =— ¢~ over =— (T ABREU 93F PL B311 379 P. Abreu et al. (DELPHI Collab.)
~ AKERS 93 PL B316 435 R. Akers et al. (OPAL Collab.)
22BUSKULIC 96T reports [ (b-baryon — =~ ¢~ Djanything) /ol X [B(B — b- BUSKULIC 921  PL B297 449 D. Buskulic ef al. (ALEPH Collab.)

baryon)] = 0.00054 + 0.00011 & 0.00008 which we divide by our best value B(b —

b-baryon) = (8.9 £ 1.2) x 10~2. OQur first error is their experiment’s error and our
second error is the systematic error from using our best value.

23 ABREU 95V reports [ (b-baryon — =7 ¢~ wyanything) /Tyopa] x [B(B — b-baryon)]
= 0.00059 + 0.00021 + 0.0001 which we divide by our best value B(b — b-baryon) =
(8.9 £1.2) x 10~2. Our first error is their experiment’s error and our second error is
the systematic error from using our best value.
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Pentaquarks, P.(4380)", P.(4450)*

EXOTIC BARYONS

PC(4450)+ Status:

See the related review(s):

Pentaquarks

,DC(4380)+ Status: 3k

A resonance seen in A) — PY K™, then P. — J/i¥p, with a
significance of 9 standard deviations. The J/v¢p quark content is
vudct, a pentaquark. See also the P.(4450)T. In the best ampli-
tude fit, the two states have opposite parity, one having J = 3/2,
the other J = 5/2.

Extraction of the pentaquark signals requires some understanding of
the dominant K™ p background. AAIlJ 15P used a model-dependent
approach. AAIJ 16AG reanalyzed the data making minimal assump-
tions about the K~ p background, and thus confirmed the strong
significance of the pentaquark signals.

A resonance seen in /\?7 — Pzr K™, then P. — J/¢p, with a
significance of 12 standard deviations. The J/¢p quark content
is uudct, a pentaquark. See also the P.(4380)". In the best
amplitude fit, the two states have opposite parity, one having J =
3/2, the other J = 5/2.

Extraction of the pentaquark signals requires some understanding of
the dominant K™ p background. AAIJ 15P used a model-dependent
approach. AAIJ 16AG reanalyzed the data making minimal assump-
tions about the K™ p background, and thus confirmed the strong
significance of the pentaquark signals.

P(4450)* MASS

P(4380)* MASS

VALUE (MeV) DOCUMENT ID TECN COMMENT

4449.8+1.7+25 AAI 15p LHCB ppat7,8 TeV
P(4450)* WIDTH

VALUE (MeV) DOCUMENT ID TECN COMMENT

3945+19 AAI 15p LHCB ppat7,8 TeV

P,(4450)* DECAY MODES

Mode Fraction (I;/T)

Iy J/p seen

VALUE (MeV) DOCUMENT ID TECN COMMENT

4380+8+29 AALJ 15p LHCB ppat7,8 TeV
P(4380)* WIDTH

VALUE (MeV) DOCUMENT ID TECN COMMENT

205+18+86 AALJ 15p LHCB ppat 7,8 TeVv

P,(4380)* DECAY MODES

Mode Fraction (;/T)

P(4450)* BRANCHING RATIOS

F(J/¥p)/Trotal r/r
VALUE DOCUMENT _ID TECN COMMENT
seen AALJ 15p LHCB ppat7, 8 TeV

ry  J/p seen

P(4380)* BRANCHING RATIOS

P(4450)* REFERENCES

AALJ 16AG PRL 117 082002 R. Aaij et al. (LHCb Collab.)
AALJ 15P  PRL 115 072001 R. Aaij et al. (LHCb Collab.)

I (J/%p)/[Tiotal

VALUE DOCUMENT ID TECN  COMMENT

seen AALJ 15p LHCB ppat 7,8 TeV
P,_-(4380)+ REFERENCES

AALJ 16AG PRL 117 082002 R. Aaij et al. (LHCb Collab.)

AALJ 15P  PRL 115 072001 R. Aaij et al. (LHCb Collab.)




1820
Baryon Particle Listings




MISCELLANEOUS SEARCHES

Magnetic Monopole Searches
Supersymmetric Particle Searches
Technicolor .

Quark and Lepton Compomtenebb
Extra Dimensions . . .

WIMP and Dark Matter Searches
Other Particle Searches

SEARCHES IN OTHER SECTIONS

Neutral Higgs Bosons, Searches for

New Heavy Bosons .
Axions (A°) and Other Very nght Boqons
Heavy Charged Lepton Searches

Double-8 Decay .
Heavy Neutral Leptons, Scarchos for .

b" (Fourth Generation) Quark

t' (Fourth Generation) Quark .

Free Quark Searches .

Related Reviews in Volume 1

106.
107.
108.
109.
110.
111.
113.

112.
114.

115.
116.

Extra dimensions (rev.)

W'-boson searches (rev.)

Z'-boson searches (rev.) .
Supersymmetry: theory (rev.)
Supersymmetry: experiment (rev.)
Axions and other similar particles (rev.)
Dynamical electroweak symmetry .
breaking: implications of the H(0) (rev.)
Quark and lepton compositeness,
searches for (rev.)

Grand unified theories (rev.)
Leptoquarks (rev.)

Magnetic monopoles (rev.)

. 1823
. 1825
. 1857
. 1858
. 1862
. 1867
. 1875

932
945
957

. 1005
. 1014
. 1030
.. 1058
. 1060
. 1061

. 776
. 783
. 786
. 790
. 807
. 821
. 837

. 831
. 847

. 861
. 863







See key on page 885
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Magnetic Monopole Searches

SEARCHES NOT IN OTHER SECTIONS

Magnetic Monopole Searches

See the related review(s):
Magnetic Monopoles

Monopole Production Cross Section — Accelerator Searches
X-SECT MASS CHG ENERGY

(cm?) (Gev) (& _ (Gev)  BEAM DOCUMENT D TECN

<2.5E—37 200-6000 113000 pp LACHARYA 17 INDU
<2E—37  200-6000 2 13000 pp LACHARYA 17 INDU
<4E—37  200-5000 313000 pp LACHARYA 17 INDU
<1.5E—36 400-4000 4 13000 pp LACHARYA 17 INDU
<7E—36 1000-3000 5 13000 pp LACHARYA 17 INDU
<BE—40 200-2500  0.5-2.0 8000 pp 2 AAD 16AB ATLS
<2E—37  100-3500 1 8000 pp 3ACHARYA 16 INDU
<2E—37  100-3500 2 8000 pp 3ACHARYA 16 INDU
<6E—37  500-3000 38000 pp 3ACHARYA 16 INDU
<7E—36 1000-2000 4 8000 pp 3ACHARYA 16 INDU
<1.6E—38 200-1200 1 7000 pp 4 AAD 12¢s ATLS
<5E—38 45-102 1 206 etTe 5ABBIENDI 08 OPAL
<0.2E—36  200-700 11960 pp 6 ABULENCIA 06k CNTR
< 2E-36 1 300 etp 7.8 AKTAS 05A INDU
< 0.2E-36 2 300 etp 7.8 AKTAS 05A INDU
< 0.09E—36 3 300 etp 7.8 AKTAS 05A INDU
< 0.05E—36 >6 300 etp 7,8 AKTAS 05A INDU
< 2E-36 1 300 etp 7.9 AKTAS 05A INDU
< 0.2E—36 2 300 etp 7.9 AKTAS 05A INDU
< 0.07E—36 3 300 etp 7,9 AKTAS 05A INDU
< 0.06E—36 >6 300 etp 7.9 AKTAS 05A INDU
<0.6E—36  >265 1 1800 pp 10 KALBFLEISCH 04  INDU
<0.2E—36  >355 2 1800 pp 10 KALBFLEISCH 04  INDU
<0.07E—36  >410 3 1800 pp 10 KALBFLEISCH 04 INDU
<02E-36  >375 6 1800 pp 10 KALBFLEISCH 04  INDU
<0.7E—36  >295 1 1800 pp  'LI2KALBFLEISCH00 INDU
<78E—36  >260 2 1800 pp  LLI2KALBFLEISCHO00 INDU
<23E-36  >325 3 1800 pp  'LI3KALBFLEISCH00 INDU
<0.11E-36  >420 6 1800 pp  LI3KALBFLEISCH00 INDU
<0.65E—33 <33 >2 1A 197ay 1415 g 97
<1.90E—33 <8.1 >2 1604 208pp 1415 4p 97
<3.E-37 <45.0 1.0 8894 ete— PINFOLD 93 PLAS
<3.E-37 <416 20 88-94 eTe PINFOLD 93 PLAS
<7.E-35 <449  02-10 89-93 ete— KINOSHITA 92 PLAS
<2.E-34 <850 >05 1800 pp BERTANI 90 PLAS
<1.2E-33 <800 >1 1800 pp PRICE 90 PLAS
<1.E-37 <29 1 5061 ete~ KINOSHITA 89 PLAS
<1.E-37 <18 2 5061 ete— KINOSHITA 89 PLAS
<1.E-38 <17 <1 3% etTe BRAUNSCH... 888 CNTR
<B.E—37 <24 1 5052 ete— KINOSHITA 88 PLAS
<1.3E-35 <22 2 5052 ete~ KINOSHITA 88 PLAS
<9.E—37 <4 <015 106 ete— GENTILE 87 CLEO
<3.E-32 <800 >1 1800 pp PRICE 87 PLAS
<3.E-38 <3 29 ete FRYBERGER 84 PLAS
<1.E-31 1,3 540 pp AUBERT 838 PLAS
<4.E-38 <10 <6 34 ete— MUSSET 83 PLAS
<8.E—36 <20 52 pp 16 pELL 82 CNTR
<9.E—37 <30 <3 29 ete KINOSHITA 82 PLAS
<1.E-37 <20 <24 63 pp CARRIGAN 78 CNTR
<1.E-37 <30 <3 56 pp HOFFMANN 78 PLAS
62  pp 16 pELL 76 SPRK
<4.E-33 300 p 16 STEVENS 768 SPRK
<1.E—40 <5 <2 0 p 17 zRELOV 76 CNTR
<2.E-30 300 n 16 BURKE 75 OSPK
<1.E—-38 8 v 18 CARRIGAN 75 HLBC
<5.E—43 <12 <10 400 p EBERHARD 758 INDU
<2.E-36 <30 <3 60 pp GIACOMELLI 75 PLAS
<5.E—42 <13 <24 400 p CARRIGAN 74 CNTR
<6.E—42 <12 <24 300 p CARRIGAN 73 CNTR
<2.E-36 10001 ~ 17BARTLETT 72 CNTR
<1.E—41 <5 0 p GUREVICH 72 EMUL
<1.E—40 <3 <2 28 p AMALDI 63 EMUL
<2E—40 <3 <2 30 p PURCELL 63 CNTR
<1.E-35 <3 <4 28 p FIDECARO 61 CNTR
<2.E-35 <1 1 6 p BRADNER 59 EMUL

Monopoles with spins 0 and 1/2 were considered; mass-dependent spin 1/2 monopole
limits are quoted here.

2AAD 16AB model-independent 95% CL limits estimated using a fiducial region of ap- I
proximately constant acceptance. Limits are mass-dependent.

3 ACHARYA 16 limits at 95% CL estimated using a Drell-Yan-like production mechanism I
for scalar monopoles.

1 The search was sensitive to monopoles which had stopped in aluminium trapping volumes. |

4 AAD 12cs searched for monopoles as highly ionising objects. The cross section limits
are based on an assumed Drell Yan-like production process for spin 1/2 monopoles. The
limits are mass- and scenario-dependent.

5 ABBIENDI 08 assume production of spin 1/2 monopoles with effective charge g8 (n=1),
via et e~ — ~* — MM, so that the cross section is proportional to (1 + cosze).
There is no z information for such highly saturated tracks, so a parabolic track in the jet
chamber is projected onto the xy plane. Charge per hit in the chamber produces a clean
separation of signal and background.

© ABULENCIA 06K searches for high-ionizing signals in CDF central outer tracker and
time-of-flight detector. For Drell-Yan M M production, the cross section limit implies
M > 360 GeV at 95% CL.

7 AKTAS 05 model-dependent limits as a function of monopole mass shown for arbitrary
mass of 60 GeV. Based on search for stopped monopoles in the H1 Al beam pipe.

8 AKTAS 054 limits with assumed elastic spin 0 monopole pair production.

9 AKTAS 054 limits with assumed inelastic spin 1/2 monopole pair production.

10 KALBFLEISCH 04 reports searches for stopped magnetic monopoles in Be, Al, and Pb
samples obtained from discarded material from the upgrading of D@ and CDF. A large-
aperture warm-bore cryogenic detector was used. The approach was an extension of
the methods of KALBFLEISCH 00. Cross section results moderately model dependent;
interpretation as a mass lower limit depends on possibly invalid perturbation expansion.

11 KALBFLEISCH 00 used an induction method to search for stopped monopoles in pieces
of the D@ (FNAL) beryllium beam pipe and in extensions to the drift chamber aluminum
support cylinder. Results are model dependent.

12K ALBFLEISCH 00 result is for aluminum.

13 KALBFLEISCH 00 result is for beryllium.

14 HE 97 used a lead target and barium phosphate glass detectors. Cross-section limits are
well below those predicted via the Drell-Yan mechanism.

15 This work has also been reinterpreted in the framework of monopole production via the
thermal Schwinger process (GOULD 17); this gives rise to lower mass limits.

16 Multiphoton events.

17 Cherenkov radiation polarization.

18 Re-examines CERN neutrino experiments.

Monopole Production — Other Accelerator Searches

MASS CHG ENERGY
(GeV) (8) SPIN — (GeV) BEAM

DOCUMENT ID__ TECN
> 610 >1 0 1800 pp 1 ABBOTT 98k DO
> 870 >1 1/2 1800 pp 1 ABBOTT 98k DO
>1580 >1 1 1800 pp 1 ABBOTT 98k DO
> 510 88-94 ete~ 2 ACCIARRI  95C L3

LABBOTT 98K search for heavy pointlike Dirac monopoles via central production of a
pair of photons with high transverse energies.

2 ACCIARRI 95C finds a limit B(Z — ~yv7) < 0.8 x 10~ (which is possible via a
monopole loop) at 95% CL and sets the mass limit via a cross section model.

Monopole Flux — Cosmic Ray Searches
“Caty” in the charge column indicates a search for monopole-catalyzed nucleon decay.

FLUX MASS CHG COMMENTS

(cm 25— L5 1yGev) _(® B=v/g _EVTS DOCUMENT ID TECN
<1.5E—18 1 8>06 0 LALBERT 17 ANTR
<2.5E—21 1 1E8< v <1E13 0 2AAB 16 AUGE
<1.55E-18 8 >0.51 0  3AARTSEN 168 ICCB
<1E-17 Caty 1E-3< 8 <1E-2 0  4AARTSEN 14 ICCB
<3E-18 1 8>08 0 5 ABBASI 13 ICCB
<1.3E-17 1 8>0625 0  ©ADRIAN-MAR.12a ANTR
<6E-28 <1E17 Caty 1E-5< 3 <0.04 o  TUENO 12 SKAM
<1E-19 1 4>1E10 0  S8DETRIXHE 11 ANIT
<3.8E-17 1 8>0.76 0 5 ABBASI 10A 1CCB
<1.3E—15 1E4<M<5E13 1 B >0.05 0  9BALESTRA 08 PLAS
<0.65E—15 >5E13 1 8>0.05 0  9BALESTRA 08 PLAS
<1E-18 1 y>1E8 0 8 HOGAN 08 RICE
<1.4E—16 1 11E-4<B<1 0o 10AMBROSIO 028 MCRO
<3E-16 Caty 1.1IE-4<B<5E-3 0 11 AMBROSIO 02c MCRO
<1.5E—15 1 5E-3<B<099 0 !2AMBROSIO 020 MCRO
<1E—15 1 1.1x1074-01 0o 13AMBROSIO 97 MCRO
<5.6E—15 1 (0.18-3.0)E—3 0 14 AHLEN 94  MCRO
<2.7E—15 Caty B8 ~1x1073 0 15BECKER-SZ.. 94 IMB
<B.7E—15 1 >2.E-3 0 THRON 92 SOUD
<4.4E—12 1 allg 0 GARDNER 91 INDU
<7.2E—13 1 allg 0 HUBER 91 INDU
<3.7E—15 >E12 1 B=1E—4 o 160RITO 91 PLAS
<3.2E—16 >E10 1 8>0.05 o 6oRriITO 91 PLAS
<3.2E—16 >E10-E12 2,3 o l6oriITO 91 PLAS
<3.8E—13 1 allg 0 BERMON 90 INDU
<5.E—16 Caty B <1.E-3 0 I5BEZRUKOV 90 CHER
<1.8E—14 1 B>1.1E—4 0 17TBUCKLAND 90 HEPT
<1E—18 3E-4<pB<156-30 18GHOSH 90 MICA
<7.2E—13 1 allg 0 HUBER 90 INDU
<5E-12 >E7 1 3E-4<B<5E-3 0 BARISH 87 CNTR
<1.E-13 Caty 1.E-5< <1 0 15BARTELT 87 SOUD
<1.E-10 1 allg 0 EBISU 87 INDU
<2.E-13 1.E-4 <3 <6.E-4 0 MASEK 87 HEPT
<2E-14 4E-5<B<2E—4 0 NAKAMURA 87 PLAS
<2.E—14 1.E-3< 8 <1 0 NAKAMURA 87 PLAS
<5.E—14 9.E-4<B<LE-2 0 SHEPKO 87 CNTR
<2.E-13 4E-4<B<1 0 TSUKAMOTO 87 CNTR
<5.E—14 1 allB 1 19capPLIN 86 INDU
<5.E—12 1 0 CROMAR 86 INDU
<1.E-13 1 7.E-4<8 0 HARA 86 CNTR
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<7.E—11 1 alg 0 INCANDELA 86 INDU
<1.E—-18 4E-4<B<1E-3 0 I8pRICE 86 MICA
<5.E—12 1 0 BERMON 85 INDU
<6.E—12 1 0 CAPLIN 85 INDU
<6.E—10 1 0 EBISU 85 INDU
<3.E—15 Caty 5.E-5<B<1.E-3 0 I5KANTA 85 KAMI
<2.E-21 Caty B <1.E-3 0 1520 kaJITA 85  KAMI
<3.E-15 Caty 1.LE-3<fB<1E-1 0 I5PARK 858 CNTR
<5.E—12 1 LE-4<B<1 0 BATTISTONI 84 NUSX
<7.E-12 1 0 INCANDELA 84 INDU
<7.E—-13 1 3.E-4<p 0o 17kaJNO 84 CNTR
<2.E-12 1 3E—4<B<LE-1 0 KAJINO 848 CNTR
<6.E—13 1 5.E-4<B<1 0 KAWAGOE 84 CNTR
<2.E—14 1LE-3<8 0 I15KRISHNA.. 84 CNTR
<4.E-13 1 6E-4<B<2E-3 0 LISS 84 CNTR
<1.E—16 3.E-4<B<1.E-3 0 I8PRICE 84 MICA
<1.E-13 1 LE-4<8 0 PRICE 848 PLAS
<4.E-13 1 6E-4<B<2E-3 0 TARLE 84 CNTR
7 21 ANDERSON 83 EMUL
<4.E—13 1 LE-2<B<1.E-3 0 BARTELT 838 CNTR
<1.E-12 1 7.E-3<B<1 0 BARWICK 83 PLAS
<3.E-13 1 LE-3<B8<4E-1 0 BONARELLI 83 CNTR
<3.E-12 Caty 5.E-4<fB<5E-2 0 15BOSETTI 83 CNTR
<4.E-11 1 0 CABRERA 83 INDU
<5.E—15 1 LE-2<8<1 0 DOKE 83 PLAS
<B.E—15 Caty 1.LE—4<pB<1.E-1 0 15ERREDE 83 IMB
<5.E—12 1 LE-4<fB<3.E-2 0 GROOM 83 CNTR
<2.E-12 6.E—4 < B <1 0 MASHIMO 83 CNTR
<1.E-13 1 B=3.E-3 0 ALEXEYEV 82 CNTR
<2.E-12 1 7.E-3<B<6.E-1 0 BONARELLI 82 CNTR
6.E—10 1 all g 1 22CABRERA 82 INDU
<2.E—11 1.E-2<B<LE-1 0 MASHIMO 82 CNTR
<2.E-15 concentrator 0 BARTLETT 81 PLAS
<1E-13 >1 1L.E-3<8 0 KINOSHITA 818 PLAS
<5.E—11 <E17 3.E—4 < B <L.E-3 0 ULLMAN 81 CNTR
<2.E-11 concentrator 0 BARTLETT 78 PLAS
1.E-1 >200 2 1 23PRICE 75 PLAS
<2.E-13 >2 0 FLEISCHER 71 PLAS
<1.E-19 >2 obsidian, mica 0 FLEISCHER  69C PLAS
<5.E—15 <15 <3 concentrator 0 CARITHERS 66 ELEC
<2.E-11 <1-3 concentrator 0 MALKUS 51 EMUL

L ALBERT 17 limits were estimated using a Cherenkov light in an array of optical modules
under the Mediterranean Sea. The limits are for MM masses between 1010 and 1014
GeV. The limits are speed-dependent.

2 AAB 16 search was made with a set of telescopes sampling the longitudinal profile of
fluorescence light emitted by extensive air showers. Limits are speed dependent.

3 AARTSEN 168 was based on a Cherenkov signature in an array of optical modules which
were sunk in the Antarctic ice cap. Limits are speed-dependent.

4Beyond the monopole speed, the limits of AARTSEN 14 depend on the catalysis cross
section (o) which corresponds to the monopole radiating / times the light per track length
compared to the Cherenkov light from a single electrically charged, relativistic particle.
The values quoted here correspond to ¢ = 1 barn or / =30.

5 ABBASI 13 and ABBASI 10A were based on a Cherenkov signature in an array of optical
modules which were sunk in the Antarctic ice cap. Limits are speed-dependent.

6 ADRIAN-MARTINEZ 12A measurements were based on a Cherenkov signature in an
underwater telescope in the Western Mediterranean Sea. Limits are speed-dependent.

7 The limits from UENO 12 depend on the monopole speed and are also sensitive to
assumed values of monopole mass and the catalysis cross section.

8 HOGAN 08 and DETRIXHE 11 limits on relativistic monopoles are based on nonobser-
vation of radio Cherenkov signals at the South Pole. Limits are speed-dependent.

9BALESTRA 08 exposed of nuclear track detector modules totaling 400 m? for 4 years at
the Chacaltaya Laboratory (5230 m) in search for intermediate-mass monopoles with 3 >
0.05. The analysis is mainly based on three CR39 modules. For M > 5 x 1013 GeV there
can be upward-going monopoles as well, hence the flux limit is half that obtained for less
massive monopoles. Previous experiments (e.g. MACRO and OHYA (ORITO 91)) had
set limits only for M > 1 x 109 GeV.

10 AMBROSIO 028 direct search final result for m > 1017 GeV, based upon 4.2 to 9.5
years of running, depending upon the subsystem. Limit with CR39 track-etch detector
extends the limit from =4 x 107> (3.1 x 1016 cm—2g-1 5*1) to B=1x10"%
(2.1 x 10716 cm—2g—1 s’l). Limit curve in paper is piecewise continuous due to
different detection techniques for different 3 ranges.

11 AMBROSIO 02¢ limit for catalysis of nucleon decay with catalysis cross section of
~ 1mb. The flux limit increases by ~ 3 at the higher 3 limit, and increases to
1x107 ¥4 em=2s 15 1ifthe catalysis cross section is 0.01 mb. Based upon 71193 hr
of data with the streamer detector, with an acceptance of 4250 m2 sr.

12 AMBROSIO 02D result for “more than two years of data.” lonization search using several
subsystems. Limit curve as a function of 3 not given. Included in AMBROSIO 02B.

13 AMBROSIO 97 global MACRO 90%CL is 0.78 x 10~15 at 8=1.1 x 104, goes through
a minimum at 0.61 x 10~15 near B=(1.1-2.7) x 10~3, then rises to 0.84 x 1013
at 8=0.1. The global limit in this region is below the Parker bound at 10715, Less
stringent limits are established for 4 x 1075 < 8 < 1 x 10~4. Limits set by various
triggers and different subdetectors are given in the paper. All limits assume a catalysis
cross section smaller than a few mb.

14 AHLEN 94 limit for dyons extends down to $=0.9E—4 and a limit of 1.3E—14 extends
to 3 = 0.8E—4. Also see comment by PRICE 94 and reply of BARISH 94. One loophole
in the AHLEN 94 result is that in the case of monopoles catalyzing nucleon decay,
relativistic particles could veto the events. See AMBROSIO 97 for additional results.

15 Catalysis of nucleon decay; sensitive to assumed catalysis cross section.

16 ORITO 91 limits are functions of velocity. Lowest limits are given here.

17 ysed DKMPR mechanism and Penning effect.

18 Assumes monopole attaches fermion nucleus.

19 Limit from combining data of CAPLIN 86, BERMON 85, INCANDELA 84, and CABR-
ERA 83. For a discussion of controversy about CAPLIN 86 observed event, see GUY 87.
Also see SCHOUTEN 87.

0 Based on lack of high- energy solar neutrinos from catalysis in the sun.

21 Anomalous long-range o (4He) tracks.

22 CABRERA 82 candidate event has single Dirac charge within +5%.

23 ALVAREZ 75, FLEISCHER 75, and FRIEDLANDER 75 explain as fragmenting nucleus.
EBERHARD 75 and ROSS 76 discuss conflict with other experiments. HAGSTROM 77
reinterprets as antinucleus. PRICE 78 reassesses.

Monopole Flux — Astrophysics
FLUX MASS CHG COMMENTS
(em— 25— 15— 1) (Gev)

(8 (B=v/9 DOCUMENT 1D TECN
<1.3E-20 faint white dwarf 1 FREESE 99 ASTR
<1l.E-16 E17 1 galactic field 2 ADAMS 93 COSM
<1l.E-23 Jovian planets 1 ARAFUNE 85 ASTR
<1l.E-16 E15 solar trapping BRACCI 85B ASTR
<1.E-18 1 L HARVEY 84 COSM
<3.E-23 neutron stars KOLB 84 ASTR
<7.E-22 pulsars 1 FREESE 83B ASTR
<1l.E-18 <E18 1 intergalactic field 1 REPHAELI 83 COSM
<1.E-23 neutron stars 1 DIMOPOUL... 82 COSM
<5.E-22 neutron stars 1koLB 82 COSM
<5.E-15 >E21 galactic halo SALPETER 82 COSM
<1l.E-12 E19 1 B=3.E-3 3 TURNER 82 COSM
<1.E-16 1 galactic field PARKER 70 COsSM

1 Catalysis of nucleon decay.

2 ADAMS 93 limit based on “survival and growth of a small galactic seed field” is
10716 (m/1017 Gev) cem=2s~Lsr—1. Above 1017 Gev, limit 1016 (1017 Gev/m)
ecm—2s 1g—1 (from requirement that monopole density does not overclose the uni-
verse) is more stringent.

3 Re-evaluates PARKER 70 limit for GUT monopoles.

Monopole Density — Matter Searches
CHG

DENSITY (8) MATERIAL DOCUMENT ID TECN
<9.8E—5/gram >1 Polar rock BENDTZ 13 INDU
<6.9E—6/gram >1/3 Meteorites and other JEON 95 INDU
<2.E—7/gram >0.6 Fe ore LEBISU 87 INDU
<4.6E—6/gram > 0.5 deep schist KOVALIK 86 INDU

2 KOVALIK 86 INDU
KOVALIK 86 INDU

<1.6E—6/gram > 0.5 manganese nodules
<1.3E—6/gram > 0.5 seawater

>1.E+14/gram >1/3 iron aerosols MIKHAILOV 83 SPEC
<6.E—4/gram air, seawater CARRIGAN 76 CNTR
<5.E—1/gram >0.04 11 materials CABRERA 75 INDU
<2.E—4/gram >0.05 moon rock ROSS 73 INDU
<6.E—7/gram <140 seawater KOLM 71 CNTR
<1.E—2/gram <120 manganese nodules FLEISCHER 69 PLAS
<1.E—4/gram >0 manganese FLEISCHER 698 PLAS
<2.E—3/gram <1-3 magnetite, meteor GOTO 63 EMUL
<2.E—2/gram meteorite PETUKHOV 63 CNTR

1 Mass 1 x 10141 x 1017 Gev.
2 KOVALIK 86 examined 498 kg of schist from two sites which exhibited clear mineralogical
evidence of having been buried at least 20 km deep and held below the Curie temperature.

Monopole Density — Astrophysics

CHG
DENSITY (g) MATERIAL DOCUMENT ID TECN
<1.E—9/gram 1 sun, catalysis 1 ARAFUNE 83 COSM
<6.E—33/nucl 1 moon wake SCHATTEN 83 ELEC

<2.E—28/nucl earth heat CARRIGAN 80 COSM
<2.E—4/prot 42cm absorption BRODERICK 79 COSM
<2.E—13/m3 moon wake SCHATTEN 70 ELEC

1Catalysis of nucleon decay.
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decay branching ratios. Unless otherwise indicated, it is also

assumed that R-parity (R) is conserved and that:

1) The XV is the lighest supersymmetric particle (LSP)

2) my =ms where va g refer to the scalar partners of left-
and right-handed fermions.

Limits involving different assumptions are identified in the
Comments or in the Footnotes. We summarize here the nota-
tions used in this Chapter to characterize some of the most
common deviations from the MSSM (for further details, see the
Note on Supersymmetry).

Theories with R-parity violation (R) are characterized
by a superpotential of the form: Ay, L;Ljef + )\éjkLindz +
N Zjku‘d ‘dj, where 14, j, k are generation indices. The presence
of any of these couplings is often identified in the following
by the symbols LLE, LQD, and UDD. Mass limits in the
presence of I will often refer to “direct” and “indirect” decays.

Direct refers to I8 decays of the particle in consideration. Indi-
rect refers to cases where R appears in the decays of the LSP.
The LSP need not be the X9

In several models, most notably in theories with so-called
Gauge Mediated Supersymmetry Breaking (GMSB), the grav-
itino (é) is the LSP. It is usually much lighter than any other
massive particle in the spectrum, and meg is then neglected
in all decay processes involving gravitinos. In these scenarios,
particles other than the neutralino are sometimes considered
as the next-to-lighest supersymmetric particle (NLSP), and are
assumed to decay to their even-R partner plus G. If the lifetime
is short enough for the decay to take place within the detector,
G is assumed to be undetected and to give rise to missing
energy (¥) or missing transverse energy (£r) signatures.

When needed, specific assumptions on the eigenstate con-
tent of x° and x*
(photino), H (higgsino), W (wino), and Z (zino) to signal that
the limit of pure states was used. The terms gaugino is also

states are indicated, using the notation 7

used, to generically indicate wino-like charginos and zino-like
neutralinos.

In the listings we have made use of the following abbre-
viations for simplified models employed by the experimental
collaborations in supersymmetry searches published in the past

year.

Simplified Models Table

TglulA: gluino pair production with g — qzjf((l).

TglulB: gluino pair production with § — qq/f(li, )Zli — Wi)z(l].
TglulC: gluino pair production with a 2/3 probability of having a
g — qq )”(1, )Zl —> VV )21 decay and a 1/3 probability of
having a ¢ — qqx 4 Zi 0 decay.

gluino pair productlon with one glulno decaying to qq’ )”(li with
o Wifr G, and the other gluino decaying to q@z(l) with
W ov+G.

glouino piiroproduction with ¢ — qq/f(li, )Zf — Wi)"(g and
X5 — Z*X{ where MeE = (mg + rr1,>~<(1))/27 myg = (m).(]i +
m)-((l)) /2.

TglulD:

TglulE:

TglulF: gluino pair production with g — qq’)}li org— qqf(g with equal
branching ratios, where ﬁt decays through an intermediate
scalar tau lepton or sneutrino to TV)'((l) and where )28 decays
through an intermediate scalar tau lepton or sneutrino to
Tt )"(? or 1/17)2?; the mass hierarchy is such that mot e~

myg = (mg + m,X(l))/Z and mzj; = <m>~<1i + 7n,).<(1))/2.

TglulG:

TglulH:
Tglu2A:
Tglu3A:
Tglu3B:
Tglu3C:
Tglu3D:
Tglu3E:
Tglu4A:

Tglu4B:
Tglu4dC:
Tsqkl:
Tsqk2:
Tsqk3:

Tsqk4:

Tsqk4A:

Tsqk4B:

Tstopl:
Tstop2:
Tstop3:
Tstop4:
Tstop5:
Tstop6:

Tstop7:
Tstop8:

Tstop9:

Tstopl0:
Tstopll:

TstoplRPV:

Tsbotl:
Tsbot2:
Tsbot3:

TchilchilA:

TchilchilB:

TchilchilC:

gluino pair production with g — qzjf([z), and )28 decaying
through an intermediate slepton or sneutrino to l*l’)}? or

Vl?)“((f where m).(o = (mg +m.o )/2 and my ;= (m 9 +m_ 0 )/2.

gluino pair production with g — qu and Xz — XOZO(*)

gluino pair production with § — bb)(([f

gluino pair production with § — ttxol

gluino pair production with § — tf where  decays exclusively

to tx9. )

gluino pair production with § — tf where  decays exclusively

to cf(?.

gluino pair production with § — tB)Zli with f(li — W'if(?.

gluino pair production where the gluino decays 25% of the

time through § — XY, 25% of the time through § — bbYY

and 50% of the time through g — t@f(li with )ﬁt — Wif(?

01uino pair production with one gluino decaying to qq )21 with

Xl — W* + G, and the other gluino decaying to qq)(1 with

B —=v+G.

Ohuno pair production with gluinos decaying to qqx1 and

B =+ G.

glulno pair productlon with gluinos decaying to g — qqxl and
*) Z+G.

squark pair production with ¢ — (IX
squark pair production with ¢ — qXE) and )2(2) — Z + 5((1)
squark pair production with ¢ — ¢/ Xl , )Zli — I/Vif((l)

(like TglulB but for squarks)

squark pair production with squarks decaying to qx and
B —=v+G.

squark pair production with one squark decaying to q)Zl with
)21 — W* + G, and the other squark decaying to QX1 with
B —=v+G.

squark pair production with squarks decaying to q)}? and
W —=y+G.

stop pair production with £ — t)”(?.

stop pair production with 7 — bf(li with )Zli — W'if((l).

stop pair production with the subsequent four-body decay
t—bff )2? where f represents a lepton or a quark.

stop pair production with f:~> (:f((l]. ~

stop pair production with ¢ — boT With 7= 7G.

stop palr production with # — ¢ + X where )2[2) —Z+ )"([1) or
H+x Xl each with Br=50%.

stop pair production with #3 — 1 + H/Z, where t; — t + )21
stop pair productlon with equal probablhty of the stop
decaying via t — TX1 or via t — bxf: with X -S> WE

stop pair productlon with equal probability of the stop
decaying via t — (‘Xl or via the four-body decay ¢ — bf f’ Xl
where f represents a lepton or a quark.

stop pair production with £ — b)”(li and )Zli — W
(fF) + X} with a virtual W-boson.

stop pair production with ¢ — b)”(li with )”(li decaying through
an intermediate slepton to lV)Z?

i*XO N

stop pair production with £ — b5 via RPV coupling )\g23.

sbottom pair production with b— b)z(l’.
sbottom pair production with b— X1, X1 —~ W‘)Z(l).
sbottom pair production with b — big, where one of the
)23 — Z(*)X(l) — ff)z(l) and the other )Zg ot = e

electroweak pair and associated production of nearly mass-
degenerate charginos )Zli and neutralinos )2?, where )Zli decays
to )'((1] plus soft radiation, and where one of the )Z(l) decays to
4 4 G while the other one decays to Z/H + G (with equal
probability).

electroweak pair production of charginos )Zf where )Zli decays
through an intermediate slepton or sneutrino to ll/f([l) and
where the slepton or sneutrino mass is 5%, 25%, 50%, 75%
and 95% of the )Zf mass.

electroweak pair production of charginos )Zli, where )Zli decays
through an intermediate slepton or sneutrino to ll/f(? and
where m; ;= (mfcf: + mi(lJ)/QA
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TchilnlA: electroweak associated production of mass-degenerate 1DREINER 09 show that in the general MSSM with non-universal gaugino masses there
charginos ili and neutralinos )2(1)7 where Xli decays exclu- exists no model—indepgndent laboratory bound on the mass of the lightest neutralino. An
. + ~ -0 . = essentially massless x5 is allowed by the experimental and observational data, imposing
sively to W= 4 G and X decays exclusively to v + G. some constraints on })ther MSSM parameters, including M, u and the slepton and

Tchiln2A: electroweak associated production of mass-degenerate squark masses. ' 2
charginos )Z?: and neutralinos f(g, where f(?: decays through an 2 ABBIENDI 04H search for charginos and neutralinos in events with acoplanar leptons-+jets
itermediate spton or snentino to 1] and where ) decays s LIt il Soes e 192209 Gt combines with 1 st on o
through an intermediate slepton or sneutrino to l+l_)2(1] or covering the region 0 < My <§000 GeV, —1000 < g <1000 GeV and tanj from 1 to
1/17)"(?. 40. This limit supersedes ABBIENDI 00H.

Tchiln2B: electroweak —associated production of mass-degenerate 3:E:§$Eg g; da_talczllected up to |209 G$V.hUpgates egrlier sn?_lysis é’f sel_ectrf)nts f't°"'
charginos Xli and neutralinos 5(87 where )zli decays through and uses resuﬁisllcnuclsasrgainn::v wai?: :jnslltsla? siaserg::gisat?gn fnrzumr:EIOSSTEelgagIQrf 1I'nh§ Isinr?ii
an intermediate slepton or sneutrino to luf(? and where chizo is based on the direct search for charginos and neutralinos, the constraints from the
decays through an intermediate slepton or sneutrino to I+~ %9 'srlftz:grnetssgr'c: :nf?atr:: H(;rgkgs ’Qﬁss ::,me'trzaflrog’;‘ :E"OS-';E? sofirlrjr?gﬁ ?n t;?sie?as,:s(;f gi;a’e

—~0 . . . . o e 07 0 1 1 Al wi unive ugi 1 . umi
or vvX7 and where the slepton or sneutrino mass is 5%, 25%, mixing in the stau sector to be negligible, the limit improves to 43.1 GeV. Under the
50%, 75% and 95% of the )2:1‘: mass. assumption of MSUGRA with unification of the Higgs and sfermion masses, the limit
Tchiln2C: electroweak associated production of mass-degenerate ;’;‘ep'r‘;‘élejlstgoo?%i;\k_r?%l'eaches 53 GeV for Ag = 0. These limits include and update
. 4+ . - o+ -
charginos X; and neutralinos Y3, where i~ decays through # ABDALLAH 03 uses data from /5 = 192-208 GeV.. A limit on the mass of 50 is derived
an intermediate slepton or sneutrino to lV)Z(l] and where chizo from direct searches for neutralinos combined with the chargino search. Neutralinos are
decays through an intermediate slepton or sneutrino to 11~ ¢9 searched in the production of 5([1))?(2), i?ig, as well as Xg)?g and f(gfcg giving rise to
or m?)'(? and where my o = (m).(i + m).(o)/Q. cascade decays, and )?(11778 and )??f(g followed by the decay )}8 — T71. The results
¢, i i : .

Tchiln2D: electroweak associated production of mass-degenerate E%Id for the parameter space defined by values of My < 1 TeV, |u ‘~§~20 TeV with Fhe
charginos )Zli and neutralinos Y3, where X:]t decays through an X1 as LSP. The limit is obtained for tanf = 1 and large mg, where X3} and chargino
int diate scalar tau lept § tri ¢ ~0 . d wh pair production are important. If the constraint from Higgs searches is also imposed,
mtermediate scalar tau lepton or sneutrino 1o 7vx; and where the limit improves to 49.0 GeV in the m"@% scenario with m;=174.3 GeV. These limits
chizg decays thr((])ugh an Bntenne(hate scalar tau lepton or sneu- update the results of ABREU 00J. '
trino to 7777 XY or vy} and where m; ; = (NLf(i +m)~(¢1])/2. 5 ABDALLAH 03M uses data from /s = 192-208 GeV. An indirect limit on the mass

. ) . N 1 ~0 : . . .
Tchiln2E: electroweak associated production of mass-degenerate of X is derived by cons(tralmng the MSSM parameter space by the)results from d“'(eCt
oinae ot e o0 ~+ + -0 searches for neutralinos (including cascade decays and 7 final states), for charginos (for
charginos X7~ and neutralinos x5, where x- — W= + Xj
all Am_ ) and for sleptons, stop and sbottom. The results hold for the full parameter
-0 -0 +
and x5 — H + X3 § . -0 .
- space defined by values of My < 1 TeV, #\ < 2TeV with the X7 as LSP. Constraints
§ . . . . from the Higgs search in the m'3X scenario assuming m;=174.3 GeV are included. The
Tn2n3A: electl_(()]wedl; i&;ou;xted p_roodu(,ltl(zg Olf mdbb-}degen}er.dte neugdh- limit is obtained for tan3 > 5 when stau mixing leads to mass degeneracy between 1
nos xp and xs, vgolele Xz and X3 decay through 1.11telnle iate and i? and the limit is based on ig production followed by its decay to 7 7. In the
sleptons to IT17%Y and where the slepton mass is 5%, 25%, . . . ’ ;
. - pathological scenario where mg and M are large, so that the x5 production cross section
50%, 75% and 95% of the Xg mass. is negligible, and where there?s mixing in the stau sector but2not in stop nor sbottom
Tn2n3B: electroweak associated production of mass-degenerate neutrali- the limit is based on charginos with soft decay products and an ISR photon. The limit
nos f(g and )}g where )?(2) and )23 decay through intermediate then degrades to 39 GeV. See Figs. 40-42 for the dependence of the limit on tanf and
sleptons to l*l*)"(o and where m- — (m o4+m 0)/2 m;;. These limits update the results of ABREU 00w.
1 ¢ X2 X1 . 6 ACCIARRI 00D data collected at v/5=189 GeV. The results hold over the full parameter
space defined by 0.7 < tang < 60, 0 < M, < 2 TeV, my < 500 GeV, |u| < 2 TeV
~0 (1 . . The minimum mass limit is reached for tan3=1 and large mg. The results of slepton
X1 (nghteSt NeUtraI'no) mass limit searches from ACCIARRI 99w are used to help set constraints in the region of small myg.
0. ) ) ) The limit improves to 48 GeV for mg 2 200 GeV and tan8 = 10. See their Figs. 6-8 for
Xy is often assumed to be the lightest supersymmetric particle (LSP). See the tan/3 and mq dependence of the I%its. Updates ACCIA’\FJ{RI 98F.

0

also the )Zg, )”(3, XS section below.

We

have divided the 5((1] listings below into five sections:

1) Accelerator limits for stable X9,

2) Bounds on )}(1) from dark matter searches,

3) %(1) — p elastic cross section (spin-dependent, spin-independent interac-
tions),
4) Other bounds on )}? from astrophysics and cosmology, and

5) Unstable )?9 (Lightest Neutralino) mass limit.

7 AAD 14K sets limits on the x-nucleon spin-dependent and spin-independent cross sections
out to my = 10 TeV.

Bounds on 5‘(‘1’ from dark matter searches

These papers generally exclude regions in the My —p parameter plane
assuming that )?(1) is the dominant form of dark matter in the galactic halo.
These limits are based on the lack of detection in laboratory experiments,
telescopes, or by the absence of a signal in underground neutrino detectors.
The latter signal is expected if 2? accumulates in the Sun or the Earth
and annihilates into high-energy v's.

VALUE DOCUMENT ID TECN
e o o We do not use the following data for averages, fits, limits, etc. o o o

L AARTSEN 17 ICCB
2 AARTSEN 17a 1CCB
3 AARTSEN 17¢ ICCB
4 ALBERT 17a ANTR
5 ARCHAMBAU..17 VRTS
6 AARTSEN 16D 1CCB
7 ABDALLAH 16 HESS
8 ABDALLAH  16A HESS
9 ADRIAN-MAR..16  ANTR

Accelerator limits for stable 9

Unless otherwise stated, results in this section assume spectra, production
rates, decay modes, and branching ratios as evaluated in the MSSM, with
gaugino and sfermion mass unification at the GUT scale. These papers
generally study production of )?? )?? (i>1,j>2), )?Ir )?; and (in the
case of hadronic collisions) i;r S(g pairs. The mass limits on 5(‘1) are either
direct, or follow indirectly from the constraints set by the non-observation
of ;Zli and )Zg states on the gaugino and higgsino MSSM parameters M,
and p. In some cases, information is used from the nonobservation of

slepton decays. 10 AHNEN 16 MGFL

- . T 11 AVRORIN 16 BAIK
Obsolete limits obtained from e™ e~ collisions up to /=184 GeV have 12 C|RELLI 16 THEO
been removed from this compilation and can be found in the 2000 Edi- 12 EITE 16 THEO

tion (The European Physical Journal C15 1 (2000)) of this Review.

13 ABRAMOWSKI15  HESS
Am:m%o - Mm_g.
2 X1

14 ACKERMANN 15 FLAT
15 ACKERMANN 15A FLAT
16 ACKERMANN 158 FLAT
17BUCKLEY 15 THEO

VALUE (GeV CL% DOCUMENT ID TECN  COMMENT

L DREINER 09 THEO

>40 95 2ABBIENDI 044 OPAL alltan8, Am >5 GeV, 18 cHol 15 SKAM
, mg >500 GeV, Ay =0 19 AL EKSIC 14 MGIC
>42.4 95 HEISTER 04 ALEP all tang, all Am, all mg 20 AVRORIN 14 BAIK
>39.2 95 4 ABDALLAH 03w DLPH all tang, mg; >500 GeV 21 AARTSEN 13¢ ICCB
>46 95 5 ABDALLAH 03w DLPH all tang, all Am, all mg 22 ABRAMOWSKI13 HESS
>32.5 95 6 ACCIARRI 00D L3 tang > 0.7, Am > 3 GeV, all mg 23 BERGSTROM 13 COSM

e o o We do not use the following data for averages, fits, limits, etc. o o o 24 BOLIEV 13 BAKS

7 AAD 14K ATLS
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23 N 13 ASTR
23 korp 13 COSM
25 ABBASI 12 1cCB

26 ABRAMOWSKI11 ~ HESS
27 ABDO 10 FLAT

28 ACKERMANN 10  FLAT
29 ACHTERBERG 06 AMND
30 ACKERMANN 06 AMND
31 DEBOER 06 RVUE
32 pEsal 04 SKAM
32 AMBROSIO 99 MCRO
33LOSECCO 95 RVUE
34 MORI 93 KAMI
35BOTTINO 92 COSM
36BOTTINO 91 RVUE

37 GELMINI 91 COSM
38 KAMIONKOW.91  RVUE
39 MORI 918 KAMI
none 4-15 GeV 40 oLIVE 88 COSM

LAARTSEN 17 is based on data collected during 327 days of detector livetime with
IceCube. They looked for interactions of v’s resulting from neutralino annihilations in
the Earth over a background of atmospheric neutrinos and set 90% CL limits on the spin
independent neutralino-proton cross section for neutralino masses in the range 10-10000
GeV.

2 AARTSEN 174 is based on data collected during 532 days of livetime with the IceCube
86-string detector including the DeepCore sub-array. They looked for interactions of v’'s
from neutralino annihilations in the Sun over a background of atmospheric neutrinos and
set 90% CL limits on the spin dependent neutralino-proton cross section for neutralino
masses in the range 10-10000 GeV. This updates AARTSEN 16C.

3 AARTSEN 17¢ is based on 1005 days of running with the IceCube detector. They set a
limit on the annihilation cross section for dark matter with masses between 10-1000 GeV
annihilating in the Galactic center assuming an NFW profile. The limit is of 1.2 x 1023
cm3s—1 in the 77— channel. Supercedes AARTSEN 15E.

4 ALBERT 17a is based on data from the ANTARES neutrino telescope. They looked
for interactions of v’s from neutralino annihilations in the Milky Way galaxy over a
background of atmospheric neutrinos and set 90% CL limits on the muon neutrino flux.
They also obtain limits on the thermally averaged cross section for neutralino masses in
the range 50 to 100,000 GeV. This updates ADRIAN-MARTINEZ 15.

5 ARCHAMBAULT 17 performs a joint statistical analysis of four dwarf galaxies with
VERITAS looking for gamma-ray emission from neutralino annihilation. They set limits
on the neutralino annihilation cross section.

6 AARTSEN 16D is based on 329 live days of running with the DeepCore subdetector of the
IceCube detector. They set a limit of 10~23 ¢cm3s~1 on the annihilation cross section
to vw. This updates AARTSEN 15cC.

7 ABDALLAH 16 places constraints on the dark matter annihilation cross section for an-
nihilations in the Galactic center for masses between 200 GeV to 70 TeV. This updates
ABRAMOWSKI 15.

8 ABDALLAH 16A place upper limits on the annihilation cross section with final states in
the energy range of 0.1 to 2 TeV. This complements ABRAMOWSKI 13.

9 ADRIAN-MARTINEZ 16 is based on data from the ANTARES neutrino telescope. They
looked for interactions of s from neutralino annihilations in the Sun over a background of
atmospheric neutrinos and set 90% CL limits on the muon neutrino flux. They also obtain
limits on the spin dependent and spin independent neutralino-proton cross section for
neutralino masses in the range 50 to 5,000 GeV. This updates ADRIAN-MARTINEZ 13.

10 AHNEN 16 combines 158 hours of Segue 1 observations with MAGIC with 6 year ob-
servations of 15 dwarf satellite galaxies by Fermi-LAT to set limits on annihilation cross
sections for dark matter masses between 10 GeV and 100 TeV.

11 AVRORIN 16 is based on 2.76 years with Lake Baikal neutrino telescope. They derive
90% upper limits on the annihilation cross section from dark matter annihilations in the
Galactic center.

12CIRELLI 16 and LEITE 16 derive bounds on the annihilation cross section from radio
observations.

13 ABRAMOWSKI 15 places constraints on the dark matter annihilation cross section for
annihilations in the Galactic center for masses between 300 GeV to 10 TeV.

14 ACKERMANN 15 is based on 5.8 years of data with Fermi-LAT and search for monochro-
matic gamma-rays in the energy range of 0.2-500 GeV from dark matter annihilations.
This updates ACKERMANN 13A.

15 ACKERMANN 15 is based on 50 months of data with Fermi-LAT and search for dark
matter annihilation signals in the isotropic gamma-ray background as well as galactic
subhalos in the energy range of a few GeV to a few tens of TeV.

16 ACKERMANN 158 is based on 6 years of data with Fermi-LAT observations of Milky
Way dwarf spheroidal galaxies. Set limits on the annihilation cross section from my
2 GeV to 10 TeV. This updates ACKERMANN 14.

17 BUCKLEY 15 is based on 5 years of Fermi-LAT data searching for dark matter annihi-
lation signals from Large Magellanic Cloud.

18 CHOI 15 is based on 3903 days of SuperKamiokande data searching for neutrinos pro-
duced from dark matter annihilations in the sun. They place constraints on the dark
matter-nucleon scattering cross section for dark matter masses between 4-200 GeV.

19 ALEKSIC 14 is based on almost 160 hours of observations of Segue 1 satellite dwarf galaxy
using the MAGIC telescopes between 2011 and 2013. Sets limits on the annihilation cross
section out to my = 10 TeV.

20 AVRORIN 14 is based on almost 2.76 years with Lake Baikal neutrino telescope. They
derive 90% upper limits on the fluxes of muons and muon neutrinos from dark matter
annihilations in the Sun.

21 AARTSEN 13c is based on data collected during 339.8 effective days with the IceCube
59-string detector. They looked for interactions of v,,’s from neutralino annihilations in
nearby galaxies and galaxy clusters. They obtain limits on the neutralino annihilation
cross section for neutralino masses in the range 30-100, 000 GeV.

22 ABRAMOWSKI 13 place upper limits on the annihilation cross section with ~~ final
states in the energy range of 0.5-25 TeV.

23 BERGSTROM 13, JIN 13, and KOPP 13 derive limits on the mass and annihilation cross
section using AMS-02 data. JIN 13 also sets a limit on the lifetime of the dark matter
particle.

24BOLIEV 13 is based on data collected during 24.12 years of live time with the Bakson
Underground Scintillator Telescope. They looked for interactions of V#’S from neutralino

annihilations in the Sun over a background of atmospheric neutrinos and set 90% CL lim-
its on the muon flux. They also obtain limits on the spin dependent and spin independent
neutralino-proton cross section for neutralino masses in the range 10-1000 GeV.

25 ABBASI 12 is based on data collected during 812 effective days with AMANDA Il and
149 days of the IceCube 40-string detector combined with the data of ABBASI 09B.
They looked for interactions of uﬂ’s from neutralino annihilations in the Sun over a
background of atmospheric neutrinos and set 90% CL limits on the muon flux. No
excess is observed. They also obtain limits on the spin dependent neutralino-proton
cross section for neutralino masses in the range 50-5000 GeV.

26 ABRAMOWSKI 11 place upper limits on the annihilation cross section with v~ final

states.

27 ABDO 10 place upper limits on the annihilation cross section with v~ or ,u+ p~ final
states.

28 ACKERMANN 10 place upper limits on the annihilation cross section with bb or & i~
final states.

9 ACHTERBERG 06 is based on data collected during 421.9 effective days with the
AMANDA detector. They looked for interactions of vyuS from the centre of the Earth
over a background of atmospheric neutrinos and set 90 % CL limits on the muon flux.
Their limit is compared with the muon flux expected from neutralino annihilations into
Wt W~ and bb at the centre of the Earth for MSSM parameters compatible with the
relic dark matter density, see their Fig. 7.

30 ACKERMANN 06 is based on data collected during 143.7 days with the AMANDA-
Il detector. They looked for interactions of v,s from the Sun over a background of
atmospheric neutrinos and set 90 % CL limits on the muon flux. Their limit is compared
with the muon flux expected from neutralino annihilations into W+ W~ in the Sun for
SUSY model parameters compatible with the relic dark matter density, see their Fig. 3.

31 DEBOER 06 interpret an excess of diffuse Galactic gamma rays observed with the EGRET
satellite as originating from 70 decays from the annihilation of neutralinos into quark
jets. They analyze the corresponding parameter space in a supergravity inspired MSSM
model with radiative electroweak symmetry breaking, see their Fig. 3 for the preferred
region in the (myg, m1/2) plane of a scenario with large tang.

32 AMBROSIO 99 and DESAI 04 set new neutrino flux limits which can be used to limit
the parameter space in supersymmetric models based on neutralino annihilation in the
Sun and the Earth.

33LOSECCO 95 reanalyzed the IMB data and places lower limit on mio of 18 GeV if

1
the LSP is a photino and 10 GeV if the LSP is a higgsino based on LSP annihilation in
the sun producing high-energy neutrinos and the limits on neutrino fluxes from the IMB
detector.
MORI 93 excludes some region in My—u parameter space depending on tang and lightest
scalar Higgs mass for neutralino dark matter m_, >m,, using limits on upgoing muons
produced by energetic neutrinos from neutralino annihilation in the Sun and the Earth.
35BOTTINO 92 excludes some region M- parameter space assuming that the lightest
neutralino is the dark matter, using upgoing muons at Kamiokande, direct searches by
Ge detectors, and by LEP experiments. The analysis includes top radiative corrections
on Higgs parameters and employs two different hypotheses for nucleon-Higgs coupling.
Effects of rescaling in the local neutralino density according to the neutralino relic abun-
dance are taken into account.

36BOTTINO 91 excluded a region in My — pu plane using upgoing muon data from Kamioka
experiment, assuming that the dark matter surrounding us is composed of neutralinos
and that the Higgs boson is not too heavy.

37 GELMINI 91 exclude a region in My — p plane using dark matter searches.

38 KAMIONKOWSKI 91 excludes a region in the M2—[t plane using IMB limit on upgoing
muons originated by energetic neutrinos from neutralino annihilation in the sun, assuming
that the dark matter is composed of neutralinos and that m o S 50 GeV. See Fig. 8

1
in the paper.
39 MORI 918 exclude a part of the region in the My—p plane with m>~<0 S 80 GeV using

1
a limit on upgoing muons originated by energetic neutrinos from neutralino annihilation
in the earth, assuming that the dark matter surrounding us is composed of neutralinos

and that m 0 < 80 Gev.

40 OLIVE 88 result assumes that photinos make up the dark matter in the galactic halo.
Limit is based on annihilations in the sun and is due to an absence of high energy
neutrinos detected in underground experiments. The limit is model dependent.

X3-p elastic cross section
Experimental results on the f(?-p elastic cross section are evaluated at
m;(O:lOO GeV. The experimental results on the cross section are often

masls dependent. Therefore, the mass and cross section results are also
given where the limit is strongest, when appropriate. Results are quoted
separately for spin-dependent interactions (based on an effective 4-Fermi
Lagrangian of the form X'W'ysxﬁn/uwf’q) and spin-independent interac-
tions (Xxqq). For calculational details see GRIEST 888, ELLIS 88D, BAR-
BIERI 89c, DREES 938, ARNOWITT 96, BERGSTROM 96, and BAER 97
in addition to the theory papers listed in the Tables. For a description of
the theoretical assumptions and experimental techniques underlying most
of the listed papers, see the review on “Dark matter” in this “Review of
Particle Physics,” and references therein. Most of the following papers use
galactic halo and nuclear interaction assumptions from (LEWIN 96).

Spin-dependent interactions

VALUE (pb CL% DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
< 8 x1074 Ll L AKERIB 17A LUX  Xe

< 5 x107% 90 2 AMOLE 17 PICO C3Fg

< 028 90 3 BATTAT 17 DRFT CSy; CFy
< 0.027 Ll 4 BEHNKE 17 PICA C4Fqg

< 2 x1073 Ll SFu 17 PNDX Xe

< 5 x107% 90 6 AMOLE 16 PICO CF3l
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< 68 x1073 90 7 APRILE 168 X100 Xe < 15x1079 90 4 APRILE 168 X100 Xe |
< 63 x1073 90 8 FELIZARDO 14 SMPL C,CIFg < 61x1078 90 AGNES 15 DS50 Ar
< 001 90 9 AKIMOV 12 ZEP3 Xe < 22x1078 90 5 AGNESE 158 CDMS Ge
<7 x1073 10 BEHNKE 12 COUP CFsl < 15x1072 90 6 AKERIB 14 LUX Xe
< 85 x1073 1 EELIZARDO 12 SMPL CyCIFg 10— 11107 95 7BUCHMUEL... 14 THEO
< 0.016 90 12 kim 12 KIMS sl < 46x1076 90 8 FELIZARDO 14 SMPL C,CIFg
5x 10710 10 10~5 95 13 BUCHMUEL... 118 THEO 10~ 11-10-8 95 9 ROSZKOWSKI 14 THEO
< 1 Ll 14 ANGLE 08A XE10 Xe < 22x1076 90 10 AGNESE 13 CDMS Si
< 0.055 15 BEDNYAKOV 08 HDMS Ge <5 x1078 90 11 AKIMOV 12 ZEP3 Xe
< 033 90 16 BEHNKE 08 COUP CFjl 1.6 x107%;3.7 x 10753 12 ANGLOHER 12 CRES CaWo,
< 5 i; AKERIB 06 CDMS Ge 3x 10712 to73 x 1079 95 ii BECHTLE 12 THEO
< 2 SHIMIZU 06A CNTR CaF, < 1.6 x10~ BEHNKE 12 COUP CFsl
< 04 19 ALNER 05 NAIA Nal Spin Dep. < 65x 1076 15 FELIZARDO 12 SMPL C;éIFS
< 2 20 BARNABE-HE.05 PICA C < 23x10~7 90 16 KM 12 KIMS Csl
2% 10711 to 1 x 10~4 2LELLIS 04 THEO p >0 < 33x10-8 90 17 AHMED 11A Ge
< 08 22 AHMED 03 NAIA Nal Spin Dep. < 4.4 %108 90 18 ARMENGAUD 11 EDE2 Ge
< 40 gi TAKEDA 03 BOLO NaF Spin Dep. <7 x10-7 90 19 ANGLOHER 09 CRES CaWo,
< 10 , . 25 ANGLOHER 02 CRES Saphire <1 x10-7 90 20 ANGLE 08 XEI0 Xe
8x1077 to2 x 10~ > ELLIS 0lc THEO tang <10 <1 x10-6 90 BENETTI 08 WARP Ar
< 38 BERNABEI 000 DAMA Xe < 75x1077 90 2L ALNER 07A ZEP2 Xe
< 08 . SPOONER 00 UKDM Nal <2 w107 22 AKERIB 06a CDMS Ge
< 48 5g DELL! 99¢ DAMA F <90 x 1077 ALNER 05 NAIA  Nal Spin Indep.
<100 OOTANI 99 BOLO LiF <12 x10-7 23 ALNER 05A ZEPL
b 2‘6 27 ggﬁmgi: gf;c 32m2 >F(e <20 x 10*; 24 ANGLOHER 05 CRES CawO,
<14 %10~ SANGLARD 05 EDEL Ge
L The strongest limit is 5x 10~4 pb at m, = 35 GeV. The limit for scattering on neutrons <4 x10—7 25 AKERIB 04 CDMS Ge
is 3 1075 pb at 100 GeV and is 1.6 x 10~2 pb at 35 GeV. This updates AKERIB 16A. 2x10~1 t01.5x10=7 95 26 BALTZ 04 THEO
2 The strongest limit is 3.4 x 1075 pb at m,, = 30 GeV. This updates AMOLE 16a. 2% 1071 to 8 x 1076 21,28 g | |5 04 THEO u >0
3 Directional recoil detector. This updates DAW 12. <5 x 107? iz PIERCE 04A THEO )
4This result updates ARCHAMBAULT 12. The strongest limit is 0.013 pb at my, = 20 < 2 X 18:6 o 2?2":; gg 23:\/}5 gal Spin Indep.
GeV. < X e
5 The strongest limit is 1.2 x 10~3 pb at 40 GeV. The limit for scattering on neutrons is 2x 10713 to 2 x 10~7 32 BAER 03A THEO
5 x 105 pb at 100 GeV and the strongest limit is 4.1 x 10~5 pb at 40 GeV. < 14x1073 33 KLAPDOR-K...03 HDMS Ge
6 The strongest limit is 5 x 1074 pb at m, = 80 GeV. <6 x1076 34 ABRAMS 02 CDMS Ge
7 The strongest limit is 5.2 x 103 pb at 50 GeV. The limit for scattering on neutrons is <14 Xlé076 6 Z? BENOIT 02 EDEL Ge
2.8 x 10~4 pb at 100 GeV and the strongest limit is 2.0 x 10~4 pb at 50 GeV. This 1> 10722 to 7107 %6 KIM 028 THEO
updates APRILE 13. <3 x10™ MORALES 028 CSME Ge
8 The strongest limit is 0.0043 pb and occurs at m,, = 35 GeV. FELIZARDO 14 also <1 x1073 37 MORALES 02¢ IGEX Ge
presents limits for the scattering on neutrons. At m, =100 GeV, the upper limit is 0.13 <1l x 1072 38 BALTZ 01 THEO
pb and the strongest limit is 0.066 pb at m, = 35 GeV. <3 x 1076 BAUDIS 01  HDMS Ge
9 This result updates LEBEDENKO 09A. The strongest limit is 8 x 10~3 pb at m., = 50 < 45x10 BENOIT 01 EDEL Ge
Gev. Limi A . ° . X <7 x1076 39BOTTINO 01 THEO
eV. Limit applies to the neutralino neutron elastic cross section. _g 40
10 The strongest limit is 6 x 1073 at my = 60 GeV. <1 }1(1)0 _g 41 CORSETTI 01 THEO tanf <25
11 The strongest limit i 3 _ 5x10710 0 1.5 x 10 ELLIS 01c THEO tang <10
gest limit is 5.7 x 10 at my 35 GeV. <4 x10-6 40 GOMEZ 01 THEO
12 This result updates LEE 07A. The strongest limit is at my = 80 GeV. 2%x10°10 01 x 107 40 | AHANAS 01 THEO
13 predictions for the spin-dependent elastic cross section based on a frequentist approach <3 X 10—6 ABUSAIDI 00 CDMS Ge, Si
to electroweak observables in the framework of N = 1 supergravity models with radiative <6 x1077 42 ACCOMANDO 00 THEO
14 breaking of the.ele.ct.roweak gauge symmetry. o ) 43 BERNABEI 00 DAMA Nal
The strongest limit is 0.6 pb and occurs at m,,= 30 GeV. The limit for scattering on 25x10~2 to 3.5 x 10—8 44 FENG 00 THEO tanB=10
neutrons is 0.01 pb at my = 100 GeV, and the strongest limit is 0.0045 pb at my= < 15x107° MORALES 00 IGEX Ge
15 39 G_;eV- les © tron elasti " <4 x107° SPOONER 00 UKDM Nal
16 -rl::starzl; 1es to neu rv..)n.e.as IC cross section. N <7 x 10—6 BAUDIS 99 HDMO 766e
gest upper limit is 0.25 pb and occurs at my =~ 40 GeV. <7 x10-6 BERNABEI 98C DAMA Xe
v Thet S"°"g_esz ”ppZ' ”t’"ilt ii_“ pb and t‘fcc“_'s ;Eﬂ’% :h_ Glotfevl'_ Tthe fimit on dth_e I The strongest limit is 1.1 x 10~10 at 50 GeV. This updates AKERIB 16. |
neutron spin-dependent elastic cross section IS 0. . IS latter limit IS improved in PR —
AHMED 89, Wthe a limit of 0.02 pb is obtained at nF;X — 100 GeV. The strcngest limit zThe strongest lfmft fs 7T x 10711 pb at my = 35 G.eV. I
in AHMED 09 is 0.018 pb and occurs at my = 60 GeV. 4The strongest I!m!t !s 8.6 X 1079 pb at 40 GeV. T!us updates TAN 168. |
The strongest limit is 1.1 x 10 pb at 50 GeV. This updates APRILE 12. I

18 The strongest upper limit is 1.2 pb and occurs at m,, ~ 40 GeV. The limit on the
neutron spin-dependent cross section is 35 pb.

197he strongest upper limit is 0.35 pb and occurs at my =~ 60 GeV.

X

20 The strongest upper limit is 1.2 pb and occurs my =~ 30 GeV.

21ELLIS 04 calculates the X p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry, but
without universal scalar masses. In the case of universal squark and slepton masses, but
non-universal Higgs masses, the limit becomes 2 x 10™4, see ELLIS 03E.

22The strongest upper limit is 0.75 pb and occurs at m, = 70 GeV.

23 The strongest upper limit is 30 pb and occurs at my = 20 GeV.

24 The strongest upper limit is 8 pb and occurs at my =~ 30 GeV.

25ELLIS 01¢ calculates the x-p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry. In
models with nonuniversal Higgs masses, the upper limit to the cross section is 6 x 10—4.

26 The strongest upper limit is 3 pb and occurs at m., ~ 60 GeV. The limits are for inelastic
scattering X0 + 129%e —» X0 4 129%e* (39.58 keV).

27 The strongest upper limit is 4.4 pb and occurs at my ~ 60 GeV.

28 The strongest upper limit is about 35 pb and occurs at my =~ 15 GeV.

Spin-independent interactions

VALUE (pb) CL% DOCUMENT ID TECN _ COMMENT

e o o \We do not use the following data for averages, fits, limits, etc. o o o

5 AGNESE 158 result updates AHMED 10 and AHMED 09. The strongest limit is 1.8 x
10-8 pb and occurs at my = 60 GeV.

6The strongest upper limit is 7.6 x 10710 at my = 33 GeV.

7 predictions for the spin-independent elastic cross section based on a frequentist approach
to electroweak observables in the framework of N = 1 supergravity models with radiative
breaking of the electroweak gauge symmetry using the 20 fb—1 8 TeV and the 5 fb—1
7 TeV LHC data and the LUX data.

8The strongest limit is 3.6 x 10—© pb and occurs at my = 35 GeV.

9 Predictions for the spin-independent elastic cross section based on a Bayesian approach
to electroweak observables in the framework of N = 1 supergravity models with radiative
breaking of the electroweak gauge symmetry using the 20 fb—1 LHC data and LUX.

10 AGNESE 13 presents 90% CL limits on the elastic cross section for masses in the range
7-100 GeV using the Si based detector. The strongest upper limit is 1.8 x 10~ pb at
my = 50 GeV. This limit is improved to 7 x 10-7 pb in AGNESE 13A.

11 This result updates LEBEDENKO 09. The strongest limit is 3.9 x 10~8 pb at m
52 GeV.

12 ANGLOHER 12 presents results of 730 kg days from the CRESST-1I dark matter detector.
They find two maxima in the likelihood function corresponding to best fit WIMP masses
of 25.3 and 11.6 GeV with elastic cross sections of 1.6 x 106 and 3.7 x 105 pb
respectively, see their Table 4. The statistical significance is more than 4c.

13 predictions for the spin-independent elastic cross section based on a frequentist approach
to electroweak observables in the framework of N = 1 supergravity models with radiative
breaking of the electroweak gauge symmetry using the 5 fb—1 LHC data and XENON100.

X

< 1.8 x 10*10 90 1 AKERIB 17 LUX Xe 14The strongest limit is 1.4 x 10—7 at mX = 60 GeV.

< 15x 10*18 90 §APRILE 176 XEIT Xe 15 The strongest limit is 4.7 x 1076 at m,, = 35 GeV.

< 14x10 90 cul 174 PNDX Xe 16 This result updates LEE 07A. The strongest limit is 2.1 x 10~7 at m_, = 70 GeV.
<3 x1078 90 AMOLE 16 PICO CF3l X
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17 AHMED 114 gives combined results from CDMS and EDELWEISS. The strongest limit
is at my = 90 GeV.

18 ARMENGAUD 11 updates result of ARMENGAUD 10. Strongest limit at m,, =85 GeV.

19 The strongest upper limit is 4.8 x 10~ pb and occurs at m,, =50 GeV.

20 The strongest upper limit is 5.1 x 1078 pb and occurs at m,, ~ 30 GeV. The values
quoted here are based on the analysis performed in ANGLE 08 with the update from
SORENSEN 09.

21 The strongest upper limit is 6.6 x 107 pb and occurs at my =~ 65 GeV.

22 AKERIB 06A updates the results of AKERIB 05. The strongest upper limit is 1.6 x
107 pb and occurs at my, = 60 GeV.

23 The strongest upper limit is also close to 1.0 x 10—6 pb and occurs at my, ~ 70 GeV.
BENOIT 06 claim that the discrimination power of ZEPLIN-I measurement (ALNER 05A)
is not reliable enough to obtain a limit better than 1 x 10-3 pb. However, SMITH 06
do not agree with the criticisms of BENOIT 06.

24 The strongest upper limit is also close to 1.4 x 10—6 pb and occurs at my ~ 70 GeV.

25 AKERIB 04 is incompatible with BERNABEI 00 most likely value, under the assumption
of standard WIMP-halo interactions. The strongest upper limit is 4 x 10— 7 pb and
occurs at m, =~ 60 GeV.

26 predictions for the spin-independent elastic cross section in the framework of N = 1
supergravity models with radiative breaking of the electroweak gauge symmetry.

7 KIM 02 and ELLIS 04 calculate the x p elastic scattering cross section in the framework
of N=1 supergravity models with radiative breaking of the electroweak gauge symmetry,
but without universal scalar masses.

28 the case of universal squark and slepton masses, but non-universal Higgs masses, the
limit becomes 2 x 10~6 (2% 10711 when constraint from the BNL g—2 experiment are
included), see ELLIS 03E. ELLIS 05 display the sensitivity of the elastic scattering cross
section to the 7-Nucleon X term.

9 PIERCE 044 calculates the x p elastic scattering cross section in the framework of models
with very heavy scalar masses. See Fig. 2 of the paper.

30 The strongest upper limit is 1.8 x 10-° pb and occurs at my ~ 80 GeV.

31ynder the assumption of standard WIMP-halo interactions, Akerib 03 is incompatible
with BERNABEI 00 most likely value at the 99.98% CL. See Fig. 4.

32BAER 03A calculates the X p elastic scattering cross section in several models including
the framework of N=1 supergravity models with radiative breaking of the electroweak
gauge symmetry.

33 The strongest upper limit is 7 x 1076 pb and occurs at my ~ 30 GeV.

34 ABRAMS 02 is incompatible with the DAMA most likely value at the 99.9% CL. The
strongest upper limit is 3 x 10—6 pb and occurs at my =~ 30 GeV.

35BENOIT 02 excludes the central result of DAMA at the 99.8%CL.

36 The strongest upper limit is 2 x 10—° pb and occurs at my =~ 40 GeV.

37 The strongest upper limit is 7 x 10—6 pb and occurs at my ~ 46 GeV.

38The strongest upper limit is 1.8 x 10-° pb and occurs at my ~ 32 GeV

39BOTTINO 01 calculates the x-p elastic scattering cross section in the framework of the
following supersymmetric models: N=1 supergravity with the radiative breaking of the
electroweak gauge symmetry, N=1 supergravity with nonuniversal scalar masses and an
effective MSSM model at the electroweak scale.

Calculates the x-p elastic scattering cross section in the framework of N=1 supergravity
models with radiative breaking of the electroweak gauge symmetry.

41ELLIS 01c calculates the Xx-p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry. EL-
LIS 028 find a range 2 x 107815 x 10~ 7 at tan3=50. In_models with nonuniversal
Higgs masses, the upper limit to the cross section is 4 x 107,

42 ACCOMANDO 00 calculate the Xx-p elastic scattering cross section in the framework
of minimal N=1 supergravity models with radiative breaking of the electroweak gauge
symmetry. The limit is relaxed by at least an order of magnitude when models with
nonuniversal scalar masses are considered. A subset of the authors in ARNOWITT 02
updated the limit to < 9 x 107° (tan3 < 55).

43 BERNABEI 00 search for annual modulation of the WIMP signal. The data favor the
hypothesis of annual modulation at 4o and are consistent, for a particular model frame-

work quoted there, with mX0:44flg GeV and a spin-independent XO—proton Cross
section of (5.4 £ 1.0) x 10~ pb. See also BERNABEI 01 and BERNABEI 00C.

44FENG 00 calculate the x-p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry with a
particular emphasis on focus point models. At tan3=50, the range is 8 x 10-8-4x1077.

Other bounds on i‘l’ from astrophysics and cosmology

Most of these papers generally exclude regions in the M, —p parameter
plane by requiring that the 5(0 contribution to the overall cosmological
density is less than some maximal value to avoid overclosure of the Uni-
verse. Those not based on the cosmological density are indicated. Many
of these papers also include LEP and/or other bounds.

VALUE DOCUMENT ID TECN = COMMENT
>46 GeV LELLIS 00 RVUE
e o o We do not use the following data for averages, fits, limits, etc. o o o

2BUCHMUEL... 14 COSM
3 BUCHMUEL... 14A COSM
4 ROSZKOWSKI 14 COSM
5CABRERA 13 COSM

SELLIS 138 COSM
5 STREGE 13 COSM
2 AKULA 12 COSM
2 ARBEY 12A COSM
2 BAER 12 COSM
7BALAZS 12 COSM

8 BECHTLE 12 COSM
9 BESKIDT 12 COSM

> 18 GeV 10BOTTINO 12 COSM
2BUCHMUEL... 12 COSM
2¢cA0 12A COSM
2ELLIS 128 COSM
11 FENG 128 COSM
2KADASTIK 12 COSM
7 STREGE 12 COSM

12 BYCHMUEL... 11  COSM
13 ROSZKOWSKI 11 COSM
HELLs 10 COSM
15 BUCHMUEL... 09 COSM
16 DREINER 09 THEO
17 BUCHMUEL... 08 COSM

BELLs 08 COSM
18 cALIBBI 07 COSM
YELLIs 07 COSM

20 ALLANACH 06 COSM
21 DE-AUSTRI 06 COSM

13 BAER 05 COSM
22 BALTZ 04 COSM
> 6 GeV 10,23 BELANGER 04 THEO
241 11s 048 COSM
25 p|IERCE 04A COSM
26 BAER 03 COSM
> 6 GeV 10BOTTINO 03 COSM
26 CHATTOPAD..03 COSM
27T ELLIS 03 COSM
BELLs 038 COSM
26 ELLIS 03c COSM

26 | AHANAS 03 COSM
28 AHANAS 02 COSM

29 BARGER 01c COSM
30ELLIS 018 COSM
27 BOEHM 008 COSM
31 FENG 00 COSM
< 600 GeV 32ELLIS 988 COSM
33 EDSJO 97 COSM Co-annihilation
34 BAER 9% COSM
13 BEREZINSKY 95 COSM
35 FALK 95 COSM CP-violating phases
36 DREES 93  COSM Minimal supergravity
37 FALK 93 COSM Sfermion mixing
36 KELLEY 93  COSM Minimal supergravity
38 MizUTA 93 COSM Co-annihilation
39 LoPEZ 92  COSM Minimal supergravity,
rnO:A:
40 MCDONALD 92 COSM
41 GRIEST 91 COSM
42 NOJIRI 91 COSM Minimal supergravity
43 oLIVE 91 COSM
44 ROSZKOWSKI 91 COSM
45 GRIEST 90 COSM
43 OLIVE 89 COSM
none 100 eV — 15 GeV SREDNICKI 88 COSM ¥; mz=100 GeV
none 100 eV-5 GeV ELLIS 84 COSM #; for m?:IOO GeV
GOLDBERG 83 COSM 7
46 KRAUSS 83 COSM

2122

VYSOTSKII 83 COSM

LELLIS 00 updates ELLIS 98. Uses LEP et e data at V/5=202 and 204 GeV to improve
bound on neutralino mass to 51 GeV when scalar mass universality is assumed and 46 GeV
when Higgs mass universality is relaxed. Limits on tang improve to > 2.7 (. > 0), > 2.2
(1 < 0) when scalar mass universality is assumed and > 1.9 (both signs of ;) when
Higgs mass universality is relaxed.

2Implications of the LHC result on the Higgs mass and on the SUSY parameter space in
the framework of N = 1 supergravity models with radiative breaking of the electroweak
gauge symmetry.

3BUCHMUELLER 14A places constraints on the SUSY parameter space in the framework
of N = 1 supergravity models with radiative breaking of the electroweak gauge symmetry
using indirect experimental searches using the 20 fb~1 8 TeV and the 5 fb—1 7 Tev
LHC and the LUX data.

4ROSZKOWSKI 14 places constraints on the SUSY parameter space in the framework of
N = 1 supergravity models with radiative breaking of the electroweak gauge symmetry
using Bayesian statistics and indirect experimental searches using the 20 fb—1 LHC and
the LUX data.

5CABRERA 13 and STREGE 13 place constraints on the SUSY parameter space in the
framework of N = 1 supergravity models with radiative breaking of the electroweak gauge
symmetry with and without non-universal Higgs masses using the 5.8 fb*l, Vs =17TeV
ATLAS supersymmetry searches and XENON100 results.

6ELLIS 138 place constraints on the SUSY parameter space in the framework of N = 1
supergravity models with radiative breaking of the electroweak gauge symmetry with and
without Higgs mass universality. Models with universality below the GUT scale are also
considered.

TBALAZS 12 and STREGE 12 place constraints on the SUSY parameter space in the
framework of N = 1 supergravity models with radiative breaking of the electroweak
gauge symmetry using the 1 fb—1 LHC supersymmetry searches, the 5 fh—1 Higgs mass
constraints, both with /s = 7 TeV, and XENON100 results.

8BECHTLE 12 places constraints on the SUSY parameter space in the framework of N =
1 supergravity models with radiative breaking of the electroweak gauge symmetry using
indirect experimental searches, using the 5 fb—1 LHC and XENON100 data.
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9BESKIDT 12 places constraints on the SUSY parameter space in the framework of N =
1 supergravity models with radiative breaking of the electroweak gauge symmetry using
indirect experimental searches, the 5 fb—1 LHC and the XENON100 data.

10 BELANGER 04 and BOTTINO 12 (see also BOTTINO 03, BOTTINO 03A and BOT-
TINO 04) do not assume gaugino or scalar mass unification.

LLFENG 128 places constraints on the SUSY parameter space in the framework of N =
1 supergravity models with radiative breaking of the electroweak gauge symmetry and
large sfermion masses using the 1 fb—1 LHC supersymmetry searches, the 5 fb—1 LHC
Higgs mass constraints both with /s = 7 TeV, and XENON100 results.

12BYCHMUELLER 11 places constraints on the SUSY parameter space in the framework
of N = 1 supergravity models with radiative breaking of the electroweak gauge symme-
try using indirect experimental searches and including supersymmetry breaking relations
between A and B parameters.

13 places constraints on the SUSY parameter space in the framework of N=1 supergravity
models with radiative breaking of the electroweak gauge symmetry but non-Universal
Higgs masses.

14ELLIS 10 places constraints on the SUSY parameter space in the framework of N =
1 supergravity models with radiative breaking of the electroweak gauge symmetry with
universality above the GUT scale.

15BUCHMUELLER 09 places constraints on the SUSY parameter space in the framework
of N = 1 supergravity models with radiative breaking of the electroweak gauge symmetry
using indirect experimental searches.

16 DREINER 09 show that in the general MSSM with non-universal gaugino masses there
exists no model-independent laboratory bound on the mass of the lightest neutralino. An
essentially massless X(I) is allowed by the experimental and observational data, imposing
some constraints on other MSSM parameters, including My, p and the slepton and
squark masses.

17 BUCHMUELLER 08 places constraints on the SUSY parameter space in the framework
of N = 1 supergravity models with radiative breaking of the electroweak gauge symmetry
using indirect experimental searches.

18 cALIBBI 07 places constraints on the SUSY parameter space in the framework of N =
1 supergravity models with radiative breaking of the electroweak gauge symmetry with
universality above the GUT scale including the effects of right-handed neutrinos.

19ELLIS 07 places constraints on the SUSY parameter space in the framework of N =
1 supergravity models with radiative breaking of the electroweak gauge symmetry with
universality below the GUT scale.

20 ALLANACH 06 places constraints on the SUSY parameter space in the framework of N
= 1 supergravity models with radiative breaking of the electroweak gauge symmetry.
21 DE-AUSTRI 06 places constraints on the SUSY parameter space in the framework of N
= 1 supergravity models with radiative breaking of the electroweak gauge symmetry.
22BALTZ 04 places constraints on the SUSY parameter space in the framework of N = 1
supergravity models with radiative breaking of the electroweak gauge symmetry.
Limit assumes a pseudo scalar mass < 200 GeV. For larger pseudo scalar masses, m

18(29) GeV for tan3 = 50(10). Bounds from WMAP, (g — Z)M’ b — s~, LEP.

24ELLIS 04B places constraints on the SUSY parameter space in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry including
supersymmetry breaking relations between A and B parameters. See also ELLIS 03D.

25 p|ERCE 04A places constraints on the SUSY parameter space in the framework of models
with very heavy scalar masses.

26 BAER 03, CHATTOPADHYAY 03, ELLIS 03c and LAHANAS 03 place constraints on
the SUSY parameter space in the framework of N=1 supergravity models with radiative
breaking of the electroweak gauge symmetry based on WMAP results for the cold dark
matter density.

27BOEHM 008 and ELLIS 03 place constraints on the SUSY parameter space in the
framework of minimal N=1 supergravity models with radiative breaking of the electroweak
gauge symmetry. Includes the effect of x-t co-annihilations.

28 | AHANAS 02 places constraints on the SUSY parameter space in the framework of mini-
mal N=1 supergravity models with radiative breaking of the electroweak gauge symmetry.
Focuses on the role of pseudo-scalar Higgs exchange.

29 BARGER 01¢ use the cosmic relic density inferred from recent CMB measurements to
constrain the parameter space in the framework of minimal N=1 supergravity models
with radiative breaking of the electroweak gauge symmetry.

30ELLIS 01B places constraints on the SUSY parameter space in the framework of minimal
N=1 supergravity models with radiative breaking of the electroweak gauge symmetry.
Focuses on models with large tang.

31FENG 00 explores cosmologically allowed regions of MSSM parameter space with multi-
TeV masses.

32ELLIS 98B assumes a universal scalar mass and radiative supersymmetry breaking with
universal gaugino masses. The upper limit to the LSP mass is increased due to the
inclusion of x — 7 coannihilations.

33EDSJO 97 included all coannihilation processes between neutralinos and charginos for
any neutralino mass and composition.

34 Notes the location of the neutralino Z resonance and h resonance annihilation corridors
in minimal supergravity models with radiative electroweak breaking.

35 Mass of the bino (=LSP) is limited to mg < 350 GeV for m; = 174 GeV.

36 DREES 93, KELLEY 93 compute the cosmic relic density of the LSP in the framework
of minimal N=1 supergravity models with radiative breaking of the electroweak gauge
symmetry.

37FALK 93 relax the upper limit to the LSP mass by considering sfermion mixing in the
MSSM.

38 MIZUTA 93 include coannihilations to compute the relic density of Higgsino dark matter.

39 LOPEZ 92 calculate the relic LSP density in a minimal SUSY GUT model.

40 MCDONALD 92 calculate the relic LSP density in the MSSM including exact tree-level
annihilation cross sections for all two-body final states.

41 GRIEST 91 improve relic density calculations to account for coannihilations, pole effects,
and threshold effects.

NOJIRI 91 uses minimal supergravity mass relations between squarks and sleptons to
narrow cosmologically allowed parameter space.

43 Mass of the bino (=LSP) is limited to my 5 350 GeV for my < 200 GeV. Mass of

X>

the higgsino (=LSP) is limited to my 5 1 TeV for my <200 GeV.

44 ROSZKOWSKI 91 calculates LSP relic density in mixed gaugino/higgsino region.
45 Mass of the bino (=LSP) is limited to mg S 550 GeV. Mass of the higgsino (=LSP)

is limited to m7, S 3.2 TeV.

46 KRAUSS 83 finds mz not 30 eV to 2.5 GeV. KRAUSS 83 takes into account the gravitino

decay. Find that limits depend strongly on reheated temperature. For example a new
allowed region my = 4-20 MeV exists if Mgravitino <40 TeV. See figure 2.

