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The Eg(_) — 2.(3055)"© (= D*OA)z~ decay chains are observed, and the spin-parity of
Ec(3055)+(0> baryons is determined for the first time. The measurement is performed using proton-
proton collision data at a center-of-mass energy of /s = 13 TeV, corresponding to an integrated
luminosity of 5.4 fb~!, recorded by the LHCb experiment between 2016 and 2018. The spin-parity of
the Z,(3055) (") baryons is determined to be 3/2* with a significance of more than 6.5¢ (3.55) compared

to all other tested hypotheses. The up-down asymmetries of the Eg(_) — 2.(3055)7 ")z transitions are
measured to be —0.92 +0.10 £ 0.05 (—0.92 £ 0.16 £ 0.22), consistent with maximal parity violation,
where the first uncertainty is statistical and the second is systematic. These results support the hypothesis
that the Z,(3055)"(%) baryons correspond to the first D-wave A-mode excitation of the Z, flavor triplet.
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Baryons containing a single heavy quark, hereafter
referred to as singly heavy baryons, provide an ideal
laboratory for studying the complex quark dynamics.
Their structures can be effectively described by the
approximation of a heavy quark and a diquark system of
light quarks, with the dynamics primarily governed by the
diquark degrees of freedom [1]. Based on the spin-flavor
wave function of the diquark, the ground states can be
categorized into flavor antisymmetrical triplets, denoted as
3 r, and flavor symmetrical sextuplets, denoted as 6p,
respectively [2]. Excitation can occur either between the
two light quarks, known as the p mode, or between the
heavy quark and the diquark, referred to as the A mode.
Considering the various excitation modes and spin angular
momentum configurations, a rich spectrum of singly heavy
baryons is expected, providing insights into the confine-
ment mechanism of the strong interaction [3].

Numerous excited singly charmed baryons have
been observed by Belle [4-11], BABAR [12-14], and
LHCb [15-17] experiments in the last two decades.
While many theoretically allowed states remain undiscov-
ered, most of the observed resonances, including the
2.(3055)*(©) baryons, have not yet been well established
in terms of their excitation nature. The ZE.(3055)"
baryon, with quark content csu, was observed in the
SFTK~ and DTA final states [9,10,14]. (The inclusion
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of charge-conjugated processes is implied throughout.) Its
isospin partner, the Z.(3055)" baryon with quark content
csd, was observed in the DA final state [10]. A number of
possible explanations for the excitation modes have been
proposed based on their masses, widths, and strong decay
properties. In Refs. [18-27], the Z.(3055)*(") states are
interpreted as the D-wave orbital angular momentum
excitation with possible spin-parity (J*) assignments of
3/2%,5/2%, or 7/2". The second orbital excitation of the A
mode is favored over the p mode or a combination of
both [20,25]. The strong decays of the Z.(3055)" state to
the =, 7+ K~ and D* A final states, studied in the *P, model,
suggest that it may be a 2S excitation of the E. (3p)
or Z. (65) state, with J¥ = 1/2% or 3/2% [26]. Hadron
molecular states have also been proposed [28] to interpret
the Z.(3055)*(© baryons, with J© = 1/2~ or 3/2~. Thus,
measurements of the spin-parity of the =.(3055)*()
baryons are crucial to pin down their nature and clarify
the complicated charm-baryon spectrum.

The spin-parity of the Z,(3055)*(*) baryons can be studied
by exploiting the weak decays Eg(_) — 2.(3055)*0) 7z~ In
this Letter, amplitude analyses of 52(‘) Eﬁ*ﬂo)
are performed, where the E:H(O) states refer to excited
2.(3055)* or Z,(3080)*() baryons and are reconstructed

in the D (9 A final states. The spin-parity, masses, and widths

- 7~ decays

of the 2,(3055)* (%) baryons are determined, as well as the up-
down asymmetries of the E(b)H — 2.(3055)*©) 7z~ transi-
tions, which are defined as the relative difference between the

decay rates for the up and down helicity states [29] of the EgH
baryons. The analysis is performed using proton-proton (p p)
collision data at a center-of-mass energy of /s = 13 TeV,
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corresponding to an integrated luminosity of about 5.4 fb~!,
collected with the LHCb detector between 2016 and 2018.