— Unstable %9 (Lightest Neutralino) mass limit ———

Unless otherwise stated, results in this section assume spectra and pro-
duction rates as evaluated in the MSSM. Unless otherwise stated, the
goldstino or gravitino mass me is assumed to be negligible relative to all

other masses. In the following, G is assumed to be undetected and to give
rise to a missing energy () signature.

Some earlier papers are now obsolete and have been omitted. They were
last listed in our PDG 14 edition: K. Olive, et al. (Particle Data Group),
Chinese Physics €38 070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV)  CL% DOCUMENT ID TECN  COMMENT
>380 95 LKHACHATRY..14 CMS X3 — ZG simplified models,GMSB
e o o We do not use the following data for averages, fits, limits, etc. o o o

2 pAll 17z displaced vertex with associated p

> 3¢%, RPV, X or X couplings,
wino- or higgsino-like neutralinos

3 KHACHATRY....16BX

4 AAD 14BH ATLS 2y + Ep, GMSB, SPS8
5 AAD 13AP ATLS 2y + Ep, GMSB, SPS8
none 220-380 95 6 AAD 13Q ATLS ~ + b + K7, higgsino-like neu-
tralino, GMSB
7 AAD 13R ATLS X9 = wjj, RPV, Xy; # 0
8 AALTONEN 131 CDF  X? — +G, #, GMSB
>220 95 9 CHATRCHYAN13AHCMS  X{ — 4G, GMSB, SPS8, cr <
500 mm
10 AAD 12¢P ATLS 2y +£p, GMSB
11 AAD 12cT ATLS > 40, RPV
12 AAD 128 ATLS %9 = ujj,RPV, Xy # 0
13 ABAZOV 12AD DO ;315 ;(? — vZGG, GMSB

14 CHATRCHYAN 128K CMS 2y + F, GMSB
15 CHATRCHYAN11B CMS W9 — +G, WE — ¢£ G, GMSB

>149 95 16 AALTONEN 10 CDF  pp— X% ;:yg,zli,i‘l’ N
+G, GMSB
>175 95 17 ABAZOV 10p DO Xy - ~G, GMsB
>125 95 18 ABAZOV 08F DO pp— XX, X=X9» )zli, X9 -
+G, GMSB
19 ABULENCIA 074 CDF  RPV, LLE
> 96.8 95 20 ABBIENDI 068 OPAL ete~ — BB, (B— Gv)
21 ABDALLAH 058 DLPH ete— — Eg?,(gg’ - Grv)
> 9 95 22 ABDALLAH 058 DLPH ete~ — BB, (B— G~)

1 KHACHATRYAN 14L searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for evidence
of direct pair production of neutralinos with Higgs or Z-bosons in the decay chain, leading
to HH, HZ and Z Z final states with missing transverse energy. The decays of 16-20.
a Higgs boson to a b-quark pair, to a photon pair, and to final states with leptons
are considered in conjunction with hadronic and leptonic decay modes of the Z and W
bosons. No significant excesses over the expected SM backgrounds are observed. The

results are interpreted in the context of GMSB simplified models where the decays )N(? —
HG or %(1) — ZG take place either 100% or 50% of the time, see Figs. 16-20.

2 AAIJ 177 searched in 1 b~ of pp collisions at /s = 7 TeV and in 2 fb~1 of pp
collisions at /s = 8 TeV for events containing a displaced vertex with one associated
high transverse momentum p. No excess is observed above the background expected
from Standard Model processes. The results are used to set 95% C.L. upper limits on
the cross section times branching fractions of pair-produced neutralinos decaying non-
promptly into a muon and two quarks. Long-lived particles in a mass range 23-198 GeV
are considered, see their Fig. 5 and Fig. 6.

3KHACHATRYAN 16Bx searched in 19.5 fb—L1 of pp collisions at /5 = 8 TeV for
events containing 3 or more leptons coming from the electroweak production of wino- or
higgsino-like neutralinos, assuming non-zero R-parity-violating leptonic couplings 55,
A123, and Ap33 or semile[?tonic couplings ).\’131, A’233, .)\331, and Ag33. N.o excess over
the expected background is observed and limits are derived on the neutralino mass, see
Figs. 24 and 25.

4 AAD 148H searched in 20.3 fo~1 of pp collisions at /s = 8 TeV for events containing
non-pointing photons in a diphoton plus missing transverse energy final state. No excess is
observed above the background expected from Standard Model processes. The results are
used to set 95% C.L. exclusion limits in the contact of gauge-mediated supersymmetric
breaking models, with the lightest neutralino being the next-to-lightest supersymmetric
particle and decaying with a lifetime in the range from 0.25 ns to about 100 ns into a
photon and a gravitino. For limits on the NLSP lifetime versus A plane, for the SPS8
model, see their Fig. 7.

5 AAD 13AP searched in 4.8 fb~ ! of pp collisions at /s = 7 TeV for events containing non-
pointing photons in a diphoton plus missing transverse energy final state. No excess is
observed above the background expected from Standard Model processes. The results are
used to set 95% C.L. exclusion limits in the context of gauge-mediated supersymmetric
breaking models, with the lightest neutralino being the next-to-lightest supersymmetric
particle and decaying with a lifetime in excess of 0.25 ns into a photon and a gravitino.
For limits in the NLSP lifetime versus A plane, for the SPS8 model, see their Fig. 8.

6 AAD 13Q searched in 4.7 fb~1 of pp collisions at /s = 7 TeV for events containing
a high-p7 isolated photon, at least one jet identified as originating from a bottom
quark, and high missing transverse momentum. Such signatures may originate from
supersymmetric models with gauge-mediated supersymmetry breaking in events in which
one of a pair of higgsino-like neutralinos decays into a photon and a gravitino while the
other decays into a Higgs boson and a gravitino. No significant excess above the expected
background was found and limits were set on the neutralino mass in a generalized GMSB
model (GGM) with a higgsino-like neutralino NLSP, see their Fig. 4. Intermediate
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neutralino masses between 220 and 380 GeV are excluded at 95% C.L, regardless of the
squark and gluino masses, purely on the basis of the expected weak production.

7 AAD 13R looked in 4.4 fb~1 of pp collisions at /s = 7 TeV for events containing new,
heavy particles that decay at a significant distance from their production point into a
final state containing a high-momentum muon and charged hadrons. No excess over the
expected background is observed and limits are placed on the production cross-section
of neutralinos via squarks for various m=, m%O in an R-parity violating scenario with

1

)\’211 # 0, as a function of the neutralino lifetime, see their Fig. 6.

8 AALTONEN 131 searched in 6.3 fb—1 of pp collisions at /s = 1.96 TeV for events
containing [ and a delayed photon that arrives late in the detector relative to the
time expected from prompt production. No evidence of delayed photon production is
observed.

9 CHATRCHYAN 13aH searched in 4.9 fo—1 of pp collisions at /5 = 7 TeV for events
containing ¥ and a delayed photon that arrives late in the detector relative to the time
expected from prompt production. No significant excess above the expected background
was found and limits were set on the pair production of )}(1) depending on the neutralino
proper decay length, see Fig. 8. Supersedes CHATRCHYAN 12BK.

10 AAD 12cp searched in 4.8 fb—1 of pp collisions at /s = 7 TeV for events with two
photons and large Zp due to )2(1) — ~G decays in a GMSB framework. No significant
excess above the expected background was found and limits were set on the neutralino
mass in a generalized GMSB model (GGM) with a bino-like neutralino NLSP, see Figs.
6 and 7. The other sparticle masses were decoupled, tan3 = 2 and ¢ty gp < 0.1
mm. Also, in the framework of the SPS8 model, limits are presented in Fig. 8.

11 AAD 12¢T searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events containing four
or more leptons (electrons or muons) and either moderate values of missing transverse
momentum or large effective mass. No significant excess is found in the data. Limits are
presented in a simplified model of R-parity violating supersymmetry in which charginos
are pair-produced and then decay into a W-boson and a )2(1) which in turn decays through
an RPV coupling into two charged leptons (ei et or ui uT) and a neutrino. In this
model, limits are set on the neutralino mass as a function of the chargino mass, see Fig.
3a. Limits are also set in an R-parity violating mSUGRA model, see Fig. 3b.

12 AAD 12R looked in 33 pb’l of pp collisions at /s = 7 TeV for events containing new,
heavy particles that decay at a significant distance from their production point into a
final state containing a high-momentum muon and charged hadrons. No excess over the
expected background is observed and limits are placed on the production cross-section
of neutralinos via squarks for various (ma, mf(O) in an R-parity violating scenario with

1

/\,211 # 0, as a function of the neutralino lifetime, see their Fig. 8. Superseded by
AAD 13R.

13 ABAZOV 124D looked in 6.2 fb—L of pp collisions at /s = 1.96 TeV for events with
a photon, a Z-boson, and large - in the final state. This topology corresponds to
a GMSB model where pairs of neutralino NLSPs are either pair produced _promptly or
from decays of other supersymmetric particles and then decay to either Z G or vG. No
significant excess over the SM expectation is observed and a limit at 95% C.L. on the
cross section is derived as a function of the effective SUSY breaking scale A, see Fig.
3. Assuming Nmes =2, Mmes =3 A, tang = 3, p = 0.75 My, and Cgmu =1, the
model is excluded at 95% C.L. for values of A < 87 TeV.

14 CHATRCHYAN 128k searched in 2.23 fb—1 of pp collisions at v/s = 7 TeV for events
with two photons and large £ due to 5(0 — 7 G decays in a GMSB framework. No
significant excess above the expected background was found and limits were set on the
pair production of ;((1] depending on the neutralino lifetime, see Fig. 6.

15 CHATRCHYAN 118 looked in 35 pb*1 of pp collisions at /s=7 TeV for events with
an isolated lepton (e or p), a photon and - which may arise in a generalized gauge
mediated model from the decay of Wino-like NLSPs. No evidence for an excess over the
expected background is observed. Limits are derived in the plane of squark/gluino mass
versus Wino mass (see Fig. 4). Mass degeneracy of the produced squarks and gluinos is
assumed.

16 AALTONEN 10 searched in 2.6 fb—L of pp collisions at v/s = 1.96 TeV for diphoton
events with large Zp. They may originate from the production of ii in pairs or as-
sociated to a )?g decaying into )'((1) which itself decays in GMSB to v G. There is no
excess of events beyond expectation. An upper limit on the cross section is calculated
in the GMSB model as a function of the Q? mass and lifetime, see their Fig. 2. A limit

is derived on the 5((11 mass of 149 GeV for Tio < 1 ns, which improves the results of
1

previous searches.

17 ABAZOV 10p looked in 6.3 fb—! of pp collisions at /s = 1.96 TeV for events with
at least two isolated ~s and large . These could be the signature of S(g and Xli
production, decaying to %9 and finally X — G in a GMSB framework. No significant
excess over the SM expectation is observed, and a limit at 95% C.L. on the cross section
is derived for N, .. = 1, tan3 = 15 and p > 0, see their Fig. 2. This allows them to
set a limit on the effective SUSY breaking scale A > 124 TeV, from which the excluded
f(? mass range is obtained.

18 ABAZOV 08F looked in 1.1 fo—! of pp collisions at /s = 1.96 TeV for diphoton events
with large /. They may originate from the production of XT in pairs or associated
to a %g decaying to a Q? which itself decays promptly in GMSB to )2(11 — 7@. No
significant excess was found compared to the background expectation. A limit is derived
on the masses of SUSY particles in the GMSB framework for M = 2A, N = 1, tang =
15 and > 0, see Figure 2. It also excludes A < 91.5 TeV. Supersedes the results of
ABAZOV 05A. Superseded by ABAZOV 10p.

19 ABULENCIA 07H searched in 346 pb*1 of pp collisions at /s = 1.96 TeV for events
with at least three leptons (e or ) from the decay of >~((1J via LLE couplings. The results
are consistent with the hypothesis of no signal. Upper limits on the cross-section are

extracted and a limit is derived in the framework of mMSUGRA on the masses of Q? and

X, see e.g. their Fig. 3 and Tab. Il.

20 ABBIENDI 068 use 600 pb—! of data from /5 = 189-209 GeV. They look for events with
diphotons + Z final states originating from prompt decays of pair-produced neutralinos in

a GMSB scenario with )2(1) NLSP. Limits on the cross-section are computed as a function
of m(i?), see their Fig. 14. The limit on the 5((1) mass is for a pure Bino state assuming
a prompt decay, with lifetimes up to 10~ 9. Supersedes the results of ABBIENDI 04N.

21 ABDALLAH 058 use data from V/s = 180-209 GeV. They look for events with single
photons + F final states. Limits are computed in the plane (m(G) , m(i?)), shown in
their Fig. 9b for a pure Bino state in the GMSB framework and in Fig. 9c for a no-scale
supergravity model. Supersedes the results of ABREU 00z.

22 ABDALLAH 058 use data from /5 = 130-209 GeV. They look for events with diphotons
+ I final states and single photons not pointing to the vertex, expected in GMSB when
the )2(1) is the NLSP. Limits are computed in the plane (m((N;), m(}?)), see their Fig. 10.

The lower limit is derived on the )?(1] mass for a pure Bino state assuming a prompt decay

and myz = my; =2 m_,. It improves to 100 GeV for mz = m; =1.1 m_y. and
€r e o+ [t Improv €r e X9

the limit in the plane (m(i?), m(€R)) is shown in Fig. 10b. For long-lived neutralinos,
cross-section limits are displayed in their Fig 11. Supersedes the results of ABREU 00z.

%3, X3, X3 (Neutralinos) mass limits

Neutralinos are unknown mixtures of photinos, z-inos, and neutral higgsinos (the su-
persymmetric partners of photons and of Z and Higgs bosons). The limits here apply
only to )2(2), f(g, and }0. )'(0 is the lightest supersymmetric particle (LSP); see f(?
Mass Limits. It is not possible to quote rigorous mass limits because they are ex-
tremely model dependent; i.e. they depend on branching ratios of various X~ decay
modes, on the masses of decay products (€, ¥, ¢, &), and on the € mass exchanged
inete™ — f(? 5(@. Limits arise either from direct searches, or from the MSSM con-
straints set on the gaugino and higgsino mass parameters My and p through searches
for lighter charginos and neutralinos. Often limits are given as contour plots in the
m)N(O — myg plane vs other parameters. When specific assumptions are made, e.g, the

neutralino is a pure photino (), pure z-ino (Z), or pure neutral higgsino (H9), the
neutralinos will be labelled as such.

Limits obtained from et e~ collisions at energies up to 136 GeV, as well as other
limits from different techniques, are now superseded and have not been included in
this compilation. They can be found in the 1998 Edition (The European Physical
Journal €3 1 (1998)) of this Review. Some later papers are now obsolete and have
been omitted. They were last listed in our PDG 14 edition: K. Olive, et al. (Particle
Data Group), Chinese Physics €38 070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
none 95 LSIRUNYAN  17AWCMS 14+ 2 b-jets + Eqp, Tchiln2E,
220-490 mp =0 GeV
1
>600 95 2 AAD L6AAATLS  3/4¢ + Fip, Tn2n3A, mo=0GeV
1
>670 95 2 AAD L6AA ATLS  3/4(+F, Tn2n3B,m_y < 200GeV
1
>250 95 3 AAD 15BAATLS m_, = m_y, m_; = 0 GeV
X1 X2 Xi
>380 95 4 AAD 144 ATLS ;zli yg - Tiugff £ ﬁ;}?, sim-
plified model, m_, = m_g,
X%
m_g = 0 GeV
X1
>700 95 4 AAD 14H ATLS ;(li X3 = FuxQ et TR, sim-
plified model, m_,. = m_g,
xR
m_y =0 GeV
X1
>345 95 4 AAD 14H ATLS ;(li X3 = w920, simplified
model, m_; = m_g, m_y =0
X1 X2 X3
GeV
>148 95 4 AAD 14H ATLS %i%g — WxIHXY, simplified
model, m_, =m_g, m_5 =0
X1 2 X1
GeV
>620 95 5 AAD 14x ATLS > 4%, 38 5 — F0FRY, mo
’ 1
=0 GeV
6 AAD 13 ATLS 3¢ + Ep, pMSSM, SMS
7 CHATRCHYAN 12BJ CMS > 2 4, jets + Ep, pp — ;(li X3
>116.0 95 8 ABREU 00w DLPH )zg, 1 < tanB < 40, all Am,
all m
0

e o o We do not use the following data for averages, fits, limits, etc. o o o

146 ATLS XEXQ — wi02ZY, simplified
model, m_ =m_g, m_g =0
X % TR

none 95 9 AAD
180-355

GeV _
10 KHACHATRY...141 CMS y(g - (2, H)f((l) ¢, simplified
odel
12a8 ATLS 3¢ + o, pMSSM

121 ATLS (¢ 4 Bp,opp— X

11 aAD
+ -

12 AaD X9

1SIRUNYAN 17aw searched in 35.9 fb—L of pp collisions at /s = 13 TeV for events with
a charged lepton (electron or muon), two jets identified as originating from a b-quark,
and large . No significant excess above the Standard Model expectations is observed.
Limits are set on the mass of the chargino and the next-to-lightest neutralino in the
Tchiln2E simplified model, see their Figure 6.

2 AAD 16AA summarized and extended ATLAS searches for electroweak supersymmetry in
final states containing several charged leptons, £, with or without hadronic jets, in 20
b~ of pp collisions at /s = 8 TeV. The paper reports the results of new interpretations
and statistical combinations of previously published analyses, as well as new analyses.
Exclusion limits at 95% C.L. are set on mass-degenerate )N(g and %g masses in the Tn2n3A
and Tn2n3B simplified models. See their Fig. 15.

3 AAD 158BA searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for electroweak
production of charginos and neutralinos decaying to a final state containing a W boson
and a 125 GeV Higgs boson, plus missing transverse momentum. No excess beyond
the Standard Model expectation is observed. Exclusion limits are derived in simplified
models of direct chargino and next-to-lightest neutralino production, with the decays




See key on page 885
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)Zli — Wii(l) and >~<2 — HXI having 100% branching fraction, see Fig. 8. A

combination of the multiple final states for the Higgs decay yields the best limits (Fig.
8d).

4 AAD 14H searched in 20.3 fb—! of pp collisions at /s = 8 TeV for electroweak produc-
tion of charginos and neutralinos decaying to a final sate with three leptons and missing
transverse momentum. No excess beyond the Standard Model expectation is observed.
Exclusion limits are derived in simplified models of direct chargino and next-to-lightest
neutralino production, with decays to the lightest neutralino via either all three genera-
tions of leptons, staus only, gauge bosons, or Higgs bosons, see Fig. 7. An interpretation
in the pMSSM is also given, see Fig. 8

5 AAD 14x searched in 20.3 b~ of pp collisions at /s = 8 TeV for events with at least
four leptons (electrons, muons, taus) in the final state. No significant excess above the
Standard Model expectations is observed. Limits are set on the neutralino mass in an
R-parity conserving simplified model where the decay Xg 3 0¥ %(1) takes place with
a branching ratio of 100%, see Fig. 10.

6 AAD 13 searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for charginos and neutralinos
decaying to a final state with three leptons (e and 1) and missing transverse energy. No
excess beyond the Standard Model expectation is observed. Exclusion limits are derived
in the phenomenological MSSM, see Fig. 2 and 3, and in simplified models, see Fig.
4. For the simplified models with intermediate slepton decays, degenerate )?li and )?0
masses up to 500 GeV are excluded at 95% C.L. for very large mass differences with the
)?? Supersedes AAD 12AS.

7TCHATRCHYAN 128J searched in 4.98 fb—1 of pp collisions at /s = 7 TeV for direct
electroweak production of charginos and neutralinos in events with at least two leptons,
jets and missing transverse momentum. No significant excesses over the expected SM
backgrounds are observed and 95% C.L. limits on the production cross section of ili %g
pair production were set in a number of simplified models, see Figs. 7 to 12. Most limits
are for exactly 3 jets.

8 ABREU 00w combines data collected at +/5=189 GeV with results from lower energies.
The mass limit is obtained by constraining the MSSM parameter space with gaugino
and sfermion mass universality at the GUT scale, using the results of negative direct
searches for neutralinos (including cascade decays and 7 final states) from ABREU 01,
for charginos from ABREU 00 and ABREU 00T (for all Am_.), and for charged sleptons
from ABREU 01B. The results hold for the full parameter space defined by all values of
M and || <2 TeV with the %7 as LSP.

9 AAD 146G searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for electroweak production
of chargino-neutralino pairs, decaying to a final sate with two leptons (e and p) and
missing transverse momentum. No excess beyond the Standard Model expectation is
observed. Exclusion limits are derived in simplified models of chargino and next-to-
lightest neutralino production, with decays to the lightest neutralino via gauge bosons,
see Fig. 7. An interpretation in the pMSSM is also given, see Fig. 10.

10 KHACHATRYAN 141 searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for elec-
troweak production of charginos and neutralinos decaying to a final state with three lep-
tons (e or ) and missing transverse momentum, or with a Z-boson, dijets and missing
transverse momentum. No excess beyond the Standard Model expectation is observed.
Exclusion limits are derived in simplified models, see Figs. 12-16.

11 AAD 12as searched in 2.06 fb—1 of pp collisions at /s = 7 TeV for charginos and
neutralinos decaying to a final state with three leptons (e and 1) and missing transverse
energy. No excess beyond the Standard Model expectation is observed. Exclusion limits
are derived in the phenomenological MSSM, see Fig. 2 (top), and in simplified models,
see Fig. 2 (bottom).

12 AAD 127 looked in 1 b~ of pp collisions at /s = 7 TeV for the production of
supersymmetric particles decaying into final states with missing transverse momentum
and exactly two isolated leptons (e or u). Same-sign dilepton events were separately
studied. Additionally, in opposite-sign events, a search was made for an excess of same-
flavor over different-flavor lepton pairs. No excess over the expected background is
observed and limits are placed on the effective production cross section of opposite-sign
dilepton events with Z» > 250 GeV and on same-sign dilepton events with Zp >
100 GeV. The latter limit is interpreted in a simplified electroweak gaugino production
model.

i'ih. j‘{f (Charginos) mass limits

Charginos are unknown mixtures of w-inos and charged higgsinos (the supersymmetric
partners of W and Higgs bosons). A lower mass limit for the lightest chargino (;i) of
approximately 45 GeV, independent of the field composition and of the decay mode,
has been obtained by the LEP experiments from the analysis of the Z width and
decays. These results, as well as other now superseded limits from et e~ collisions
at energies below 136 GeV, and from hadronic collisions, can be found in the 1998
Edition (The European Physical Journal €3 1 (1998)) of this Review.

Unless otherwise stated, results in this section assume spectra, production rates, decay
modes and branching ratios as evaluated in the MSSM, with gaugino and sfermion
mass unification at the GUT scale. These papers generally study production of X? x%
xf Xl and (in the case of hadronic collisions) Xfr Xg pairs, including the effects of
cascade decays. The mass limits on il are either direct, or follow indirectly from

the constraints set by the non-observation of )}8 states on the gaugino and higgsino
MSSM parameters My and 4. For generic values of the MSSM parameters, limits from
high-energy et e~ collisions coincide with the highest value of the mass allowed by
phase-space, namely mf(i 5 V/s/2. The still unpublished combination of the results of

the four LEP collaborations from the 2000 run of LEP2 at /s up to ~ 209 GeV yields
a lower mass limit of 103.5 GeV valid for general MSSM models. The limits become
however weaker in certain regions of the MSSM parameter space where the detection
efficiencies or production cross sections are suppressed. For example, this may happen
when: (i) the mass differences Am_ = m ii — m_yor Am,= m%i — mg; are very

1
small, and the detection efficiency is reduced (ii) the electron sneutrino mass is small,

and the Xli production rate is suppressed due to a destructive interference between s
and t channel exchange diagrams. The regions of MSSM parameter space where the
following limits are valid are indicated in the comment lines or in the footnotes.

Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) CcL% DOCUMENT ID TECN COMMENT
> 420 95 L KHACHATRY..17L CMS 2 7+F7p, TchilchilC and F-only,
mXO:O GeV
1
none 95 2SIRUNYAN  17aw 1¢ + 2b-jets + Ep, Tchiln2E,
220-490 mp =0 GeV
1
> 500 95 3 AAD 16AA ATLS 2éi+ET,Tchi1chilB,m>N<0:0 Gev
1
> 220 95 3 AAD 16AAATLS  2¢E4+Ep, TchilchilC, low Am for
iR
> 700 95 4 AAD L6AAATLS  3/4(+ 7, TChiln2B, m. o =0 GeV
1
> 700 95 4 AAD L6AAATLS  3/40+7, Tehiln2C, my = m_o+
1
0.5 (or 0.95 —m_,
( ) (m s ><1)
> 400 95 4 AAD 16AA ATLS 2 hadronic T+F; & 3¢+F com-
bination,TchianD,m%O =0 GeV
1
> 540 95 5 KHACHATRY..16kR CMS  >1vy + 1 eor u + Ep, TchilnlA
> 250 95 6 AAD 1SBAATLS m_, = m_y, m_y = 0 GeV
Xi X3 X}
> 590 95 7 AAD 15CA ATLS > 2 + Ep, GGM, bino-like
NLSP, any NLSP mass
none 95 7 AAD ISCAATLS > 1 + e,u + Ep, GGM, wino-
124-361 like NLSP
> 700 95 8 AAD 144 ATLS XFX9 — eFuxdet Hg?, sim-
plified model, m = m-g,
PR
m_y =0 GeV
X1
> 345 95 8 AAD 144 ATLS ﬁtgg - Wx§Zzx9, simplified
model, m_, =m_g, m_4g =0
Xi X3 XY
GeV
> 148 95 8 AAD 144 ATLS Xlixg — WXJHXY, simplified
model, m =m_y, m-yg—=20
xR
GeV
> 380 95 8 AAD 140 ATLS XEX§ — TiuxlriT:F %9, sim-
lified model, m =m_g,
’ =
m_y =0 GeV
X1
> 750 95 9 AAD 14x ATLS RPV, > 4rF, 55 » w)E30,
9= ey
> 210 95 10 KHACHATRY.. 141 CMS %9 — HX and X¥ —» wEx0
simplified models, m_o = m_,,
P
m_g =0 GeV
X1
11 ApD 13 ATLS 3¢* + £, pMSSM, SMS
12 AaAD 138 ATLS 20* + £, pMSSM, SMS
> 540 95 13 AAD 12cT ATLS > 40%, RPV, mey > 300 GeV
1
14 CHATRCHYAN 128) CMS > 2 ¢, jets + Ep, pp — ;fﬁ X9
> 94 95 15 ABDALLAH 03 DLPH )zli, tanj < 40, Am >3 GeVall
m,
0
e o o We do not use the following data for averages, fits, limits, etc. o o o
> 570 95 16 KHACHATRY...16AA CMS > Ly + jets + Ep, TchilchilA
> 680 95 16 KHACHATRY...16AA CMS > Ly + jets + Ep, TchilnlA
> 710 95 16 KHACHATRY..16AACMS > 1y + jets + #7, GGM, X3 xli
pair production, wino-like NLSP
>1000 95 17 KHACHATRY..16R CMS > 1y + 1 eor u + Fp, TglulF,
m_, = m_; > 200 GeV
X1 X2
> 307 95 18 KHACHATRY...16v CMS 1 or 2 soft £ tjets+ %y,
Tchiln2A, m_, —m_y=20 GeV
X1 X1
> 410 95 19 AAD 14av ATLS > 27 + Ep, direct gli 3,
EXF production, m_q =
X1 X1 P ’ )~(0
m_.,m_y =0 GeV
xR
> 345 95 20 AAD 14V ATLS > 2 7 + o, direct XX pro-
duction, mio =0 GeV
none 95 21 AAD 146 ATLS XEXF — W+>~(0 w—x9, simpli-
11X 1 1
100-105, fied model, m_q = 0 GeV
120-135, X1
145-160
none 95 21 AAD ue ATLS XX — et oo R, simpli
140-465 fied model, m%0 =0 GeV
none 95 21 AAD 146 ATLS xli X3 = wx9zx9, simplified
180-355 model, m_, =m_g, m_; =0
X 2 Xi
GeV
> 168 95 22 AALTONEN 14 CDF  3¢F 4 By, zli = w3y,

mSUGRA with my=60 GeV
23 KHACHATRY..141 CMS gli N W;(?, 07, Ty, simplified
model
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24 AALTONEN ~ 13Q CDF xli — 7X, simplified gravity- and

gauge-mediated models

25 AAD 1245 ATLS 3¢ + Ep, pMSSM
26 AAD 121 ATLS (E6F 4+ Bp, ¢£0% + Bp, pp —
58 i
27T CHATRCHYAN118 CMS W9 — ~G,WT — (T G,GMSB
> 163 95 28 CHATRCHYAN 11V CMS  tanB=3, my=60 GeV, Ag=0,
>0

1 KHACHATRYAN 17L searched in about 19 fo—! of pp collisions at /s = 8 TeV for
events with two 7 (at least one decaying hadronically) and Z. In the TchilchilC model,
assuming decays via intermediate 7 or v with equivalent mass, the observed limits rule

out if: masses up to 420 GeV for a massless )2?. See their Fig.5.

2S|RUNYAN 17Aw searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for events with
a charged lepton (electron or muon), two jets identified as originating from a b-quark,
and large . No significant excess above the Standard Model expectations is observed.
Limits are set on the mass of the chargino and the next-to-lightest neutralino in the
Tchiln2E simplified model, see their Figure 6.

3 AAD 16AA summarized and extended ATLAS searches for electroweak supersymmetry in
final states containing several charged leptons, £, with or without hadronic jets, in 20

b1 of pp collisions at /s = 8 TeV. The paper reports the results of new interpretations
and statistical combinations of previously published analyses, as well as new analyses.
Exclusion limits at 95% C.L. are set on the ili mass in the TchilchilB and TchilchilC
simplified models. See their Fig. 13.

4 AAD 16AA summarized and extended ATLAS searches for electroweak supersymmetry in
final states containing several charged leptons, Z, with or without hadronic jets, in 20
b1 of pp collisions at /s = 8 TeV. The paper reports the results of new interpretations
and statistical combinations of previously published analyses, as well as new analyses.
Exclusion limits at 95% C.L. are set on mass-degenerate )?li and )N(g masses in the
Tchiln2B, Tchiln2C, and Tchiln2D simplified models. See their Figs. 16, 17, and 18.
Interpretations in phenomenological-MSSM, two-parameter Non Universal Higgs Masses
(NUHM2), and gauge-mediated symmetry breaking (GMSB) models are also given in
their Figs. 20, 21 and 22.

5 KHACHATRYAN 16R searched in 19.7 fb—1 of pp collisions at v/5 = 8 TeV for events
with one or more photons, one electron or muon, and Z7. No significant excess above
the Standard Model expectations is observed. Limits are set on wino masses in a general
gauge-mediated SUSY breaking model (GGM), for a wino-like neutralino NLSP scenario,
see Fig. 5. Limits are also set in the TglulD and TchilnlA simplified models, see Fig.
6. The TchilnlA limit is reduced to 340 GeV for a branching ratio reduced by the weak
mixing angle.

6 AAD 15BA searched in 20.3 fb—1 of pp collisions at /5 = 8 TeV for electroweak
production of charginos and neutralinos decaying to a final state containing a W boson
and a 125 GeV Higgs boson, plus missing transverse momentum. No excess beyond
the Standard Model expectation is observed. Exclusion limits are derived in simplified
models of direct chargino and next-to-lightest neutralino production, with the decays
>~<1i — Wii(l) and ig — H)}? having 100% branching fraction, see Fig. 8. A
combination of the multiple final states for the Higgs decay yields the best limits (Fig.
8d).

7 AAD 15CA searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for events with one or
more photons and Fp, with or without leptons (e, p). No significant excess above the
Standard Model expectations is observed. Limits are set on wino masses in the general
gauge-mediated SUSY breaking model (GGM), for wino-like NLSP, see Fig. 9, 12

8 AAD 14H searched in 20.3 fb—! of pp collisions at v/5 = 8 TeV for electroweak produc-
tion of charginos and neutralinos decaying to a final sate with three leptons and missing
transverse momentum. No excess beyond the Standard Model expectation is observed.
Exclusion limits are derived in simplified models of direct chargino and next-to-lightest
neutralino production, with decays to the lightest neutralino via either all three genera-
tions of leptons, staus only, gauge bosons, or Higgs bosons, see Fig. 7. An interpretation
in the pMSSM is also given, see Fig. 8.

9 AAD 14x searched in 20.3 fb—! of pp collisions at /s = 8 TeV for events with at least
four leptons (electrons, muons, taus) in the final state. No significant excess above the
Standard Model expectations is observed. Limits are set on the wino-like chargino mass
in an R-parity violating simplified model where the decay ili — W(*)if(?, with )2(1) —
0E T v, takes place with a branching ratio of 100%, see Fig. 8.

10 KHACHATRYAN 14L searched in 19.5 fo~1 of pp collisions at /s = 8 TeV for evidence
of chargino-neutralino ili ig pair production with Higgs or W-bosons in the decay chain,
leading to H W final states with missing transverse energy. The decays of a Higgs boson
to a photon pair are considered in conjunction with hadronic and leptonic decay modes of
the W bosons. No significant excesses over the expected SM backgrounds are observed.
The results are interpreted in the context of simplified models where the decays Xg —

H)Z‘l) and >~<1i — Wifg(l) take place 100% of the time, see Figs. 22-23.

11 AAD 13 searched in 4.7 fb—1 of pp collisions at /5 = 7 TeV for charginos and neutralinos
decaying to a final state with three leptons (e and p) and missing transverse energy. No
excess beyond the Standard Model expectation is observed. Exclusion limits are derived
in the phenomenological MSSM, see Fig. 2 and 3, and in simplified models, see Fig.
4. For the simplified models with intermediate slepton decays, degenerate >N<1i and 5(8
masses up to 500 GeV are excluded at 95% C.L. for very large mass differences with the
)Z? Supersedes AAD 12AS.

12 AAD 138 searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for gauginos decaying to
a final state with two leptons (e and 1) and missing transverse energy. No excess beyond
the Standard Model expectation is observed. Limits are derived in a simplified model
of wino-like chargino pair production, where the chargino always decays to the lightest
neutralino via an intermediate on-shell charged slepton, see Fig. 2(b). Chargino masses
between 110 and 340 GeV are excluded at 95% C.L. for m)~<0 =10 GeV. Exclusion limits

1
are also derived in the phenomenological MSSM, see Fig. 3.

13 AAD 12¢T searched in 4.7 fb—L of pp collisions at /s = 7 TeV for events containing four
or more leptons (electrons or muons) and either moderate values of missing transverse
momentum or large effective mass. No significant excess is found in the data. Limits are
presented in a simplified model of R-parity violating supersymmetry in which charginos
are pair-produced and then decay into a W-boson and a )Z? which in turn decays through

an RPV coupling into two charged leptons (ei eF or et uT) and a neutrino. In this

model, chargino masses up to 540 GeV are excluded at 95% C.L. for m,)zo above 300
1

GeV, see Fig. 3a. The limit deteriorates for lighter 2(1) Limits are also set in an R-parity
violating mMSUGRA model, see Fig. 3b.

14 CHATRCHYAN 128y searched in 4.98 fb—! of pp collisions at /s = 7 TeV for direct
electroweak production of charginos and neutralinos in events with at least two leptons,
jets and missing transverse momentum. No significant excesses over the expected SM
backgrounds are observed and 95% C.L. limits on the production cross section of f(li )?g
pair production were set in a number of simplified models, see Figs. 7 to 12.

15 ABDALLAH 03M uses data from /s = 192-208 GeV to obtain limits in the framework
of the MSSM with gaugino and sfermion mass universality at the GUT scale. An indirect
limit on the mass of charginos is derived by constraining the MSSM parameter space by
the results from direct searches for neutralinos (including cascade decays), for charginos
and for sleptons. These limits are valid for values of M, < 1 TeV, {,u\ < 2 TeV with

the >~<(1J as LSP. Constraints from the Higgs search in the m?ax scenario assuming m;=

174.3 GeV are included. The quoted limit applies if there is no mixing in the third family
or when m;_l—m)?o > 6 GeV. If mixing is included the limit degrades to 90 GeV. See

1
Fig. 43 for the mass limits as a function of tan3. These limits update the results of
ABREU 00w.

16 KHACHATRYAN 16AA searched in 7.4 fb—1 of pp collisions at /s = 8 TeV for events
with one or more photons, hadronic jets and E. No significant excess above the
Standard Model expectations is observed. Limits are set on wino masses in the general
gauge-mediated SUSY breaking model (GGM), for a wino-like neutralino NLSP scenario
and with the wino mass fixed at 10 GeV above the bino mass, see Fig. 4. Limits are
also set in the TchilchilA and TchilnlA simplified models, see Fig. 3.

17 KHACHATRYAN 16R searched in 19.7 fb— of pp collisions at /s = 8 TeV for events
with one or more photons, one electron or muon, and Z7. No significant excess above
the Standard Model expectations is observed. Limits are also set in the TglulF simplified
model, see Fig. 6.

18 KHACHATRYAN 16v searched in 19.7 fb—1 of pp collisions at /s = 8 TeV for events
with one or two soft isolated leptons, hadronic jets, and Zp. No significant excess above
the Standard Model expectations is observed. Limits are set on the Xli mass (which is
degenerate with the )”(g) in the Tchiln2A simplified model, see Fig. 4.

19 AAD 14Av searched in 20.3 fb— ! of pp collisions at /s = 8 TeV for the direct production
of charginos, neutralinos and staus in events containing at last two hadronically decaying
T-leptons, large missing transverse momentum and low jet activity. The quoted limit
was derived for direct ili )?g and ili )?T production with )?g - 7T — -r-rf((l) and
£ = (T =0 _ _ _

X7 — Tv(U-T) = TUX:, Mg =M_y, M= =05 (m_. + m—y), m—g = 0 GeV.
1 (77 7) 1 M50 ™ ( o X(I)) 0

No excess over the expected SM background is observed. Exclusion limits are set in

simplified models of >N<1i %T and f(li 22 pair production, see their Figure 7. Upper limits

on the cross section and signal strength for direct di-stau production are derived, see

Figures 8 and 9. Also, limits are derived in a pMSSM model where the only light slepton

is the T, see Figure 10.

20 AAD 14Av searched in 20.3 fb—! of pp collisions at /s = 8 TeV for the direct production
of charginos, neutralinos and staus in events containing at last two hadronically decaying
T-leptons, large missing transverse momentum and low jet activity. The quoted limit
was derived for direct )”(f: X;F production with %?: — Tv(v.T) = rui(l], m= =05
(mffr + m>~<0)' m%o =0 GeV. No excess over the expected SM background is observed.

1 1 1
Exclusion limits are set in simplified models of Xli QT and >~<1i>~<(2) pair production, see
their Figure 7. Upper limits on the cross section and signal strength for direct di-stau
production are derived, see Figures 8 and 9. Also, limits are derived in a pMSSM model
where the only light slepton is the 7, see Figure 10.

21 AAD 146 searched in 20.3 fo—1 of pp collisions at /s = 8 TeV for electroweak production

of chargino pairs, or chargino-neutralino pairs, decaying to a final sate with two leptons
(e and p) and missing transverse momentum. No excess beyond the Standard Model
expectation is observed. Exclusion limits are derived in simplified models of chargino pair
production, with chargino decays to the lightest neutralino via either sleptons or gauge
bosons, see Fig 5.; or in simplified models of chargino and next-to-lightest neutralino
production, with decays to the lightest neutralino via gauge bosons, see Fig. 7. An
interpretation in the pMSSM is also given, see Fig. 10.

22 AALTONEN 14 searched in 5.8 fb—1 of pp collisions at /s = 1.96 TeV for evidence of

chargino and next-to-lightest neutralino associated production in final states consisting
of three leptons (electrons, muons or taus) and large missing transverse momentum. The
results are consistent with the Standard Model predictions within 1.85 o. Limits on the
chargino mass are derived in an mSUGRA model with my = 60 GeV, tang = 3, Ag =
0 and p >0, see their Fig. 2.

23 KHACHATRYAN 141 searched in 19.5 fb—! of pp collisions at /5 = 8 TeV for elec-

troweak production of chargino pairs decaying to a final state with opposite-sign lepton
pairs (e or 1) and missing transverse momentum. No excess beyond the Standard Model
expectation is observed. Exclusion limits are derived in simplified models, see Fig. 18.

24 AALTONEN 13q searched in 6.0 fo—L of pp collisions at /s = 1.96 TeV for evidence of

chargino-neutralino associated production in like-sign dilepton final states. One lepton is
identified as the hadronic decay of a tau lepton, while the other is an electron or muon.
Good agreement with the Standard Model predictions is observed and limits are set on
the chargino-neutralino cross section for simplified gravity- and gauge-mediated models,
see their Figs. 2 and 3.

25 AAD 12as searched in 2.06 fb—! of pp collisions at /s = 7 TeV for charginos and

neutralinos decaying to a final state with three leptons (e and 1) and missing transverse
energy. No excess beyond the Standard Model expectation is observed. Exclusion limits
are derived in the phenomenological MSSM, see Fig. 2 (top), and in simplified models,
see Fig. 2 (bottom).

26 AAD 12T looked in 1 fb—1 of pp collisions at /5 = 7 TeV for the production of

supersymmetric particles decaying into final states with missing transverse momentum
and exactly two isolated leptons (e or ;). Opposite-sign and same-sign dilepton events
were separately studied. Additionally, in opposite-sign events, a search was made for
an excess of same-flavor over different-flavor lepton pairs. No excess over the expected
background is observed and limits are placed on the effective production cross section
of opposite-sign dilepton events with Zp > 250 GeV and on same-sign dilepton events
with Z7 > 100 GeV. The latter limit is interpreted in a simplified electroweak gaugino
production model as a lower chargino mass limit.

27 CHATRCHYAN 118 looked in 35 pb_1 of pp collisions at /s=7 TeV for events with

an isolated lepton (e or u), a photon and £ which may arise in a generalized gauge




See key on page 885
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mediated model from the decay of Wino-like NLSPs. No evidence for an excess over the
expected background is observed. Limits are derived in the plane of squark/gluino mass
versus Wino mass (see Fig. 4). Mass degeneracy of the produced squarks and gluinos is
assumed.
28 CHATRCHYAN 11V looked in 35 pb’1 of pp collisions at /s = 7 TeV for events with
> 3 isolated leptons (e, p or ), with or without jets and Z7. No evidence for an
excess over the expected background is observed. Limits are derived in the CMSSM
(mq, m1/2) plane for tang3 = 3 (see Fig. 5).

Long-lived X (Chargino) mass limit
Limits on charginos which leave the detector before decaying.

VALUE (GeV) CLY% DOCUMENT ID TECN COMMENT
>620 95 1 AAD 15AE ATLS  stable x=
>534 95 2 AAD 15BMATLS  stable X T
>239 95 2 AAD 15BMATLS X+ — ;((13 7, lifetime 1 ns,
m—y — m_y = 0.14 GeV
X X9
>482 95 2 AAD 158MATLS  XF — X7, lifetime 15 ns,
m~y — m_y = 0.14 GeV
X* X
>103 95 3 AAD 134 ATLS long-lived Yt — {0 xt,
MAMSB, Am.p = 160 MeV
1
> 92 95 4 AAD 128) ATLS long-lived x*+ — 7+x9, mAMSB
>171 95 5 ABAZOV 09v DO H
>102 95 6 ABBIENDI  03L OPAL mj; >500 GeV

none 2-93.0 95 7 ABREU 00T DLPH H= or my; >m. .

e o o We do not use the following data for averages, fits, limits, etc. o o o

>260 95 8 KHACHATRY..15A8 CMS )zli = xJnt,r_ =0.2ns, AMSB
X1
>800 95 9 KHACHATRY..15A0 CMS  long-lived X, mAMSB,  >100ns
>100 95 9 KHACHATRY..15A0 CMS long-lived )}6 , MAMSB, 7 > 3 ns
95 10 KHACHATRY..15w CMS long-lived X0, G — ¢%0, X —
= v, RPV
>270 95 11 AAD 138D ATLS  disappearing-track signature,
B
>278 95 12 pApazov 138 DO long-lived £, gaugino-like
>244 95 12 AazoOV 138 DO long-lived X, higgsino-like

L AAD 15AE searched in 19.1 fb—! of pp collisions at /s = 8 TeV for heavy long-lived
charged particles, measured through their specific ionization energy loss in the ATLAS
pixel detector or their time-of-flight in the ALTAS muon system. In the absence of an
excess of events above the expected backgrounds, limits are set on stable charginos, see
Fig. 10.

2 AAD 15BM searched in 18.4 fb—1 of pp collisions at /s = 8 TeV for stable and
metastable non-relativistic charged particles through their anomalous specific ionization
energy loss in the ATLAS pixel detector. In absence of an excess of events above the
expected backgrounds, limits are set on stable charginos (see Table 5) and on metastable

charginos decaying to X{ 7, see Fig. 11.

3 AAD 13H searched in 4.7 fo— 1 of pp collisions at /s = 7 TeV for direct electroweak
production of long-lived charginos in the context of AMSB scenarios. The search is
based on the signature of a high-momentum isolated track with few associated hits in
the outer part of the tracking system, arising from a chargino decay into a neutralino
and a low-momentum pion. The p spectrum of the tracks was found to be consistent
with the SM expectations. Constraints on the lifetime and the production cross section
were obtained, see Fig. 6. In the minimal AMSB framework with tan3 =5, and 1 > 0,
a chargino having a mass below 103 (85) GeV for a chargino-neutralino mass splitting
Amio of 160 (170) MeV is excluded at the 95% C.L. See Fig. 7 for more precise bounds.

1

4 AAD 1281 looked in 1.02 fb—1 of pp collisions at /s =7 TeV for signatures of decaying
charginos resulting in isolated tracks with few associated hits in the outer region of the
tracking system. The p spectrum of the tracks was found to be consistent with the SM
expectations. Constraints on the lifetime and the production cross section were obtained.
In the minimal AMSB framework with m3/2 < 32 TeV, mg <15 TeV, tang = 5, and

> 0, a chargino having a mass below 92 GeV and a lifetime between 0.5 ns and 2 ns
is excluded at the 95% C.L. See their Fig. 8 for more precise bounds.

5 ABAZOV 09M searched in 1.1 fb—1 of pp collisions at /s = 1.96 TeV for events with
direct production of a pair of charged massive stable particles identified by their TOF.
The number of the observed events is consistent with the predicted background. The
data are used to constrain the production cross section as a function of the >~(1i mass,
see their Fig. 2. The quoted limit improves to 206 GeV for gaugino-like charginos.

6 ABBIENDI 03L used et e~ data at V/s = 130-209 GeV to select events with two high
momentum tracks with anomalous dE/dx. The excluded cross section is compared to
the theoretical expectation as a function of the heavy particle mass in their Fig. 3. The
bounds are valid for colorless fermions with lifetime longer than 106 s. Supersedes the
results from ACKERSTAFF 98p.

7 ABREU 00T searches for the production of heavy stable charged particles, identified by
their ionization or Cherenkov radiation, using data from /s= 130 to 189 GeV. These
limits include and update the results of ABREU 98p.

8 KHACHATRYAN 1548 searched in 19.5 fb—L of pp collisions at /s = 8 TeV for events
containing tracks with little or no associated calorimeter energy deposits and with missing
hits in the outer layers of the tracking system (disappearing-track signature). Such
disappearing tracks can result from the decay of charginos that are nearly mass degenerate
with the lightest neutralino. The number of observed events is in agreement with the
background expectation. Limits are set on the cross section of electroweak chargino
production in terms of the chargino mass and mean proper lifetime, see Fig. 4. In the
minimal AMSB model, a chargino mass below 260 GeV is excluded at 95% C.L., see
their Fig. 5.

9 KHACHATRYAN 150 searched in 18.8 fo—! of pp collisions at /s = 8 TeV for evidence
of long-lived charginos in the context of AMSB and pMSSM scenarios. The results are
based on a previously published search for heavy stable charged particles at 7 and 8 TeV.
In the minimal AMSB framework with tang =5 and ¢ > 0, constraints on the chargino
mass and lifetime were placed, see Fig. 5. Charginos with a mass below 800 (100) GeV

are excluded at the 95% C.L. for lifetimes above 100 ns (3 ns). Constraints are also
placed on the pMSSM parameter space, see Fig. 3.

10 KHACHATRYAN 15w searched in up to 20.5 fb~1 of pp collisions at /5 = 8 TeV for
evidence of long-lived neutralinos produced through g-pair production, with § — qio
and X0 — ¢temw (RPV: A1p1, A1pp # 0). 95% C.L. exclusion limits on cross section
times branching ratio are set as a function of mean proper decay length of the neutralino,
see Figs. 6 and 9.

11 AAD 138D searched in 20.3 fb~ ! of pp collisions at /s = 8 TeV for events containing
tracks with no associated hits in the outer region of the tracking system resulting from the
decay of charginos that are nearly mass degenerate with the lightest neutralino, as is often
the case in AMSB scenarios. No significant excess above the background expectation is
observed for candidate tracks with large transverse momentum. Constraints on chargino
properties are obtained and in the minimal AMSB model, a chargino mass below 270 GeV
is excluded at 95% C.L., see their Fig. 7.

12 ABAZOV 138 looked in 6.3 fb—1 of pp collisions at /s = 1.96 TeV for charged massive
long-lived particles in events with muon-like particles that have both speed and ionization
energy loss inconsistent with muons produced in beam collisions. In the absence of an
excess, limits are set at 95% C.L. on gaugino- and higgsino-like charginos, see their Table
20 and Fig. 23.

¥ (Sneutrino) mass limit
The limits may depend on the number, N(7), of sneutrinos assumed to be degenerate
in mass. Only 7, (not vg) is assumed to exist. It is possible that ' could be the
lightest supersymmetric particle (LSP).

We report here, but do not include in the Listings, the limits obtained from the fit of the
final results obtained by the LEP Collaborations on the invisible width of the Z boson
(ATjpy. < 2.0 MeV, LEP-SLC 06): my; > 43.7 GeV (N(¥)=1) and my; > 44.7 GeV
(N(7)=3) .

Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV’ CL% DOCUMENT ID TECN COMMENT
>2300 95 1 AABOUD 16P ATLS RPV, 7. — ey, Ny = 0.11
>2200 95 L AABOUD 16p ATLS RPV, 7. — er, X, =011
>1900 95 L AABOUD 16P ATLS RPV, 7, — pr, My =0.11
> 400 95 2 AAD 14x ATLS RPV, >4t 5 o v30,39 —
EFy
3 AAD 11z ATLS RPV, 7. — eu
> 9% 95 4ABDALLAH 03M DLPH 1 < tang < 40,
myz —m_y >10 GeV
R X]
> 84 95 5 HEISTER 02N ALEP Dg, any Am
> a 95 6 DECAMP 92 ALEP T(Z — invisible); N(7)=3, model

independent
e o o We do not use the following data for averages, fits, limits, etc. o o

>1280 95 7 KHACHATRY...16BE CMS ~ RPV, T — eu, A\3p = Ap3p =
A’311 =0.01
>2300 95 7 KHACHATRY...16BE CMS ~ RPV, 7 ~ en, M32 = Aogq =
0.07, Ny =011
>2000 95 8 AAD 150 ATLS RPV (ep), 7y, Agyp = 0.11,
N3, = 0.07 ,
>1700 95 8 AAD 150 ATLS RPV (Tpy, €7), Uy Agqq = 011,
N3k = 0.07
9 AAD 13A1 ATLS RPV, 0 — ey, er, ut
10 AAD 11 ATLS RPV, 7. — ep
1L AALTONEN 10z CDF  RPV, 7. — ep, e7, ut
12 AgazoOV 10M DO RPV, 7. = ep
> 95 95 13 ABDALLAH  04H DLPH AMSB, iz >0
> 371 95 14 ADRIANI 93m L3 r(Z — invisible); N(7)=1
> 36 95 ABREU 91F DLPH T(Z — invisible); N(¥)=1
> 312 95 15 ALEXANDER 91F OPAL [(Z — invisible); N(7)=1

1 AABOUD 16p searched in 3.2 fo— 1 of pp collisions at /s = 13 TeV for events with
different flavour dilepton pairs (eu, e, ) from the production of 7 via an RPV /\%11
coupling and followed by a decay via A375 = Azp; = 0.07 for e + p, via A313 = A337
= 0.07 for e + 7 and via A3p3 = A33p = 0.07 for u + 7. No evidence for a dilepton
resonance over the SM expectation is observed, and limits are derived on my; at 95%
CL, see their Figs. 2(b), 3(b), 4(b), and Table 3.

2 AAD 14x searched in 20.3 fb—! of pp collisions at /s = 8 TeV for events with at least
four leptons (electrons, muons, taus) in the final state. No significant excess above the
Standard Model expectations is observed. Limits are set on the sneutrino mass in an
R-parity violating simplified model where the decay 7 — v, with X§ — (F¢F v,
takes place with a branching ratio of 100%, see Fig. 9.

3 AAD 117 looked in 1.07 fo~1 of pp collisions at /s = 7 TeV for events with one electron
and one muon of opposite charge from the production of 7. via an RPV )\/311 coupling
and followed by a decay via A3, into e + p. No evidence for an (e, 1) resonance over
the SM expectation is observed, and a limit is derived in the plane of A/311 versus ms;
for three values of A3, see their Fig. 2. Masses my; < 1.32 (1.45) TeV are excluded
for A3y, = 0.10 and Azqp = 0.05 (Aj;; = 0.11 and A3jp = 0.07).

4 ABDALLAH 03M uses data from v/s = 192-208 GeV to obtain limits in the framework
of the MSSM with gaugino and sfermion mass universality at the GUT scale. An indirect
limit on the mass is derived by constraining the MSSM parameter space by the results
from direct searches for neutralinos (including cascade decays) and for sleptons. These
limits are valid for values of My < 1 TeV, ,u} <1 TeV with the )2(1) as LSP. The quoted
limit is obtained when there is no mixing in the third family. See Fig. 43 for the mass
limits as a function of tan3. These limits update the results of ABREU 00w.
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SHEISTER 02N derives a bound on mg; by exploiting the mass relation between the

Vg and €, based on the assumption of universal GUT scale gaugino and scalar masses
my and my and the search described in the € section. In the MSUGRA framework with
radiative electroweak symmetry breaking, the limit improves to my; >130 GeV, assuming
a trilinear coupling Ag=0 at the GUT scale. See Figs.5 and 7 for the dependence of the
limits on tang.

6 DECAMP 92 limit is from [(invisible) /F(£¢) = 5.91 % 0.15 (N,, = 2.97 + 0.07).

7 KHACHATRYAN 16BE searched in 19.7 fo—! of pp collisions at /s = 8 TeV for evidence
of narrow resonances decaying into ey final states. No significant excess above the
Standard Model expectation is observed and 95% C.L. exclusions are placed on the cross
section times branching ratio for the production of an R-parity-violating supersymmetric
tau sneutrino, see their Fig. 3.

8 AAD 150 searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for evidence of heavy
particles decaying into e i, e 7 or p7 final states. No significant excess above the Standard
Model expectation is observed, and 95% C.L. exclusions are placed on the cross section
times branching ratio for the production of an R-parity-violating supersymmetric tau
sneutrino, applicable to any sneutrino flavour, see their Fig. 2.

9 AAD 13Al searched in 4.6 fb~1 of pp collisions at /s = 7 TeV for evidence of heavy
particles decaying into e 1, e 7 or p 7 final states. No significant excess above the Standard
Model expectation is observed, and 95% C.L. exclusions are placed on the cross section
times branching ratio for the production of an R-parity-violating supersymmetric tau
sneutrino, see their Fig. 2. For couplings A/311 = 0.10 and A;3;, = 0.05, the lower limits
on the 7, mass are 1610, 1110, 1100 GeV in the e, e, and 7 channels, respectively.

10 AAD 11H looked in 35 pb*1 of pp collisions at /s = 7 TeV for events with one electron
and one muon of opposite charge from the production of 7. via an RPV )‘gll coupling
and followed by a decay via A375 into € + p. No evidence for an excess over the SM
expectation is observed, and a limit is derived in the plane of A’311 versus my; for several
values of A\375, see their Fig. 2. Superseded by AAD 11z.

11 AALTONEN 10z searched in 1 fo—1 of pp collisions at /5 = 1.96 TeV for events from
the production dd — v, with the subsequent decays . — ey, p7, €7 inthe MSSM
framework with RPV. Two isolated leptons of different flavor and opposite charges are
required, with s identified by their hadronic decay. No statistically significant excesses
are observed over the SM background. Upper limits on )\/3211 times the branching ratio
are listed in their Table IIl for various 7 masses. Limits on the cross section times

branching ratio for )‘gll = 0.10 and \;3;, = 0.05, displayed in Fig. 2, are used to set
limits on the 7, mass of 558 GeV for the ey, 441 GeV for the 7 and 442 GeV for the
e channels.

12 ABAZOV 10M looked in 5.3 fb—1 of pp collisions at /s = 1.96 TeV for events with
exactly one pair of high p isolated e and a veto against hard jets. No evidence for an
excess over the SM expectation is observed, and a limit at 95% C.L. on the cross section
times branching ratio is derived, see their Fig. 3. These limits are translated into limits
on couplings as a function of m;,T as shown on their Fig. 4. As an example, for my,_ =

100 GeV and A375 < 0.07, couplings )\’311 > 7.7 x 10~% are excluded.

13 ABDALLAH 04H use data from LEP 1 and V/s = 192-208 GeV. They re-use results
or re-analyze the data from ABDALLAH 03M to put limits on the parameter space
of anomaly-mediated supersymmetry breaking (AMSB), which is scanned in the region
1< m3/2 <50 TeV, 0< mq <1000 GeV, 1.5<tang <35, both signs of . The constraints
are obtained from the searches for mass degenerate chargino and neutralino, for SM-like
and invisible Higgs, for leptonically decaying charginos and from the limit on non-SM Z
width of 3.2 MeV. The limit is for m; = 174.3 GeV (see Table 2 for other m; values).
The limit improves to 114 GeV for . < 0.

L4 ADRIANI 93M limit from AT(Z)(invisible)< 16.2 MeV.

15 ALEXANDER 91F limit is for one species of  and is derived from I (invisible, new) /T'(££)
< 0.38.

Charged sleptons

This section contains limits on charged scalar leptons (?, with ¢=e,u,T).

Studies of width and decays of the Z boson (use is made here of

AT, < 2.0MeV, LEP 00) conclusively rule out my; < 40 GeV (41
‘R

GeV for 'ZL) , independently of decay modes, for each individual slepton.
The limits improve to 43 GeV (43.5 GeV forzL) assuming all 3 flavors to be
degenerate. Limits on higher mass sleptons depend on model assumptions
and on the mass splitting Am= mZ - m)??' The mass and composition

of )2? may affect the selectron production rate in et e~ collisions through
t-channel exchange diagrams. Production rates are also affected by the
potentially large mixing angle of the lightest mass eigenstate £;—=£p sinf,
+ ZL cosfy. It is generally assumed that only 7 may have significant mix-
ing. The coupling to the Z vanishes for 6)=0.82. In the high-energy limit
of et e~ collisions the interference between ~ and Z exchange leads to a
minimal cross section for 9[:0.91, a value which is sometimes used in the
following entries relative to data taken at LEP2. When limits on my; are
quoted, it is understood that limits on m7L are usually at least as st"r?ong.
Possibly open decays involving gauginos other than )25) will affect the de-
tection efficiencies. UnNIe5§ otherwise stated, the limits presented here re-
sult from the study of ot production, with production rates and decay
properties derived from the MSSM. Limits made obsolete by the recent
analyses of et e~ collisions at high energies can be found in previous
Editions of this Review.

For decays with final state gravitinos (5), mE is assumed to be negligible
relative to all other masses.

R-parity conserving € (Selectron) mass limit
Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

LCHATRCHYAN14R CMS > 3¢t 7 = ¢F7F7F G sim
plified model, GMSB, stau
(N)NLSP scenario

2 AAD 138 ATLS 26 + Ep, SMS, pMSSM

> 97.5 3ABBIENDI 04 OPAL &g,Am > 11 GeV, |u| >100 GeV,
tang=1.5

> 94.4 4 ACHARD 04 L3 éR,Aﬁ > 10 GeV, |u| >200 GeV,
tang > 2

> 713 4 ACHARD 04 L3 &g, all Am

none 30-94 95 5 ABDALLAH  03m DLPH Am >15 GeV, &} ép

> 94 95 6 ABDALLAH 03w DLPH &g,l < tan8 < 40, Am >10 GeV

> 95 95 7 HEISTER 02 ALEP Am>15GeV, fep

> 73 95 8 HEISTER 02N ALEP &g, any Am

>107 95 8 HEISTER 02N ALEP &, any Am

e o o We do not use the following data for averages, fits, limits, etc. o o o

none 90-325 95 9 AAD 146 ATLS 70— ¢T39¢7%Y, simplified
model, m> =m-> ,m_; =
9 R X]

_ 0 GeV.
10 KHACHATRY..141 CMS 7 — £X3, simplified model

1 CHATRCHYAN 14R searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for events
with at least three leptons (electrons, muons, taus) in the final state. No significant
excess above the Standard Model expectations is observed. Limits are set on the slepton
mass in a stau (N)NLSP simplified model (GMSB) where the decay ¢ — ¢+ £:F6
takes place with a branching ratio of 100%, see Fig. 8.

2 AAD 138 searched in 4.7 fb—L of pp collisions at /s = 7 TeV for sleptons decaying to a
final state with two leptons (e and 1) and missing transverse energy. No excess beyond
the Standard Model expectation is observed. Limits are derived in a simplified model of
direct left-handed slepton pair production, where left-handed slepton masses between 85
and 195 GeV are excluded at 95% C.L. for m;(0 = 20 GeV. See also Fig. 2(a). Exclusion

1
limits are also derived in the phenomenological MSSM, see Fig. 3.
3 ABBIENDI 04 search for €r €g production in acoplanar di-electron final states in the
183-208 GeV data. See Fig.13 for the dependence of the limits on mf(O and for the
1

limit at tan3=35 This limit supersedes ABBIENDI 00G.
4 ACHARD 04 search for €r € and épép production in single- and acoplanar di-electron

final states in the 192-209 GeV data. Absolute limits on mg are derived from a scan

over the MSSM parameter space with universal GUT scale gaugino and scalar masses
m1/2 and mg, 1 <tanfB < 60 and —2 < p < 2 TeV. See Fig. 4 for the dependence of

the limits on m)zo. This limit supersedes ACCIARRI 99w.
1

5 ABDALLAH 03M looked for acoplanar dielectron + ¥ final states at /s = 189-208 GeV.
The limit assumes ;——200 GeV and tan$=1.5 in the calculation of the production cross
section and B(€ — e;}?). See Fig. 15 for limits in the (mER, miO) plane. These limits

1

include and update the results of ABREU 01

6 ABDALLAH 03M uses data from V/s = 192-208 GeV to obtain limits in the framework
of the MSSM with gaugino and sfermion mass universality at the GUT scale. An indirect
limit on the mass is derived by constraining the MSSM parameter space by the results
from direct searches for neutralinos (including cascade decays) and for sleptons. These

limits are valid for values of My <1 TeV, u\ < 1TeV with the 5((1’ as LSP. The quoted
limit is obtained when there is no mixing in the third family. See Fig. 43 for the mass
limits as a function of tanj. These limits update the results of ABREU 00w.

THEISTER 02E looked for acoplanar dielectron + Z-- final states from et e~ interactions
between 183 and 209 GeV. The mass limit assumes p < —200 GeV and tan3=2 for the
production cross section and B(€ — e%?):l. See their Fig. 4 for the dependence of
the limit on Am. These limits include and update the results of BARATE 01.

8 HEISTER 02n search for 'éREL and E’R E’R production in single- and acoplanar di-electron

final states in the 183-208 GeV data. Absolute limits on mER are derived from a scan

over the MSSM parameter space with universal GUT scale gaugino and scalar masses
my and mg, 1 < tanB < 50 and —10 < p < 10 TeV. The region of small |u|,

where cascade decays are important, is covered by a search for 5((1) ig in final states with
leptons and possibly photons. Limits on mgL are derived by exploiting the mass relation
between the €, and €g, based on universal mg and my 5. When the constraint from
the mass limit of the lightest Higgs from HEISTER 02 is included, the bounds improve
to mg >77(75) GeV and mg, >115(115) GeV for a top mass of 175(180) GeV. In the
MSUGRA framework with radiative electroweak symmetry breaking, the limits improve
further to mg >95 GeV and mg >152 GeV, assuming a trilinear coupling Ay=0 at
the GUT scale. See Figs. 4, 5, 7 for the dependence of the limits on tang.

9 AAD 146 searched in 20.3 fob—1 of pp collisions at /s = 8 TeV for electroweak pro-
duction of slepton pairs, decaying to a final sate with two leptons (e and 1) and missing
transverse momentum. No excess beyond the Standard Model expectation is observed.
Exclusion limits are derived in simplified models of slepton pair production, see Fig. 8.
An interpretation in the pMSSM is also given, see Fig. 10.

10 KHACHATRYAN 141 searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for elec-
troweak production of slepton pairs decaying to a final state with opposite-sign lepton
pairs (e or 1) and missing transverse momentum. No excess beyond the Standard Model
expectation is observed. Exclusion limits are derived in simplified models, see Fig. 18.

R-partiy violating € (Selectron) mass limit
Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
>410 95 1 AAD 14X ATLS RPV, > 4/, 7 - I)??, >7(1) -
EeFy



See key on page 885

1837
Searches Particle Listings
Supersymmetric Particle Searches

e o o \We do not use the following data for averages, fits, limits, etc. o o o

> 89 95 2 ABBIENDI 04F OPAL RPV, ¢
> 92 95 3 ABDALLAH 04w DLPH RPV, €R, indirect, Am >5 GeV

LAAD 14x searched in 20.3 fb~! of pp collisions at /s = 8 TeV for events with at
least four leptons (electrons, muons, taus) in the final state. No significant excess above
the Standard Model expectations is observed. Limits are set on the slepton mass in an
R-parity violating simplified model where the decay 7 — Zi(l), with )2(1) - Ty,
takes place with a branching ratio of 100%, see Fig. 9.

2 ABBIENDI 04F use data from v/s = 189-209 GeV. They derive limits on sparticle masses
under the assumption of RPV with LLE or LQD couplings. The results are valid for
tang = 1.5, p = —200 GeV, with, in addition, Am > 5 GeV for indirect decays via
LQD. The limit quoted applles to direct decays via LLE or L QD couplings. For indirect
decays, the limits on the €p mass are respectively 99 and 92 GeV for LLE and LQD

couplings and mxo = 10 GeV and degrade slightly for larger X Xl mass. Supersedes the

results of ABBIENDI 00.

3 ABDALLAH 04Mm use data from /s = 192-208 GeV to derive limits on sparticle masses
under the assumption of RPV with LLE or UD D couplings. The results are valid for u
= —200 GeV, tan = 1.5, Am > 5 GeV and assummg a BR of 1 for the given decay.

The limit quoted is for indirect UD D decays using the neutralino constraint of 39.5
GeV for LLE and of 38.0 GeV for UD D couplings, also derived in ABDALLAH 04M.
For indirect decays via LLE the limit improves to 95 GeV if the constraint from the
neutralino is used and to 94 GeV if it is not used. For indirect decays via UD D couplings
it remains unchanged when the neutralino constraint is not used. Supersedes the result

of ABREU 00u.

R-parity conserving i (Smuon) mass limit
VALUE (GeV) CL% DOCUMENT ID TECN
1 CHATRCHYAN14R CMS

COMMENT

> 30, 7 FrF 776 sim-
plified model, GMSB, stau
(N)NLSP scenario

2 AAD 138 ATLS 2¢E + B, SMS, pMSSM
>91.0 3 ABBIENDI 04 OPAL Am >3 GeV, ﬁEﬁE,
1] >100 GeV, tans=1.5
>86.7 4 ACHARD 04 L3 Am >10 GeV, fijig,
|11 >200 GeV, tang > 2
none 30-88 95 5 ABDALLAH 03v DLPH Am >5 GeV, ﬁ; ﬁE
>94 95 6 ABDALLAH  03M DLPH jig,l < tang < 40,
Am >10 GeV
>88 95 T HEISTER 026 ALEP Am > 15 GeV, jiffig

e o o We do not use the following data for averages, fits, limits, etc. o o

none 90-325 95 8 AAD 146 ATLS 77— ¢t ;‘fz— X9, simplified
model, m~ =m~ ,m_g=0
£ R XY
_ Gev
l— Z;?l, simplified model
00v DLPH LphgR (kg — uG) me >8 eV

9 KHACHATRY..141 CMS

>80 95 10 ABREU

1 CHATRCHYAN 14R searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for events
with at least three leptons (electrons, muons, taus) in the final state. No significant
excess above the Standard Model expectations is observed. Limits are set on the slepton
mass in a stau (N)NLSP simplified model (GMSB) where the decay 7 — ErEF6
takes place with a branching ratio of 100%, see Fig. 8.

2 AAD 138 searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for sleptons decaying to a
final state with two leptons (e and 1) and missing transverse energy. No excess beyond
the Standard Model expectation is observed. Limits are derived in a simplified model of
direct left-handed slepton pair production, where left-handed slepton masses between 85
and 195 GeV are excluded at 95% C.L. for m%0 = 20 GeV. See also Fig. 2(a). Exclusion

1
limits are also derived in the phenomenological MSSM, see Fig. 3.
ABBIENDI 04 search for [ip g production in acoplanar di-muon final states in the
183-208 GeV data. See Fig. 14 for the dependence of the limits on mio and for the
1

limit at tan3=35. Under the assumption of 100% branching ratio for ip — )”(5) the
limit improves to 94.0 GeV for Am > 4 GeV. See Fig. 11 for the dependence of the limits
on m;(o at several values of the branching ratio. This limit supersedes ABBIENDI 00G.

1

4 ACHARD 04 search for fipiig production in acoplanar di-muon final states in the
192-209 GeV data. Limits on mﬁ are derived from a scan over the MSSM param-
eter space with universal GUT scale gaugino and scalar masses m1/2 and mg, 1 <

tan$ < 60 and —2 < p < 2 TeV. See Fig. 4 for the dependence of the limits on m_q.
1

This limit supersedes ACCIARRI 99w.
5 ABDALLAH 03M looked for acoplanar dimuon + ¥ final states at /s = 189-208 GeV.
The limit assumes B(pn — “Xl) = 100%. See Fig. 16 for limits on the (mHR mXO)
1

plane. These limits include and update the results of ABREU 01.

6 ABDALLAH 03M uses data from /s = 192-208 GeV to obtain limits in the framework
of the MSSM with gaugino and sfermion mass universality at the GUT scale. An indirect
limit on the mass is derived by constraining the MSSM parameter space by the results
from direct searches for neutralinos (including cascade decays) and for sleptons. These
limits are valid for values of My < 1 TeV, |u| <1 TeV with the ¥ 0 as LSP. The quoted
limit is obtained when there is no mixing in the third family. See Fig. 43 for the mass
limits as a function of tanj3. These limits update the results of ABREU 00w.

THEISTER 02E looked for acoplanar dimuon + Er final states from et e~ interactions
between 183 and 209 GeV. The mass limit assumes B(zn — ,ug(l)):l. See their Fig. 4
for the dependence of the limit on Am. These limits include and update the results of
BARATE 01.

8 AAD 146 searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for electroweak pro-
duction of slepton pairs, decaying to a final sate with two leptons (e and 1) and missing
transverse momentum. No excess beyond the Standard Model expectation is observed.
Exclusion limits are derived in simplified models of slepton pair production, see Fig. 8.
An interpretation in the pMSSM is also given, see Fig. 10.

9 KHACHATRYAN 141 searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for elec-
troweak production of slepton pairs decaying to a final state with opposite-sign lepton

pairs (e or p) and missing transverse momentum. No excess beyond the Standard Model
expectation is observed. Exclusion limits are derived in simplified models, see Fig. 18.

10 ABREU 00V use data from V/S= 130-189 GeV to search for tracks with large impact pa-
rameter or visible decay vertices. Limits are obtained as function of m~, after combining
these results with the search for slepton pair production in the SUGRA framework from
ABREU 01 to cover prompt decays and on stable particle searches from ABREU 00Q.
For limits at different ma, see their Fig.12.

R-parity violating i (Smuon) mass limit

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

>410 95 1 AAD 14X ATLS RPV, > 4/T, 7 — e;?, xg’ -
¥y

e o o \We do not use the following data for averages, fits, limits, etc. o o o

> 87 95 2 ABDALLAH 04M DLPH RPV, ﬁR, indirect, Am >5 GeV

> 81 95 3 HEISTER 03G ALEP RPV, 1y

1 AAD 14x searched in 20.3 fb—! of pp collisions at /s = 8 TeV for events with at
least four leptons (electrons, muons, taus) in the final state. No significant excess above
the Standard Model expectations is observed. Limits are set on the slepton mass in an
R-parity violating simplified model where the decay 7 — ZX?, with X ~0 — L’il¥u
takes place with a branching ratio of 100%, see Fig. 9.

2 ABDALLAH 04m use data from /s = 192-208 GeV to derive limits on sparticle masses
under the assumption of RPV with LLE or UD D couplings. The results are valid for p
= —200 GeV, tan = 1.5, Am > 5 GeV and assuming a BR of 1 for the given decay.

The limit quoted is for indirect UD D decays using the neutralino constraint of 39.5
GeV for LLE and of 38.0 GeV for UD D couplings, also derived in ABDALLAH 04M.
For indirect decays via LLE the limit improves to 90 GeV if the constraint from the
neutralino is used and remains at 87 GeV if it is not used. For indirect decays via UD D
couplings it degrades to 85 GeV when the neutralino constraint is not used. Supersedes
the result of ABREU 00u.

3HEISTER 036 searches for the production of smuons in the case of RPV prompt decays
with LLE, LQD or UDD couplings at /s = 189-209 GeV. The search is performed for
direct and indirect decays, assuming one coupling at a time to be non-zero. The limit
holds for direct decays mediated by RPV LQD couplings and improves to 90 GeV for
indirect decays (for Am > 10 GeV). Limits are also given for LLE direct (’"ﬂR >

87 GeV) and indirect decays (”’IR > 96 GeV for m(i?) > 23 GeV from BARATE 98s)

and for UDD indirect decays (m iR > 85 GeV for Am > 10 GeV). Supersedes the
results from BARATE 01B.

R-parity conserving 7 (Stau) mass limit
Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

>85.2 LABBIENDI 04 OPAL Am > 6 GeV, 6.=7/2, |u| >
100 GeV, tanB=1.5

>78.3 2 ACHARD 04 L3 Am > 15 GeV, 97_:7r/2,

|| >200 GeV,tang > 2

>81.9 95 3 ABDALLAH 03w DLPH Am >15 GeV, all 6.
>79 95 4 HEISTER 02E ALEP Am > 15 GeV, 0 =m/2
>76 95 4 HEISTER 02E ALEP Am > 15 GeV, §,.=0.91
e o o We do not use the following data for averages, fits, limits, etc. o o o
95 S KHACHATRY..17L CMS 2 7+f7, 7 — 7X9, meo =
1
0 GeV
none 109 95 6 AAD 16AA ATLS 2 hadronic 7 + Zp, ?R/L —
TX(I) . NO =0 GeV
7 AAD 12AF ATLS 27 + jets + ET, GMSB
8 AAD 12A6 ATLS > 17 + jets + Ep, GMSB
9 AAD 12eCMATLS > 17 + jets + Fp, GMSB
>87.4 95 10 ABBIENDI 068 OPAL 7 — rG, all 7(7R)
>68 95 11 ABDALLAH 04 DLPH AMSB, i >0
none m_— 26.3 95 3 ABDALLAH 03w DLPH Am>m_, all 6_

1 ABBIENDI 04 search for 77 production in acoplanar di-tau final states in the
183-208 GeV data. See Fig. 15 for the dependence of the limits on m%O and for the limit
1

at tan3=35. Under the assumption of 100% branching ratio for 7o — 7 )}0, the limit

improves to 89.8 GeV for Am > 8 GeV. See Fig. 12 for the dependence of the limits on

m_q at several values of the branching ratio and for their dependence on 6. This limit
1

supersedes ABBIENDI 00G.

2 ACHARD 04 search for 77 production in acoplanar di-tau final states in the 192-209
GeV data. Limits on mz are derived from a scan over the MSSM parameter space with

universal GUT scale gaugino and scalar masses my /o and mp, 1 < tang < 60 and
—2 < < 2 TeV. See Fig. 4 for the dependence of the limits on m;(o.
1

3 ABDALLAH 03M looked for acoplanar ditaus + % final states at /s = 130-208 GeV. A
dedicated search was made for low mass 7s decoupling from the Z0. The limit assumes
B(T — ri?) = 100%. See Fig. 20 for limits on the (mx mf(()) plane and as function

1

of the 7(? mass and of the branching ratio. The limit in the low-mass region improves to
29.6 and 31.1 GeV for 7 and 7, respectively, at Am > m_. The limit in the high-mass
region improves to 84.7 GeV for 7p and Am > 15 GeV. These limits include and update
the results of ABREU 01.

HEISTER 02€ looked for acoplanar ditau + F final states from et e~ interactions
between 183 and 209 GeV. The mass limit assumes B(7 — 72(1)):1. See their Fig. 4
for the dependence of the limit on Am. These limits include and update the results of
BARATE 01.
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5 KHACHATRYAN 17L searched in about 19 fb—1! of pp collisions at /s = 8 TeV for
events with two 7 (at least one decaying hadronically) and /7. Results were interpreted
to set constraints on the cross section for production of 7; pairs for m?(]:l GeV. No

1
mass constraints are set, see their Fig. 7.

6 AAD 16AA summarized and extended ATLAS searches for electroweak supersymmetry
in final states containing several charged leptons, /-, with or without hadronic jets, in
20 fb—1 of pp collisions at /s = 8 TeV. The paper reports 95% C.L. exclusion limits
on the cross-section for production of 7 and 7; pairs for various m>~<0' using the 2

1
hadronic T + E analysis. The m;FR/L = 109 GeV is excluded for m)~<0 = 0 GeV, with
1
the constraints being stronger for 7. See their Fig. 12.

7 AAD 12aF searched in 2 fb—! of pp collisions at /s = 7 TeV for events with two
tau leptons, jets and large ¥ in a GMSB framework. No significant excess above the
expected background was found and an upper limit on the visible cross section for new
phenomena is set. A 95% C.L. lower limit of 32 TeV on the mGMSB breaking scale A is

set for Mme.%, = 250 TeV, NS =3, >0and Cgmv =1, independent of tang.

8 AAD 124G searched in 2.05 fb—! of pp collisions at /5 = 7 TeV for events with at
least one hadronically decaying tau lepton, jets, and large Zp in a GMSB framework.
No significant excess above the expected background was found and an upper limit on
the visible cross section for new phenomena is set. A 95% C.L. lower limit of 30 TeV on
the mGMSB breaking scale A is set for Mmess = 250 TeV, NS =3, >0and Cgrav
= 1, independent of tanj. For large values of tans, the limit on A increases to 43 TeV.

9 AAD 12cM searched in 4.7 fb—L of pp collisions at \/s=7 TeV for events with at least
one tau lepton, zero or one additional light lepton (e/u) jets, and large £ in a GMSB
framework. No significant excess above the expected background was found and an
upper limit on the visible cross section for new phenomena is set. A 95% C. L. lower
limit of 54 TeV on the mGMSB breaking scale A is set for Mme&s = 250 TeV, NS =3,

p > 0and Cgmv =1, for tan > 20. Here the 7y is the NLSP.

10 ABBIENDI 068 use 600 pb—1 of data from /s = 189-209 GeV. They look for events
from pair-produced staus in a GMSB scenario with 7 NLSP including prompt 7 decays
to ditaus + K final states, large impact parameters, kinked tracks and heavy stable
charged particles. Limits on the cross-section are computed as a function of m(7) and
the lifetime, see their Fig. 7. The limit is compared to the o - BR2 from a scan over the
GMSB parameter space.

11 ABDALLAH 04H use data from LEP 1 and /s = 192-208 GeV. They re-use results
or re-analyze the data from ABDALLAH 03M to put limits on the parameter space
of anomaly-mediated supersymmetry breaking (AMSB), which is scanned in the region
1< m3/2 <50 TeV, 0< mg <1000 GeV, 1.5<tanj <35, both signs of ;.. The constraints
are obtained from the searches for mass degenerate chargino and neutralino, for SM-like
and invisible Higgs, for leptonically decaying charginos and from the limit on non-SM Z
width of 3.2 MeV. The limit is for m; = 174.3 GeV (see Table 2 for other m; values).
The limit improves to 75 GeV for . < 0.

R-parity violating 7 (Stau) mass limit
Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) L% DOCUMENT ID TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o

>74 95 1 ABBIENDI 04F OPAL RPV, 7|
>90 95 2 ABDALLAH  04v DLPH RPV, 7g, indirect, Am >5 GeV

1 ABBIENDI 04F use data from v/s = 189-209 GeV. They derive limits on sparticle masses
under the assumption of RPV with LLE or LQD couplings. The results are valid for
tang = 1.5, p = —200 GeV, with, in addition, Am > 5 GeV for indirect decays via
LQD. The limit quoted applies to direct decays with LLE couplings and improves to
75 GeV for LQD couplings. The limit on the TR mass for indirect decays is 92 GeV
for LLE couplings at m~ = 10 GeV and no exclusion is obtained for LQD couplings.
Supersedes the results of ABBIENDI 00.

2 ABDALLAH 04M use data from /s = 192-208 GeV to derive limits on sparticle masses
under the assumption of RPV with LLE couplings. The results are valid for p =
—200 GeV, tang = 1.5, Am > 5 GeV and assuming a BR of 1 for the given decay.
The limit quoted is for indirect decays using the neutralino constraint of 39.5 GeV, also
derived in ABDALLAH 04M. For indirect decays via LLE the limit decreases to 86 GeV
if the constraint from the neutralino is not used. Supersedes the result of ABREU 00u.

Long-lived ¢ (Slepton) mass limit
Limits on scalar leptons which leave detector before decaying. Limits from Z decays
are independent of lepton flavor. Limits from continuum et e~ annihilation are also
independent of flavor for smuons and staus. Selectron limits from et e~ collisions
in the continuum depend on MSSM parameters because of the additional neutralino
exchange contribution.

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

>490 95 1 KHACHATRY..16BWCMS long-lived 7 from inclusive pro-
duction, mGMSB SPS line 7
scenario

>240 95 1 KHACHATRY..16BWCMS long-lived 7 from direct pair pro-
duction, mGMSB SPS line 7
scenario

>440 95 2 AAD 15AE ATLS mMGMSB, M, s = 250 TeV, Ng
=3, 1 >0, Cgpqy = 5000,
tang = 10

>385 95 2 AAD 15AE ATLS mMGMSB, M,,, s = 250 TeV, Ng
=3, 1 >0, Cgpqy = 5000,
tan = 50

>286 95 2 AAD 15AE ATLS direct 7 production

none 124-309 95 3 AAL 158D LHCB long-lived 7, mGMSB, SPS7

> 98 95 4ABBIENDI  03L OPAL fig, 7g

none 2-87.5 95 5 ABREU 00Q DLPH fig, 7R

> 812 95 6ACCIARRI 991 L3 fig, 7p

> 81 95 7 BARATE 98Kk ALEP iR, 7R

e o o \We do not use the following data for averages, fits, limits, etc. o o o

>300 95 8 AAD 13AA ATLS  long-lived 7, GMSB, tan8 = 5-20
9 ABAZOV 138 DO long-lived 7, 100 <mz <300 GeV
>339 95 10,11 CHATRCHYAN13AB CMS  long-lived 7, direct 7 pair prod.,
minimal GMSB, S line 7
>500 95 10,12 CHATRCHYAN13AB CMS  long-lived 7, 7; from direct pair

prod. and from decay of heav-
ier SUSY particles, minimal
GMSB, SPS line 7

13 CHATRCHYAN12L CMS  long-lived 7, 7 from decay of
heavier SUSY particles, mini-
mal GMSB, SPS line 7

>136 95 14 AAD 11p ATLS stable 7, GMSB scenario, tan3=5

1 KHACHATRYAN 16BW searched in 2.5 fb~1 of pp collisions at /s = 13 TeV for events
with heavy stable charged particles, identified by their anomalously high energy deposits
in the silicon tracker and/or long time-of-flight measurements by the muon system. No
evidence for an excess over the expected background is observed. Limits are derived
for pair production of tau sleptons as a function of mass, depending on their direct or
inclusive production in a minimal GMSB scenario along the Snowmass Points and Slopes
(SPS) line 7, see Fig. 4 and Table 7.

2 AAD 15AE searched in 19.1 fb—1 of pp collisions at /s = 8 TeV for heavy long-lived
charged particles, measured through their specific ionization energy loss in the ATLAS
pixel detector or their time-of-flight in the ALTAS muon system. In the absence of an
excess of events above the expected backgrounds, limits are set on stable 7 sleptons in
various scenarios, see Figs. 5-7.

3 AAIJ 158D searched in 3.0 fb—1 of pp collisions at /s = 7 and 8 TeV for evidence
of Drell-Yan pair production of long-lived T particles. No evidence for such particles is
observed and 95% C.L. upper limits on the cross section of 7 pair production are derived,
see Fig. 7. In the mGMSB, assuming the SPS7 benchmark scenario 7 masses between
124 and 309 GeV are excluded at 95% C.L.

4 ABBIENDI 03L used et e~ data at /s = 130-209 GeV to select events with two high
momentum tracks with anomalous dE/dx. The excluded cross section is compared to the
theoretical expectation as a function of the heavy particle mass in their Fig. 3. The limit
improves to 98.5 GeV for ji; and 7. The bounds are valid for colorless spin 0 particles
with lifetimes longer than 107 6. Supersedes the results from ACKERSTAFF 98p.

5 ABREU 00Q searches for the production of pairs of heavy, charged stable particles in
et e~ annihilation at /5= 130-189 GeV. The upper bound improves to 88 GeV for Hps
71 . These limits include and update the results of ABREU 98p.

6 ACCIARRI 99H searched for production of pairs of back-to-back heavy charged particles
at 1/5=130-183 GeV. The upper bound improves to 82.2 GeV for /i), 7y .

7The BARATE 98K mass limit improves to 82 GeV for p;,7). Data collected at
\/5=161-184 GeV.

8 AAD 13AA searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events containing
long-lived massive particles in a GMSB framework. No significant excess above the
expected background was found. A 95% C.L. lower limit of 300 GeV is placed on long-
lived 7's in the GMSB model with M, , ... = 250 TeV, Ng = 3, u > 0, for tan3 = 5-20.
The lower limit on the GMSB breaking scale A was found to be 99-110 TeV, for tanj
values between 5 and 40, see Fig. 4 (top). Also, directly produced long-lived sleptons,
or sleptons decaying to long-lived ones, are excluded at 95% C.L. up to a 7 mass of 278
GeV for models with slepton splittings smaller than 50 GeV.

9 ABAZOV 138 looked in 6.3 fb—1 of pp collisions at /s = 1.96 TeV for charged massive
long-lived particles in events with muon-like particles that have both speed and ionization
energy loss inconsistent with muons produced in beam collisions. In the absence of an
excess, limits are set at 95% C.L. on the production cross section of stau leptons in the
mass range 100-300 GeV, see their Table 20 and Fig. 23.

10 CHATRCHYAN 1348 looked in 5.0 fb—! of pp collisions at /5 = 7 TeV and in 18.8
fb—1 of pp collisions at /s = 8 TeV for events with heavy stable particles, identified
by their anomalous dE/dx in the tracker or additionally requiring that it be identified as
muon in the muon chambers, from pair production of 7;'s. No evidence for an excess
over the expected background is observed. Supersedes CHATRCHYAN 12L.

11 CHATRCHYAN 1348 limits are derived for pair production of 7 as a function of mass in
minimal GMSB scenarios along the Snowmass Points and Slopes (SPS) line 7 (see Fig.
8 and Table 7). The limit given here is valid for direct pair 7; production.

12 CHATRCHYAN 13AB limits are derived for the production of 7y as a function of mass in
minimal GMSB scenarios along the Snowmass Points and Slopes (SPS) line 7 (see Fig.
8 and Table 7). The limit given here is valid for the production of 7; from both direct
pair production and from the decay of heavier supersymmetric particles.

13 CHATRCHYAN 12L looked in 5.0 fb—! of pp collisions at \/s = 7 TeV for events with
heavy stable particles, identified by their anomalous dE/dx in the tracker or additionally
requiring that it be identified as muon in the muon chambers, from pair production of
71's. No evidence for an excess over the expected background is observed. Limits are
derived for the production of 7; as a function of mass in minimal GMSB scenarios along
the Snowmass Points and Slopes (SPS) line 7 (see Fig. 3). The limit given here is valid
for the production of 7 in the decay of heavier supersymmetric particles.

14 AAD 11P looked in 37 pb~1 of pp collisions at /s = 7 TeV for events with two heavy
stable particles, reconstructed in the Inner tracker and the Muon System and identified
by their time of flight in the Muon System. No evidence for an excess over the SM
expectation is observed. Limits on the mass are derived, see Fig. 3, for 7 in a GMSB
scenario and for sleptons produced by electroweak processes only, in which case the limit
degrades to 110 GeV.

>314 95

q (Squark) mass limit

For mg > 60-70 GeV, it is expected that squarks would undergo a cascade
decay via a number of neutralinos and/or charginos rather than undergo
a direct decay to photinos as assumed by some papers. Limits obtained
when direct decay is assumed are usually higher than limits when cascade
decays are included.

Limits from et e~ collisions depend on the mixing angle of the lightest
mass eigenstate ﬁlzﬁRsinanrﬁLcos()q. It is usually assumed that only
the sbottom and stop squarks have non-trivial mixing angles (see the stop
and sbottom sections). Here, unless otherwise noted, squarks are always
taken to be either left/right degenerate, or purely of left or right type.
Data from Z decays have set squark mass limits above 40 GeV, in the
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case of § — Xy decays if Am=m — m>~<° > 5 GeV. For smaller values

q

1
of Am, current constraints on the invisible width of the Z (Arim, <20

MeV, LEP 00) exclude Mir r

and, assuming all squarks degenerate, m

<44 GeV, maR

~ <45 GeV.

q

<33 GeV, m~, <44 GeV
a

Some earlier papers are now obsolete and have been omitted. They were
last listed in our PDG 14 edition: K. Olive, et al. (Particle Data Group),
Chinese Physics €38 070001 (2014) (http://pdg.Ibl.gov).

R-parity conserving g (Squark) mass limit

VALUE (GeV) CLY% DOCUMENT ID

TECN

COMMENT

>1450 (CL = 95%) OUR EVALUATION
>1550 (CL = 95%) OUR EVALUATION
>1050 (CL = 95%) OUR EVALUATION

CMSSM, tanB=30, . >0
Mass degenerate squarks
Single light squark bounds

>1220 95 1 AABOUD 17AR ATLS
>1000 95 2 AABOUD 17N ATLS
>1150 95 3 KHACHATRY..17p CMS
> 575 95 3 KHACHATRY..17p CMS
>1370 95 4 KHACHATRY..17v CMS
>1600 95 5SIRUNYAN  17av CMS
>1370 95 5SIRUNYAN  17aY CMS
>1050 95 6 SIRUNYAN  17AZ CMS
>1550 95 6 SIRUNYAN  17AZ CMS
>1390 95 7TSIRUNYAN  17p CMS
> 950 95 7TSIRUNYAN 17 CMS
> 608 95 8 AABOUD 16D ATLS
>1030 95 9 AABOUD 16N ATLS
> 600 95 10 KHACHATRY...1685 CMS
>1260 95 10 KHACHATRY..1685 CMS
> 850 95 11 AAD 158V ATLS
> 250 95 12 ApD 15¢s ATLS
> 490 95 13 AAD 15k ATLS
> 875 95 14 KHACHATRY..15AF CMS
> 520 95 14 KHACHATRY..15AF CMS
>1450 95 14 KHACHATRY..15AF CMS
> 850 95 15 AAD 14AE ATLS
> 440 95 15 AAD 14AE ATLS
>1700 95 15 AAD 14AE ATLS
> 800 95 16 CHATRCHYAN 14aH CMS
> 780 95 17 CHATRCHYAN 141 CMS
>1360 95 18 AAD 13L ATLS
>1200 95 19 AAD 13Q ATLS

10+jets+Ep, Tsqk3, mey = 0
1
GeV
2 same-flavour, opposite-sign ¢ +
jets + Ep, Tsqk2, m)~<0 =0
1
GeV
1 or more jets+Zp, Tsqkl, 4(fla-
vor) x 2(isospin) = 8 mass
degenerate states, m_, =
X1
GeV
1 or more jets+Zp, Tsqkl, one

light flavor state, m_, = 0
X1

GeV
2 v + Ep, GGM, Tsqk4, any
NLSP mass
v + Jjets+Ep, Tsqk4B, m;(0 =0
1
GeV
v + Jets+EZp, TsqkdA, m)20 =0
1
GeV
> 1 jets+Fp, Tsqkl, single light
flavor state, mio =0 GeV
1

> 1 jets+F1, Tsqkl, 4(flavor)
x 2(isospin) = 8 degenerate
mass states, mio =0 GeV

1
jets+E1, Tsqkl, 4(flavor) x
2(isospin) = 8 degenerate
mass states, m;<0 = 0 GeV
1

jets+Z, Tsqkl, one light flavor
state, m)z0 =0 GeV
1

> 1 jet + Ep, Tsqgkl, m~—m)~(0
1

q
=5 GeV
> 2 jets + ¥p, Tsqkl, m;(0 =0
1

GeV
jets + Fp, Tsqkl, single light
squark, m)zo = 0 GeV

jets + Fp, Tsqkl, 8 degenerate
light squarks, m)zo =0 GeV
1

Jets + B7, G - ax3, mey =
1

100 GeV N
photon + K7, pp — Gq*~,

= 0 e _

= X3, mg — My = Mc
= -0
¢ — X% m_y <200 GeV

X1 X(l)

G — qxJ, simplified model, 8
degenerate light g, m)zo =0
1

q— q;z(l), simplified model, sin-
gle light squark, m_q =0

X1

CMSSM, tang = 30, Ag =

—2max(mgq, m1/2) w >0

jets + Bp, G — qxJ simplified
model, mass degenerate first
and second generation squarks,
m_y = 0 GeV

X1

Jets + Bp, G — qxJ simpli-
fied model, single light-flavour
squark, m)?o = 0 GeV

1
jets + Ep, mSUGRA/CMSSM,
jets + Fp, § — qf((l) simplified
model, m_y = 50 GeV
X1

multijets + Zp, ¢ — q;}? sim-
plified model, mio < 200
1

. Gev
jets + Ep, CMSSM, mg = ma

v+b+¥p,higgsino-like neutralino,
mo > 220 GeV, GMSB
1

20 CHATRCHYAN13 CMS
21 CHATRCHYAN13G6 CMS

22 CHATRCHYAN13H CMS
23 CHATRCHYAN 13T CMS

24 AAD 12Ax ATLS
25 AAD 12¢) ATLS
26 AAD 12cp ATLS
27 AAD 12w ATLS

28 CHATRCHYAN12 CMS
29 CHATRCHYAN 12AE CMS

30 CHATRCHYAN 12AT CMS
30 CHATRCHYAN 12aT CMS

0T 4 jets + Ep, CMSSM

0,1,2, > 3 b-jets + Ep, CMSSM,

2y + >4 jets + low Zp, stealth
SUSY model

jets + B, ¢ — q%? simplified
model, m>~<0: 0 GeV

1
€ +jets +Ep, CMSSM, mz=m

a8
£ ——m~
£+ +jets+Zp, CMSSM, mg=myg
2y +Fp, GMSB, bino NLSP,

m—g > 50 GeV
X

Jets +1ET, CMSSM, ma = mg

e, i, jets, razor, CMSSM

jets + ET, G- axd, mey <
200 !

Jjets + ET, CMSSM

jets + Ep, CMSSM, mg=mg

e o o \We do not use the following data for averages, fits, limits, etc. o o o

>1250 95
>1430 95
> 750 95
> 820 95
>1200 95
> 870 95
> 950 95
> 760 95
>1110 95
>1180 95
> 300 95

95
>1650 95
> 790 95
> 820 95
> 850 95
> 700 95
> 550 95
>1500 95
>1000 95
> 670 95
> 780 95
> 700 95
>1350 95
> 800 95
>1000 95
> 340 95
> 650 95

1 AABOUD 17AR searched in 36.1 fo—! of pp collisions at /s = 13 TeV for events
with one isolated lepton, at least two jets and large missing transverse momentum. No
significant excess above the Standard Model expectations is observed. Limits up to 1.25
TeV are set on the 1st and 2nd generation squark masses in Tsqk3 simplified models,
with x = (m~i m5<0) / (m m~0) = 1/2. Similar limits are obtained for variable x

1

X1
and fixed neutralmo mass, mio = 60 GeV. See their Figure 13.

2 AABOUD 17N searched in 14.7 fo—1 of pp collisions at /s = 13 TeV for events with
2 same-flavour, opposite-sign leptons (electrons or muons), jets and large missing trans-
verse momentum. The results are interpreted as 95% C.L. limits in Tsqk2 models,
assuming m)?o =0 GeV and m;((, = 600 GeV. See their Fig. 12 for exclusion limits as

a function of m;(0

3 KHACHATRYAN 17p searched in 2.3 fb—1 of pp collisions at /s = 13 TeV for events

with one or more jets and large Z7. No significant excess above the Standard Model
Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A, Tglu3B, Tglu3C and Tglu3D simplified models, see their Figures 7 and 8. Limits
are also set on the squark mass in the Tsgkl simplified model, see their Fig. 7, and on
the sbottom mass in the Tsbotl simplified model, see Fig. 8. Finally, limits are set on
the stop mass in the Tstopl, Tstop3, Tstop4, Tstop6 and Tstop7 simplified models, see
Fig. 8.

expectations is observed.

31 KHACHATRY..168T CMS

32 AAD 15A1 ATLS
11 AaD 158V ATLS
11 AAD 158V ATLS
11 AAD 158V ATLS
11 AAD 158V ATLS

33 KHACHATRY..15AR CMS

33 KHACHATRY..15AR CMS

34 KHACHATRY..15Az CMS
34 KHACHATRY..15Az CMS

35 AAD 148 ATLS

35 AAD 148 ATLS

36 CHATRCHYAN 1340 CMS

37 CHATRCHYAN 13av CMS

38 CHATRCHYAN 13w CMS

38 CHATRCHYAN 13w CMS

19-parameter pMSSM model, I
global Bayesian analysis, flat
prior

£ 4 jets + Er

jets + Ep, mg = mg mvo =1

3
. Gev _ N
Jets + B, g — qul, meg =
1
100 GeV

2 or 3 leptons + jets, q decays
via sleptons, m%0 = 100 GeV

T, q decays via staus, m>N<0 =50
1

GeV o

- ¢330 —» Sg.5
56,5—) g8, m§:100
GeV, mg = 90 GeV

=G oxF 5 o SwE
S SE,S—» gg,m§:
100 GeV, mg = 90 GeV

> 2+, >1jet, (Razor), bino-
like NLSP, mio = 375 GeV

1
> 1+, > 2 jet, wino-like NLSP,
m_q = 375 GeV
X1
CEEETF) yets, G- o%E
)“(it — W(*)iyg, )Ncg —
z(*);cgJ simplified model,
m-y < 300 GeV
X1
ot (H) + jets, G —
IR KT - livx?,
~(2) - E0F (m/)Xl simpli-
fied model
0T + jets + Ep, CMSSM,
mo < 700 GeV
jets (+ leptons) + Fp, CMSSM,
mg — mg
> 1 photons + jets + K-,
GGM, wino-like NLSP, mxo
1

= 375 GeV
> 2 photons + jets + ¥,
GGM, bino-like NLSP, m>N<0
1

= 375 GeV
39 DREINER 124 THEO mg ~ m_g
1
40 DREINER 12A THEO myz =myz ~ m_g
q g X1
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4 KHACHATRYAN 17V searched in 2.3 fb~1 of pp collisions at /s = 13 TeV for events
with two photons and large Z7. No significant excess above the Standard Model ex-
pectations is observed. Limits are set on the gluino and squark mass in the context of
general gauge mediation models Tglu4B and Tsqgk4, see their Fig. 4.

5SIRUNYAN 17y searched in 35.9 fb—! of pp collisions at /5 = 13 TeV for events with
at least one photon, jets and large Z. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the Tglu4A and Tglu4B
simplified models, and on the squark mass in the Tskq4A and Tsqk4B simplified models,
see their Figure 6.

6 SIRUNYAN 17Az searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for events
with one or more jets and large Zp. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A simplified models, see their Figures 6. Limits are also set on the squark mass in
the Tsqk1 simplified model (for single light squark and for 8 degenerate light squarks),
on the sbottom mass in the Tsbot1 simplified model and on the stop mass in the Tstopl
simplified model, see their Fig. 7. Finally, limits are set on the stop mass in the Tstop2,
Tstop4 and Tstop8 simplified models, see Fig. 8.

7SIRUNYAN 17p searched in 35.9 fo—! of pp collisions at /s = 13 TeV for events with
multiple jets and large Z. No significant excess above the Standard Model expectations
is observed. Limits are set on the gluino mass in the TglulA, TglulC, Tglu2A, Tglu3A
and Tglu3D simplified models, see their Fig. 12. Limits are also set on the squark mass
in the Tsqkl simplified model, on the stop mass in the Tstopl simplified model, and on
the sbottom mass in the Tsbotl simplified model, see Fig. 13.

8 AABOUD 16D searched in 3.2 fo—L of pp collisions at /s = 13 TeV for events with
an energetic jet and large missing transverse momentum. The results are interpreted as
95% C.L. limits on masses of first and second generation squarks decaying into a quark
and the lightest neutralino in scenarios with ma - mio < 25 GeV. See their Fig. 6.

1

9 AABOUD 16N searched in 3.2 fo—1 of pp collisions at /s = 13 TeV for events containing
hadronic jets, large Z7, and no electrons or muons. No significant excess above the
Standard Model expectations is observed. First- and second-generation squark masses
below 1030 GeV are excluded at the 95% C.L. decaying to quarks and a massless lightest
neutralino. See their Fig. 7a.

10 KHACHATRYAN 16Bs searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for events
with at least one energetic jet , no isolated leptons, and significant 2, using the trans-
verse mass variable My to discriminate between signal and background processes. No
significant excess above the Standard Model expectations is observed. Limits are set on
the squark mass in the Tskql simplified model, both in the assumption of a single light
squark and of 8 degenerate squarks, see Fig. 11 and Table 3.

11 AAD 158V summarized and extended ATLAS searches for gluinos and first- and second-
generation squarks in final states containing jets and missing transverse momentum,
with or without leptons or b-jets in the \/s = 8 TeV data set collected in 2012. The
paper reports the results of new interpretations and statistical combinations of previously
published analyses, as well as new analyses. Exclusion limits at 95% C.L. are set on the
squark mass in several R-parity conserving models. See their Figs. 9, 11, 18, 22, 24, 27,
28.

12 AAD 15cs searched in 20.3 b~ 1 of pp collisions at /s = 8 TeV for evidence of pair
production of squarks, decaying into a quark and a neutralino, where a photon was
radiated either from an initial-state quark, from an intermediate squark, or from a final-
state quark. No evidence was found for an excess above the expected level of Standard
Model background and a 95% C.L. exclusion limit was set on the squark mass as a
function of the squark-neutralino mass difference, see Fig. 19.

13 AAD 15k searched in 20.3 fb— ! of pp collisions at /s = 8 TeV for events containing at
least two jets, where the two leading jets are each identified as originating from c-quarks,
and large missing transverse momentum. No excess of events above the expected level
of Standard Model background was found. Exclusion limits at 95% C.L. are set on the
mass of superpartners of charm quarks (C). Assuming that the decay ¢ — c}? takes
place 100% of the time, a scalar charm mass below 490 GeV is excluded for mio < 200

1

GeV. For more details, see their Fig. 2.

14 KHACHATRYAN 15AF searched in 19.5 fb—1 of pp collisions at /5 = 8 TeV for events
with at least two energetic jets and significant Zp, using the transverse mass variable
M to discriminate between signal and background processes. No significant excess
above the Standard Model expectations is observed. Limits are set on the squark mass
in simplified models where the decay ¢ — qf((l) takes place with a branching ratio of
100%, both for the case of a single light squark or 8 degenerate squarks, see Fig. 12.
See also Table 5. Exclusions in the CMSSM, assuming tanj3 = 30, Ay = =2 max(mo,
m1/2) and i > 0, are also presented, see Fig. 15.

15 AAD 14AE searched in 20.3 fb—! of pp collisions at /s = 8 TeV for strongly pro-
duced supersymmetric particles in events containing jets and large missing transverse
momentum, and no electrons or muons. No excess over the expected SM background is
observed. Exclusion limits are derived in simplified models containing squarks that decay
via g — q;((l’, where either a single light state or two degenerate generations of squarks
are assumed, see Fig. 10.

16 CHATRCHYAN 14AH searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events
with at least two energetic jets and significant [, using the razor variables (Mg and

R2) to discriminate between signal and background processes. No significant excess
above the Standard Model expectations is observed. Limits are set on squark masses in
simplified models where the decay ¢ — qi? takes place with a branching ratio of 100%,
see Fig. 28. Exclusions in the CMSSM, assuming tanjs = 10, Ag =0and p >0, are
also presented, see Fig. 26.

17 CHATRCHYAN 141 searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
containing multijets and large Z7. No excess over the expected SM background is
observed. Exclusion limits are derived in simplified models containing squarks that decay
via g — q;}‘l), where either a single light state or two degenerate generations of squarks
are assumed, see Fig. 7a.

18 AAD 13L searched in 4.7 fo—! of pp collisions at /s = 7 TeV for the production of
squarks and gluinos in events containing jets, missing transverse momentum and no high-
pT electrons or muons. No excess over the expected SM background is observed. In
MSUGRA/CMSSM models with tang = 10, Ay = 0 and x> 0, squarks and gluinos
of equal mass are excluded for masses below 1360 GeV at 95% C.L. In a simplified
model containing only squarks of the first two generations, a gluino octet and a massless
neutralino, squark masses below 1320 GeV are excluded at 95% C.L. for gluino masses
below 2 TeV. See Figures 10-15 for more precise bounds.

19 AAD 13q searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events containing
a high-p7 isolated photon, at least one jet identified as originating from a bottom
quark, and high missing transverse momentum. Such signatures may originate from

supersymmetric models with gauge-mediated supersymmetry breaking in events in which
one of a pair of higgsino-like neutralinos decays into a photon and a gravitino while
the other decays into a Higgs boson and a gravitino. No significant excess above the
expected background was found and limits were set on the squark mass as a function of
the neutralino mass in a generalized GMSB model (GGM) with a higgsino-like neutralino
NLSP, see their Fig. 4. For neutralino masses greater than 220 GeV, squark masses
below 1020 GeV are excluded at 95% C.L.

20 CHATRCHYAN 13 looked in 4.98 fb—1 of pp collisions at /s = 7 TeV for events
with two opposite-sign leptons (e, u, 7), jets and missing transverse energy. No excess
beyond the Standard Model expectation is observed. Exclusion limits are derived in the
mSUGRA/CMSSM model with tan = 10, Ay = 0 and 1z > 0, see Fig. 6.

21 CHATRCHYAN 136 searched in 4.98 fb—1 of pp collisions at /s = 7 TeV for the pro-
duction of squarks and gluinos in events containing 0,1,2, > 3 b-jets, missing transverse
momentum and no electrons or muons. No excess over the expected SM background
is observed. In mSUGRA/CMSSM models with tang = 10, Ag = 0, and > 0,
squarks and gluinos of equal mass are excluded for masses below 1250 GeV at 95% C.L.
Exclusions are also derived in various simplified models, see Fig. 7.

22 CHATRCHYAN 13H searched in 4.96 fb— of pp collisions at \/s = 7 TeV for events
with two photons, > 4 jets and low £ due to ¢ — 'y)}(l) decays in a stealth SUSY

framework, where the )}(1) decays through a singlino (S) intermediate state to vSG,
with the singlet state S decaying to two jets. No significant excess above the expected
background was found and limits were set in a particular R-parity conserving stealth
SUSY model. The model assumes m)v(o = 0.5 my, me = 100 GeV and mg = 90 GeV.

1
Under these assumptions, squark masses less than 1430 GeV were excluded at the 95%

C.L.

23 CHATRCHYAN 13T searched in 11.7 fb—1 of pp collisions at /s = 8 TeV for events
with at least two energetic jets and significant Z, using the o variable to discriminate
between processes with genuine and misreconstructed Z. No significant excess above
the Standard Model expectations is observed. Limits are set on squark masses in sim-
plified models where the decay g — q)”(? takes place with a branching ratio of 100%,
assuming an eightfold degeneracy of the masses of the first two generation squarks, see
Fig. 8 and Table 9. Also limits in the case of a single light squark are given.

24 AAD 12ax searched in 1.04 b= of pp collisions at /s = 7 TeV for supersymmetry
in events containing jets, missing transverse momentum and one isolated electron or
muon. No excess over the expected SM background is observed and model-independent
limits are set on the cross section of new physics contributions to the signal regions. In
mSUGRA/CMSSM models with tang = 10, AO = 0and . > 0, squarks and gluinos of
equal mass are excluded for masses below 820 GeV at 95% C.L. Limits are also set on
simplified models for squark production and decay via an intermediate chargino and on
supersymmetric models with bilinear R-parity violation. Supersedes AAD 11G.

25 AAD 12¢J searched in 4.7 fb~—1 of pp collisions at /s = 7 TeV for events containing
one or more isolated leptons (electrons or muons), jets and Z. The observations are in
good agreement with the SM expectations and exclusion limits have been set in number
of SUSY models. In the mSUGRA/CMSSM model with tang = 10, Ag = 0, and >0,
95% C.L. exclusion limits have been derived for m~ < 1200 GeV, assuming equal squark
and gluino masses. In minimal GMSB, values of the effective SUSY breaking scale A <
50 TeV are excluded at 95% C.L. for tan3 < 45. Also exclusion limits in a number of
simplified models have been presented, see Figs. 10 and 12.

26 AAD 12cP searched in 4.8 fo—! of pp collisions at /s = 7 TeV for events with two
photons and large Z due to i? — 'yé decays in a GMSB framework. No significant
excess above the expected background was found and limits were set on the squark mass
as a function of the neutralino mass in a generalized GMSB model (GGM) with a bino-like
neutralino NLSP. The other sparticle masses were decoupled, tan3 = 2 and ¢ty gp
< 0.1 mm. Also, in the framework of the SPS8 model, a 95% C.L. lower limit was set
on the breaking scale A of 196 TeV.

27 AAD 12w searched in 1.04 fb—1 of pp collisions at /s = 7 TeV for the production
of squarks and gluinos in events containing jets, missing transverse momentum and
no electrons or muons. No excess over the expected SM background is observed. In
mSUGRA/CMSSM models with tan3 = 10, Ay = 0 and > 0, squarks and gluinos
of equal mass are excluded for masses below 950 GeV at 95% C.L. In a simplified
model containing only squarks of the first two generations, a gluino octet and a massless
neutralino, squark masses below 875 GeV are excluded at 95% C.L.

28 CHATRCHYAN 12 looked in 35 pb*1 of pp collisions at /s = 7 TeV for events with
e and/or p and/or jets, a large total transverse energy, and £-. The event selection is
based on the dimensionless razor variable R, related to the /1 and Mp, an indicator of
the heavy particle mass scale. No evidence for an excess over the expected background
is observed. Limits are derived in the CMSSM (my, m1/2) plane for tang = 3, 10 and
50 (see Fig. 7 and 8). Limits are also obtained for Simplified Model Spectra.

29 CHATRCHYAN 12aE searched in 4.98 fb—L of pp collisions at /s = 7 TeV for events
with at least three jets and large missing transverse momentum. No significant excesses
over the expected SM backgrounds are observed and 95% C.L. limits on the production
cross section of squarks in a scenario where g — qi? with a 100% branching ratio, see

Fig. 3. For mio < 200 GeV, values of ma below 760 GeV are excluded at 95% C.L.

Also limits in thé CMSSM are presented, see Fig. 2.

30 CHATRCHYAN 12aT searched in 4.73 fb—L of pp collisions at /s = 7 TeV for the
production of squarks and gluinos in events containing jets, missing transverse momentum
and no electrons or muons. No excess over the expected SM background is observed. In
mSUGRA/CMSSM models with tang = 10, Ap = 0and > 0, squarks with masses
below 1110 GeV are excluded at 95% C.L. Squarks and gluinos of equal mass are excluded
for masses below 1180 GeV at 95% C.L. Exclusions are also derived in various simplified
models, see Fig. 6.

31 KHACHATRYAN 16BT performed a global Bayesian analysis of a wide range of CMS
results obtained with data samples corresponding to 5.0 b1 of pp collisions at /s =
7 TeV and in 19.5 fb—1 of pp collisions at /s = 8 TeV. The set of searches considered,
both individually and in combination, includes those with all-hadronic final states, same-
sign and opposite-sign dileptons, and multi-lepton final states. An interpretation was
given in a scan of the 19-parameter pMSSM. No scan points with a gluino mass less
than 500 GeV survived and 98% of models with a squark mass less than 300 GeV were
excluded.

32 AAD 15A1 searched in 20 fb— 1 of pp collisions at /s = 8 TeV for events contain-
ing at least one isolated lepton (electron or muon), jets, and large missing transverse
momentum. No excess of events above the expected level of Standard Model back-
ground was found. Exclusion limits at 95% C.L. are set on the squark masses in the
CMSSM/mSUGRA, see Fig. 15, in the NUHMG, see Fig. 16, and in various simplified
models, see Figs. 19-21.
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33 KHACHATRYAN 15AR searched in 19.7 of fb~1 of pp collisions at /s = 8 TeV for
events containing jets, either a charged lepton or a photon, and low missing transverse
momentum. No significant excess above the Standard Model expectations is observed.
Limits are set on the squark mass in a stealth SUSY model where the decays ¢ — qili,
fgli — §Wi, S SGand S — gg, with mg = 100 GeV and mg = 90 GeV, take
place with a branching ratio of 100%. See Fig. 6 for ~y or Fig. 7 for £ analyses.

34 KHACHATRYAN 154z searched in 19.7 fb~1 of pp collisions at /s = 8 TeV for events
with either at least one photon, hadronic jets and Zp (single photon channel) or with
at least two photons and at least one jet and using the razor variables. No significant
excess above the Standard Model expectations is observed. Limits are set on gluino
masses in the general gauge-mediated SUSY breaking model (GGM), for both a bino-like
and wino-like neutralino NLSP scenario, see Fig. 8 and 9.

35 AAD 14€ searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for strongly produced
supersymmetric particles in events containing jets and two same-sign leptons or three
leptons. The search also utilises jets originating from b-quarks, missing transverse mo-
mentum and other variables. No excess over the expected SM background is observed.
Exclusion limits are derived in simplified models containing gluinos and squarks, see Fig-
ures 5 and 6. In the ¢ — q’ili, ili - wE ig )Zg - z() 5(‘1) simplified model,
the following assumptions have been made: m_, = 0.5 m_g + mz, m_y = 0.5 ( m_g

X1 X1 X5 Xi

z
+mes ). In the g dxFoi— @393 - Evi o - EF e

simpliflied model, the following assumptions have been made: m;(i = m)~<0 =0.5( m)zo

2 1
+ my ), m;(0 < 460 GeV. Limits are also derived in the mSUGRlA/CMSSM, bRPV and
GMSB modells, see their Fig. 8.

36 CHATRCHYAN 13A0 searched in 4.98 fb—L of pp collisions at /5 = 7 TeV for events
with two opposite-sign isolated leptons accompanied by hadronic jets and Z. No signif-
icant excesses over the expected SM backgrounds are observed and 95% C.L. exclusion
limits are derived in the mSUGRA/CMSSM model with tang = 10, AO =0andp >0,
see Fig. 8.

37 CHATRCHYAN 13av searched in 4.7 fb—1 of pp collisions at /5 = 7 TeV for new
heavy particle pairs decaying into jets (possibly b-tagged), leptons and Fp using the
Razor variables. No significant excesses over the expected SM backgrounds are observed
and 95% C.L. exclusion limits are derived in the mSUGRA/CMSSM model with tang =
10, Ag = 0 and p > 0, see Fig. 3. The results are also interpreted in various simplified
models, see Fig. 4.

38 CHATRCHYAN 13w searched in 4.93 fb—L of pp collisions at /5 = 7 TeV for events with
one or more photons, hadronic jets and Zp. No significant excess above the Standard
Model expectations is observed. Limits are set on squark masses in the general gauge-
mediated SUSY breaking model (GGM), for both a wino-like and bino-like neutralino
NLSP scenario, see Fig. 5.

39DREINER 124 reassesses constraints from CMS (at 7 TeV, ~ 4.4 fb_l) under the
assumption that the fist and second generation squarks and the lightest SUSY particle
are quasi-degenerate in mass (compressed spectrum).

40DREINER 124 reassesses constraints from CMS (at 7 TeV, ~ 4.4 fb_l) under the
assumption that the first and second generation squarks, the gluino, and the lightest
SUSY particle are quasi-degenerate in mass (compressed spectrum).

R-parity violating g (Squark) mass limit
VALUE (GeV) CL% DOCUMENT ID TECN COMMENT

>1600 95 L KHACHATRY..168x CMS  RPV,q — q%9, X9 — £v,
A121 OF Aip £ O, mg =
2400 GeV

>1000 95 2 AAD 15c8 ATLS  RPV, jets, g — qX9, X3 —

£qq, mio = 108 GeV and
1
25 < CTQO < 200 mm

1
3 AAD 124X ATLS £ +jets +E7, CMSSM, mg=mz
4 CHATRCHYAN12AL CMS ~ RPV, > 3¢t

1 KHACHATRYAN 16BXx searched in 19.5 fb~1 of pp collisions at /s = 8 TeV for events
containing 4 leptons coming from R-parity-violating decays of )2(1] — LLv with \p1 #
0orA\jpo # 0. No excess over the expected background is observed. Limits are derived
on the gluino, squark and stop masses, see Fig. 23.

2 AAD 15CB searched for events containing at least one long-lived particle that decays at
a significant distance from its production point (displaced vertex, DV) into two leptons
or into five or more charged particles in 20.3 b1 of pp collisions at \/s = 8 TeV. The
dilepton signature is characterised by DV formed from at least two lepton candidates.
Four different final states were considered for the multitrack signature, in which the DV
must be accompanied by a high-transverse momentum muon or electron candidate that
originates from the DV, jets or missing transverse momentum. No events were observed
in any of the signal regions. Results were interpreted in SUSY scenarios involving R-parity
violation, split supersymmetry, and gauge mediation. See their Fig. 14-20.

3 AAD 12aX searched in 1.04 fb—1 of pp collisions at /s = 7 TeV for supersymmetry
in events containing jets, missing transverse momentum and one isolated electron or
muon. No excess over the expected SM background is observed and model-independent
limits are set on the cross section of new physics contributions to the signal regions. In
mSUGRA/CMSSM models with tang = 10, Ag = 0and p > 0, squarks and gluinos of
equal mass are excluded for masses below 820 GeV at 95% C.L. Limits are also set on
simplified models for squark production and decay via an intermediate chargino and on
supersymmetric models with bilinear R-parity violation. Supersedes AAD 11G.

4 CHATRCHYAN 12aL looked in 4.98 fb—L of pp collisions at /s = 7 TeV for anomalous
production of events with three or more isolated leptons. Limits on squark and gluino
masses are set in RPV SUSY models with leptonic LLEcouplings, A123 > 0.05, and

hadronic UDD couplings, )\;12 > 0.05 , see their Fig. 5. In the UDD case the leptons

arise from supersymmetric cascade decays. A very specific supersymmetric spectrum is
assumed. All decays are prompt.

Long-lived § (Squark) mass limit
The following are bounds on long-lived scalar quarks, assumed to hadronise into
hadrons with lifetime long enough to escape the detector prior to a possible decay.
Limits may depend on the mixing angle of mass eigenstates: gy :ﬁLcoseq +?]Rsin9q.

The coupling to the Z0 boson vanishes for up-type squarks when 6,—0.98, and for
down type squarks when 04=1.17.

VALUE (GeV) cL% DOCUMENT ID TECN  COMMENT
> 805 95 1 AABOUD 168 ATLS b R-hadrons
> 890 95 2 AABOUD 168 ATLS t R-hadrons
>1040 95 3 KHACHATRY..16BWCMS R-hadrons, cloud interaction
model
>1000 95 3 KHACHATRY..16BWCMS  t R-hadrons, charge-suppressed
_interaction model
> 845 95 4 AAD 15AE ATLS b R-hadron, stable, Regge model
> 900 95 4 AAD 15AE ATLS t R-hadron, stable, Regge model
>1500 95 4 AAD 15AE ATLS g decaying to 300 GeV stable
_ sleptons, LeptoSUSY model
> 751 95 5 AAD 15BMATLS b R-hadron, stable, Regge model
> 766 95 5 AAD 158MATLS t R-hadron, stable, Regge model
> 525 95 6 KHACHATRY..15AK CMS ¢t R-hadrons, 10 pus< 7 <1000 s
> 470 95 6 KHACHATRY..15AK CMS  t R-hadrons, 1 pus< 7 <1000 s

e o o We do not use the following data for averages, fits, limits, etc. o o

> 683 95 7 AAD 13AA ATLS ?, R-hadrons, generic interaction

_ mo

> 612 95 8 AAD 13AA ATLS b, R-hadrons, generic interaction
model

> 344 95 9 AAD 138C ATLS  R-hadrons, f — b%J, Regge
model, lifetime between 105
and 103 s, m<y = 100 GeV

1
> 379 95 10 AAD 138C ATLS  R-hadrons, f — tJ, Regge

model, lifetime between 105
and 103 s, My = 100 GeV
1

> 935 95 11 CHATRCHYAN 13AB CMS  long-lived  forming R-hadrons,

cloud interaction model

1 AABOUD 168 searched in 3.2 fb~1 of pp collisions at /s = 13 TeV for long-lived
R-hadrons using observables related to large ionization losses and slow propagation ve-
locities, which are signatures of heavy charged particles traveling significantly slower than
the speed of light. Exclusion limits at 95% C.L. are set on the long-lived sbottom masses
exceeding 805 GeV. See their Fig. 5.

2 AABOUD 168 searched in 3.2 fb—! of pp collisions at /s = 13 TeV for long-lived
R-hadrons using observables related to large ionization losses and slow propagation ve-
locities, which are signatures of heavy charged particles traveling significantly slower than
the speed of light. Exclusion limits at 95% C.L. are set on the long-lived stop masses
exceeding 890 GeV. See their Fig. 5.

3 KHACHATRYAN 16BW searched in 2.5 fb—L of pp collisions at /5 = 13 TeV for events
with heavy stable charged particles, identified by their anomalously high energy deposits
in the silicon tracker and/or long time-of-flight measurements by the muon system. No
evidence for an excess over the expected background is observed. Limits are derived
for pair production of top squarks as a function of mass, depending on the interaction
model, see Fig. 4 and Table 7.

4 AAD 15AE searched in 19.1 fb— 1 of pp collisions at /s = 8 TeV for heavy long-lived
charged particles, measured through their specific ionization energy loss in the ATLAS
pixel detector or their time-of-flight in the ALTAS muon system. In the absence of an
excess of events above the expected backgrounds, limits are set R-hadrons in various
scenarios, see Fig. 11. Limits are also set in LeptoSUSY models where the gluino decays
to stable 300 GeV leptons, see Fig. 9.

5AAD 158M searched in 18.4 fb—! of pp collisions at /s = 8 TeV for stable and
metastable non-relativistic charged particles through their anomalous specific ionization
energy loss in the ATLAS pixel detector. In absence of an excess of events above the
expected backgrounds, limits are set on stable bottom and top squark R-hadrons, see
Table 5.

6 KHACHATRYAN 15AK looked in a data set corresponding to fb—1 of pp collisions at
/s = 8 TeV, and a search interval corresponding to 281 h of trigger lifetime, for long-
lived particles that have stopped in the CMS detector. No evidence for an excess over
the expected background in a cloud interaction model is observed. Assuming the decay
T ti(l) and lifetimes between 1 us and 1000 s, limits are derived on T production as
a function of mio, see Figs. 4 and 7. The exclusions require that mio is kinematically

1 1
consistent with the minimum values of the jet energy thresholds used.

7 AAD 13aa searched in 4.7 b1 of pp collisions at /s = 7 TeV for events containing
colored long-lived particles that hadronize forming R-hadrons. No significant excess
above the expected background was found. Long-lived R-hadrons containing a t are
excluded for masses up to 683 GeV at 95% C.L in a general interaction model. Also,
limits independent of the fraction of R-hadrons that arrive charged in the muon system
were derived, see Fig. 6.

8 AAD 13aa searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events containing
colored long-lived particles that hadronize forming R-hadrons. No significant excess
above the expected background was found. Long-lived R-hadrons containing a b are
excluded for masses up to 612 GeV at 95% C.L in a general interaction model. Also,
limits independent of the fraction of R-hadrons that arrive charged in the muon system
were derived, see Fig. 6.

9 AAD 138C searched in 5.0 fb—! of pp collisions at /s = 7 TeV and in 22.9 b1 of
pp collisions at /s = 8 TeV for bottom squark R-hadrons that have come to rest within
the ATLAS calorimeter and decay at some later time to hadronic jets and a neutralino.
In absence of an excess of events above the expected backgrounds, limits are set on
sbottom masses for the decay b — bf((l), for different lifetimes, and for a neutralino
mass of 100 GeV, see their Table 6 and Fig 10.

10 AAD 138c searched in 5.0 fb— ! of pp collisions at /s = 7 TeV and in 22.9 b1 of pp
collisions at /s = 8 TeV for bottom squark R-hadrons that have come to rest within the
ATLAS calorimeter and decay at some later time to hadronic jets and a neutralino. In
absence of an excess of events above the expected backgrounds, limits are set on stop
masses for the decay (= ti(l), for different lifetimes, and for a neutralino mass of 100
GeV, see their Table 6 and Fig 10.
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11 CHATRCHYAN 1348 looked in 5.0 fb—1 of pp collisions at \/s = 7 TeV and in 18.8
b1 of pp collisions at /s = 8 TeV for events with heavy stable particles, identified
by their anomalous dE/dx in the tracker or additionally requiring that it be identified as
muon in the muon chambers, from pair production of fl’s. No evidence for an excess
over the expected background is observed. Limits are derived for pair production of stops
as a function of mass in the cloud interaction model (see Fig. 8 and Table 6). In the
charge-suppressed model, the limit decreases to 818 GeV.

b (Sbottom) mass limit

Limits in et e~ depend on the mixing angle of the mass eigenstate El
= bycosfp + bpsindy. Coupling to the Z vanishes for 6, ~ 1.17. As
a consequence, no absolute constraint in the mass region 540 GeV is
available in the literature at this time from et e~ collisions. In the Listings
below, we use Am = m; — m_g.

by X3
Some earlier papers are now obsolete and have been omitted. They were
last listed in our PDG 14 edition: K. Olive, et al. (Particle Data Group),
Chinese Physics €38 070001 (2014) (http://pdg.Ibl.gov).

R-parity conserving b (Sbottom) mass limit
VALUE (GeV CL% DOCUMENT ID TECN COMMENT

>1230 95 LSIRUNYAN 188 CMS jets+Ep, Tsbotl, meg =0 Gev
1
> 700 95 2 AABOUD 17A1 ATLS  same-sign (= ¢£ / 3 0 + jets +
Er, Tsbot2, mio = 0 GeV
1
> 950 95 3 AABOUD L7AXATLS 2 brjets+, Tsbotl, m g =0
1
GeV
> 880 95 4 AABOUD L7AX ATLS 2 b-jets + F;p, mixture Tsbotl
and Tsbot2 BR=50%, m;(0 =
1
0GeV, m_, —m_y =1GeV
NN
> 315 95 5 KHACHATRY..17A CMS 2 VBF jets + Ep, Tsbotl, my—
m_y =5 GeV
i
> 450 95 6 KHACHATRY..17AWCMS > 3¢, 2 jets, Tsbot2, meg = 50
GeV, mfci = 200 GeV
1
> 800 95 7 KHACHATRY..17P CMS 1 or more jets+Zp, Tshotl, mio
1
=0 GeV
>1175 95 8SIRUNYAN  17az CMS > 1 jets+Fp, Tsbotl, meg =0
1
GeV
> 890 95 9SIRUNYAN 17k CMS jets+Ep, Tsbotl, Mg = 0 Gev
1
> 810 95 10 siruNYAN 17s CMS  same-sign et jets + Ep, Ts-
bot2, m_g =50 GeV, m_, =
X1 X1
100 GeV
> 323 95 11 AABOUD 16D ATLS > 1 et + oy, Tsbotl, my —m.
1 X
=5 GeV
> 840 95 12aABOUD 160 ATLS 2 brjets + Fp, Tsbotl, m g = 100
1
GeV
> 540 95 13aAD 16BB ATLS 2 same-sign/3¢ + jets + Frp, Ts-
bot2, mio < 55 GeV
1
> 680 95 14 KHACHATRY..16B) CMS  same-sign (& ¢%, Tsbot2, mei <
1
550 GeV, m%O = 50 GeV
1
> 500 95 14 KHACHATRY...16B) CMS  same-sign (= ¢, Tsbot2, m~ —
m_, <100 GeV, m_;=50 GeV
X1 X1
> 880 95 15 KHACHATRY..1685 CMS Jets + Ep, Tsbotl, meg =0 Gev
1
> 550 95 16 KHACHATRY..16BY CMS  opposite-sign ¢~ ¢=, Tsbot3, msg
1
=100 GeV
> 600 95 17AAD 15¢) ATLS b — bxJ, meg <250 GeV
1
> 440 95 17 aAD 150 ATLS b 35, 3 — w0, meo
1
= 60 GeV, my — m)zli < my
none 300-650 95 17 AAD

15¢) ATLS b — bbx%, X% — hx¥, m_y =
X2 X5 X1 Mo
60 GeV, m_, > 250 GeV
X2

> 640 95 18 KHACHATRY..15AF CMS b — b)??, meo =0
> 650 95 19 KHACHATRY..15aH CMS b — bX9, m)w(; =0
> 250 95 19 KHACHATRY..15aH CMS b — bXY, mslf mso < 10 GeV
> 570 95 20KHACHATRY..151 CMS b— txi, 3 - w3, msy
=50 GeV, 150<m_ <300 GeV
< 255 95 21 aAD 14T ATLS by — bXY, mp = m;? ~ my
400 95  22CHATRCHYAN14AH CMS  jets + £p, b — bxJ simplified

model, m_y = 50 GeV
X1
2 CHATRCHYAN14R CMS > 3¢, b 1xF, 5 —
Wif(? simplified model, m_q
X1
=50 GeV

e o o \We do not use the following data for averages, fits, limits, etc. o o o
24 KHACHATRY..15AD CMS  ¢F¢F + jets + Ep, b —

beteFRY
none 340-600 95 25 AAD 14AX ATLS > 3 bjets + Ep, b — bxJ sim-
plified model with )?g — hf(?,
m_o=60 GeV, m_;=300 GeV
X1 X2
> 440 95 26 AAD 14E ATLS (£ 0E(F) + jets, by — t;}li
with X — WHERD sim-
plified model, m_. =2 m_,
Xi et
> 500 95 27 CHATRCHYAN14H CMS same-sign (0%, b — tf(f:,
X - wERY simplified
model, m_, =2 GeV, m_y =
X X7
100 GeV
> 620 95 28 AAD 13AU ATLS 2 bijets + fop, by — bXY, mey <
1
120 GeV_
> 550 95 29 CHATRCHYAN13AT CMS jets + i, b — bX] simplified
model, m_y= 50 GeV
X1
> 600 95 30 CHATRCHYAN13T CMS jets + f, b — bx] simplified
model, m_y= 0 GeV
X1
> 450 95 3L CHATRCHYAN13v CMS same-sign ¢* ¢ + > 2 bjets,
b— t)?li, S(li — Wif(? sim-
plified model, mio = 50 GeV
- 1
> 390 32 AAD 12ANATLS by — bY, simplified model,
m-o < 60 GeV
X1
33 CHATRCHYAN 12a1 CMS (£ + pjets + Ep
> 410 95 34 CHATRCHYAN1280CMS by — bX{, simplified model, meo
1
= 50 GeV
> 294 95 35AAD 11K ATLS stable b
36 AAD 110 ATLS g — by b by — bxY, mo =60
_ _GeV
37 CHATRCHYAN 11D CMS bt — b
> 230 95  3BAALTONEN 10R CDF By — b3J, m o < 70 GeV
1
> 247 95 39 aBAZOV 100 DO

by — bRV, m_y =0 GeV
1 X1 X?

1SIRUNYAN 18B searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for the pair
production of third-generation squarks in events with jets and large Z. No significant
excess above the Standard Model expectations is observed. Limits are set on the sbottom
mass in the Tsbotl simplified model, see their Figure 5, and on the stop mass in the
Tstop4 simplified model, see their Figure 6.

2 AABOUD 17AJ searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 700 GeV are
set on the bottom squark mass in Tsbot2 simplified models assuming mio = 0 GeV.

1

See their Figure 4(d).

3 AABOUD 17Ax searched in 36 fb—1 of pp collisions at /s = 13 TeV for events containing
two jets identified as originating from b-quarks and large missing transverse momentum.
No excess of events above the expected level of Standard Model background was found.
Exclusion limits at 25% C.L. are set on the masses of bottom squarks. In the Tsbotl
simplified model, a by mass below 950 GeV is excluded for mio = 0 (<420) GeV. See

1
their Fig. 7(a).

4 AABOUD 17Ax searched in 36 fb—1 of pp collisions at /s = 13 TeV for events containing
two jets identified as originating from b-quarks and large missing transverse momentum,
with or without leptons. No excess of events above the expected level of Standard Model
background was found. Exclusion limits at 95% C.L. are set on the masses of bottom
squarks. Assuming 50% BR for Tsbotl and Tsbot2 simplified models, a b; mass below
880 (860) GeV is excluded for mfco = 0 (<250) GeV. See their Fig. 7(b).

1

5 KHACHATRYAN 174 searched in 18.5 fb—1 of pp collisions at /s = 8 TeV for events
with two forward jets, produced through vector boson fusion, and missing transverse
momentum. No significant excess above the Standard Model expectations is observed.
A limit is set on sbottom masses in the Tsbotl simplified model, see Fig. 3.

6 KHACHATRYAN 17Aw searched in 2.3 fo— ! of pp collisions at /s = 13 TeV for events
with at least three charged leptons, in any combination of electrons and muons, and
significant Z. No significant excess above the Standard Model expectations is observed.
Limits are set on the gluino mass in the Tglu3A and TglulC simplified models, and on
the sbottom mass in the Tsbot2 simplified model, see their Figure 4.

7TKHACHATRYAN 17p searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for events
with one or more jets and large Z. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A, Tglu3B, Tglu3C and Tglu3D simplified models, see their Figures 7 and 8. Limits
are also set on the squark mass in the Tsqkl simplified model, see their Fig. 7, and on
the sbottom mass in the Tsbotl simplified model, see Fig. 8. Finally, limits are set on
the stop mass in the Tstopl, Tstop3, Tstop4, Tstop6 and Tstop7 simplified models, see
Fig. 8.

8SIRUNYAN 17Az searched in 35.9 fb~1 of pp collisions at /s = 13 TeV for events
with one or more jets and large Z7. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A simplified models, see their Figures 6. Limits are also set on the squark mass in
the Tsqkl simplified model (for single light squark and for 8 degenerate light squarks),
on the sbottom mass in the Tsbotl simplified model and on the stop mass in the Tstopl
simplified model, see their Fig. 7. Finally, limits are set on the stop mass in the Tstop2,
Tstop4 and Tstop8 simplified models, see Fig. 8.
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9SIRUNYAN 17K searched in 2.3 fb—1 of pp collisions at /s = 13 TeV for direct produc-

tion of stop or shottom pairs in events with multiple jets and significant Z7. A second
search also requires an isolated lepton and is combined with the all-hadronic search. No
significant excess above the Standard Model expectations is observed. Limits are set on
the stop mass in the Tstopl, Tstop8 and Tstop4 simplified models, see their Figures 7, 8
and 9 (for the Tstop4 limits, only the results of the all-hadronic search are used). Limits
are also set on the sbottom mass in the Tsbotl simplified model, see Fig. 10 (also here,
only the results of the all-hadronic search are used).

10SIRUNYAN 175 searched in 35.9 fb—L of pp collisions at /5 = 13 TeV for events with
two isolated same-sign leptons, jets, and large Z7. No significant excess above the
Standard Model expectations is observed. Limits are set on the mass of the gluino mass
in the Tglu3A, Tglu3B, Tglu3C, Tglu3D and TglulB simplified models, see their Figures
5 and 6, and on the sbottom mass in the Tsbot2 simplified model, see their Figure 6.

11 AABOUD 16D searched in 3.2 fo—1 of pp collisions at /s = 13 TeV for events with
an energetic jet and large missing transverse momentum. The results are interpreted as
95%C.L. limits on mass of sbottom decaying into a b-quark and the lightest neutralino
in scenarios with my — mio between 5 and 20 GeV. See their Fig. 6.

1 1

12 AABOUD 16Q searched in 3.2 fo—L of pp collisions at /s = 13 TeV for events containing
two jets identified as originating from b-quarks and large missing transverse momentum.
No excess of events above the expected level of Standard Model background was found.
Exclusion limits at 95% C.L. are set on the masses of third-generation squarks. Assuming
that the decay by — bf(? (Tshot1) takes place 100% of the time, a by mass below 840
(800) GeV is excluded for mio < 100 (360) GeV. Differences in mass above 100 GeV

1
between the by and the )2(1) are excluded up to a by mass of 500 GeV. For more details,
see their Fig. 4.

13 AAD 1688 searched in 3.2 fb—1 of pp collisions at /s = 13 TeV for events with exactly
two same-sign leptons or at least three leptons, multiple hadronic jets, b-jets, and Fp.
No significant excess over the Standard Model expectation is found. Exclusion limits at
95% C.L. are set on the sbottom mass for the Tsbot2 model, assuming m_, = mio +

X1 1

100 GeV. See their Fig. 4c.

14 KHACHATRYAN 1681 searched in 2.3 fb~1 of pp collisions at /s = 13 TeV for events
with two isolated same-sign dileptons and jets in the final state. No significant excess
above the Standard Model expectations is observed. Limits are set on the sbottom mass
in the Tsbot2 simplified model, see Fig. 6.

15 KHACHATRYAN 168s searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for events
with at least one energetic jet , no isolated leptons, and significant £, using the trans-
verse mass variable My to discriminate between signal and background processes. No
significant excess above the Standard Model expectations is observed. Limits are set on
the sbottom mass in the Tsbotl simplified model, see Fig. 11 and Table 3.

16 KHACHATRYAN 16BY searched in 2.3 fb—! of pp collisions at /s = 13 TeV for events
with two opposite-sign, same-flavour leptons, jets, and missing transverse momentum.
No significant excess above the Standard Model expectations is observed. Limits are set
on the gluino mass in the Tglu4C simplified model, see Fig. 4, and on sbottom masses
in the Tsbot3 simplified model, see Fig. 5.

17 AAD 15¢J searched in 20 fb—! of pp collisions at /s = 8 TeV for evidence of third
generation squarks by combining a large number of searches covering various final states.
Limits on the sbottom mass are shown, either assuming the b — bi(l) decay, see Fig.

11, or assuming the b— t;}li decay, with ili — W(*)f(?, see Fig. 12a, or assuming

the b — big decay, with ig — hi(l), see Fig. 12b. Interpretations in the pMSSM are
also discussed, see Figures 13-15.

18 KHACHATRYAN 15AF searched in 19.5 fb~1 of pp collisions at /5 = 8 TeV for events
with at least two energetic jets and significant £, using the transverse mass variable
M to discriminate between signal and background processes. No significant excess
above the Standard Model expectations is observed. Limits are set on the sbottom mass
in simplified models where the decay b — b)?? takes place with a branching ratio of
100%, see Fig. 12. See also Table 5. Exclusions in the CMSSM, assuming tang3 = 30,
Ag =2 max(mo, m1/2) and > 0, are also presented, see Fig. 15.

19 KHACHATRYAN 15aH searched in 19.4 or 19.7 fo—1 of pp collisions at /s = 8 TeV
for events containing either a fully reconstructed top quark, or events containing dijets
requiring one or both jets to originate from b-quarks, or events containing a mono-jet.
No significant excess above the Standard Model expectationg is observed. Limits are set
on the sbottom mass in simplified models where the decay b — bi(l) takes place with
a branching ratio of 100%, see Fig. 12. Limits are also set in a simplified model where
the decay b — citl) takes place with a branching ratio of 100%, see Fig. 12.

20 KHACHATRYAN 151 searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for events
in which b-jets and four W-bosons are produced. Five individual search channels are
combined (fully hadronic, single lepton, same-sign dilepton, opposite-sign dilepton, mul-
tilepton). No significant excess above the Standard Model expectations is observed.
Limits are set on the sbottom mass in a simplified model where the decay b — t)'(li,
with )‘(it - wt f(?, takes place with a branching ratio of 100%, see Fig. 7.

21 AAD 14T searched in 20.3 fb—L of pp collisions at /s = 8 TeV for monojet-like events.
No excess of events above the expected level of Standard Model background was found.
Exclusion limits at 95% C.L. are set on the masses of third-generation squarks in simplified
models which assume that the decay b; — b)}? takes place 100% of the time, see Fig.

12.

22 CHATRCHYAN 14AH searched in 4.7 fo—! of pp collisions at /s = 7 TeV for events
with at least two energetic jets and significant £, using the razor variables (MR and
R2) to discriminate between signal and background processes. A second analysis requires
at least one of the jets to be originating from a b-quark. No significant excess above the
Standard Model expectations is observed. Limits are set on sbottom masses in simplified
models where the decay b— bi(l) takes place with a branching ratio of 100%, see Figs.
28 and 29. Exclusions in the CMSSM, assuming tans = 10, Ag =0and p >0, are also
presented, see Fig. 26.

23 CHATRCHYAN 14R searched in 19.5 fb—1 of pp collisions at \/5 = 8 TeV for events
with at least three leptons (electrons, muons, taus) in the final state. No significant
excess above the Standard Model expectations is observed. Limits are set on the gluino
mass in a simplified model where the decay b— tili, with ili - wt ig takes place
with a branching ratio of 100%, see Fig. 11.

24 KHACHATRYAN 15AD searched in 19.4 fb—1 of pp collisions at /s = 8 TeV for events
with two opposite-sign same flavor isolated leptons featuring either a kinematic edge,

or a peak at the Z-boson mass, in the invariant mass spectrum. No evidence for a
statistically significant excess over the expected SM backgrounds is observed and 95%
C.L. exclusion limits are derived in a simplified model of sbottom pair production where
the sbottom decays into a b-quark, two opposite-sign dileptons and a neutralino LSP,
through an intermediate state containing either an off-shell Z-boson or a slepton, see
Fig. 8.

25 AAD 14Ax searched in 20.1 fb~ of pp collisions at /s = 8 TeV for the strong production
of supersymmetric particles in events containing either zero or at last one high high-p+
lepton, large missing transverse momentum, high jet multiplicity and at least three jets
identified as originating from b-quarks. No excess over the expected SM background
is observed. Limits are derived in mSUGRA/CMSSM models with tan3 = 30, Ay =
-2 mq and > 0, see their Fig. 14. Also, exclusion limits are set in simplified models

containing scalar bottom quarks, where the decay b— big and %g — hi? takes place

with a branching ratio of 100%, see their Figures 11.

26 AAD 14 searched in 20.3 b~ of pp collisions at /s = 8 TeV for strongly produced
supersymmetric particles in events containing jets and two same-sign leptons or three
leptons. The search also utilises jets originating from b-quarks, missing transverse mo-
mentum and other variables. No excess over the expected SM background is observed.
Exclusion limits are derived in simplified models containing bottom, see Fig. 7. Limits
are also derived in the mMSUGRA/CMSSM, bRPV and GMSB models, see their Fig. 8.

27 CHATRCHYAN 14H searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
with two isolated same-sign dileptons and jets in the final state. No significant excess
above the Standard Model expectations is observed. Limits are set on the sbottom mass
in a simplified models where the decay b — t)zli, )”cli — Wii(l) takes place with a

branching ratio of 100%, with varying mass of the ;Zf:, for mS(O = 50 GeV, see Fig. 6.
1

28 AAD 13Au searched in 20.1 fb—1 of pp collisions at /s = 8 TeV for events containing
two jets identified as originating from b-quarks and large missing transverse momentum.
No excess of events above the expected level of Standard Model background was found.
Exclusion limits at 95% C.L. are set on the masses of third-generation squarks. Assuming
that the decay by — b)}‘l) takes place 100% of the time, a by mass below 620 GeV is
excluded for m;(o < 120 GeV. For more details, see their Fig. 5.

1

29 CHATRCHYAN 13AT provides interpretations of various searches for supersymmetry by
the CMS experiment based on 4.73-4.98 oL of pp collisions at /s = 7 TeV in the
framework of simplified models. Limits are set on the sbottom mass in a simplified
models where sbottom quarks are pair-produced and the decay b — bx? takes place
with a branching ratio of 100%, see Fig. 4.

30 CHATRCHYAN 13T searched in 11.7 fb—1 of pp collisions at /s = 8 TeV for events
with at least two energetic jets and significant Z, using the o variable to discriminate
between processes with genuine and misreconstructed Z. No significant excess above
the Standard Model expectations is observed. Limits are set on sbottom masses in
simplified models where the decay b — bi? takes place with a branching ratio of
100%, see Fig. 8 and Table 9.

31 CHATRCHYAN 13v searched in 10.5 fb—1 of pp collisions at v/5 = 8 TeV for events with
two isolated same-sign dileptons and at least two b-jets in the final state. No significant
excess above the Standard Model expectations is observed. Limits are set on the bottom
mass in a simplified models where the decay b — t;}fz, if: - wt 5(‘1) takes place

with a branching ratio of 100%, with varying mass of the )Zli for mio =50 GeV, see
1

Fig. 4.

32 AAD 124N searched in 2.05 fb—1 of pp collisions at /s = 7 TeV for scalar bottom quarks
in events with large missing transverse momentum and two b-jets in the final state. The
data are found to be consistent with the Standard Model expectations. Limits are set
in an R-parity conserving minimal supersymmetric scenario, assuming B(b; — bg?) =
100%, see their Fig. 2.

33 CHATRCHYAN 1241 looked in 4.98 fb—1 of pp collisions at /s = 7 TeV for events
with two same-sign leptons (e, w), but not necessarily same flavor, at least 2 b-jets
and missing transverse energy. No excess beyond the Standard Model expectation is
observed. Exclusion limits are derived in a simplified model for sbottom pair production,
where the sbottom decays through by — tXx; W, see Fig. 8.

34 CHATRCHYAN 1280 searched in 4.7 fo~1 of pp collisions at /s = 7 TeV for scalar
bottom quarks in events with large missing transverse momentum and two b-jets in the
final state. The data are found to be consistent with the Standard Model expectations.
Limits are set in an R-parity conserving minimal supersymmetric scenario, assuming
B(b; — bXY) = 100%, see their Fig. 2.

35 AAD 11K looked in 34 pb*1 of pp collisions at /s = 7 TeV for events with heavy
stable particles, identified by their anomalous dE/dx in the tracker or time of flight in
the tile calorimeter, from pair production of b. No evidence for an excess over the SM
expectation is observed and limits on the mass are derived for pair production of sbottom,
see Fig. 4.

36 AAD 110 looked in 35 pb*1 of pp collisions at /s = 7 TeV for events with jets, of
which at least one is a b-jet, and . No excess above the Standard Model was found.
Limits are derived in the (mE’ m51) plane (see Fig. 2) under the assumption of 100%
branching ratios and El being the lightest squark. The quoted limit is valid for mE1 <

500 GeV. A similar approach for £y as the lightest squark with & — # t and & — bX{
with 100% branching ratios leads to a gluino mass limit of 520 GeV for 130 < m;l <
300 GeV. Limits are also derived in the CMSSM (mo, ’"1/2) plane for tang3 = 40, see
Fig. 4, and in scenarios based on the gauge group SO(10).

37 CHATRCHYAN 11D looked in 35 pb_1 of pp collisions at /s = 7 TeV for events with
> 2 jets, at least one of which is b-tagged, and £, where the b-jets are decay products

of T or b. No evidence for an excess over the expected background is observed. Limits
are derived in the CMSSM (mg, ’”1/2) plane for tan3 = 50 (see Fig. 2).

38 AALTONEN 10R searched in 2.65 fb—1 of pp collisions at /5 = 1.96 TeV for events with
Z7 and exactly two jets, at least one of which is b-tagged. The results are in agreement
with the SM prediction, and a limit on the cross section of 0.1 pb is obtained for the
range of masses 80 < mB < 280 GeV assuming that the sbottom decays exclusively to

1
b)}(l). The excluded mass region in the framework of conserved Rp is shown in a plane
of (m~ , m_y), see their Fig.2.
( by X(l)) g
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39 ABAZOV 10L looked in 5.2 fb~1 of pp collisions at /s = 1.96 TeV for events with

at least 2 b-jets and £ from the production of by by. No evidence for an excess over > 720 95 8 AABOUD 17BE ATLS  (F0F + B, Tstopl, mo = 0
the SM expectation is observed, and a limit on the cross section is derived under the GeVv 1
assumption of 100% branching ratio. The excluded mass region in the framework of > 400 95 9 AABOUD 17BE ATLS (T ¢F + B, Tstops,
conserved Ry, is shown in a plane of (mgl,mio), see their Fig. 3b. The exclusion also my —m_p = 40 GeV

1 1 X

extends to mzo = 110 GeV for 160< my = < 200 GeV. > 430 95  10AABOUD 178 ATLS (T + pp, Tstopl (offshell
_ t), m?l—m%(l) ~ myy
R-parity violating b (Sbottom) mass limit > 700 95 11 AABOUD 17BE ATLS (£ 6F + B, Tstop2,
VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT my —m_. =10 GeV, m_;
>307 95 LKHACHATRY..168x CMS RPV, b — td or ts, Mg, or M, | 0 Gev
coupling > 750 95 12 KHACHATRY..17 CMS jets+Ep, Tstopl,m_o=100GeV
e o o \We do not use the following data for averages, fits, limits, etc. o o o 1 X1
5 S ~ s none 250-740 95 3 KHACHATRY..17AD CMS jets+b-jets+Fp, Tstopl, m_g
AAD 148 ATLS (5 (6F) + jets, by — tx3 oV Xi
=0 Ge
with ili - w)=E X9 sim- > 610 95 14 KHACHATRY..17AD CMS  jets+b-jets+Fy, mixture
plified model, m_. = 2 m_g Tstopl and Tstop2 with
X1 X1 BR=50%, m%0 = 60 GeV
1 . 1 i - _ 1
KHAC_H_ATRYAN 16BX se_arched in 19.5_fb . of_pp collisions at /s = 8 Te\_/ for E\_/ents > 590 95 15 KHACHATRY..17P CMS 1 or more jets+Ep, Tstops,
containing 2 leptons coming from R-parity-violating decays of supersymmetric particles. m_.—m-n =5 GeV, m_,
No excess over the expected background is observed. Limits are derived on the sbottom )"(II x? ! X(l)
mass, assuming the RPV b — td or b — ts decay, see Fig. 15. 15 = 100 GeV
2 AAD 14E searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for strongly produced none 280-640 95 KHACHATRY..17p CMS 1 o:nmore J%tSGJrET’ Tstopl,
supersymmetric particles in events containing jets and two same-sign leptons or three ;0 o
leptons. The search al_so utilises jets originating from b-quarks, missing transverse mo- > 350 95 15 KHACHATRY..177 CMS 1 or more jets+Ep, Tstops, 10
mentum and other variables. No excess over the expected SM background is observed. GeV <'m; —m_, < 80
Exclusion limits are derived in simplified models containing bottom, see Fig. 7. Limits t
are also derived in the mSUGRA/CMSSM, bRPV and GMSB models, see their Fig. 8. 15 GeV
> 280 95 KHACHATRY..17p CMS 1 or more jets+Zp, Tstop3, 10
- GeV < my —Mm—g < 80
t (Stop) mass limit v oM
> 320 95 15 KHACHATRY..17P CMS 1 or more jets+%p, Tstop, 10
Limits depend on the decay mode. In et e~ collisions they also depend GeV < m; —m_g < 80
on the mixing angle of the mass eigenstate tl = thosﬂt + tRsmet The Gev b X1
coupling to the Z vanishes when 6; = 0.98. In the L.|st|ngs below, we use > 240 95 16 KHACHATRY..175 CMS jets+ %, Tstop4, my —m_g =
Am = my —m_gor Am = my — mg;, depending on relevant decay X1
ty Xioo t 10 GeV
mode. See also bounds in “G (Squark) MASS LIMIT.” > 225 95 17 KHACHATRY..17s CMS jets+Fp, Tstop3, my = meg =
1
Some earlier papers are now obsolete and have been omitted. They were 18 10 GeV
last listed in our PDG 14 edition: K. Olive, et al. (Particle Data Group), > 325 95 KHACHATRY..17s CMS  jets+£r, Tstop2, Mot = 0.25
Chinese Physics €38 070001 (2014) (http://pdg.Ibl.gov). my 4075 m_g, m_g = 225
- 19 . Gev
R-parity conserving t (Stop) mass limit > 400 95 KHACHATRY..17s CMS  jets+Zp, Tstop2, m>~<1i =0.75
VALUE (GeV) L% DOCUMENT _ID TECN _ COMMENT my + 0.25 m_g, m_g =0
> 510 95 LSIRUNYAN 188 CMS jets+lfy, Tstopd, my — m_o = | Gev I
10 Gev ! > 500 95 20 KHACHATRY..17s CMS jets+Fp, Tstopl, mey =0
> 800 95 25IRUNYAN  18C CMS  ¢E4F + brjets + By, Tstopl, | Gev !
meo =0 >1120 95 2L SIRUNYAN  17a5 CMS  lé+jets+Eq, Tstopl, meg =0
1 1
> 750 95 2SIRUNYAN  18c CMS  ¢E(F + brjets + By, Tstop2, | ” GeV
+ = (m;+ m=)/2, >1000 95 SIRUNYAN  17AS CMS  Lé+jets+Eqp, Tstop2, m_,. =
X1 X1
m_g =0 (my + m_g)/2, m_og =0
2 X G \l; X1 X1
. ¥ . e
>1050 95 SIRUNYAN 18c CMS Combl:réatlon o;all hadronic, I > 980 95 21 IRUNYAN 1745 CMS  16+jets+ s, Tstops,
£ and €= ¢ searches, Mmoo . — 5 GeV. m
_ ~+~M-p = » M=o
Tstopl, m>~<0 =0 X7 X1 X1
=0 GeV
>1000 95 2 SIRUNYAN 18c CMS  Combination of all-hadronic, I >1040 95 22 §IRUNYAN 17T CMS  jets+Ep, Tstopl, m_g = 0
1 0% and % ¢F searches, Gev X1
Tstop2, m_,. = ~
stop2, m_y. = (my + > 750 95 22SIRUNYAN  17AT CMS  jets+Ep, Tstop2, m_, = (my
X1

1
~0)/2,m_g =0
mxg)/ mo +my, )/2 meo = 0 Gev
2 LT + b
>1200 95 SIRUNYAN  18c CMS ¢=/ +f]ets + B, Tstopll, | < 940 95 2 GIRUNYAN  17AT CMS Jet5+ET, Tstops, m_. —m_,
m%l =05 (m? + m%‘])’ X7 Xi
1 =5 GeV, m;(0 =100 GeV

1
ms=05m_, ,m_5g=0
PR 1

]

X1 22 i
540 95 SIRUNYAN ~ 17aT CMS et , Tstop3, 10 GeV

>1300 95 2SIRUNYAN  18c CMS ¢+ ¢F + brets + £y, Tstopll, | > s Sﬁzfmfo"i 0 Gy

m_, =05 (m + m~0) X

X1 > 480 95 22SIRUNYAN 17T CMS  jets+/p, Tstopd, 10 GeV <

= 095 myi""g‘)*o my, ~msg < 80 GeV

1

none 460-1060 95 2SIRUNYAN 18 CMS ziﬁ + bijets + B, Tstopit, | < 530 o5 2GIRUNYAN 17T CMS  Jets+Fp, Tstopl0, m_. —

_+ =05 (m~ + m_g) X

t 0 '

1
m~ + m_p)/2, 10 GeV <
7005mN+,mN070 (my 3/

/ X X

1 my —m_g < 80 GeV
>1020 95 3 SIRUNYAN 180 CMS  top quark (hadronically decay- I 23 10X
ing) + jets + K, Tstopl, >1070 95 SIRUNYAN 17Aaz CMS > 1 jets+fp, Tstopl, m_g =
mio =0 Gev 0 GeVv .
1 23 T
> 700 95 4AABOUD  17A) ATLS same-sign (£ ¢% /3¢ 4 jets + | > 900 95 SIRUNYAN  17AZCMS > 1 jets+Zp, Tstop2, M
, Tstopll, m_y = m_ — —
Er P 9 2 = (my + m;(?)/Z, m;(? =0
+ 100 GeV Gev
> 880 95 5 AABOUD 17AX ATLS  b-jets-+E7, mixture Tstopl and | ~1020 95 BSIRUNYAN  17AZCMS > Ljets+ g, Tstops,
Tstop2 with BR=50%, m_g “m_,—m_y =5 GeV, m_q
X1 X1 X1 X1
=0GeV, m_g4 - m)?O =1 = 100 GeV
X1 1 > 540 95 23SIRUNYAN  17AzCMS > 1 jets+Eyp, Tstop4, 10 GeV
6 . Gev - < m; —m_y < 80 GeV
none 250-1000 95 AABOUD 17ay ATLS  jets+Ep, Tstopl, mio =0 I n X
Gev ! none 280-830 95 24SIRUNYAN 17k CMS 0, 1 (Fjets+Ep (combina-
none 450-850 95 7 AABOUD 17AY ATLS  jets+E, mixture of Tstopl I tion), Tstop1, mio =0 GeV
1

and Tstop2 with BR=50%,
—+ —m_ =1GeV
X1 X1
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> 240 95 43 AAD 141 ATLS B — cxX§.my —m_y <85 GeV
> 700 95 245IRUNYAN 17k CMS 0, 1 (E4jets+Fp (combina- | B 1 X]
tion), Tstop8, m_, — m2e > 255 95 43 AAD 14T ATLS B — bff'R), my = mop ~
X1 1
=5GeV, m_g = 100 GeV a4 mp B o
Xi > 400 95 CHATRCHYAN14AHCMS  jets + Fp, T — tX] simplified
> 160 95 24SIRUNYAN 17k CMS  jets+Ep, Tstopd, 10 < | model, m_g = 50 GeV
m;—m;(o < 80 GeV Xi N
1 45 > 3t 7 < 30
none 230-960 95  25SIRUNYAN  17p CMS jetstfp, Tstopl, m_g = 0 | CHATRCHYAN14R CMS > 1‘ Pt /(”X1 /OtX1g'
Gev X1 Xy = (ad /)X, X)) =
> 990 95 25SIRUNYAN  17p CMS  jets+Ep, Tsbotl, m_g = 0 | (H/Z)G, GMSB, natural
Gev X1 26 higgsino NLSP scenario
€
> 323 95 26 AABOUD 160 ATLS > 1jet + fop, Tstopd, I > 740 95 KHACHATRY..14T CMS 7 + b-jets, RPV, LQD, /\333 P
my —m_g = 5 GeV 0,t— 7b Slmp|lﬂ£d model
27 Lt Xi > 580 95 46 KHACHATRY..14T CMS 7 + b-jets, RPV, LQD, Ny #
none, 745-780 95 AABOUD 165 ATLS 16% + > 4jets + B, | ; .
Tstopl, m_g = 0 GeV 0(j # =3),t— X*b,
28 o i X1 i )}i — qqri simplified
> 490-650 95 AAD 16AY ATLS  2¢ (including hadronic 7) + Ep, I mode
Tstop5, 87 GeV< mz < m;l e o o We do not use the following data for averages, fits, limits, etc. o o
> 700 95 29 KHACHATRY..16av CMS 1 or 2 £ tjets+brjets+ i, | > 850 95 47TAABOUD  17AF ATLS 2(+jets+b-jets+Eyp, Tstops,
Tstopl, Mo < 250 GeV meo =0
1 48 e :
> 700 95 22 KHACHATRY..16av CMS 1 or 2 £ tjetstbjets fr, | > 800 9 AABOUD  17AF ATLS  2(-+jets+bjets+ /iy, Tstop?
Tstop2, m_q = 0 GeV, m_, with 100% decays via Z,
X1 m_y = 50 GeV
=0.75 m; + 0.25 m_g 49 X1
51 X1 > 880 95 AABOUD 17AF ATLS = 2(+jets+b-jets+Ep, Tstop7
> 775 95 30 KHACHATRY..168K CMS jets+lZ‘T,Tstop1,m)v(0 <200GeV I with 100% decays via higgs,
1 m-y = 50 GeV
> 620 95 30 KHACHATRY..168k CMS  Jets+Zp, Tstop2, m_,=0 GeV | X0
a3 ] X1 50 AABOUD 17aY ATLS  jets+Jp, pMSSM-inspired
> 800 95 KHACHATRY...16BS CMS  jets+/p, Tstopl, m~0:0 GeV I > 230 ROLBIECKI 15 THEO W W xsection, ‘tl N bW)N((lJ,
> 316 95 32 KHACHATRY..16y CMS 1 or 2 soft ¢+ 4 jets + Ep, | My, S Mp My Mg
Tstop3, MM =25 GeV > 600 95 51 AAD 148 ATLS Z+bEp, ty — Zi, t —
> 250 95 33 AAD 15¢) ATLS  B(f = cx)+B(f — bFF'XY) X9, m_ 2 < 200 GeV
=1, m—m_y =1 Vv
P MM = 10 Ge > 540 95 5laAD 148 ATLS Z+b By, tl - 3. %9 -
> 270 95 33AAD 1500 ATLS = cX{, my — m. =80 GeV Z G, natural GMSB, 100 GeV
33 ~ -0 1 <m_y < m; —10 GeV
none, 200-700 95 AAD 15¢) ATLS t — txl, m_y =0 X1 ty
33 N P i > 360 95 52 CHATRCHYAN14U CMS & — bXir, 3& — /%0,
> 500 95 AAD 15c) ATLS B(t — tX9) + B(f = bX7") 0 S
—x (+) 20 Xl — H G simplified model,
=Lxy = WXL mos m_,— m_y =5 GeV,GMSB
=2m_y, m_y < 160 GeV' T
R > 215 95 CZAKON 14 t— tx3, m o < 10 GeV
33 7, 7. - _ ~ — 1 ~
> 600 % AAD ISCIATLS o = Zty, my = mgq =180 53 KHACHATRY..14c CMS , — M or ty —» ZF sim-
GeV, m_y =0 plified model
X1 1 . —1 e .
33 < = _ _ SIRUNYAN 18B searched in 35.9 fb of pp collisions at /s = 13 TeV for the pair
> 600 % AAD I5CHATLS 1y — hity, m m)“(‘f =180 production of third-generation squarks in events with jets and large £p. No significant
GeV, m_; =0 excess above the Standard Model expectations is observed. Limits are set on the sbottom
3 0 X1 mass in the Tsbotl simplified model, see their Figure 5, and on the stop mass in the
none, 172.5-191 95 4 AAD 155 ATLS t— txy, m ~o =1 GeV Tstop4 simplified model, see their Figure 6.
2 . 1 . _ .
35 ~ -0 _ SIRUNYAN 18c searched in 35.9 fb—+ of pp collisions at /s = 13 TeV for the pair
> 450 95 KHACHATRY...15AF CMS £ — tXl’ m§<(13 =0, my > mg production of top squarks in events with two oppositely charged leptons (electrons or
+ m_g muons), jets identified as originating from a b-quark and large Z. No significant excess
_ X above the Standard Model expectations is observed. Limits are set on the stop mass in
> 560 95 36 KHACHATRY..15AHCMS T — t}cl, m_g =0, my >myg the Tstopl, Tstop2 and Tstopll simplified models, see their Figures 11 and 12. The
X t . . . .
+m 1 Tstopl and Tstop2 results are combined with complementary searches in the all-hadronic
XY and single lepton channels, see their Figures 13 and 14.
> 250 95 37T KHACHATRY..15AHCMS T — cX3, my—m_g <10 GeV 3SIRUNYAN 18D searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for events con-
t X taining identified hadronically decaying top quarks, no leptons, and Zp. No significant
none, 200-350 95 38 KHACHATRY..15. CMS f — qq, RPV, )\ 12 #0 excess above the Standard Model expectations is observed. Limits are set on the stop
. 38 mass in the Tstopl simplified model, see their Figure 8, and on the gluino mass in the
none, 200-385 95 o KHACHATRY..15L CMS £ — qb, RPV, Azp3 #0 Tglu3A, Tglu3B, Tglu3C and Tglu3E simplified models, see their Figure 9.
> 730 95 KHACHATRY..15x CMS  — txl, m @ = 100 GeV, 4 AABOUD 171 searched in 36.1 fb—1 of pp collisions at /5 = 13 TeV for events with two
m= > my + m_, same-sign or three leptons, jets and large m_issing transverse mgm_entum. No significant
t X1 excess above the Standard Model expectations is observed. Limits up to 700 GeV are
none 400-645 95 39 KHACHATRY..15X CMS T — tX(l) ort — bxli’ "7%0 set on the top squark mass in Tstopll simplified models, assuming m?(f = m; — 275
=100 GeV, m_; — m_g = GeV and m)N(O = m;(o + 100 GeV. See their Figure 4(e).
X1 X 2 1
40 5 GeV ~ -0 5 AABOUD 17Ax searched in 36 fb—1 of pp collisions at /s = 13 TeV for events containing
none 270-645 95 AAD 14AJ ATLS > 4jets + Bp, tp — X5, two jets identified as originating from b-quarks and large missing transverse momentum,
m_y < 30 GeV with or without leptons. No excess of events above the expected level of Standard Model
X1 _ " background was found. Exclusion limits at 95% C.L. are set on the masses of top squarks.
none 250-550 95 40 AAD 14A) ATLS > 4 jets + Ep, B(ty — bX7) Assuming 50% BR for Tstopl and Tstop2 simplified models, a t; mass below 880 (860)
=50% m_, =2m_, GeV is excluded for ’";(0 = 0 (<250) GeV. See their Fig. 7(b).
X1 X7 1
m_, < 60 GeV 6 AABOUD 17AY searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with
4 n X_l - 0 at least four jets and large missing transverse momentum. No significant excess above
none 210-640 95 AAD 14BD ATLS (7 + jets + Fp, t; = tXj5, the Standard Model expectations is observed. Limits in the range 250-1000 GeV are
m_y = 0 GeV set on the top squark mass in Tstopl simplified models. For the first time, additional
" X1 _ 4 constraints are set for the region m? ~ Mmy + m_g, with exclusion of the t; mass
> 500 95 41 AAD 148D ATLS  (F + Jets + Bp, 1 — bXT, o h Xi
_ range 235-590 GeV. See their Figure 8.
m_, =2m_g, 100 GeV < 7 i 1 . i
X1 X1 AABOUD 17AY searched in 36.1 fb~* of pp collisions at /s = 13 TeV for events with at
m-y, < 150 GeV least four jets and large missing transverse momentum. No significant excess above the
0 + Xl_ _ —+ Standard Model expectations is observed. Limits in the range 450-850 GeV are set on
none 150-445 95 AAD 14F ATLS (* (T final state, t; — bXi the top squark mass in a mixture of Tstopl and Tstop2 simplified models with BR=50%
my — m_y =10 GeV, m, and assuming m_,. — m_g = 1 GeV and m_q < 240 GeV. Constraints are given for
t X1 X1 X; X1 Xi
2 L= 1 GeV _ 0 various values of the BR. See their Figure 9.
none 215-530 95 AAD 14F ATLS (=T final state, t) — tX}, 8 AABOUD 17BE searched in 36.1 fb~ of pp collisions at /s = 13 TeV for events with two
mio =1 GeV opposite-charge leptons (electrons and muons) and large missing transverse momentum.
43 ~ 1 -0 No significant excess above the Standard Model expectations is observed. Limits up to
> 270 95 AAD 147 ATLS t; — cX1r

m_gy = 200 GeV
X1

720 GeV are set on the top squark mass in Tstopl simplified models, assuming massless
neutralinos. See their Figure 9 (2-body area).
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9 AABOUD 178BE searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with two
opposite-charge leptons (electrons and muons) and large missing transverse momentum.
No significant excess above the Standard Model expectations is observed. Limits up to

400 GeV are set on the top squark mass in Tstop3 simplified models, assuming my —mio
1 1

= 40 GeV. See their Figure 9 (4-body area).

10 AABOUD 17BE searched in 36.1 fb—! of pp collisions at /5 = 13 TeV for events
with two opposite-charge leptons (electrons and muons) and large missing transverse
momentum. No significant excess above the Standard Model expectations is observed.
Limits up to 430 GeV are set on the top squark mass in Tstopl simplified models where
top quarks are offshell, assuming mAtl—m%(, close to the W mass. See their Figure 9

1

(3-body area).

11 AABOUD 17BE searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events
with two opposite-charge leptons (electrons and muons) and large missing transverse
momentum. No significant excess above the Standard Model expectations is observed.
Limits up to 700 GeV are set on the top squark mass in Tstop2 simplified models,
assuming m?l—mi: = 10 GeV and massless neutralinos. See their Figure 10.

1

12 KHACHATRYAN 17 searched in 2.3 fb—! of pp collisions at /s = 13 TeV for events
containing four or more jets, no more than one lepton, and missing transverse momentum,
using the razor variables (Mg and R2) to discriminate between signal and background
processes. No evidence for an excess over the expected background is observed. Limits
are derived on the stop mass in the Tstopl simplified model, see Fig. 17.

13 KHACHATRYAN 17AD searched in 2.3 fb— of pp collisions at /5 = 13 TeV for events
containing at least four jets (including b-jets), missing transverse momentum and tagged
top quarks. No evidence for an excess over the expected background is observed. Top
squark masses in the range 250-740 GeV and neutralino masses up to 240 GeV are
excluded at 95% C.L. See Fig. 12.

14 KHACHATRYAN 17AD searched in 2.3 fb~! of pp collisions at /5 = 13 TeV for events
containing at least four jets (including b-jets), missing transverse momentum and tagged
top quarks. No evidence for an excess over the expected background is observed. Limits
are derived on the t mass in simplified models that are a mixture of Tstopl and Tstop2
with branching fractions 50% for each of the two decay modes: top squark masses of up

to 610 GeV and neutralino masses up to 190 GeV are excluded at 95% C.L. The ili and

the }(IJ are assumed to be nearly degenerate in mass, with a 5 GeV difference between
their masses. See Fig. 12.

15 KHACHATRYAN 17p searched in 2.3 fb—! of pp collisions at /s = 13 TeV for events
with one or more jets and large Z7. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A, Tglu3B, Tglu3C and Tglu3D simplified models, see their Figures 7 and 8. Limits
are also set on the squark mass in the Tsqkl simplified model, see their Fig. 7, and on
the sbottom mass in the Tsbotl simplified model, see Fig. 8. Finally, limits are set on
the stop mass in the Tstopl, Tstop3, Tstop4, Tstop6 and Tstop7 simplified models, see
Fig. 8.