The LHCDb detector, designed for the study of particles
containing b or c¢ quarks, is a single-arm forward spec-
trometer covering the pseudorapidity range 2 <5 <5,
described in detail in Refs. [30,31]. The online event
selection for Z, decays is performed by a trigger [32]
which consists of a hardware stage followed by a two-step
software stage [33—-36]. The hardware trigger decision is
based on the transverse energy (the fraction of a particle’s
total energy that lies perpendicular to the beam axis)
deposited in the hadronic calorimeter. The first step of
the software trigger requires a single track or a pair of tracks
with sufficient transverse momentum and impact param-
eter, which is defined as the minimum distance of the track
relative to the primary pp interaction vertex (PV). In the
second step, the presence of a secondary vertex that is well
separated from the PV is required.

Simulated samples are used to optimize the selection
criteria, parametrize the invariant-mass distributions and
characterize the detector resolution and efficiencies. These
samples are generated using the software described in
Refs. [37—42] In the simulation, the products of the = _b< >,
::*H ), D+ , and A decays are generated uniformly over
the allowed phase space.

In the off-line reconstruction, charged tracks identified as
protons, kaons, or pions are combined to form A - pz~,
Dt — K=n*zn*, and D° - K~z candidate decays. The
reconstructed A, D, and D° vertices are required to have
good quality and be significantly displaced from any PV.
The invariant masses of D*(® and A candidates are
required to be within 420 and +£6 MeV/c? of the known
values [43], respectively. The D*(®) and A candidates are
combined with an additional z~ track to form E(;(_)
candidates. To improve the resolution of the reconstructed
=0(=)
=p

applied [44], constraining the D*(©)

invariant mass, denoted as m D+( ) ar-» @ kinematic fit is
and A invariant masses

to their known values and imposing the :.b< ) momentum to
point back to the associated PV. The multilayer perceptron
(MLP) neural network implemented in the TMVA

toolkit [45] is utilized to further distinguish the Z signal
from the combinatorial background. An MLP classifier is
trained for 52 and Z, decays independently, which
combines the kinematic and vertexing information of the

Eg(_) baryon and its decay products.

Extended maximum-likelihood fits are performed to the
mp0) 5, distributions to determine the signal yields. The
Eg(_) signal components are described by the combination
of a Gaussian function and a double-sided Crystal Ball
function [46]. Background due to partially reconstructed
E’.g(_) — DT 9%0(— Ay)z~ decays, with the photon miss-
ing, is modeled from simulation using a sample generated
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FIG. 1. Distributions of the (left) D* Az~ and (right) D°Az~
invariant mass with the fit results overlaid.

with a fast parametric method [47]. The combinatorial
background is described by an exponential function. The
yields of the signal and these two background components
are allowed to vary in the fits. The m @) ,,- distributions
and fit results are shown in Fig. 1. The total EZH yields
are measured to be 637 £31 (232 4+ 19). The sPlot
technique [48] is used to assign a weight to each E.(;H
candidate based on the fit results to subtract the
background.

The polarization of A) baryons at the LHC has been
measured to be consistent with zero [49]. Assuming the

=0(=)
=b

baryons are also produced unpolarized, the

Eg(_) — DT Az~ decay kinematics are fully described

by the invariant mass m.«, and three angular variables
Q= (cos 9_+ , ¢, cos By ). The variable 9_+

between the A momentum and the momentum of the pion
0(=)

is the angle

from the 2, decay, in the rest frame of the D*(*) A system

(denoted as & ) and is referred to as the & ( ) helicity
angle. Slmllarly, the A helicity angle f, is defined by the
momentum of the proton and that of the D*(©) meson in
the A rest frame. The variable ¢, is the angle between the
Ef(o) — DT A and A — pz~ decay planes. These angles
are illustrated in Fig. 5 in Appendix A. These variables are
calculated by constraining, with a kinematic fit, the decay
to originate from the PV and the EgH mass to its known
value. Their distributions are shown in Figs. 2 and 3 for the
Eg and E; channels, respectively, where the background is
subtracted using the sPlor weights. The D" A invariant-
mass spectra clearly exhibit the Z,(3055)*(®) resonances
and also hint at the presence of the Z.(3080)*(® state as
well as a nonresonant (NR) contribution This is the first

observation of the Z.(3055)*(° baryons in _(b)( ) decays.

Amplitude analyses for the Z) and Ej channels are
carried out separately. In the following description, the
notation applies to the E) channel, but is similar for the Z;
channel. An unbinned maximum-likelihood fit is per-
formed to the four-dimensional Z) — D Az~ distribution
using an amplitude model of the mp+, and Q observables.