16 KHACHATRYAN 175 searched in 18.5 fb—1 of pp collisions at /s = 8 TeV for events
containing multiple jets and missing transverse momentum, using the oy variable to
discriminate between signal and background processes. No evidence for an excess over
the expected background is observed. Limits are derived on the stop mass in the Tstop4

model: for Am = my — m>~<° equal to 10 and 80 GeV, masses of stop below 240 and

260 GeV are excluded, respec%ively. See their Fig.3.

17 KHACHATRYAN 175 searched in 18.5 fo—L of pp collisions at /s = 8 TeV for events
containing multiple jets and missing transverse momentum, using the o variable to
discriminate between signal and background processes. No evidence for an excess over
the expected background is observed. Limits are derived on the stop mass in the Tstop3

model: for Am = my — m)?o equal to 10 and 80 GeV, masses of stop below 225 and

130 GeV are excluded, respec%ively. See their Fig.3.

KHACHATRYAN 17s searched in 18.5 fb—! of pp collisions at /s = 8 TeV for events
containing multiple jets and missing transverse momentum, using the o variable to
discriminate between signal and background processes. No evidence for an excess over
the expected background is observed. Limits are derived on the stop mass in the Tstop2
model: assuming mii = 0.25 my + 0.75 m)?o, masses of stop up to 325 GeV and

=
®

1
masses of the neutrali}lo up to 225 GeV are excluded. See their Fig.3.
KHACHATRYAN 175 searched in 18.5 fo—! of pp collisions at /s = 8 TeV for events
containing multiple jets and missing transverse momentum, using the oy variable to
discriminate between signal and background processes. No evidence for an excess over
the expected background is observed. Limits are derived on the stop mass in the Tstop2
model: assuming m)w(i = 0.75 m; + 0.25 mio' masses of stop up to 400 GeV are

=
)

1
excluded for low neutrlalino masses. See their Fig.3.

20 KHACHATRYAN 175 searched in 18.5 fb— of pp collisions at /s = 8 TeV for events
containing multiple jets and missing transverse momentum, using the a T variable to
discriminate between signal and background processes. No evidence for an excess over
the expected background is observed. Limits are derived on the stop mass in the Tstopl
model: assuming masses of stop up to 500 GeV and masses of the neutralino up to 105
GeV are excluded. See their Fig.3.

21 SIRUNYAN 17As searched in 35.9 fo—L of pp collisions at /5 = 13 TeV for events with
a single lepton (electron or muon), jets, and large Zp. No significant excess above the
Standard Model expectations is observed. Limits are set on the stop mass in the Tstopl,
Tstop2 and Tstop8 simplified models, see their Figures 5, 6 and 7.

225|RUNYAN 17AT searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for direct
production of top squarks in events with jets and large £. No significant excess above
the Standard Model expectations is observed. Limits are set on the stop mass in the
Tstopl, Tstop2 , Tstop3, Tstop4, Tstop8 and TstoplO simplified models, see their
Figures 9 to 14.

23 5IRUNYAN 17Az searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for events
with one or more jets and large Zp. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A simplified models, see their Figures 6. Limits are also set on the squark mass in
the Tsqkl simplified model (for single light squark and for 8 degenerate light squarks),
on the sbottom mass in the Tsbot1 simplified model and on the stop mass in the Tstopl
simplified model, see their Fig. 7. Finally, limits are set on the stop mass in the Tstop2,
Tstop4 and Tstop8 simplified models, see Fig. 8.

24 5|IRUNYAN 17k searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for direct produc-
tion of stop or shottom pairs in events with multiple jets and significant Z7. A second
search also requires an isolated lepton and is combined with the all-hadronic search. No
significant excess above the Standard Model expectations is observed. Limits are set on
the stop mass in the Tstopl, Tstop8 and Tstop4 simplified models, see their Figures 7, 8
and 9 (for the Tstop4 limits, only the results of the all-hadronic search are used). Limits
are also set on the sbottom mass in the Tsbotl simplified model, see Fig. 10 (also here,
only the results of the all-hadronic search are used).

255|RUNYAN 17p searched in 35.9 fb—L of pp collisions at /s = 13 TeV for events with
multiple jets and large Z7. No significant excess above the Standard Model expectations
is observed. Limits are set on the gluino mass in the TglulA, TglulC, Tglu2A, Tglu3A
and Tglu3D simplified models, see their Fig. 12. Limits are also set on the squark mass
in the Tsqkl simplified model, on the stop mass in the Tstopl simplified model, and on
the sbottom mass in the Tsbotl simplified model, see Fig. 13.

26 AABOUD 16D searched in 3.2 fb—L of pp collisions at v/5 = 13 TeV in events with
an energetic jet and large missing transverse momentum. The results are interpreted as
95% C.L. limits on mass of stop decaying into a charm-quark and the lightest neutralino
in scenarios with m?l— m;(o between 5 and 20 GeV. See their Fig. 5.

1

27 AABOUD 16J searched in 3.2 fo—1 of pp collisions at /s = 13 TeV in final states with
one isolated electron or muon, jets, and missing transverse momentum. For the direct
stop pair production model where the stop decays via top and lightest neutralino, the
results exclude at 95% C.L. stop masses between 745 GeV and 780 GeV for a massless

i(l] See their Fig. 8.

28 AAD 16AY searched in 20 fb—1 of pp collisions at /s = 8 TeV for events with either two
hadronically decaying tau leptons, one hadronically decaying tau and one light lepton, or
two light leptons. No significant excess over the Standard Model expectation is found.
Exclusion limits at 95% C.L. on the mass of top squarks decaying via 7 to a nearly
massless gravitino are placed depending on mz which is ranging from the 87 GeV LEP
limit to rn?l. See their Figs. 9 and 10.

29 KHACHATRYAN 16Av searched in 19.7 fb—1 of pp collisions at /s = 8 TeV for events
with one or two isolated leptons, hadronic jets, b-jets and Zp. No significant excess
above the Standard Model expectations is observed. Limits are set on the stop mass in
the Tstopl and Tstop2 simplified models, see Fig. 11.

30 KHACHATRYAN 16BK searched in 18.9 fb—1 of pp collisions at /s = 8 TeV for events
with hadronic jets and Zp. No significant excess above the Standard Model expectations
is observed. Limits are set on the stop mass in the Tstopl and Tstop2 simplified models,
see Fig. 16.

31 KHACHATRYAN 16Bs searched in 2.3 fo—L of pp collisions at /5 = 13 TeV for events
with at least one energetic jet , no isolated leptons, and significant Zp, using the trans-
verse mass variable My to discriminate between signal and background processes. No
significant excess above the Standard Model expectations is observed. Limits are set on
the stop mass in the Tstopl simplified model, see Fig. 11 and Table 3.

32 KHACHATRYAN 16Y searched in 19.7 fb—L of pp collisions at /s = 8 TeV for events
with one or two soft isolated leptons, hadronic jets, and Zp. No significant excess above
the Standard Model expectations is observed. Limits are set on the stop mass in the
Tstop3 simplified model, see Fig. 3.

33 AAD 15cJ searched in 20 fb—1 of pp collisions at /s = 8 TeV for evidence of third
generation squarks by combining a large number of searches covering various final states.
Stop decays with and without charginos in the decay chain are considered and summaries
of all ATLAS Run 1 searches for direct stop production can be found in Fig. 4 (no
intermediate charginos) and Fig. 7 (intermediate charginos). Limits are set on stop
masses in compressed mass regions regions, with B(f — c}?) +B(t - bff’)}(l)) =
1, see Fig. 5. Limits are also set on stop masses assuming that both the decay T
t;?(l) and t — b)}li are possible, with both their branching rations summing up to 1,

assuming >~<1i — W(*);}? and m%i =2 mio, see Fig. 6. Limits on the mass of the

1 1
next-to-lightest stop t,, decaying either to Z't;, hty or t)?(lJ, are also presented, see Figs.
9 and 10.Interpretations in the pMSSM are also discussed, see Figs 13-15.

34 AAD 15) interpreted the measurement of spin correlations in t% production using 20.3
b1 of pp collisions at /s = 8 TeV in exclusion limits on the pair production of light }1
squarks with masses similar to the top quark mass. The ?1 is assumed to decay through
?1 — tj‘(? with predominantly right-handed top and a 100% branching ratio. The data
are found to be consistent with the Standard Model expectations and masses between
the top quark mass and 191 GeV are excluded, see their Fig. 2

35 KHACHATRYAN 154F searched in 19.5 fb—! of pp collisions at /5 = 8 TeV for events
with at least two energetic jets and significant Zp, using the transverse mass variable
M to discriminate between signal and background processes. No significant excess
above the Standard Model expectations is observed. Limits are set on the stop mass in
simplified models where the decay t — tf(? takes place with a branching ratio of 100%,
see Fig. 12. See also Table 5. Exclusions in the CMSSM, assuming tang3 = 30, AO =
—2 max(my, "71/2) and > 0, are also presented, see Fig. 15.

36 KHACHATRYAN 15AH searched in 19.4 or 19.7 fb—L of pp collisions at /s = 8 TeV
for events containing either a fully reconstructed top quark, or events containing dijets
requiring one or both jets to originate from b-quarks, or events containing a mono-jet.
No significant excess above the Standard Model expectations is observed. Limits are set
on the stop mass in simplified models where the decay T — tf(? takes place with a
branching ratio of 100%, see Fig. 9. Limits are also set in simplified models where the
decays T — t%? and t — b)"(li, with Mo - Mg = 5 GeV, each take place with a
branching ratio of 50%, see Fig. 10, or withlother frlactions, see Fig. 11. Finally, limits
are set in a simplified model where the decay t — ci(l] takes place with a branching
ratio of 100%, see Figs. 9, 10 and 11.

37 KHACHATRYAN 15AH searched in 19.4 or 19.7 fb—! of pp collisions at /s = 8 TeV
for events containing either a fully reconstructed top quark, or events containing dijets
requiring one or both jets to originate from b-quarks, or events containing a mono-jet.
No significant excess above the Standard Model expectations is observed. Limits are set

on the stop mass in simplified models where the decay T ti? takes place with a
branching ratio of 100%, see Fig. 9. Limits are also set in simplified models where the

decays t — ti? and t — bili, with Moy —mog = 5 GeV, each take place with a

1 1
branching ratio of 50%, see Fig. 10, or with other fractions, see Fig. 11. Finally, limits
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are set in a simplified model where the decay T ci(l) takes place with a branching
ratio of 100%, see Figs. 9, 10, and 11.

38 KHACHATRYAN 15L searched in 19.4 fo—1 of pp collisions at /s = 8 TeV for pair
production of heavy resonances decaying to pairs of jets in four jet events. No significant
excess above the Standard Model expectations is observed. Limits are set on the stop

mass in R-parity-violating supersymmetry models where T— qq ()‘g12 # 0), see Fig.
6 (top) and t — gb (/\;123 # 0), see Fig. 6 (bottom).

39 KHACHATRYAN 15x searched in 19.3 fb—1 of pp collisions at \/5 = 8 TeV for events
with at least two energetic jets, at least one of which is required to originate from a b
quark, possibly a lepton, and significant %, using the razor variables (Mp and R2) to
discriminate between signal and background processes. No significant excess above the
Standard Model expectations is observed. Limits are set on the stop mass in simplified
models where the decay t — t%? and the decay t — bf(li, with Moy = meg = 5

1 1
GeV, take place with branching ratios varying between 0 and 100%, see Figs. 15, 16 and
17.

40 AAD 144 searched in 20.1 fo—L of pp collisions at /s = 8 TeV for events containing
four or more jets and large missing transverse momentum. No excess of events above
the expected level of Standard Model background was found. Exclusion limits at 95%
C.L. are set on the masses of third-generation squarks in simplified models which either
assume that the decay t; — ti? takes place 100% of the time, see Fig. 8, or that this

decay takes place 50% of the time, while the decay ?1 — bx?: takes place the other

50% of the time, see Fig. 9.

41 AAD 148D searched in 20 fb—! of pp collisions at /s = 8 TeV for events containing
one isolated lepton, jets and large missing transverse momentum. No excess of events
above the expected level of Standard Model background was found. Exclusion limits at
95% C.L. are set on the masses of third-generation squarks in simplified models which
either assume that the decay ?1 — txﬁ) takes place 100% of the time, see Fig. 15, or

the decay t1 — b)(li takes place 100% of the time, see Fig. 16-22. For the mixed

decay scenario, see Fig. 23.

42 AAD 14F searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for events containing
two leptons (e or ), and possibly jets and missing transverse momentum. No excess
of events above the expected level of Standard Model background was found. Exclusion
limits at 95% C.L. are set on the masses of third-generation squarks in simplified models
which either assume that the decay ?1 — b)”(li takes place 100% of the time, see Figs.

14-17 and 20, or that the decay ?1 — tf((l) takes place 100% of the time, see Figs. 18
and 19.

43 AAD 14T searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for monojet-like and
c-tagged events. No excess of events above the expected level of Standard Model back-
ground was found. Exclusion limits at 95% C.L. are set on the masses of third-generation
squarks in simplified models which assume that the decay ?1 — c%(l) takes place 100% of
the time, see Fig. 9 and 10. The results of the monojet-like analysis are also interpreted
in terms of stop pair production in the four-body decay ?1 — bff’x(lJ, see Fig. 11.

44 CHATRCHYAN 14AH searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events
with at least two energetic jets and significant /7, using the razor variables (Mg and
R2) to discriminate between signal and background processes. A second analysis requires
at least one of the jets to be originating from a b-quark. No significant excess above the
Standard Model expectations is observed. Limits are set on sbottom masses in simplified
models where the decay Tt (1) takes place with a branching ratio of 100%, see Figs.
28 and 29. Exclusions in the CMSSM, assuming tan = 10, Ay = 0 and p >0, are also
presented, see Fig. 26.

45 CHATRCHYAN 14R searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
with at least three leptons (electrons, muons, taus) in the final state. No significant
excess above the Standard Model expectations is observed. Limits are set on the stop
mass in a natural higgsino NLSP simplified model (GMSB) where the decay T b)?li,

with ili — (qq' /tv)H, Z G, takes place with a branching ratio of 100% (the particles
between brackets have a soft p spectrum), see Figs. 4-6.

46 KHACHATRYAN 14T searched in 19.7 fb—L of pp collisions at /5 = 8 TeV for events
with 7-leptons and b-quark jets, possibly with extra light-flavour jets. No excess above
the Standard Model expectations is observed. Limits are set on stop masses in RPV
SUSY models with LQD couplings, in two simplified models. In the first model, the
decay t — b is considered, with A’333 # 0, see Fig. 3. In the second model, the decay

t— Xi b, with the subsequent decay x X — qui

the mass splitting between the top squark and the charging chosen to be 100 GeV, see
Fig. 4.

47 AABOUD 17AF searched in 36 fb—! of pp collisions at /s = 13 TeV for evidence of top
squarks in events containing 2 leptons, jets, b-jets and Zp. In Tstopé model, assuming
m%o = 0 GeV, tl masses up to 850 GeV are excluded for mio > 200 GeV.

is considered, with Ag - # 0 and

48 AABOUD 17AF searched in 36 fb—1 of pp collisions at /s = 13 TeV for evidence of t2
in events containing 2 leptons, jets, b-jets and Z. In Tstop7 model, assuming mio =
1

50 GeV and 100% decays via Z boson, ?2 masses up to 800 GeV are excluded. Exclusion
limits are also shown as a function of the ?2 branching ratios in their Figure 7.

49 AABOUD 17AF searched in 36 fb—1 of pp collisions at /s = 13 TeV for evidence of
?2 in events containing 2 leptons, jets, b-jets and Z-p. In Tstop7 model, assuming m%(l)

= 50 GeV and 100% decays via higgs boson, ?2 masses up to 880 GeV are excluded.
Exclusion limits are also shown as a function of the ?2 branching ratios in their Figure 7.

50 AABOUD 17y searched in 36.1 fb—L of pp collisions at /5 = 13 TeV for events with
at least four jets and large missing transverse momentum. No significant excess above
the Standard Model expectations is observed. Limits are set on the top squark mass
assuming three pMSSM-inspired models. The first one, referred to as Higgsino LSP
model, assumes m;(i - mwo = 5 GeV and mio — m>N<0 = 10 GeV, with a mixture

2
of decay modes as in Tstopl Tstop2 and Tstop6. See their Figure 10. The second
and third models are referred to as Wino NLSP and well-tempered pMSSM models,
respectively. See their Figure 11 and Figure 12, and text for details on assumptions.

51 AAD 148 searched in 20.3 fb—! of pp collisions at /s = 8 TeV for events containing
a Z boson, with or without additional leptons, plus jets originating from b-quarks and
significant missing transverse momentum. No excess over the expected SM background

is observed. Limits are derived in simplified models featuring ?2 production, with ?2 —
Zty, f — tx9 with a 100% branching ratio, see Fig. 4, and in the framework of
natural GMSB, see Fig. 6.

52 CHATRCHYAN 14u searched in 19.7 fo—1 of pp collisions at /s = 8 TeV for evidence of
direct pair production of top squarks, with Higgs bosons in the decay chain. The search
is performed using a selection of events containing two Higgs bosons, each decaying
to a photon pair, missing transverse energy and possibly b-quark jets. No significant
excesses over the expected SM backgrounds are observed. The results are interpreted in
the context of a “natural SUSY” simplified model where the decays ?1 — bili, with
Xli — ££/%9,and X — HG, all happen with 100% branching ratio, see Fig. 4.

53 KHACHATRYAN 14 searched in 19.5 fb—! of pp collisions at /s = 8 TeV for evidence
of direct pair production of top squarks, with Higgs or Z-bosons in the decay chain. The
search is performed using a selection of events containing leptons and b-quark jets. No
significant excesses over the expected SM backgrounds are observed. The results are
interpreted in the context of a simplified model with pair production_of a heavier_top-
squark mass eigenstate t5 decaying to a lighter top-squark eigenstate t; via either t, —
Htl or t2 — Ztl, followed in both cases by t1 — txtl) The interpretation is performed
in the region where the mass difference between the t1 and 2(1) is approximately equal

to the top-quark mass, which is not probed by searches for direct ?1 pair production,
see Figs. 5 and 6. The analysis excludes top squarks with masses m; < 575 GeV and

tp
my < 400 GeV at 95% C.L.
1
R-parity violating t (Stop) mass limit
VALUE (GeV) cL% DOCUMENT ID TECN _ COMMENT
>1200 95 1 AABOUD 17A1 ATLS RPV, > 144 > 8 jets, Tstopl
ith +0 "
Wl.lh X1 — tbs, )\323 cou-
pling, m_y=500 GeV
Xq
none, 100-315 95 2 AAD 16AMATLS 2 large-radius jets, TstoplRPV

e o o We do not use the following data for averages, fits, limits, etc. o o o

> 890 95 3 KHACHATRY..16AC CMS ete~+ > 5jets; t — b;zli;
XE - ejj ReY, i
>1000 95 3 KHACHATRY..16AC CMS  ptpu~+ > 5 jets; T — bxli;
XL - (), RPV, ik
> 950 95 4 KHACHATRY..16BX CMS  f — t;}?, ;JIJ — €lv, RPV,
_ A121 0r A #0
> 790 95 5 KHACHATRY..15 CMS % — b¢, RPV, cr =2cm

1 AABOUD 17AI searched in 36.1 o~ of pp collisions at /5 = 13 TeV for events with
one or more isolated lepton, at least eight jets, either zero or many b-jets, for evidence
of R-parity violating decays of the top squark. No significant excess above the Standard
Model expectations is observed. Limits up to 1.25 (1.10) TeV are set on the top squark
mass in R-parity-violating supersymmetry models where ?1 decays for a bino LSP as:

T tf(? and for a higgsino LSP as t — ti(l] 2/bifr. These is followed by the decays

through the non-zero )\g’23 coupling Xl 2 — tbs, Xit — bbs. See their Figure 10
and text for details on model assumptlons

2 AAD 16AM searched in 17.4 fb—1 of pp collisions at /s = 8 TeV for events containing
two large-radius hadronic jets. No deviation from the background prediction is observed.
Top squarks with masses between 100 and 315 GeV are excluded at 95% C.L. in the
hypothesis that they both decay via R-parity violating coupling )\323 to b- and s-quarks.
See their Fig. 10.

3 KHACHATRYAN 16Ac searched in 19.7 fb—1 of pp collisions at /5 = 8 TeV for events
with low missing transverse momentum, two oppositely charged electrons or muons, and
at least five jets, at least one of which is a b-jet, for evidence of R-parity violating,
charging-mediated decays of the top squark. No significant excess above the Standard
Model expectations is observed. Limits are set on the stop mass in R-parity-violating
supersymmetry models where  — bili with ;(it — Zijj, ’\gjk: Z 0(ij, k < 2),
and with rn? - m%L = 100 GeV, see Fig. 3.

1

4 KHACHATRYAN 16Bx searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for events
containing 4 leptons coming from R-parity-violating decays of 7((1] — LLv with A\jp7 #
0orA\jpp # 0. No excess over the expected background is observed. Limits are derived
on the gluino, squark and stop masses, see Fig. 23.

5 KHACHATRYAN 15E searched for long-lived particles decaying to leptons in 19.7 b1
of pp collisions at /s = 8 TeV. Events were selected with an electron and muon with
opposite charges and each with transverse impact parameter values between 0.02 and
2 cm. Limits are set on SUSY benchmark models with pair production of top squarks
decaying into an ey final state via RPV interactions. See their Fig. 2

Heavy g (Gluino) mass limit

For mz > 60-70 GeV, it is expected that gluinos would undergo a cascade decay
via a number of neutralinos and/or charginos rather than undergo a direct decay to
photinos as assumed by some papers. Limits obtained when direct decay is assumed
are usually higher than limits when cascade decays are included.

Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) L% DOCUMENT ID TECN  COMMENT
>2040 95 1 SIRUNYAN 18D CMS  top quark (hadronically decaying)
+ Jets + K7, Tglu3A, m>~<° =
1
0 GeV
>1930 95 1 sIRUNYAN 180 CMS  top quark (hadronically decay-

ing) + jets + K, Tglu3B,

m; —m_q = 175 GeV, m_
t K X0

= 200 GeV
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>1690

>1990

>2100

>1650

>1800

>1750

>1570

>1860

>1800

>1750

>1450

>1450

> 400

>2100

>1740

>1800

>1800

>1540

none 625-1375

>1340

>1310

>1700

>1400
>1650
>1600
>1550

>1450

>1570
>1500
>1400

none
1050-1350

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95
95
95
95

95

95
95
95

95

1 sIRUNYAN

1 SIRUNYAN

2 AABOUD

3 AABOUD

4 AABOUD

5 AABOUD

6 AABOUD

7 AABOUD

8 AABOUD

9 AABOUD

10 AABOUD

11 ApABOUD

12 oaBOUD

13 AABOUD
14 AABOUD
15 AABOUD

16 AABOUD

17 AaBOUD

18 AABOUD

19 AABOUD

20 AABOUD

21 AABOUD

22 KHACHATRY...
22 KHACHATRY...
22 KHACHATRY..
23 KHACHATRY...

24 KHACHATRY...

25 KHACHATRY...
25 KHACHATRY...
25 KHACHATRY...

25 KHACHATRY...

18D CMS

18D CMS

17A1 ATLS

17A1 ATLS

17a1 ATLS

17A) ATLS

17A) ATLS

17A) ATLS

17A) ATLS

17A) ATLS

17A) ATLS

17A) ATLS

17A1 ATLS

17AR ATLS

17AR ATLS

17AY ATLS

17AZ ATLS

17AZ ATLS

17AZ ATLS

17N ATLS

17N ATLS

17N ATLS

17 CMS
17 CMS

17 CMS

17AD CMS

17AD CMS

17As CMS
17As CMS
17As CMS

17As CMS

top quark (hadronically decay-
ing) + jets + Ep, Tglu3C,
my —m=g = 20 GeV, m_g =
10X Xi
0 GeV
top quark (hadronically decaying)
+ Jets + Ep, Tglu3E, mii

1
=m_y + 5 GeV, m_y; = 100
X Xi

GeV

RPV, > 104 > 8 jets, Tglu3A
and 2[1) — uds, N}, cou-
pling, m ~0 —=1000 GeV

RPV, > 1l+ > 8 jets, g —
tt,t — bs, *’3’23 coupling,
m?:IOOO GeV

RPV, > 10+ > 8 jets, TglulA
and )N(? — qql, X coupling,
m_g=1000 Gev

1
same-sign et / 30+ jets +
Y, Tglu3A, mNO = 100 GeV

same-sign et / 3 £+ jets +
Z7, TglulE, m>N<0 =100 GeV

1
same-sign Jees / 30+ jets +
B, TglulG, mf(o =200 GeV
RPV, same-sign Py /304
jets + Ep, Tglu3A, )\112 cou-
pling, mio = 50 GeV

RPV, same-sign ¢£ ¢~ /3¢ +
Jets + Ep, TglulA and x§ —
qq¢, N coupling

RPV, same-sign £ " /3¢e+
jets + Bp, g — tt1 and
t — sd, /\gz coupling

RPV, same- sign EeE ~/30+
jets + B, g — ttl and
tl — bd, >\ coupling

RPV, same- 5|grll s /30 +
jets + Ep, dp — tb(ts),
X135 (M) coupling

14+jets+Ep, TglulB, m;(o =0

1

GeV
14+jets+Er, TglulE, m%O =0
1

GeV
jets+Zp, Tglu3A, m
5 GeV
> 7 jets+Zp, large R-jets
and/or b-jets, TglulE, rn%O
1
=100 GeV
> 7 jets+E, large R-jets
and/or b-jets, Tglu3A, mio
1

l —M-.ng =
t X

=0 GeV
RPV, > 7 jets+E, large R-jets
and/or b-jets, § — tt; and
t, — bs, A/3/23 coupling
2 same-flavor, opposite-sign ¢ +
jets + Fp, TglulH, m)N(0 =0
1

GeV
2 same-flavor, opposite-sign ¢ +
jets + Ep, TglulH, mio =
2
(mg+mx(l,)/2, mX(l) < 400
GeV
2 same-flavor, opposite-sign ¢ +
jets + Ep, Tglulg, mio ~
1

1 GeV
jets+ET,Tqu1A,m>N(o =200GeV
1

jetSJrET,Tglu2A,m)zO =200 GeV
1
jetS+ET,Tqu3A,m>~<O =200GeV
1
Jjets+b-jets+#p, Tglu3A, mio =
1

0 GeV
jets+b-jets+Fp, Tglu3C, 200 <

m)zo < 400 GeV

1
14, Tglu3A, mio < 600 GeV
1

14, Tglu3A, "";(o < 775 GeV
1
1¢, TglulB, m__.
X1
m_qg)/2, m_
x‘f)/ et

14, TglulB, m_
g e

= (mg +
< 725 GeV
= (mé +

1
mio)/2, m-, < 850 GeV
1

>1175

> 825

>1350

>1545

>1120

>1300

> 780

> 790

>1650

none 600-650

none 600-1030

none 600-650

none 600-1080

none 600-680

none 600-1080

none 600-650

none 600-1100

>1900

>1600

>1800

>1600

>1860

>2025

>1900

>1825
>1950
>1960
>1800

>1870

>1520

>1200

>1370

>1180

>1280

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95

95
95
95
95

95

95

95

95

95

95

26 KHACHATRY..

26 KHACHATRY..

27 KHACHATRY..
27 KHACHATRY..
27 KHACHATRY..
27 KHACHATRY..
27 KHACHATRY..
27 KHACHATRY..
28 KHACHATRY...
29 KHACHATRY..
29 KHACHATRY..
29 KHACHATRY..
29 KHACHATRY..
29 KHACHATRY..
29 KHACHATRY..
29 KHACHATRY..

29 KHACHATRY..

30 SIRUNYAN

30 SIRUNYAN

31 SIRUNYAN
31 SIRUNYAN
32 SIRUNYAN
32 SIRUNYAN
32 SIRUNYAN

33 SIRUNYAN
33 SIRUNYAN
33 SIRUNYAN
33 SIRUNYAN

33 SIRUNYAN

34 SIRUNYAN

34 SIRUNYAN

34 SIRUNYAN

34 SIRUNYAN

34 SIRUNYAN

17awCMS

17aw CMS

17p

17p

17p

17p

17p

i7p

17v

17y

17y

17y

17y

17y

17y

17y

17y

CMS

CMs

CMs

CMSs

CMS

CcMs

CcMs

CMSs

CMS

CMS

CcMs

CMSs

CMS

CMS

CcMS

17AF CMS

17AF CMS

17AY CMS

17ay CMS

17Az CMS

17AZ CMS

17Az CMS

17p
17p
17p
17p

1i7p

17s

17s

17s

17s

CMS
CcMS
CMS
CcMS

CcMS

CcMS

CcMS

CMS

CcMS

CcMs

> 30F, 2 jets, Tglu3A, meg =0
1

GeV
> 3¢%, 2 jets, TglulC, me.

1

(mg + m%(l))/Z, m%(l) 0
GeV

1 or more Jets+ET, TglulA,
m_g =0 GeV

X1

1 or more Jets-HZT, Tglu2A,

rnio =0 GeV

1 or more jets+Zp, Tglu3A,
rn%0 =0 GeV

1 or more jets+EZp, Tglu3D,
m_y =m_y + 5 GeV, m_,
1 St Xi
= 100 GeV
1 or more jets+Er, Tglu3B,

my —m_—y = 175 GeV, m_,
X X3

= 50 GeV

1 or more jets+Zp, Tglu3C,
m; —m_y =20 GeV, m_q

1 Xi Xi
GeV

2y + ET, GGM, Tglu4B, any
NLSP mass

g — qqqqq, RPV, /\’2’12 cou-
pling, ma — 100 GeV

g — 99999, RPV, A, cou-
pling, m~ = 900 GeV
g— qqqu RPV, /\2’13 cou-

pling, ma = 100 GeV

g — qqqqb, RPV, )\2’13 cou-
pling, m~ = 900 GeV

g — qqub RPV, >\212
pling, ma = 100 GeV

g — qqqbb, RPV, ], cou-
pling, m~ =900 GeV

g— qubb RPV, )\2’13 cou-

pling, rna = 100 GeV

g — qqgbbb, RPV, /\213 cou-
pling, m~ = 900 GeV

1/+Jets+b—1ets+ET, Tglu3A,
mio 0 GeV

cou-

1¢+jets+b-jets+EZp, Tglu3B,
my — m_g =175 GeV, m_,
15} x X3

=50 G
v+ Jets+ET, Tglu4B, rn),(0 =0

GeV
v + jets+Ep, TgludA, m)?0 =0
1

GeV
> 1 jets + Ep, TglulA, mey =
1

0 GeV
> 1 jets+£7, Tglu2A, m;(0 =0
1
GeV
> 1 jets+Fp, Tglu3A, mio =0
1
GeV

jets+EZp, TglulA, m%0 =0 GeV
1

Jjets+Er, Tglu2A, mio =0 GeV
1

jets+EZp, Tglu3A, m)?0 =0 GeV
1

jets+Ep, TglulC, m_y = m_g

X1 X3
= (rn~+m~o)/2, m)NCO =0

Jets+FT, Tglu3D, m_, = m_,
X1 X1
+ 5 GeV, m>N<O = 1000 GeV
same-sign (¢ + jets + 2,
Tglu3A, mio = 0 GeV

same-sign ¢+ é:é + jets + Ep,
Tglu3D, m_, = m>~<0 +5
Xi

GeV, mio =100 GeV

same-sign li F 4 jets + Y7,
Tglu3B, m; —m_y = 175
Xy
GeV, m_y = 50 GeV
e
same-sign ¢ £ 4 jets + Z7.
Tglu3C, my —m_y = 20 GeV,
X
m_g = 0 GeV
X1
same-sign (£ + jets + P,
TglulB, m_, = (ms +
gl e (mg
m—y)/2, m_5 =0 GeV
x‘l’)/ X0
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>1300

>1570

>1460

>1650
>1510

>1500

>1780

>1760

>1300

>1100

>1200

>1600

>1400

>1400

>1100

> 700

>1050

>1300

>1140

> 850

> 950

>1100

> 830

>1300

>1050

>1725
>1750
>1550

>1030
>1280

>1030

>1440
>1600
>1550
>1450
> 820
> 850

>1150

95

95

95

95
95

95

95

95

95

95

95

95

95

95

95

95

95
95

95

95

95

95

95

95

95
95
95

95
95

95

95
95
95
95
95
95

95

34 SIRUNYAN

35 AABOUD
36 AABOUD

37 AABOUD
38 AABOUD

39 AABOUD

40 AAD
41 AAD
42 AAD
42 AAD
42 AAD

43 AAD

44 AAD

44 AAD

45 KHACHATRY...

45 KHACHATRY...

46 KHACHATRY...

46 KHACHATRY...
46 KHACHATRY.

46 KHACHATRY...

46 KHACHATRY.

46 KHACHATRY...

46 KHACHATRY...

46 KHACHATRY...

46 KHACHATRY...

47 KHACHATRY...
4T KHACHATRY...
47 KHACHATRY...

48 KHACHATRY...
49 KHACHATRY...

49 KHACHATRY.

50 KHACHATRY...
50 KHACHATRY...
50 KHACHATRY...
50 KHACHATRY...
51 AAD
51 AAD

52 AAD

17s CMS

16AC ATLS

16J ATLS

16M ATLS
16N ATLS

16N ATLS

16AD ATLS

16AD ATLS

16BB ATLS

168B ATLS

16BB ATLS

16BG ATLS

16V ATLS

16V ATLS

16AMCMS

16AMCMS

16BJ CMS

16BJ CMS

..16BJ CMS

16BJ CMS

.16BJ CMS

168) CMS

168) CMS

168J CMS

16BJ CMS

168s CMS
16Bs CMS
168s CMS

16BX CMS
16BY CMS

.16BY CMS

l6v CMS
16v CMS
l6v CMS
16v CMS
15BG ATLS
15BG ATLS

15BV ATLS

same-sign (T (% + jets + B,
TglulB, my —mio =20 GeV,
1

m_, = 100 GeV
X1
> 2jets+1or27+ Fp,
TglulF, mio = 100 GeV

1
16E 4+ > 4jets + Bp, TglusC,
my —m—g = 5 GeV
1 X
2~ + Pp, TglulD, any NLSP
mass
> 4 jets + Ep, TglulA, ’"%o =
1

0 GeVv
> 4 jets + Ep, TglulB, mii =
1
m~=+m_y)/2, m_y=200GeV
(mg-+m 0)/2, meg
0¢, > 3 bjets + Ep, Tglu2A,
"")~(0 < 800 GeV

1
14, > 3 bjets + Ep, Tglu3A,
m)~<0 < 700 GeV
1

2 same-sign/3¢ + jets + K,
TglulD, mio < 600 GeV
1

2 same-sign/3¢ + jets + K,
TglulE, mXO < 300 GeV
1

2 same-sign /3¢ + jets + K,
Tglu3A, m>~<0 < 600 GeV
1
14, > 4 jets, £p, TglulB,
m_,.= (mz + m_g)/2,
o= (mg + meg)/
m_g= 100 GeV
X1
>7to >10 jets + Ep, TglulE,
mio < 200 GeV
1

> 7to > 10 jets + Ep,

PMSSM M; = 60 GeV, My
=3 TeV, tans=10, p <0
boosted W+b, Tglu3C, rn; -

m_o <80GeV,m_; <400GeV
X1 X1
boosted W+b, Tglu3B, m; -
m_y=175 GeV, m_;,=0 GeV
X1 X1
same-sign (T ¢E, Tglu3A,
m_y < 800 GeV
X1
same-sign ¢+ Zi,Tqu3A,m>~(0:0
1
same-sign Jas Zi, Tglu3B, my —
m_g =20 GeV, m_g =0
bt 3
same-sign Ys Zi, Tglu3B, my—
m_y=20 GeV,m_, <700 GeV
X1 X1
same-sign (= ¢%, Tglu3D, m_,
X1
=m_g +5 GeV
X
1
same-sign o+ éi,TqulB,m%i:
1
0.5(mz+m_g),m_-o <400GeV
(mg X(I)) 0
same-sign (£ ¢, Tglu1B,m_, =
X1
0.5(mz+m_y),m—-y <700GeV
(mg x‘f) 0
same-sign ot Zi, Tglu3B, m? —
Mm_g =My Mg =0
¥R
same-sign li Zi, Tglu3B, m+ —
m_y = my, my < 800 GeV
T TR
jets + Ep, TglulA, m§<0 =0
1
jets + Ep, Tglu2A, m>~<0 =0
1
jets + Ep, Tglu3A, m)z0 =0
1
g — tbs, RPV, A’3’32 coupling
opposite-sign o+ Zi, TgluaC,
m_gy = 1000 GeV
1
opposite-sign * Zi, TgluaC,
m_y = 0 GeV
Xa
jets + Fp, TglulA, mio =0
1
jets + Ep, Tglu2A, rnio =0
1
jets + Fp, Tglu3A, mio =0
1
jets + Ep, TglulC, m)~<0 =0
_ 1
GGM, g —+ qqZG, tanj = 30,
n > 600 GeV _
GGM, g¢ - qqZG, tan3 = 1.5,

© > 450 GeV
general RPC g decays, mio <
1

100 GeV

> 700 95
>1290 95
>1260 95
>1140 95
>1225 95
>1300 95
>1225 95
>1550 95
>1150 95
>1280 95
>1310 95
>1175 95
>1330 95
>1700 95
>1090 95
>1600 95
>1350 95
> 640 95
>1000 95
>1350 95
>1000 95
>1000 95
>1160 95
>1130 95
>1210 95
>1260 95
> 650 95

none 200-835 95

53 AAD 158X ATLS
54 AAD 15CA ATLS
54 AAD 15CA ATLS
54 AAD 15cA ATLS

55 KHACHATRY..15AF CMS
55 KHACHATRY..15AF CMS
55 KHACHATRY..15AF CMS
55 KHACHATRY..15AF CMS

55 KHACHATRY..15AF CMS

56 KHACHATRY..151 CMS
57 KHACHATRY..15x CMS
57 KHACHATRY..15x CMS

58 AAD 14AE ATLS
58 AAD 14AE ATLS
59 AAD 14AG ATLS
59 AAD 14AG ATLS
60 AaAD 14x ATLS
61 AAD 14x ATLS

62 CHATRCHYAN 14AH CMS

62 CHATRCHYAN 14AH CMS
63 CHATRCHYAN 14AH CMS

64 CHATRCHYAN 14AH CMS

65 CHATRCHYAN 141 CMS

65 CHATRCHYAN 141 CMS

65 CHATRCHYAN 141 CMS

66 CHATRCHYAN 14N CMS

67 CHATRCHYAN14P CMS
67 CHATRCHYAN14P CMS
68 CHATRCHYAN14R CMS

69 CHATRCHYAN14R CMS

g — XS('[l), independent of m)N(O

> 2 4 + Ep, GGM, bino-like
NLSP, any NLSP mass

> 1+ + b-jets + £p, GGM,
higgsino-bino admix. NLSP
and p <0, m(NLSP)>450 GeV

> 1~ + jets + Zp, GGM,
higgsino-bino admixture NLSP,
all >0

7 770 _
— ,m_y =0
g~ 49Xy My
g — bTJ)N(?, m_y =0
0 a
g— tix),m_,=0
4 X1 X(lj
CMSSM, tans=30, ms;:mﬁ,
AO:—Zmax(mo,ml/z), pn >0
CMSSM, tang=30,
A0:72max(m0,m1/2), n>0
i
g — bbx0, m_y = 100 GeV
g X1 th)

ra 750 —
— tt m_y =20
g X X(l)

g — tEx9, m_y = 100 Gev
X1
jets + B, g — qagg’ simplified
model, m)w(0 =0 GeV

1
jets + P, mSUGRA/CMSSM,
7 4+ jets + K, natural Gauge
Mediation
T + jets + Ep, mGMSB, M, oo
=250 GeV, Ny =3, > 0,
Cgrav =1
> 4%, - qaxd. 0 -
£ ¢Fy, RPV
> 4%, - ¢, Q2 -
(£ ¢F G, tang = 30, GGM
jets + Ep, & — qﬁf(? simplified
model, m_y = 50 GeV
X1
jets + Ep, CMSSM, ’”§ = ma
jets + Ep, & — bbX3 simplified
model, m_y = 50 GeV
X1

jets + Py, & — tTx] simplified
model, m_y = 50 GeV
X1

Jets + Ep, & — qqxJ simplified

model, mio < 100 GeV
1
multijets + Zp, & — tff((l) sim-
plified model, mio < 100
1
GeV _
multijets + Zp, § —
qqw /Zx9 simplified model,
m_g <100 GeV
X

1
105+ jets + > 2b-jets, § —
tx simplified model,

=0 GeV, my P
mx(l) eV, my > mg

g — Jjii, RPV

g — bjj, RPV

> 3¢, (§/9) > gttt G
simplified model, GMSB, slep-
ton co-NLSP scenario

> 3T, g — tt)"(l simplified
model

e o o We do not use the following data for averages, fits, limits, etc. o o o

>1600 95
>1600 95
> 500 95
>1400 95

95

95
>1600 95
>1280 95
>1100 95
>1330 95
>1500 95

70 AABOUD 17Az ATLS

71 KHACHATRY..16AY CMS

72 KHACHATRY..16BT CMS

73 KHACHATRY..16Bx CMS

74 AAD 15AB ATLS
75 AAD 15A1 ATLS
52 AAD 158V ATLS
52 AAD 158V ATLS
52 AAD 158V ATLS
52 AAD 158V ATLS
52 AAD 158V ATLS

> 7 jets+E£, large R-jets
and/or b-jets, pMSSM, m%i

1
= 200 GeV
10E + jets + b-jets + Ep,
Tglu3A, m)~(0 =0 GeV

1

19-parameter pMSSM model,
global Bayesian analysis, flat
prior

g~ qa3. ) = tov.RPY,
A121 Or Ajpp # 0, m)zo >

1

400_GeV ~ ~

g— Sg,cr=1m,S— SG
and S — gg, BR = 100%

£ + jets + By

pMSSM, M7 = 60 GeV, mg <
1500 GeV

MSUGRA, my > 2 TeV

via 7, natural GMSB, all mx

jets + Bp, & = qqxd, meg =

1

1Gev o 0

jets + Zp, 8 = 44, G — 4xq,
m_g =1 GeV

X1
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>1650

> 850

>1270

>1150

>1320

>1220

>1310

>1220

>1180

>1260
> 880

>1200

>1250

none,
750-1250

> 600

>1100

>1400

>1500

>1000

> 917

> 929

>1300

> 800

>1280
>1250

>1190

>1180

>1250

>1340

95

95

95

95

95

95

95

95

95

95
95

95

95

95

95

95

95

95

95

95

95

95

95

95
95

95

95

95

95

52 AAD
52 AAD
52 AAD
52 AAD
52 AAD
52 AAD
52 AAD
52 AAD

52 AAD

52 AAD
52 AAD

52 AAD

52 AAD

52 AAD

76 AAD

76 AAD

76 AAD

76 AAD

76 AAD

77 AAD

77 AAD

77 AAD

78 KHACHATRY ...

79 KHACHATRY...

79 KHACHATRY...

80 AAD
80 AAD

80 AAD

80 AAD

80 AAD

80 AAD

158V ATLS

15BV ATLS

158V ATLS

15BV ATLS

15BV ATLS

15BV ATLS

15BV ATLS

158Bv ATLS

158V ATLS

15BV ATLS
15BV ATLS

158V ATLS

158Bv ATLS

158V ATLS

15CB ATLS

15CB ATLS

15CB ATLS

15CB ATLS

15CB ATLS

15X ATLS

15X ATLS

15X ATLS

15AD CMS

15az CMS

15az CMS

14AXx ATLS
14AX ATLS

14AX ATLS

14AX ATLS

14AX ATLS

14AX ATLS

jets + Ep, m~ = mq, mNO =1
GeV ~ -0
jets + B, & = gXi» me <
1
550 GeV _ 0
jets + Zp, & = qqWX, mso
1

= 10Q GeV
jets + zgt £ = quzX‘IJ,
mio = 100 GeV

1
jets + £E 0%, g decays via slep-
tons, mio = 100 GeV

7, q decays via staus, meo = 100
1
GeV_ _
bjets, § — tti?, m_, < 400
X1
GeV _ _
bjets, g — tytand t; — tf(?,
my, <1000 GeV
b-jets, g — tytand t; —
~+
bxi my, < 1000 GeV,
m_y = 60 GeV
X1

bjets, § — tjtand g — ci(l]
jets, g — tytandt; — sb,
RPV, 400 < my < 1000 GeV
~ 1
b-jets, g — by band by —
~0 _
bXi» mb1 < 1000 GeV
bjets,  — bbXJ, m_g < 400
X1
GeV _
b-jets, g decay via offshell t; and
by, m_y < 500 GeV
X1
¢, 8 — (e/p)qq, RPV, bench-
mark gluino, neutralino masses
0/z2, 8 —~ (ee/pp/en)qq,
V, mio — 400 GeV and 0.7
1
<cTp < 3x 105 mm
X1

Jets, & — qax3, %} —» 76,
GGM, m%0 = 400 GeV and 3

1
< T~y < 500 mm
X1

jets or B, g — qq)?ﬁ’, Split
SuUsY, m%O = 100 GeV and
15 <cr < 300 mm
B, g — qqxl, Split SUSY,
rnio = 100 GeV and 20 <
1
cr < 250 mm
> 10 jets, & & X3, X) —
qqq (RPV), m;(O:SOO GeV
1
> 6,7 jets, § — qqq, (light-
quark, )\, couplings, RPV)
> 6,7 jets, g — qqq, (b-quark,
)\” couplings, RPV)
E0F 4 jets + Pr, GMSB, § —
qqZG
> 2+, >1jet, (Razor), bino-
like NLSP, mio = 375 GeV

1
> 17, > 2jet, wino-like NLSP,
m_y = 375 GeV
X1
> 3 bjets + Fp, CMSSM
>3 brjets + I, § by bx?
simplified model, b — bx?,
m_y = 60 GeV, m- < 900
Xi by
GeV_ _ —
> 3 bjets + K, gv—> t tXl
simplified model, t; — tf((l),
m_y = 60 GeV, my < 1000
X1 t
GeV B S
> 3 b-jets + Zp, § — Xy
simplified model, f; — bX{,
m_,=2m_g, mio =60 GeV,

1 1 1
my <1000 GeV
1
> 3 brjets + P, § — bbXY
simplified model, m)?o < 400
1
GeV B
> 3 bjets + fp, & — tTX)
simplified model, mio < 400
1

GeV

> 3 bjets + P, &~ tBYE

simplified model, )?li —

>1300 95 80 AAD 14AX ATLS

%9, m Mo =2 GeV,

Xy 1
m;(o < 300 GeV

> 950 95 81 AAD 14 ATLS ¢tet (1ﬁ) + Jets, § > 79
simplified model

EEET) fjets, g -t
with T} — bXF simplified
model, m; < 200 GeV, m>~<i

>1000 95 81 AAD 148 ATLS

ty
= 118 GeV, m)zo = 60 GeV

> 640 95 81 AAD 14e ATLS (E0E(0F) +jets, g — t

with & — cxJ simplified
model, my = m_g + 20 GeV
ty X1
> 850 95 81 AAD e ATLS (E0E(0F) +jets, § — t
with T; — bs simplified
model, RPV
EeEF) +jets, § - qd'X
ili — W(*)ii? simpli-
fied model, m_,. =2 m_g,
el X

+

> 860 95 81 AAD 148 ATLS T

1
mio < 400 GeV
1
o0 (6F) 4 jets, E - qd %
>N<1i - w=E x2 xg
z(*) ;(1 simplified model,
meg < 520 GeV

>1040 95 81 AAD 148 ATLS

1
>1200 95 81 AAD 148 ATLS (e (6F) + jets, § —
ad 55 /38, 55 - R,
X3 = 0T (00) XY simpli-
fied model
same-sign li g > tf%?

>1050 95 82 CHATRCHYAN14H CMS

simplified model, massless )”(?

> 900 95 83 CHATRCHYAN14H CMS  same-sign (T ¢+, g — qq’)zli,
X WERD simplified
model, m__ = 0.5 m, mass-
X &
<0
less X1
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1SIRUNYAN 18D searched in 35.9 fo—! of pp collisions at /s = 13 TeV for events con-
taining identified hadronically decaying top quarks, no leptons, and Z. No significant
excess above the Standard Model expectations is observed. Limits are set on the stop
mass in the Tstopl simplified model, see their Figure 8, and on the gluino mass in the
Tglu3A, Tglu3B, Tglu3C and Tglu3E simplified models, see their Figure 9.

2 AABOUD 17Al searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with
one or more isolated lepton, at least eight jets, either zero or many b-jets, for evidence of
R-parity violating decays of the gluino. No significant excess above the Standard Model
expectations is observed. Limits up to 2.1 TeV are set on the gluino mass in R- parity—
violating supersymmetry models as Tglu3A with LSP decay through the non-zero /\112

coupling as X(l) — uds. See their Figure 9.

3 AABOUD 17l searched in 36.1 fb~1 of pp collisions at /s = 13 TeV for events with
one or more isolated lepton, at least eight jets, either zero or many b-jets, for evidence
of R-parity violating decays of the gluino. No significant excess above the Standard
Model expectations is observed. Limits up to 1.65 TeV are set on the gluino mass in
R- panty violating supersymmetry models with § — tt, t — bs through the non-zero
)\323 coupling. See their Figure 9.

4 AABOUD 17Al searched in 36.1 fo—1 of pp collisions at /s = 13 TeV for events with
one or more isolated lepton, at least eight jets, either zero or many b-jets, for evidence of
R-parity violating decays of the gluino. No significant excess above the Standard Model
expectations is observed. Limits up to 1.8 TeV are set on the gluino mass in R-parity-
violating supersymmetry models as TglulA with the LSP decay through the non-zero \/
coupling as )2(1) — qq¥. See their Figure 9.

5 AABOUD 17AJ searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 1.75 TeV are
set on the gluino mass in Tglu3A simplified models in case of off-shell top squarks and
for mio = 100 GeV. See their Figure 4(a).

1

> 900 95 85 CHATRCHYAN 14H

6 AABOUD 17AJ searched in 36.1 fb—! of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 1.57 TeV are
set on the gluino mass in TglulE simplified models (2-step models) for m%0 =100 GeV.

1

See their Figure 4(b).

7 AABOUD 17AJ searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 1.86 TeV are
set on the gluino mass in TglulG simplified models for mio = 200 GeV. See their Figure

1

4(c).
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8 AABOUD 17AJ searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 1.8 TeV are
set on the gluino mass in R-parity-violating supersymmetry models as Tglu3A with LSP
decaying through the non-zero A{;, coupling as i? — uds. See their Figure 5(d).

9 AABOUD 17aJ searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 1.75 TeV are
set on the gluino mass in R-parity-violating supersymmetry models as TglulA with LSP
decaying through the non-zero \' coupling as f(? — qq/. See their Figure 5(c).

10 AABOUD 1741 searched in 36.1 fb~ ! of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 1.45 TeV are
set on the gluino mass in R-parity-violating supersymmetry models where g — tt; and
?1 — sd through the non-zero )\g’21 coupling. See their Figure 5(b).

11 AABOUD 1741 searched in 36.1 fb— ! of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 1.45 TeV are
set on the gluino mass in R-parity-violating supersymmetry models where g — tt; and
f; — bd through the non-zero AJ, 5 coupling. See their Figure 5(a).

12 AABOUD 17AJ searched in 36.1 fb—! of pp collisions at /s = 13 TeV for events with two
same-sign or three leptons, jets and large missing transverse momentum. No significant
excess above the Standard Model expectations is observed. Limits up to 400 GeV are set
on the down type squark (dp mass in R-parity-violating supersymmetry models where
P 1" i 3 1
dp — .tb Fhrough the non-zero /\313 coupling or dp — ts through the non-zero )\321.
See their Figure 5(e) and 5(f).

13 AABOUD 17AR searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events
with one isolated lepton, at least two jets and large missing transverse momentum. No
significant excess above the Standard Model expectations is observed. Limits up to 2.1
TeV are set on the gluino mass in TglulB simplified models, with x = (m_.—m_q) /

X

g
m%O = 60 GeV. See their Figure 13.
1

1
(m~—m;(0) = 1/2.Similar limits are obtained for variable x and fixed neutralino mass,

14 AABOUD 174R searched in 36.1 fb—! of pp collisions at /s = 13 TeV for events
with one isolated lepton, at least two jets and large missing transverse momentum. No
significant excess above the Standard Model expectations is observed. Limits up to 1.74
TeV are set on the gluino mass in TglulE simplified model. Limits up to 1.7 TeV are
also set on pMSSM models leading to similar signal event topologies. See their Figure
13.

15 AABOUD 17ay searched in 36.1 fb—L of pp collisions at /s = 13 TeV for events with
at least four jets and large missing transverse momentum. No significant excess above
the Standard Model expectations is observed. Limits up to 1.8 TeV are set on the gluino
mass in Tglu3A simplified models assuming m?l - mio = 5 GeV. See their Figure 13.

1

16 AABOUD 17Az searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with
at least seven jets and large missing transverse momentum. Selected events are further
classified based on the presence of large R-jets or b-jets and no leptons. No significant
excess above the Standard Model expectations is observed. Limits up to 1.8 TeV are set
on the gluino mass in TglulE simplified models. See their Figure 6b.

17 AABOUD 174z searched in 36.1 fb—! of pp collisions at /s = 13 TeV for events with
at least seven jets and large missing transverse momentum. Selected events are further
classified based on the presence of large R-jets or b-jets and no leptons. No significant
excess above the Standard Model expectations is observed. Limits up to 1.54 TeV are
set on the gluino mass in Tglu3A simplified models. See their Figure 7a.

18 AABOUD 17Az searched in 36.1 fb—1 of pp collisions at /s = 13 TeV for events with
at least seven jets and large missing transverse momentum. Selected events are further
classified based on the presence of large R-jets or b-jets and no leptons. No significant
excess above the Standard Model expectations is observed. Limits are set for R-parity
violating decays of the gluino assuming g — tt; and t; — bs through the non-zero

)\g23 couplings. The range 625-1375 GeV is excluded for my = 400 GeV. See their
1

Figure 7b.

19 AABOUD 17N searched in 14.7 fb~! of pp collisions at /s = 13 TeV in final states
with 2 same-flavor, opposite-sign leptons (electrons or muons), jets and large missing
transverse momentum. In TglulJ models, gluino masses are excluded at 95% C.L. up to
1300 GeV for mio = 0 GeV and m;(o = 1100 GeV. See their Fig. 12 for exclusion limits

1 2
as a function of m>N<0' Limits are also presented assuming m;(0 = m)zo + 100 GeV, see
2 2 1

their Fig. 13.

20 AABOUD 17N searched in 14.7 fb—L of pp collisions at /s = 13 TeV in final states
with 2 same-flavor, opposite-sign leptons (electrons or muons), jets and large missing
transverse momentum. In TglulH models, gluino masses are excluded at 95% C.L. up
to 1310 GeV for m_, < 400 GeV and assuming m_q = (m5 + m_q)/2. See their Fig.

X1 Xa g X1
15.

21 AABOUD 17N searched in 14.7 fb—1 of pp collisions at /s = 13 TeV in final states
with 2 same-flavor, opposite-sign leptons (electrons or muons), jets and large missing
transverse momentum. In TglulG models, gluino masses are excluded at 95% C.L. up
to 1700 GeV for small m;(O. The results probe kinematic endpoints as small as m)?o —

1 2
m_q = (mz — m_y)/2 = 50 GeV. See their Fig. 14.
0 (mg th))/ g

22 KHACHATRYAN 17 searched in 2.3 fb—! of pp collisions at /s = 13 TeV for events
containing four or more jets, no more than one lepton, and missing transverse momentum,
using the razor variables (Mg and R2) to discriminate between signal and background
processes. No evidence for an excess over the expected background is observed. Limits
are derived on the gluino mass in the TglulA, Tglu2A and Tglu3A simplified models, see
Figs. 16 and 17. Also, assuming gluinos decay only via three-body processes involving
third-generation quarks plus a neutralino/chargino, and assuming m%i = mio + 5 GeV,

1 1
a branching ratio-independent limit on the gluino mass is given, see Fig. 16.

23 KHACHATRYAN 17AD searched in 2.3 fo—1 of pp collisions at /s = 13 TeV for events
containing at least four jets (including b-jets), missing transverse momentum and tagged
top quarks. No evidence for an excess over the expected background is observed. Gluino
masses up to 1550 GeV and neutralino masses up to 900 GeV are excluded at 95% C.L.
See Fig. 13.

24 KHACHATRYAN 17AD searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for events
containing at least four jets (including b-jets), missing transverse momentum and tagged
top quarks. No evidence for an excess over the expected background is observed. Gluino
masses up to 1450 GeV and neutralino masses up to 820 GeV are excluded at 95% C.L.
See Fig. 13.

25 KHACHATRYAN 174s searched in 2.3 fb—L of pp collisions at /5 = 13 TeV for events
with a single electron or muon and multiple jets. No significant excess above the Standard
Model expectations is observed. Limits are set on the gluino mass in the Tglu3A and
TglulB simplified models, see their Fig. 7.

26 KHACHATRYAN 17Aw searched in 2.3 fo— ! of pp collisions at /s = 13 TeV for events
with at least three charged leptons, in any combination of electrons and muons, and
significant Z. No significant excess above the Standard Model expectations is observed.
Limits are set on the gluino mass in the Tglu3A and TglulC simplified models, and on
the sbottom mass in the Tsbot2 simplified model, see their Figure 4.

27T KHACHATRYAN 17p searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for events
with one or more jets and large 2. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A, Tglu3B, Tglu3C and Tglu3D simplified models, see their Figures 7 and 8. Limits
are also set on the squark mass in the Tsgkl simplified model, see their Fig. 7, and on
the sbottom mass in the Tsbotl simplified model, see Fig. 8. Finally, limits are set on
the stop mass in the Tstopl, Tstop3, Tstop4, Tstop6 and Tstop7 simplified models, see
Fig. 8.

28 KHACHATRYAN 17V searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for events
with two photons and large Z7. No significant excess above the Standard Model ex-
pectations is observed. Limits are set on the gluino and squark mass in the context of
general gauge mediation models Tglu4B and Tsqk4, see their Fig. 4.

29 KHACHATRYAN 17Y searched in 19.7 fb—L of pp collisions at /5 = 8 TeV for events
containing at least 8 or 10 jets, possibly b-tagged, coming from R-parity-violating decays
of supersymmetric particles. No excess over the expected background is observed. Limits
are derived on the gluino mass, assuming various RPV decay modes, see Fig. 7.

30S|RUNYAN 17AF searched in 35.9 fb—L of pp collisions at /s = 13 TeV for events
with a single lepton (electron or muon), jets, including at least one jet originating from a
b-quark, and large Zp. No significant excess above the Standard Model expectations is
observed. Limits are set on the gluino mass in the Tglu3A and Tglu3B simplified models,
see their Figure 2.

31 SIRUNYAN 17Ay searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for events with
at least one photon, jets and large Z7. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the Tglu4A and Tglu4B
simplified models, and on the squark mass in the Tskq4A and Tsqk4B simplified models,
see their Figure 6.

32S|RUNYAN 17AZ searched in 35.9 b~ of pp collisions at \/s = 13 TeV for events
with one or more jets and large Zp. No significant excess above the Standard Model
expectations is observed. Limits are set on the gluino mass in the TglulA, Tglu2A,
Tglu3A simplified models, see their Figures 6. Limits are also set on the squark mass in
the Tsqkl simplified model (for single light squark and for 8 degenerate light squarks),
on the sbottom mass in the Tsbot1 simplified model and on the stop mass in the Tstopl
simplified model, see their Fig. 7. Finally, limits are set on the stop mass in the Tstop2,
Tstop4 and Tstop8 simplified models, see Fig. 8.

33SIRUNYAN 17p searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for events with
multiple jets and large . No significant excess above the Standard Model expectations
is observed. Limits are set on the gluino mass in the TglulA, TglulC, Tglu2A, Tglu3A
and Tglu3D simplified models, see their Fig. 12. Limits are also set on the squark mass
in the Tsqgkl simplified model, on the stop mass in the Tstopl simplified model, and on
the sbottom mass in the Tsbotl simplified model, see Fig. 13.

34SIRUNYAN 175 searched in 35.9 fb—1 of pp collisions at /s = 13 TeV for events with
two isolated same-sign leptons, jets, and large 2. No significant excess above the
Standard Model expectations is observed. Limits are set on the mass of the gluino mass
in the Tglu3A, Tglu3B, Tglu3C, Tglu3D and TglulB simplified models, see their Figures
5 and 6, and on the sbottom mass in the Tsbot2 simplified model, see their Figure 6.

35 AABOUD 16AC searched in 3.2 fb~1 of pp collisions at /s = 13 TeV in final states
with hadronic jets, 1 or two hadronically decaying 7 and Zp. In TglulF, gluino masses
are excluded at 95% C.L. up to 1570 GeV for neutralino masses of 100 GeV or below.
Neutralino masses up to 700 GeV are excluded for all gluino masses between 800 GeV
and 1500 GeV, while the strongest neutralino-mass exclusion of 750 GeV is achieved
for gluino masses around 1400 GeV. See their Fig. 8. Limits are also presented in the
context of Gauge-Mediated Symmetry Breaking models: in this case, values of A below
92 TeV are excluded at the 95% CL, corresponding to gluino masses below 2000 GeV.
See their Fig. 9.

36 AABOUD 164 searched in 3.2 fb~1 of pp collisions at /s = 13 TeV in final states with
one isolated electron or muon, hadronic jets, and 7. Gluino-mediated pair production
of stops with a nearly mass-degenerate stop and neutralino are targeted and gluino
masses are excluded at 95% C.L. up to 1460 GeV. A 100% of stops decaying via charm
+ neutralino is assumed. The results are also valid in case of 4-body decays t; —
f1/b%9. See their Fig. 8.

37 AABOUD 16M searched in 3.2 fb~1 of pp collisions at /s = 13 TeV for events with
two photons, hadronic jets and #Z. No significant excess above the Standard Model
expectations is observed. Exclusion limits at 95% C.L. are set on gluino masses in the
general gauge-mediated SUSY breaking model (GGM), for bino-like NLSP. See their
Fig. 3.

38 AABOUD 16N searched in 3.2 fb—1 of pp collisions at /s = 13 TeV for events containing
hadronic jets, large Zp, and no electrons or muons. No significant excess above the
Standard Model expectations is observed. Gluino masses below 1510 GeV are excluded
at the 95% C.L. in a simplified model with only gluinos and the lightest neutralino. See
their Fig. 7b.

39 AABOUD 16N searched in 3.2 fo— 1 of pp collisions at /s = 13 TeV for events containing
hadronic jets, large £, and no electrons or muons. No significant excess above the
Standard Model expectations is observed. Gluino masses below 1500 GeV are excluded
at the 95% C.L. in a simplified model with gluinos decaying via an intermediate f(li to

two quarks, a W boson and a )2(1) for m;<0 = 200 GeV. See their Fig 8.
1

40 AAD 16AD searched in 3.2 fb~1 of pp collisions at /s = 13 TeV for events containing
several energetic jets, of which at least three must be identified as b-jets, large £ and
no electrons or muons. No significant excess above the Standard Model expectations is
observed. For %(1) below 800 GeV, gluino masses below 1780 GeV are excluded at 95%
C.L. for gluinos decaying via bottom squarks. See their Fig. 7a.
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41 AAD 16AD searched in 3.2 fb~1 of pp collisions at /s = 13 TeV for events containing
several energetic jets, of which at least three must be identified as b-jets, large £ and
one electron or muon. Large-radius jets with a high mass are also used to identify highly
boosted top quarks. No significant excess above the Standard Model expectations is
observed. For 7((1] below 700 GeV, gluino masses below 1760 GeV are excluded at 95%
C.L. for gluinos decaying via top squarks. See their Fig. 7b.

42 AAD 1688 searched in 3.2 b1 of pp collisions at /s = 13 TeV for events with exactly
two same-sign leptons or at least three leptons, multiple hadronic jets, b-jets, and Fp.
No significant excess over the Standard Model expectation is found. Exclusion limits
at 95% C.L. are set on the gluino mass in various simplified models (TglulD, TglulE,
Tglu3A). See their Figs. 4.a, 4.b, and 4.d.

43 AAD 168G searched in 3.2 fb~L of pp collisions at /s = 13 TeV in final states with
one isolated electron or muon, hadronic jets, and . The data agree with the SM
background expectation in the six signal selections defined in the search, and the largest
deviation is a 2.1 standard deviation excess. Gluinos are excluded at 95% C.L. up to 1600
GeV assuming they decay via the lightest chargino to the lightest neutralino as in the
model TglulB for m_q=100 GeV, assuming m_, =(mg + m_g)/2. See their Fig. 6.

X1 X1 g X1

44 AAD 16V searched in 3.2 fb—! of pp collisions at /s = 13 TeV for events with Zp
various hadronic jet multiplicities from > 7 to > 10 and with various b-jet multiplicity
requirements. No significant excess over the Standard Model expectation is found. Ex-
clusion limits at 95% C.L. are set on the gluino mass in one simplified model (TglulE)
and a pMSSM-inspired model. See their Fig. 5.

45 KHACHATRYAN 16AM searched in 19.7 fo—1 of pp collisions at /s = 8 TeV for events
with highly boosted W-bosons and b-jets, using the razor variables (Mg and R2) to
discriminate between signal and background processes. No significant excess above the
Standard Model expectations is observed. Limits are set on the gluino mass in the Tglu3C
and Tglu3B simplified models, see Fig. 12.

46 KHACHATRYAN 168J searched in 2.3 fb—1 of pp collisions at /5 = 13 TeV for events
with two isolated same-sign dileptons and jets in the final state. No significant excess
above the Standard Model expectations is observed. Limits are set on the gluino mass
in the following simplified models: Tglu3A and Tglu3D, see Fig. 4, Tglu3B and Tglu3C,
see Fig. 5, and TglulB, see Fig. 7.

47 KHACHATRYAN 16Bs searched in 2.3 fo—L of pp collisions at /5 = 13 TeV for events
with at least one energetic jet , no isolated leptons, and significant £, using the trans-
verse mass variable My to discriminate between signal and background processes. No
significant excess above the Standard Model expectations is observed. Limits are set on
the gluino mass in the TglulA, Tglu2A and Tglu3A simplified models, see Fig. 10 and
Table 3.

48 KHACHATRYAN 16Bx searched in 19.5 fb—L of pp collisions at /s = 8 TeV for events
containing 0 or 1 leptons and b-tagged jets, coming from R-parity-violating decays of
supersymmetric particles. No excess over the expected background is observed. Limits
are derived on the gluino mass, assuming the RPV g — tbs decay, see Fig. 7 and 10.

49 KHACHATRYAN 168y searched in 2.3 fb—! of pp collisions at /s = 13 TeV for events
with two opposite-sign, same-flavour leptons, jets, and missing transverse momentum.
No significant excess above the Standard Model expectations is observed. Limits are set
on the gluino mass in the Tglu4C simplified model, see Fig. 4, and on sbottom masses
in the Tsbot3 simplified model, see Fig. 5.

50 KHACHATRYAN 16V searched in 2.3 fb—1 of pp collisions at v/5 = 13 TeV for events
with at least four energetic jets and significant /2, no identified isolated electron or
muon or charged track. No significant excess above the Standard Model expectations is
observed. Limits are set on the gluino mass in the TglulA, TglulC, Tglu2A, and Tglu3A
simplified models, see Fig. 8.

51 AAD 158G searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for events with
jets, missing E, and two opposite-sign same flavor isolated leptons featuring either
a kinematic edge, or a peak at the Z-boson mass, in the invariant mass spectrum.
No evidence for a statistically significant excess over the expected SM backgrounds
are observed and 95% C.L. exclusion limits are derived in a GGM simplified model of
gluino pair production where the gluino decays into quarks, a Z-boson, and a massless
gravitino LSP, see Fig. 12. Also, limits are set in simplified models with slepton/sneutrino
intermediate states, see Fig. 13.

52 AAD 158V summarized and extended ATLAS searches for gluinos and first- and second-
generation squarks in final states containing jets and missing transverse momentum,
with or without leptons or b-jets in the /s =8 TeV data set collected in 2012. The
paper reports the results of new interpretations and statistical combinations of previously
published analyses, as well as new analyses. Exclusion limits at 95% C.L. are set on the
gluino mass in several R-parity conserving models, leading to a generalized constraint
on gluino masses exceeding 1150 GeV for lightest supersymmetric particle masses below
100 GeV. See their Figs. 10, 19, 20, 21, 23, 25, 26, 29-37.

53 AAD 158X interpreted the results of a wide range of ATLAS direct searches for super-
symmetry, during the first run of the LHC using the /s =7 TeV and /s = 8 TeV
data set collected in 2012, within the wider framework of the phenomenological MSSM
(PMSSM). The integrated luminosity was up to 20.3 fb—L. From an initial random sam-
pling of 500 million pMSSM points, generated from the 19-parameter pMSSM, a total
of 310,327 model points with %(1) LSP were selected each of which satisfies constraints
from previous collider searches, precision measurements, cold dark matter energy den-
sity measurements and direct dark matter searches. The impact of the ATLAS Run 1
searches on this space was presented, considering the fraction of model points surviving,
after projection into two-dimensional spaces of sparticle masses. Good complementarity
is observed between different ATLAS analyses, with almost all showing regions of unique
sensitivity. ATLAS searches have good sensitivity at LSP mass below 800 GeV.

54 AAD 15cA searched in 20.3 fb~1 of pp collisions at /s = 8 TeV for events with one or
more photons, hadronic jets or b-jets and Zp. No significant excess above the Standard
Model expectations is observed. Limits are set on gluino masses in the general gauge-
mediated SUSY breaking model (GGM), for bino-like or higgsino-bino admixtures NLSP,
see Fig. 8, 10, 11

55 KHACHATRYAN 15AF searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
with at least two energetic jets and significant Zp, using the transverse mass variable
M7, to discriminate between signal and background processes. No significant excess
above the Standard Model expectations is observed. Limits are set on the gluino mass
in simplified models where the decay g — qﬁi? takes place with a branching ratio of

100%, see Fig. 13(a), or where the decay g — bE)}(l) takes place with a branching ratio

of 100%, see Fig. 13(b), or where the decay g§ — t?i(l] takes place with a branching

ratio of 100%, see Fig. 13(c). See also Table 5. Exclusions in the CMSSM, assuming
tang = 30, Ag = -2 max(mo, m1/2) and p > 0, are also presented, see Fig. 15.

56 KHACHATRYAN 15! searched in 19.5 b~ of pp collisions at /s = 8 TeV for events
in which b-jets and four W-bosons are produced. Five individual search channels are
combined (fully hadronic, single lepton, same-sign dilepton, opposite-sign dilepton, mul-
tilepton). No significant excess above the Standard Model expectations is observed.
Limits are set on the gluino mass in a simplified model where the decay g — t?)'(? takes
place with a branching ratio of 100%, see Fig. 5. Also a simplified model with gluinos
decaying into on-shell top squarks is considered, see Fig. 6.

57 KHACHATRYAN 15x searched in 19.3fb—1 of pp collisions at v/5 = 8 TeV for events
with at least two energetic jets, at least one of which is required to originate from a
b quark, and significant /-, using the razor variables (Mp) and R2) to discriminate
between signal and background processes. No significant excess above the Standard
Model expectations is observed. Limits are set on the gluino mass in simplified models
where the decay & — bE}(? and the decay g — t?}cg’ take place with branching ratios
varying between 0, 50 and 100%, see Figs. 13 and 14.

58 AAD 14AE searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for strongly pro-
duced supersymmetric particles in events containing jets and large missing transverse
momentum, and no electrons or muons. No excess over the expected SM background
is observed. Exclusion limits are derived in simplified models containing gluinos and
squarks, see Figures 5, 6 and 7. Limits are also derived in the mSUGRA/CMSSM with
parameters tang = 30, Ag = —2 mg and p > 0, see their Fig. 8.

59 AAD 14AG searched in 20.3 fb~! of pp collisions at /s = 8 TeV for events containing
one hadronically decaying 7-lepton, zero or one additional light leptons (electrons or
muons), jets and large missing transverse momentum. No excess of events above the
expected level of Standard Model background was found. Exclusion limits at 95% C.L.
are set in several SUSY scenarios. For an interpretation in the minimal GMSB model,
see their Fig. 8. For an interpretation in the mSUGRA/CMSSM with parameters tang
=30, Ag = —2mq and p > 0, see their Fig. 9. For an interpretation in the framework
of natural Gauge Mediation, see Fig. 10. For an interpretation in the bRPV scenario,
see their Fig. 11.

60 AAD 14x searched in 20.3 fb~1 of pp collisions at /s = 8 TeV for events with at
least four leptons (electrons, muons, taus) in the final state. No significant excess above
the Standard Model expectations is observed. Limits are set on the gluino mass in an
R-parity violating simplified model where the decay g§ — qﬁ%?, with )2(1] — (FoFo,
takes place with a branching ratio of 100%, see Fig. 8.

61 AAD 14x searched in 20.3 fb—! of pp collisions at /s = 8 TeV for events with at least
four leptons (electrons, muons, taus) in the final state. No significant excess above the
Standard Model expectations is observed. Limits are set on the gluino mass in a general
gauge-mediation model (GGM) where the decay & — qgxJ, with xJ — (£ G,
takes place with a branching ratio of 100%, for two choices of tan3 = 1.5 and 30, see
Fig. 11. Also some constraints on the higgsino mass parameter ;. are discussed.

62 CHATRCHYAN 14AH searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events
with at least two energetic jets and significant /7, using the razor variables (Mp and

R2) to discriminate between signal and background processes. No significant excess
above the Standard Model expectations is observed. Limits are set on sbottom masses
in simplified models where the decay g — qﬁ}? takes place with a branching ratio of
100%, see Fig. 28. Exclusions in the CMSSM, assuming tanj3 = 10, Ag =0and p >
0, are also presented, see Fig. 26.

63 CHATRCHYAN 14AH searched in 4.7 fo— 1 of pp collisions at /s = 7 TeV for events
with at least two energetic jets and significant /7, using the razor variables (Mg and
R2) to discriminate between signal and background processes. A second analysis requires
at least one of the jets to be originating from a b-quark. No significant excess above the
Standard Model expectations is observed. Limits are set on sbottom masses in simplified
models where the decay g — bEf(? takes place with a branching ratio of 100%, see
Figs. 28 and 29. Exclusions in the CMSSM, assuming tang = 10, Ag = 0 and p > 0,
are also presented, see Fig. 26.

64 CHATRCHYAN 14AH searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events
with at least two energetic jets and significant J/p, using the razor variables (Mg and
R2) to discriminate between signal and background processes. A second analysis requires
at least one of the jets to be originating from a b-quark. No significant excess above the
Standard Model expectations is observed. Limits are set on sbottom masses in simplified
models where the decay g — t?;}‘lj takes place with a branching ratio of 100%, see
Figs. 28 and 29. Exclusions in the CMSSM, assuming tang = 10, Ay = 0 and x>0,
are also presented, see Fig. 26.

65 CHATRCHYAN 141 searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
containing multijets and large Z7. No excess over the expected SM background is
observed. Exclusion limits are derived in simplified models containing gluinos that decay
via @ - qgx{ with a 100% branching ratio, see Fig. 7b, or via @ — tfxJ with a
100% branching ratio, see Fig. 7c, or via @ — qG W/zx?, see Fig. 7d.

66 CHATRCHYAN 14N searched in 19.3 fb—! of pp collisions at /s = 8 TeV for events
containing a single isolated electron or muon and multiple jets, at least two of which
are identified as originating from a b-quark. No significant excesses over the expected
SM backgrounds are observed. The results are interpreted in three simplified models of
gluino pair production with subsequent decay into virtual or on-shell top squarks, where
each of the top squarks decays in turn into a top quark and a 5(?, see Fig. 4. The models
differ in which masses are allowed to vary.

67 CHATRCHYAN 14p searched in 19.4 fb—1 of pp collisions at /5 = 8 TeV for three-
jet resonances produced in the decay of a gluino in R-parity violating supersymmetric
models. No excess over the expected SM background is observed. Assuming a 100%
branching ratio for the gluino decay into three light-flavour jets, limits are set on the
cross section of gluino pair production, see Fig. 7, and gluino masses below 650 GeV are
excluded at 95% C.L. Assuming a 100% branching ratio for the gluino decaying to one
b-quark jet and two light-flavour jets, gluino masses between 200 GeV and 835 GeV are
excluded at 95% C L.

68 CHATRCHYAN 14R searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for events
with at least three leptons (electrons, muons, taus) in the final state. No significant
excess above the Standard Model expectations is observed. Limits are set on the gluino
mass in a slepton co-NLSP simplified model (GMSB) where the decay § — qli FG
takes place with a branching ratio of 100%, see Fig. 8.

69 CHATRCHYAN 14R searched in 19.5 fb—1 of pp collisions at /s = 8 TeV for events
with at least three leptons (electrons, muons, taus) in the final state. No significant
excess above the Standard Model expectations is observed. Limits are set on the gluino
mass in a simplified model where the decay g — tf%? takes place with a branching
ratio of 100%, see Fig. 11.
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70 AABOUD 17Az searched in 36.1 fb—1 of pp collisions at /5 = 13 TeV for events with
at least seven jets and large missing transverse momentum. Selected events are further
classified based on the presence of large R-jets or b-jets and no leptons. No significant
excess above the Standard Model expectations is observed. Limits are set for pMSSM
models with My = 60 GeV, tan(8) = 10, u < 0 varying the soft-breaking parameters
M3 and p. Gluino masses up to 1600 GeV are excluded for m_, — 200 GeV. See their
Figure 6a and text for details on the model. !

71 KHACHATRYAN 16AY searched in 2.3 fb—! of pp collisions at v/5 = 13 TeV for events
with one isolated high transverse momentum lepton (e or p), hadronic jets of which at
least one is identified as coming from a b-quark, and large Zp. No significant excess
above the Standard Model expectations is observed. Limits are set on the gluino mass
in the Tglu3A simplified model, see Fig. 10, and in the Tglu3B model, see Fig. 11.

T2 KHACHATRYAN 168T performed a global Bayesian analysis of a wide range of CMS
results obtained with data samples corresponding to 5.0 =L of pp collisions at /s =
7 TeV and in 19.5 fb—1 of pp collisions at /s = 8 TeV. The set of searches considered,
both individually and in combination, includes those with all-hadronic final states, same-
sign and opposite-sign dileptons, and multi-lepton final states. An interpretation was
given in a scan of the 19-parameter pMSSM. No scan points with a gluino mass less
than 500 GeV survived and 98% of models with a squark mass less than 300 GeV were
excluded.

73 KHACHATRYAN 168X searched in 19.5 fb—L of pp collisions at /s = 8 TeV for events
containing 4 leptons coming from R-parity-violating decays of 1(13 — Llv with A\jp1 #
0or Ajpp # 0. No excess over the expected background is observed. Limits are derived
on the gluino, squark and stop masses, see Fig. 23.

T4 AAD 15AB searched for the decay of neutral, weakly interacting, long-lived particles in
20.3 fb1 of pp collisions at /s = 8 TeV. Signal events require at least two reconstructed
vertices possibly originating from long-lived particles decaying to jets in the inner tracking
detector and muon spectrometer. No significant excess of events over the expected
background was found. Results were interpreted in Stealth SUSY benchmark models
where a pair of gluinos decay to long-lived singlinos, S, which in turn each decay to a
low-mass gravitino and a pair of jets. The 95% confidence-level limits are set on the
cross section x branching ratio for the decay § — Sg, as a function of the singlino
proper lifetime (c7). See their Fig. 10(f)

75 AAD 15l searched in 20 fb—L of pp collisions at /s = 8 TeV for events containing at
least one isolated lepton (electron or muon), jets, and large missing transverse momen-
tum. No excess of events above the expected level of Standard Model background was
found. Exclusion limits at 95% C.L. are set on the gluino mass in the CMSSM/mSUGRA,
see Fig. 15, in the NUHMG, see Fig. 16, and in various simplified models, see Figs.
18-22.

76 AAD 15cB searched for events containing at least one long-lived particle that decays at
a significant distance from its production point (displaced vertex, DV) into two leptons
or into five or more charged particles in 20.3 b1 of pp collisions at \/s = 8 TeV. The
dilepton signature is characterised by DV formed from at least two lepton candidates.
Four different final states were considered for the multitrak signature, in which the DV
must be accompanied by a high-transverse momentum muon or electron candidate that
originates from the DV, jets or missing transverse momentum. No events were observed
in any of the signal regions. Results were interpreted in SUSY scenarios involving R-parity
violation, split supersymmetry, and gauge mediation. See their Fig. 12-20.

77 AAD 15x searched in 20.3 fb~1 of pp collisions at /s = 8 TeV for events containing
large number of jets, no requirements on missing transverse momentum and no isolated
electrons or muons. The sensitivity of the search is enhanced by considering the number
of b-tagged jets and the scalar sum of masses of large-radius jets in an event. No
evidence was found for excesses above the expected level of Standard Model background.
Exclusion limits at 95% C.L. are set on the gluino mass assuming the gluino decays to
various quark flavors, and for various neutralino masses. See their Fig. 11-16.

78 KHACHATRYAN 15AD searched in 19.4 fb—L of pp collisions at /s = 8 TeV for events
with two opposite-sign same flavor isolated leptons featuring either a kinematic edge,
or a peak at the Z-boson mass, in the invariant mass spectrum. No evidence for a
statistically significant excess over the expected SM backgrounds is observed and 95%
C.L. exclusion limits are derived in a simplified model of gluino pair production where
the gluino decays into quarks, a Z-boson, and a massless gravitino LSP, see Fig. 9.

79 KHACHATRYAN 1547 searched in 19.7 fb~1 of pp collisions at /s = 8 TeV for events
with either at least one photon, hadronic jets and Zp (single photon channel) or with
at least two photons and at least one jet and using the razor variables. No significant
excess above the Standard Model expectations is observed. Limits are set on gluino
masses in the general gauge-mediated SUSY breaking model (GGM), for both a bino-like
and wino-like neutralino NLSP scenario, see Fig. 8 and 9.

80 AAD 14Ax searched in 20.1 fb—1 of pp collisions at /s = 8 TeV for the strong production
of supersymmetric particles in events containing either zero or at last one high high-p
lepton, large missing transverse momentum, high jet multiplicity and at least three jets
identified as originating from b-quarks. No excess over the expected SM background is
observed. Limits are derived in mSUGRA/CMSSM models with tan3 = 30, Ao = —2m0
and i > 0, see their Fig. 14. Also, exclusion limits in simplified models containing gluinos
and scalar top and bottom quarks are set, see their Figures 12, 13.

81 AAD 14k searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for strongly produced
supersymmetric particles in events containing jets and two same-sign leptons or three
leptons. The search also utilises jets originating from b-quarks, missing transverse mo-
mentum and other variables. No excess over the expected SM background is observed.
Exclusion limits are derived in simplified models containing gluinos and squarks, see Fig-
ures 5 and 6. In the g — q¢ xit, )?li — W(*)i}g, )?(2) - z(*) )?(1) simplified
model, the following assumptions have been made: m_; = 05 m_g + mz, m_y =

X1 X1 & X

~ /~Et ~E ~ =
0.5 (m)z? + mili), m;((l) <520 GeV.Inthe g — qq' X7, X — fiu)(? org —
qq’}cg )"(g — T (uu)}(l simplified model, the following assumptions have been
made: m%i = m~0 =05 (mio + mg) mAO < 660 GeV. Limits are also derived in

1
the mSUGRA/CMSSM bRPV and GMSB models see their Fig. 8.

82 CHATRCHYAN 14H searched in 19.5 fb~1 of pp collisions at \/s = 8 TeV for events
with two isolated same-sign dileptons and jets in the final state. No significant excess
above the Standard Model expectations is observed. Limits are set on the gluino mass

in simplified models where the decay g — fl‘x(l) takes place with a branching ratio of
100%, or where the decay g — Tt — tx? takes place with a branching ratio of

100%, with varying mass of the %? or where the decay § — Bb, b — ti(li, S(li —

wE )”((1) takes place with a branching ratio of 100%, with varying mass of the ili see
Fig. 5.

83 CHATRCHYAN 14H searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
with two isolated same-sign dileptons and jets in the final state. No significant excess
above the Standard Model expectations is observed. Limits are set on the gluino mass

in simplified models where the decay g — qq Xli Xli - wty ? takes place with a

branching ratio of 100%, with varying mass of the Xli and X X1' see Fig. 7.

84 CHATRCHYAN 14H searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
with two isolated same-sign dileptons and jets in the final state. No significant excess
above the Standard Model expectations is observed. Limits are set on the gluino mass

in simplified models where the decay g — bf%li Xli — Wixg takes place with a

branching ratio of 100%, for two choices of mf(i and fixed m>N<O' see Fig. 6.
1 1

85 CHATRCHYAN 14H searched in 19.5 fb—! of pp collisions at /s = 8 TeV for events
with two isolated same-sign dileptons and jets in the final state. No significant excess
above the Standard Model expectations is observed. Limits are set on the gluino mass
in simplified models where the R-parity violating decay g — tbs takes place with a
branching ratio of 100%, see Fig. 8.

Long-lived g (Gluino) mass limit
Limits on light gluinos (mz < 5 GeV) were last listed in our PDG 14 edition: K. Olive,
et al. (Particle Data Group), Chinese Physics €38 070001 (2014) (http://pdg.Ibl.gov).