The fit model accounts for various J” hypotheses:
JP =1/2%, 3/2%, 5/2%, or 7/2* for the E.(3055)" and
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FIG. 2. Distributions of the (top left) D™ A invariant mass, (top
right) Ef helicity angle, (bottom left) A helicity angle, and
(bottom right) azimuthal angle, for the E) — D" Az~ sample.
The projections of the amplitude fit under the spin-parity

hypothesis JZ (30s5)+ = 3/2" are overlaid.

Z.(3080)* baryon, and 1/2* for the nonresonant compo-
nent. The combination of the J¥ hypotheses that gives the
largest likelihood value is considered as the favored
one. The logarithm of the likelihood function (log £) is
defined as

— [Wl i i
log L(V) = gi " Zw,- x log [P(mi,,  Q'D)]. (1)

where P(mm,\,ﬁﬁ]) is the signal probability density
function (PDF), w; is the signal sPlot weight [50], the
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FIG. 3. Distributions of the (top left) DA invariant mass, (top
right) 20 helicity angle, (bottom left) A helicity angle, and
(bottom right) azimuthal angle, for the £, — D°Ax~ sample. The
projections of the amplitude fit under the spin-parity hypothesis

J§.(3055)0 = 3/2% are overlaid.

index i runs over the Eg candidates in data, and v denotes
the vector of free parameters. The factor Y, w;/ >, w? is
applied for a correct determination of the fit parameter
uncertainties [51] in the presence of background.

The PDF is formed by the squared amplitude summed
over the helicities of the 29 baryon /152 and of the proton

/11, as

o> 1 .
P(mp:. Q) = ﬁ Z MAEO,AP(mD+A’Q|V)
g 4204, ’

b

X ®(mp-p, Q)e(mpp. Q) (2)

-

where ®(mp+,, Q) is the phase-space density function that

-

depends on the final state kinematics, and e(mp+ 5, Q) is the
experimental efficiency that is evaluated with simulation.
The normalization is given by

I(D)E/ 3

~ 2

My 4, (mpia, QD)

4204, ’
b

X q)(mDA/\,ﬁ)e(mDJrA,é)de+Adé (3)

and is calculated numerically with a Monte Carlo integra-

tion method [52] utilizing simulated Eg — DT An~ decays.

The signal decay amplitude M, ; (mp+ A,§|D) is con-
b

structed based on the helicity formalism [29], for which
the full formula is described in detail in Appendix A. In the
amplitude model, the invariant-mass distributions of the
E.(3055)" and E.(3080)" resonances are each described
by a relativistic Breit-Wigner function [43], and that of the
nonresonant component is described empirically by an
exponential function. The mass and width of the
E.(3055)" baryon are free parameters in the fit, while
those of the E.(3080)" baryon are fixed to the known
values [43]. The helicity couplings for each E) — Efz~
decay, H,_,, with /152 = +1/2 are free to vary. They are
b

used to define the up-down asymmetry of the decay as

|H/152:+1/2|2 - |H/132:_1/2|2

a bl
|H/120:+1/2|2 + |H130:_1/2|2
b b

(4)

for which a nonzero value indicates parity symmetry
violation [53]. The helicity couplings for the A — pa~
decay are fixed to the precise measurement obtained by
BESIII [54].

Among all the considered spin-parity assignments, the
combination of Jgt.(3055)+ =3/2%, Jg(.(3oso . =5/2%, and
JEg = 1/27 gives the largest maximum—fikelihood. The
projections of the corresponding amplitude model are
overlaid with data distributions in Fig. 2. In this scenario,
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TABLE 1. Measurement of the masses (m) and widths (I') for
the Z,(3055)*() baryons, the up-down asymmetries (@) of the
20C) 5 E.(3055)* 0z~ decays, and the relative branching
fractions for Z.(3080)*() and Z.(3055)(*) baryons (Rg). All
results are obtained under the favored hypothesis

JP (3055)+0 o =3/2%. The first uncertainties are statistical and

the second are systematic.