VALUE (GeV) cL% DOCUMENT ID TECN _ COMMENT
>1000 95 1 KHACHATRY..17AR CMS  long-lived g, RPV, § — tb5,
cr=03mm _
>1300 95 1 KHACHATRY..17aAR CMS  long-lived g, RPV, § — b5,
cr = 1.0 mm _
>1400 95 1 KHACHATRY..17AR CMS  long-lived g, RPV, § — b5,
2 mm < cr < 30 mm
>1580 95 2 AABOUD 168 ATLS long-lived R-hadrons
> 740-1590 95 3 AABOUD 16C ATLS R-hadrons, TglulA, 7 > 0.4
ns, m_o = 100 GeV
Xq
>1570 95 3 AABOUD 16C ATLS R-hadrons, TglulA, stable
>1610 95 4 KHACHATRY..16BWCMS long-lived g forming R-
hadrons, f = 0.1, cloud
interaction model
>1580 95 4 KHACHATRY..16BWCMS  long-lived g forming R-
hadrons, f = 0.1, charge-
suppressed interaction
model
>1520 95 4 KHACHATRY..16BWCMS  long-lived & forming R-
hadrons, f = 0.5, cloud
interaction model
>1540 95 4 KHACHATRY..16BWCMS long-lived g forming R-
hadrons, f = 0.5, charge-
suppressed interaction
_model
>1270 95 5 AAD 15AE ATLS g R-hadron, generic R-hadron
model
>1360 95 5 AAD 15AE ATLS g decaying to 300 GeV stable
sleptons, LeptoSUSY model
>1115 95 6 AAD 15BMATLS g R-hadron, stable
>1185 95 6 AAD 15BMATLS g — (g/qq)x), lifetime 10
ns, m—o = 100 GeV
X1
>1099 95 6 AAD 15BMATLS g — (g/qq)xl, lifetime 10
ns, mz — m_g = 100 GeV
g Xi
>1182 95 6 AAD 15BMATLS g — tTXY, lifetime 10 ns,
m_y = 100 GeV
X1
>1157 95 6 AAD 15BMATLS 3 — tff(?, lifetime 10 ns,
mz — m_, = 480 GeV
g Xi
> 869 95 6 AAD 15BMATLS & — (g/qq)xl, lifetime 1
ns, m—o = 100 GeV
X1
> 821 95 6 AAD 15BMATLS & — (g/qq)x), lifetime
1ns, mz — m_y =100
g X1
GeV_
> 836 95 6 AAD 15BMATLS g — tEXY, lifetime 1 ns,
m_y = 100 GeV
Xq
> 836 95 6 AAD 15BMATLS Z — tfgff, lifetime 10 ns,
mgz — m-, = 480 GeV
8 X1
>1000 95 7 KHACHATRY..15AKk CMS g R-hadrons, 10 pus< 7 <1000
s
> 880 95 7 KHACHATRY..15AKk CMS g R-hadrons, 1 us< 7 <1000 s

e o o \We do not use the following data for averages, fits, limits, etc. o o o

> 985 95 8 AAD 13AA ATLS g, R-hadrons, generic interac-

tion model

> 832 95 9 AAD 138C ATLS  R-hadrons,  — g/qqxY,
generic R-hadron model,
lifetime between 10~ and
10° s, m)zO = 100 GeV

>1322 95 10 CHATRCHYAN13aB CMS  long-lived g forming R-

hadrons, f = 0.1, cloud
interaction mode|
12p ATLS long-lived g — gxl, 0~
X1

100 GeV
long-lived g — g%(l]

long-lived g forming R-
hadrons, f = 0.1

none 200-341 95 11 AAD

12 CHATRCHYAN 12aN CMS
13 CHATRCHYAN12L CMS

> 640 95
>1098 95
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> 586 95 14 AAD 11K ATLS stable g

> 544 95 15 AAD 11p ATLS stable g, GMSB scenario,
tanf=5

> 370 95 16 KHACHATRY..11 CMS long lived &

> 398 95 17 KHACHATRY..11C CMS  stable g

1 KHACHATRYAN 174R searched in 17.6 fb~! of pp collisions at /s = 8 TeV for R-
parity-violating SUSY in which long-lived neutralinos or gluinos decay into multijet final
states. No significant excess above the Standard Model expectations is observed. Limits
are set on the gluino mass for a range of mean proper decay lengths (c7), see their Fig.
7. The upper limits on the production cross section times branching ratio squared (Fig.
7) are also applicable to long-lived neutralinos.

2 AABOUD 168 searched in 3.2 fb—1 of pp collisions at /s = 13 TeV for long-lived
R-hadrons using observables related to large ionization losses and slow propagation ve-
locities, which are signatures of heavy charged particles traveling significantly slower than
the speed of light. Exclusion limits at 95% C.L. are set on the long-lived gluino masses
exceeding 1580 GeV. See their Fig. 5.

3 AABOUD 16C searched in 3.2 fb—1 of pp collisions at /s = 13 TeV for long-lived and
stable R-hadrons identified by anomalous specific ionization energy loss in the ATLAS
Pixel detector. Gluino R-hadrons with lifetimes above 0.4 ns are excluded at 95% C.L.
with lower mass limit range between 740 GeV and 1590 GeV. In the case of stable
R-hadrons, the lower mass limit is 1570 GeV. See their Figs. 5 and 6.

4 KHACHATRYAN 16BW searched in 2.5 fb—1 of pp collisions at /5 = 13 TeV for events
with heavy stable charged particles, identified by their anomalously high energy deposits
in the silicon tracker and/or long time-of-flight measurements by the muon system. No
evidence for an excess over the expected background is observed. Limits are derived for
pair production of gluinos as a function of mass, depending on the interaction model and
on the fraction f, of produced gluinos hadronizing into a g - gluon state, see Fig. 4 and
Table 7.

5 AAD 15a€ searched in 19.1 fb— ! of pp collisions at /s = 8 TeV for heavy long-lived
charged particles, measured through their specific ionization energy loss in the ATLAS
pixel detector or their time-of-flight in the ALTAS muon system. In the absence of an
excess of events above the expected backgrounds, limits are set R-hadrons in various
scenarios, see Fig. 11. Limits are also set in LeptoSUSY models where the gluino decays
to stable 300 GeV leptons, see Fig. 9.

6 AAD 158BM searched in 18.4 fb—!1 of pp collisions at /s = 8 TeV for stable and
metastable non-relativistic charged particles through their anomalous specific ionization
energy loss in the ATLAS pixel detector. In absence of an excess of events above the
expected backgrounds, limits are set within a generic R-hadron model, on stable gluino
R-hadrons (see Table 5) and on metastable gluino R-hadrons decaying to (g/qq) plus
a light X9 (see Fig. 7) and decaying to t7 plus a light X (see Fig. 9).

T KHACHATRYAN 15AK looked in a data set corresponding to 18.6 oL of pp collisions
at /s = 8 TeV, and a search interval corresponding to 281 h of trigger lifetime, for long-
lived particles that have stopped in the CMS detector. No evidence for an excess over
the expected background in a cloud interaction model is observed. Assuming the decay
g — gi? and lifetimes between 1 us and 1000 s, limits are derived on g production as
a function of m>~<°’ see Figs. 4 and 6. The exclusions require that m;(O is kinematically

consistent with thle minimum values of the jet energy thresholds used.1

8 AAD 13Aa searched in 4.7 fb—1 of pp collisions at /s = 7 TeV for events containing
colored long-lived particles that hadronize forming R-hadrons. No significant excess
above the expected background was found. Long-lived R-hadrons containing a g are
excluded for masses up to 985 GeV at 95% C.L in a general interaction model. Also,
limits independent of the fraction of R-hadrons that arrive charged in the muon system
were derived, see Fig. 6.

9 AAD 13BC searched in 5.0 fb—1 of pp collisions at /s = 7 TeV and in 22.9 =1 of pp
collisions at /s = 8 TeV for bottom squark R-hadrons that have come to rest within the
ATLAS calorimeter and decay at some later time to hadronic jets and a neutralino. In
absence of an excess of events above the expected backgrounds, limits are set on gluino
masses for different decays, lifetimes, and neutralino masses, see their Table 6 and Fig.

10.

10 CHATRCHYAN 134B looked in 5.0 fb~! of pp collisions at /5 = 7 TeV and in 18.8
b1 of pp collisions at /s = 8 TeV for events with heavy stable particles, identified
by their anomalous dE/dx in the tracker or additionally requiring that it be identified as
muon in the muon chambers, from pair production of g’s. No evidence for an excess over
the expected background is observed. Limits are derived for pair production of gluinos as
a function of mass (see Fig. 8 and Table 5), depending on the fraction, f, of formation of
g—g (R-gluonball) states. The quoted limit is for f = 0.1, while for f = 0.5 it degrades
to 1276 GeV. In the conservative scenario where every hadronic interaction causes it to
become neutral, the limit decreases to 928 GeV for f = 0.1.

11 AAD 12p looked in 31 pb*1 of pp collisions at /s = 7 TeV for events with pair
production of long-lived gluinos. The hadronization of the gluinos leads to R-hadrons
which may stop inside the detector and later decay via g — gf(? during gaps between the
proton bunches. No significant excess over the expected background is observed. From
a counting experiment, a limit at 95% C.L. on the cross section as a function of mg is

derived for mio = 100 GeV, see Fig. 4. The limit is valid for lifetimes between 10~
1

and 103 seconds and assumes the Generic matter interaction model for the production
cross section.

12 CHATRCHYAN 12aN looked in 4.0 fb—1 of pp collisions at /5 = 7 TeV for events
with pair production of long-lived gluinos. The hadronization of the gluinos leads to
R-hadrons which may stop inside the detector and later decay via g — gi? during
gaps between the proton bunches. No significant excess over the expected background
is observed. From a counting experiment, a limit at 95% C.L. on the cross section as a

function of mg, is derived, see Fig. 3. The mass limit is valid for lifetimes between 105

and 103 seconds, for what they call "the daughter gluon energy E, >" 100 GeV and
assuming the cloud interaction model for R-hadrons. Supersedes KHACHATRYAN 11.

13 CHATRCHYAN 12L looked in 5.0 fb—! of pp collisions at /s = 7 TeV for events with
heavy stable particles, identified by their anomalous dE/dx in the tracker or additionally
requiring that it be identified as muon in the muon chambers, from pair production of
g'’s. No evidence for an excess over the expected background is observed. Limits are
derived for pair production of gluinos as a function of mass (see Fig. 3), depending
on the fraction, f, of formation of g—g (R-glueball) states. The quoted limit is for f
= 0.1, while for f = 0.5 it degrades to 1046 GeV. In the conservative scenario where
every hadronic interaction causes it to become neutral, the limit decreases to 928 GeV
for f=0.1. Supersedes KHACHATRYAN 11c.

14 AAD 11K looked in 34 pb_1 of pp collisions at /s = 7 TeV for events with heavy
stable particles, identified by their anomalous dE/dx in the tracker or time of flight in
the tile calorimeter, from pair production of g. No evidence for an excess over the SM
expectation is observed. Limits are derived for pair production of gluinos as a function
of mass (see Fig. 4), for a fraction, f = 10%, of formation of & — g (R-gluonball). If
instead of a phase space driven approach for the hadronic scattering of the R-hadrons,
a triple-Regge model or a bag-model is used, the limit degrades to 566 and 562 GeV,
respectively.

15AAD 11P looked in 37 pb’l of pp collisions at \/s = 7 TeV for events with heavy
stable particles, reconstructed and identified by their time of flight in the Muon System.
There is no requirement on their observation in the tracker to increase the sensitivity to
cases where gluinos have a large fraction, f, of formation of neutral g — g (R-gluonball).
No evidence for an excess over the SM expectation is observed. Limits are derived as a
function of mass (see Fig. 4), for f=0.1. For fractions f = 0.5 and 1.0 the limit degrades
to 537 and 530 GeV, respectively.

16 KHACHATRYAN 11 looked in 10 pb™ of pp collisions at /5 = 7 TeV for events with
pair production of long-lived gluinos. The hadronization of the gluinos leads to R-hadrons
which may stop inside the detector and later decay via § — g)'((l) during gaps between
the proton bunches. No significant excess over the expected background is observed.
From a counting experiment, a limit at 95% C.L. on the cross section times branching
ratio is derived for mg—mi<0 > 100 GeV, see their Fig. 2. Assuming 100% branching

1
ratio, lifetimes between 75 ns and 3 x 10° s are excluded for m5 = 300 GeV. The g

mass exclusion is obtained with the same assumptions for lifetimes between 10 xs and
1000 s, but shows some dependence on the model for R-hadron interactions with matter,
illustrated in Fig. 3. From a time-profile analysis, the mass exclusion is 382 GeV for a
lifetime of 10 x5 under the same assumptions as above.

17 KHACHATRYAN 11c looked in 3.1 pb~1 of pp collisions at /s = 7 TeV for events with
heavy stable particles, identified by their anomalous dE/dx in the tracker or additionally
requiring that it be identified as muon in the muon chambers, from pair production of
g. No evidence for an excess over the expected background is observed. Limits are
derived for pair production of gluinos as a function of mass (see Fig. 3), depending on
the fraction, f, of formation of g — g (R-gluonball). The quoted limit is for f=0.1, while
for f=0.5 it degrades to 357 GeV. In the conservative scenario where every hadronic
interaction causes it to become neutral, the limit decreases to 311 GeV for f=0.1.

Light G (Gravitino) mass limits from collider experiments
The following are bounds on light ( < 1eV) gravitino indirectly inferred from its
coupling to matter suppressed by the gravitino decay constant.

Unless otherwise stated, all limits assume that other supersymmetric particles besides
the gravitino are too heavy to be produced. The gravitino is assumed to be undetected
and to give rise to a missing energy (£) signature.

Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE (eV) CL%
e o o We do not use the following data for averages, fits, limits, etc. o o o

> 35 x1074 95 1 AAD 15BH ATLS jet + Ep, pp — (3/E)G,
m= = m= = 500 GeV

DOCUMENT ID TECN _ COMMENT

q _
>3 x1074 95 1 AAD 158HATLS jet + Ep, pp — (4/Z)G,

ma = mg = 1000 GeV
>2 x1074 95 1 AAD 158HATLS jet + Ep, pp — (4/E)G,

m= = m5 = 1500 GeV

g~ "Mg
> 1.09x 1075 95 2 ABDALLAH 058 DLPH ete™ — GGv
> 1.35x 1075 95 3 ACHARD 04E L3 ete™ — GGvy
> 13 x107° 4 HEISTER 03c ALEP ete™ — GG~y
>11.7 x1076 95 5 ACOSTA 024 CDF  pp— GG~y

> 87 x1076 95 6 ABBIENDI,G 000 OPAL ete~ — GGv

1 AAD 158H searched in 20.3 fb—1 of pp collisions at /s = 8 TeV for associated production
of a light gravitino and a squark or gluino. The squark (gluino) is assumed to decay
exclusively to a quark (gluon) and a gravitino. No evidence was found for an excess
above the expected level of Standard Model background and 95% C.L. lower limits were
set on the gravitino mass as a function of the squark/gluino mass, both in the case of
degenerate and non-degenerate squark/gluino masses, see Figs. 14 and 15.

2 ABDALLAH 058 use data from /s = 180-208 GeV. They look for events with a single
photon + £ final states from which a cross section limit of o < 0.18 pb at 208 GeV is
obtained, allowing a limit on the mass to be set. Supersedes the results of ABREU 00z.

3 ACHARD 04E use data from V/s = 189-209 GeV. They look for events with a single
photon + £ final states from which a limit on the Gravitino mass is set corresponding
to vVF > 238 GeV. Supersedes the results of ACCIARRI 99R.

4HEISTER 03C use the data from /5 = 189-209 GeV to search for vE final states.

5ACOSTA 02H looked in 87 pb*1 of pp collisions at /s=1.8 TeV for events with a
high-E photon and Zp. They compared the data with a GMSB model where the final
state could arise from qq — 657. Since the cross section for this process scales as
1/|F|*, a limit at 95% CL is derived on |F|1/2 > 221 GeV. A model independent limit
for the above topology is also given in the paper.

6ABBIENDI,G 00D searches for v final states from /s=189 GeV.

Supersymmetry miscellaneous results
Results that do not appear under other headings or that make nonminimal assumptions.

Some earlier papers are now obsolete and have been omitted. They were last listed
in our PDG 14 edition: K. Olive, et al. (Particle Data Group), Chinese Physics C38
070001 (2014) (http://pdg.Ibl.gov).

VALUE CL% DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o

>65 95 1 AABOUD 16AF ATLS selected ATLAS searches
on EWK sector



See key on page 885
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nol

nol

ne 0-2 95 2 AAD 16AG ATLS  dark photon, ~4, in SUSY- I
and Higgs-portal models
3 AAD 13p ATLS dark ~, hidden valley
4 AALTONEN 128 CDF hidden-valley Higgs
ne 100-185 95 5 AAD 11AA ATLS scalar gluons
6 CHATRCHYAN11E CMS sy resonances
7 ABAZOV 10N DO 4p- hidden valley

L AABOUD 16AF uses a selection of searches by ATLAS for the electroweak production
of SUSY particles studying resulting constraints on dark matter candidates. They use
20 fb—1 of pp collisions at /s = 8 TeV. A likelihood-driven scan of an effective model
focusing on the gaugino-higgsino and Higgs sector of the pMSSM is performed. The
ATLAS searches impact models where mXO < 65 GeV, excluding 86% of them. See

1

their Figs. 2, 4, and 6.

2 AAD 16AG searches for prompt lepton-jets using 20 b1 of pp collisions at /s = 8 TeV
collected with the ATLAS detector. Lepton-jets are expected from decays of low-mass
dark photons in SUSY-portal and Higgs-portal models. No significant excess of events is
observed and 95% CL upper limits are computed on the production cross section times
branching ratio for two prompt lepton-jets in models predicting 2 or 4 4 via SUSY-
portal topologies, for v mass values between 0 and 2 GeV. See their Figs 9 and 10.
The results are also interpreted in terms of a 90% CL exclusion region in kinetic mixing
and dark-photon mass parameter space. See their Fig. 13.

3 AAD 13p searched in 5 fb—1 of pp collisions at /s = 7 TeV for single lepton-jets with
at least four muons; pairs of lepton-jets, each with two or more muons; and pairs of
lepton-jets with two or more electrons. All of these could be signatures of Hidden Valley
supersymmetric models. No statistically significant deviations from the Standard Model
expectations are found. 95% C.L. limits are placed on the production cross section times
branching ratio of dark photons for several parameter sets of a Hidden Valley model.

4 AALTONEN 1248 looked in 5.1 fb—1 of pp collisions at /5 = 1.96 TeV for anomalous
production of multiple low-energy leptons in association with a W or Z boson. Such
events may occur in hidden valley models in which a supersymmetric Higgs boson is
produced in association with a W or Z boson, with H — X? X? pair and with the %?
further decaying into a dark photon (yp) and the unobservable lightest SUSY particle
of the hidden sector. As the v is expected to be light, it may decay into a lepton pair.
No significant excess over the SM expectation is observed and a limit at 95% C.L. is
set on the cross section for a benchmark model of supersymmetric hidden-valley Higgs
production.

5AAD 11aa looked in 34 pb*1 of pp collisions at \/s = 7 TeV for events with > 4
jets originating from pair production of scalar gluons, each decaying to two gluons. No
two-jet resonances are observed over the SM background. Limits are derived on the cross
section times branching ratio (see Fig. 3). Assuming 100% branching ratio for the decay
to two gluons, the quoted exclusion range is obtained, except for a 5 GeV mass window
around 140 GeV.

CHATRCHYAN 11E looked in 35 pb*1 of pp collisions at /s = 7 TeV for events with
collimated y pairs (leptonic jets) from the decay of hidden sector states. No evidence for
new resonance production is found. Limits are derived and compared to various SUSY
models (see Fig. 4) where the LSP, either the X Xl or a g, decays to dark sector particles.

7 ABAZOV 10N looked in 5.8 fb~1 of pp collisions at /s = 1.96 TeV for events from
hidden valley models in which a X(I) decays into a dark photon, vp, and the unobservable
lightest SUSY particle of the hidden sector. As the v, is expected to be light, it may
decay into a tightly collimated lepton pair, called lepton jet. They searched for events
with 7 and two isolated lepton jets observable by an opposite charged lepton pair ee,
ep or pp. No significant excess over the SM expectation is observed, and a limit at 95%
C.L. on the cross section times branching ratio is derived, see their Table I. They also
examined the invariant mass of the lepton jets for a narrow resonance, see their Fig. 4,
but found no evidence for a signal.
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Translated from YAF 37 1597.

Technicolor

See the related review(s):
Dynamical Electroweak Symmetry Breaking: Implications of
the HO

The latest unpublished results are described in “Dynamical Electroweak
Symmetry Breaking” review.

MASS LIMITS for Resonances
in Models of Dynamical Electroweak Symmetry Breaking

VALUE (GeV) L% DOCUMENT ID TECN  COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o
L AAD 16w ATLS color octet vector resonance I
>2400 95 2 KHACHATRY..16E CMS  top-color Z/
3 AAD 15ABATLS h— m,m,
>1800 95 4 AAD 15A0 ATLS  top-color Z/

5AAD 1588 ATLS pp — py/ajp — Whor
Zh

6 AAD 15Q ATLS h— m,m,
7 AAL ISANLHCB h — 7,7,
>1140 95 8 KHACHATRY..15¢ CMS p7 — WZ
9 KHACHATRY..15w CMS H — =, 7,
none 200-700, 95 10 AAD 14AT ATLS  pp — wp — Zv
n0n7esg7§?g60 95 10 AAD 14AT ATLS pp — a7 — Wx
11 AAD 14v ATLS color singlet techni-vector
> 703 12 AaD 13ANATLS pp — ap — Wo
> 494 13 AAD I3ANATLS  pp = wy — Zv
none 500-1740 95 14 AAD 13AQ ATLS  top-color Z/
>1300 95 15 CHATRCHYAN 13AP CMS  top-color Z’
>2100 95 14 CHATRCHYAN 138BMCMS  top-color 2’
16 BAAK 12 RVUE QCD-like technicolor
none 167-687 95 17 CHATRCHYAN 124F CMS  p7 — WZ
> 805 95 14 AALTONEN ~ 11ADCDF  top-color Z’
> 805 95 14 AALTONEN  11AE CDF  top-color Z/
18 CHIVUKULA 11 RVUE top-Higgs
19 CHIVUKULA 11 RVUE techini-w
20 AALTONEN 101 CDF  pp — p1/w — Wrp
none 208-408 95 21 ABAzOV 10A DO p7 = WZ
22 ABAZOV 071 DO pp— pr/wy — Wap
> 280 95 23 ABULENCIA  05A CDF  pp — ete™, utpu™
24 CHEKANOV 028 ZEUS color octet techni-m
> 207 95 25ABAZOV 018 DO pp — eTe
none 90-206.7 95 26 ABDALLAH 01 DLPH eTe™ — pp
27 AFFOLDER ~ Q0F CDF color-singlet techni-p,
pr — Wrp, 27p
> 600 95 28 AFFOLDER 00k CDF  color-octet techni-p,
pTg = 27rLQ
none 350-440 95 29 ABE 99F CDF  color-octet techni-p,
prg — bb
30 ABE 99N CDF  techniw, wp — ~vbb
none 260-480 95 31 ABE 97G CDF  color-octet techni-p,

pTg — 2jets

1 AAD 16w search for color octet vector resonance decaying to bB in pp collisions at /s
= 8 TeV. The vector like quark B is assumed to decay to bH. See their Fig.3 and Fig.4
for limits on o - B. B

2 KHACHATRYAN 16E search for top-color Z’ decaying to tt. The quoted limit is for
Ezé/lmz, = 0.012. Also exclude m ,, < 2.9 TeV for wider topcolor Z' with FZ,/mZ,

3 AAD 15AB search for long-lived hidden valley m, particles which are produced in pairs
by the decay of a scalar boson. m,, is assumed to decay into dijets. See their Fig. 10 for
the limit on oB. B

4 AAD 1540 search for top-color Z/ decaying to tt. The quoted limit is for rZ,/mZ, =
0.012.

5AAD 1588 search for minimal walking technicolor (MWT) isotriplet vector and axial-
vector resonances decaying to W h or Z h. See their Fig. 3 for the exclusion limit in the
MWT parameter space.

6 AAD 15Q search for long-lived hidden valley 7, particles which are produced in pairs by
the decay of scalar boson. 7, is assumed to decay into dijets. See their Fig. 5 and Fig.
6 for the limit on oB.

7 AAIJ 15AN search for long-lived hidden valley m,, particles which are produced in pairs
by the decay of scalar boson with a mass of 120GeV. 7, is assumed to decay into dijets.
See their Fig. 4 for the limit on oB.

8 KHACHATRYAN 15¢C search for a vector techni-resonance decaying to W Z. The limit
assumes M, = (3/4) M, — 25 GeV. See their Fig.3 for the limit in M, — M

P T PT
plane of the low scale technicolor model.

9 KHACHATRYAN 15w search for long-lived hidden valley 7, particles which are produced
in pairs in the decay of heavy higgs boson H. 7, is assumed to decay into e, See
their Fig. 7 and Fig. 8 for the limits on oB.

10 AAD 14AT search for techni-w and techni-a resonances decaying to Vv with V = W(—
t)or Z(— tem).

11 AAD 14v search for vector techni-resonances decaying into electron or muon pairs in pp
collisions at /s = 8 TeV. See their table IX for exclusion limits with various assumptions.

12 AAD 13aN search for vector techni-resonance aT decaying into W~.

13 AAD 13AN search for vector techni-resonance wr decaying into Z.

14 search for top-color Z’ decaying to t. The quoted limit is for I'Z,/mz, = 0.012.

15 CHATRCHYAN 13AP search for top-color leptophobic Z’ decaying to t. The quoted
limit is for FZ,/mZ, = 0.012.

16BaAK 12 give electroweak oblique parameter constraints on the QCD-like technicolor
models. See their Fig. 28.

17 CHATRCHYAN 124F search for a vector techni-resonance decaying to W Z. The limit
assumes MWT: (3/4) Mpr 25 GeV. See their Fig. 3 for the limit in MwaMpT
plane of the low scale technicolor model.

18 Using the LHC limit on the Higgs boson production cross section, CHIVUKULA 11 obtain
a limit on the top-Higgs mass > 300 GeV at 95% CL assuming 150 GeV top-pion mass.

19 Using the LHC limit on the Higgs boson production cross section, CHIVUKULA 11A
obtain a limit on the techinipion mass ruling out the region 110 GeV < mp < 2my.
Existence of color techni-fermions, top-color mechanism, and Ny > 3 are assumed.

20 AALTONEN 101 search for the vector techni-resonances (p7, w7) decaying into W
with W — ¢v and T — bb, bT, or bh. See their Fig. 3 for the exclusion plot in
M. _ —M plane.

T T

21 ABAZOV 10A search for a vector techni-resonance decaying into W Z. The limit assumes
My, < My + My,

22 ABAZOV 07! search for the vector techni-resonances (p1,wT) decaying into W with
W — evand mp — bb or bT. See their Fig. 2 for the exclusion plot in M"T - M/)T

plane.
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23 ABULENCIA 05A search for resonances decaying to electron or muon pairs in pp colli-
sions. at /s = 1.96 TeV. The limit assumes Technicolor-scale mass parameters M\, =
My = 500 GeV.

24 CHEKANOV 028 search for color octet techni-r P decaying into dijets in ep collisions.
See their Fig.5 for the limit on o(ep — ePX)-B(P — 2j).

25 ABAZOV 018 searches for vector techni-resonances (pwr) decaying to ete~. The
limit assumes MPT = MWT <M1rT+MW-

26 The limit is independent of the > mass. See their Fig. 9 and Fig. 10 for the exclusion plot
in the MpT— o plane. ABDALLAH 01 limit on the techni-pion mass is MTrT >79.8
GeV for Np=2, assuming its point-like coupling to gauge bosons.

27 AFFOLDER 00F search for pr decaying into W or mpwp with W — £y and mp —
bb, bc. See Fig. 1 in the above Note on “Dynamical Electroweak Symmetry Breaking”
for the exclusion plot in the MPT_MWT plane.

28 AFFOLDER 00K search for the pyg decaying into m;omp with m o — bv. For
TLQ ™ the limit is MPTS >510 GeV. See their Fig. 2 and Fig. 3 for the exclusion
plot in the MPTS_MWLQ plane.

29 ABE 99F search for a new particle X decaying into bb in pp collisions at Ecm=1.8 TeV.
See Fig.7 in the above Note on “Dynamical Electroweak Symmetry Breaking” for the
upper limit on o(pp — X)xB(X — bb). ABE 99F also exclude top gluons of width
I'=0.3M in the mass interval 280 <M< 670 GeV, of width '=0.5M in the mass interval
340 <M< 640 GeV, and of width '=0.7M in the mass interval 375 <M< 560 GeV.

30 ABE 99N search for the techni-w decaying into ymp. The technipion is assumed to
decay mp — bb. See Fig. 2 in the above Note on “Dynamical Electroweak Symmetry
Breaking” for the exclusion plot in the MwT— o plane.

31 ABE 976 search for a new particle X decaying into dijets in pp collisions at E.y,= 1.8
TeV. See Fig.5 in the above Note on “Dynamical Electroweak Symmetry Breaking” for
the upper limit on o(pp — X)xB(X — 2j).
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Quark and Lepton Compositeness,
Searches for

The latest unpublished results are described in the “Quark and Lep-
ton Compositeness” review.

See the related review(s):
Searches for Quark and Lepton Compositeness
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Mass Limits for Color Sextet Quarks (gg)
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Mass Limits for Color Octet Neutrinos (vg)
Mass Limits for Wg (Color Octet W Boson)

SCALE LIMITS for Contact Interactions: A(eeee)

Limits are for ALiL only. For other cases, see each reference.

Af (Tev) A (Tev)  CL% DOCUMENT ID TECN ~ COMMENT

>8.3 >10.3 95 1 BOURILKOV 01 RVUE Ecm: 192-208 GeV
e o o We do not use the following data for averages, fits, limits, etc. o o o
>4.5 >7.0 95 2 SCHAEL 07A ALEP Eq,= 189-209 GeV
>5.3 >6.8 95 ABDALLAH  06C DLPH E_ = 130-207 GeV
>4.7 >6.1 95 3 ABBIENDI 046 OPAL E = 130-207 GeV
>4.3 >4.9 95 ACCIARRI 00r L3 Ecm= 130-189 GeV
LA combined analysis of the data from ALEPH, DELPHI, L3, and OPAL.
25CHAEL 074 limits are from RC, Q’I{fg and hadronic cross section measurements.
3 ABBIENDI 046 limits are from et e~ — et e~ cross section at /s = 130-207 GeV.

SCALE LIMITS for Contact Interactions: A(eepp)

Limits are for ALiL only. For other cases, see each reference.

Af (Tev) A (Tev)  CL% DOCUMENT ID TECN ~ COMMENT

>6.6 >9.5 95 1 SCHAEL 07A ALEP E = 189-209 GeV

>85 >3.8 95 ACCIARRI oop L3 Ecm= 130-189 GeV

e o o We do not use the following data for averages, fits, limits, etc. o o

>7.3 >7.6 95 ABDALLAH  06C DLPH E ;= 130-207 GeV

>8.1 >7.3 95 2 ABBIENDI 046 OPAL E = 130-207 GeV
1SCHAEL 07 limits are from R, le;gl, and hadronic cross section measurements.
2 ABBIENDI 046 limits are from eTe™ — L Cross section at /s = 130-207 GeV.

SCALE LIMITS for Contact Interactions: A(eer )

Limits are for ALiL only. For other cases, see each reference.

A (Tev) A (Tev)  CL% DOCUMENT ID TECN ~ COMMENT

>7.9 >5.8 95 1 SCHAEL 07A ALEP E = 189-209 GeV
>7.9 >4.6 95 ABDALLAH  06C DLPH E = 130-207 GeV
>4.9 >7.2 95 2 ABBIENDI 046 OPAL E = 130-207 GeV
e o o We do not use the following data for averages, fits, limits, etc. o o o

>5.4 >4.7 95 ACCIARRI 0op L3 Ecm= 130-189 GeV

LSCHAEL 074 limits are from R, Q5.

2 ABBIENDI 046 limits are from e e~ — 77 cross section at /s = 130-207 GeV.

and hadronic cross section measurements.

SCALE LIMITS for Contact Interactions: A(££££)

Lepton universality assumed. Limits are for ALiL only. For other cases, see each

reference.
Nf (Tev) A (Tev)  cL% DOCUMENT ID TECN  COMMENT
>7.9 > 103 95 1 scHAEL 07A ALEP E = 189-209 GeV
>9.1 >8.2 95 ABDALLAH  06C DLPH E ;= 130-207 GeV

e o o We do not use the following data for averages, fits, limits, etc. o o o

>77  >95 95 2ABBIENDI  04G OPAL Epy= 130-207 GeV
3 BABICH 03 RVUE
9.0  >52 95 ACCIARRI  00P L3 Ecm= 130-189 GeV

1 SCHAEL 07 limits are from R., Q[Ilfgl, and hadronic cross section measurements.

2 ABBIENDI 046 limits are from e™ e~ — T ¢ cross section at V/s = 130-207 GeV.
3BABICH 03 obtain a bound —0.175 TeV—2 <1/A%L < 0.095 TeV—2 (95%CL) in a
model independent analysis allowing all of /\LL- ALR' ARL' ARR to coexist.

SCALE LIMITS for Contact Interactions: A(eeqq)

Limits are for Afl_ only. For other cases, see each reference.

Af (Tev) A, (Tev) CL% DOCUMENT ID TECN  COMMENT
>24 >37 95 1 AABOUD 17T ATLS  (eeqq)
> 84 >102 95 2ABDALLAH 09 DLPH (eebb)
>94 >56 95 3 SCHAEL 07A ALEP (eecc)
>94  >49 95  2SCHAEL 07a ALEP (eebb)
>233 >125 95 4 CHEUNG 018 RVUE (eeuu)

>111  >264 95  4CHEUNG 018 RVUE (eedd)
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e o o \We do not use the following data for averages, fits, limits, etc. o o o

>155 >195 95 3 AABOUD 16U ATLS (eeqq)
>135 >183 95 O KHACHATRY..15AE CMS (eeqq)
>164  >207 95 [ AAD 14BE ATLS (eeqq)
>95 >121 95  8AAD 13 ATLS (eeqq)
>101  >9.4 95 9AAD 12AB ATLS (eeqq)
> 42 >4.0 95 10 AARON 11C H1 (eeqq)
> 38 >38 95 11 ABDALLAH 11 DLPH (eetc)
>12.9 >7.2 95  125CHAEL 07A ALEP (eeqq)
>37 >59 95 13 ABULENCIA 06L CDF (eeqq)

1 AABOUD 17AT limits are from pp collisions at /s = 13 TeV. The quoted limit uses a

uniform positive prior in 1//\2.

2 ABDALLAH 09 and SCHAEL 07 limits are from Ry, AbFB.
depl

3SCHAEL 07A limits are from R., QFB , and hadronic cross section measurements.
4 CHEUNG 018 is an update of BARGER 98E.
5 AABOUD 16U limits are from pp collisions at /s = 13 TeV. The quoted limit uses a
uniform positive prior in 1//\2.
6 KHACHATRYAN 15AE limit is from eT e~ mass distribution in pp collisions at E,
8 TeV.
7 AAD 14BE limits are from pp collisions at /s = 8 TeV. The quoted limit uses a uniform
positive prior in 1//\2.
8 AAD 13E limis are from eT e~ mass distribution in pp collisions at E.,y = 7 TeV.
9 AAD 1248 limis are from eT e~ mass distribution in pp collisions at E.jy = 7 TeV.
10 AARON 11c limits are from 02 spectrum measurements of eip — eiX.
11 ABDALLAH 11 limit is from e e~ — < cross section. ALL =ALR=ARL =/RR
is assumed.
SCHAEL 07A limit assumes quark flavor universality of the contact interactions.
13 ABULENCIA 06L limits are from pp collisions at /s = 1.96 TeV.

cm =

SCALE LIMITS for Contact Interactions: A(zpqq)

Af (TeV) A (Tev)  CL% DOCUMENT ID TECN  COMMENT

>20 >30 95 1 AABOUD 17AT ATLS  (u1qq)

e o o \We do not use the following data for averages, fits, limits, etc. o o o
>158 >21.8 95 2 AABOUD 16U ATLS (npqq)

>12.0 >152 95 3 KHACHATRY..15AE CMS  (np.qq)

>125 >167 95 4 AAD 14BE ATLS  (upqq)

> 9.6 >12.9 95 5 AAD 13 ATLS (ppqq) (isosinglet)
>95 >131 95 6 CHATRCHYAN13k CMS  (npqq) (isosinglet)
>80 >7.0 95 7 AAD 12AB ATLS  (npqq) (isosinglet)

1 AABOUD 17AT limits are from pp collisions at /s = 13 TeV. The quoted limit uses a
uniform positive prior in 1//\2.

2 AABOUD 16U limits are from pp collisions at /s = 13 TeV. The quoted limit uses a
uniform positive prior in 1//\2.

3 KHACHATRYAN 15AE limit is from u* v~ mass distribution in pp collisions at E¢, =
8 TeV.

4 AAD 14BE limits are from pp collisions at /s = 8 TeV. The quoted limit uses a uniform
positive prior in 1//\2.

5 AAD 13E limis are from ,uJr w~ mass distribution in pp collisions at E;,, = 7 TeV.

6 CHATRCHYAN 13K limis are from u*,u* mass distribution in pp collisions at E¢pp, =
7 TeV.
7 AAD 1248 limis are from /ﬁ w~ mass distribution in pp collisions at E.,, = 7 TeV.

SCALE LIMITS for Contact Interactions: A(¢v£v)

VALUE (TeV) CLY% DOCUMENT ID TECN COMMENT
+

>3.10 90 1 jopIDIO 86 SPEC AjR(v,vene)
e o o We do not use the following data for averages, fits, limits, etc. o o o

>3.8 2DIAZCRUZ 94 RVUE /\Z’L(TVTeue)
>8.1 2DIAZCRUZ 94 RVUE Ay (rv,eve)
>4.1 3DIAZCRUZ 94 RVUE AZ’L(WTW“)
>6.5 3DIAZCRUZ 94

RVUE AZL(TVT}LVM)
1 JODIDIO 86 limit is from put+ — ?“eJr ve. Chirality invariant interactions L = (g2//\2)
e Puiv®nr) ELraver) + LR Fui7®ver (ERaHR)] with g2/4w =1 and

(mpmR) = (0,£1) are taken. No limits are given for Aﬁ with (ny;.m1g) = (£1,0).
For more general constraints with right-handed neutrinos and chirality nonconserving
contact interactions, see their text.

2DIAZCRUZ 94 limits are from F(r — ewvv) and assume flavor-dependent contact in-
teractions with A(Tv ev,) < /\(,uuﬂeue).

3DIAZCRUZ 94 limits are from I(r — pvv) and assume flavor-dependent contact
interactions with A(-ruT,uuM) <K Mpvy, eve).

SCALE LIMITS for Contact Interactions: A(evqq)

VALUE (TeV) CL% DOCUMENT ID TECN

>2.81 95 1 AFFOLDER 011 CDF
L AFFOLDER 001 bound is for a scalar interaction qraLver-

SCALE LIMITS for Contact Interactions: A(gqqq)

Ay (Tev) AL (TeV) L% DOCUMENT 1D TECN ~ COMMENT
>13.1 none 17.4-29.5 >21.8 95 1 AABOUD 17AK ATLS  pp dijet angl.

e o o \We do not use the following data for averages, fits, limits, etc. o o o

>11.5 >14.7 95 2SIRUNYAN  17F CMS  pp dijet angl.
>12.0 >17.5 95 3 AAD 165 ATLS pp dijet angl.
4 AAD 15AR ATLS pp — tTtt
5 AAD 158Y ATLS pp — tTtT
> 8.1 >12.0 95 6 AAD 150 ATLS pp dijet angl.
> 9.0 >11.7 95 7 KHACHATRY..15) CMS pp dijet angl.
>5 95 8 FABBRICHES| 14 RVUE qqtt

1 AABOUD 174K limit is from dijet angular distribution in pp collisions at /s = 13 TeV.
u, d, and s quarks are assumed to be composite.

25|RUNYAN 17F limit is from dijet angular cross sections in pp collisions at E., = 13
TeV. All quarks are assumed to be composite.

3 AAD 165 limit is from dijet angular selections in pp collisions at E¢pp, = 13 TeV. u, d,
and s quarks are assumed to be composite.

# AAD 154R obtain limit on the tg compositeness 27/A%, ;< 6.6 TeV~2 at 95% CL
from the ttt production in the pp collisions at E,, = 8 TeV.

5 AAD 15BY obtain limit on the tp compositeness 2"//‘%%1?, < 15.1 TeV—2 at 95% CL
from the ttt production in the pp collisions at Ecpy, = 8 TeV.

6 AAD 15L limit is from dijet angular distribution in pp collisions at E., — 8 TeV. u, d,
and s quarks are assumed to be composite.

7 KHACHATRYAN 15J limit is from dijet angular distribution in pp collisions at E,
8 TeV. u, d, s, ¢, and b quarks are assumed to be composite.

8 FABBRICHESI 14 obtain bounds on chromoelectric and chromomagnetic form factors
of the top-quark using pp — tt and pp — tt cross sections. The quoted limit on the
qqtt contact interaction is derived from their bound on the chromoelectric form factor.

cm =

SCALE LIMITS for Contact Interactions: A(vvqq)

Limits are for ALiL only. For other cases, see each reference.

/\D(Te\/) DOCUMENT ID TECN  COMMENT

>5.0 >5.4 95 1 MCFARLAND 98 CCFR vN scattering

1 MCFARLAND 98 assumed a flavor universal interaction. Neutrinos were mostly of muon
type.

Af(Tev)  CL%

MASS LIMITS for Excited e (e*)

Most et e~ experiments assume one-photon or Z exchange. The limits
from some et e~ experiments which depend on X\ have assumed transition
couplings which are chirality violating (7, = ng). However they can be
interpreted as limits for chirality-conserving interactions after multiplying
the coupling value X by v/2; see Note.

Excited leptons have the same quantum numbers as other ortholeptons.
See also the searches for ortholeptons in the “Searches for Heavy Leptons”
section.

Limits for Excited e (e*) from Pair Production
These limits are obtained from et e~ — e*T e*~ and thus rely only on the (elec-
troweak) charge of e*. Form factor effects are ignored unless noted. For the case
of limits from Z decay, the e* coupling is assumed to be of sequential type. Possi-
ble t channel contribution from transition magnetic coupling is neglected. All limits
assume a dominant e* — e~ decay except the limits from I'(Z).
For limits prior to 1987, see our 1992 edition (Physical Review D45 S1 (1992)).
VALUE (GeV)  CL%

DOCUMENT ID TECN _ COMMENT

>103.2 95 1 ABBIENDI 026 OPAL ete™ — e*e* Homodoublet type

e o o We do not use the following data for averages, fits, limits, etc. o o o

>102.8 95 2 ACHARD 03B L3 et e~ — e*e* Homodoublet type
LFrom et e~ collisions at /S = 183-209 GeV. f = f’ is assumed.
2From et e collisions at /5 = 189-209 GeV. f = f’ is assumed. ACHARD 03B also
obtain limit for f = —f’: m, >96.6 GeV.

Limits for Excited e (e*) from Single Production

These limits are from eTe™ — e*e, W — e*v, or ep — e*X and depend on
transition magnetic coupling between e and e*. All limits assume e* — e~y decay
except as noted. Limits from LEP, UA2, and H1 are for chiral coupling, whereas all
other limits are for nonchiral coupling, 7; = ng = 1. In most papers, the limit is
expressed in the form of an excluded region in the >‘_me* plane. See the original
papers.

For limits prior to 1987, see our 1992 edition (Physical Review D45 S1 (1992)).

VALUE (GeV CLY% DOCUMENT ID TECN COMMENT
>3000 95 L AAD 15aP ATLS  pp — e(*)e* x

e o o We do not use the following data for averages, fits, limits, etc. o o o

>2450 95 2 KHACHATRY..16AQ CMS  pp — ee* X
>2200 95 3 AAD 13BBATLS pp — ee*X
>1900 95 4 CHATRCHYAN 13AE CMS  pp — ee* X
>1870 95 5 AAD 12az ATLS  pp — e(®)e* x

1 AAD 15ap search for e* production in evens with three or more charged leptons in pp
collisions at /s = 8 TeV. The quoted limit assumes A = mg f = f/ = 1. The contact
interaction is included in the e* production and decay amplitudes.

2 KHACHATRYAN 16AQ search for single e* production in pp collisions at /s = 8 TeV.
The limit above is from the e* — e~ search channel assuming f = f/ =1, m_, = A.
See their Table 7 for limits in other search channels or with different assumptions.
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3 AAD 13BB search for single e* production in pp collisions with e* — e~ decay. f =
f/ =1, and e* production via contact interaction with A = meg, are assumed.

4 CHATRCHYAN 13AE search for single e* production in pp collisions with e* — e~y
decay. f = f' =1, and e* production via contact interaction with A = m,, are assumed.

5 AAD 12A7 search for e* production via four-fermion contact interaction in pp collisions
with e* — e~ decay. The quoted limit assumes A = me. See their Fig. 8 for the
exclusion plot in the mass-coupling plane.

Limits for Excited e (e*) from et e~ — ~v
These limits are derived from indirect effects due to e* exchange in the t channel and
depend on transition magnetic coupling between e and e*. All limits are for A., = 1.
All limits except ABE 89J and ACHARD 020 are for nonchiral coupling with n; = ng
= 1. We choose the chiral coupling limit as the best limit and list it in the Summary
Table.

For limits prior to 1987, see our 1992 edition (Physical Review D45 S1 (1992)).
VALUE (GeV) cL% DOCUMENT ID TECN _ COMMENT
>356 95 1 ABDALLAH 04N DLPH /5= 161-208 GeV
e o o We do not use the following data for averages, fits, limits, etc. o o o
>310 95 ACHARD 02D L3 /5= 192-209 GeV

L ABDALLAH 04n also obtain a limit on the excited electron mass with e e* chiral coupling,
mg, > 295 GeV at 95% CL.

Indirect Limits for Excited e (e*)

These limits make use of loop effects involving e* and are therefore subject to theo-
retical uncertainty.
VALUE (GeV)

e o o \We do not use the following data for averages, fits, limits, etc. o o o
L DORENBOS... 89 CHRM 7, e — 7, e, v,e — v,e

DOCUMENT ID TECN  COMMENT

1z [T 2
2 GRIFOLS 86 THEO vye— e
3 RENARD 82 THEO g—2 of electron

! DORENBOSCH 89 obtain the limit A2AZ  /m? < 2.6 (95% CL), where Acyy is the
cutoff scale, based on the one-loop calculation by GRIFOLS 86. If one assumes that At
=1 TeV and A, = 1, one obtains mg. > 620 GeV. However, one generally expects

)‘w S ’"e*//\cut in composite models.

2GRIFOLS 86 uses v, e — v, e and 7, e — 7, e data from CHARM Collaboration to
derive mass limits which depend on the scale of compositeness.

3RENARD 82 derived from g—2 data limits on mass and couplings of e* and p*. See
figures 2 and 3 of the paper.

MASS LIMITS for Excited s (1*)

Limits for Excited x (u*) from Pair Production
These limits are obtained from et e~ — u*+ #*7 and thus rely only on the (elec-
troweak) charge of p*. Form factor effects are ignored unless noted. For the case of
limits from Z decay, the p* coupling is assumed to be of sequential type. All limits
assume a dominant u* — v decay except the limits from I(Z).

For limits prior to 1987, see our 1992 edition (Physical Review D45 S1 (1992)).

VALUE (GeV)  CL% DOCUMENT ID TECN  COMMENT
>103.2 95 1 ABBIENDI 026 OPAL ete™ — u*u* Homodoublet type

e o o \We do not use the following data for averages, fits, limits, etc. o o o
>102.8 95 2 ACHARD 03B L3 ete  — w* u* Homodoublet type
LFrom et e~ collisions at /s = 183-209 GeV. f = f’ is assumed.

2From et e~ collisions at /S = 189-209 GeV. f = ' is assumed. ACHARD 03B also
obtain limit for f = —f: mp* > 96.6 GeV.

Limits for Excited p (p*) from Single Production
These limits are from et e~ — 1* 1 and depend on transition magnetic coupling
between p and p*. All limits assume p* — p+y decay. Limits from LEP are for chiral
coupling, whereas all other limits are for nonchiral coupling, 7; = ng = 1. In most
papers, the limit is expressed in the form of an excluded region in the /\—m#* plane.
See the original papers.

For limits prior to 1987, see our 1992 edition (Physical Review D45 S1 (1992)).

VALUE (GeV) L% DOCUMENT ID TECN _ COMMENT

>3000 95 1 aAD 154p ATLS  pp — () p* x
e o o \We do not use the following data for averages, fits, limits, etc. o o o

>2800 95 2 AAD 16BMATLS pp — pup*X
>2470 95 3 KHACHATRY..16AQCMS  pp — pup* X
>2200 95 4 AAD 138B ATLS  pp — pup*X
>1900 95 5 CHATRCHYAN13AE CMS  pp — pup* X
>1750 95 6 AAD 12Az ATLS  pp — pu(*) p*x

L AAD 15ap search for #* production in evens with three or more charged leptons in pp
collisions at /s = 8 TeV. The quoted limit assumes A = mu*, f = f/ = 1. The contact

interaction is included in the p* production and decay amplitudes.
2 AAD 16BM search for w* production in ppujj events in pp collisions at /s = 8 TeV.
Both the production and decay are assumed to occur via a contact interaction with A =

m

3 KHACHATRYAN 16AQ search for single p* production in pp collisions at /s = 8 TeV.
The limit above is from the u* — -~ search channel assuming f = f/ =1, m = A.
See their Table 7 for limits in other search channels or with different assumptions.

4 AAD 13BB search for single p* production in pp collisions with p* — p~ decay. f =
f’ =1, and p* production via contact interaction with A = mm are assumed.

5 CHATRCHYAN 13AE search for single p* production in pp collisions with p* — pu~y
decay. f = f’ =1, and p* production via contact interaction with A = m”* are assumed.

6 AAD 12A7 search for p* production via four-fermion contact interaction in pp collisions
with p* — v decay. The quoted limit assumes A = m“*. See their Fig. 8 for the
exclusion plot in the mass-coupling plane.

Indirect Limits for Excited u (1*)

These limits make use of loop effects involving p* and are therefore subject to theo-
retical uncertainty.

VALUE (GeV) DOCUMENT ID TECN _ COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
L RENARD 82 THEO g—2 of muon

1RENARD 82 derived from g—2 data limits on mass and couplings of e* and p*. See
figures 2 and 3 of the paper.

MASS LIMITS for Excited 7 (7*)

Limits for Excited 7 (7*) from Pair Production
These limits are obtained from et e~ — 7*T 7%~ and thus rely only on the (elec-
troweak) charge of 7*. Form factor effects are ignored unless noted. For the case of
limits from Z decay, the 7* coupling is assumed to be of sequential type. All limits
assume a dominant 7* — 7+ decay except the limits from '(Z).
For limits prior to 1987, see our 1992 edition (Physical Review D45 S1 (1992)).

VALUE (GeV) CL%_ DOCUMENT ID TECN  COMMENT

>103.2 95 1 ABBIENDI 026 OPAL et e~ — 7*7* Homodoublet type

e o o We do not use the following data for averages, fits, limits, etc. o o o

>102.8 95 2 ACHARD 038 L3 et e~ — 7*7* Homodoublet type
LFrom et e~ collisions at /S = 183-209 GeV. f = f’ is assumed.

2From et e~ collisions at /5 = 189-209 GeV. f = f’ is assumed. ACHARD 03B also
obtain limit for f = —f’: m_, > 96.6 GeV.

Limits for Excited 7 (7*) from Single Production

These limits are from et e~ — %7 and depend on transition magnetic coupling
between 7 and 7*. All limits assume 7% — 7+ decay. Limits from LEP are for chiral
coupling, whereas all other limits are for nonchiral coupling, n; = np = 1. In most
papers, the limit is expressed in the form of an excluded region in the )\—mT* plane.
See the original papers.

VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT

>2500 95 L AAD 15ap ATLS pp — (*) % x
e o o \We do not use the following data for averages, fits, limits, etc. o o o

> 180 95 2 ACHARD 038 L3 ete” — rr*
> 185 95 3 ABBIENDI 026 OPAL ete™ — 77*

1 AAD 15AP search for 7* production in events with three or more charged leptons in pp
collisions at /s = 8 TeV. The quoted limit assumes A = m_ f = f' = 1. The contact
interaction is included in the 7* production and decay amplitudes.

2 ACHARD 038 result is from e™ e~ collisions at /s = 189-209 GeV. f = f/ = A/m_,
is assumed. See their Fig. 4 for the exclusion plot in the mass-coupling plane. i

3 ABBIENDI 026 result is from e e~ collisions at /s = 183-209 GeV. f = f/ = /\/mT*

is assumed for 7* coupling. See their Fig. 4c for the exclusion limit in the mass-coupling
plane.

MASS LIMITS for Excited Neutrino (v*)

Limits for Excited v (v*) from Pair Production
These limits are obtained from et e~ — 1* v* and thus rely only on the (electroweak)
charge of v*. Form factor effects are ignored unless noted. The v* coupling is assumed
to be of sequential type unless otherwise noted. All limits assume a dominant v* —
v~y decay except the limits from I'(Z).

VALUE (GeV) % DOCUMENT ID TECN _ COMMENT
>1600 95 1 AAD 15AP ATLS pp — v*v* X
e o o We do not use the following data for averages, fits, limits, etc. o o
2 ABBIENDI 04N OPAL
> 1026 95 3 ACHARD 038 L3 et e~ — v*u* Homodoublet type

L AAD 15ap search for v* pair production in evens with three or more charged leptons in
pp collisions at /s = 8 TeV. The quoted limit assumes A = m . f=1f =1. The

contact interaction is included in the v* production and decay amplitudes.

2From ete~ collisions at /s = 192-209 GeV, ABBIENDI 04N obtain limit on
o(ete™ — v*u*) B2(b* — wvn). See their Fig.2. The limit ranges from 20 to
45 fb for m, > 45 GeV.

3From et e~ collisions at /5 = 189-209 GeV. f = —f’ is assumed. ACHARD 038 also
obtain limit for f = f’: m . > 101.7 GeV, m . > 101.8 GeV, and m . > 92.9 GeV.

e " T
See their Fig. 4 for the exclusion plot in the mass-coupling plane.
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Limits for Excited v (v*) from Single Production
These limits are from et e~ — vu*, Z — wvu*, or ep — v*X and depend on
transition magnetic coupling between v/e and v*. Assumptions about v* decay mode
are given in footnotes.

VALUE (Gev) CL% DOCUMENT ID TECN _ COMMENT

>213 95 1 AARON 08 H1 ep— v*X

e o o We do not use the following data for averages, fits, limits, etc. o o o
>190 95 2 ACHARD 03 L3 ete™ — wu*

none 50-150 95 3 ADLOFF 02 H1 ep — v¥X

>158 95 4 CHEKANOV 020 ZEUS ep — v*X

L AARON 08 search for single v* production in ep collisions with the decays v* — v~,
vZ, eW. The quoted limit assumes f= —f/ = A/myx. See their Fig. 3 and Fig. 4 for
the exclusion plots in the mass-coupling plane.

2 ACHARD 03B result is from et e~ collisions at V/S = 189-209 GeV. The quoted limit
is for u’é. f=—f= A/mu* is assumed. See their Fig. 4 for the exclusion plot in the
mass-coupling plane.

3 ADLOFF 02 search for single v* production in e p collisions with the decays v* — v+,
vZ,eW. The quoted limit assumes f = —fl = A/myx. See their Fig. 1 for the exclusion
plots in the mass-coupling plane.

4 CHEKANOV 020 search for single v* production in e p collisions with the decays v* —
vy, vZ, eW. f = —f = /\/my* is assumed for the e* coupling. CHEKANOV 02D

also obtain limit for f = f/ = A/my*: m, . >135 GeV. See their Fig. 5c and Fig. 5d for
the exclusion plot in the mass-coupling plane.

MASS LIMITS for Excited q (q*)
Limits for Excited g (¢*) from Pair Production

These limits are mostly obtained from et e~ — ¢*G* and thus rely only on the (elec-
troweak) charge of the g*. Form factor effects are ignored unless noted. Assumptions
about the g* decay are given in the comments and footnotes.

VALUE (GeV) cl% DOCUMENT ID TECN _ COMMENT

>338 95 1 AALTONEN 10H CDF ¢* - tW—

e o o We do not use the following data for averages, fits, limits, etc. o o o

2 BARATE 98U ALEP Z — g¢*¢*
> 45.6 95 3 ADRIANI 93M L3 uordtype, Z = ¢*q*
> 417 95 4 BARDADIN-... 92 RVUE u-type, [(Z)
> 44.7 95 4 BARDADIN-... 92 RVUE d-type, I'(Z)
> 406 95 5 DECAMP 92 ALEP u-type, [(2)
> 442 95 5 DECAMP 92 ALEP d-type, I(2)
> 45 95 6 DECAMP 92 ALEP word type, Z = q*q*
> 45 95 5 ABREU 91F DLPH trtype, I(Z)
> 45 95 5 ABREU 91F DLPH d-type, I'(Z)

L AALTONEN 10H obtain limits on the g* g* production cross section in pp collisions.
See their Fig. 3.

2BARATE 98U obtain limits on the form factor. See their Fig. 16 for limits in mass-form
factor plane.

3 ADRIANI 93M limit is valid for B(¢* — qg)> 0.25 (0.17) for up (down) type.
4BARDADIN-OTWINOWSKA 92 limit based on AT(Z)<36 MeV.

5 These limits are independent of decay modes.

6 Limit is for B(¢* — qg)+B(q* — gv)=1.

Limits for Excited q (¢*) from Single Production
These limits are from et e~ — ¢*q, pp — ¢*X, or pp — ¢*X and depend on
transition magnetic couplings between g and g*. Assumptions about g* decay mode
are given in the footnotes and comments.

VALUE (GeV’ CLY% DOCUMENT ID TECN COMMENT
>6000 95 1 AABOUD 17AKATLS pp = ¢*X, ¢* = qg

e o o \We do not use the following data for averages, fits, limits, etc. o o o
2 KHACHATRY..17w CMS

none 600-5400 95 pp — q*X, ¢ — qg
none 1100-2100 95 3 AABOUD 16 ATLS pp — b*X, b* — bg
>1500 95 4 AAD 16AHATLS pp — b*X, b* - tW
>4400 95 5 AAD 16A1 ATLS pp — q*X, ¢ — qv

6 AAD 16AV ATLS pp — ¢*X, ¢* — Wb
>5200 95 7 AAD 165 ATLS pp — ¢*X, ¢* — qg
>1390 95 8 KHACHATRY..161 CMS pp — b*X, b* = tW
>5000 95 9 KHACHATRY..16k CMS pp — ¢*X, q* = qg
none 500-1600 95 10 KHACHATRY..16L CMS pp — ¢*X, q* = qg
>4060 95 11 AAD 15V ATLS pp — ¢*X, ¢* — qg
>3500 95 12 KHACHATRY..15v CMS pp — ¢*X, ¢* — qg
>3500 95 13 AAD 14a ATLS pp — ¢*X, ¢* = q~
>3200 95 14 KHACHATRY..14 CMS pp — ¢*X, ¢* — qW
>2900 95 15 KHACHATRY..14 CMS pp— ¢*X, ¢* —» qZ
none 700-3500 95 16 KHACHATRY..145 CMS pp — ¢*X, ¢* — qv
>2380 95 17 CHATRCHYAN13A) CMS  pp — ¢*X, ¢* — qW
>2150 95 18 CHATRCHYAN13A1 CMS  pp — ¢*X, ¢* —» qZ

1 AABOUD 17aK assume A = mq*, fog =f = f/ = 1. The contact interactions are not

included in ¢* production and decay amplitudes. Only the decay of ¢* — gu and ¢* —
g d is simulated as the benchmark signals in the analysis.

2 KHACHATRYAN 17w assume A = mq*, fS — f = f/ = 1. The contact interactions are

not included in g* production and decay amplitudes.
3 AABOUD 16 assume A = mp., fS — f = f/ = 1. The contact interactions are not

included in the b* production and decay amplitudes.

4 AAD 16AH search for b* decaying to t W in pp collisions at /s = 8 TeV. fg =f =
fr = 1 are assumed. See their Fig. 12b for limits on o - B.

5 AAD 16A1 assume A = Mo fs =1 = fl=1.

6 AAD 16AV search for single production of vector-like quarks decaying to Wb in pp
collisions. See their Fig. 8 for the limits on couplings and mixings.

7 AAD 165 assume A — mq*, fo =f= f/ = 1. The contact interactions are not included
in ¢* production and decay amplitudes.

8 KHACHATRYAN 161 search for b* decaying to t W in pp collisions at /s = 8 TeV. HIZ

=g =1, /J;? = gr — 0 are assumed. See their Fig. 8 for limits on o-B.
9 KHACHATRYAN 16K assume A = mq*, fg=1F= /= 1. The contact interactions are
not included in g* production and decay amplitudes.
10 KHACHATRYAN 16L search for resonances decaying to dijets in pp collisions at /s =
8 TeV using the data scouting technique which increases the sensitivity to the low mass
resonances.

AAD 15v assume A = mq*, fS — f = f/ = 1. The contact interactions are not included

in g* production and decay amplitudes.
12 KHACHATRYAN 15V assume A = m

- fo=1f= f/ = 1. The contact interactions are

not included in g* production and decay amplitudes.
13 AAD 14A assume A = Moo fo = £ = fl=1.
14 KHACHATRYAN 14 use the hadronic decay of W, assuming A = mq*, fS:f:f’ =1.
15 KHACHATRYAN 14 use the hadronic decay of Z, assuming A = m., fo=f=f' = 1.
16 KHACHATRYAN 14 assume fy = f = f/ = A/ L.

17 CHATRCHYAN 13A) use the hadronic decay of W.
18 CHATRCHYAN 13AJ use the hadronic decay of Z.

MASS LIMITS for Color Sextet Quarks (gg)

VALUE (GeV’ CL% DOCUMENT ID TECN COMMENT
>84 95 1 ABE 890 CDF  ph — g

1 ABE 89D look for pair production of unit-charged particles which leave the detector
before decaying. In the above limit the color sextet quark is assumed to fragment into a
unit-charged or neutral hadron with equal probability and to have long enough lifetime
not to decay within the detector. A limit of 121 GeV is obtained for a color decuplet.

MASS LIMITS for Color Octet Charged Leptons (£g)

A= mgs//\
VALUE (GeV) CL%. DOCUMENT ID TECN  COMMENT
>86 95 1 ABE 89D CDF  Stable £g: pp — (glg
e o o We do not use the following data for averages, fits, limits, etc. o o o
2ABT 93 Hl  eg:ep— eX

1 ABE 89D look for pair production of unit-charged particles which leave the detector
before decaying. In the above limit the color octet lepton is assumed to fragment into a
unit-charged or neutral hadron with equal probability and to have long enough lifetime
not to decay within the detector. The limit improves to 99 GeV if it always fragments
into a unit-charged hadron.

2 ABT 93 search for eg production via e-gluon fusion in ep collisions with eg — eg. See
their Fig. 3 for exclusion plot in the mes—A plane for mes = 35-220 GeV.

MASS LIMITS for Color Octet Neutrinos (vg)

A= mfs/A
VALUE (GeV) CL% DOCUMENT ID TECN  COMMENT
>110 90 1 BARGER 89 RVUE vg: pp — 1gTg
e o o We do not use the following data for averages, fits, limits, etc. o o o
none 3.8-29.8 95 2KIM 90 AMY g et e™ — acoplanar jets
none 9-21.9 95 3 BARTEL 878 JADE wvg: ete — acoplanar jets

1 BARGER 89 used ABE 898 limit for events with large missing transverse momentum.
Two-body decay vg — v g is assumed.

2KIM 90 is at E¢m = 50-60.8 GeV. The same assumptions as in BARTEL 878 are used.

3BARTEL 878 is at Ecy = 46.3-46.78 GeV. The limit assumes the vg pair production
cross section to be eight times larger than that of the corresponding heavy neutrino pair
production. This assumption is not valid in general for the weak couplings, and the limit
can be sensitive to its SU(2); xU(1)y quantum numbers.

MASS LIMITS for Wg (Color Octet W Boson)
VALUE (GeV) DOCUMENT ID COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o
1 ALBAJAR 89 UAL  pp— WX, Wg — Wg
L ALBAJAR 89 give o(Wg — W+ jet)/o(W) < 0.019 (90% CL) for myy, > 220 GeV.

TECN
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Extra Dimensions

For explanation of terms used and discussion of significant model
dependence of following limits, see the “Extra Dimensions” review.
Footnotes describe originally quoted limit. ¢ indicates the number
of extra dimensions.

Limits not encoded here are summarized in the “Extra Dimensions”
review, where the latest unpublished results are also described.

See the related review(s):
Extra Dimensions Searches

CONTENTS:
Limits on R from Deviations in Gravitational Force Law
Limits on R from On-Shell Production of Gravitons: 6 = 2
Mass Limits on M
Limits on 1/R = M,
Limits on Kaluza-Klein Gravitons in Warped Extra Dimensions
Limits on Kaluza-Klein Gluons in Warped Extra Dimensions

Limits on R from Deviations in Gravitational Force Law
This section includes limits on the size of extra dimensions from deviations in the New-
tonian (1/:2) gravitational force law at short distances. Deviations are parametrized
by a gravitational potential of the form V=—(G m m’/r) [1 + « exp(—r/R)]. For &
toroidal extra dimensions of equal size, « = 85/3. Quoted bounds are for § = 2 unless
otherwise noted.

VALUE (um) cL% DOCUMENT ID COMMENT

< 30 95 1 KAPNER 07  Torsion pendulum

e o o \We do not use the following data for averages, fits, limits, etc. o o o
2 KLIMCHITSK..17A Torsion oscillator
3xu 13 Nuclei properties

4 BEZERRA 11 Torsion oscillator
5 SUSHKOV 11  Torsion pendulum
6BEZERRA 10 Microcantilever

7 MASUDA 09 Torsion pendulum
8 GERACI 08 Microcantilever
9 TRENKEL 08 Newton’s constant
10 pecca 07A Torsion oscillator
< 47 95 Ty 07  Torsion pendulum
12 sMULLIN 05  Microcantilever
<130 95 13 HoYLE 04  Torsion pendulum
14 CHIAVERINI 03 Microcantilever
<200 95 1510NG 03 Microcantilever
<190 95 16 HOYLE 01 Torsion pendulum

17 HOSKINS 85  Torsion pendulum

1 KAPNER 07 search for new forces, probing a range of & ~ 1073-10% and length
scales R ~ 10-1000 pm. For § = 1 the bound on R is 44 um. For § = 2, the bound is
expressed in terms of M, here translated to a bound on the radius. See their Fig. 6 for
details on the bound.

2 KLIMCHITSKAYA 17A uses an experiment that measures the difference of Casimir forces
to obtain bounds on non-Newtonian forces with strengths |o| ~ 10%-1017 and length
scales R = 0.03-10 pum. See their Fig. 3. These constraints do not place limits on the
size of extra flat dimensions.

3XU 13 obtain constraints on non-Newtonian forces with strengths |a| ~ 1034-103¢ and
length scales R ~ 1-10 fm. See their Fig. 4 for more details. These constraints do not
place limits on the size of extra flat dimensions.

4BEZERRA 11 obtain constraints on non-Newtonian forces with strengths 1011 5 \a\ 5

1018 and length scales R = 30-1260 nm. See their Fig. 2 for more details. These
constraints do not place limits on the size of extra flat dimensions.
5SUSHKOV 11 obtain improved limits on non-Newtonian forces with strengths 107 5

] ,S 1011 and length scales 0.4 um < R < 4 pum (95% CL). See their Fig. 2.
These bounds do not place limits on the size of extra flat dimensions. However, a model
dependent bound of M, > 70 TeV is obtained assuming gauge bosons that couple to
baryon number also propagate in (4 + &) dimensions.

6BEZERRA 10 obtain improved constraints on non-Newtonian forces with strengths
1019 < Ja| < 1029 and length scales R = 1.6-14 nm (95% CL). See their Fig.1.
This bound does not place limits on the size of extra flat dimensions.

7 MASUDA 09 obtain improved constraints on non-Newtonian forces with strengths 109 5

|a| <1011 and length scales R = 1.0-2.9 um (95% CL). See their Fig. 3. This bound
does not place limits on the size of extra flat dimensions.

8 GERACI 08 obtain improved constraints on non-Newtonian forces with strengths |a| >

14,000 and length scales R = 5-15 pum. See their Fig. 9. This bound does not place
limits on the size of extra flat dimensions.
TRENKEL 08 uses two independent measurements of Newton’s constant G to constrain
new forces with strength |o] ~ 10~# and length scales R = 0.02-1 m. See their Fig. 1.
This bound does not place limits on the size of extra flat dimensions.

L0DECCA 074 search for new forces and obtain bounds in the region with strengths |o| =~

1013-1018 and length scales R = 20-86 nm. See their Fig. 6. This bound does not
place limits on the size of extra flat dimensions.

117y 07 search for new forces probing a range of }a\ ~ 101105 and length scales R
~ 20-1000 gm. For § = 1 the bound on Ris 53 um. See their Fig. 3 for details on the
bound.

129MULLIN 05 search for new forces, and obtain bounds in the region with strengths
o ~ 103-108 and length scales R = 6-20 um. See their Figs.1 and 16 for details on
the bound. This work does not place limits on the size of extra flat dimensions.

13 HOYLE 04 search for new forces, probing o down to 10~2 and distances down to 10pm.
Quoted bound on Ris for § = 2. For § = 1, bound goes to 160 um. See their Fig. 34
for details on the bound.

14 CHIAVERINI 03 search for new forces, probing o above 104 and A down to 3um, finding
no signal. See their Fig. 4 for details on the bound. This bound does not place limits on
the size of extra flat dimensions.

15 ONG 03 search for new forces, probing a down to 3, and distances down to about
10pm. See their Fig. 4 for details on the bound.

16 HOYLE 01 search for new forces, probing o down to 102 and distances down to 20pm.
See their Fig. 4 for details on the bound. The quoted bound is for « > 3.

17T HOSKINS 85 search for new forces, probing distances down to 4 mm. See their Fig. 13
for details on the bound. This bound does not place limits on the size of extra flat
dimensions.

Limits on R from On-Shell Production of Gravitons: § = 2
This section includes limits on on-shell production of gravitons in collider and astro-
physical processes. Bounds quoted are on R, the assumed common radius of the flat
extra dimensions, for § = 2 extra dimensions. Studies often quote bounds in terms of
derived parameter; experiments are actually sensitive to the masses of the KK gravi-
tons: my = \ﬁ\/R. See the Review on “Extra Dimensions” for details. Bounds are
given in pum for 6 = 2.

VALUE (pm) CL% DOCUMENT ID TECN  COMMENT
< 109 95 L AABOUD 16D ATLS pp — jG
< 0.00016 95 2 HANNESTAD 03 Neutron star heating

e o o \We do not use the following data for averages, fits, limits, etc. o o o
3SIRUNYAN  17aQCMS  pp — ~+G

< 90 95 4 ApnBOUD 16F ATLS pp — ~G
5 KHACHATRY..16N CMS pp — ~G
< 172 95 6 AAD 158HATLS pp — jG
7 AAD 15¢s ATLS pp — ~G
< 15 95 8 KHACHATRY..15AL CMS  pp — jG
< 25 95 9 AAD 13ADATLS pp — jG
< 127 95 10 AAD 13¢ ATLS pp — ~G
< 344 95 11 AAD 130 ATLS pp — jj
< 0.0087 95 12 AJELLO 12 FLAT Neutron star v sources
< 23 95 13 CHATRCHYAN12AP CMS  pp — jG
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< 92 95 14 ApD 11s ATLS pp — jG
< 72 95 15 CHATRCHYAN11U CMS pp — jG
< 245 95 16 AALTONEN ~ 08AC CDF  pp — ~G, jG
< 615 95 17 ABazoOV 08s DO  pp— G
< 0916 95 18 pas 08 Supernova cooling
< 350 95 19 ABULENCIA,A 06 CDF  pp— jG
< 270 95 20 ABDALLAH 058 DLPH ete™ — 4G
< 210 95 21 ACHARD 04E L3 ete™ = 4G
< 480 95 22 ACOSTA 04c CDF  Pp — jG
< 0.00038 95 23 CASSE 04 Neutron star ~ sources
< 610 95 24 ABAZOV 03 DO pp— jG
< 096 95 25 HANNESTAD 03 Supernova cooling
< 0.09 95 26 HANNESTAD 03 Diffuse ~ background
< 0.051 95 27T HANNESTAD 03 Neutron star ~y sources
< 300 95 28 HEISTER 03¢ ALEP ete™ — ~G
29 FAIRBAIRN 01 Cosmology
< 066 95 30 HANHART 01 Supernova cooling
31 cassisi 00 Red giants
<1300 95 32 ACCIARRI 995 L3 ete” » ZG

1 AABOUD 16D search for pp — jG, using 3.2 b1 of data at V/s = 13 TeV to place
lower limits on M, for two to six extra dimensions (see their Table X), from which this
bound on R is derived.

2HANNESTAD 03 obtain a limit on R from the heating of old neutron stars by the
surrounding cloud of trapped KK gravitons. Limits for all 6 < 7 are given in their
Tables V and VI. These limits supersede those in HANNESTAD 02.

3SIRUNYAN 17AqQ search for pp — ~G, using 12.9 =L of data at Vs = 13 TeV to
place limits on Mp, for three to six extra dimensions (see their Table 3).

4 AABOUD 16F search for pp — ~G, using 3.2 b1 of data at /s = 13 TeV to place
limits on Mp, for two to six extra dimensions (see their Figure 9), from which this bound
on R is derived.

5 KHACHATRYAN 16N search for pp — ~G, using 19.6 b1 of data at Vs = 8 TeV
to place limits on Mp for three to six extra dimensions (see their Table 5).

6 AAD 158H search for pp — jG, using 20.3 fb—L of data at \/s = 8 TeV to place
bounds on Mp, for two to six extra dimensions, from which this bound on R is derived.
See their Figure 9 for bounds on all 6 < 6.

7 AAD 15¢s search for pp — G, using 20.3 b1 of data at /s = 8 TeV to place lower
limits on Mp, for two to six extra dimensions (see their Fig. 18).

8 KHACHATRYAN 15AL search for pp — j G, using 19.7 fo—! of data at /s = 8 TeV
to place bounds on M, for two to six extra dimensions (see their Table 7), from which
this bound on R is derived.

9 AAD 13AD search for pp — jG, using 4.7 b~ of data at V/s =7 TeV to place bounds
on MD for two to six extra dimensions, from which this bound on R is derived. See their
Table 8 for bounds on all § < 6.

10 AAD 13c search for pp — ~G, using 4.6 b1 of data at /s = 7 TeV to place bounds
on MD for two to six extra dimensions, from which this bound on R is derived.

11 AAD 13D search for the dijet decay of quantum black holes in 4.8 b1 of data produced
in pp collisions at \/s = 7 TeV to place bounds on M, for two to seven extra dimensions,
from which these bounds on R are derived. Limits on Mp for all 6 < 7 are given in
their Table 3.

12 AJELLO 12 obtain a limit on R from the gamma-ray emission of point v sources that
arise from the photon decay of KK gravitons which are gravitationally bound around
neutron stars. Limits for all § < 7 are given in their Table 7.

13 CHATRCHYAN 12aP search for pp — j G, using 5.0 fo—L of data at \/5 = 7 TeV to
place bounds on Mp for two to six extra dimensions, from which this bound on R is
derived. See their Table 7 for bounds on all § < 6.

14 AAD 115 search for pp — jG, using 33 pb*1 of data at /s = 7 TeV, to place bounds
on Mp for two to four extra dimensions, from which these bounds on R are derived. See
their Table 3 for bounds on all 6 < 4.

15 CHATRCHYAN 11U search for pp — jG, using 36 pb~1 of data at v/5 = 7 TeV, to
place bounds on Mp, for two to six extra dimensions, from which these bounds on R are
derived. See their Table 3 for bounds on all § < 6.

16 AALTONEN 08AC search for pp — G and pp — jG at /s = 1.96 TeV with 2.0
fb—1 and 1.1 b1 respectively, in order to place bounds on the fundamental scale and
size of the extra dimensions. See their Table III for limits on all 6 < 6.

17 ABAZOV 085 search for pp — ~G, using 1 b1 of data at V/s = 1.96 TeV to place
bounds on Mp, for two to eight extra dimensions, from which these bounds on R are
derived. See their paper for intermediate values of 4.

18 DAS 08 obtain a limit on R from Kaluza-Klein graviton cooling of SN1987A due to
plasmon-plasmon annihilation.

19 ABULENCIA,A 06 search for pp — j G using 368 pb’1 of data at /s = 1.96 TeV. See
their Table Il for bounds for all § < 6.

20 ABDALLAH 058 search for eT e~ — ~G at /s = 180-209 GeV to place bounds on
the size of extra dimensions and the fundamental scale. Limits for all § < 6 are given
in their Table 6. These limits supersede those in ABREU 00z.

21 ACHARD 04t search for et e~ — ~G at /s = 189-209 GeV to place bounds on the
size of extra dimensions and the fundamental scale. See their Table 8 for limits with
§ < 8. These limits supersede those in ACCIARRI 99R.

22 ACOSTA 04c search for Pp — jG at /s = 1.8 TeV to place bounds on the size of
extra dimensions and the fundamental scale. See their paper for bounds on § = 4, 6.
23 CASSE 04 obtain a limit on R from the gamma-ray emission of point ~ sources that
arises from the photon decay of gravitons around newly born neutron stars, applying the
technique of HANNESTAD 03 to neutron stars in the galactic bulge. Limits for all § <

7 are given in their Table I.

24 ABAZOV 03 search for pp — jG at /s=1.8 TeV to place bounds on Mp for 2 to 7
extra dimensions, from which these bounds on R are derived. See their paper for bounds
on intermediate values of §. We quote results without the approximate NLO scaling
introduced in the paper.

25HANNESTAD 03 obtain a limit on R from graviton cooling of supernova SN1987a.
Limits for all 5 < 7 are given in their TablesV and VI.

26 HANNESTAD 03 obtain a limit on R from gravitons emitted in supernovae and which
subsequently decay, contaminating the diffuse cosmic v background. Limits for all § <7
are given in their Tables V and VI. These limits supersede those in HANNESTAD 02.

27T HANNESTAD 03 obtain a limit on R from gravitons emitted in two recent supernovae
and which subsequently decay, creating point y sources. Limits for all § < 7 are given in
their Tables V and VI. These limits are corrected in the published erratum.

28 HEISTER 03C use the process ete  — ~vG at /s = 189-209 GeV to place bounds
on the size of extra dimensions and the scale of gravity. See their Table 4 for limits with
§ < 6 for derived limits on Mp,.

29 FAIRBAIRN 01 obtains bounds on R from over production of KK gravitons in the early
universe. Bounds are quoted in paper in terms of fundamental scale of gravity. Bounds
depend strongly on temperature of QCD phase transition and range from R< 0.13 um
t0 0.001 um for §=2; bounds for §=3,4 can be derived from Table 1 in the paper.

30 HANHART 01 obtain bounds on R from limits on graviton cooling of supernova SN 1987a
using numerical simulations of proto-neutron star neutrino emission.

31 CASSISI 00 obtain rough bounds on Mp (and thus R) from red giant cooling for §=2,3.
See their paper for details.

32 ACCIARRI 99s search for et e~ — ZG at \/5=189 GeV. Limits on the gravity scale
are found in their Table 2, for § < 4.

Mass Limits on My
This section includes limits on the cut-off mass scale, M, of dimension-8 operators
from KK graviton exchange in models of large extra dimensions. Ambiguities in the
UV-divergent summation are absorbed into the parameter A, which is taken to be A =
+1 in the following analyses. Bounds for A = —1 are shown in parenthesis after the
bound for A\ = +1, if appropriate. Different papers use slightly different definitions of
the mass scale. The definition used here is related to another popular convention by

M

4. = (2/m) A%, as discussed in the above Review on “Extra Dimensions.”

VALUE (TeV) % DOCUMENT ID TECN COMMENT
> 8.4 95 LSIRUNYAN ~ 17F CMS pp — dijet, ang. distrib. |
>20.6 (>15.7) 9 2 GIUDICE 03 RVUE Dim-6 operators
e o o We do not use the following data for averages, fits, limits, etc. o o
> 72 95 3 AABOUD 17aP ATLS  pp — 77
> 3.7 95 4 KHACHATRY..15AE CMS  pp — eTe™, utpu~
> 6.3 95 5 KHACHATRY..15) CMS pp — dijet, ang. distrib.
> 3.8 95 6 AAD 14BE ATLS pp — ete™, utpu™
> 294  (>252) 95 7 AAD 13as ATLS  pp — 77
> 3.2 95 8 AAD 138 ATLS pp— ete utpu vy
> 266  (>227) 95 9 AAD 12y ATLS pp — v

10 BAAK 12 RVUE Electroweak

2.86 95 11 CHATRCHYAN12) CMS pp — ete™, ptpu—
284  (>241) 95 12 CHATRCHYAN12R CMS  pp — 7y

0.90  (>0.92) 95 13 AARON 11c H1 efp— efx

1.74  (>1.71) 95 14 CHATRCHYAN11A CMS pp — ~v

1.48 95 15 aABaZOV 09AE DO pp — dijet, ang. distrib.
1.45 95 16 ABaZOV 090 DO pp— ete , 4y

11 (>1.0) 95 17 sCHAEL 07A ALEP ete™ — ete~

0.898 (> 0.998) 95 18 ABDALLAH  06C DLPH ete™ — ¢t¢—
0.853 (> 0.939) 95 19 GERDES 06 pp— ete™, vy
0.96  (>0.93) 95 20 ABazOV 05v DO pp— ptTu~
078  (>0.79) 95 21 CHEKANOV 048 ZEUS efp —» e X
0.805 (> 0.956) 95 22 ABBIENDI 030 OPAL ete™ — 4y

VVVVVVVVVVVVVVYVVVVVVYV

07 (>07) 9 23 ACHARD 030 L3 ete” » z7
0.82  (>0.78) 95 24 ADLOFF 03 H1 efp o et x
128 (>1.25) 95 25 GIUDICE 03 RVUE
0.80  (>0.85) 95 26 HEISTER 03c ALEP ete™ — vy
0.84  (>099) 95 27 ACHARD 020 L3 ete™ 5 4y
1.2 (>11) 95 28 ABBOTT 01 DO pp— eTe , vy
0.60  (>0.63) 95 29 ABBIENDI  00R OPAL ete™ — ptp~
0.63  (>0.50) 95 29 ABBIENDI ~ 00R OPAL ete™ — 7F7—
0.68  (>061) 95 29 ABBIENDI ~ 00R OPAL ete™ — putpu~,7tr—
30 ABREU 00A DLPH ete™ — vy
> 0.680 (> 0.542) 95 31 ABREU 00s DLPH ete™ — ptpu=,rtr—
>15-28 99.7 32 CHANG 008 RVUE Electroweak
> 0.98 95 33 CHEUNG 00 RVUE ete™ — 7y
> 0.29-0.38 95 34 GRAESSER 00 RVUE (8-2),,
> 0.50-1.1 95 35 HAN 00 RVUE Electroweak
> 2.0 (>2.0) 95 36 MATHEWS 00 RVUE Bp — jj
> 1.0 (>1.1) 9 37 MELE 00 RVUE ete™ - VvV

38 ABBIENDI  99p OPAL
39 ACCIARRI 99m L3
40 ACCIARRI 99s L3

> 1412 (> 1.077) 95 41 BOURILKOV 99

1SIRUNYAN 17F use dijet angular distributions in 2.6 b~ of data from pp collisions at
v/s = 13 TeV to place a lower bound on A7, here converted to Mpp.

E+€7 — e*e’

2GIUDICE 03 place bounds on Ag, the coefficient of the gravitationally-induced dimension-
6 operator (27r/\//\g)(z 7”/“«/50(2 FyH~51), using data from a variety of experiments.
Results are quoted for A==+1 and are independent of 4.

3 AABOUD 17AP use 36.7 fo—L of data from pp collisions at /s = 13 TeV to place lower
limits on M (equivalent to their Mg).

4 KHACHATRYAN 15AE use 20.6 (19.7) b1 of data from pp collisions at /s = 8 TeV in
the dimuon (dielectron) channel to place a lower limit on Ay, here converted to Mpp.

5 KHACHATRYAN 15J use dijet angular distributions in 19.7 fb—1 of data from pp colli-
sions at /s = 8 TeV to place a lower bound on Ay, here converted to Mpp.

6 AAD 14BE use 20 fb—1 of data from pp collisions at /s = 8 TeV in the dilepton channel
to place lower limits on M (equivalent to their Mg).

7 AAD 13As use 4.9 b~ of data from pp collisions at /s = 7 TeV to place lower limits
on Mpp (equivalent to their Mg).
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8 AAD 13t use 4.9 and 5.0 fb—1 of data from pp collisions at /s = 7 TeV in the
dielectron and dimuon channels, respectively, to place lower limits on Mpp (equivalent
to their Mg). The dielectron and dimuon channels are combined with previous results in
the diphoton channel to set the best limit. Bounds on individual channels and different
priors can be found in their Table VIII.

9 AAD 12v use 2.12 fb~ L of data from pp collisions at /s = 7 TeV to place lower limits
on Mpp (equivalent to their Mg).

10BAAK 12 use electroweak precision observables to place bounds on the ratio Ay /Mp
as a function of Mp. See their Fig. 22 for constraints with a Higgs mass of 120 GeV.

11 CHATRCHYAN 12J use approximately 2 b~ of data from pp collisions at Vs =17TeV
in the dielectron and dimuon channels to place lower limits on A, here converted to
M.

12 CHATRCHYAN 12 use 2.2 fo~1 of data from pp collisions at v/s = 7 TeV to place
lower limits on M (equivalent to their Mg).

13 AARON 11c search for deviations in the differential cross section of eip - efXin
446 pb*1 of data taken at \/s = 301 and 319 GeV to place a bound on M.

14 CHATRCHYAN 11A use 36 pb—! of data from pp collisions at v/s = 7 TeV to place
lower limits on A, here converted to Mpp.