Quantity Z.(3055)F Z.(3055)°

m (MeV/c?) 3054.52+0.36+0.17 3061.00 & 0.80 4 0.23
I MeV/c?) 8.01 £0.76 £0.34 124+2.0+£1.1

a —0.92 £0.10 £ 0.05 -0.92 £0.16 £0.22
Ry 0.045 £ 0.023 4+ 0.006 0.14 + 0.06 4 0.04

the =.(3055)" and E.(3080)" baryons are consistent
with the two D-wave excitations of the E} flavor triplet,
where the charm quark spin is antiparallel or parallel
to the orbital angular momentum, respectively. The
nonresonant component is consistent with an S-wave
decay to the DA final state. The significance of the
2) — 2.(3080)"(— DTA)x~ signal is determined to be
4.40, with a likelihood-ratio test considering amplitude
models with or without the E.(3080)" contribution. The
branching fraction for the :.C(3OSO)+ baryon relative to that
for the E.(3055)" baryon in the E) — Ef** (> D"A)n~
decay, denoted as Rp, is measured by comparing the
integral of the PDF for the E.(3080)" component to that
of the E.(3055)" baryon. The mass and width of the
E.(3055)" baryon and the up-down asymmetry of the
=) > E.(3055)" 2~ decay are also measured, as summa-
rized in Table L.

According to theoretical calculations for a 3, beauty
baryon decaying to a 3 charm baryon and a pseudoscalar
via a color-allowed process, where factorization is expected
to hold, the up-down asymmetry is close to —1 [55-57].
The B — E,(3055) "z~ decay is such a process in the case
that E.(3055)" baryon is the D-wave A excitation.
Otherwise, if the E.(3055)% baryon is a 6, state, the
up-down asymmetry could depart strongly from —1 [58].
The up-down asymmetries measured under other J g(.(3055)+
hypotheses are listed in Table II. Under the favored
hypothesis ch(3055)+ =3/2%, a=-0.92+0.10+0.05
is consistent with maximal parity violation, which is not
the case for other J” assignments.

The same analysis is carried out for the
E;, — E.(3055)z~ channel. While the ng_ osop = /2"

and 7/27* hypotheses provide similar likelihood values, the

result of J£ = (3055)0 = 3/2% is robust, despite the spin-parity
of 2,(3080)°, and yields @ = —0.92 4 0.16 4+ 0.22 under
‘]133(,,(3080)0 =5/2%, JL Z,(3055)° =3/2%, J\g=1/2". The

significance of the E; — Z.(3080)°(— D°A)z~ s1gnal is
determined to be 3.60. The corresponding fit projections on

TABLE II.
of favoring JL

Tested spin-parity hypotheses and the significance
=3/2" over each hypothesis, n,,

(3055)*()

where Jg (3080)0) = 5/2% and JEz = 1/2~ are fixed. Measured
up-down asymmetries « in the EgH — E.(3055)"( 7z~ decays
are also given, with statistical uncertainties.

JP (3055)+©) s @

1/2- 12.9(6.5) —0.10 £ 0.17(—0.63 £ 0.28)
1/2+ 11.0(5.5) +0.31 £0.13(40.32 £ 0.20)
3/2° 7.3(3.5) +0.18 £ 0.14(40.20 £ 0.23)
5/2° 6.5(4.8) —0.12 £ 0.14(-0.21 £+ 0.23)
5/2+ 9.8(4.8) +0.52 £ 0.14(40.30 £ 0.27)
7/2° 10.7(6.2) +0.41 £0.16(40.19 £ 0.22)
7/2+ 10.9(6.0) +0.12 £ 0.14(-0.30 £ 0.25)

data distributions are shown in Fig. 3. The measured
properties are also summarized in Table 1.

The significances of favoring JZ = (3055)+0 =3/2% over

another hypothesis are evaluated with a hkehhood-ratlo test
on pseudoexperiments. Signal samples are generated with
an alternative J, for the Z.(3055)*(®) baryons, along with
background components. The combined samples are then
subjected to the same analysis procedure and fitted with
JP'=3/2" and JE, hypotheses. The difference between
twice the log £ values of the two fits is taken as the test
statistic t. The ¢ distribution of pseudoexperiments is
approximated by a Gaussian function with (¢ ,51‘) and
o(tyr ) as the mean and standard deviation, respectively.