15 ABAZOV 09AE use dijet angular distributions in 0.7 b1 of data from pp collisions at
/s = 1.96 TeV to place lower bounds on A (equivalent to their Mg), here converted
to Mpp.

16 ABAZOV 09D use 1.05 b~ of data from p5 collisions at /s = 1.96 TeV to place lower
bounds on Ay (equivalent to their M), here converted to Mpp.

17SCHAEL 074 use e e~ collisions at /3 = 189-209 GeV to place lower limits on Ar,
here converted to limits on Mpp.

18 ABDALLAH 06C use e™ e~ collisions at V/s ~ 130-207 GeV to place lower limits on
M, which is equivalent to their definition of Mg. Bound shown includes all possible
final state leptons, ¢ = e, u, 7. Bounds on individual leptonic final states can be found
in their Table 31.

19 GERDES 06 use 100 to 110 pb*1 of data from pp collisions at /s = 1.8 TeV, as
recorded by the CDF Collaboration during Run | of the Tevatron. Bound shown includes
a K-factor of 1.3. Bounds on individual et e~ and ~~ final states are found in their
Table 1.

20 ABAZOV 05V use 246 pb—! of data from pp collisions at /s = 1.96 TeV to search for
deviations in the differential cross section to T~ from graviton exchange.

21 CHEKANOV 048 search for deviations in the differential cross section of eip - etx
with 130 pb_1 of combined data and 02 values up to 40,000 GeV2 to place a bound
on Mprp.

22 ABBIENDI 03D use et e collisions at +/5=181-209 GeV to place bounds on the ul-
traviolet scale My, which is equivalent to their definition of Ms-

23 ACHARD 03D look for deviations in the cross section for et e~ — ZZ from Vs =
200-209 GeV to place a bound on M7T.

24 ADLOFF 03 search for deviations in the differential cross section of eip — eTxat
v/5=301 and 319 GeV to place bounds on M.

25 GIUDICE 03 review existing experimental bounds on My and derive a combined limit.
26 HEISTER 03¢ use e e~ collisions at v/S= 189-209 GeV to place bounds on the scale
of dim-8 gravitational interactions. Their MSi is equivalent to our M7 with A=+1.

27 ACHARD 02 search for s-channel graviton exchange effects in ete™ = vy at Eqyy =
192-209 GeV.

28 ABBOTT 01 search for variations in differential cross sections to e e~ and ~~ final
states at the Tevatron.

29 ABBIENDI 00R uses et e collisions at /5= 189 GeV.

30 ABREU 004 search for s-channel graviton exchange effects in ete™ — vy at Eqy=
189-202 GeV.

31 ABREU 00s uses e+ e~ collisions at v/s=183 and 189 GeV. Bounds on x and 7 individual
final states given in paper.

32CHANG 008 derive 30 limit on My7 of (28,19,15) TeV for 6=(2,4,6) respectively
assuming the presence of a torsional coupling in the gravitational action. Highly model
dependent.

33 CHEUNG 00 obtains limits from anomalous diphoton production at OPAL due to graviton
exchange. Original limit for §=4. However, unknown UV theory renders § dependence
unreliable. Original paper works in HLZ convention.

34 GRAESSER 00 obtains a bound from graviton contributions to g—2 of the muon through
loops of 0.29 TeV for §=2 and 0.38 TeV for 6=4,6. Limits scale as A\1/2. However
calculational scheme not well-defined without specification of high-scale theory. See the
“Extra Dimensions Review.”

35 HAN 00 calculates corrections to gauge boson self-energies from KK graviton loops and
constrain them using S and T. Bounds on My range from 0.5 TeV (§=6) to 1.1 TeV
(6=2); see text. Limits have strong dependence, A5+2, on unknown A coefficient.

36 MATHEWS 00 search for evidence of graviton exchange in CDF and D@ dijet production
data. See their Table 2 for slightly stronger ¢-dependent bounds. Limits expressed in

4 _
terms of M'& = Ml'er/a'

37 MELE 00 obtains bound from KK graviton contributions to ete” - vv (V=A,W,2)
at LEP. Authors use Hewett conventions.

38 ABBIENDI 99 search for s-channel graviton exchange effects in eTe™ — ~v at
Ecm:189 GeV. The limits GJr > 660 GeV and G_ > 634 GeV are obtained from
combined Ecm:183 and 189 GeV data, where Gi is a scale related to the fundamental
gravity scale.

39 ACCIARRI 99M search for the reaction e e~ — ~ G and s-channel graviton exchange
effectsin et e~ — vy, WTW™,ZZ, ete™, ut =, 7777, qgat E¢, =183 GeV.
Limits on the gravity scale are listed in their Tables 1 and 2.

40 ACCIARRI 995 search for the reaction et e~ — ZG and s-channel graviton exchange
effectsin et e — vy, WTW™,ZZ, ete™, yt =, 7777, qgat E¢ =189 GeV.
Limits on the gravity scale are listed in their Tables 1 and 2.

41 BOURILKOV 99 performs global analysis of LEP data on et e~ collisions at \/5=183
and 189 GeV. Bound is on At.

Limits on 1/R = M,
This section includes limits on 1/R = M, the compactification scale in models with
one TeV-sized extra dimension, due to exchange of Standard Model KK excitations.
Bounds assume fermions are not in the bulk, unless stated otherwise. See the “Extra
Dimensions” review for discussion of model dependence.

VALUE (TeV CLY% DOCUMENT ID TECN COMMENT
>4.16 95 1 AAD 12cC ATLS pp — (7
>6.1 2BARBIERI 04 RVUE Electroweak

e o o We do not use the following data for averages, fits, limits, etc. o o o

>3.8 95 3 ACCOMANDO 15 RVUE  Electroweak
>3.40 95 4 KHACHATRY..15T CMS pp — €X

5 CHATRCHYAN13AQCMS  pp — £X
>1.38 95 6 CHATRCHYAN 13w CMS  pp — ~, =6, Mp=5 TeV
>0.715 95 7EDELHAUSER 13 RVUE pp — (f+ X
>1.40 95 8 AAD 12cP ATLS  pp — 7, 6=6, Mp=5 TeV
>1.23 95 9 AAD 12x ATLS pp — ~v, 6=6, Mp=5 TeV
>0.26 95 10 Aazov 12m DO PP — pp
>0.75 95 11 gaAK 12 RVUE Electroweak

12 Fl ACKE 12 RVUE Electroweak
>0.43 95 I3 NISHIWAKI 12 RVUE H — WW, vy
>0.729 95 14 AAD 1IF ATLS pp — ~v, 6=6, Mp=5 TeV
>0.961 95 15 AAD 11X ATLS pp — ~v, 6=6, Mp=5 TeV
>0.477 95 16 ABAZOV 10p DO PP = 77, §=6, Mp=5 TeV
>1.59 95 17 pABAZOV 09AE DO pP — dijet, angular dist.
>0.6 95 18 yaiscH 07 RVUE B — Xgv
>0.6 90 19 GOGOLADZE 06 RVUE Electroweak
>3.3 95 20 CORNET 00 RVUE Electroweak
>3.3-38 95 21 rizzo 00 RVUE Electroweak

1 AAD 12cc use 4.9 and 5.0 fb—! of data from pp collisions at /s = 7 TeV in the
dielectron and dimuon channels, respectively, to place a lower bound on the mass of the
lightest KK Z/~ boson (equivalent to 1/R = M.). The limit quoted here assumes a flat
prior corresponding to when the pure Z/~ KK cross section term dominates. See their
Section 15 for more details.

2BARBIERI 04 use electroweak precision observables to place a lower bound on the com-
pactification scale 1/R. Both the gauge bosons and the Higgs boson are assumed to
propagate in the bulk.

3 ACCOMANDO 15 use electroweak precision observables to place a lower bound on the
compactification scale 1/R. See their Fig. 2 for the bound as a function of sin3, which
parametrizes the VEV contribution from brane and bulk Higgs fields. The quoted value
is for the minimum bound which occurs at sin3 = 0.45.

4 KHACHATRYAN 15T use 19.7 fb—1 of data from pp collisions at /s = 8 TeV to place
a lower bound on the compactification scale 1/R.

5 CHATRCHYAN 13AQ use 5.0 fb—L of data from pp collisions at /s = 7 TeV and a
further 3.7 fb—L of data at /s = 8 TeV to place a lower bound on the compactification
scale 1/R, in models with universal extra dimensions and Standard Model fields propa-
gating in the bulk. See their Fig. 5 for the bound as a function of the universal bulk
fermion mass parameter p.

6 CHATRCHYAN 13w use diphoton events with large missing transverse momentum in
4.93 fb~! of data produced from pp collisions at /s = 7 TeV to place a lower bound
on the compactification scale in a universal extra dimension model with gravitational
decays. The bound assumes that the cutoff scale A, for the radiative corrections to the
Kaluza-Klein masses, satisfies A/Mc = 20. The model parameters are chosen such that
the decay v* — G~ occurs with an appreciable branching fraction.

7TEDELHAUSER 13 use 19.6 and 20.6 fb—! of data from pp collisions at /s = 8 TeV
analyzed by the CMS Collaboration in the dielectron and dimuon channels, respectively,
to place a lower bound on the mass of the second lightest Kaluza-Klein Z/~ boson (con-
verted to a limit on 1/R = M_). The bound assumes Standard Model fields propagating
in the bulk and that the cutoff scale A, for the radiative corrections to the Kaluza-Klein
masses, satisfies A/ M. = 20.

8 AAD 12¢P use diphoton events with large missing transverse momentum in 4.8 b1
of data produced from pp collisions at /s = 7 TeV to place a lower bound on the
compactification scale in a universal extra dimension model with gravitational decays.
The bound assumes that the cutoff scale A, for the radiative corrections to the Kaluza-
Klein masses, satisfies A/M, = 20. The model parameters are chosen such that the
decay v* — G-y occurs with an appreciable branching fraction.

9AAD 12X use diphoton events with large missing transverse momentum in 1.07 b1
of data produced from pp collisions at /s = 7 TeV to place a lower bound on the
compactification scale in a universal extra dimension model with gravitational decays.
The bound assumes that the cutoff scale A, for the radiative corrections to the Kaluza-
Klein masses, satisfies A/Mc = 20. The model parameters are chosen such that the
decay v* — G~y occurs with an appreciable branching fraction.

10 ABAZOV 12Mm use same-sign dimuon events in 7.3 fb—1 of data from pp collisions at
/s = 1.96 TeV to place a lower bound on the compactification scale 1/R, in models
with universal extra dimensions where all Standard Model fields propagate in the bulk.

11BAAK 12 use electroweak precision observables to place a lower bound on the compact-
ification scale 1/R, in models with universal extra dimensions and Standard Model fields
propagating in the bulk. Bound assumes a 125 GeV Higgs mass. See their Fig. 25 for
the bound as a function of the Higgs mass.

12 ACKE 12 use electroweak precision observables to place a lower bound on the com-
pactification scale 1/R, in models with universal extra dimensions and Standard Model
fields propagating in the bulk. See their Fig. 1 for the bound as a function of the
universal bulk fermion mass parameter p.

13 NISHIWAKI 12 use up to 2 fb—1 of data from the ATLAS and CMS experiments that
constrains the production cross section of a Higgs-like particle to place a lower bound on
the compactification scale 1/R in universal extra dimension models. The quoted bound
assumes Standard Model fields propagating in the bulk and a 125 GeV Higgs mass. See
their Fig. 1 for the bound as a function of the Higgs mass.

14 AAD 11F use diphoton events with large missing transverse energy in 3.1 pb*1 of data
produced from pp collisions at /s = 7 TeV to place a lower bound on the compactifi-
cation scale in a universal extra dimension model with gravitational decays. The bound
assumes that the cutoff scale A, for the radiative corrections to the Kaluza-Klein masses,
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satisfies /\/MC = 20. The model parameters are chosen such that the decay v* — G~
occurs with an appreciable branching fraction.

15 AAD 11x use diphoton events with large missing transverse energy in 36 pb_1 of data
produced from pp collisions at /s = 7 TeV to place a lower bound on the compactifi-
cation scale in a universal extra dimension model with gravitational decays. The bound
assumes that the cutoff scale A, for the radiative corrections to the Kaluza-Klein masses,
satisfies A/ M. = 20. The model parameters are chosen such that the decay v* — G~
occurs with an appreciable branching fraction.

16 ABAZOV 10P use diphoton events with large missing transverse energy in 6.3 =1 of
data produced from pp collisions at /s = 1.96 TeV to place a lower bound on the
compactification scale in a universal extra dimension model with gravitational decays.
The bound assumes that the cutoff scale A, for the radiative corrections to the Kaluza-
Klein masses, satisfies A/M_.=20. The model parameters are chosen such that the decay
~* — G~y occurs with an appreciable branching fraction.

17 ABAZOV 09AE use dijet angular distributions in 0.7 fb~L of data from pp collisions at
v/s = 1.96 TeV to place a lower bound on the compactification scale.

18 HAISCH 07 use inclusive B-meson decays to place a Higgs mass independent bound on
the compactification scale 1/R in the minimal universal extra dimension model.

19 GOGOLADZE 06 use electroweak precision observables to place a lower bound on the
compactification scale in models with universal extra dimensions. Bound assumes a 115
GeV Higgs mass. See their Fig. 3 for the bound as a function of the Higgs mass.

20 CORNET 00 translates a bound on the coefficient of the 4-fermion operator
(Zyu T 0)(€~H 7@ ¢) derived by Hagiwara and Matsumoto into a limit on the mass scale
of KK W bosons.

21RIZZO 00 obtains limits from global electroweak fits in models with a Higgs in the bulk
(3.8 TeV) or on the standard brane (3.3 TeV).

Limits on Kaluza-Klein Gravitons in Warped Extra Dimensions
This section places limits on the mass of the first Kaluza-Klein (KK) excitation of the
graviton in the warped extra dimension model of Randall and Sundrum. Bounds in
parenthesis assume Standard Model fields propagate in the bulk. Experimental bounds
depend strongly on the warp parameter, k. See the “Extra Dimensions” review for a
full discussion.

Here we list limits for the value of the warp parameter k/ﬁp =0.1.

VALUE (TeV CLY% DOCUMENT ID TECN COMMENT
>4.1 95 1 AABOUD 17APATLS pp — G — 7y

e o o We do not use the following data for averages, fits, limits, etc. o o

2SIRUNYAN  18F CMS pp— G — hh

>3.11 95 3 KHACHATRY..17T CMS pp— G — ete, ptpu—
>1.9 95 4 KHACHATRY..17W CMS  pp — G — jj
5SIRUNYAN  17AKCMS  pp— G — WW, ZZ
6 AABOUD 16AEATLS pp— G — WW,ZZ
7 AABOUD 16H ATLS pp— G — v
8 AABOUD 161 ATLS pp— G — hh
9 AAD 16R ATLS pp— G —> WW,zZ
10 KHACHATRY..16BQCMS pp — G — hh
>3.3 95 11 KHACHATRY..16M CMS pp — G — ~y
>2.66 95 12 AaD 15ADATLS pp — G — v
13 AAD 15AU ATLS pp— G — ZZ
14 AaD 15AZ ATLS pp— G — WW
15 AAD 158K ATLS pp — G — hh
16 AAD 1I5cTATLS pp— G —» WW,ZZ
>2.73 95 17 KHACHATRY..15AE CMS  pp — eTe™, putpu~
18 KHACHATRY..15k CMS pp — G — hh
>2.68 95 19 AAD 14v ATLS pp— G — ete , utp—
20 KHACHATRY..14A CMS pp — G — WW,ZZ,WZ
>1.23 (>0.84) 95 21 AAD 137 ATLS pp— G — WW
>0.94 (>0.71) 95 22 AAD 13A0ATLS pp > G — WW
>2.23 95 23 AAD 13aS ATLS pp — v, ete™, ptpu—
>2.39 95 24 CHATRCHYAN13AF CMS  pp — eTe™, ptpu—
25 CHATRCHYAN13U CMS pp— G — ZZ
>0.845 95 26 AAD 12ADATLS pp— G — ZZ
>2.16 95 27 AAD 12cC ATLS pp — G — (7
>1.95 95 28 AAD 12y ATLS pp— yv,ete, utpu~
29 AALTONEN 12V CDF  pp— G — ZZ
30 paAK 12 RVUE Electroweak
>1.84 95 31 CHATRCHYAN12R CMS pp — G — vy
>1.63 95 32 AAD 11ADATLS pp — G — (7
33 AALTONEN 116 CDF  pp— G — ZZ
>1.058 95 34 AALTONEN  11R CDF pp— G — ete™, vy
>0.754 95 35 ABAZOV 11H DO pp— G— WW
>1.079 95 36 CHATRCHYAN11 CMS pp— G — (0
>0.607 37 AALTONEN 10N CDF  pp— G —» WW
>1.05 38 ABAZOV 10F DO pP— G— ete™, 4y
39 AALTONEN 085 CDF  pp— G — ZZ
>0.90 40 ABAZOV 08 DO pPp— G— ete, 4y
41 AALTONEN 076 CDF pp — G — 7y
>0.889 42 AALTONEN  07H CDF  pp— G — €€
>0.785 43 ABAZOV 05N DO pp— G — (L, vy
>0.71 44 ABULENCIA 05a CDF  pp— G — (1

1 AABOUD 17AP use 36.7 fb—! of data from pp collisions at /s = 13 TeV in the diphoton
channel to place a lower limit on the mass of the lightest KK graviton.

2SIRUNYAN 18F use 35.9 fb—! of data from pp collisions at /s = 13 TeV to search for
Higgs boson pair production in the bblv (v final state. See their Figure 7 for limits on
the cross section times branching fraction as a function of the KK graviton mass with a
warp parameter value k/WP =0.1.

3KHACHATRYAN 17T use 2.7 (2.9) fb—1 of data from pp collisions at /s = 13 TeV
in the dielectron (dimuon) channel. This 13 TeV data is combined with 20 b1 of a
previously analyzed set of 8 TeV data to place a lower bound on the mass of the lightest
KK graviton. See their paper for the limit with warp parameter value k/Mp = 0.01.

4 KHACHATRYAN 17w use 12.9 fb—! of data from pp collisions at /s = 13 TeV to
place a lower bound on the mass of the lightest KK graviton. (The quoted bound is for a
warp parameter value of k/Mp = 0.1, although it was not disclosed in the publication.)

5SIRUNYAN 174K use 19.7 fb—1 and up to 2.7 b~ of data from pp collisions at /s
= 8 TeV and 13 TeV, respectively, to place limits on the production cross section of a
KK graviton resonance. See their Figure 3 for exclusion limits on the signal strength for
k/Mp = 0.5 and a mass range of 0.6 to 4.0 TeV .

6 AABOUD 16AE use 3.2 fb— 1 of data from pp collisions at /s = 13 TeV to place a lower
bound on the mass of the lightest KK graviton. See their Figure 8 for the limit on the
KK graviton mass as a function of the cross section times branching fraction for k/Mp

=1.

7 AABOUD 16H use 3.2 fb~1 of data from pp collisions at /s = 13 TeV in the diphoton
channel to place a lower limit on the mass of the lightest KK graviton. See their Figure
11 for limits on the cross section times branching fraction as a function of the graviton
mass with warp parameter values k/Mp between 0.01 and 0.3.

8 AABOUD 161 use 3.2 fb—1 of data from pp collisions at /s = 13 TeV to search for
Higgs boson pair production in the bbbb final state. See their Figure 10 for limits on
the cross section times branching fraction as a function of the KK graviton mass with
warp parameter values k/WP = 1.0 and 2.0.

9 AAD 16R use 20.3 fb—L of data from pp collisions at /s = 8 TeV to place a lower
bound on the mass of the lightest KK graviton. See their Figure 4 for the limit on the
KK graviton mass as a function of the cross section times branching fraction.

10 KHACHATRYAN 16BQ use 19.7 fb—1 of data from pp collisions at /s = 8 TeV to
search for Higgs boson pair production in the vy bb final state. See their Figure 9 for
limits on the cross section times branching fraction as a function of the KK graviton
mass with a warp parameter value k/WP =0.2.

11 KHACHATRYAN 16M use 19.7 fb—1 and 3.3 fo—1 of data from pp collisions at /s =
8 TeV and 13 TeV, respectively, in the diphoton channel to place a lower limit on the
mass of the lightest KK graviton. See their paper for limits with other warp parameter
values k/Mp = 0.01 and 0.2.

12 AAD 15AD use 20.3 fb~1 of data from pp collisions at /s = 8 TeV in the diphoton
channel to place a lower limit on the mass of the lightest KK graviton. See their Table
IV for limits with warp parameter values k/Wp between 0.01 and 0.1.

13 AAD 15AU use 20 fb—! of data from pp collisions at /s = 8 TeV to search for KK
gravitons in a warped extra dimension decaying to Z Z dibosons. See their Figure 2
for limits on the KK graviton mass as a function of the cross section times branching
fraction.

14 AAD 15z use 20.3 fb—1 of data from pp collisions at /s = 8 TeV to place a lower
bound on the mass of the lightest KK graviton. See their Figure 2 for limits on the KK
graviton mass as a function of the cross section times branching ratio.

15 AAD 158K use 19.5 fb—L of data from pp collisions at /s = 8 TeV to search for Higgs
boson pair production in the bbbb final state, and exclude masses of the lightest KK
graviton. See their Table 9 for the excluded mass ranges with warp parameter values
k/Mp = 1.0, 1.5, and 2.0.

16 AAD 15T use 20.3 fb~! of data from pp collisions at /s = 8 TeV to place a lower
bound on the mass of the lightest KK graviton. See their Figures 6b and 6c for the limit
on the KK graviton mass as a function of the cross section times branching fraction.

17 KHACHATRYAN 15AE use 20.6 (19.7) fb—1 of data from pp collisions at /5 = 8 TeV
in the dimuon (dielectron) channel to place a lower bound on the mass of the lightest
KK graviton.

18 KHACHATRYAN 15R use 17.9 fb—! of data from pp collisions at /s = 8 TeV to search
for Higgs boson pair production in the bbbb final state, and exclude a KK graviton with
mass from 380 to 830 GeV.

19 AAD 14v use 20 fb—1 of data from pp collisions at /s = 8 TeV in the dielectron and
dimuon channels to place a lower bound on the mass of the lightest KK graviton.

20 KHACHATRYAN 14A use 19.7 fb—1 of data from pp collisions at /5 = 8 TeV to search
for KK gravitons in a warped extra dimension decaying to dibosons. See their Figure 9
for limits on the cross section times branching fraction as a function of the KK graviton
mass.

21 AAD 134 use 4.7 fb—L of data from pp collisions at /s = 7 TeV in the v v channel,
to place a lower bound on the mass of the lightest KK graviton.

22 AAD 13A0 use 4.7 fb—L of data from pp collisions at /s = 7 TeV in the ¢vjj channel,
to place a lower bound on the mass of the lightest KK graviton.

23 AAD 13as use 4.9 fb—1 of data from pp collisions at /s = 7 TeV in the diphoton
channel to place lower limits on the mass of the lightest KK graviton. The diphoton
channel is combined with previous results in the dielectron and dimuon channels to set
the best limit. See their Table 2 for warp parameter values k/mp between 0.01 and 0.1.

24 CHATRCHYAN 13AF use 5.3 and 4.1 fb—1 of data from pp collisions at /5 = 7 TeV
and 8 TeV, respectively, in the dielectron and dimuon channels, to place a lower bound
on the mass of the lightest KK graviton.

25 CHATRCHYAN 13U use 5 fb—! of data from pp collisions at /s = 7 TeV to search for
KK gravitons in a warped extra dimension decaying to ZZ dibosons. See their Figure 5
for limits on the lightest KK graviton mass as a function of k/Mp.

26 AAD 12AD use 1.02 fb— 1 of data from pp collisions at /s = 7 TeV to search for KK
gravitons in a warped extra dimension decaying to ZZ dibosons in the //jj and I11]
channels (¢=e, p). The limit is quoted for the combined //jj + 111 channels. See their
Figure 5 for limits on the cross section o(G — Z Z) as a function of the graviton mass.

27 AAD 12¢C use 4.9 and 5.0 fb—L of data from pp collisions at /s = 7 TeV in the
dielectron and dimuon channels, respectively, to place a lower bound on the mass of the
lightest KK graviton. See their Figure 5 for limits on the lightest KK graviton mass as
a function of k/Mp.

28 AAD 12v use 2.12 b~ of data from pp collisions at /s = 7 TeV in the diphoton
channel to place lower limits on the mass of the lightest KK graviton. The diphoton
channel is combined with previous results in the dielectron and dimuon channels to set
the best limit. See their Table 3 for warp parameter values k/M p between 0.01 and 0.1.

29 AALTONEN 12V use 6 fb—! of data from pp collisions at /s = 1.96 TeV to search
for KK gravitons in a warped extra dimension decaying to ZZ dibosons in the //jj
and /111 channels (¢=e, ). It provides improved limits over the previous analysis in
AALTONEN 11G. See their Figure 16 for limits from all channels combined on the cross
section times branching ratio o(pp — G* — ZZ) as a function of the graviton mass.
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30 BAAK 12 use electroweak precision observables to place a lower bound on the compact-
ification scale k e"rkR, assuming Standard Model fields propagate in the bulk and the
Higgs is confined to the IR brane. See their Fig. 27 for more details.

31 CHATRCHYAN 12R use 2.2 fb~1 of data from pp collisions at /s = 7 TeV in the
diphoton channel to place lower limits on the mass of the lightest KK graviton. See their
Table 111 for warp parameter values k/VP between 0.01 and 0.1.

32 AAD 11AD use 1.08 and 1.21 fb—1 of data from pp collisions at /s = 7 TeV in the
dielectron and dimuon channels, respectively, to place a lower bound on the mass of the
lightest graviton. For warp parameter values k/WP between 0.01 to 0.1 the lower limit
on the mass of the lightest graviton is between 0.71 and 1.63 TeV. See their Table IV
for more details.

33 AALTONEN 11G use 2.5-2.9 fb—1 of data from pp collisions at /s = 1.96 TeV to
search for KK gravitons in a warped extra dimension decaying to Z Z dibosons via the
eeee, ee L, i, eejj, and ppjj channels. See their Fig. 20 for limits on the cross
section o(G — Z Z) as a function of the graviton mass.

34 AALTONEN 11R uses 5.7 fb—! of data from pp collisions at /s = 1.96 TeV in the
dielectron channel to place a lower bound on the mass of the lightest graviton. It
provides combined limits with the diphoton channel analysis of AALTONEN 11u. For
warp parameter values k/ﬂp between 0.01 to 0.1 the lower limit on the mass of the
lightest graviton is between 612 and 1058 GeV. See their Table | for more details.

35 ABAZOV 11H use 5.4 fb—1 of data from pp collisions at /s = 1.96 TeV to place a
lower bound on the mass of the lightest graviton. Their 95% C.L. exclusion limit does
not include masses less than 300 GeV.

6 CHATRCHYAN 11 use 35 and 40 pb*1 of data from pp collisions at /s = 7 TeV in
the dielectron and dimuon channels, respectively, to place a lower bound on the mass of
the lightest graviton. For a warp parameter value k/ﬁp = 0.05, the lower limit on the
mass of the lightest graviton is 0.855 TeV.

37 AALTONEN 10N use 2.9 fb—L of data from pp collisions at /s = 1.96 TeV to place a
lower bound on the mass of the lightest graviton.

38 ABAZOV 10F use 5.4 fb—1 of data from pp collisions at /s = 1.96 TeV to place a
lower bound on the mass of the lightest graviton. For warp parameter values of k/WP
between 0.01 and 0.1 the lower limit on the mass of the lightest graviton is between 560
and 1050 GeV. See their Fig. 3 for more details.

39 AALTONEN 08s use pp collisions at /5 = 1.96 TeV to search for KK gravitons in
warped extra dimensions. They search for graviton resonances decaying to four electrons
via two Z bosons using 1.1 fb—1 of data. See their Fig. 8 for limits on o - B(G — ZZ)
versus the graviton mass.

40 ABAZOV 081 use pp collisions at /s = 1.96 TeV to search for KK gravitons in warped
extra dimensions. They search for graviton resonances decaying to electrons and photons
using 1 b~ of data. For warp parameter values of k/WP between 0.01 and 0.1 the
lower limit on the mass of the lightest excitation is between 300 and 900 GeV. See their
Fig. 4 for more details.

41 AALTONEN 076 use pp collisions at /s = 1.96 TeV to search for KK gravitons in
warped extra dimensions. They search for graviton resonances decaying to photons using
1.2 b~ of data. For warp parameter values of k/WP — 0.1, 0.05, and 0.01 the bounds
on the graviton mass are 850, 694, and 230 GeV, respectively. See their Fig. 3 for more
details. See also AALTONEN 07H.

42 AALTONEN 07H use pp collisions at /s = 1.96 TeV to search for KK gravitons in
warped extra dimensions. They search for graviton resonances decaying to electrons
using 1.3 fb—1 of data. For a warp parameter value of k/WP = 0.1 the bound on the
graviton mass is 807 GeV. See their Fig. 4 for more details. A combined analysis with
the diphoton data of AALTONEN 076 yields for k/WP = 0.1 a graviton mass lower
bound of 889 GeV.

43 ABAZOV 05N use pp collisions at /s = 1.96 TeV to search for KK gravitons in warped
extra dimensions. They search for graviton resonances decaying to muons, electrons or
photons, using 260 pb_1 of data. For warp parameter values of k/ﬁp = 0.1, 0.05, and
0.01, the bounds on the graviton mass are 785, 650 and 250 GeV respectively. See their
Fig. 3 for more details.

44 ABULENCIA 05A use pp collisions at /s = 1.96 TeV to search for KK gravitons in
warped extra dimensions. They search for graviton resonances decaying to muons or
electrons, using 200 pb_1 of data. For warp parameter values of k/WP = 0.1, 0.05,
and 0.01, the bounds on the graviton mass are 710, 510 and 170 GeV respectively.

Limits on Kaluza-Klein Gluons in Warped Extra Dimensions
This section places limits on the mass of the first Kaluza-Klein (KK) excitation of the
gluon in warped extra dimension models with Standard Model fields propagating in
the bulk. Bounds are given for a specific benchmark model with I'/m = 15.3% where
I is the width and m the mass of the KK gluon. See the“Extra Dimensions” review
for more discussion.

VALUE (TeV) CL% DOCUMENT ID TECN  COMMENT

>2.5 95 1 CHATRCHYAN13BMCMS g e — tE

e o o \We do not use the following data for averages, fits, limits, etc. o o o

>2.07 95 2 AAD 13AQATLS  grp — tT— £f
3 CHEN 13A B — Xsv

>15 95 4 AAD 12BVATLS grp — tt— £f

1 CHATRCHYAN 138M use 19.7 fb—! of data from pp collisions at /s = 8 TeV. Bound
is for a width of approximately 15-20% of the KK gluon mass.

2 AAD 13Aq use 4.7 fb— L of data from pp collisions at /s = 7 TeV.

3CHEN 13a place limits on the KK mass scale for a specific warped model with custodial
symmetry and bulk fermions. See their Figures 4 and 5.

4 AAD 128V use 2.05 fb—1 of data from pp collisions at /s = 7 TeV.
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WIMP and Dark Matter Searches

OMITTED FROM SUMMARY TABLE
We omit papers on CHAMP's, millicharged particles, and other ex-
otic particles.

GALACTIC WIMP SEARCHES

These limits are for weakly-interacting stable particles that may constitute
the invisible mass in the galaxy. Unless otherwise noted, a local mass
density of 0.3 GeV/cm3 is assumed; see each paper for velocity distribution
assumptions. In the papers the limit is given as a function of the X0 mass.
Here we list limits only for typical mass values of 20 GeV, 100 GeV, and 1
TeV. Specific limits on supersymmetric dark matter particles may be found
in the Supersymmetry section.

— Limits for Spin-Independent Cross Section ———
— of Dark Matter Particle (X°) on Nucleon ————

Isoscalar coupling is assumed to extract the limits from those on XO-nuclei
Cross section.

For myo = 20 GeV

For limits from X0 annihilation in the Sun, the assumed annihilation final state is
shown in parenthesis in the comment.

VALUE (pb) CLY% DOCUMENT ID TECN COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o
<5 x1076 95 1 AGNESE 18 CDMS Ge
<2 x107° 90 2 AARTSEN 17 ICCB v, earth
<1 x104 90 3 ANGLOHER 17Aa CRES xp
<1 x1073 El) 4 BARBOSA-D...17 ICCB Nal
<73 x10°7 90 AGNES 16 DS50 Ar
<1 x107° 90 5 AGNESE 16 CDMS Ge
<2 x107% Ll 6 AGUILAR-AR...16 DMIC Si CCDs
<4 x107° 90 TANGLOHER 16 CRES CaWoO,
<2 x1076 90 8 APRILE 16 X100 Xe
<9.4 x 1078 90 9 ARMENGAUD 16 EDE3 Ge
<1.0 x10~7 90 10 HEHN 16 EDE3 Ge
<4 x107° El) 11 zHAO 16 CDEX Ge
<1 x107° 90 AGNES 15 DS50 Ar
<15 x1076 90 12 AGNESE 154 CDM2 Ge
<15 x 107 Ll 13 AGNESE 158 CDM2 Ge
<2 x107© 90 14 AMOLE 15 PICO C3Fg
<12 x1075 90 CHOI 15 SKAM H, solar v (bb)
<1.19 x 106 90 CHOI 15 SKAM H, solar v (7 77)
<2 x1078 LN 15 x1n0 15 PNDX Xe
<20 x1077 90 16 AGNESE 14 SCDM Ge
<3.7 x107° El) 17 AGNESE 14n SCDM Ge
<1 x1079 Ll 18 AKERIB 14 LUX Xe
<2 x107® 90 19 ANGLOHER 14 CRES CaWo,
<5 x1076 90 FELIZARDO 14 SMPL C,CIFg
<8 x1076 90 20 g 14A KIMS Csl
<2 x1074 90 21y 14A CDEX Ge
<1 x1075 90 22yyE 14 CDEX Ge
<1.08 x 1074 90 23 AARTSEN 13 ICCB  H, solar v (v 77)
<15 x1073 90 24 ABE 138 XMAS Xe
<31 x107© 90 25 AGNESE 13 CDM2 Si
<34 x1076 90 26 AGNESE 13 CDM2 Si
<22 x1076 90 27 AGNESE 134 CDM2 Si

28 BERNABEI  13A DAMA Nal modulation
<5 x107° El) 29 138 TEXO Ge

30 zHAO 13 CDEX Ge
<12 x10~7 90 AKIMOV 12 ZEP3 Xe

31 ANGLOHER 12 CRES CaWO,
<8 x107° 90 32 ANGLOHER 12 CRES CaWo,
<7 x1079 90 33 APRILE 12 X100 Xe

34 ARCHAMBAU..12  PICA F (C4Fqp)
<7 x1077 Ll 35 ARMENGAUD 12 EDE2 Ge

36 BARRETO 12 DMIC CCD

<2 x1076 % BEHNKE 12 COUP CFgl
<7 x107© STFELIZARDO 12 SMPL C,CIFg
<15 x 1076 £l KIM 12 KIMS Csl
<5 x107° 9 38 AALSETH 11  CGNT Ge
39 AALSETH 11A CGNT Ge
<5 x1077 90 40 AHMED 11  CDM2 Ge, inelastic
<27 x1077 90 41 AHMED 11A RVUE Ge
42 AHMED 118 CDM2 Ge, low threshold
<3 x1076 90 43 ANGLE 11 XEI0 Xe
<7 x1078 Ll 44 APRILE 11 X100 Xe
45 APRILE 11A X100  Xe, inelastic
<2 x1078 Ll 33 APRILE 118 X100 Xe
46 HORN 11 ZEP3 Xe
<2 x1077 £l AHMED 10 CDM2 Ge
<1 x1075 Ll 47 AKERIB 10 CDM2 Si, Ge, low threshold
<1 x1077 90 APRILE 10 X100 Xe
<2 x1076 90 ARMENGAUD 10 EDE2 Ge
<4 x107° 90 FELIZARDO 10 SMPL C,CIF3
<15 x 1077 LN 48 AHMED 09 CDM2 Ge
<2 x1074 90 LN 09 TEXO Ge

50 AALSETH 08 CGNT Ge

L AGNESE 18 give limits for USI([J)() for m(WIMP) between 1.5 and 20 GeV using
CDMSlite mode data.

2 AARTSEN 17 obtain o(SI) < 6 x 10~ pb for m(wimp) = 20 GeV from v from earth.

3 ANGLOHER 174 find 01 (xp) < 10% pb for m(WIMP) = 0.2 GeV.

4BARBOSA-DE-SOUZA 17 search for annual modulation of WIMP scatter on Nal using
an exposure of 61 kg yr of DM-Icel7 for recoil energy in the 4-20 keV range (DAMA
found modulation for recoil energy < 5 keV). No modulation seen. Sensitivity insufficient
to distinguish DAMA signal from null.

5 AGNESE 16 CDMSlite excludes low mass WIMPs 1.6-5.5 GeV and SI scattering cross
section depending on m(WIMP); see Fig. 4.

6 AGUILAR-AREVALO 16 search low mass 1-10 GeV WIMP scatter on Si CCDs; set limits
Fig. 11.

7 ANGLOHER 16 requires SI WIMP-nucleon cross section < 9 x 103 pb for m(WIMP)
=1 GeV on CaWO, target.

8 APRILE 16 search low mass WIMP S| scatter on Xe; exclude o > 1.4 x 10~2 pb for
m(WIMP) = 6 GeV.

9 ARMENGAUD 16 require S| WIMP-p cross section < 4.3 x 104 pb for m(WIMP) =
5 GeV on Ge target.

10HEHN 16 search for low mass WIMPs via SI scatter on Ge target; o(SI) < 5.8x 10~4 pb
for m(WIMP) = 5 GeV, Fig. 6.

117HAO 16 require Si scatter < 4 x 10~9 pb for m(WIMP) = 20 GeV using Ge target;
limits also on SD scatter, see Fig. 19.

12 AGNESE 15 reanalyse AHMED 118 low threshold data. See their Fig. 12 (left) for
improved limits extending down to 5 GeV.

13 AGNESE 158 reanalyse AHMED 10 data.

14 see their Fig. 7 for limits extending down to 4 GeV.

155ee their Fig. 13 for limits extending down to 5 GeV.

16 This limit value is provided by the authors. See their Fig. 4 for limits extending down to
Myo = 3.5 GeV.

17 This limit value is provided by the authors. AGNESE 14A result is from CDMSlite
mode operation with enhanced sensitivity to low mass m,,q. See their Fig. 3 for limits
extending down to myo = 3.5 GeV (see also Fig. 4 in AGNESE 14).

18 5ee their Fig. 5 for limits extending down to Mmyq = 5.5 GeV.

x0 = 1 GeV.

205ee their Fig. 5 for limits extending down to My = 5 GeV.

211U 14A result is based on prototype CDEX-0 detector. See their Fig. 13 for limits
extending down to Myo =2 GeV.

195ee their Fig. 5 for limits extending down to m

22See their Fig. 4 for limits extending down to mq = 4.5 GeV.

23 AARTSEN 13 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the sun in data taken between June 2010 and May 2011.

24 see their Fig. 8 for limits extending down to Mmyo = 7 GeV.

25This limit value is provided by the authors. AGNESE 13 use data taken between Oct.
2006 and July 2007. See their Fig. 4 for limits extending down to Mmyo =17 GeV.

26 This limit value is provided by the authors. AGNESE 13A use data taken between July
2007 and Sep. 2008. Three candidate events are seen. Assuming these events are real,
the best fit parameters are m o = 8.6 GeV and o = 1.9 x 107 pb.

27 This limit value is provided by the authors. Limit from combined data of AGNESE 13
and AGNESE 13A. See their Fig. 4 for limits extending down to myq = 5.5 GeV.

28 BERNABEI 13A search for annual modulation of counting rate in the 2-6 keV recoil
energy interval, in a 14 yr live time exposure of 1.33 t yr. Find a modulation of 0.0112 +
0.0012 counts/(day kg keV) with 9.3 sigma C.L. Find period and phase in agreement
with expectations from DM particles.

29See their Fig. 4 for limits extending down to m, o = 4 GeV.

0 = 412 GeV.

31 ANGLOHER 12 observe excess events above the expected background which are consis-
tent with X0 with mass ~ 25 GeV (or 12 GeV) and spin-independent XO-nucleon cross
section of 2 x 1076 pb (or 4 x 107 pb).

32 Reanalysis of ANGLOHER 09 data with all three nuclides. See also BROWN 12.

335ee also APRILE 14A.
34 See their Fig. 7 for cross section limits for myo between 4 and 12 GeV.

305ee their Fig. 5 for limits for m

355ee their Fig. 4 for limits extending down to Mmyo = 7 GeV.
36.5ee their Fig. 13 for cross section limits for my between 1.2 and 10 GeV.

37 See also DAHL 12 for a criticism.
38 See their Fig. 4 for limits extending to m, o = 3.5 GeV.
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39 AALSETH 11 find indications of annual modulation of the data, the energy spectrum
being compatible with X9 mass around 8 GeV. See also AALSETH 13.

40 AHMED 11 search for X0 inelastic scattering. See their Fig. 8-10 for limits. The inelastic
cross section reduces to the elastic cross section at the limit of zero mass splitting (Fig.
8, left).

41 AHMED 11A combine CDMS Il and EDELWEISS data.

42 AHMED 118 give limits on spin-independent X9-nucleon cross section for m
GeV in the range 10~3-10"3 pb. See their Fig. 3.

43 See their Fig. 3 for limits down to Myo =4 GeV.

44 APRILE 11 reanalyze APRILE 10 data.

45 APRILE 11A search for X0 inelastic scattering. See their Fig. 2 and 3 for limits. See
also APRILE 14A.

46 HORN 11 perform detector calibration by neutrons. Earlier results are only marginally
affected.

47 See their Fig. 10 and 12 for limits extending to X0 mass of 1 GeV.

48 superseded by AHMED 10.

49 see their Fig. 6(a) for cross section limits for m

o = 4-12

X0 extending down to 2 GeV.

50see their Fig. 2 for cross section limits for myq between 4 and 10 GeV.

For myo = 100 GeV

For limits from X© annihilation in the Sun, the assumed annihilation final state is
shown in parenthesis in the comment.

VALUE (pb) % DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
<1 x1078 90 1 AGNESE 18 CDMS o1 (yp)
<1.7 x10~10 El) 2 AKERIB 17 LUX  Xe
<1.2 x 10710 Ll 3 APRILE 176 XEIT Xe
<12 x10~10 90 4cul 17A PNDX Xe
<20 x1078 90 AGNES 16 DS50 Ar
<1 x1079 Ll 5 AKERIB 16 LUX Xe
<1 x1079 90 6 APRILE 168 X100 Xe
<2 x1078 90 7 TAN 16 PNDX Xe
<4 x10710 Ll 8 TAN 168 PNDX Xe
<6 x1078 90 AGNES 15 DS50 Ar
<4  x1078 LN 9 AGNESE 158 CDM2 Ge
<713 x 1076 90 CHoOI 15 SKAM H, solar v (bb)
<6.26 x 107 90 CHoI 15 SKAM H, solar v (W W)
<276 x 107 90 CHOI 15 SKAM H, solar v (7T 77)
<15 x1078 90 XIAO 15 PNDX Xe
<1 x107? 90 AKERIB 14 LUX Xe
<4.0 x1076 90 10 AVRORIN 14 BAIK H,solar v (Wt wW™)
<1.0 x1074 90 10 AVRORIN 14 BAIK H, solar v (bb)
<16 x107© 20 10 AVRORIN 14 BAIK H,solar v (rT77)
<5 x107° 90 FELIZARDO 14 SMPL C,CIFg
<6.01 x 1077 90 L AARTSEN 13 ICCB  H, solar v (W w™)
<330 x 1073 90 1L AARTSEN 13 ICCB H, solar v (bD)
<19 x1076 90 12 ADRIAN-MAR.13 ANTR H, solar v (W+ W)
<12 x1074 90 12 ADRIAN-MAR.13  ANTR H, solar v (bb)
<76 x1077 20 12 ADRIAN-MAR.13 ANTR H, solar v (r+77)
<2 x1076 90 13 AGNESE 13 CDM2 Si
<16 x1076 90 14 BoLIEV 13 BAKS H, solar v (W W)
<19 x1073 El) 14 BoLIEV 13 BAKS H, solar v (bb)
<71 x1077 90 14 BoLIEV 13 BAKS H, solar v (r+77)
<1.67 x 1076 90 15 ABBASI 12 ICCB  H, solar v (W wW™)
<1.07 x 1074 20 15 ABBASI 12 ICCB H, solar v (bb)
<4 x1078 90 AKIMOV 12 ZEP3 Xe
<14 x1076 90 16 ANGLOHER 12 CRES CaWo,
<3 x107? 90 17 APRILE 12 X100 Xe
<3 x107 90 BEHNKE 12 COUP CFjl
<7 x1076 FELIZARDO 12 SMPL C,CIFg
<25 x 1077 90 18 kim 12 KIMS Gl
<2 x1074 90 AALSETH 11 CGNT Ge
19 AHMED 11 CDM2 Ge, inelastic
<33 x1078 90 20 AHMED 11A RVUE Ge
21 AJELLO 11 FLAT
<3 x1078 90 22 APRILE 11 X100 Xe
23 APRILE 11A X100  Xe, inelastic
<1 x1078 9 17 APRILE 11B X100 Xe
<5 x1078 90 24 ARMENGAUD 11 EDE2 Ge
25 HORN 11 ZEP3 Xe
<4  x1078 90 AHMED 10 CDM2 Ge
<9 x1076 90 AKERIB 10 CDM2 Si, Ge, low threshold
26 AKIMOV 10 ZEP3 Xe, inelastic
<5 x1078 90 APRILE 10 X100 Xe
<1 x1077 90 ARMENGAUD 10 EDE2 Ge
<3 x1073 90 FELIZARDO 10 SMPL C,CIF;
<5 x1078 90 27 AHMED 09 CDM2 Ge
28 ANGLE 09 XE10 Xe, inelastic
<3 x1074 90 LIN 09 TEXO Ge
29 GIULIANI 05 RVUE

L AGNESE 18 set limit o7/ (xp) < 1078 pb for m(WIMP) = 100 GeV.

2 AKERIB 17 exclude S cross section > 1.7 x 10710 pp for m(WIMP) = 100 GeV. Uses
complete LUX data set.

3 APRILE 176 set limit 57 (x p) < 1.2 10710 pb for m(WIMP) = 100 GeV using 1 ton
fiducial mass Xe TPC. Exposure is 34.2 live days.

4CUl 174 require asj(xp) < 1.2x10710 pp for m(WIMP) = 100 GeV using 54 ton-day
exposure of Xe.

5 AKERIB 16 re-analysis of 2013 data exclude SI cross section > 1x10~2 pb for m(WIMP)
= 100 GeV on Xe target.

6 APRILE 16B combined 447 live days using Xe target exclude o(SI) > 1.1 x 109 pb
for m(WIMP) = 50 GeV.

TTAN 16 search for WIMP scatter off Xe target; see Sl exclusion plot Fig. 6.

8TAN 168 search for WIMP-p scatter off Xe target; see Fig. 5 for S| exclusion.

9 AGNESE 158 reanalyse AHMED 10 data.

10 AVRORIN 14 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the Sun in data taken between 1998 and 2003. See their Table 1 for limits
assuming annihilation into neutrino pairs.

11 AARTSEN 13 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the sun in data taken between June 2010 and May 2011.

12 ADRIAN-MARTINEZ 13 search for neutrinos from the Sun arising from the pair annihi-
lation of X0 trapped by the sun in data taken between Jan. 2007 and Dec. 2008.

13 AGNESE 13 use data taken between Oct. 2006 and July 2007.

14BOLIEV 13 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the sun in data taken from 1978 to 2009. See also SUVOROVA 13 for an
older analysis of the same data.

15 ABBASI 12 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the Sun. The amount of x0 depends on the Xo-proton Cross section.

16 Reanalysis of ANGLOHER 09 data with all three nuclides. See also BROWN 12.

17See also APRILE 14A.

185ee their Fig. 6 for a limit on inelastically scattering X0 for Myg =70 GeV.

19 AHMED 11 search for X© inelastic scattering. See their Fig. 8-10 for limits.

20 AHMED 11A combine CDMS and EDELWEISS data.

21 AJELLO 11 search for eT flux from X0 annihilations in the Sun. Models in which X0
annihilates into an intermediate long-lived weakly interacting particles or X" scatters
inelastically are constrained. See their Fig. 6-8 for limits.

22 APRILE 11 reanalyze APRILE 10 data.

23 APRILE 114 search for X0 inelastic scattering. See their Fig. 2 and 3 for limits. See
also APRILE 14A.

4Supersedes ARMENGAUD 10. A limit on inelastic cross section is also given.

25HORN 11 perform detector calibration by neutrons. Earlier results are only marginally
affected.

26 AKIMOV 10 give cross section limits for inelastically scattering dark matter. See their
Fig. 4.

27 syperseded by AHMED 10.

28 ANGLE 09 search for X9 inelastic scattering. See their Fig. 4 for limits.

29 G|ULIANI 05 analyzes the spin-independent XO-nucleon cross section limits with both
isoscalar and isovector couplings. See their Fig. 3 and 4 for limits on the couplings.

For myo =1 TeV

For limits from X0 annihilation in the Sun, the assumed annihilation final state is
shown in parenthesis in the comment.

VALUE(b)  C% DOCUMENTID___ TECN ~ COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o
<0.3 90 L CHEN 17 PNDX XN — x* = xv
<86 x1078 90 AGNES 16 DS50 Ar
<2 x1077 20 AGNES 15 DS50 Ar
<2 x1077 90 2 AGNESE 158 CDM2 Ge
<1 x1078 20 AKERIB 14 LUX  Xe
<22 x1076 90 3 AVRORIN 14 BAIK H, solar v (W W)
<55 x107° 90 3 AVRORIN 14 BAIK H, solar v (bb)
<6.8 x 1077 90 3 AVRORIN 14 BAIK H,solar v (r+77)
<3.46 x 1077 90 4 AARTSEN 13 ICCB H, solar v (WT W)
<7.75 x 1076 90 4AARTSEN 13 ICCB H, solar v (bB)
<6.9 x1077 90 5 ADRIAN-MAR..13  ANTR H, solar v (W w™)
<15 x1073 90 5 ADRIAN-MAR.13 ANTR H, solar v (bb)
<18 x10~7 90 5 ADRIAN-MAR.13 ANTR H, solar v (7 7)
<43 x1076 20 6 BOLIEV 13 BAKS H, solar v (W w™)
<34 x1073 90 6 BOLIEV 13 BAKS H, solar v (bb)
<12 x1076 90 6 BOLIEV 13 BAKS H, solar v (r+ 7~
<212 x 1077 20 7 ABBASI 12 ICCB  H, solar v (W w™)
<6.56 x 1076 90 7 ABBASI 12 ICCB H, solar v (bb)
<4 x1077 90 AKIMOV 12 ZEP3 Xe
<11 x107° 90 8 ANGLOHER 12 CRES CaWO,
<2 x1078 90 9 APRILE 12 X100 Xe
<2 x1076 90 BEHNKE 12 COUP CFsl
<4  x1076 FELIZARDO 12 SMPL C,CIFg
<15 x1076 90 KIM 12 KIMS Gl

10 AHMED 11 CDM2 Ge, inelastic
<15 x1077 90 11 AHMED 11A RVUE Ge
<2 x1077 90 12 ApRILE 11 X100 Xe
<8 x1078 Ll 9 APRILE 11B X100 Xe
<2 x1077 90 13 ARMENGAUD 11 EDE2 Ge

14 HORN 11 ZEP3 Xe
<2 x1077 90 AHMED 10 CDM2 Ge
<4  x1077 20 APRILE 10 X100 Xe
<6 x1077 90 ARMENGAUD 10 EDE2 Ge
<35 x1077 90 15 AHMED 09 CDM2 Ge

L CHEN 17€ search for inelastic WIMP scatter on Xe; require aSI(X N) < 0.3 pb for m(x)
=1 TeV and (mass difference) = 300 keV.

2 AGNESE 158 reanalyse AHMED 10 data.

3 AVRORIN 14 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the Sun in data taken between 1998 and 2003. See their Table 1 for limits
assuming annihilation into neutrino pairs.
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4 AARTSEN 13 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the sun in data taken between June 2010 and May 2011.

5 ADRIAN-MARTINEZ 13 search for neutrinos from the Sun arising from the pair annihi-
lation of X0 trapped by the sun in data taken between Jan. 2007 and Dec. 2008.

6BOLIEV 13 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the sun in data taken from 1978 to 2009. See also SUVOROVA 13 for an
older analysis of the same data.

7 ABBASI 12 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the Sun. The amount of X0 depends on the Xo—proton cross section.

8Reanalysis of ANGLOHER 09 data with all three nuclides. See also BROWN 12.

9See also APRILE 14A.

10 AHMED 11 search for X0 inelastic scattering. See their Fig. 810 for limits.

11 AHMED 114 combine CDMS and EDELWEISS data.

12 APRILE 11 reanalyze APRILE 10 data.

13Supersedes ARMENGAUD 10. A limit on inelastic cross section is also given.

14HoRN 11 perform detector calibration by neutrons. Earlier results are only marginally
affected.

15 Superseded by AHMED 10.

— Limits for Spin-Dependent Cross Section ———
——— of Dark Matter Particle (X%) on Proton ———

For myq =20 GeV

For limits from X0 annihilation in the Sun, the assumed annihilation final state is
shown in parenthesis in the comment.

VALUE (pb) L% DOCUMENT ID TECN _ COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

< 30 95 1 AGNESE 18 CDMS Ge

< 132x1072 90 2 BEHNKE 17 PICA C4Fyg

< 5 x1074 90 3 AMOLE 16a PICO C3Fg

< 2 x107® 90 4 KHACHATRY..16A1 CMS 8 TeV pp — Z+E7;
Z— 1

< 12 x1073 90 AMOLE 15 PICO C3Fg

< 143x1073 90 CHOI 15 SKAM H, solar v (bb)

< 142x107% 90 CHOI 15 SKAM H, solar v (r+77)

< 5 x1073 90 FELIZARDO 14 SMPL C,CIFg

< 1.29x 1072 90 5 AARTSEN 13 ICCB H, solar v (7T 77)

< 317x1072 90 6 APRILE 13 X100 Xe

< 3 x1072 90 ARCHAMBAU.12 PICA F (C4F1q)

< 6 x1072 90 BEHNKE 12 COUP CFsl

<20 90 DAW 12 DRFT F (CFy)

< 7 x1073 FELIZARDO 12 SMPL C,CIFg

< 015 90 KIM 12 KIMS Csl

< 1 x10° 90 7 AHLEN 11 DMTP F (CF4)

< 01 90 7 BEHNKE 11 COUP CFjl

< 15 x 1072 0 8 TANAKA 11 SKAM H, solar v (bb)

< 02 90 ARCHAMBAU.09 PICA F

< 4 90 LEBEDENKO 09A ZEP3 Xe

< 06 90 ANGLE 08A XE10 Xe

<100 90 ALNER 07 ZEP2 Xe

< 1 90 LEE 07a KIMS Csl

<20 90 9 AKERIB 06 CDMS 73Ge, 29si

< 2 90 SHIMIZU 06A CNTR F (CaF,)

< 05 90 ALNER 05 NAIA Nal

< 15 90 BARNABE-HE.05 PICA F (C4Fq)

< 15 90 GIRARD 05 SMPL F (C,ClFg)

<35 90 MIUCHI 03 BOLO LiF

< 30 90 TAKEDA 03 BOLO NaF

1 AGNESE 18 give limits for USD(px) for m(WIMP) between 1.5 and 20 GeV using
CDMSlite mode data.

2BEHNKE 17 show final Picasso results based on 231.4 kg d exposure at SNOLab for
WIMP scatter on C4F search via superheated droplet; require o(SD) < 1.32 x 1072
pb for m(WIMP) = 20 GeV.

3 AMOLE 16A require SD WIMP-p scattering < 5 x 104 pb for m(WIMP) = 20 GeV;
bubbles from C3Fg target.

4 KHACHATRYAN 16A) require SD WIMP-p < 2 x 10—6 pb for m(WIMP) = 20 GeV
from pp — Z + Bp; Z — (€ signal.

5 AARTSEN 13 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the sun in data taken between June 2010 and May 2011.

6 The value has been provided by the authors. APRILE 13 note that the proton limits on
Xe are highly sensitive to the theoretical model used. See also APRILE 14A.

7 Use a direction-sensitive detector.

8 TANAKA 11 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the Sun. The amount of X0 depends on the Xo—proton Cross section.

9See also AKERIB 05.

For myo = 100 GeV

For limits from X0 annihilation in the Sun, the assumed annihilation final state is
shown in parenthesis in the comment.

VALUE (pb) % DOCUMENT ID TECN COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

< 5 x107° 90 L AMOLE 17 PICO C3Fg

< 33 x 102 90 2 APRILE 17A X100 Xe inelastic

< 28 x1071 90 3 BATTAT 17 DRFT CS,

< 2 x1073 90 4FU 17 PNDX Xe

< 0.553-0.019 95 5 AABOUD 16D ATLS pp — j+ Ep

< 1 x107% 90 6 AABOUD 16F ATLS pp— v+ Ep

< 1 x1074 90 TAARTSEN  16C ICCB solar v (W W™)

< 2 x1074 2 8 ADRIAN-MAR..16  ANTR solar v (W W, bb, 77 )
< 3 x1073 20 9 AKERIB 16A LUX  Xe
< 5 x1074 90 10 AMmOLE 16 PICO CFsl
< 15 x1073 90 AMOLE 15 PICO C3Fg
< 319x1073 9 CHOI 15 SKAM H, solar v (bb)
< 280x1074 90 CHOI 15 SKAM H, solar v (W+ wW™)
< 124x107% 90 CHol 15 SKAM H, solar v (r77)
< 8 x10? 90 11 NAKAMURA 15 NAGE CF,
< 17 x1073 90 12 AVRORIN 14 BAIK H,solar v (WHw™)
< 45 x1072 90 12 AVRORIN 14 BAIK H, solar v (bb)
< 71 x107% 90 12 AVRORIN 14 BAIK H,solar v (rT77)
< 6 x1073 90 FELIZARDO 14 SMPL C,CIFg
< 268x1074 90 I3 AARTSEN 13 ICCB H, solar v (W W)
< 1.47x1072 20 I3 AARTSEN 13 ICCB H, solar v (bb)
< 85 x107% 90 14 ADRIAN-MAR..13 ANTR H, solar v (W+ W™)
< 55 x1072 2 14 ADRIAN-MAR.13 ANTR H, solar v (bb)
< 34 x107* 90 14 ADRIAN-MAR.13 ANTR H, solar v (r+77)
< 1.00 x 1072 90 15 APRILE 13 X100 Xe
< 71 x1074 90 16 goLIEV 13 BAKS H, solar v (W W™)
< 84 x1073 2 16 goLIEV 13 BAKS H, solar v (bb)
< 31 x107% 90 16 BOLIEV 13 BAKS H, solar v (rt77)
< 7.07x107% 20 17 ABBASI 12 ICCB  H, solar v (WT W™)
< 453x1072 90 17 ABBASI 12 ICCB H, solar v (bB)
< 7 x1072 90 ARCHAMBAU..12 PICA F (C4F1q)
< 1 x1072 90 BEHNKE 12 COUP CFjl
< 18 90 DAW 12 DRFT F (CFy)
< 9 x1073 FELIZARDO 12 SMPL C,CIFg
< 2 x1072 90 KIM 12 KIMS Csl
< 2 x103 90 11 AHLEN 11 DMTP F (CFy)
< 7 x1072 90 BEHNKE 11 COUP CFjl
< 27 x1074 20 18 TANAKA 11 SKAM H, solar v (WF W™)
< 45 x1073 2 18 TANAKA 11 SKAM H, solar v (bD)
19FELIZARDO 10 SMPL C,CIF3
< 6 x103 90 1 MiycHI 10 NAGE CFy,
< 04 90 ARCHAMBAU.09 PICA F
< 08 90 LEBEDENKO 09A ZEP3 Xe
< 10 90 ANGLE 08A XE10 Xe
<15 90 ALNER 07 ZEP2 Xe
< 02 90 LEE 07a KIMS Csl
< 1 x104 90 11 MiycHI 07 NAGE F (CFy)
< 5 90 20 AKERIB 06 CDMS 73Ge, 29si
< 2 90 SHIMIZU 06A CNTR F (CaFy)
< 03 90 ALNER 05 NAIA Nal
< 2 90 BARNABE-HE.05 PICA F (C4Fq)
<100 90 BENOIT 05 EDEL 73Ge
< 15 90 GIRARD 05 SMPL F (CoCIFg)
< 07 21 GIULIANI 057 RVUE
22 GJULIANI 04 RVUE
23 GIULIANI 04a RVUE
<35 90 MIUCHI 03 BOLO LiF
< 40 90 TAKEDA 03 BOLO NaF

L AMOLE 17 require o(WIMP-p)°D < 5 x 1075 pb for m(WIMP) = 100 GeV using
PICO-60 1167 kg-days exposure at SNOLab.

2 APRILE 17A require require o(WIMP-p)(inelastic)>? < 3.3 x 102 pb for m(WIMP)
= 100 GeV, based on 7640 kg day exposure at LNGS.

3BATTAT 17 use directional detection of CSy ions to require o(SD) < 2.8 x 10~ pp
for 100 GeV WIMP with a 55 days exposure at the Boulby Underground Science Facility.

4FU 17 from a 33000 kg d exposure at CJPL, PANDAX Il derive for m(DM) = 100 GeV,
(WIMP-p)SD <2 5103 pb and o(WIMP-n) D < 6 x 105 pb.

5 AABOUD 16D use ATLAS 13 TeV 3.2 fb—! of data to search for monojet plus missing
E; agree with SM rates; present limits on large extra dimensions, compressed SUSY
spectra and wimp pair production.

6 AABOUD 16F search for monophoton plus missing E events at ATLAS with 13 Tev
and 3.2 fb*l; signal agrees with SM background; place limits on SD WIMP-proton
scattering vs. mediator mass and large extra dimension models.

7 AARTSEN 16C search for high energy vs from WIMP annihilation in solar core; limits
set on SD WIMP-p scattering (Fig. 8).

8 ADRIAN-MARTINEZ 16 search for WIMP annihilation into vs from solar core; exclude
SD cross section < few 10~ depending on m(WIMP).

9 AKERIB 16A using 2013 data exclude SD WIMP-proton scattering > 3 x 10—3 pb for
m(WIMP) = 100 GeV.

10 AMOLE 16 use bubble technique on CF3l target to exclude SD WIMP-p scattering
> 5x 104 pb for m(WIMP) = 100 GeV.

11 yse a direction-sensitive detector.

12 AVRORIN 14 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the Sun in data taken between 1998 and 2003. See their Table 1 for limits
assuming annihilation into neutrino pairs.

13 AARTSEN 13 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the sun in data taken between June 2010 and May 2011.

14 ADRIAN-MARTINEZ 13 search for neutrinos from the Sun arising from the pair annihi-
lation of X0 trapped by the sun in data taken between Jan. 2007 and Dec. 2008.

15 The value has been provided by the authors. APRILE 13 note that the proton limits on
Xe are highly sensitive to the theoretical model used. See also APRILE 14A.

16 BOLIEV 13 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the sun in data taken from 1978 to 2009. See also SUVOROVA 13 for an
older analysis of the same data.
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17 ABBASI 12 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the Sun. The amount of x0 depends on the Xo—proton cross section.

18 TANAKA 11 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the Sun. The amount of X0 depends on the Xo—proton cross section.

19 5ee their Fig. 3 for limits on spin-dependent proton couplings for X0 mass of 50 GeV.

20 see also AKERIB 05.

21 GIULIANI 05A analyze available data and give combined limits.

22 GIULIANI 04 reanalyze COLLAR 00 data and give limits for spin-dependent Xo—proton
coupling.

23 GIULIANI 04A give limits for spin-dependent XO-proton couplings from existing data.

For My = 1 TeV

For limits from X0 annihilation in the Sun, the assumed annihilation final state is
shown in parenthesis in the comment.
VALUE (pb) L% DOCUMENT ID

e o o We do not use the following data for averages, fits, limits, etc. o o

TECN _ COMMENT

< 205x1073 2 LAARTSEN  17a ICCB v, sun
2 ADRIAN-MAR..168 ANTR solar 4 from WIMP annih.
<1 x1072 90 AMOLE 15 PICO CsFg
< 15 x103 90 NAKAMURA 15 NAGE CF,
< 27 x1073 2 3 AVRORIN 14 BAIK H,solar v (W Ww™)
< 69 x1072 90 3 AVRORIN 14 BAIK H, solar v (bb)
< 84 x107% 90 3 AVRORIN 14 BAIK H,solar v (r+77)
< 448x1074 2 4AARTSEN 13 ICCB H, solar v (W W ™)
< 1.00x 1072 90 4AARTSEN 13 ICCB H, solar v (bb)
< 89 x107% 90 5 ADRIAN-MAR.13 ANTR H, solar v (W W)
< 20 x1072 90 5 ADRIAN-MAR..13  ANTR H, solar v (bb)
< 23 x1074 90 5 ADRIAN-MAR..13 ANTR H, solar v (r+77)
< 7.57x1072 90 6 APRILE 13 X100 Xe
< 54 x1073 90 7BOLIEV 13 BAKS H, solar v (WT W™)
< 42 x1072 90 7BOLIEV 13 BAKS H, solar v (bB)
< 15 x1073 90 7BOLIEV 13 BAKS H, solar v (rT77)
< 250x 1074 90 8 ABBASI 12 ICCB H, solar v (WHw™)
< 7.86x 1073 2 8 ABBASI 12 ICCB H, solar v (bD)
< 8 x1072 90 BEHNKE 12 COUP CFjl
< 8 90 DAW 12 DRFT F (CFy)
< 6 x1072 FELIZARDO 12 SMPL C,ClIFg
< 8 x1072 90 KIM 12 KIMS Csl
< 8 x103 90 9 AHLEN 11 DMTP F (CFy)
< 04 2 BEHNKE 11 COUP CFsl
< 2 x1073 90 10 TANAKA 11 SKAM H, solar v (bD)
< 2 x1072 2 10 TANAKA 11 SKAM H, solar v (WT w™)
< 1 x1073 90 11 ABBASI 10 ICCB KK dark matter
< 2 x104 90 9 MIUCHI 10 NAGE CF,
< 87 x1074 90 ABBASI 098 ICCB H, solar v (W+ W)
< 22 x1072 90 ABBASI 098 ICCB H, solar v (bb)
<3 90 ARCHAMBAU..09 PICA F
< 6 20 LEBEDENKO 09A ZEP3 Xe
<9 90 ANGLE 08A XE10 Xe
<100 90 ALNER 07 ZEP2 Xe
< 08 90 LEE 07A KIMS  Csl
< 4 x104 20 9 MIUCHI 07 NAGE F (CFy)
< 30 2 12 AKERIB 06 CDMS 73Ge, 29si
< 15 90 ALNER 05 NAIA Nal
<15 90 BARNABE-HE.05 PICA F (C4Fyg)
<600 90 BENOIT 05 EDEL 73Ge
<10 90 GIRARD 05 SMPL F (C,CIFg)
<260 90 MIUCHI 03 BOLO LiF
<150 90 TAKEDA 03 BOLO NaF

L AARTSEN 174 search for neutrinos from solar WIMP annihilation into 7 =
days of live time.

2 ADRIAN-MARTINEZ 168 search for secluded DM via WIMP annihilation in solar core
into light mediator which later decays to x or vs; limits presented in Figures 3 and 4.

3 AVRORIN 14 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the Sun in data taken between 1998 and 2003. See their Table 1 for limits
assuming annihilation into neutrino pairs.

4 AARTSEN 13 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the sun in data taken between June 2010 and May 2011.

5 ADRIAN-MARTINEZ 13 search for neutrinos from the Sun arising from the pair annihi-
lation of X9 trapped by the sun in data taken between Jan. 2007 and Dec. 2008.

6 The value has been provided by the authors. APRILE 13 note that the proton limits on
Xe are highly sensitive to the theoretical model used. See also APRILE 14A.

7BOLIEV 13 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the sun in data taken from 1978 to 2009. See also SUVOROVA 13 for an
older analysis of the same data.

8 ABBASI 12 search for neutrinos from the Sun arising from the pair annihilation of x0
trapped by the Sun. The amount of X0 depends on the Xo—proton cross section.

9 Use a direction-sensitive detector.

10 TANAKA 11 search for neutrinos from the Sun arising from the pair annihilation of X0
trapped by the Sun. The amount of x0 depends on the Xo—proton cross section.
11 ABBASI 10 search for v,, from annihilations of Kaluza-Klein photon dark matter in the

~ in 532

Sun.
12 5ee also AKERIB 05.

Limits for Spin-Dependent Cross Section
— of Dark Matter Particle (X?) on Neutron ———

For myo = 20 GeV

VALUE(bL) ~ CL% DOCUMENT ID TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o
< 15 95 1 AGNESE 18 CDMS Ge
< 0.09 90 FELIZARDO 14 SMPL C,CIFg
< 8 90 2yCHIDA 14 XMAS 129Xe, inelastic
< 113x1073 Ll 3 APRILE 13 X100 Xe
< 0.02 90 AKIMOV 12 ZEP3 Xe
4 AHMED 118 CDM2 Ge, low threshold
< 0.06 90 AHMED 09 CDM2 Ge
< 0.04 Ll LEBEDENKO 09A ZEP3 Xe
< 50 5N 09 TEXO Ge
< 6 x1073 Ll ANGLE 08A XEI0 Xe
< 05 LN ALNER 07 ZEP2 Xe
<25 Ll LEE 07A KIMS Csl
< 03 LN 6 AKERIB 06 CDMS 73Ge, 29si
< 30 90 SHIMIZU 06A CNTR F (CaF,)
< 60 20 ALNER 05 NAIA Nal
<20 90 BARNABE-HE.05 PICA F (C4F;)
< 10 90 BENOIT 05 EDEL 73Ge
< 4 90 KLAPDOR-K...05 HDMS 73Ge (enriched)
<600 LN TAKEDA 03 BOLO NaF

1 AGNESE 18 give limits for USD("X) for m(WIMP) between 1.5 and 20 GeV using
CDMSlite mode data.

2 Derived limit from search for inelastic scattering x0 + 129%e , x0 + 129Xe*(39.58
keV).

3 The value has been provided by the authors. See also APRILE 14A.

4 AHMED 11B give limits on spin-dependent X0-neutron cross section for Myo = 4-12
GeV in the range 10-3-10 pb. See their Fig. 3.

5See their Fig. 6(b) for cross section limits for My extending down to 2 GeV.

65ee also AKERIB 05.

For myo = 100 GeV

VALUE (pb % DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
< 25 x107° 90 1 AKERIB 17A LUX  Xe
< 01 Ll FELIZARDO 14 SMPL C,CIFg
< 0.05 LN 2 UCHIDA 14 XMAS 129Xe, inelastic
< 468x1074 90 3 APRILE 13 X100 Xe
< 001 Ll AKIMOV 12 ZEP3 Xe
4FELIZARDO 10 SMPL C,CIF3
< 0.02 Ll AHMED 09 CDM2 Ge
< 001 90 LEBEDENKO 09A ZEP3 Xe
<100 Ll LIN 09 TEXO Ge
< 001 90 ANGLE 08A XE10 Xe
< 0.05 2 5 BEDNYAKOV 08 RVUE Ge
< 008 9 ALNER 07 ZEP2 Xe
< 6 Ll LEE 07A KIMS  Csl
< 007 9 6 AKERIB 06 CDMS 73Ge, 29si
< 30 Ll SHIMIZU 06A CNTR F (CaFy)
<10 EN) ALNER 05 NAIA Nal
< 30 90 BARNABE-HE.05 PICA F (C4F )
< 07 90 BENOIT 05 EDEL ’3Ge
< 02 7 GIULIANI 05A RVUE
< 15 90 KLAPDOR-K...05 HDMS 73Ge (enriched)
8 GIULIANI 04 RVUE
9 GIULIANI 04A RVUE
10 miucHI 03 BOLO LiF
<800 90 TAKEDA 03 BOLO NaF

LAKERIB 174 require o(xp)gp < 7 x 10~% pb for m(x) = 100 GeV using 129.5 kg
yr exposure.

2 Derived limit from search for inelastic scattering x0 4 129%ex , x0 4 129Xe*(39.58
keV).

3 The value has been provided by the authors. See also APRILE 14A.

4See their Fig. 3 for limits on spin-dependent neutron couplings for X0 mass of 50 GeV.

5BEDNYAKOV 08 reanalyze KLAPDOR-KLEINGROTHAUS 05 and BAUDIS 01 data.

6See also AKERIB 05.

7 GIULIANI 05A analyze available data and give combined limits.

8 GIULIANI 04 reanalyze COLLAR 00 data and give limits for spin-dependent X0-neutron
coupling.

9 GIULIANI 04A give limits for spin-dependent XO-neutron couplings from existing data.

10 miycHI 03 give model-independent limit for spin-dependent XO-proton and neutron

cross sections. See their Fig. 5.

For Myo =1 TeV

VALUE (pb CL% DOCUMENT ID TECN COMMENT

e o o \We do not use the following data for averages, fits, limits, etc. o o o

< 007 Ll FELIZARDO 14 SMPL C,CIFg

< 02 Ll LycHIDA 14 XMAS 129Xe, inelastic
< 3.64x1073 90 2 APRILE 13 X100 Xe

< 0.08 Ll AKIMOV 12 ZEP3 Xe

< 02 LN AHMED 09 CDM2 Ge

< 01 90 LEBEDENKO 09A ZEP3 Xe
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< 01 90 ANGLE 08A XE10 Xe
< 025 90 3BEDNYAKOV 08 RVUE Ge

< 06 90 ALNER 07 ZEP2 Xe

< 30 90 LEE 07A KIMS  Csl

< 05 90 4 AKERIB 06 CDMS 73Ge, 29si

< 40 90 ALNER 05 NAIA Nal

<200 90 BARNABE-HE.05 PICA F (C4Fq)

< 4 90 BENOIT 05 EDEL 3Ge

<10 90 KLAPDOR-K...05 HDMS 73Ge (enriched)
< 4 x103 90 TAKEDA 03 BOLO NaF

1 Derived limit from search for inelastic scattering X0 + 129%e* — X0 4 129Xe"(39.58
keV).

2The value has been provided by the authors. See also APRILE 14A.

3BEDNYAKOV 08 reanalyze KLAPDOR-KLEINGROTHAUS 05 and BAUDIS 01 data.

4See also AKERIB 05.

——— Cross-Section Limits for Dark Matter Particles (X°) on Nuclei ———

For myo = 20 GeV

VALUE (nb) % DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
< 0.03 90 1 ucHIDA 14 XMAS 129Xe, inelastic
< 0.08 90 2 ANGLOHER 02 CRES Al
3 BENOIT 00 EDEL Ge
< 0.04 95 4 KLIMENKO 98 CNTR 73Ge, inel.
<08 ALESSAND... 96 CNTR O
<6 ALESSAND... 96 CNTR Te
< 0.02 90 5BELLI 96 CNTR 129Xe, inel.
6 BELLI 96c CNTR 129%e
<4  x1073 90 7BERNABEI 96 CNTR Na
<03 90 7TBERNABEI 96 CNTR |
<02 95 8 SARSA 96 CNTR Na
< 0.015 90 9 SMITH 96 CNTR Na
< 0.05 95 10 GARCIA 95 CNTR Natural Ge
<01 95 QUENBY 95 CNTR Na
<90 LN 11 SNOWDEN-... 95 MICA 160
<4  x103 90 11 SNOWDEN-... 95 MICA 39K

< 0.7 90 BACCI 92 CNTR Na
<012 90 12REUSSER 91 CNTR Natural Ge
< 0.06 95 CALDWELL 88 CNTR Natural Ge

LUCHIDA 14 limit is for inelastic scattering X0 4+ 129xe* - x0 4 129xe* (39.58
keV).

2 ANGLOHER 02 limit is for spin-dependent WIMP-Aluminum cross section.

3BENOIT 00 find four event categories in Ge detectors and suggest that low-energy
surface nuclear recoils can explain anomalous events reported by UKDMC and Saclay
Nal experiments.

4 KLIMENKO 98 limit is for inelastic scattering X0 73Ge — X0 73Ge* (13.26 keV).

5BELLI 96 limit for inelastic scattering X0 129Xe — X0 129xe*(39.58 keV).

OBELLI 96C use background subtraction and obtain o < 150 pb (< 1.5fb) (90% CL) for
spin-dependent (independent) Xo—proton cross section. The confidence level is from R.
Bernabei, private communication, May 20, 1999.

7TBERNABEI 96 use pulse shape discrimination to enhance the possible signal. The limit
here is from R. Bernabei, private communication, September 19, 1997.

8SARSA 96 search for annual modulation of WIMP signal. See SARSA 97 for details of
the analysis. The limit here is from M.L. Sarsa, private communication, May 26, 1997.

ISMITH 96 use pulse shape discrimination to enhance the possible signal. A dark matter
density of 0.4 GeV cm~—3 is assumed.

10 GARCIA 95 limit is from the event rate. A weaker limit is obtained from searches for
diurnal and annual modulation.
SNOWDEN-IFFT 95 look for recoil tracks in an ancient mica crystal. Similar limits are
also given for 27Al and 28si. See COLLAR 96 and SNOWDEN-IFFT 96 for discussion
on potential backgrounds.

12REUSSER 91 limit here is changed from published (0.04) after reanalysis by authors.
J.L. Vuilleumier, private communication, March 29, 1996.

For myo = 100 GeV

VALUE (nb) % DOCUMENT ID TECN COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o
<3 x1073 Ll 1 ucHIDA 14 XMAS 129Xe, inelastic
<03 90 2 ANGLOHER 02 CRES Al
3 BELLI 02 RVUE
4 BERNABEI  02c DAMA
5 GREEN 02 RVUE
6 yLLIO 01 RVUE
7BENOIT 00 EDEL Ge
<4 x1073 90 8 BERNABEI 00D 129xe, inel.
9 AMBROSIO 99 MCRO
10 BRHLIK 99 RVUE
<8 x1073 95 L1 KLIMENKO 98 CNTR 73Ge, inel.
< 0.08 95 12 KLIMENKO 98 CNTR 73Ge, inel.
<4 ALESSAND... 96 CNTR O
<25 ALESSAND... 96 CNTR Te
<6 x1073 LN 13 BELLI 96 CNTR 129Xe, inel.
14 BELLI 96c CNTR 129%e
<1 x1073 90 I5BERNABEI 96 CNTR Na
<03 Ll 15 BERNABEI 96 CNTR |

<07 95 16 SARSA 96 CNTR Na

< 0.03 %2 7 sMITH 96 CNTR Na

<08 90 17 smiTH 96 CNTR |

< 0.35 95 18 GARCIA 95 CNTR Natural Ge
< 0.6 95 QUENBY 95 CNTR Na

<3 95 QUENBY 95 CNTR |

<15 x102 Ll 19 SNOWDEN-... 95 MICA 160

<4 x102 90 19 SNOWDEN-... 95 MICA 39K

< 0.08 Ll 20 BecK 94 CNTR 76Ge
<25 90 BACCI 92 CNTR Na

<3 9 BACCI 92 CNTR |

< 0.9 90 21 REUSSER 91 CNTR Natural Ge
<07 95 CALDWELL 88 CNTR Natural Ge

LUCHIDA 14 limit is for inelastic scattering X0 + 129%e* 5 x0 4 129xe*(39.58
keV).

2 ANGLOHER 02 limit is for spin-dependent WIMP-Aluminum cross section.

3BELLI 02 discuss dependence of the extracted WIMP cross section on the assumptions
of the galactic halo structure.

4BERNABEI 02¢ analyze the DAMA data in the scenario in which X0 scatters into a
slightly heavier state as discussed by SMITH 01.

5 GREEN 02 discusses dependence of extracted WIMP cross section limits on the assump-
tions of the galactic halo structure.

6 ULLIO 01 disfavor the possibility that the BERNABEI 99 signal is due to spin-dependent
WIMP coupling.

TBENOIT 00 find four event categories in Ge detectors and suggest that low-energy
surface nuclear recoils can explain anomalous events reported by UKDMC and Saclay
Nal experiments.

8BERNABEI 00D limit is for inelastic scattering X0129xe — X0129Xe (39.58 keV).

9 AMBROSIO 99 search for upgoing muon events induced by neutrinos originating from
WIMP annihilations in the Sun and Earth.

10BRHLIK 99 discuss the effect of astrophysical uncertainties on the WIMP interpretation
of the BERNABEI 99 signal.

L1 K| IMENKO 98 limit is for inelastic scattering X0 73Ge — X0 73Ge* (13.26 keV).

L2 KLIMENKO 98 limit is for inelastic scattering X0 73Ge — X0 73Ge* (66.73 keV).

13 BELLI 96 limit for inelastic scattering X0 129xe — X0 129Xe*(39.58 keV).

14BELLI 96C use background subtraction and obtain ¢ < 0.35pb (< 0.15fb) (90% CL)
for spin-dependent (independent) Xo—proton cross section. The confidence level is from
R. Bernabei, private communication, May 20, 1999.

15BERNABEI 96 use pulse shape discrimination to enhance the possible signal. The limit
here is from R. Bernabei, private communication, September 19, 1997.

16 SARSA 96 search for annual modulation of WIMP signal. See SARSA 97 for details of
the analysis. The limit here is from M.L. Sarsa, private communication, May 26, 1997.
17SMITH 96 use pulse shape discrimination to enhance the possible signal. A dark matter

density of 0.4 GeV cm—3 is assumed.

18 GARCIA 95 limit is from the event rate. A weaker limit is obtained from searches for
diurnal and annual modulation.

19 SNOWDEN-IFFT 95 look for recoil tracks in an ancient mica crystal. Similar limits are
also given for 27 Al and 28Si. See COLLAR 96 and SNOWDEN-IFFT 96 for discussion
on potential backgrounds.

20BECK 94 uses enriched 7%Ge (86% purity).

21 REUSSER 91 limit here is changed from published (0.3) after reanalysis by authors.
J.L. Vuilleumier, private communication, March 29, 1996.

For myo =1 TeV

M@)—% DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

< 0.03 Ll LycHIDA 14 XMAS 129Xe, inelastic

< 3 90 2 ANGLOHER 02 CRES Al
3BENOIT 00 EDEL Ge
4BERNABEI 990 CNTR SIMP
5 DERBIN 99 CNTR SIMP

< 0.06 95 6 KLIMENKO 98 CNTR 73Ge, inel.

< 04 95 TKLIMENKO 98 CNTR 73Ge, inel.

< 40 ALESSAND... 96 CNTR O

<700 ALESSAND... 96 CNTR Te

< 0.05 Ll 8 BELLI 96 CNTR 129Xe, inel.

< 15 Ll 9 BELLI 96 CNTR 129Xe, inel.
10 BELLI 96c CNTR 129%e

< 0.01 LN 11 BERNABEI 96 CNTR Na

< 9 90 11 BERNABEI 96 CNTR |

< 7 95 125ARSA 96 CNTR Na

< 03 90 13 sMITH 96 CNTR Na

< 6 Ll 13 smiTH 96 CNTR |

< 6 95 14 GARCIA 95 CNTR Natural Ge

< 8 95 QUENBY 95 CNTR Na

< 50 95 QUENBY 95 CNTR |

<700 90 15 SNOWDEN-... 95 MICA 160

< 1 x103 Ll 15 SNOWDEN-... 95 MICA 39K

< 08 90 16 BECK 94 CNTR 76Ge

< 30 90 BACCI 92 CNTR Na

< 30 90 BACCI 92 CNTR |

<15 Ll 17 REUSSER 91 CNTR Natural Ge

< 6 95 CALDWELL 88 CNTR Natural Ge

LUCHIDA 14 limit is for inelastic scattering X0 + 129xe* — x0 4 129xe* (39.58
keV).

2 ANGLOHER 02 limit is for spin-dependent WIMP-Aluminum cross section.

3BENOIT 00 find four event categories in Ge detectors and suggest that low-energy
surface nuclear recoils can explain anomalous events reported by UKDMC and Saclay
Nal experiments.
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4 BERNABEI 99D search for SIMPs (Strongly Interacting Massive Particles) in the mass
range 103-1016 GeV. See their Fig. 3 for cross-section limits.

5 DERBIN 99 search for SIMPs (Strongly Interacting Massive Particles) in the mass range
102-1014 GeV. See their Fig. 3 for cross-section limits.

6 KLIMENKO 98 limit is for inelastic scattering X0 73Ge — x0 73Ge* (13.26 keV).

7KLIMENKO 98 limit is for inelastic scattering X0 73Ge — X0 73Ge* (66.73 keV).

8BELLI 96 limit for inelastic scattering X0 129xe — x© 129Xe"(39.58 keV).

9BELLI 96 limit for inelastic scattering X0 129Xe — X0 129Xe*(236.14 keV).

L0BELLI 96C use background subtraction and obtain o < 0.7 pb (< 0.7 fb) (90% CL) for
spin-dependent (independent) Xo—proton cross section. The confidence level is from R.
Bernabei, private communication, May 20, 1999.

11 BERNABEI 96 use pulse shape discrimination to enhance the possible signal. The limit
here is from R. Bernabei, private communication, September 19, 1997.

125ARSA 96 search for annual modulation of WIMP signal. See SARSA 97 for details of
the analysis. The limit here is from M.L. Sarsa, private communication, May 26, 1997.

13SMITH 96 use pulse shape discrimination to enhance the possible signal. A dark matter
density of 0.4 GeV cm~3 is assumed.

14 GARCIA 95 limit is from the event rate. A weaker limit is obtained from searches for
diurnal and annual modulation.

15 SNOWDEN-IFFT 95 look for recoil tracks in an ancient mica crystal. Similar limits are
also given for 27 Al and 28Si. See COLLAR 96 and SNOWDEN-IFFT 96 for discussion
on potential backgrounds.

L6 BECK 94 uses enriched 7®Ge (86% purity).