The J? = 3/2" hypothesis is favored over the J, hypo-
thesis by a significance calculated as

Tdata — /’l(tlfh)

o(tyr)

alt

no(Ja) = (5)

where 4, s the test statistic for data, calculated as twice of
the likelihood difference between J© =3/2" and JI,
hypotheses in the data fitting. Among all tested hypotheses,

the minimum significance of the J g{ (3055)-0 = 3/2*F

hypothesis is 6.5¢ (3.50) against the J5, =5/27 (3/27)
hypothesis. The ¢ distributions of pseudoexperiments gen-

erated with J© £, (3055) 0 =3/2% and 5/27 (3/27) are shown

in Fig. 4, compared w1th the test statistic in data. The

significances of the J£ = (3055)* = 3/2" hypothesis over all

the tested alternative hypotheses are listed in Table II.
Given the E.(3055)" and EC(SOSS) baryons are assumed

to be isospin partners, the J© 5. (3055)* = 3/2" hypothesis is

well established by these measurements.
Systematic uncertainties on the masses and widths of the

Z.(3055)*) baryons and the up-down asymmetries of the
Eg(_) — 2.(3055)*(©) 7~ transitions, as well as the relative
branching fractions Rz are listed in Tables III and IV

081901-4
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FIG. 4. Distributions of the test statistic for (blue) pseudoex-
periments generated with the alternative hypotheses of (left)
JE, =5/2" for the 2.(3055) " baryon and (right) J5 = 3/2~ for
the Z.(3055)° baryon. Distributions for (red) pseudoexperiments
generated with the J” = 3/2% hypothesis are also plotted as
comparison. The ch(mgo)mu =5/2" and JEz = 1/27 are fixed.

Values of the test statistic in data are also given.

in Appendix B. Possible biases introduced by the amplitude
model are evaluated using pseudoexperiments and are
corrected for in the measurements. The uncertainties on

the known masses of the A, D*(©), and z~ hadrons [43] are
propagated to the Z.(3055)7(®) mass measurement.
Momentum-scale calibration for charged particles yields an
uncertainty on the Z.(3055)*() mass measurements [59].
The experimental resolution smears the m.«), invariant-
mass distribution and introduces an uncertainty. The
limited size of the simulation sample used for the PDF
normalization results in an uncertainty, which is evaluated
using the bootstrap method [60]. Corrections are applied to
simulation to match the trigger performances in data [61],
and the uncertainty on this correction leads to a systematic

uncertainty. The Eg(_) candidates are reconstructed in two
categories, depending on whether the A baryon decays
within or downstream of the LHCb vertex detector [62].
The possible efficiency difference between them is studied
as a source of systematic uncertainty. In the fit to the

invariant-mass distribution of the Eg(_) baryon, the models
for the signal and the combinatorial and partially
reconstructed background are varied to evaluate the corre-

sponding systematic uncertainty. The orbital angular

momentum between the Ejm)

in the E(b)H - Ej(o) 7~ decay is fixed to the lowest value in
the baseline amplitude fit, and a systematic uncertainty is
evaluated by considering all possible values. An exponen-
tial function is used to describe the nonresonant invariant-
mass distribution. An alternative linear function is tested,
and the difference from the baseline result is taken as an
uncertainty. The fixed Z.(3080)(*) masses and widths are
varied within their uncertainties, resulting in two sources of
systematic uncertainties. It is possible that the same track

segment is shared by more than one track in the Eg(_) final
state, resulting in cloned tracks. The results obtained by
removing such candidates are compared with the baseline
results and the differences are quoted as systematic

baryon and the z~ meson

uncertainties. The overall systematic uncertainties are
obtained with the quadratic sum of the contributions and
are comparable to the statistical uncertainties.

In conclusion, the E)) — E,(3055)*©) 7~ decays with
E,(3055)*0) — DHOA are observed for the first time in
pp collisions using data recorded at /s = 13 TeV, cor-
responding to an integrated luminosity of 5.4 fb=!. An
amplitude analysis is performed on each channel inde-
pendently, determining for the first time the spin-parity of
the Z,(3055) (% baryons to be 3/2*, with significances of
more than 6.5¢ (3.50) against other hypotheses. Different
sources of systematic uncertainties have been taken into
account, confirming the conclusions of the spin-parity
assignment. With the spin-parity assignment of J* = 3/27,
the up-down asymmetries of the E?}H — 2.(3055) "0z~
decays are measured to be —0.92 £ 0.10(stat) + 0.05(syst)
(—0.92 + 0.16(stat) + 0.22(syst)), consistent with maxi-
mal parity violation. This is the first measurement of the

parity-violating parameter for the transition of the Eg(_)