17REUSSER 91 limit here is changed from published (5) after reanalysis by authors.
J.L. Vuilleumier, private communication, March 29, 1996.

Miscellaneous Results from Underground Dark Matter Searches
VALUE L% DOCUMENT ID TECN  COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o

<1x1012 90 1 AGUILAR-AR...17  DMIC +/ on Si
2 APRILE 17 X100 Xe
3 APRILE 17D X100 Xe
4 APRILE 17H X100 keV bosonic DM search
5 APRILE 17k X100 N — x* = xv
<4x1073 90 6 ANGLOHER 16a CRES CaWO,
7 APRILE 15 X100 Event rate modulation
8 APRILE 15A X100 Electron scattering

1 AGUILAR-AREVALO 17 search for hidden photon DM scatter on Si target CCD; limit
kinetic mixing x < 1 X 10712 for m = 10 ev.

2 APRILE 17 search for WIMP-e annual modulation signal for recoil energy in the 2.0-5.8
keV interval using 4 years data with Xe. No significant effect seen.

3 APRILE 17D set limits on 14 WIMP-nucleon different interaction operators. No devia-
tions found using 225 live days in the 6.6-240 keV recoil energy range.

4 APRILE 17H search for keV bosonic DM via ex — e, looking for electronic recoils with
224.6 live days of data and 34 kg of LXe. Limits set on x e e coupling for m(x) = 8-125
keV.

5 APRILE 17k search for magnetic inelastic DM via YN — x* — x~. Limits set in
DM magnetic moment vs. mass splitting plane for two DM masses corresponding to the
DAMA/LIBRA best fit values.

6 ANGLOHER 16A require q2 dependent scattering < 8 x 10-3 pb for asymmetric DM
m(WIMP) = 3 GeV on CaWO, target. It uses a local dark matter density of 0.38
GeV/cm3.

7 APRILE 15 search for periodic variation of electronic recoil event rate in the data between
Feb. 2011 and Mar. 2012. No significant modulation is found for periods up to 500
days.

8 APRILE 15A search for X0 scattering off electrons. See their Fig. 4 for limits on cross
section through axial-vector coupling for m o between 0.6 GeV and 1 TeV. For myq =
2 GeV, o < 60 pb (90%CL) is obtained.

X0 Annihilation Cross Section

Limits are on ov for X0 pair annihilation at threshold.
VALUE (cm3s—1) L% DOCUMENT ID TECN _ COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o

<12 x10723 95 1 AARTSEN 17¢ ICCB  yx — neutrinos

<5 x10725 90  2ALBERT 17A ANTR v, Milky Way

<1.32x10725 95 3 ARCHAMBAU..17 VRTS ~ dwarf galaxies

<7 x1072l 90 4 AVRORIN 17 BAIK cosmic v

<1 x10-28 5BOUDAUD 17 MeV DM to et e~
6 AARTSEN 16D ICCB v, galactic center

<6 x10726 o5 TABDALLAH 16 HESS Central Galactic Halo

<1 x10727 95 8 ABDALLAH  16a HESS WIMP+WIMP — ~+; galactic
center

<3 x10726 95 9 AHNEN 16 MGFL Satellite galaxy,
m(WIMP)=100 GeV

<19 x10721 90 10 AVRORIN 16 BAIK s from galactic center

<3 x10726 95 1lcapuTo 16 FLAT small Magellanic cloud

<1 x10725 95 12FORNASA 16 FLAT Fermi-LAT ~-ray anisotropy
<5 x10727 13 L EITE 16 WIMP, radio

<2 x10726 95 14y 16 FLAT dwarf galaxies

<1 x107%5 95 15y 16A FLAT Fermi-LAT; M31

<1 x10726 16 | |ANG 16 FLAT Fermi-LAT, gamma line

<1 x10725 95 171y 16 FLAT Fermi-LAT and AMS-02
<1 x10723 95 18SHIRASAKI 16 FLAT extra galactic

19 AARTSEN 15¢ ICCB v, Galactic halo

20 AARTSEN 15 ICCB v, Galactic center

21 ABRAMOWSKI15 HESS Galactic center

22 ACKERMANN 15 FLAT monochromatic

23 ACKERMANN 15a FLAT isotropic ~ background

24 ACKERMANN 158 FLAT Satellite galaxy
25 ADRIAN-MAR.15 ANTR v, Galactic center

<2.90 x 10726 95 26,27 ACKERMANN 14 FLAT Satellite galaxy, m = 10 GeV

<1.84 x 10725 95 26,28 ACKERMANN 14 FLAT Satellite galaxy, m = 100 GeV

<175 x 10724 95 26,28 ACKERMANN 14 FLAT Satellite galaxy, m = 1 TeV
<452x10724 95 29 ALEKSIC 14  MGIC Segue 1, m = 1.35 TeV

30 AARTSEN  13c ICCB  Galaxies

31 ABRAMOWSKI13 HESS Central Galactic Halo

32 ACKERMANN 13A FLAT Galaxy

33 ABRAMOWSKI12 HESS  Fornax Cluster

34 ACKERMANN 12 FLAT Galaxy

35 ACKERMANN 12 FLAT Galaxy

36 ALIU 12 VRTS Segue 1

<1 x10722 90 37 ABBASI 11c ICCB  Galactic halo, m=1 TeV

<3 x1072 95 38 ABRAMOWSKILL HESS Near Galactic center, m=1 TeV

<1 x10726 95 39 ACKERMANN 11 FLAT Satellite galaxy, m=10 GeV

<1 x10725 95 39ACKERMANN 11 FLAT Satellite galaxy, m=100 GeV

<1 x10724 95 39 ACKERMANN 11 FLAT Satellite galaxy, m=1 TeV

1 AARTSEN 17¢ use 1005 days of IceCube data to search for x x — neutrinos via various
annihilation channels. Limits set.

2 ALBERT 17A maximum sensitivity to thermally averaged annihilation cross-section is for
m(WIMP) = 105 GeV, where they require via == channel, (o-v) < 5x 10725 cm3/s
assuming NFW halo profile, (o-v) < 2 x 1024 cm3/s assuming McMillan profile,
(o) < 1.2x 10~23 cm3 /s assuming Burkert profile.

3 ARCHAMBAULT 17 set limits for WIMP mass between 100 GeV and 1 TeV on (o-v) for
wtw—,ZZz, bb,ss, ut, dd, tt, et e, gg, cT, hh, vy, pt p=, w7~ anninilation
channels.

4 AVRORIN 17 find upper limits for the annhilation cross section in various channels for
DM particle mass between 30 GeV and 10 TeV. Strongest upper limits coming from
the two neutrino channel require <a-v> < 6x1020 cm3/s in dwarf galaxies and
(ow) < 7x10721 cm3/s in LMC for 5 TeV WIMP mass.

5BOUDAUD 17 use data from the spacecraft Voyager 1, beyond the heliopause, and from
AMS02 on xx — et e to require (o-v) < 1. x 10728 cm3/s for m(x) = 10 MeV.

E'AARTSEN 16D search for GeV vs from WIMP annihilation in galaxy; limits set on <{7-'I)>
in Fig. 6, 7.

7 ABDALLAH 16 require (c-v) < 6 x 10726 ¢cm3 /s for m(WIMP) = 1.5 TeV from 254
hours observation (W W channel) and < 2 x 10726 cm3/s for m(WIMP) = 1.0 Tev
in 7+ 7= channel.

8 ABDALLAH 16A search for line spectra from WIMP + WIMP — ~+ in 18 hr HESS
data; rule out previous 130 GeV WIMP hint from Fermi-LAT data.

9 AHNEN 16 require (o-v) < 3x10~26 cm3 /s for m(WIMP) = 100 GeV (W W channel).

10 AVRORIN 16 require (s.v) < 1.91 x 10~21 cm3/s from WIMP annihilation to vs via
W W channel for m(WIMP) = 1 TeV.

11cAPUTO 16 place limits on WIMPs from annihilation to gamma rays in Small Magellanic
Cloud using Fermi-LaT data: (o-v) < 3 x 10~26¢m3 /s for m(WIMP) = 10 GeV.

12FORNASA 16 use anisotropies in the ~-ray diffuse emission detected by Fermi-LAT to
bound (o-v) < 10~28cm3/s for m(WIMP) = 100 GeV in bb channel: see Fig. 28.
The limit is driven by dark-matter subhalos in the Milky Way and it refers to their Most
Constraining Scenario.

13| EITE 16 constrain WIMP annihilation via search for radio emissions from Smith cloud;
(ow) < 5x10727cm3/s in ee channel for m(WIMP) = 5 GeV.

1411 16 re-analyze Fermi-LAT data on 8 dwarf spheroidals; set limit (o) <2x 1026
cm3/s for m(WIMP) = 100 GeV in bb mode with substructures included.

1511 16A constrain (o-v) < 10725cm3/s in bb channel for m(WIMP) = 100 GeV using
Fermi-LAT data from M31; see Fig. 6.

16 |ANG 16 search dwarf spheroidal galaxies, Large Magellanic Cloud, and Small Magellanic
Cloud for ~-line in Fermi-LAT data.

171U 16 re-analyze Fermi-LAT and AMS-02 data; require (o) < 10~25¢cm3/s for
mp,(WIMP) = 1 TeV in bb channel .

18 SHIRASAKI 16 re-anayze Fermi-LAT extra-galactic data; require (o-v) < 10~23cm3/s
for m(WIMP) = 1 TeV in bb channel; see Fig. 8.

19 AARTSEN 15¢ search for neutrinos from X0 annihilation in the Galactic halo. See their
Figs. 16 and 17, and Table 5 for limits on o - v for X0 mass between 100 GeV and 100
TeVv.

20 AARTSEN 15€ search for neutrinos from X0 annihilation in the Galactic center. See
their Figs. 7 and 9, and Table 3 for limits on & - v for X* mass between 30 GeV and 10

TeV.

21 ABRAMOWSKI 15 search for v from X0 annihilation in the Galactic center. See their
Fig. 4 for limits on o - v for X0 mass between 250 GeV and 10 TeV.

22 ACKERMANN 15 search for monochromatic ~ from X0 annihlation in the Galactic halo.
See their Fig. 8 and Tables 2-4 for limits on o - v for X0 mass between 0.2 GeV and 500

GeV.

23 ACKERMANN 154 search for ~ from X9 annihilation (both Galactic and extragalactic)
in the isotropic v background. See their Fig. 7 for limits on o - v for X9 mass between
10 GeV and 30 TeV.

24 ACKERMANN 158 search for ~ from X0 annihilation in 15 dwarf spheroidal satellite
galaxies of the Milky Way. See their Figs. 1 and 2 for limits on o - v for X9 mass
between 2 GeV and 10 TeV.

ADRIAN-MARTINEZ 15 search for neutrinos from X0 annihilation in the Galactic center.
See their Figs. 10 and 11 and Tables 1 and 2 for limits on o - v for X* mass between 25
GeV and 10 TeV.

26 ACKERMANN 14 search for ~ from X9 annihilation in 25 dwarf spheroidal satellite
galaxies of the Milky Way. See their Tables II-VII for limits assuming annihilation into
ete=, ptu=, 77—, ut, bb, and W W, for XO mass ranging from 2 GeV to 10
TeV.

27 Limit assuming x0 pair annihilation into bb.

28 jmit assuming X0 pair annihilation into W+ w—.

29 ALEKSIC 14 search for ~ from X0 annihilation in the dwarf spheroidal galaxy Segue 1.
The listed limit assumes annihilation into W W~ See their Figs. 6, 7, and 16 for
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limits on o - v for annihilation channels ;ﬁ';f, ‘r+7'7, bb, tt, Y, vZ, wt wW—,zZz
for X0 mass between 102 and 104 GeV.

30 AARTSEN 13c search for neutrinos from X annihilation in nearby galaxies and galaxy
clusters. See their Figs. 5-7 for limits on o - v for XOX0 — vw, y+pu=, 77, and
W+ w— for X0 mass between 300 GeV and 100 TeV.

31 ABRAMOWSKI 13 search for monochromatic ~ from X© annihilation in the Milky Way
halo in the central region. Limit on o -v between 10~28 and 10725 cm3 s—1 (95% CL)
is obtained for X0 mass between 500 GeV and 20 TeV for X0 x0 — ¥ x0 density
distribution in the Galaxy by Einasto is assumed. See their Fig. 4.

32 ACKERMANN 134 search for monochromatic ~ from X© annihilation in the Milky Way.
Limit on o - v for the process x0x0 7 in the range 10729-10—27 ¢cm3 s—1 (95%
CL) is obtained for X9 mass between 5 and 300 GeV. The limit depends slightly on
the assumed density profile of X0 in the Galaxy. See their Tables VII-X and Fig.10.
Supersedes ACKERMANN 12.

33 ABRAMOWSKI 12 search for ~'s from X0 annihilation in the Fornax galaxy cluster. See
their Fig. 7 for limits on o - v for X9 mass between 0.1 and 100 TeV for the annihilation
channels v+ 7=, bb, and Wt w—.

34 ACKERMANN 12 search for monochromatic  from X9 annihilation in the Milky Way.
Limit on o - v in the range 10-28-10=26 ¢m3s—1 (95% CL) is obtained for X0 mass
between 7 and 200 GeV if X0 annihilates into ~7. The limit depends slightly on the
assumed density profile of X0 in the Galaxy. See their Table Il and Fig. 15.

35 ACKERMANN 12 search for ~ from X9 annihilation in the Milky Way in the diffuse ~
background. Limit on o -v of 10-24 cm3s—1 or larger is obtained for X0 mass between
5 GeV and 10 TeV for various annihilation channels including W+ wW—, bb, gg, et e—,
pt =, 7 7. The limit depends slightly on the assumed density profile of X0 in the
Galaxy. See their Figs. 17-20.

36 ALIU 12 search for ~’s from X9 annihilation in the dwarf spheroidal galaxy Segue 1.
Limit on o - v in the range 10~24-10=20 ¢m3s—1 (95% CL) is obtained for X0 mass
between 10 GeV and 2 TeV for annihilation channels et e—, qu woy +++=, bb, and
WT W, See their Fig. 3.

37 ABBASI 11 search for Yy from X0 annihilation in the outer halo of the Milky Way. The
limit assumes annihilation into vv. See their Fig. 9 for limits with other annihilation
channels.

8 ABRAMOWSKI 11 search for ~ from X0 annihilation near the Galactic center. The limit
assumes Einasto DM density profile.

39 ACKERMANN 11 search for - from X0 annihilation in ten dwarf spheroidal satellite
galaxies of the Milky Way. The limit for m = 10 GeV assumes annihilation into bb, the
others Wt W~ See their Fig. 2 for limits with other final states. See also GERINGER-
SAMETH 11 for a different analysis of the same data.

——— Dark Matter Particle (X°) Production in Hadron Collisions ———

Searches for X0 production in asociation with observable particles (7,
jets, ...) in high energy hadron collisions. If a specific form of effective
interaction Lagrangian is assumed, the limits may be translated into limits
on X%-nucleon scattering cross section.

VALUE DOCUMENT ID TECN  COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o
1 AABOUD 18 ATLS pp— Zxx; Z — (£
2 AABOUD 18A ATLS pp — tT Bpipp — bb Ep

3 AABOUD 181 ATLS Jet(s) + Ep
4SIRUNYAN  18C CMS pp — t Ep
5 AABOUD 17a ATLS pp (H — bb + WIMP pair)
6 AABOUD 17AMATLS pp — Z' — Ah— h(bb) + Ep
7 AABOUD 17AQATLS  pp — h(y7) + Ep
8 AABOUD 178D ATLS  pp — jet(s) + Ep
9 AABOUD 17R ATLS pp — ~Ep
10 AGUILAR-AR...17a MBNE pN — xxX; xN = xN
11 BANERJEE 17 NA64 eN — eNy'
12 KHACHATRY..17A CMS  forward jets + Ep
13 KHACHATRY..17F CMS H — invisibles
4SIRUNYAN 17 CMS  Z + Bp
15SIRUNYAN  17aP CMS  pp — Z/ — Ah — h+MET
16 SIRUNYAN  17aQCMS  pp — ~+MET
I7SIRUNYAN  17BBCMS  pp — tE+Epi pp — bb+Ep
18SIRUNYAN 176 CMS  pp — j + Ep
19GIRUNYAN 17U CMS pp — Zxx;Z — (1T

20 AABOUD 16AD ATLS (W or Z — jets) + K

21 ApD 16AF ATLS V'V — forward jets +Ep
22 AAD 16AG ATLS £ + jets

23 AAD 16M ATLS pp — H + Ep, H— bb

24 KHACHATRY..1682 CMS  jet(s) + B
25 KHACHATRY....16cA CMS  jets + Ep
26 KHACHATRY..16N CMS  pp — ~+ Ep

27 AAD 15As ATLS b (B) + B, tT + Ep
28 AAD 15BHATLS jet + Ep

29 AAD 15cF ATLS  HO + B

30 AAD 15Cs ATLS  ~ + B

31 KHACHATRY...15A6 CMS  tT + Ep
32 KHACHATRY...15AL CMS  jet + B
33 KHACHATRY..15T CMS ¢+ Ep

4 AAD 14A1 ATLS W + Ep
35 AAD 14BKATLS W, Z + Ep
36 AAD 4K ATLS Z + Ep
37 AAD 140 ATLS Z + fp
38 AAD 13AD ATLS jet + g
39 AAD 13¢ ATLS ~ + Ep

40 AALTONEN 12k CDF  t + By

4L AALTONEN 12w CDF et + Ep
42 CHATRCHYAN 12aP CMS  jet + By
43 CHATRCHYAN 12T CMS  ~ + Ep

LAABOUD 18 search for pp — Z + Fp with Z — ££ at 13 TeV with 36.1 fb~1 of
data. Limits set for simplified models.

2 AABOUD 18A search for pp — tT o or pp — bb Ky at 13 TeV, 36.1 fb~1 of data.
Limits set for simplified models.

3 AABOUD 18I search for pp — j+ B at 13 TeV with 36.1 b1 of data. Limits set
for simplified models with pair-produced weakly interacting dark-matter candidates.

4SIRUNYAN 18C search for new physics in pp — final states with two oppositely charged
leptons at 13 TeV with 35.9 fb—1. Limits placed on m(mediator) and top squark for
various simplified models.

5 AABOUD 17a search for H — bb + K. See Fig. 4b for limits set on VB mediator vs
WIMP mass. _

6 AABOUD 17AM search for pp— Z' — Ah — h(bb) + Ep at 13 TeV. Limits set in

m(Z’) vs. m(A) plane and on the visible cross section of h(bb) + Er events in bins of

T
7 AABOUD 17AQ search for WIMP in pp — h(v~v) + E7 in 36.1 fb—! of data. Limits on
the visible cross section are also provided. Model dependent limits on spin independent
DM - Nucleon cross-section are also presented, which are more stringent than those from
direct searches for DM mass smaller than 2.5 GeV .

8 AABOUD 178D search for pp — jet(s) + K7 at 13 TeV with 3.2 b1 of data. Limits set
for simplified models. Observables corrected for detector effects can be used to constrain
other models.

9 AABOUD 17R, for an axial vector mediator in the s-channel, excludes m(mediator) <
750-1200 GeV for m(DM) < 230-480 GeV, depending on the couplings.

10 AGUILAR-AREVALO 174 search for DM produced in 8 GeV proton collisions with steel
beam dump followed by DM-nucleon scattering in MiniBooNE detector. Limit placed on
DM cross section parameter Y < 2 x 108 for ap = 0.5 and for 0.01 < m(DM) <
0.3 GeV.

11 BANERJEE 17 search for dark photon invisible decay via e N scattering; exclude m('y’)
< 100 MeV as an explanation of (gM—Z) muon anomaly.

12 KHACHATRYAN 174 search for WIMPs in forward jets + Jp channel with 18.5 b1
at 8 TeV; limits set in effective theory model, Fig. 3.

13 KHACHATRYAN 17F search for H — invisibles in pp collisions at 7, 8, and 13 TeV;
place limits on Higgs portal DM.

L4SIRUNYAN 17 search for pp — Z + FEp with 2.3 fb~1 at 13 TeV; no signal seen;
limits placed on WIMPs and unparticles.

155|IRUNYAN 17AP search for pp — 2’ — Ah — h+MET with h — bb or v+ and
A — xx with 2.3 fo—1 at 13 TeV. Limits set in m(Z’) vs. m(A) plane.

16 SIRUNYAN 17Aq search for pp — y+MET at 13 TeV with 12.9 fb~L. Limits derived
for simplified DM models, effective electroweak-DM interaction and Extra Dimensions
models.

I7SIRUNYAN 1788 search for WIMPs via pp — tE+Ep, pp — bb+Ep at 13 TeV with
2.2 fb~ 1. Limits derived for various simplified models.

18SIRUNYAN 176 search for pp — j + B with 12.9 fo~1 at 13 TeV; limits placed on
WIMP mass/mediators in DM simplified models.

19SIRUNYAN 17y search for WIMPs/unparticles via pp — Zxx, Z — (T at 13 TeV
with 2.3 fb—L. Limits derived for various simplified models.

20 AABOUD 16AD place limits on V V X X effective theory via search for hadronic W or Z
plus WIMP pair production. See Fig. 5.

21 AAD 164F search for V'V — (H — WIMP pair) + forward jets with 20.3 fo—1 at 8
TeV; set limits in Higgs portal model, Fig. 8 .

22 AAD 16AG search for lepton jets with 20.3 fb—L of data at 8 TeV; Fig. 13 excludes dark
photons around 0.1-1 GeV for kinetic mixing 10-6-10—2.

23 AAD 16M search with 20.3 fb—1 of data at 8 TeV pp collisions; limits placed on EFT
model (Fig. 7) and simplified Z’ model (Fig. 6).

24 KHACHATRYAN 168z search for jet(s) + % in 19.7 fo—! at 8 TeV; limits set for
variety of simplified models.

25 KHACHATRYAN 16CA search for WIMPs via jet(s) + Fp using razor variable; require
mediator scale > 1 TeV for various effective theories.

26 KHACHATRYAN 16N search for v + WIMPs in 19.6 fb—1 at 8 TeV; limits set on Sl
and SD WIMP-p scattering in Fig. 3.

27 AAD 15As search for events with one or more bottom quark and missing E, and also
events with a top quark pair and missing Ep in pp collisions at E., = 8 TeV with L
= 20.3 fb~ 1. See their Figs. 5 and 6 for translated limits on XO-nucleon cross section
for m = 1-700 GeV.

28 AAD 15BH search for events with a Jet and missing E- in pp collisions at E.;; = 8 TeV
with L = 20.3 fb—L. See their Fig. 12 for translated limits on X0-nucleon cross section
for m = 1-1200 GeV.

29 AAD 15cF search for events with a HO (— ~+) and missing Eq in pp collisions at
Ecm = 8 TeV with L =203 b~ L. See paper for limits on the strength of some contact
interactions containing X9 and the Higgs fields.

30 AAD 15cs search for events with a photon and missing E in pp collisions at Ep, =
8 TeV with L = 20.3 fb—1. See their Fig. 13 (see also erratum) for translated limits on
XY-nucleon cross section for m = 1-1000 GeV.

31 KHACHATRYAN 154G search for events with a top quark pair and missing E in pp
collisions at E¢, = 8 TeV with L = 19.7 fb—1. See their Fig. 8 for translated limits on
XO-nucleon cross section for m = 1-200 GeV.

32 KHACHATRYAN 15AL search for events with a jet and missing E in pp collisions at
Ecy =8 TeV with L = 19.7 fb—L. See their Fig. 5 and Tables 4-6 for translated limits
on X9-nucleon cross section for m = 1-1000 GeV.

33 KHACHATRYAN 15T search for events with a lepton and missing E in pp collisions at
Ecyy =8 TeV with L = 19.7 b L. See their Fig. 17 for translated limits on XO-proton
cross section for m = 1-1000 GeV.

34 AAD 14AI search for events with a W and missing E-p in pp collisions at E¢, = 8 TeV
with L = 20.3 fb~1. See their Fig. 4 for translated limits on XO-nucleon cross section
for m = 1-1500 GeV.
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35 AAD 148k search for hadronically decaying W, Z in association with £ in 20.3 b1 KHACHATRY...
at 8 TeV pp collisions. Fig. 5 presents exclusion results for SI and SD scattering cross Also

16BZ JHEP 1612 083 V. Khachatryan et al. (CMS Collab.)
JHEP 1708 035 (errat.) V. Khachatryan et al. (CMS Collab.)
( )
( )

section. In addition, cross section limits on the anomalous production of W or Z bosons KHACHATRY... 16CA JHEP 1612 088 V. Khachatryan et al. CMS Collab.
with large missing transverse momentum are also set in two fiducial regions. EE‘I#(E:HATRY-" 12“ ?éAlE7i21110?)21 ‘,\/‘ Eehlf;"sr“ﬁ" et al. CMS Collab.
36 AAD 14k search for events with a Z and missing E in pp collisions at Ecy, = 8 TeV It 16 PR D93 043518 S Uetal
: _ -1 i Ei imi 0_, Ll 16A  JCAP 1612 028 7. Li et al
with L = 20.3 fb™*. See their Fig. 5 and 6 for translated limits on X"“—nucleon cross LIANG 1o PR D9 103502 Y-F. Liang et al

section for m = 1-103 GeV.

PR D93 103517
7 AAD 140 search for ZHO production with HO decaying to invisible final states. See

PR D94 063522

B-Q. Lu, H-S. Zong

LU 16
SHIRASAKI 16 M. Shirasaki et al.

e e 0_, : 1. 0 TAN 16 PR D93 122009 T.H. Tan et al. (PandaX Collab.
th.elr Fig. 4 fo(; transl;?ted limits on X*“—nucleon cross section for m = 1-60 GeV in TAN 168 PRL 117 121303 A Tan et al. (PandaX Collab.
Higgs-portal X" scenario. ZHAO 16 PR D93 092003 W. Zhao et al. (CDEX Collab.

38 AAD 13AD search for events with a jet and missing Eq in pp collisions at Ecy = 7 TeV AAD 15AS EPJ C75 92 G. Aad et al. (ATLAS Collad.
i 1 L e 0 AAD 15BH EPJ C75 299 G. Aad et al. (ATLAS Collab.
with L = 4.7 fb™". See their Figs. 5 and 6 for translated limits on X"“-nucleon cross Also EPJ C75 408 (errat.)  G. Aad et al. (ATLAS Collab.
section for m — 1-1300 GeV. AAD 15CF PRL 115 131801 G. Aad et al. (ATLAS Collab.

9 AAD 13c search for events with a photon and missing E in pp collisions at Ecy, = AAD 15CS PR D91 012008 G. Aad et al. (ATLAS Collab.
Also PR D92 059903 (errat.) G. Aad et al. (ATLAS Collab.

7 TeV with L = 4.6 fb—1. See their Fig. 3 for translated limits on XO-nucleon cross
section for m = 1-1000 GeV.

AALTONEN 12K search for events with a top quark and missing E in pp collisions at
Ecyq = 1.96 TeV with L = 7.7 fb— 1. Upper limits on a(tXO) in the range 0.4-2 pb
(95% CL) is given for myo = 0-150 GeV.

AARTSEN 15C
AARTSEN 15E
ABRAMOWSKI 15
ACKERMANN 15
ACKERMANN  15A
ACKERMANN  15B
ADRIAN-MAR...15

EPJ C75 20

EPJ C75 492

PRL 114 081301
PR D91 122002
JCAP 1509 008
PRL 115 231301
JCAP 1510 068

M.G. Aartsen et al.
M.G. Aartsen et al.
A. Abramowski et al.

(lceCube Collab.
(IceCube Collab.
(H.E.S.S. Collab.
M. Ackermann et al. (Fermi-LAT Collab.
M. Ackermann et al. (Fermi-LAT Collab.
M. Ackermann et al.

S. Adrian-Martinez et al.

(Fermi-LAT Collab.
(ANTARES Collab.

)
)
)
)
)
)
)
)
)
)
)
)
)
)
%
41 AALTONEN 12m search for events with a Jjet and missing E in pp collisions at Eqp, AGNES 15  PL B743 456 P. Agnes et al. (DarkSide-50 Collab.)
=1.96 TeV with L = 6.7 fb—L. Upper limits on the cross section in the range 2-10 pb ﬁgmggg Eé gs 33; g%%é E' 22:2:: o Z; gﬂg;ggmg cg”:gg
(90% CL) is given for Myo = 1-300 GeV. See their Fig. 2 for translated limits on AMOLE 15 PRL 114 231302 C. Amole et al. (PICO Collab.)
0 . APRILE 15 PRL 115 091302 E. Aprile et al. (XENON Collab.)
4 X" -nucleon cross section. o - ) . APRILE 154 SCI 349 851 E. Aprile et al. (XENON Collab.)
CHATRCHYAN 12AP search for events with a jet and missing E in pp collisions at CHOI 15  PRL 114 141301 K. Choi et al. (Super-Kamiokande Collab.)
Ecm = 7 TeV with L = 5.0 fo—1. See their Fig. 4 for translated limits on X9-nucleon KHACHATRY... 15AG JHEP 1506 121 V. Khachatryan et al. (CMS Collab.)
cm ion f — 0.1-1000 GeV. KHACHATRY... 15AL EPJ C75 235 V. Khachatryan et al. (CMS Collab.)
cross section for m = 0.1-1000 GeV. KHACHATRY.. 15T PR D91 092005 V. Khachatryan et al. (CMS Collab.)
43 CHATRCHYAN 12T search for events with a photon and missing E in pp collisions NAKAMURA 15 PTEP 2015 4 043F01 K. Nakamura et al (NEWAGE Collab.)
XIAO 15 PR D92 052004 X. Xiao et al. (PandaX Collab.)
at E.py = 7 TeV with L = 5.0 fb— L. Upper limits on the cross section in the range AAD 14A1 JHEP 1409 037 G. Aad et al. (ATLAS Collab.)
13-15fb (90% CL) is given for myg = 1-1000 GeV. See their Fig. 2 for translated limits AAD 14BK PRL 112 041802 G. Aad et al. (ATLAS Collab.)
0 ) AAD 14K PR D90 012004 G. Aad et al. (ATLAS Collab.)
on X"-nucleon cross section. AAD 140 PRL 112 201802 G. Aad et al. (ATLAS Collab.)
ACKERMANN 14 PR D89 042001 M. Ackermann et al. (Fermi-LAT Collab.)
AGNESE 14 PRL 112 241302 R. Agnese et al. SuperCDMS Collab.
REFERENCES FOR WIMP and Dark Matter Searches NNESE  14A PRL 15 ciiae K Ao o Gerecowe o)
AKERIB 14 PRL 112 091303 D.S. Akerib et al. (LUX Collab.)
AABOUD 18 PL B776 318 M. Aaboud et al. (ATLAS Collab.) ALEKSIC 14 JCAP 1402 008 J. Aleksic et al. (MAGIC Collab.)
AABOUD 18A EPJ C78 18 M. Aaboud et al. (ATLAS Collab.) ANGLOHER 14  EPJ C74 3184 G. Angloher et al. (CRESST-1I Collab.)
AABOUD 181 JHEP 1801 126 M. Aaboud et al. (ATLAS Collab.) APRILE 14A  ASP 54 11 E. Aprile et al. (XENON100 Collab.)
AGNESE 18 PR D97 022002 R. Agnese et al. (SuperCDMS Collab.) AVRORIN 14 ASP 62 12 A.D. Avrorin et al. (BAIKAL Collab.)
AGNESE 18A  PRL 120 061802 R. Agnese et al. (SuperCDMS Collab.) FELIZARDO 14 PR D89 072013 M. Felizardo et al. (SIMPLE Collab.)
SIRUNYAN ~ 18C PR D97 032009 AM. Sirunyan et al. (CMS Collab.) LEE 14A PR D90 052006 H.S. Lee et al. (KIMS Collab.)
AABOUD 17A  PL B765 11 M. Aaboud et al. (ATLAS Collab.) LIU 14A PR D90 032003 S.K. Liu et al. (CDEX Collab.)
AABOUD 17AM PRL 119 181804 M. Aaboud et al. (ATLAS Collab.) UCHIDA 14 PTEP 2014 063C01 H. Uchida et al. (XMASS Collab.)
AABOUD 17AQ PR D96 112004 M. Aaboud et al. (ATLAS Collab.) YUE 14 PR D90 091701 Q. Yue et al. (CDEX Collab.)
AABOUD 17BD EPJ C77 765 M. Aaboud et al. (ATLAS Collab.) AAD 13AD JHEP 1304 075 G. Aad et al. (ATLAS Collab.)
AABOUD 17R EPJ C77 393 M. Aaboud et al. (ATLAS Collab.) AAD 13C  PRL 110 011802 G. Aad et al. (ATLAS Collab.)
AARTSEN 17 EPJ C77 82 M.G. Aartsen et al. (lceCube Collab.) AALSETH 13 PR D88 012002 C.E. Aalseth et al. (CoGeNT Collab.)
AARTSEN 17A  EPJ C77 146 M.G. Aartsen et al. (lceCube Collab.) AARTSEN 13 PRL 110 131302 M.G. Aartsen et al. (IceCube Collab.)
AARTSEN 17C  EPJ C77 627 M.G. Aartsen et al. (lceCube Collab.) AARTSEN 13C PR D88 122001 M.G. Aartsen et al. (IceCube Collab.)
AGUILAR-AR.. 17 PRL 118 141803 AA. Aguilar-Arevalo et al. (DAMIC Collab.) ABE 138 PL B719 78 K. Abe et al. (XMASS Collab.)
AGUILAR-AR.. 17A  PRL 118 221803 A.A. Aguilar-Arevalo et al. (MiniBooNE Collab.) ABRAMOWSKI 13 PRL 110 041301 A. Abramowski et al. (HES.S. Collab.)
AKERIB 17 PRL 118 021303 D.S. Akerib et al. (LUX Collab.) ACKERMANN 13A PR D88 082002 M. Ackermann et al. (Fermi-LAT Collab.)
AKERIB 17A  PRL 118 251302 D.S. Akerib et al. (LUX Collab.) ADRIAN-MAR...13  JCAP 1311 032 S. Adrian-Martinez et al. (ANTARES Collab.)
ALBERT 17A  PL B769 249 A. Albert et al. (ANTARES Collab.) AGNESE 13 PR D88 031104 R. Agnese et al. (CDMS Collab.)
AMOLE 17 PRL 118 251301 C. Amole et al. (PICO Collab.) AGNESE 13A  PRL 111 251301 R. Agnese et al. (CDMS Collab.)
ANGLOHER ~ 17A  EPJ C77 637 G. Angloher et al. (CRESST Collab.) APRILE 13 PRL 111 021301 E. Aprile et al. (XENON100 Collab.)
APRILE 17 PRL 118 101101 E. Aprile et al. (XENON100 Collab.) BERNABEI ~ 13A EPJ C73 2648 R. Bernabei et al. (DAMA Collab.)
APRILE 17A PR D96 022008 E. Aprile et al. (XENON100 Collab.) BOLIEV 13 JCAP 1309 019 M. Boliev et al.
APRILE 17D PR D96 042004 E. Aprile et al. (XENON100 Collab.) L 138 PRL 110 261301 H.B. Li et al. (TEXONO Collab.)
APRILE 17G  PRL 119 181301 E. Aprile et al. (XENON Collab.) SUVOROVA 13 PAN 76 1367 0.V. Suvorova et al. (INRM)
APRILE 17H PR D96 122002 E. Aprile et al. (XENON100 Collab.) Translated from YAF 76 1433.
APRILE 17K JCAP 1710 039 E. Aprile et al. (XENON100 Collab.) ZHAO 13 PR D88 05200 W. Zhao et al. (CDEX Collab.)
ARCHAMBAU...17 PR D95 082001 S. Archambault et al. (VERITAS Collab.) AALTONEN 12K PRL 108 201802 T. Aaltonen et al. (CDF Collab.)
AVRORIN 17 JETP 125 80 A.D. Avrorin et al. (BAIKAL Collab.) AALTONEN ~ 12M  PRL 108 211804 T. Aaltonen et al. (CDF Collab.)
BANERJEE 17  PRL 118 011802 D. Banerjee et al. (NA64 Collab.) ABBASI 12 PR D85 042002 R. Abbasi et al. (IceCube Collab.)
BARBOSA-D... 17 PR D95 032006 E. Barbosa de Souza et al. (DM17 Collab.) ABRAMOWSKI 12 APJ 750 123 A. Abramowski et al. (H.ES.S. Collab.)
BATTAT 17 ASP 91 65 JB.R. Battat et al, (DRIFT-lld Collab.) ACKERMANN 12 PR D86 022002 M. Ackermann et al. (Fermi-LAT Collab.)
BEHNKE 17 ASP 90 85 E. Behnke et al. (PICASSO Collab.) AKIMOV 12 PL B709 14 D.Yu. Akimov et al. (ZEPLIN-III Collab.)
BOUDAUD 17  PRL 119 021103 M. Boudaud, J. Lavalle, P. Salati ALIU 12 PR D85 062001 E. Aliu et al. (VERITAS Collab.)
CHEN 17E PR D96 102007 X. Chen et al. (PandaX-Il Collab.) ANGLOHER 12 EPJ C72 1971 G. Angloher et al. (CRESST-II Collab.)
cul 17A PRL 119 181302 X. Cui et al, (PandaX-Il Collab.) APRILE 12 PRL 109 181301 E. Aprile et al. (XENON100 Collab.)
Fu 17 PRL 118 071301 C. Fu et al. (PandaX Collab.) ARCHAMBAU...12  PL B711 153 S. Archambault et al. (PICASSO Collab.)
KHACHATRY... 17A PRL 118 021802 V. Khachatryan et al. (CMS Collab.) ARMENGAUD 12 PR D86 051701 E. Armengaud et al (EDELWEISS Collab.)
KHACHATRY... 17F  JHEP 1702 135 V. Khachatryan et al. (CMS Collab.) BARRETO 12 PL B711 264 J. Barreto et al. (DAMIC Collab.)
SIRUNYAN 17  JHEP 1703 061 AM. Sirunyan et al. (CMS Collab.) BEHNKE 12 PR D86 052001 E. Behnke et al. (COUPP Collab.)
SIRUNYAN ~ 17AP JHEP 1710 180 AM. Sirunyan et al. (CMS Collab.) Also PR D90 079902 (errat.) E. Behnke et al. (COUPP Collab.)
SIRUNYAN  17AQ JHEP 1710 073 AM. Sirunyan et al. (CMS Collab.) BROWN 12 PR D85 021301 A. Brown et al. (OXF)
SIRUNYAN 17BB EPJ C77 845 AM. Sirunyan et al. (CMS Collab.) CHATRCHYAN 12AP JHEP 1209 094 S. Chatrchyan et al. (CMS Collab.)
SIRUNYAN 17G  JHEP 1707 014 AM. Sirunyan et al. (CMS Collab.) CHATRCHYAN 12T  PRL 108 261803 S. Chatrchyan et al. o (CMs Collab.)
SIRUNYAN 17U JHEP 1709 106 AM. Sirunyan et al. (CMS Collab.) DAHL 12 PRL 108 259001 C.E. Dahl, J. Hall, W.H. Lippincott (CHIC, FNAL)
AABOUD 16AD PL B763 251 M. Aaboud et al. (ATLAS Collab.) DAW 12 ASP 35 397 E. Daw et al. DRIFT-lId Collab.)
AABOUD 16D PR D94 032005 M. Aaboud et al. (ATLAS Collab.) FELIZARDO 12 PRL 108 201302 M. Felizardo et al. (SIMPLE Collab.)
AABOUD 16F  JHEP 1606 059 M. Aaboud et al. (ATLAS Collab.) KIM 12 PRL 108 181301 S.C. Kim et al. (KIMS Collab.)
AAD 16AF JHEP 1601 172 G. Aad et al. (ATLAS Collab.) AALSETH 11 PRL 106 131301 C.E. Aalseth et al. (CoGeNT Collab.)
AAD 16AG JHEP 1602 062 G. Aad et al. (ATLAS Collab.) AALSETH 11A PRL 107 141301 C.E. Aalseth et al. (CoGeNT Collab.)
AAD 16M PR D93 072007 G. Aad et al. (ATLAS Collab.) ABBASI 11C PR D84 022004 R. Abbasi et al. (IceCube Collab.)
AARTSEN 16C  JCAP 1604 022 M.G. Aartsen et al. (IceCube Collab.) ABRAMOWSKI 11 PRL 106 161301 A. Abramowski et al. (H.ES.S. Collab.)
AARTSEN 16D EPJ C76 531 M.G. Aartsen et al, (IceCube Collab.) ACKERMANN 11  PRL 107 241302 M. Ackermann et al. (Fermi-LAT Collab.)
ABDALLAH 16  PRL 117 111301 H. Abdallah et al. (H.E.S.S. Collab.) AHLEN 11 PL B695 124 S. Ahlen et al. (DMTPC Collab.)
ABDALLAH  16A PRL 117 151302 H. Abdallah et al. (H.E.S.S. Collab.) AHMED 11 PR D83 112002 Z. Ahmed et al. (CDMS Collab.)
ADRIAN-MAR...16  PL B759 69 S. Adrian-Martinez et al. (ANTARES Collab.) AHMED 11A PR D84 011102 Z. Ahmed et al. (CDMS and EDELWEISS Collabs.)
ADRIAN-MAR...16B  JCAP 1605 016 S. Adrian-Martinez et al. (ANTARES Collab.) AHMED 11B PRL 106 131302 Z. Ahmed et al. (CDMS Collab.)
AGNES 16 PR D93 081101 P. Agnes et al. (DarkSide-50 Collab.) AJELLO 11 PR D84 032007 M. Ajello et al. (Fermi-LAT Collab.)
AGNESE 16 PRL 116 071301 R. Agnese et al. (SuperCDMS Collab.) ANGLE 11 PRL 107 051301 J. Angle et al. (XENON10 Collab.)
AGUILAR-AR... 16 PR D94 082006 AA. Aguilar-Arevalo et al. (DAMIC Collab.) Also PRL 110 249901 (errat.) J. Angle et al. (XENON10 Collab.)
AHNEN 16 JCAP 1602 039 M.L. Ahnen et al. (MAGIC and Fermi-LAT Collab.) APRILE 11 PR D84 052003 E. Aprile et al. (XENON100 Collab.)
AKERIB 16 PRL 116 161301 D.S. Akerib et al. (LUX Collab.) APRILE 11A~ PR D84 061101 E. Aprile et al. (XENON100 Collab.)
AKERIB 16A  PRL 116 161302 DS, Akerib et al. (LUX Collab.) APRILE 11B PRL 107 131302 E. Aprile et al. (XENON100 Collab.)
AMOLE 16 PR D93 052014 C. Amole et al. (PICO Collab.) ARMENGAUD 11  PL B702 329 E. Armengaud et al. (EDELWEISS 1l Collab.)
AMOLE 16A PR D93 061101 C. Amole et al. (PICO Collab.) BEHNKE 11 PRL 106 021303 E. Behnke et al ) (COUPP Collab.)
ANGLOHER 16 EPJ C76 25 G. Angloher et al. (CRESST-II Collab.) GERINGER-SA..11 PRL 107 241303 A. Geringer-Sameth, S.M. Koushiappas
ANGLOHER ~ 16A  PRL 117 021303 G. Angloher et al. (CRESST-II Collab.) HORN 11 PL B705 471 M. Horn et al. (ZEPLIN-III Collab.)
APRILE 16 PR D94 092001 E. Aprile et al. (XENON100 Collab.) TANAKA 11 APJ 742 78 T. Tanaka et al. (Super-Kamiokande Collab.)
APRILE 16B PR D94 122001 E. Aprile et al. (XENON100 Collab.) ABBASI 10 PR D81 057101 R. Abbasi et al. (IceCube Collab.)
ARMENGAUD 16  JCAP 1605 019 E. Armengaud et al. (EDELWEISS-III Collab.) AHMED 1o SCI 327 1619 Z. Ahmed et al. (CDMS I Collab.)
AVRORIN 16 ASP 81 12 AD. Avrorin et al. (BAIKAL Collab.) AKERIB 10 PR D82 122004 DS. Akerib et al. (CDMS-II Collab.)
CAPUTO 16 PR D93 062004 R. Caputo et al. AKIMOV 10 PL B692 180 D.Yu. Akimov et al. (ZEPLIN-III Collab.)
FORNASA 16 PR D94 123005 M. Fornasa et al. (Fermi-LAT Collab.) APRILE 10 PRL 105 131302 E. Aprile et al. (XENON100 Collab.)
HEHN 16 EPJ C76 548 L. Hehn et al. (EDELWEISSIIl Collab.) ARMENGAUD 10  PL B687 294 E. Armengaud et al (EDELWEISS 1l Collab.)
KHACHATRY... 16AJ PR D93 052011 V. Khachatryan et al. (CMS Collab.) FELIZARDO = 10 PRL 105 211301 M. Felizardo et al. (The SIMPLE Collab.)
MIUCHI 10 PL B686 11 K. Miuchi et al. (NEWAGE Collab.)
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ABBASI 09B  PRL 102 201302 R. Abbasi et al. (lceCube Collab.
AHMED 09 PRL 102 011301 Z. Ahmed et al. (CDMS Collab.)
ANGLE 09 PR D80 115005 J. Angle et al. (XENON10 Collab.)
ANGLOHER 09 ASP 31 270 G. Angloher et al. (CRESST Collab.)
ARCHAMBAU...09 PL B682 185 S. Archambault et al (PICASSO Collab.)
LEBEDENKO 09A PRL 103 151302 V.N. Lebedenko et al (ZEPLIN-111 Collab.)
LIN 09 PR D79 061101 S.T. Lin et al (TEXONO Collab.)
AALSETH 08 PRL 101 251301 C.E. Aalseth et al. (CoGeNT Collab.)
Also PRL 102 109903 (errat.) C.E. Aalseth et al. (CoGeNT Collab.)
ANGLE 08A PRL 101 091301 J. Angle et al. (XENON10 Collab.)
BEDNYAKOV 08 PAN 71 111 V.A. Bednyakov, H.P. Klapdor-Kleingrothaus, 1.V. Krivosheina
Translated from YAF 71 112.
ALNER 07 PL B653 161 G.J. Alner et al. (ZEPLIN-II Collab.)
LEE 07A  PRL 99 091301 H.S. Lee et al. (KIMS Collab.)
MIUCHI 07 PL B654 58 K. Miuchi et al.
AKERIB 06 PR D73 011102 D.S. Akerib et al. (CDMS Collab.)
SHIMIZU 06A PL B633 195 Y. Shimizu et al.
AKERIB 05 PR D72 052009 D.S. Akerib et al. (CDMS Collab.)
ALNER 05 PL B616 17 G.J. Alner et al. (UK Dark Matter Collab.)
BARNABE-HE...05 PL B624 186 M. Barnabe-Heider et al. (PICASSO Collab.)
BENOIT 05 PL B616 25 A. Benoit et al. (EDELWEISS Collab.)
GIRARD 05 PL B621 233 T.A. Girard et al. (SIMPLE Collab.)
GIULIANI 05 PRL 95 101301 F. Giuliani
GIULIANI 05A PR D71 123503 F. Giuliani, T.A. Girard
KLAPDOR-K... 05 PL B609 226 H.V. Klapdor-Kleingrothaus, LV. Krivosheina, C. Tomei
GIULIANI 04 PL B588 151 F. Giuliani, T.A. Girard
GIULIANI 04A  PRL 93 161301 F. Giuliani
MIUCHI 03 ASP 19 135 K. Miuchi et al.
TAKEDA 03 PL B572 145 A. Takeda et al.
ANGLOHER 02 ASP 18 43 G. Angloher et al. (CRESST Collab.)
BELLI 02 PR D66 043503 P. Belli et al.
BERNABEI 02C  EPJ C23 61 R. Bernabei et al. (DAMA Collab.)
GREEN 02 PR D66 083003 A.M. Green
BAUDIS 01 PR D63 022001 L. Baudis et al. (Heidelberg-Moscow Collab.)
SMITH 01 PR D64 043502 D. Smith, N. Weiner
ULLIO 01 JHEP 0107 044 P. Ullio, M. Kamionkowski, P. Vogel
BENOIT 00 PL B479 8 A. Benoit et al. (EDELWEISS Collab.)
BERNABEI 00D NJP 2 15 R. Bernabei et al. (DAMA Collab.)
COLLAR 00 PRL 85 3083 J.l. Collar et al. (SIMPLE Collab.)
AMBROSIO 99 PR D60 082002 M. Ambrosio et al. (Macro Collab.)
BERNABEI 99 PL B450 448 R. Bernabei et al. (DAMA Collab.)
BERNABEI 99D PRL 83 4918 R. Bernabei et al. (DAMA Collab.)
BRHLIK 99 PL B464 303 M. Brhlik, L. Roszkowski
DERBIN 99 PAN 62 1886 A.V. Derbin et al.
Translated from YAF 62 2034,
KLIMENKO 98 JETPL 67 875 JA. Klimenko et al.
Translated from ZETFP 67 835.
SARSA 97 PR D56 1856 M.L. Sarsa et al. (ZARA)
ALESSAND... 96 PL B384 316 A. Alessandrello et al. (MILA, MILAI, SASSO)
BELLI 96 PL B387 222 P. Belli et al. (DAMA Collab.)
Also PL B389 783 (erratum) P. Belli et al. (DAMA Collab.)
BELLI 96C  NC C19 537 P. Belli et al. (DAMA Collab.)
BERNABEI 96 PL B389 757 R. Bernabei et al. (DAMA Collab.)
COLLAR 96 PRL 76 331 J.1. Collar (SCuC)
SARSA 96 PL B386 458 M.L. Sarsa et al. (ZARA)
Also PR D56 1856 M.L. Sarsa et al. ZARA)
SMITH 96 PL B379 299 P.F. Smith et al. (RAL, SHEF, LOIC+)
SNOWDEN-... 96 PRL 76 332 D.P. Snowden-Ifft, E.S. Freeman, P.B. Price (ucB)
GARCIA 95 PR D51 1458 E. Garcia et al. (ZARA, SCUC, PNL)
QUENBY 95 PL B351 70 J.J. Quenby et al. (LOIC, RAL, SHEF+)
SNOWDEN-... 95 PRL 74 4133 D.P. Snowden-Ifft, E.S. Freeman, P.B. Price (UCB)
Also PRL 76 331 J.I. Collar (SCuC)
Also PRL 76 332 D.P. Snowden-Ifft, E.S. Freeman, P.B. Price (ucB)
BECK 94 PL B336 141 M. Beck et al. (MPIH, KIAE, SASSO)
BACCI 92 PL B293 460 C. Bacci et al. (Beijing-Roma-Saclay Collab.)
REUSSER 91 PL B255 143 D. Reusser et al. (NEUC, CIT, PSI)
CALDWELL 88 PRL 61 510 D.O. Caldwell et al. (UCSB, UCB, LBL)

CONCENTRATION OF STABLE PARTICLES IN MATTER
Concentration of Heavy (Charge +1) Stable Particles in Matter

VALUE CL%

DOCUMENT ID

TECN

COMMENT

e o o \We do not use the following data for averages, fits, limits, etc. o o o

<4 x 10717 95 L YAMAGATA 93 SPEC Deep sea water,
M=5-1600m ,
<6 x 10715 95 2VERKERK 92 SPEC Water, M= 105 to 3 x
107 Gev
<7x10718 95 2VERKERK 92 SPEC Water, M= 104, 6 x
107 Gev
<9 x 10715 95 2VERKERK 92 SPEC Water, M= 108 GeV
<3x1023 90 SHEMMICK 90 SPEC Water, M = 1000m,,
<2x10721 90 3HEMMICK 90 SPEC Water, M = 5000m
<3 x 10720 LN 3HEMMICK 90 SPEC Water, M = 10000m),
<1.x 1029 SMITH 828 SPEC Water, M=30-400m),
<2.x 1028 SMITH 828 SPEC  Water, M=12-1000m),
<1.x10"14 SMITH 828 SPEC Water, M >1000 m,,
<(0.2-1.) x 10721 SMITH 79 SPEC Water, M—6-350 m

p

1YAMAGATA 93 used deep sea water at 4000 m since the concentration is enhanced in

deep sea due to gravity.

2VERKERK 92 looked for heavy isotopes in sea water and put a bound on concentration
of stable charged massive particle in sea water. The above bound can be translated into
into a bound on charged dark matter particle (5 x 108 GeV), assuming the local density,
p=0.3 GeV/cm3, and the mean velocity (v)=300 km/s.

3See HEMMICK 90 Fig. 7 for other masses 100-10000 m

p

Concentration of Heavy Stable Particles Bound to Nuclei

VALUE CLY% DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

<12x 10711 95 LJAVORSEK 01 SPEC Au, M= 3 GeV
<6.9 x 10710 95 L JAVORSEK 01 SPEC Au, M= 144 GeV
<1 x10~ 11 95 2 JAVORSEK 018 SPEC Au, M= 188 GeV
<1 x1078 95 2 JAVORSEK 018 SPEC Au, M= 1669

<6 x1079 95 2 JAVORSEK 018 SPEC Fe,GISI\i 188 GeV
<1 x1078 95 2 JAVORSEK 018 SPEC Fe, M= 647 GeV
<4 x10720 90 3HEMMICK 90 SPEC C, M=100m),
<8 x10720 90 SHEMMICK 90 SPEC C, M = 1000m),
<2 x10716 90 SHEMMICK 90 SPEC C, M = 10000m),
<6 x10713 20 SHEMMICK 90 SPEC Li, M = 1000m),
<1 x10-11 90 SHEMMICK 90 SPEC Be, M = 1000m),
<6 x10714 90 3HEMMICK 90 SPEC B, M = 1000m,
<4 x10”17 90 SHEMMICK 90 SPEC 0, M = 1000m,,
<4 x10715 90 3HEMMICK 90 SPEC F, M = 1000m),
< 1.5 x 10713 /nucleon 68 4NORMAN 89 SPEC 206ppx—

< 1.2 x 10712 /nucleon 68 4 NORMAN 87 SPEC 56,58Fex—

Other Particle Searches

OMITTED FROM SUMMARY TABLE
OTHER PARTICLE SEARCHES

1 JAVORSEK 01 search for (neutral) SIMPs (strongly interacting massive particles) bound
to Au nuclei. Here M is the effective SIMP mass.
2 JAVORSEK 01B search for (neutral) SIMPs (strongly interacting massive particles) bound
to Au and Fe nuclei from various origins with exposures on the earth’s surface, in a
satellite, heavy ion collisions, etc. Here M is the mass of the anomalous nucleus. See

Revised February 2018 by K. Hikasa (Tohoku University).

We collect here those searches which do not appear in any

also JAVORSEK 02.
3See HEMMICK 90 Fig. 7 for other masses 100-10000 m

4Bound valid up to m ~ 100 TeV.

p
X~

GENERAL NEW PHYSICS SEARCHES

other search categories. These are listed in the following order:
e Concentration of stable particles in matter
e General new physics searches
e Limits on jet-jet resonance in hadron collisions
e Limits on neutral particle production at accelerators
e Limits on charged particles in eTe™ collisions
e Limits on charged particles in hadron reactions
e Limits on charged particles in cosmic rays
e Searches for quantum black hole production
Note that searches appear in separate sections elsewhere for
Higgs bosons (and technipions), other heavy bosons (including
Wg, W', Z', leptoquarks, axigluons), axions (including pseudo-
Goldstone bosons, Majorons, familons), WIMPs, heavy leptons,
heavy neutrinos, free quarks, monopoles, supersymmetric par-
ticles, and compositeness.
We no longer list for limits on tachyons and centauros. See
our 1994 edition for these limits.

This subsection lists some of the search experiments which look for general
signatures characteristic of new physics, independent of the framework of

a specific model.

The observed events are compatible with Standard Model expectation,
unless noted otherwise.

VALUE DOCUMENT ID TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o
L AAD 15AT ATLS t+ Ep
2 KHACHATRY..15F CMS t + Fp
3 AALTONEN 145 CDF W + 2 jets
4 AAD 134 ATLS WW — vty
5 AAD 13¢ ATLS ~ + Bp
6 AALTONEN 131 CDF  Delayed v + Fp
7T CHATRCHYAN13 CMS  ¢t¢~ + jets + Bp
8 AAD 12¢c ATLS tf+ Ep
9 AALTONEN  12m CDF  jet + B
10 CHATRCHYAN 12aP CMS et + B
11 CHATRCHYAN12Q CMS  Z + jets + Ep
12 CHATRCHYAN 12T CMS  ~ + Ep
13 AAD 11s ATLS jet + Ep
14 AALTONEN ~ 11AF CDF £+
15 CHATRCHYAN11C CMS ¢ ¢~ + jets + By
16 CHATRCHYAN 11U CMS jet + Ep
17 AALTONEN ~ 10aF CDF vy + £, Ep
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18 AALTONEN ~ 09aF CDF  £vb Ep
19 AALTONEN 096 CDF (04 Bp
L AAD 15AT search for events with a top quark and mssing E in pp collisions at E-,
=8 TeV with L = 20.3 fb—L.
2 KHACHATRYAN 15F search for events with a top quark and mssing E- in pp collisions
at Ey = 8 TeV with L = 19.7 b~ 1.
3 AALTONEN 14J examine events with a W and two Jets in pp collisions at Ep, = 1.96
TeV with L = 8.9 fb~L. Invariant mass distributions of the two jets are consistent with
the Standard Model expectation.
4 AAD 13A search for resonant W W production in pp collisions at E¢, = 7 TeV with L
=471
5 AAD 13¢ search for events with a photon and missing Z in pp collisions at Ecyy =7
TeV with L = 4.6 fo—1.
6 AALTONEN 131 search for events with a photon and missing E-, where the photon is
detected after the expected timing, in pp collisions at E, = 1.96 TeV with L = 6.3
fb—1. The data are consistent with the Standard Model expectation.

T CHATRCHYAN 13 search for events with an opposite-sign lepton pair, jets, and missing
Ep in pp collisions at E¢,, =7 TeV with L = 4.98 b1,

8 AAD 12¢ search for events with a tf pair and missing Z in pp collisions at Ecy = 7
TeV with L = 1.04 fb~ 1.

9 AALTONEN 12Mm search for events with a jet and missing E in pp collisions at Ep,
= 1.96 TeV with L = 6.7 fb~1.

10 CHATRCHYAN 12ap search for events with a jet and missing E-p in pp collisions at
Ecm = 7 TeV with L = 5.0 fb1.

11 CHATRCHYAN 12q search for events with a Z, jets, and missing £ in pp collisions at
Ecm =7 TeV with L = 4.98 fo~ 1.

12 CHATRCHYAN 12T search for events with a photon and missing % in pp collisions at
Ecm = 7 TeV with L = 5.0 fb~1.

13 AAD 115 search for events with one jet and missing E- in pp collisions at E¢y = 7
TeV with L = 33pb—1L,

14 AALTONEN 11AF search for high-p1 like-sign dileptons in pp collisions at E.p, =
1.96 TeV with L = 6.1 fb—L.

15 CHATRCHYAN 11c search for events with an opposite-sign lepton pair, jets, and missing
Ep in pp collisions at E.,, =7 TeV with L = 34 pb*l.

16 CHATRCHYAN 11U search for events with one jet and missing E in pp collisions at
Ecm =7 TeV with L = 36pb~ L.

17 AALTONEN 104F search for v~ events with e, u, 7, or missing E in pp collisions at
Ecm = 1.96 TeV with L = 1.1-2.0 fo— 1,

18 AALTONEN 09AF search for £ b events with missing E in pp collisions at E.p, =
1.96 TeV with L = 1.9 jbfl. The observed events are compatible with Standard Model
expectation including tt~ production.

19 AALTONEN 096 search for puup and ppue events with missing Eq in pB collisions at
E¢m = 1.96 TeV with L = 976 pb—1.

LIMITS ON JET-JET RESONANCES

Heavy Particle Production Cross Section
Limits are for a particle decaying to two hadronic jets.
Units(pb) _CL%  Mass(GeV. DOCUMENT ID TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o

1 KHACHATRY..17w CMS pp — jj resonance

2 KHACHATRY..17Y CMS  pp — (8-10) j+Ep
3SIRUNYAN  17F CMS  pp — jj angular distribution
4 AABOUD 16 ATLS pp — b+ jet

5 AAD 16N ATLS pp — 3 high Eq jets
6 AAD 16s ATLS pp — jj resonance

7 KHACHATRY..16k CMS pp — Jjj resonance

8 KHACHATRY..16L CMS pp — jj resonance

9 AAD 13D ATLS 7 TeV pp — 2 jets

10 AALTONEN ~ 13R CDF  1.96 TeV pp — 4 jets
11 CHATRCHYAN13A CMS 7 TeV pp — 2 jets

12 CHATRCHYAN13A CMS 7 TeV pp — bbX

3 AAD 125 ATLS 7 TeV pp — 2 jets
14 CHATRCHYAN12BL CMS 7 TeV pp — tIX
15 AAD 11AG ATLS 7 TeV pp — 2 jets
16 AALTONEN ~ 11M CDF  1.96 TeV pp — W+ 2 jets
17 aABazOV 111 DO 1.96 TeV pp — W+ 2 jets
18 AAD 10 ATLS 7 TeV pp — 2 jets
19 KHACHATRY..10 CMS 7 TeV pp — 2 jets
20 ABE 99F CDF 1.8 TeV pp — bb+ anything
21 ABE 976 CDF 1.8 TeV pp — 2 jets
<2603 95 200 22 ABE 936 CDF 1.8 TeV pp — 2 jets
< 44 95 400 22 ABE 936 CDF 1.8 TeV pp — 2 jets
< 7 95 600 22 ABE 936 CDF 1.8 TeV pp — 2 jets

L KHACHATRYAN 17w search for dijet resonance in 12.9 b1 data at 13 TeV; see Fig.
2 for limits on axigluons, diquarks, dark matter mediators etc.

2 KHACHATRYAN 17y search for pp — (8-10) in 19.7 fb—1 at 8 TeV. No signal seen.
Limits set on colorons, axigluons, RPV, and SUSY.

3SIRUNYAN 17F measure pp — Jjj angular distribution in 2.6 b1 at 13 TeV; limits
set on LEDs and quantum black holes.

4 AABOUD 16 search for resonant dijets including one or two b-jets with 3.2 b1 at
13 TeV; exclude excited b* quark from 1.1-2.1 TeV; exclude leptophilic Z' with SM
couplings from 1.1-1.5 TeV.

5 AAD 16N search for > 3 jets with 3.6 b1 at 13 TeV; limits placed on micro black
holes (Fig. 10) and string balls (Fig. 11).

6 AAD 165 search for high mass jet-jet resonance with 3.6 b1 at 13 TeV; exclude portions
of excited quarks, W', Z' and contact interaction parameter space.

TKHACHATRYAN 16K search for dijet resonance in 2.4 fb—1 data at 13 TeV; see Fig. 3
for limits on axigluons, diquarks etc.

8 KHACHATRYAN 16L use data scouting technique to search for jj resonance on 18.8
fb—1 of data at 8 TeV. Limits on the coupling of a leptophobic Z’ to quarks are set,
improving on the results by other experiments in the mass range between 500-800 GeV.

9 AAD 13D search for dijet resonances in pp collisions at E.,, = 7 TeV with L = 4.8
fb—L. The observed events are compatible with Standard Model expectation. See their
Fig. 6 and Table 2 for limits on resonance cross section in the range m = 1.0-4.0 TeV.

10 AALTONEN 13r search for production of a pair of jet-jet resonances in pp collisions at
Ecpy = 1.96 TeV with L = 6.6 fb—L. See their Fig. 5 and Tables I, I for cross section
limits.

11 CHATRCHYAN 13a search for qq, qg8, and gg resonances in pp collisions at E.pp, =
7 TeV with L = 4.8 fb—1. See their Fig. 3 and Table 1 for limits on resonance cross
section in the range m = 1.0-4.3 TeV.

12 CHATRCHYAN 13A search for bb resonances in pp collisions at E., = 7 TeV with L
= 4.8 b~ L. See their Fig. 8 and Table 4 for limits on resonance cross section in the
range m = 1.0-4.0 TeV.

13 AAD 125 search for dijet resonances in pp collisions at E¢p, = 7 TeV with L = 1.0
1. See their Fig. 3 and Table 2 for limits on resonance cross section in the range m
=0.9-4.0 TeV. B

14 CHATRCHYAN 128L search for tT resonances in pp collisions at E.y = 7 TeV with L
= 4.4 b1, See their Fig. 4 for limits on resonance cross section in the range m =
0.5-3.0 TeV.

15 AAD 11AG search for dijet resonances in pp collisions at E;; = 7 TeV with L = 36 pbfl.
Limits on number of events for m = 0.6—4 TeV are given in their Table 3.

16 AALTONEN 11m find a peak in two jet invariant mass distribution around 140 GeV in
W + 2 jet events in pp collisions at Ep, = 1.96 TeV with L = 4.3 fb—1.

17 ABAZOV 111 search for two-jet resonances in W + 2 jet events in p collisions at E¢p
= 1.96 TeV with L = 4.3 fb~! and give limits o < (2.6-1.3) pb (95% CL) for m =
110-170 GeV. The result is incompatible with AALTONEN 11m.

18 AAD 10 search for narrow dijet resonances in pp collisions at Ecy, = 7 TeV with L
= 315nb—!. Limits on the cross section in the range 10-103 pb is given for m =
0.3-1.7 TeV.

19 KHACHATRYAN 10 search for narrow dijet resonances in pp collisions at Ey, = 7 TeV
with L = 2.9 pb_l. Limits on the cross section in the range 1-300 pb is given for m =
0.5-2.6 TeV separately in the final states gq, qg, and gg.

20 ABE 99F search for narrow bb resonances in pp collisions at E.,—1.8 TeV. Limits on
a(pp — X+ anything)xB(X — bb) in the range 3-103 pb (95%CL) are given for
m x =200-750 GeV. See their Table I.

21 ABE 976 search for narrow dijet resonances in pp collisions with 106 pb_1 of data at
Ecm = 1.8 TeV. Limitson o(pp — X+ anything)-B(X — jj) in the range 104-10—1 pb
(95%CL) are given for dijet mass m=200-1150 GeV with both jets having || < 2.0 and
the dijet system having |cos6™| < 0.67. See their Table | for the list of limits. Supersedes
ABE 93G.

2 ABE 936 give cross section times branching ratio into light (d, u, s, ¢, b) quarks for I’
= 0.02 M. Their Table Il gives limits for M = 200-900 GeV and I' = (0.02-0.2) M.

LIMITS ON NEUTRAL PARTICLE PRODUCTION

Production Cross Section of Radiatively-Decaying Neutral Particle
VALUE (pb) CL% DOCUMENT D TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o

L KHACHATRY..17D CMS Z ~y resonance

<0.0008 95 2 AAD 16A1 ATLS pp —  + jet
3 KHACHATRY..16M CMS pp — ~~ resonance
<(0.043-0.17) 95 4 ABBIENDI 000 OPAL ete~ — x0y0,
X0 — v0y
<(0.05-0.8) 95 S ABBIENDI 000 OPAL ete~ — XO0x0,
X0 - y0,y
<(2.5-0.5) 95 6 ACKERSTAFF 978 OPAL ete~ — x0v0,
x0 5 yO0,
<(1.6-0.9) 95 7 ACKERSTAFF 978 OPAL ete~ — x0x0,
X0 - y0,y

1 KHACHATRYAN 17D search for new scalar resonance decaying to Z~ with Z — ete,
wt = in pp collisions at 8 and 13 TeV; no signal seen.

2 AAD 161 search for excited quarks (EQ) and quantum black holes (QBH) in 3.2 fb—1
at 13 TeV of data; exclude EQ below 4.4 TeV and QBH below 3.8 (6.2) TeV for RS1
(ADD) models. The visible cross section limit was obtained for 5 TeV resonance with
aG/Mg = 2%.

3 KHACHATRYAN 16M search for ~+~y resonance using 19.7 fb—1 at 8 TeV and 3.3 fb— 1
at 13 Tev; slight excess at 750 GeV noted; limit set on RS graviton.

4 ABBIENDI 00D associated production limit is for myo= 90-188 GeV, my,=0 at
Em—=189 GeV. See also their Fig. 9.
5 ABBIENDI 00D pair production limit is for myq = 45-94 GeV, my,(=0 at E, =189

GeV. See also their Fig. 12.
6 ACKERSTAFF 978 associated production limit is for m

10.0pb~ 1 at E,, = 161 GeV. See their Fig. 3(a).

50 = 80-160 GeV, m, =0 from

7 ACKERSTAFF 978 pair production limit is for myq = 40-80 GeV, my=0 from
10.0pb~ ! at E¢;, = 161 GeV. See their Fig. 3(b).
Heavy Particle Production Cross Section
VALUE (cm?/N) L% DOCUMENT ID TECN _ COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o
1 AABOUD 178 ATLS W H, ZH resonance

2 AL 17BRLHCB pp — mymy, my = Jjj



See key on page 885
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3 AAD 160 ATLS £+ (s or jets)
4 AAD 16R ATLS WW ,WZ ,ZZ resonance
5 LEES 158 BABR et e~ collisions
6 ADAMS 978 KTEV m=1.2-5 GeV
< 107361033 2 7 GALLAS 95 TOF  m=05-20 GeV
<(4-03)x 10731 o5 8 AKESSON 91 CNTR m = 0-5 GeV
<2 x10736 90 9 BADIER 86 BDMP r = (0.05-1.) x 10~ 8s

<25x 10735 10 GUSTAFSON 76 CNTR 7 >10"7's

1 AABOUD 178 exclude m(W/, Z') < 1.49-2.31 TeV depending on the couplings and
W’/Z’ degeneracy assumptions via W H, Z H search in pp collisions at 13 TeV with
3.2fb~1 of data.

2 AALJ 17BR search for long-lived hidden valley pions from Higgs decay. Limits are set on
the signal strength as a function of the mass and lifetime of the long-lived particle in
their Fig. 4 and Tab. 4.

3 AAD 160 search for high E-p £ + (s or jets) with 3.2 =1 at 13 TeV; exclude micro
black holes mass < 8 TeV (Fig. 3) for models with two extra dimensions.

4 AAD 16R search for W W, W Z, ZZ resonance in 20.3 fb—! at 8 TeV data; limits placed
on massive RS graviton (Fig. 4).

SLEES 15€ search for long-lived neutral particles produced in e™ e~ collisions in the
Upsilon region, which decays into et e~, utp—, ef puF, 7t a—, KT K, or st KTF.
See their Fig. 2 for cross section limits.

6 ADAMS 978 search for a hadron-like neutral particle produced in p N interactions, which
decays into a po and a weakly interacting massive particle. Upper limits are given for the
ratio to K production for the mass range 1.2-5 GeV and lifetime 1079-10~%4s. See
also our Light Gluino Section.

7 GALLAS 95 limit is for a weakly interacting neutral particle produced in 800 GeV/c pN
interactions decaying with a lifetime of 10~4-10"8's. See their Figs.8 and 9. Similar
limits are obtained for a stable particle with interaction cross section 107291033 cm2.
See Fig. 10.

8 AKESSON 91 limit is from weakly interacting neutral long-lived particles produced in
pN reaction at 450 GeV/c performed at CERN SPS. Bourquin-Gaillard formula is used
as the production model. The above limit is for 7 > 10=7s. For r > 1079 s,
o < 10730 cm=2/nucleon is obtained.

9BADIER 86 looked for long-lived particles at 300 GeV 7~ beam dump. The limit
applies for nonstrongly interacting neutral or charged particles with mass >2 GeV. The
limit applies for particle modes, pt 7, pTp~, 77~ X, st 7~ x% etc. See their
figure 5 for the contours of limits in the mass-7 plane for each mode.

10 GUSTAFSON 76 is a 300 GeV FNAL experiment looking for heavy (m >2 GeV) long-
lived neutral hadrons in the M4 neutral beam. The above typical value is for m = 3
GeV and assumes an interaction cross section of 1 mb. Values as a function of mass and
interaction cross section are given in figure 2.

Production of New Penetrating Non-v Like States in Beam Dump
VALUE DOCUMENT ID TECN COMMENT

e o o \We do not use the following data for averages, fits, limits, etc. o o o
11osEcco 81 CALO 28 GeV protons
I No excess neutral-current events leads to o(production) x o(interaction)xacceptance
<226 x 1071 cm‘l/nucleon2 (CL = 90%) for light neutrals. Acceptance depends on
models (0.1 to 4. x 10~%).

LIMITS ON CHARGED PARTICLES IN et e~

Heavy Particle Production Cross Section in et e~
Ratio to o(eT e~ — put ™) unless noted. See also entries in Free Quark Search
and Magnetic Monopole Searches.

VALVE (% DOCUMENT ID TECN  COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o
<1 x1073 2 L ABLIKIM 17AABES3 ete™ — (v
2 ACKERSTAFF 98 OPAL Q=1,2/3, m=45-89.5 GeV
3 ABREU 97D DLPH Q=1,2/3, m=45-84 GeV
4 BARATE 97k ALEP Q=1, m=45-85 GeV
<2 x107° 95 5 AKERS 95R OPAL Q=1, m= 5-45 GeV
<1 x107° 95 5 AKERS 95R OPAL Q=2, m= 5-45 GeV
<2 x1073 90 6BUSKULIC 93¢ ALEP Q—=1, m=32-72 GeV
<(1072-1) 95 7 ADACHI 90c TOPZ Q=1, m=1-16, 18-27 GeV
<7 x1072 2 8 ADACHI 90E TOPZ Q =1, m = 5-25 GeV
<1.6 x 1072 95 IKINOSHITA 82 PLAS Q=3-180, m <14.5 GeV
<5.0x 1072 90 10 BARTEL 80 JADE Q=(3,4,5)/3 2-12 GeV

L ABLIKIM 17AA search for dark photon A — ¢7 at 3.773 GeV with 2.93 fb—L. Limits
are set in € vs m(A) plane.

2 ACKERSTAFF 98p search for pair production of long-lived charged particles at E.,
between 130 and 183 GeV and give limits o <(0.05-0.2) pb (95%CL) for spin-0 and
spin-1/2 particles with m=45-89.5 GeV, charge 1 and 2/3. The limit is translated to the
cross section at E; =183 GeV with the s dependence described in the paper. See their
Figs. 2-4.

3ABREU 97D search for pair production of long-lived particles and give limits
o <(0.4-2.3) pb (95%CL) for various center-of-mass energies E,,=130-136, 161, and
172 GeV, assuming an almost flat production distribution in cosf.

4BARATE 97k search for pair production of long-lived charged particles at E.,, = 130,
136, 161, and 172 GeV and give limits o <(0.2-0.4) pb (95%CL) for spin-0 and spin-1/2
particles with m=45-85 GeV. The limit is translated to the cross section at E, =172
GeV with the E,, dependence described in the paper. See their Figs.2 and 3 for limits
on J=1/2and J = 0 cases.

5 AKERS 95R is a CERN-LEP experiment with W, ~ mz. The limit is for the
production of a stable particle in multihadron events normalized to o(e e~ — hadrons).
Constant phase space distribution is assumed. See their Fig. 3 for bounds for Q = +2/3,
+4/3.

6 BUSKULIC 93¢ is a CERN-LEP experiment with W, = mz. The limit is for a pair or
single production of heavy particles with unusual ionization loss in TPC. See their Fig.5
and Table1.

7 ADACHI 90C is a KEK-TRISTAN experiment with W, = 52-60 GeV. The limit is for
pair production of a scalar or spin-1/2 particle. See Figs.3 and 4.

8 ADACHI 90E is KEK-TRISTAN experiment with W, = 52-61.4 GeV. The above limit
is for inclusive production cross section normalized to o(e™ e~ — pt u™)-8(3 - 82)/2,
where 8= (1 — 4m2/W(2:m)1/2. See the paper for the assumption about the production
mechanism.

9 KINOSHITA 82 is SLAC PEP experiment at W, = 29 GeV using lexan and 39Cr plastic
sheets sensitive to highly ionizing particles.

10BARTEL 80 is DESY-PETRA experiment with W, = 27-35 GeV. Above limit is for
inclusive pair production and ranges between 1. x 10— 1 and 1. x 102 depending on
mass and production momentum distributions. (See their figures 9, 10, 11).

Branching Fraction of Z0 to a Pair of Stable Charged Heavy Fermions

VALUE CL% DOCUMENT ID TECN  COMMENT

e o o \We do not use the following data for averages, fits, limits, etc. o o o

<5x 1076 95 L AKERS 95R OPAL m= 40.4-45.6 GeV
<1x1073 95 AKRAWY 900 OPAL m = 29-40 GeV

L AKERS 95R give the 95% CL limit o(X X)/o(p2p1) < 1.8x10~% for the pair production of
singly- or doubly-charged stable particles. The limit applies for the mass range 40.4-45.6
GeV for XE and < 45.6 GeV for XL, See the paper for bounds for Q = +£2/3, +4/3.

LIMITS ON CHARGED PARTICLES IN HADRONIC REACTIONS
MASS LIMITS for Long-Lived Charged Heavy Fermions

Limits are for spin 1/2 particles with no color and SU(2), charge. The electric charge
Q of the particle (in the unit of e) is therefore equal to its weak hypercharge. Pair
production by Drell-Yan like v and Z exchange is assumed to derive the limits.

VALUE (GeV % DOCUMENT ID TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
>660 95 1 AAD 158) ATLS |Q| =2
>200 95 2 CHATRCHYAN13AB CMS  |Q| = 1/3
>480 95 2 CHATRCHYAN13AB CMS  |Q| = 2/3
>574 95 2 CHATRCHYAN13aB CMS Q| =1
>685 95 2 CHATRCHYAN13AB CMS  |Q| = 2
>140 95 3 CHATRCHYAN13AR CMS  |Q| = 1/3
>310 95 3 CHATRCHYAN13AR CMS  |Q| = 2/3

1 AAD 1585 use 20.3 fo~1 of pp collisions at E,, = 8 TeV. See paper for limits for \Q\
=3,4,56

2CHATRCHYAN 13AB use 5.0 fo~1 of pp collisions at E¢;, = 7 TeV and 18.8 fo—1 at
Ecm = 8 TeV. See paper for limits for {Q{ =3,4,.,8.

3 CHATRCHYAN 13AR use 5.0 fb— 1 of pp collisions at E¢y, = 7 TeV.

Heavy Particle Production Cross Section

VALUE (nb) _CL% DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
1 AABOUD 17D ATLS anomalous W W jj, WZjj
2 AABOUD 17L ATLS m>870 GeV, Z(— vv )t X
3SIRUNYAN 178 CMS tH
4SIRUNYAN  17C CMS  Z + (t or b)
5SIRUNYAN 175 CMS X3 = tW
6 AALS 158D LHCB m=124-309 GeV
7 AAD 13AHATLS  |q|=(2-6)e, m=50-600 GeV
<12 x1073 95  8aAD 11 ATLS |q|=10e, m=0.2-1 TeV
<1.0 x1075 95 910 AALTONEN 09z CDF  m>100 GeV, noncolored
<48 x1073 95 911 AALTONEN 09z CDF  m>100 GeV, colored
<0.31-0.04 x 1073 95 12aBazov 09 DO pair production
<0.19 95 13 AKTAS 04c H1 m=3-10 GeV
<0.05 95 14 ABE 92) CDF  m=50-200 GeV
<30-130 15 CARROLL 78 SPEC m=2-2.5 GeV
<100 16 LEIPUNER 73 CNTR m=3-11 GeV

1 AABOUD 17D search for WWijj, WZjjin pp collisions at 8 TeV with 3.2 b—1; set
limits on anomalous couplings.

2 AABOUD 17L search for the pair production of heavy vector-like T quarks in the Z(—
vv )t X final state.

3SIRUNYAN 178 search for vector-like quark pp — TX — tHX in 2.3 fb—! at 13
TeV; no signal seen; limits placed.

4SIRUNYAN 17c search for vector-like quark pp — TX — Z + (t or b) in 2.3 fb—1
at 13 TeV; no signal seen; limits placed.

5SIRUNYAN 17J search for pp — Xg /3 X5 /3 — tWtW with 2.3 b1 at 13 TeV. No
signal seen: m(X) > 1020 (990) GeV for RH (LH) new charge 5/3 quark.

6 AAIJ 158D search for production of long-lived particles in pp collisions at E.,, = 7 and
8 TeV. See their Table 6 for cross section limits.

7 AAD 13AH search for production of long-lived particles with ‘q}:(2—6)e in pp collisions
at Eqyy = 7 TeV with 4.4 fb—1. See their Fig. 8 for cross section limits.

8 AAD 111 search for production of highly ionizing massive particles in pp collisions at
Ecm = 7TeV with L = 3.1 pb—1. See their Table 5 for similar limits for la| = 6e and
17e, Table 6 for limits on pair production cross section.

9 AALTONEN 097 search for long-lived charged particles in pp collisions at E., = 1.96
TeV with L = 1.0 fb—L. The limits are on production cross section for a particle of mass
above 100 GeV in the region |n| 5 0.7, p7 > 40 GeV, and 0.4 < 3 < 1.0.

10 Limit for weakly interacting charge-1 particle.
11 Limit for up-quark like particle.
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12 ABAZOV 09M search for pair production of long-lived charged particles in pp collisions

at E¢py = 1.96 TeV with L = 1.1 fb~L. Limit on the cross section of (0.31-0.04) pb
(95% CL) is given for the mass range of 60-300 GeV, assuming the kinematics of stau
pair production.

13 AKTAS 04c look for charged particle photoproduction at HERA with mean c.m. energy
of 200 GeV.

14 ABE 92 look for pair production of unit-charged particles which leave detector before
decaying. Limit shown here is for m=50 GeV. See their Fig.5 for different charges and
stronger limits for higher mass.

15CARROLL 78 look for neutral, S = —2 dihyperon resonance in pp — 2K X. Cross
section varies within above limits over mass range and pj,, = 5.1-5.9 GeV/c.

16 LEIPUNER 73 is an NAL 300 GeV p experiment. Would have detected particles with
lifetime greater than 200 ns.

Heavy Particle Production Differential Cross Section

VALUE
(em?s—leev—!) % TECN  CHG COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o

<26x10736 90 1 BALDIN 76 CNTR —  Q=1, m=2.1-9.4 GeV
<22x10733 90 2 ALBROW 75 SPEC + Q= +1, m=4-15 GeV
<11x10733 90 2 ALBROW 75 SPEC + Q= £2, m=6-27 GeV
<8. x10735 90 3 JOVANOV... 75 CNTR +  m=15-26 GeV
<1.5x1073% 90 3 JOVANOV... 75 CNTR + Q= +2, m=3-10 GeV

+

+

+

DOCUMENT ID

<6. x10735 90 3 JOVANOV... 75 CNTR Q= £2, m=10-26 GeV

<1. x10731 90 4 APPEL 74 CNTR m=3.2-7.2 GeV
<5.8x1073% 90 5 ALPER 73 SPEC m=1.5-24 GeV
<1.2x10735 90 6 ANTIPOV 718 CNTR — , m=2.2-2.8
<24x10735 90 7 ANTIPOV 71c CNTR —

<24x10735 90 BINON 69 CNTR — Q=—, m=1-1.8 GeV
<1.5x 10736 8 DORFAN 65 CNTR Be target m=3-7 GeV
<3.0x 10736 8 DORFAN 65 CNTR Fe target m=3-7 GeV

LBALDIN 76 is a 70 GeV Serpukhov experiment. Value is per Al nucleus at ¢ = 0. For
other charges in range —0.5 to —3.0, CL = 90% limit is (2.6 x 10’36)/\(charge)} for
mass range (2.1-9.4 GeV) x |(charge)|. Assumes stable particle interacting with matter
as do antiprotons.

2 ALBROW 75 is a CERN ISR experiment with E.,, = 53 GeV. 6 = 40 mr. See figure 5
for mass ranges up to 35 GeV.

3 JOVANOVICH 75 is a CERN ISR 26426 and 15415 GeV pp experiment. Figure 4
covers ranges Q = 1/3 to 2 and m = 3 to 26 GeV. Value is per GeV momentum.

4 APPEL 74 is NAL 300 GeV pW experiment. Studies forward production of heavy (up
to 24 GeV) charged particles with momenta 24-200 GeV (—charge) and 40-150 GeV
(+charge). Above typical value is for 75 GeV and is per GeV momentum per nucleon.

5 ALPER 73 is CERN ISR 26+26 GeV pp experiment. p >0.9 GeV, 0.2 < 8 <0.65.

6 ANTIPOV 718 is from same 70 GeV p experiment as ANTIPOV 71C and BINON 69.

7 ANTIPOV 71C limit inferred from flux ratio. 70 GeV p experiment.

8DORFAN 65 is a 30 GeV/c p experiment at BNL. Units are per GeV momentum per
nucleus.

Long-Lived Heavy Particle Invariant Cross Section
VALUE

(cm?/GeV2/N) L%
e o o \We do not use the following data for averages, fits, limits, etc. o o o
<5700 x 10735 90 1 BERNSTEIN 88 CNTR

<5700 x 1037 90 1 BERNSTEIN 88 CNTR

DOCUMENT ID TECN _ CHG COMMENT

<2.5 x 10736 90 2 THRON 85 CNTR —  Q=1, m=4-12 GeV

<1. x10735 90 2 THRON 85 CNTR + Q= 1, m=4-12 GeV

<6. x10733 90 3ARMITAGE 79 SPEC m=1.87 GeV

<1.5x 10733 90 3ARMITAGE 79 SPEC m=1.5-3.0 GeV
4BOzZOLI 79 CNTR +  Q=(2/3,1,4/3,2)

<1.1x 10737 90 5cuTTs 78 CNTR m=4-10 GeV

<3.0 x 10737 90 6 VIDAL 78 CNTR m=4.5-6 GeV

L BERNSTEIN 88 limits apply at x = 0.2 and py = 0. Mass and lifetime dependence
of limits are shown in the regions: m = 1.5-7.5 GeV and 7 = 10782 x 10~ © 5. First
number is for hadrons; second is for weakly interacting particles.

2THRON 85 is FNAL 400 GeV proton experiment. Mass determined from measured
velocity and momentum. Limits are for 7 >3 x 109 s.

3 ARMITAGE 79 is CERN-ISR experiment at E.,, = 53 GeV. Value is for x = 0.1 and
pt = 0.15. Observed particles at m = 1.87 GeV are found all consistent with being
antideuterons.

4B0OZZOLI 79 is CERN-SPS 200 GeV pN experiment. Looks for particle with 7 larger
than 108 s. See their figure 11-18 for production cross-section upper limits vs mass.

5CUTTS 78 is pBe experiment at FNAL sensitive to particles of r > 5 x 1078 s. Value
is for —0.3 <x <0 and p7 = 0.175.

6 VIDAL 78 is FNAL 400 GeV proton experiment. Value is for x = 0 and py = 0. Puts
lifetime limit of < 5 x 10~8's on particle in this mass range.

Long-Lived Heavy Particle Production
(o(Heavy Particle) / o(r))

VALUE EVTS DOCUMENT ID TECN _ CHG  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
<1078 1 NAKAMURA 89 SPEC + Q= (—5/3,+2)

0 2BUSSIERE 80 CNTR + Q= (2/3,1,4/3,2)
1 NAKAMURA 89 is KEK experiment with 12 GeV protons on Pt target. The limit applies
for mass 5 1.6 GeV and lifetime 2 10~ 7s.

2 BUSSIERE 80 is CERN-SPS experiment with 200-240 GeV protons on Be and Al target.
See their figures 6 and 7 for cross-section ratio vs mass.

Production and Capture of Long-Lived Massive Particles
VALUE (1036 cm2) DOCUMENT ID TECN _ COMMENT
e o o \We do not use the following data for averages, fits, limits, etc. o o o

<20 to 800 LALEKSEEV 76 ELEC 7=5msto 1 day
<200 to 2000 LALEKSEEV ~ 768 ELEC =100 msto 1 day
<l.4to9 2 FRANKEL 75 CNTR 7=50 ms to 10 hours
<0.1t09 3 FRANKEL 74 CNTR =1 to 1000 hours

1 ALEKSEEV 76 and ALEKSEEV 768 are 61-70 GeV p Serpukhov experiment. Cross
section is per Pb nucleus.

2FRANKEL 75 is extension of FRANKEL 74.

3 FRANKEL 74 looks for particles produced in thick Al targets by 300-400 GeV /c protons.

Long-Lived Particle Search at Hadron Collisions
Limits are for cross section times branching ratio.

VALUE
(pb/nucleon) cL% DOCUMENT ID TECN  COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
1 AL 16ARLHCB H — XX long-lived particles
2 KHACHATRY...16BWCMS  direct production: HSCPs
<2 90 3 BADIER 86 BDMP 7 = (0.05-1.) x 10~ 8s

1 AAIJ 16AR search for long lived particles from H — X X with displaced X decay vertex
using 0.62 b1 at7 TeV; limits set in Fig. 7.

2KHACHATRYAN 168w search for heavy stable charged particles via ToF with 2.5 fb—1
at 13 TeV; require stable m(gluinoball) > 1610 GeV.

3BADIER 86 looked for long-lived particles at 300 GeV 7~ beam dump. The limit
applies for nonstrongly interacting neutral or charged particles with mass >2 GeV. The

limit applies for particle modes, ;ﬁ' T, ,u+ no, ata— X, ata— nF etc. See their
figure 5 for the contours of limits in the mass-7 plane for each mode.

Long-Lived Heavy Particle Cross Section

VALUE (pb/sr) L% DOCUMENT ID TECN  COMMENT

e o o We do not use the following data for averages, fits, limits, etc. o o o

<34 95 1 RAM 94 SPEC 1015<m, , <1085 MeV
<75 95 1 RAM 94 SPEC 920<mx++ <1025 MeV

1RAM 94 search for a long-lived doubly-charged fermion X+ with mass between mpy
and mp+m_. and baryon number +1 in the reaction pp — X T+ n. No candidate is
found. The limit is for the cross section at 15° scattering angle at 460 MeV incident
energy and applies for T(X++) > 0.1 ps.

LIMITS ON CHARGED PARTICLES IN COSMIC RAYS
Heavy Particle Flux in Cosmic Rays

VALUE
(em2rls7h)  a% Evrs DOCUMENT ID_____ TECN  CHG COMMENT
e o o We do not use the following data for averages, fits, limits, etc. o o o
<1 x 1078 90 0 1 AGNESE 15 CDM2 Q=1/6
~ 6 x 1079 2 25AITO 90 Q~ 14, m
~ 370mp
<14 x 10712 90 0 3 MINCER 85 CALO m > 1TeV
4SAKUYAMA 838 PLAS m~ 1TeV
<17 x10711 o9 0  SBHAT 82 CC
<1 x1072 90 0 6 MARINI 82 CNTR + Q=1,m~
4.5m),
2. x 1072 3 7vyocK 81 SPRK + Q=1,m~
4.5m),
3 7vyocK 81 SPRK Fractionally
charged
30 x1079 3 8vyock 80 SPRK m~ 4.5 mp
(4 +1)x10~11 3 GOODMAN 79 ELEC m > 5 GeV
<13  x1079 90 9 BHAT 78 CNTR + m>1GeV
<10 x107? 0 BRIATORE 76 ELEC
<1 x10710 99 0 YOCK 75 ELEC + Q>Teor
< —Te
> 6. x 1072 5 10vock 74 CNTR m >6 GeV
<30 x10°8 0 DARDO 72 CNTR
<15 x1079 0 TONWAR 72 CNTR m >10 GeV
<30 x10710 0 BJORNBOE 68 CNTR m >5 GeV
<50 x10711 9o 0 JONES 67 ELEC m=5-15 GeV

LSee AGNESE 15 Fig. 6 for limits extending down to Q = 1/200.

2SAITO 90 candidates carry about 450 MeV/nucleon. Cannot be accounted for by con-
ventional backgrounds. Consistent with strange quark matter hypothesis.

3 MINCER 85 is high statistics study of calorimeter signals delayed by 20-200 ns. Cali-
bration with AGS beam shows they can be accounted for by rare fluctuations in signals
from low-energy hadrons in the shower. Claim that previous delayed signals including
BJORNBOE 68, DARDO 72, BHAT 82, SAKUYAMA 83B below may be due to this fake
effect.

4SAKUYAMA 838 analyzed 6000 extended air shower events. Increase of delayed particles
and change of lateral distribution above 1017 ev may indicate production of very heavy
parent at top of atmosphere.

5BHAT 82 observed 12 events with delay > 2. x 10~8 s and with more than 40 particles. 1
eV has good hadron shower. However all events are delayed in only one of two detectors
in cloud chamber, and could not be due to strongly interacting massive particle.

6 MARINI 82 applied PEP-counter for TOF. Above limit is for velocity = 0.54 of light.
Limit is inconsistent with YOCK 80 YOCK 81 events if isotropic dependence on zenith
angle is assumed.

TyOCK 81 saw another 3 events with Q = £1 and m about 4.5mp as well as 2 events
with m >5.3mp, Q= £0.75 £ 0.05 and m >2.8mp, Q = £0.70 £ 0.05 and 1 event
with m = (9.3 + 3.)mp, Q = £0.89 + 0.06 as possible heavy candidates.
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8YOCK 80 events are with charge exactly or approximately equal to unity. 11 AAD 114G search for quantum black hole formation followed by its decay to two jets, in
9IBHAT 78 is at Kolar gold fields. Limit is for 7 > 1076 s. pp collisions at Eqyy = 7 TeV with L = 36 pb_l. See their Fig. 11 and Table 4 for
10YOCK 74 events could be tritons. limits.
Superheavy Particle (Quark Matter) Flux in Cosmic Rays REFERENCES FOR Other Particle Searches
VALUE
(em~ 25— 15 1) L% DOCUMENT ID TECN  COMMENT AABOUD 17B  PL B765 32 M. Aaboud et al. (ATLAS Collab.)
R I AABOUD 17D PR D95 032001 M. Aaboud et al. (ATLAS Collab.)
e o o We do not use the following data for averages, fits, limits, etc. o o AABOUD 17L  JHEP 1708 052 M. Aaboud et al. (ATLAS Collab.)
1 5 AAL 17BR EPJ C77 812 R. Aajj et al. (LHCb Collab.)
ADRIANI 15 PMLA 4<m<12x10°m, ABLIKIM 17AA PL B774 252 M. Ablikim et al. (BES Il Collab.)
<5 X107 90 ZAMBROSIO 005 MCRO m>5 x10'% Gey KHAGHATRY. 17W PL 769 520 V. Knachaten et of {cus Calab)
. ryan . .
<18x 10712 90 3 ASTONE 93 CNTR m>15x10~13gram KHACHATRY... 17Y  PL B770 257 V. Knachatryan et ol ECMS cgugn.g
<11x10714 90 4 AHLEN 92 MCRO 10710 <m< 0.1 gram SIRUNYAN  17B  JHEP 1704 136 AM. Sirunyan et al. (CMS Collab.)
221071 s SNAKAMURA S PLAS m> 101 Gev AL NC wEPim o AM S (e com
<6.4 x 10— 90 ORITO 91 PLAS m>10-< GeV SIRUNYAN ~ 17J  JHEP 1708 073 AM. Sirunyan et al. (CMS Collab.)
2.0 % 10—11 7 BOL 15 % 10—13 AABOUD 16 PL B759 229 M. Aaboud et al. (ATLAS Collab.)
<20x 0_12 2 8 u 88 OLO - m> 5§ 0 gizm AABOUD 16P  EPJ C76 541 M. Aaboud et al. (ATLAS Collab.)
<4.7x 10 90 BARISH 87 CNTR 1.4 x10° <m< 104 GeV AAD 16Al JHEP 1603 041 G. Aad et al. (ATLAS Collab.)
<32x10711 9o 9 NAKAMURA 85 CNTR m > 1.5 x 10~ 13gram AAD LN JHEP 1603 026 G Aad et al (ﬂtﬁg §°HQE')
_ 760 5 . t al. .
<35x10711 90 10 yLLMAN 81 CNTR Planck-mass 1019GeV D 1R PL Bres o6 o o }ATLAS c‘;‘;bj
<7. x10711 9o 10 yLLMAN 81 CNTR m< 1016 Gev AAD 165 PL B754 302 G. Aad et al. (ATLAS Collab.)
1 i i . o AALJ 16AR EPJ C76 664 R. Aaij et al. (LHCb Collab.)
ADRIANI 15 search for relatively light quark matter with charge Z = 1-8. See their Figs. KHACHATRY... 16BW PR D94 112004 V. Khachatryan et al. (CMS Collab.)
2 and 3 for flux upper limits. KHACHATRY... 16K PRL 116 071801 V. Khachatryan et al. (CMS Collab.)
2 « Hocr) : KHACHATRY... 16L  PRL 117 031802 V. Khachatryan et al. (CMS Collab.)
AMB?OSIO 008 .searcl?ed. .for quark magter (“nuclearites”) in the velocity range KHACHATRY. - 16M PRL 117 051802 V. Khachatryan et a. (CMS Collab.)
(107°~1) c. The listed limit is for 2 x 107~ c. AAD 15AN JHEP 1507 032 G. Aad et al. (ATLAS Collab.)
3 ASTONE 93 searched for quark matter (“nuclearites”) in the velocity range (10~3-1) c. ﬁﬁg i:é] Egj gg 222 g 2:3 zi 3;- %ﬂtﬁg g‘;”:gg
Their Table 1 gives a compilation of searches for nuclearites. AAL 15BD EPJ C75 595 R Aaij et al (LHCb CoHab:)
4 AHLEN 92 searched for quark matter (“nuclearites”). The bound applies to velocity ADRIANI 15 PRL 115 111101 0. Adriani et al. (PAMELA Collab.)
-3 ir Ei " . AGNESE 15 PRL 114 111302 R. Agnese et al. (CDMS Collab.)
5 < 2.5 x 1072 ¢ See their Fig. 3 for other v.eloclty/c anld heavier mass range. KHACHATRY... 15F  PRL 114 101801 V. Khachatryan et al. (CMs Collab.)
NAKAMURA 91 searched for quark matter in the velocity range (4 x 107>-1) c. LEES 15E  PRL 114 171801 J.P. Lees et al. (BABAR Collab.)
6 imit i ; —4_190-3 AAD 14A  PL B728 562 G. Aad et al. (ATLAS Collab.)
7ORITO 91 searched for quark matter. The I.|m|t |s.f0r the velo.uty range (10 1703 )c. AAD LIAL PRL 112 091804 ¢ Aad ot o (ATLAS Collab.)
LIU 88 searched for quark matter (“nuclearites”) in the velocity range (2.5 x 10~ >-1)c. AAD 14C  JHEP 1408 103 G. Aad et al. (ATLAS Collab.)
A less stringent limit of 5.8 x 10~ 11 applies for (1-2.5) x 10-3¢. AALTONEN ~ 14) PR D89 092001 T. Aaltonen et al. (CDF Collab.)
8 . I . AAD 13A  PL B718 860 G. Aad et al. (ATLAS Collab.)
BARISH 87 searched for quark matter (“nuclearites”) in the velocity range (2.7 x AAD 13AH PL B722 305 G. Aad et al. (ATLAS Collab.)
10745 x 10*3)c. AAD 13C  PRL 110 011802 G. Aad et al. (ATLAS Collab.)
. AAD 13D JHEP 1301 029 G. Aad et al. ATLAS Collab.
9 NAKAMURA 85 at KEK searched for quark-matter. These might be lumps of strange AALTONEN 131 PR D88 031103 T A:mf‘en& et al. { (CDF cgugb_g
quark matter with roughly equal numbers of u, d, s quarks. These lumps or nuclearites AALTONEN  13R PRL 111 031802 T. Aaltonen et al. (CDF Collab.)
were assumed to have velocity of (10—4_10—3) C. CHATRCHYAN 13 PL B718 815 S. Chatrchyan et al. (CMS Collab.)
10 . - . . . . . CHATRCHYAN 13A  JHEP 1301 013 S. Chatrchyan et al. (CMS Collab.)
ULLI\_/IAN 81 is sensitive for heavy slow singly charge particle reaching earth with vertical CHATRCHYAN 13AB JHEP 1307 122 S. Chatrchyan et al. (CMS Collab.)
velocity 100-350 km/s. CHATRCHYAN 13AD JHEP 1307 178 S. Chatrchyan et al. (CMS Collab.)
CHATRCHYAN 13AR PR D87 092008 S. Chatrchyan et al. (CMS Collab.)
i P f AAD 12AK PL B716 122 G. Aad et al. (ATLAS Collab.)
Highly lonizing Particle Flux AAD 12C PRL 108 041805 G. Aad et al (ATLAS Collab.)
VALUE AAD 125 PL B708 37 G. Aad et al. (ATLAS Collab.)
m—2yr—! CL% _EVTS DOCUMENT ID TECN  COMMENT AALTONEN ~ 12M PRL 108 211804 T. Aaltonen et al. CDF Collab.
Clon EVTS TECN ( )
e o o We do not use the following data for averages, fits, limits, etc. o o E:ﬂggmﬁm gé[’ j:EE g?g g?g 2 EREEE:Q: Z; Zj' Egmg gg”zgg
<04 95 0 KINOSHITA 818 PLAS Z/3 30-100 CHATRCHYAN 12Q  PL B716 260 S. Chatrchyan et al. (CMS Collab.)
! CHATRCHYAN 12T PRL 108 261803 S. Chatrchyan et al. (CMS Collab.)
CHATRCHYAN 12W JHEP 1204 061 S. Chatrchyan et al. (CMS Collab.)
AAD 11AG NJP 13 053044 G. Aad et al. (ATLAS Collab.)
SEARCHES FOR BLACK HOLE PRODUCTION AAD 111 PL B698 353 G. Aad et al. (ATLAS Collab.)
AAD 11S  PL B705 294 G. Aad et al. (ATLAS Collab.)
VALUE DOCUMENT ID TECN  COMMENT AALTONEN ~ 11AF PRL 107 181801 T. Aaltonen et al. (CDF Collab.)
) 3 T AALTONEN ~ 11M PRL 106 171801 T. Aaltonen et al. (CDF Collab.)
e o o \We do not use the following data for averages, fits, limits, etc. o o o ABAZOV 111 PRL 107 011804 V.M. Abazov et al. (DO Collab.)
CHATRCHYAN 11C  JHEP 1106 026 S. Chatychyan et al. (CMS Collab.)
not seen L AABOUD 16P ATLS 13 TeV pp — ep, €7, ut | CHATRCHYAN 11U PRL 107 201804 S. Chatychyan et al. (CMS Collab.)
2 AAD 15AN ATLS 8 TeV pp — multijets AAD 10 PRL 105 161801 G. Aad et al. (ATLAS Collab.)
3 ¢ AALTONEN ~ 10AF PR D82 052005 T. Aaltonen et al. (CDF Collab.)
4AAD 14n ATLS 8 TeV pp — 7 + jet KHACHATRY... 10 PRL 105 211801 V. Khachatryan et al. (CMS Collab.)
AAD 14AL ATLS 8 TeV pp — £ + jet Also PRL 106 029902 V. Khachatryan et al. (CMS Collab.)
5 AAD 14C ATLS 8 TeV pp — £+ (£ or jets) AALTONEN ~ 09AF PR D80 011102 T. Aaltonen et al. (CDF Collab.)
6 AAD 130 ATLS 7 Tev 2 et AALTONEN ~ 09G PR D79 052004 T. Aaltonen et al. (CDF Collab.)
D €V pp — 2 Jets AALTONEN ~ 09Z PRL 103 021802 T. Aaltonen et al. (CDF Collab.)
7T CHATRCHYAN13A CMS 7 TeV pp — 2 jets ABAZOV 09M PRL 102 161802 V.M. Abazov et al. (DO Collab.)
8 i AKTAS 04C  EPJ C36 413 A. Atkas et al. (H1 Collab.)
o CHATRCHYAN13AD CMS — 8 TeV pp — multijets JAVORSEK 02 PR D65 072003 D. Javorsek 1l et al
AAD 12AK ATLS 7 TeV pp — £ + (£ or jets) JAVORSEK 01 PR D4 012005 D. Javorsek Il et al.
10 CHATRCHYAN12w CMS 7 TeV pp — multijets ifgvéfgﬁgf 013 EEL— c87 231804 g- ié:)vborsedk I etl al. (OPAL Callab)
1 . 00 13 197 . iendi et al. ollab.
AAD 11AGATLS 7 TeV pp — 2 jets AMBROSIO ~ 00B EPJ C13 453 M. Ambrosio et al. (MACRO Collab.)
1 imi ion inn — _ ABE 99F  PRL 82 2038 F. Abe et al. (CDF Collab.)
2AABOUD 16P set limits on quantum I.BH production l|n n =6 ADD <?r n=1RS mod?Is. | ACKERSTAFF 98P PL B433 195 K. Ackerstaff et al. (OPAL Collab,)
AAD 15AN search for black hole or string ball formation followed by its decay to multijet ABE 97G PR D55 5263 F. Abe et al. (CDF Collab.)
final states, in pp collisions at E¢, = 8 TeV with L = 20.3 fb~1. See their Figs. 6-8 ABREU 97D PL B396 315 P. Abreu et al. (DELPHI Collab.)
for limits ACKERSTAFF 97B  PL B391 210 K. Ackerstaff et al. (OPAL Collab.)
3AAD 144 hf black hole f ion followed by its d dai ADAMS 97B  PRL 79 4083 J. Adams et al. (FNAL KTeV Collab.)
4A search for quantum black hole formation followed by its decay to a y and a jet, BARATE 97K PL B40S 379 R. Barate et al. (ALEPH Collab.)
in pp collisions at E.py = 8 TeV with L = 20 fb—L. See their Fig. 3 for limits. AKERS 95R  ZPHY C67 203 R. Akers et al. (OPAL Collab.)
. . GALLAS 95 PR D52 6 E. Gallas et al. MSU, FNAL, MIT, FLOR
4 AAD 14AL search for quantum black hole formation followed by its decay to a lepton and RAM 94 PR D49 3120 s, R:masef af ( (TELA, mug
a jet, in pp collisions at E; = 8 TeV with L = 20.3 fb—L. See their Fig. 2 for limits. ABE 93G  PRL 71 2542 F. Abe et al. (CDF Collab.)
5 AAD 14 h for mi . iclassical) black hole f ion followed by its d ASTONE 93 PR D47 4770 P. Astone et al. (ROMA, ROMAI, CATA, FRAS)
D 14c search for microscopic (semiclassical) black hole formation followed by its decay BUSKULIC 93C  PL B303 198 D. Buskulic et al. (ALEPH Collab.)
to final states with a lepton and > 2 (leptons or jets), in pp collisions at E;, = 8 TeV YAMAGATA 93 PR D47 1231 T. Yamagata, Y. Takamori, H. Utsunomiya  (KONAN)
i — -1 ir Ei _ imi ABE 92) PR D46 1889 F. Abe et al. (CDF Collab.)
6wn:h L =20.3 fb™*. See their Figures 8-11, Ta.bles 7, 8 for Ilm.lts. ] ) AHLEN 9 PRL 69 1860 SP. Ahlen et al. (MACRO Collab.)
AAD 13D search for quantum black hole formation followed by its decay to two jets, in VERKERK 92 PRL 68 1116 P. Verkerk et al. (ENSP, SACL, PAST)
pp collisions at Ecy, = 7 TeV with L = 4.8 fb~ 1. See their Fig. 8 and Table 3 for AKESSON 91 ZPHY C52 219 T. Akesson et al. (HELIOS Collab.)
limits, ORTO Y o PRUse 1901 S Onorat o ICEPP, WASCR, NIHO, ICRR
- . . 91 66 1951 . Orito et al. , : X
7TCHATRCHYAN 13A search for quantum black hole formation followed by its decay to ADACHI 90C  PL B244 352 I Adralcii:taa,_ ( (TOPAZ Co”ab_g
two jets, in pp collisions at E.p, = 7 TeV with L =5 fb—L. See their Figs. 5 and 6 for ADACHI 90E  PL B249 336 I. Adachi et al. (TOPAZ Collab.)
limits. AKRAWY 900 PL B252 290 M.Z. Akrawy et al. (OPAL Collab.)
8 CHATRCHYAI\.I 13AD search for microscopic (serlniclassi.c.al) black hole formation fol!owed 'S"EI"_"rng zg EELD:; 22&7: ?KS-aR;meTlgt et al (ROCH, Né:ggkol?(‘)ol;g
by its evapolation to multiparticle final states, in multijet (including -, £) events in pp NAKAMURA 89 PR D39 1261 T.T. Nakamura et al. (KYOT, TMTC)
collisions at E ., = 8 TeV with L = 12 fb—1. See their Figs. 57 for limits. NORMAN 89 PR D39 2499 E.B. Norman et al. (LBL)
9 . . . . . . BERNSTEIN 88 PR D37 3103 R.M. Bernstein et al. (STAN, WISC)
AAD 12AK search for microscopic (semiclassical) black hole formation followed by its LIU 88 PRL 61 271 G. Liu, B. Barish
decay to final states with a lepton and > 2 (leptons or jets), in pp collisions at E, BARISH 87 PR D36 2641 B.C. Barish, G. Liu, C. Lane (aT)
. _ — L NORMAN 87  PRL 58 1403 E.B. N , S.B. Gazes, D.A. Bennett LBL
= 7 TeV with L = 1.04 fb—L. See their Fig. 4 and 5 for limits. BADIER 86  ZPHY C31 21 n Badiz'rm:t" A, 3265 enne (NA3 Ctg\\ab.;
10 CHATRCHYAN 12w search for microscopic (semiclassical) black hole formation followed MINCER 85 PR D32 541 A. Mincer et al. (UMD, GMAS, NSF)
by its evapolation to multiparticle final states, in multijet (including -, £) events in pp NAKAMURA 85 PL 161B 417 K. Nakamura et al. (KEK, INUS)
THRON 85 PR D31 451 J.L. Thron et al. (YALE, FNAL, IOWA)

collisions at E; = 7 TeV with L = 4.7 b1, See their Figs. 5-8 for limits.
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Searches Particle Listings
Other Particle Searches

SAKUYAMA  83B LNC 37 17 H. Sakuyama, N. Suzuki (MEIS)
Also LNC 36 389 H. Sakuyama, K. Watanabe (MEIS)
Also NC 78A 147 H. Sakuyama, K. Watanabe (MEIS)
Also NC 6C 371 H. Sakuyama, K. Watanabe (MEIS)

BHAT 82 PR D25 2820 P.N. Bhat et al. (TATA)

KINOSHITA 82 PRL 48 77 K. Kinoshita, P.B. Price, D. Fryberger (UCB+)

MARINI 82 PR D26 1777 A. Marini et al. (FRAS, LBL, NWES, STAN+)

SMITH 82B NP B206 333 P.F. Smith et al. (RAL)

KINOSHITA 81B PR D24 1707 K. Kinoshita, P.B. Price (ucB)

LOSECCO 8l PL 102B 209 J.M. LoSecco et al. (MICH, PENN, BNL)

ULLMAN 8l PRL 47 289 J.D. Ullman (LEHM, BNL)

YOCK 81 PR D23 1207 P.C.M. Yock (AUCK)

BARTEL 80 ZPHY C6 295 W. Bartel et al. (JADE Collab.)

BUSSIERE 80 NP B174 1 A. Bussiere et al. (BGNA, SACL, LAPP)

YOCK 80 PR D22 61 P.C.M. Yock (AUCK)

ARMITAGE 79 NP B150 87 J.C.M. Armitage et al. (CERN, DARE, FOM+)

BOZZOLI 79 NP B159 363 W. Bozzoli et al. (BGNA, LAPP, SACL+)

GOODMAN 79 PR D19 2572 J.A. Goodman et al. (UMD)

SMITH 79 NP B149 525 P.F. Smith, J.R.J. Bennett (RHEL)

BHAT 78 PRAM 10 115 P.N. Bhat, P.V. Ramana Murthy (TATA)

CARROLL 78 PRL 41 777 A.S. Carroll et al. (BNL, PRIN)

CUTTS 78 PRL 41 363 D. Cutts et al. (BROW, FNAL, ILL, BARI+)

VIDAL 78 PL 77B 344 R.A. Vidal et al. (COLU, FNAL, STON+)

ALEKSEEV 76 SINP 22 531 G.D. Alekseev et al. (JINR)

Translated from YAF 22 1021.

ALEKSEEV
BALDIN

BRIATORE
GUSTAFSON
ALBROW
FRANKEL
JOVANOV...
YOCK
APPEL
FRANKEL
YOCK
ALPER
LEIPUNER
DARDO
TONWAR
ANTIPOV
ANTIPOV
BINON
BJORNBOE
JONES
DORFAN

76B

SINP 23 633 G.D. Alekseev et al. (JINR)
Translated from YAF 23 1190.

SINP 22 264 B.Y. Baldin et al. (JINR)
Translated from YAF 22 512,

NC 31A 553 L. Briatore et al. (LCGT, FRAS, FREIB)
PRL 37 474 H.R. Gustafson et al. (MICH)
NP B97 189 M.G. Albrow et al. (CERN, DARE, FOM+)
PR D12 2561 S. Frankel et al. (PENN, FNAL)
PL 56B 105 J.V. Jovanovich et al. (MANI, AACH, CERN+)
NP B86 216 P.C.M. Yock (AUCK, SLAC)
PRL 32 428 J.A. Appel et al. (COLU, FNAL)
PR D9 1932 S. Frankel et al. (PENN, FNAL)
NP B76 175 P.C.M. Yock (AUCK)
PL 46B 265 B. Alper et al. (CERN, LIVP, LUND, BOHR+)
PRL 31 1226 L.B. Leipuner et al. (BNL, YALE)
NC 9A 319 M. Dardo et al. (TORI)
JP A5 569 S.C. Tonwar, S. Naranan, B.V. Sreekantan (TATA)
NP B31 235 Y.M. Antipov et al. (SERP)
PL 34B 164 Y.M. Antipov et al. (SERP)
PL 30B 510 F.G. Binon et al. (SERP)
NC B53 241 J. Bjornboe et al. (BOHR, TATA, BERN+)
PR 164 1584 L.W. Jones (MICH, WISC, LBL, UCLA, MINN+)
PRL 14 999 D.E. Dorfan et al. (coLu)




INDEX






Index 1883
A, a meson resonances b (quarks) 40, 1042
A(1680) or [now called mo(1670)] 45,1149  b-quark fragmentation . 340
ap(980) [was 6(980)] 42,1100 ¥ quark (4" generation), searches for, 40, 1058
a1 (1260) [was A1(1270) or Aq] 43,1110  bb mesons 85, 1605
a3(1320) [was A2(1320)] 43, 1120 B*-B° mixing, note on . 1417
a1(1420) . ., 1129 B decay, C'P violation in . 238
ag(1450) 44,1132 B decays, hadronic, note on . 714
a1(1640) . .,1146 B decays, rare, note on . T14
Az [now called 5(1670)] 45,1149 B, bottom mesons
a(1700) ., 1158 Bottom mesons, HFAG activities . . . 721
ap(1950) .., 1168 B (bottom meson) 58, 1308
a4(2040) 46, 1170 B* (bottom meson) 59, 1308
Accelerator-induced radioactivity . . 517 BY, B (bottom meson) - 65, 1368
Accelerator parameters (colliders) . 440 B*/BY ADMIXTURE . . . . . . 70, 1437
Accelerator physics of colliders . 433 B*/B%/BY/b-baryon ADMIXTURE 72, 1459
Acceptance-rejection method in Monte Carlo . 542 B* 73, 1468
Activity, unit of, for radioactivity . 515 Bg 73,1473
Age of the universe . 128, 354 B mixing studies, note on . 727
Air showers (cosmic ray) . 428 By(5721)* 73, 1468
Algorithms for Monte Carlo . 543 By (5721)° 73, 1468
Amplitudes, Lorentz invariant . 567 B (5732) aka B** ., 1469
Angular-diameter distance, d 4 . 354 33(5747)0 73, 1470
Anisotropy of cosmic microwave background radiation (CBR) 386, 414 Bj(5840)* ., 1470
Anomalous W/Z Quartic Couplings . . 906 B;(5840)° ., 1471
Anomalous ZZv, Zyv, and ZZV couplings . 613 B;(5970)* 73,1471
Astronomical unit . 128 B;(5970)° 73, 1472
Astrophysics . 352, 396 By .. 75, 1492
Asymmetries of Z-boson decay . 608 351(5830)0 75,1493
Asymmetry formulae in Standard Model . 164 By, (5840)0 75, 1493
Atmospheric cosmic rays . 425 By ;(5850) ., 1494
Atmospheric fluorescence . 496 B:r 75, 1495
Atmospheric pressure . 127 B.(28)* ., 1497
Atomic and nuclear properties of materials . 134 bb mesons 85, 1605
Atomic mass unit . 127 Baryogenesis . . 357
Atomic weights of elements . 131 Baryon decay parameters, note on . 758
Attenuation length for photons . . 455 Baryon magnetic moments, note on . . 763
Authors and consultants . 11 Baryon number conservation . 113
Average hadron multiplicities in ete™ annihilation events . 591 Baryon resonances, SU(3) classification of . 291
Averaging of data 16 Baryons 94, 1643
Avogadro number . 127 Bottom (beauty) baryons . 108, 1806
Axial vector couplings, gy, g4 vector . 161 Cascade baryons (2 baryons) 102, 1769
Axions as dark matter . 352, 398 Charmed baryons 103, 1783
Axion searches 35, 957 Dibaryons
Axion searches, note on . . 957 (see p. VIII.118 in our 1992 edition, Phys. Rev. D45, Part II)
b-flavored hadrons, production and spectroscopy of, note on L T11 Hyperon baryons (A baryons) 99, 1716
b-hadron mixing and production fractions, note on . T27 Hyperon baryons (X baryons) 101, 1738
by (1235) 43, 1109 Nucleon resonances (A resonances) 98, 1693
Nucleon resonances (N resonances) 95, 1657

Greek letters are alphabetized by their English-language spelling. Bold page numbers signify entries in the Particle Properties Summary Tables.
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Nucleons 94, 1643 c¢ Region in eTe™ Collisions, plot of . 594
Q baryons 103, 1780  c-quark fragmentation . 340
Baryons in quark model . . . . . . . . . . . . . .. ... 291 CC mesons 75, 1498
Baryons, stable 94, 1643 Cabibbo-Kobayashi-Maskawa mixing in B decay, note on 1417
(see entries for p, n, A, ¥, E, Q, A¢, Ee¢, Q¢, Ap, and Zp) Calorimetry . 483
Bayes’ theorem . . . . . . . . . .. ... .. ... ..522 Cascade baryons (2 baryons) 102, 1769
Bayesian statistics . . . . . . . . .. ... ... ... .53  CBR—Cosmic background radiation (see CMB) . 414
Beam momentum, c.m. energy and momentum vs . . . . . . 567 Central limit theorem . 525
Beauty — see Bottom Cepheid variable stars . 386
Becquerel, unit of radioactivity . . . . . . . . . . . . . . . 515 CESR (Cornell) collider parameters . . 441
BEPC (China) collider parameters . . . . . . . . . . . . . 440 CESR-C (Cornell) collider parameters . 441
BEPC-II (China) collider parameters . . . . . . . . . . . . 440  Change of random variables . 523
[ decay, neutrinoless double, search for 1014 Characteristic functions . 523
[-rays, from radioactive sources . . . . . . . . . . . . . . 521 Charge conjugation (C') conservation . 113
Bethe-Bloch equation . . . . . . . . . . . . . . . . . . . 446 Charge conservation . 113
Bias of an estimator . . . . . . . . . . . . . . . . .. .527 Charge conservation and the Pauli exclusion principle, note on
Big-bang cosmology . . . . . . . . . . . .. ... ... 352 (see p. VL.10 in our 1992 edition, Phys. Rev. D45)
Binary pulsars . . . . . . . . . .. .. ... L. 348 Charm-changing neutral currents, tests for . 113
Binomial distribution . . . . . . . . . . . ... . ... .523 Charm quark (c) . 40, 1041
Binomial distribution, Monte Carlo algorithm for . . . . . . . 543 Charmed baryons (A}, ¥, Z¢, Q0) 103, 1783
Binomial distribution, tableof . . . . . . . . . . . . . .. 524 Charmed, bottom meson (BF) 75, 1495
Birks’law . . . . . . . . . . ... .. ... 464 Charmed mesons (D, D*, D) 50, 1236
Black holes . 1862  Charmed, strange mesons [Ds, D}, D j] 56, 1291
Bohr magneton . . . . . . . .o 000000 L0127 Charmonium system, level diagram 1498
Bohrradius . . . . . . . .. o000 o012 Cherenkov detectors
Boiling points of cryogenic gases . . . . . . . . . . . . . . 134 at accelerators . 468
Boltzmann constant . . . . . . . .. oo oL oL oL 127 differential . 469
Booklet, Particle Physics, how toget . . . . . . . . . . . . 11 ring imaging . 469
Bosons 33, 897 threshold . 468
(see individual entries for v, W, Z, g, Axions, graviton, Higgs) tracking . 468
Bottom baryons (Ag,Eb) 108, 1806 nonaccelerator
Bottom, B B° mixing, note on 1417 atmospheric . 498
Bottom-changing neutral currents, tests for . . . . . . . . . 113 deep underground . 499
Bottom, charmed meson L 75, 1495 Cherenkov radiation . 458
Bottom mesons (B, B*, Bs, B, B}) 58,1308  x2 distribution . 525
Bottom mesons, note on HFAG activities . . . . . . . . . 721 x? distribution, Monte Carlo algorithm for . 543
Bottom quark (b) 40,1042 2 distribution, table of . 524
Bottom, strange mesons 73, 1473 Xp and . mesons
Bottomonium system, level diagram . 1605 Xpo(1P) 86, 1612
Bragg additivity . . . . . . . . . . ... ... . ... .45 Xpo(2P) 87, 1622
Branes . 1862 Xp1(1P) 86, 1613
Breit-Wigner Xp1(2P) 87,1624
distribution, Monte Carlo algorithm for . . . . . . . . . 543 Xp2(1P) 86, 1615
vs pole parameters of N and A Resonances . . . . . . . . 759 Xp2(2P) 88, 1627
Bremsstarhlung by electrons . . . . . . . . . . . . . . . . 453 Xp1(3P) 88, 1632
C' (charge conjugation), tests of conservation . . . . . . . . . 113 Xeo(1P) 78, 1527
¢ (quark) 40, 1041 Xe1(1P) 79, 1536
Xe2(1P) 79, 1545

Greek letters are alphabetized by their English-language spelling. Bold page numbers signify entries in the Particle Properties Summary Tables.
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Xc0(3860) ., 1581  Cosmological density parameter, 2 . 353
Xc1(3872) 83, 1582  Cosmological equation of state . 353
Xc2(3930) [was  xc2(2P)] 83, 1586 Cosmological mass density parameter . 353
Xc1(4140) was X (4140) 83,1590  Cosmological mass density parameter of vacuum (dark energy) . 353
Xc0(4500) [was X (4500)] ., 1602  Cosmological parameters . 383
Xc0(4700) [was X (4700)] ., 1604  Cosmology 364, 352, 383, 396
Xc0,1,2 and (25, branching ratios, note on 1527  Coulomb scattering through small angles, multiple . 451
CKM mixing elements in B decay, note on . 1417 Coupling between matter and gravity . 346
Clebsch-Gordan coefficients . 564 Coupling unification . 847
CLIC . 441 Couplings, anomalous W/Z Quartic . . 906
c.m. energy and momentum vs beam momentum . 567 Couplings, anomalous ZZ~, Zv~v, and ZZV . 613
CMB-Cosmic microwave background 358, 414, 386 Couplings for photon, W, Z . 161
Collaboration databases 23 Couplings, note on the extraction of triple-gauge . 606
Collider parameters . . 440 Covariance, definition . 523
Colliders, accelerator physics of . 433 Coverage . 536
Color octet leptons 112, 1861 CP, tests of conservation . 113
Color sextet quarks 112, 1861 CP violation
Compensating calorimeters . 484 in B decay . 238
Compositeness, quark and lepton, searches 111, 1858 in K% decay . 238
Compositeness, quark and lepton, searches, note on 1858 in K 2 decays, note on 1214
Composition of the Universe . 377 in Kg — 37 decays, note on . 1204
Compton wavelength, electron . 127 overview . 238
Concordance cosmology . 384 CPT Invariance tests in neutral kaon decay 1200
Conditional probability density function . 523 CPT, tests of conservation . 113
Confidence intervals . 535 Critical density in cosmology . 128, 352
Confidence intervals, frequentist . 536 Critical energy, electrons . 453
Confidence intervals, Poisson . 538 Critical energy, muons . 457
Conservation laws . 113 Cross sections and related quantities, plots of . 590
Consistency of an estimator . 527 ete™ annihilation cross section near My . 595
Cosmic microwave background . 386 Fragmentation functions . 334
Constrained fits, procedures for 17 Nucleon structure functions . . 326
Consultants 12 Pseudorapidity distributions . 590
Conversion probability for photons to ete™ . 454 W and Z differential cross section . 590
Correlation coefficient, definition . 523 Cross sections, neutrino . 585
Cosmic background radiation (CBR) temperature . 128 Cross sections, Regge theory fits to total, table . 596
Cosmic ray(s) . 424 Cross sections, relations for . 569, 576
air showers . 428 Cryogenic gases, boiling points . 134
ankle . 429 Cumulative distribution function, definition . 522
at surface of earth . 425 Curie, unit of radioactivity . 515
background in counters . 516 d (quark) 40, 1037
composition 424 functions . 564
fuxes - 425 po-p° mixing, note on 1250
in atomosphere . 425, 428 D mesons
knee - 429 Dt . 50, 1236
primary spectra . 424 Do, 50 52, 1250
secondary neutrinos . 428 Dy (2420)° 56, 1284
underground . 427 D*(2007)0 55, 1281
Cosmological constant A . 128, 352

Greek letters are alphabetized by their English-language spelling. Bold page numbers signify entries in the Particle Properties Summary Tables.
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D*(2010)*
K (3100)

D} (2400)F

1(2420)*

D (2430)°

)

)

SR

S
=)

5(2460
D3(2460)% .

Df [was FE]

D:i [was F*¥]
D,1(2536)*

D(2550)°

D*,(2573)

D(2550)° was D(2600)
D*(2640)*

D(2740)°

D3(2750)

D(3000)°

D, 7(3040)*
D7 branching fractions, note on
Dalitz analyses, D-meson, note on .
Dalitz plot, relations for
DAO®NE (Frascati) collider parameters
Dark energy

Dark energy equation of state parameter w

Dark energy parameter, 5
Dark matter
Dark matter detectors

sub-Kelvin detectors

table .
Dark matter limits:
Dark matter, nonbaryonic
Data, averaging and fitting procedures
Data, selection and treatment
Databases, availability online
Databases, high-energy physics
Databases, particle physics
Day, sidereal .
dE/dz
Decay amplitudes (for hyperon decays)

(see p. 286 in our 1982 edition, Phys. Lett. 111B)

Decay constant, D, note on .

56, 1282
, 1235
, 1284
, 1285
, 1286

56,
56,
56,
57,
58,

1286
1287
1291
1301
1304

, 1288

58,

1305

, 1288

57,
58,
58,
58,
58,

1289
1289
1289
1290
1302
1303
1304
1305
1306
1306
1307
1307
1293
1240

. 568
. 440

353, 385, 406

. 406
. 353

360, 396, 385

. 508
. 508
. 508

. 396

16
15
21
21
21

. 128
. 446

1293

Decay constants of charged pseudoscalar mesons, note on
Decays, kinematics and phase space for
Deceleration parameter, qq
Definitions for abbreviations used in Particle Listings
o-rays .

4(980) [now called 00(980)]

A resonances (see also N and A resonances)

AB = 1, weak-neutral currents, tests for

AB = 2, tests for

AC =1, weak-neutral currents, tests for . .

AC = 2, tests for

AI = 1/2 rule for hyperon decays, test of
(see p. 286 in our 1982 edition, Phys. Lett. 111B)

AS = 1, weak-neutral currents, tests for

AS = 2, tests for A

AS = AQ rule in K9 decay, note on .

AS = AQ), tests of

AT =1, weak-neutral currents, tests for . .

Density effect in energy loss rate

Density of materials, table .

Density of matter, critical

Density of matter, local

Density parameter of the universe, g

Detector parameters

Deuteron mass

42
98,
98,
98,
98,

98,
98,
98,
99,
99,

99,

99,

99,

98,

. 700
. 567
. 353
. 886
. 449

1100
1693
1695
1696
1698
1700
1700
1701
1703
1704
1706
1707
1708
1710
1711
1711
1712
1712
1712
1713
1714
1714
1714
1715
1693

. 113
. 113
. 113
. 113

. 113
. 113

1217

. 113
. 113
. 449
. 134
. 128
. 128
. 128
. 461
. 127

Greek letters are alphabetized by their English-language spelling. Bold page numbers signify entries in the Particle Properties Summary Tables.
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Deuteron structure function . . . . . . . . . . . . . . 327, 328 volt . . .. Lo L2y
Dibaryons Electron drift velocities in liquids . . . . . . . . . . . . . . 487
(see p. VIIL.118 in our 1992 edition, Phys. Rev. D45, Part II) Electronic structure of the elements . . . . . . . . . . . . . 132
Dielectric constant of gaseous elements, table . . . . . . . . 135 Electroweak interactions, Standard Model of . . . . . . . . . 161
Dielectric suppression of bremsstrahlung . . . . . . . . . . 455 Elements, electronic structureof . . . . . . . . . . . . . . 132
DIEHARD . . . . . . . . . . . . . .. . ... ... .b42 Elements, ionization energiesof . . . . . . . . . . . . . . 132
Differential Cherenkov detectors . . . . . . . . . . . . . . 469  Elements, periodic tableof . . . . . . . . . . . . ... .13
Dimensions, extra . . . . . . . . . . . . . . . . . 112, 1862 Energy and momentum (c.m.) vs beam momentum . . . . . . 567
Directories, online, people, and organizations . . . . . . . . 21 Energy density / Boltzmann constant . . . . . . . . . . . . 128
Disk density . . . . . . . . . . . . ... ... ... 128 Energy density of CBR . . . . . . . . . . . .. ..o 128
Distance-redshift relation . . . . . . . . . . . . . . .352 383 Energy density of relativistic particles . . . . . . . . . . . . 128
Dose, radioactivity, unit of absorbed . . . . . . . . . . . . 516 Energy loss

Dose rate from gamma ray sources . . . . . . . . . . . . . 517 by electrons . . . . . . . . . . . . . . .. .. .. .452
Double-g Decay . . . . . . . . . .. ... ... ... 1014 (fractional) for electrons and positrons in lead . . . . . . 453
Double-f Decay, Limits from Neutrinoless, noteon . . . 1014 rate for charged particles . . . . . . . . . . . . . . . . 447
Double-f decay, neutrinoless, search for . . . . . . . . . . 1014 rate for muons at high energies . . . . . . . . . . . . . 457
Drift Chambers . . . . . . . . . . .. . ... ... 4AT2 rate, form factor corrections . . . . . . . . . . . . . . 447
Drift velocities of electrons in liquids . . . . . . . . . . . . 487 rate in compounds . . . . . . . . . . . . . . .. .. .45
Durham databases . . . . . . . . . . . . .. ... ... 21 rate, restricted . . . . . . . . . . . . . . . . . .. .450
Dynamical electroweak symmetry breaking . . . . . . . . . 1857 Entropy density . . . . . . . . . . . . . . . . .. .. .37
e (electron) . . . o .. 36073 Entropy density / Boltzmann constant . . . . . . . . . . . 128
¢ (natural log base) . .« . . . o127 €(1200) [now called fy(500)] . . . . . . . . . . . .. 41,1079
Charge conservation and the Pauli exclusion principle, note on € (permittivity) ... .. ... 127,135,136
(see p. VL10 in our 1992 edition, Phys. Rev. D45) €o (permittivity of free space) . . . . . . . . . . . . .127,136
ete™ average multiplicity, plot of P 10 | €1,€, €3 electroweak variables . . . . ... ... 1744174
B(1420) [now called f,(1420)] . . . . . . . ... .. 44 1129 ~Brrorfumetion oo 525
Earth equatorial radius . . . . . . . . . . .. . .. .. 128 Errors, treatment of . . . . ... 6
Earthmass . . . . . . . . . . . . . ... ... ... .128 Estimator ... 92T
Education databases . . . . . . . . . . . ..o 22 MMESON e 4L 10T
Efficiency of an estimator . . . . . . . . . . . . . . . . . 527 nI205) - 48,18
Electric charge (Q) conservation . . . . . . . . . . . .. . 113 n(1405) [was ((1440)} . 44,1126
Electrical resistivity of elements, table . . . . . . . . . . . 135 n(1440), note on .. 26
Electromagnetic n(958) . . ... 42,1092
calorimeters . . . . . . . . . . . ... .. .. .. .483 NIATS) e 44,136
interactions of N and A baryons (review) . . . . . . . . . 760 n(1645) e 45 1T
penguin decays, noteon . . . . . . . . . . . .. ... 715 pI760) - 6
relations . . . . . . . . ..o ..o 136 m(I870) e, 166
shower detectors, energy resolution . . . . . . . . . . . 483 M2225) e T8
showers, lateral distribution . . . . . . . . . . . . . . 457 Me(18) oo 75, 1498
showers, longitudinal distribution . . . . . . . . . . . . 456 Re(28) e 80,1556
Electron . . . . . . . . . ... . ... ... ... 36,973 mLS) e 85,1605
and photon interactions in matter . . . . . . . . . . . . 452 M(28) 61T
charge . . . ior Excitation energy . . . . . . . . . . . . . ... ... . 448
critical energy L s Excited lepton searches . . . . . . . . . . . . . .. 112,/1859

eyclotron frequency/field . . . . . . . .. ... .. .. 127 (see p. VIIL58 in our 1992 edition, Phys. Rev. D45, Part II)
Mass . . . . ... 12736 Expansion of the Universe . . . . . . . . . . . . . . . . .353
radius, classical . . . . . ... . ... ... 197 Expectation value, definition . . . . . . . . . . . . . . . . 522
Experiment databases . . . . . . . . . . . .. . .. .. 23
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. . . =0 . .
Experimental issues in BO-B mixing, note on

Experimental tests of gravitational theory

Extensions to the cosmological standard model .

Extra Dimensions

o+ fpts fre—s fr— decay constants
F f messon resonances
F* [now called Df]
F*% [now called D:i]
f0(500) [was €(1200)] . .
f0(980) [was S(975) or S*]
(1370)
(1500) . . . . . .
0(1710) [was 0(1690)]
1 (1285)
£1(1420) [was E(1420)]
£1(1420), note on .
f1(1510), note on .
(1270)
(1430)
(1510)
5 (1565)
£(1640)
£(1810)
£(1910)
1950)
)
)
)
)
)
)
)

>

= S o

(

(

(

(

(2010) [was g7(2010)]
fo(2100

(2150

(2200 e
/2(2300) [was g/(2300)]
fo(2330 Lo
12(2340) [was g/(2340)]
f’2(1525) [was f'(1525)]
£1(2050) [was h(2030)]

f5(2510)
Fy structure function, plots

Fermi coupling constant

Fermi plateau

Feynman’s « variable

Field equations, electromagnetic

Fine structure constant

Fit to Z electroweak measurements

Fits to data

Flatness of Universe

Flavor-changing neutral currents, tests for
Fluorescence, atmospheric

Fly’s Eye

. 725
. 346
. 384
112, 1862

. 700

56, 1291
57, 1301
41, 1079
42, 1097
43,1123
44, 1137
45, 1159
43, 1115
44, 1129

1126
1126

43, 1112
oL, 1132
.., 1140
., 1143

., 1146

., 1163

., 1167
46, 1168
46, 1169

.., 1173

.., 1173

oL 1T
46, 1179

.., 1180
46, 1180
44, 1141
46, 1171

., 1181
. 326
127
. 449
. 569
. 136
127
. 908

16

. 128
113

. 496

. 429, 496

Forbidden states in quark model . . . . . . . . . . . . . . 138
Force, Lorentz . . . . . . . . . . . . .. ... .. .. .136
Form factors, Ky3, noteon . . . . . . . . . . . . . . . . 1196
Form factors, # — fvy and K — fvy,noteon . . . . . . . 1070
Fourth generation (b') searches . . . . . . . . . . . . 40,1058
Fractional energy loss for electrons and positrons in lead . . . 453
Fragmentation functions . . . . . . . . . . . . . .. .. 334
Fragmentation, heavy-quark . . . . . . . . . . . . . . . . 340
Fragmentation in ete™ annihilation . . . . . . . . . . . . 334
Fragmentation, longitudinal . . . . . . . . . . . . . . . . 336
Fragmentation models . . . . . . . . . . . . . .. .. .338
Free quark searches . . . . . . . . . . . . . . . .. 40,1061
Frequentist statistics . . . . . . . . . . . . .. ... . .53
Friedmann-Lemaitre equations . . . . . . . . . . . . . . . 352
g (gluon) . . . . . .. . ..o .. ... .. 33,898
9(1690) [now called p3(1690)] . . . . . . . . . . . . 45,1152
97(2010) [now called f5(2010)] . . . . . . . . . . . . 46,1169
g'r(2300) [now called f5(2300)] . . . . . . . . . . .. 46,1179
g'71(2340) [now called f5(2340)] . . . . . . . . . . . . 46,1180
gy, ga vector, axial vector couplings . . . . . . . . . . . . 161
Galaxy clustering . . . . . . . . . . . . . .. . ... .38
Galaxy power spectrum . . . . . . . . . . . . . . .. . .387
v (Euler constant) . . . . . . . . ... ..o 127
~ (photon) . . . . . .. .. ... .. .. ... .. 33,897
v-rays, from radioactive sources . . . . . . . . . . . . . . 521
Gamma distribution . . . . . . . . . . . . . . . . . . .525
Gamma distribution, Monte Carlo algorithm for . . . . . . . 543
Gamma distribution, tableof . . . . . . . . . . . . . . . 524
Gas-filled detectors . . . . . . . . . . .. ... .. .. .470
electron drift velocity . . . . . . . . . . . . . . . . .470
gas properties . . . . . . . . . . . . . . . . .. .. .47
high rate effects . . . . . . . . . . ... ... .. . .473
mobility of ions . . . . . . . ..o o Lo 4T]
Townsend coefficient . . . . . . . . . . . . . .. .. .47
Gauge bosons . . . . . . . . . . . . . . ... ... 33,897
(see individual entries for v, W, Z, g, Axions, graviton, Higgs)
Gauge couplings . . . . . . . . . . ... ... ... .16l
Gaussian confidence intervals . . . . . . . . . . . . . . . 537
Gaussian distribution, Monte Carlo algorithm for . . . . . . . 543
Gaussian distribution, Multivariate . . . . . . . . . . . . . 525
Gaussian ellipsoid . . . . . . . . . . . . .. ... .. .525
Gluino searches 111, 1847
gluon, g . . . . . . . . . . . . .. ... ... ... 332898
Grand unified theories . . . . . . . . . . . . . . ... . 847
Gravitational
accelerationg . . . . . . . . . ... .. oL 127
constant G . 127,128

Greek letters are alphabetized by their English-language spelling. Bold page numbers signify entries in the Particle Properties Summary Tables.



Index 1889
field in the weak field regime, dynamical tests . 347 Inconsistent data, treatment of . 17
lensing . 359, 387 Independence of random variables . 523
theory, experimental tests of . 346 Inflation of early universe 364, 357, 383
Gravitons 1862  Information horizon . 355
Gravity in extra dimensions 1862  Inorganic scintillators . 465
Gray, unit of absorbed dose of radiation . 515 Inorganic scintillator parameters . 464
GUTs . . . 847  International System (SI) units . 130
70 (Higgs boson) 34, 925 INTERNET address for comments 11
h(2030) [now called  f,(2050)] 46,1171 ntroduction 1
hy (1170) [was H(1190)] 43,1109 Inverse transform method in Monte Carlo . 542
hy (1595) 1145 Tonization energies of the elements . 132
hy(1P) o 86, 1615 Tonization energy loss at minimum, table . 134
Hadron (average) multiplicities in eTe™ annihilation events . 591 Tonization yields for charged particles - 4l
Hadronic 1(1440) [now called n(1405)] 44,1126
calorimeters . 484  Jansky . 128
flavor conservation . 113 J/9(18) or ¥(1S) 76, 1505
shower detectors - a8 K stable mesons (see meson resonances below)
Half-lives of commonly used radioactive nuclides . 921 Kt 46, 1188
Halo density . 128 KO, 70 47, 1200
Harrison-Zel’dovich effect . 383 K% 48, 1205
Heavy boson searches 34, 944 K% 47,1201
Heavy lepton searches . 38, 1005 K stable mesons, notes therein
Heavy-quark fragmentation - 340 Kg C P-violation parameters, fits for, note on 1214
HERA (DESY) collider parameters - 443 K decay, CPT invariance tests in neutral . . 1200
Higgs boson physics - 180 K9 decay, note on AS = AQ rule in 1217
Higgs boson in Standard Model . 161, 171 K% decay, C'P violation in 938
Higgs boson mass in electroweak analyses . 171-174 K3 form factors, note on . 1196
Higgs, Mg, constraints on . . 171-174 K mass, note on 669
Higgs production in eTe™ annihilation, cross-section formula . . 578 K rare decay, note on 1188
Higgs searches 34, 931 K — (vy form factors, note on 1070
History of measurements, discussion 18 K — 37 Dalitz plot parameters, note on 1195
Hubble constant (expansion rate) . - 128 K% — 37 decay, note on CP violation in 1204
Hubble constant Ho - 383 K, K* meson resonances
Hubble expansion . 353 K (700) 49, 1219
Hyperon baryons (see A and ¥ baryons) 99, 1716 K*(892) 49,1220
Hyperon decays, nonleptonic decay amplitudes K (1460) 1228
(see p. 286 in our 1982 edition, Phys. Lett. 111B) K (1580) 1229
Hyperon decays, test of AI = 1/2 rule for K*(1410) 49,1225
(see p. 286 in our 1982 edition, Phys. Lett. 111B) K*(1680) [was K*(1790)] 49,1230
Hyperon radiative decays, note on . 1770 K8(1430) [was x(1350)] 49,1225
ID particle codes for Monte Carlos 560 K1(1270) [was  Q(1280) or Q1] 49, 1223
Ideograms, criteria for presentation 17 K7(1400) [was  Q(1400) or Q2] 49, 1224
Imaging Cherenkov detectors . 469 K(1630) ., 1229
Impedance, relations for . 137 K1(1650) ., 1229
Importance sampling in Monte Carlo calculations . 542 K5(1770) [was L(1770)] 49, 1230
Inclusive hadronic reactions . 578 K (1830) ., 1232
Inclusive reactions, kinematics for . 569 K5(1820) 50, 1232
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Kaluza-Klein states

Kaon (see also K)

Kaon decay, C PT invariance tests in neutral .

Kaon rare decay, note on

£(1350) [now called K{(1430)]
KEKB collider parameters .
Kinematics, decays, and scattering
Knock-on electrons, energetic

Kobayashi-Maskawa (Cabibbo-) mixing matrix

L(1770) [now called K5(1770)]

Lagrangian, standard electroweak

A, cosmological constant

ACDM (cold dark matter with dark energy)

NV}
—
—_
(=]

A(2585) Bumps

A and ¥ baryons
Listings, A baryons
Listings, ¥ baryons

1430) [was K*(1430)]

1780) [was K*(1780)]
2045) [was K*(2060)]

49,

49,
50,

46,

49,

49,

1226
1233
1233
1231
1233
1234
1234
1235
1235
1235
1196
1862
1188
1200
1188
1225

. 442
. 567
. 449
. 229

1230

. 161

. 128, 352

99,
99,
99,

100,

100,

100,

100,
100,
100,
100,
100,

100,
100,

100,

99,

. 384

1716
1718
1720
1722
1722
1724
1725
1725
1726
1728
1729
1730
1732
1733
1734
1734
1735
1736
1736
1737
1716
1716
1738

Status of (review)
AL
A,(2595)F
A,(2625)F
A,(2860)T
Lagged-Fibonacci-based random number generator
Landau-Pomeranchuk-Migdal (LPM) effect
Large-scale structure of the Universe
Least squares
Least squares with nonindependent data
LEP (CERN) collider parameters
Lepton conservation, tests of .
Lepton family number conservation
Lepton (heavy) searches .
Lepton mixing, neutrinos (massive) and, search for
Lepton, quark compositeness searches
Lepton, quark substructure searches

Leptons

. 764
103, 1783
104, 1789
104, 1790
105, 1791
. 542

. 455

. 360

. 529

. 529

. 441

. 113

. 113

38, 1005
38, 1016
111, 1858
111, 1858
36, 973

(see individual entries for e, i, 7, and neutrino properties)

Leptons, weak interactions of quarks and
Leptoquark review

Lethal dose from penetrating ionizing radiation
LHC (CERN) collider parameters

Light boson searches

Light neutrino types, number of

. 161, 173
. 951

. 516

. 444

. 957

38, 1013

Light neutrino types from collider expts., number of, note on 1013

Light, speed of
Light year
Lineshape of Z boson

Liquid ionization chambers, free electron drift velocity

Local group velocity relative to CBR
Longitudinal fragmentation
Longitudinal structure function, plots of .
Lorentz force
Lorentz invariant amplitudes .
Lorentz transformations of four-vectors
Low-noise electronics
Low-radioactivity background techniques
cosmic rays
cosmogenic
environmental
neutrons
radioimpurities
radon
Luminosity conversion
Luminosity distance dj,

Ly« forest

. 127
. 128
. 608
. 487
. 128
. 336
. 331
. 136
. 567
. 567
. 481
. 511
. 513
. 513
. 511
. 513
. 512
. 512
. 128
. 354
. 358
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Index 1891
Magnetic moments, baryon, note on . . 763 Momenta, measurement of, in a magnetic field . 492
Magnetic Monopole Searches 111, 1823 Momentum — c.m. energy and momentum
Magnetic Monopoles, note on 1823 vs beam momentum . 567
Mandelstam variables . 569 Momentum transfer, minimum and maximum . 567
Marginal probability density function . 523 Monopole searches 111, 1823
Mass attenuation coefficient for photons . 455 Monopole searches, note on 1823
Massive neutrinos and lepton mixing, search for . . . . 38,1016  Monte Carlo envent generators . 546
Materials, atomic and nuclear properties of . 134 Monte Carlo neutrino envent generators . 557
Matter, passage of particles through . 446 Monte Carlo particle numbering scheme . 560
Maximum energy transfer to e~ . 447 Monte Carlo techniques . 542
Maximum likelihood . 528 WIS renormalization scheme (Standard Model) . 161
Maxwell equations . 136 p (muon) 36, 974
Mean energy loss rate in Hy liquid, He gas, C, Al, Fe, Sn, and o (permeability of free space) . 127, 136
Pb, plots . 448 Multibody decay kinematics . 569
Mean excitation energy . 448 Multiple Coulomb scattering through small angles . 451
Mean range in Hy liquid, He gas, C, Fe, Pb, plots . 447 Multiplets, meson in quark model . 287
Median, definition . 522 Multiplets, SU(n) . 566
Meson multiplets in quark model . 287 Multiplicities, average in ete™ interactions, table of . 591
Mesons . . . . . . . . . . . . . . . .. . .. .. 41,1069 Multiplicity, average in eTe™ interactions, plot of . 591
bb mesons 85, 1605 Multiplicity, average in pp and pp interactions, plot of . . 591
Bottom, charmed mesons . . . . . . . . . . . . . 75 1495 Multivariate Gaussian distribution . 525
Bottom mesons . . . . . . . . . . .. ... .. 581308 Mulitvariate Gaussian distribution, table of . 524
Bottom, strange mesons . . . . . . . . . . . . . 73,1473  Multi-wire proportional chamber (see also MWPC) . 472
cémesons . . . . . . . . . . . . . . . .. .. 75,1498  Muon 36, 974
Charmed, bottom meson . . . . . . . . . . . . . 75 1495 anomalous magnetic moment, note on . 975
Charmed mesons . . . . . . . . . . . . . ... 75 1498 critical energy . 457
Charmed, strange mesons 56, 1291 decay parameters, note on . 976
Nonstrange mesons . . . . . . . . . . . . . . . 41,1069 energy loss rate at high energies . 457
Strange mesons . . . . . . . . . . . . . . . . . 46,1188 22 . . 975
Mesons, stable . . . . . . . . . . . . . . .. ... 41,1069 range/energy in rock . . 427
(see individual entries for 7, , K, D, Ds, B, and By) MWPC, Multi-wire proportional chamber . 472
Metric prefixes, commonly used . 130 drift chambers . 472
Michel parameter p . . . . . ... . . . . . .. 36,1002 maximum wire tension . 472
Micro-pattern gas detectors (MPDG) . 473 wire stability . 472
gas electron multiplier (GEM) . 473 n (neutron) 94,1652
micro-mesh gaseous structure (MicroMegas) . 474 n-body differential cross sections 569
micro-strip gas chamber . 474 n-body phase space 567
Microwave background . 358 N(1440) 95, 1657
Minimum ionization . 448 N (1520) 95, 1659
Minimum ionization loss, table . 134 N(1535) 95, 1661
MIP (minimum ionizing paliiocle) . 448 N (1650) 95, 1663
Mistag probabilities in B°~B" mixing, note on . 726 N(1675) 95, 1664
Mixing angle,_z;veak (sin? Oyy) 127, 161, 172 N (1680) 95. 1666
Mixing, BO EO, note on . 1417 N(1700) 96, 1668
Mixing, D°-D", note on . 1250 N(710) 96, 1670
Mixing studies, Bg, note on . T27 N(1720) 96, 1672
Molar volume . 127 N(1860) 1674
Moliere radius . 456
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N and A resonances

Breit-Wigner vs pole parameters of .

Electromagnetic interactions (review) .

Listings, N resonances

Status of (review)

N* resonances (see N and A resonances)

Names, hadrons
Neutral-current parameters, values for
Neutralino as dark matter
Neutrino(s)

from cosmic rays

mass, cosmological limit

mass, mixing, and oscillations, note on

masses

(massive) and lepton mixing, search for

mixing

oscillation searches
properties

solar, review

types (light), number of

96, 1675
96, 1676
96, 1678
97, 1679
1681
1682
1683
97, 1684
97, 1685
97, 1686
97, 1688
97, 1689
97, 1690
1691
1691
98, 1691
1691
1692
95, 1657
. 759

. 760
1657

. 759
95, 1657
15, 138
173

. 352
36, 973
. 498

. 387

. 251

. 847
38, 1016
38, 1016
38, 1016
38, 1006
. 251
38, 1013

types (light) from collider experiments, number of, note on 1013

Neutrino cross section measurements

Neutrino detectors (deep, large, enclosed volume)

heavy water
liquid scintillator
table of detectors
water-filled
Neutrinos in cosmology
Neutrino Monte Carlo envent generators

Neutrino mass density parameter, €2,

. 585
. 499
. 501
. 499
. 499
. 500
. 390

Neutrinoless double-$3 decay, search for
Neutron

Neutrons at accelerators .

Neutrons, from radioactive sources
Newtonian gravitational constant G
Nomenclature for hadrons
Nonbaryonic dark matter

Normal distribution

Normal distribution, table of .
Neutrino Mixing

Neutrino Properties

vN and 7N cross sections, plot of

1014
94, 1652
. 516

. 521
o128
15, 138

. 377

. 524

. 524
38, 1016
38, 1006

(see p. IIL.75 in our 1992 edition, Phys. Rev. D45, Part II)

Nuclear collision length, table

Nuclear interaction length, table

Nuclear magneton

Nuclear (and atomic) properties of materials
Nucleon decay

Nucleon resonances (see N and A resonances)
Nucleon structure functions, plots of
Nuclides, radioactive, commonly used
Number density of baryons

Number density of CBR photons

Numbering scheme for particles in Monte Carlos

Occupational radiation dose, U.S. maximum permissible
Omega baryons (2 baryons)
0
£2(2250)~
£2(2380)~
£2(2470)~
), cosmological density parameter
Qdm, dark matter density
Q, scaled cosmological constant
Qm, mass density parameter
Q,, neutrino mass density parameter
Qm + Qp
Qtot, total energy density of Universe
Qy, vacuum energy parameter
w(782)
w(1420)
w(1650)
w3(1670) e
Opposite-side tag in BOB° mixing, note on
Organic scintillators
Organization of Particle Listings and Summary Tables
Oscillation analyses in B*B° mixing, note on

Oscillation parameters, three-flavor, note .

. 134
. 134
. 127
. 134
. 847
95, 1657
. 326
. 521
. 128
. 128
. 560

. 516
103, 1780
103, 1780
103, 1781
1781
1782

. 353

. 385

. 128, 353
. 128, 353
. 383
o128

. 128, 388
. 353

42, 1087
44, 1131
45, 1147
45,1148
. 726

. 464

11

. 725
1020
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Index 1893
P (parity), tests of conservation . 113 70 41, 1071
p (proton) 94, 1643 m(1300) e 43, 1119
pp, Ppp average multiplicity, plot of . 591 m9(1670) [was A(1680) or As] . . . . 45,1149
pp, pn, and pd cross sections, plots of . 590 Pion 41, 1069
pp Planck constant . 127
average multiplicity, plot of . 991 Planck mass . 128
pseudorapidity . 590 Plasma energy . 446
Parameter estimation . 527 Plastic scintillators . 464
Parity of ¢g states . 287 Poisson distribution . 524
Parsec . 128 Poisson distribution, Monte Carlo algorithm for . 543
Particle detectors . . 461 Poisson distribution, table of . . 524
Particle detectors for non-accelerator physics . . 496 Potentials, electromagnetic . 136
Particle ID numbers for Monte Carlos . . 560 Prefixes, metric, commonly used . 130
Particle Listings, organization of 11 Primary spectra, cosmic rays . 424
Particle nomenclature . 15, 138 Probability . 522
Particle Physics Booklet, how to get 11 Probability density function, definition . 522
Particle symbol style conventions . 138 Production and spectroscopy of b-flavored hadrons, note on L7111
Parton distributions . 321 Propagation of errors . 531
Passage of particles through matter . 446 Properties (atomic and nuclear) of materials . 134
Pauli exclusion principle, charge conservation, note on Proton (see p) 94, 1643
(see p. VL.10 in our 1992 edition, Phys. Rev. D45) Proton cyclotron frequency /field . 127
Pentaquarks 109, 1819 Proton decay . 847
P,(4380)T 109, 1819  Proton mass 94, 127
P,(4450)" 109, 1819  Proton structure function . 318
Penguin decays, electromagnetic, note on . 715 Proton structure function, plots . 326, 329
Periodic table of the elements . 131 Pseudorapidity distribution in pp interactions, plot of . 590
Permeability pg of free space . 127, 136 Pseudorapidity 1, defined . 569
Permittivity ey of free space . 127, 136 Pseudoscalar mesons, decay constants of charged, note on . 700
Phase space, Lorentz invariant . 567 1) mesons
Phase space, relations for . 567 P(1S) = J/¢(18) 76, 1505
$(1020) 42,1101 »(29) 80, 1558
¢(1680) 45,1151 1(2S) and xc0,1,1, branching ratios, note on 1527
¢3(1850) [was X (1850)) 46, 1165 ¥(3770) 82, 1574
#(2170) 46, 1176 15(3823) 83, 1581
Photon 33, 897 1(4040) 83, 1587
and electron interactions with matter . 452 1(4160) 84, 1591
attenuation length . . 454 1 (4230) was X (4230) ., 1594
collection efficiency, scintillators . 464 1(4260) aka Y (4260); was X (4260) 84, 1595
coupling . 161 1(4360) aka Y (4360); was X (4360) 84, 1599
cross section in carbon and lead, contributions to . 454 1(4390) ., 1600
pair production cross section . 455 1(4415) 84, 1600
to ete™ conversion probability . 454 1(4660) aka Y (4660); was X (4660) 85, 1603
total cross sections (C and Pb) . 454  Pulsars, binary . . 348
Physical constants, table of 12T 0(1280) or Q1 [now called K, (1270)] 49, 1223
m, value of .. 12T 0(1400) or Qo [now called K, (1400)] 49, 1224
m = fvy form factors, note on 1070 and structure functions . 319
Trmesons Quantum mechanics in BB’ mixing, note on . . 725
7t 41, 1069
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Quantum numbers in quark model . 287
Quarks 40, 1037
and lepton compositeness searches 111, 1858
and lepton substructure searches 111, 1858
current masses of 161, 1037
fragmentation in eTe™ annihilation, heavy . 340
and leptons, weak interactions of . 161, 173
mass, note on 1037
model . 287
model assignments . 287
model, dynamical ingredients . 294
properties of . 287
Quark searches, free 1061
R function, eTe™ collisions, plot of . 593
Rad, unit of absorbed dose of radiation . 515
Radiation
Cherenkov . 458
damage in Silicon detectors . 480
-dominated epoch . 356
length . 452
length of materials, table . 134
lethal dose from . 516
weighting factor . 515
Radiative corrections in Standard Model . 161
Radiative decays, hyperons, note on . 1770
Radiative loss by muons . 457
Radioactive sources, commonly used . 521
Radioactivity
and radiation protection . 515
at accelerators . 517
natural annual background . 516
unit of absorbed dose . 515
unit of activity . 515
Radioactivity, low-radioactivity background techniques . 511
cosmic rays . 513
cosmogenic . 513
environmental . 511
neutrons . 513
radioimpurities . 512
radon . 512
Radon, as component of natural background radioactivity . 516
Random angle, Monte Carlo algorithm for sine and cosine of . 543
Random number generators . 542
RANLUX . 542
Rapidity . 569
Rare B decays, note on . T14
R.((4240) was X (4240) , 1595
Redshift . . 352

Refractive index of materials, table

Regge theory fits to total cross sections, table

Re-ionization of the Universe
Relativistic kinematics

Relativistic rise

Relativistic transformation of electromagnetic fields .

Renormalization in Standard Model
Representations, SU(n)
Resistive plate chambers
Resistivity, electrical, of elements, table
Resistivity of metals
Resistivity, relations for
Resonances (see Mesons and Baryons)
Restricted energy loss rate, charged particles
RHIC (Brookhaven) collider parameters
p mesons

p(770)

p(770), note on .
p(1450)
p(1450) and p(1770), note on .

p(1570)

p3(1690) [was ¢(1690)]

p(1700)

p(1900)

p3(1990)

p(2150)

p3(2250)

p5(2350)

p parameter of electroweak interactions

p parameter in electroweak analyses (Standard Model)

pe, critical density

Ring-Imaging Cherenkov detectors
Robertson-Walker metric
Robustness of an estimator

RPC (Resistive Plate Chambers)
Rounding errors, treatment of

Rydberg energy

s (quark)

S, T,U electroweak variables

41,

44,

45,
45,

L)

40,

(see p. VIIL.58 in our 1992 edition, Phys. Rev. D45, Part II)

S(975) or S* [now called f,(980)] .
S-matrix approach to Z lineshape .
S-matrix for two-body scattering
Sachs-Wolfe effect

Same-side tag in B*B° mixing, note on .
Scalar mesons, note on

Scale factor, definition of

42,

. 134
. 596
. 387
. 567
. 449
. 136
. 161
. 566
. 478
. 135
. 137
. 137

. 450
. 444

1081
1081
1133
1155
1144
1152
1155
1166
1169
1175
1178
1180

. 173
. 173
. 128
. 469
. 352
. 527
. 478

18

. 127

1037

174, 174

1097

. 908
. 567
. 386
. 726

1079
16
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Scaled cosmological constant, {2x
Scaled Hubble constant
Schwarzschild radius of the Earth
Schwarzschild radius of the Sun
Scintillator parameters

Sea-level cosmic ray fluxes

Searches:

Axion searches

Searches (cont.)

Color octet leptons

Color sextet quarks

Compositeness, quark and lepton, searches
Excited lepton searches

Fourth generation (b') searches

Free quark searches

Gluino searches

Heavy boson searches

Heavy lepton searches

Higgs searches

Lepton (heavy) searches

Lepton mixing, neutrinos (massive) and, search for
Lepton, quark compositeness searches
Lepton, quark substructure searches

Light boson searches

Light neutrino types, number of . .
Magnetic Monopoles

Massive neutrinos and lepton mixing, searches
Monopole searches .

Neutrino oscillation searches

Neutrino, solar, experiments

Neutrino types, number of

Neutrinoless double-§ decay searches
Neutrinos (massive) and lepton mixing, search for
Quark and lepton compositeness searches .
Quark and lepton substructure searches
Quark searches, free

Solar v experiments

Substructure, quark and lepton, searches
Supersymmetric partner searches
Technicolor, review of

Techniparticle searches

W' searches, note on .

Weak gauge boson searches

7' searches, note on

Selection and treatment of data
Shower detector energy resolution
Showers, electromagnetic, lateral distribution of

Showers, electromagnetic, longitudinal distribution of

. 128, 353
. 128, 353
. 128
. 128
. 464
. 424

35, 957

112, 1861
112, 1861
111, 1858
112, 1859
40, 1058
40, 1061
111, 1847
34, 944
38, 1005
34, 931
38, 1005
38, 1016
111, 1858
111, 1858
35, 957
38, 1013
111, 1823
38, 1016
111, 1823
38, 1016
. 251

38, 1013
1014

38, 1016
111, 1858
111, 1858
40, 1061
. 251
111, 1858
111, 1825
1857
111, 1857
. 944

34, 944

. 047

15

. 483

. 457

. 456

ST units, complete set

Sidereal day

Sidereal year .

Sievert, unit of radiation dose equivalent

+

o,R function, e"e™ collisions, plot of

Y baryons (see also A and ¥ baryons)

X (2455)
Silicon detectors, radiation damage
Silicon particle detectors
Silicon photodiodes
Silicon strip detectors
sin? Oy, weak-mixing angle
Sloan Digital Sky Survey (SDSS)
Solar
equatorial radius
luminosity

mass .

. 130
. 128

. 128

. 515

. 593
101, 1738
101, 1738
101, 1740
101, 1741
101, 1743
., 1745

., 1746

., 1746

., 1747

., 1748
101, 1748
101, 1750
. T67
1753
1753
101, 1753
1755
101, 1756
1758
1759
102, 1760
1762
1763
102, 1763
1765
1766
1766
102, 1766
1767
1767
1767
1768
105, 1792
. 480

. 479

. 479

. 479
127, 161, 172
. 387

. 128
. 128
. 128
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v experiments .

radius in galaxy

velocity in galaxy

velocity with respect to CBR
Solenoidal collider detector magnets
Sources, radioactive, commonly used
Specific heats of elements, table
Spectroscopy of b-flavored hadrons, note on
Speed of light
Spherical harmonics
Spin-dependent structure functions
Standard cosmological model
Standard Model of electroweak interactions
Standard Model predictions in BOB°
Standard particle numbering for Monte Carlos
Statistical procedures
Statistical significance in B° B° mixing, note on
Statistics
Stefan-Boltzmann constant
Stopping power
Stopping power for heavy-charged projectiles
Strange baryons
Strange, bottom meson
Strange, charmed mesons
Strange mesons
Strange quark (s)
Strangeness-changing neutral currents, tests for
Structure functions
Student’s ¢ distribution
Student’s ¢ distribution, Monte Carlo algorithm for
Student’s ¢ distribution, table of
SU(2)x U(1)

SU(3) classification of baryon resonances

wn

U(3), generators of transformations

wn

®3)

®3)

U(3) isoscalar factors

SU(3) representation matrices

SU(6) multiplets

SU(n) multiplets

Substructure, quark and lepton, searches
Substructure, quark and lepton, searches, note on

Summary Tables, organization of

Sunyaev-Zel’dovich effect

Superconducting solenoidal magnet

Supernovae, Type Ia and Type II supernovae

Supersymmetric partner searches

Supersymmetry, electroweak analyses of

Superweak model of C'P violation .

Survival probability, relations for

mixing, note on .

. 251
. 128

. 128

. 128

. 490

. 521
135
711

. 128

. 564

. 332

. 384

. 161
725

. 560

16

. 726

. 527
127

. 447

. 446
99, 1716
73, 1473
56, 1291
46, 1188
40, 1037
113

. 566
111, 1858
1858

11

. 383

. 490

. 386
111, 1825
174
1214

. 567

Symmetry breaking
Synchrotron radiation .

Systematic errors, treatment of .

t (quark)
t' quark (4" generation), searches for,
T (time reversal), tests of conservation
Tags in B*B° mixing, note on .
7 lepton
7 branching fractions, note on .
T-decay parameters, note on .
T polarization in Z decay
Technicolor, electroweak analyses of
Technicolor, review of .
Techniparticle searches
Temperature of CBR
TEVATRON (Fermilab) collider parameters
Thermal conductivity of elements, table
Thermal expansion coefficients of elements, table
Thermal history of the Universe
0(1690) [now called fy(1710)] .
Oy, weak-mixing angle
Thomson cross section
Three-body decay kinematics
Three-body phase space
Threshold Cherenkov detectors .
Time-projection chambers (TPC)
Time-projection chambers (TPC) (non-accelerator)
Top-changing neutral currents, tests for
Top quark (t)
Top quark, note on .
Top quark mass from electroweak analyses .
Toroidal collider detector magnets
Total cross sections, table of fit parameters
Total energy density of Universe, {2tot
Total lepton number conservation
TPC, Time-projection chambers
TPC, Time-projection chambers (non-accelerator)
Tracking Cherenkov detectors
Transformation of electromagnetic fields, relativistic
Transition radiation A
Transition radiation detectors (TRD)
Triangles, unitarity, note on
Triple gauge couplings, note on the extraction of
Tropical year
Two-body decay kinematics
Two-body differential cross sections .

Two-body partial decay rate

. 847,161
. 137
16

40, 1044
40, 1060
113

. 726
36, 978
. 983
1002

. 608
174
1857
111, 1857
. 128

. 443

. 135

. 135

. 355
45, 1159
127, 161, 172
127

. 567

. 567

. 468

. 475

. 506

. 113
40, 1044
1044

. 170

. 492

. 596

. 388

. 113

. 475

. 506

. 468

. 136

. 458

. 476

. 229

. 606

. 128

=

. 567

I

. 567

=

. 567
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Index 1897

Two-body scattering kinematics . . . . . . . . . . . . . . 567 and coupling to fermions . . . . . . . . 33,127, 163, 170, 172
Two-photon processes in ete™ annihilation . . . . . . . . . 577 W: Triple gauge couplings, note on the extraction of . . . . . 606
wo(quark) .. ... 40,1037 W and Z differential cross section . . . . . . . . . . . . . 590
Ultra-high-energy cosmic rays . . . . . . . . . . . . . . . 429 w, dark energy equation of state parameter . . . . . . . . . 353
Underground cosmic rays . . . . . . . . . ... ... . . 497 W’ searches, noteon . . . . . . . . . . . . .. .. ...94
Unified atomic mass wnit . . . . . 197 WMAP, NASA’s Wilkinson Microwave Anisotropy Probe . . . 386
Unified theories, grand . . . . . . . . . . . . . . .. . .847 Weak boson searches . . . . .. ........... 34,944
Uniform distribution, table of . . . . . . . . . . . . .. .54 Weak neutral currents, tests (AB=AC=AS=AT=1) .. 113
Units and conversion factors . . . . . . . . . . . . . . . 127 Weinberg angle (SmZ bw) 127161
Units, electromagnetic . . . . . . . . .. .. ... ... 136 Width determinations of T states, noteon . . . . . . . . . . 752
Units, ST, complete set . . . . . . . . ... ... ... .130 Width of W and Z bosons . . . . . . . . . .. ... ...170
Universe Wien displacement law constant . . . . . . . . . . . . . . 127
ageof . . . .. ... ... ... 128 352 354, 388 WIMPs (also see dark matter limits) . . . . . . . . . . . . 398
baryon demsity of . . . . . . . . . . . ... .. 128377 Wire chambers . . . . . . . . .. . ..o 0L .. 470
composition . . . . . . . . . . . ... .. .. .3b54,377  zFj structure function, plotsof . . . . . . . . . . . . . .33
cosmological propertiesof . . . . . . . . . . . . . . . 352 x variable (of Feynman’s) . . . . . . . . . . .. .. . . .569
cosmological structure . . . . . . . . . . . . . ... .35 X mesons
critical density of . . . . . . . . ... . ... ....128 X (1835) ., 1164
curvatureof . . . . . . . . . . . . . . .. . ... .35 X (1840) ., 1165
density fluctuations . . . . . . . . .. ... ... .. 359 X (1850) [now called ¢3(1850)] . . . . . . . . . . 46,1165
density parameter of . . . . . . . . . . . .. ... .. 128 X (3915) 83, 1585
entropy density . . . . . . . . . . . . . ... . ... 357 X (4020) 83, 1587
(Hubble) expansion of . . . . . . . . . . . . . . .352 383 X(4050)F . . .., 1590
large-scale structure of . . . . . . . . . . . . . . .354,360 X(4055)F . .., 1590
mMass-energy . . . . . . . . oo ..o 396 X (4160) ., 1593
matter-dominated . . . . . . . . . . . ... . ... . 358 X(4250)F . .. 1595
phase transitions . . . . . . . . . . . . . . . ... .357 X (4350) ., 1598
radiation content at early times . . . . . . . . . . . . . 356 X(5568)F . . . . ... .,1493
thermodynamic equilibrium . . . . . . . . . . . . . . . 356 Ebaryons . . . . . . . . . . .. . .. ... ... 102, 1769
thermal history of . . . . . . . . . . . .. .. ... .35 = resonances, noteon . . . . . . . . . . . . . . . . .T769
T states, width determinations of, noteon . . . . . . . . . . 752 =0 102, 1769
ras) ... ... ... ... . ....... 851606 g~ 102, 1770
res) ... ... ... ... ... ... 871618 Ej 105, 1794
To(1D) [was Y(AD)] . . . . . . .. . ... ... 87,1622 =9 106, 1796
T(3S) . . ... 88,1629 =t 106, 1797
T(4S) [aka Y(10580)]] . . . . . . . . . ... .. 881633 Z0 106, 1797
r(10860) . . . . . . . . . . . .. .. .. .... 891637 Z.(2645) 106, 1798
T11020) . . . .. ... ... .. ... ..... 891640 Z,(2790) 106, 1798
V, and V,y CKM Matrix Elements . . . . . . . . . . . 1467 Zc(2815) 106, 1799
V.p and V,,, determination of, noteon . . . . . . . . . . . 1467 Be(2930) o 1799
Vud, Vus determination of, noteon . . . . . . . . . . . . 1210 Ec(2970) [was - Ze(2980)] . . ... 106, 1799
Vs Vs Vs Vs Vess Ve Vias Viss Vi« + o+ o220 =e809) 107 1800
Vacuum energy parameter, 2, . . . . . . . . . . . . . . . 353 £.(3080) 107, 1801
Variance, definition . . . . . . . . . . . . .. ... 522 Ee(3123) 1801
W (gauge boson) . . . . . . . . . . . ... . .... 33808 Year, sidereal . . . . . . . . . . . . . .. ... .. .. 128
W-boson mass, noteon . . . . . . . . . . . . . . .. .898 Year, tropical . . ... 128
Young diagrams (tableaux) . . . . . . . . . . . . . . . . 566

W boson, mass, width, branching ratios,
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Young’s modulus of solid elements, table . . . . . . . . . . 135 width, plot . . . . . . . . . . .. . . .. ... .59
Yukawa coupling unification . . . . . . . . . . . . .. . .87  Z,(10610) was X(10610) . . . . . . . . . . . . . . 88,1635
7 boson: Zp(10650) was X (10650) . . . . . . . . . . . . . . . .,1636
aq 5
anomalous ZZv, Zvv, and ZZV couplings . . . . . . . . 613 Zc(3900) was X(3900) . ... 83,1584
noteon Z boson . . . . . . . . . . . .. . .. ... .908 %¢(4200) was X (4200) - 1694
mass, width, branching ratios, Z(4430) was X (4430) 85, 1602
Z' searches,note on . . . . . . . . . .. ... ... . 947
and coupling to fermions . . . . . 33,127, 163, 170, 172, 947 ’
decay to heavy flavors . . . . . . . . . . . . .. .. .610
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