baryon to a = © baryon and a pseudoscalar meson. The
result supports the factorization approximation in color-
allowed beauty-to-charm-baryon decays, which indicates
the structure of the =.(3055)*(") state. The masses and
widths of the Z,(3055)* (% baryons are also measured, with
a precision comparable to known results [43]. All the
obtained results for the Z.(3055)"() state support its
interpretation as the first D-wave excitation of the flavor
antisymmetric 3y Z, state. The significances of the
207 S 2,(3080) 0 (- D+ A)z~ signal are determined
to be 4.46 (3.60), and their branching fractions relative to
those of the EgH - 2.(3055)*0) (= DO A)z~ decays are
measured for the first time.
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Appendix A: Formula of the amplitude model—The
full formula of the amplitude model used to describe
g, = E.zx~ decays is

Mzah Ay (mpa, Q)
_ _1\J+1/2 Bp A
ZZ( 1) X PxH;? xHj

B =t

x dfgb PRCE )di,/xzz, (Ba)e P "sR(mp,),

where the E. refers to the E.(3055) and E.(3080)
resonances, as well as the nonresonant component, 4 is
the helicity of a given particle, and H is the helicity
coupling of the corresponding decay. The E. — DA
strong decay contributes to a (—1)’*!/2 term, assuming
parity is conserved in such decays. Finally, J and P are
the spin and parity of the Z. baryon, d is the Wigner
small-d function, and the R(mp,) terms are Breit-
Wigner functions convolved with a Gaussian function
for the E, signal and exponential functions for
nonresonant background.

The definition of the decay angles is illustrated in Fig. 5.

FIG. 5. Definition of the three angular variables cos 0z , ¢x,
and cosf,. The variable 63+(0) is the angle between the A
momentum and the momentum of the pion from the EgH decay,
in the rest frame of the DT A system (denoted as E?m)), and is

referred to as the Ejm) helicity angle. The A helicity angle 3, is
defined by the momentum of the proton and that of the D*(®
meson in the A rest frame. The variable ¢, is the angle between

the 2© = D*OA and A — pz~ decay planes.
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Appendix B: Summary table of systematic uncertainties—
The biases and systematic uncertainties on the masses
(m) and widths (I') for the .(3055)*() baryons, the up-

down asymmetries (@) of the g00) —>EC(3055)+<0)7,—

TABLE III. Biases and systematic uncertainties for the
EY — E.(3055)* 7z~ channel.

decays, and the relative branching fractions for
2.(3080)*© and Z.(3055)*© baryons (Rg) are
summarized in Tables III and IV.

TABLE IV. Biases and systematic uncertainties for the
B, — E.(3055)°z~ channel.

Source 6,(MeV/c?) or(MeV/c?) 6, og

B

Amplitude fit bias cee
+0.05

Hadron masses

Momentum scale 40.01 e e e
Resolution 40.00 +0.07 +0.00 +0.000
Simulation sample +0.15 +0.30  £0.02 £0.002
Trigger correction +0.01 +0.03 +0.02 +0.000
A categories +0.03 +0.04 +0.01 +0.002
E) mass fit model +0.03 +0.13 +0.01 +0.001
Angular momentum +0.00 +0.00 +0.04 +0.002
Nonresonant model +0.00 +0.00 +0.00 +0.000
E.(3080)" width +0.01 +0.01 +0.00 +0.003
E.(3080)* mass +0.00 +0.02  £0.00 £0.000
Clone tracks +0.02 +0.03 +0.01 £0.003
Total +0.17 +0.34  £0.05 £0.006

Source 6,(MeV/c?) or(MeV/c?) 6,  og,
Amplitude fit bias e -0.46

Hadron masses +0.05

Momentum scale +0.03 e e e
Resolution +0.00 +0.10 4+0.00 +0.001
Simulation sample +0.13 +0.38 +0.02 +0.006
Trigger correction +0.01 +0.03 +0.00 +0.001
A categories +0.04 +0.12 +0.05 £+0.004
&, mass fit model +0.00 +0.19 +0.02 £+0.003
Angular momentum +0.01 +0.15 +0.21 +£0.014
Nonresonant model +0.00 +0.03 +0.00 £0.001
Z.(3080)° width +0.08 +0.69 +0.01 +0.032
Z.(3080)° mass +0.03 +0.20 +0.01 4+0.006
Clone tracks +0.13 +0.04 +0.04 £+0.008
Total +0.23 +1.11 4+0.22 +0.038
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