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Abstract This erratum corrects measurements of the prompt
and secondary (from-b) ψ(2S) production cross-sections in
the forward region in pp collisions at

√
s = 7 TeV. The orig-

inal measurements were performed using data collected with
the LHCb detector in 2010 and were published in the origi-
nal article. Corrected results for prompt ψ(2S) and ψ(2S)-
from-b in the kinematic range pT(ψ(2S)) < 16 GeV/c and
2.0 < y(ψ(2S)) < 4.5 are

σprompt(ψ(2S)) = 1.37 ± 0.01 (stat)

± 0.06 (syst)+0.19
−0.38 (pol) μb,

σb(ψ(2S)) = 0.31 ± 0.01 (stat) ± 0.02 (syst) μb.

where the last uncertainty on the prompt cross-section is
due to the unknown ψ(2S) polarization. With the corrected
ψ(2S)-from-b cross-section the inclusive branching fraction
is updated by

B(b → ψ(2S)X) = (3.08 ± 0.07(stat) ± 0.36(syst)

± 0.27(B)) × 10−3.

1 Erratum to: Eur Phys J C (2012) 72:2100
https://doi.org/10.1140/epjc/s10052-012-2100-4

1.1 Nature of the correction

In Ref. [1], the production rate of ψ(2S) mesons in the rapid-
ity range 2.0 < y < 4.5 was measured for pp collisions
at

√
s = 7 TeV using a sample of data corresponding to

36 pb−1. Both overall and singly differential (dσ/dpT) cross-
sections were measured by fitting the invariant-mass spectra
to obtain background-subtracted signal yields, which are sub-
sequently efficiency corrected. Two decay modes were used:
ψ(2S) → μ+μ− and ψ(2S) → J/ψ (μ+μ−)π+π−.

The original article can be found online at https://doi.org/10.1140/
epjc/s10052-012-2100-4.

� e-mail: prli@lzu.edu.cn

Two sources of ψ(2S) production are expected in this
environment: mesons produced promptly in the primary
interaction (whether directly or through the decay of an inter-
mediate resonance), and those produced via the decays of
b hadrons. The vast majority of b hadrons produced in the
LHCb acceptance consist of B0, B+, B0

s mesons and Λ0
b

baryons, all with mean lifetimes of approximately 1.5 ps.
Consequently, the two classes of production may be sepa-
rated according to whether the ψ(2S) originates from the
primary vertex (PV) or from a downstream secondary ver-
tex. This separation must be done on a statistical level, since
some b hadrons will decay close to the PV on the scale of
the experimental resolution.

The pseudo-decay-time tz was used to distinguish the two
sources of production, and is defined as

tz =
(
zψ(2S) − zPV

) × Mψ(2S)

pz
, (1)

where zψ(2S) and zPV are the z coordinates of the recon-
structed ψ(2S) decay vertex and the primary vertex, pz is the
z-component of the measured ψ(2S) momentum, Mψ(2S) is
the known ψ(2S) mass [2], and the z-axis is the direction of
the proton beam pointing downstream into the LHCb accep-
tance. For a given sample of ψ(2S) candidates, a fit to the
tz distribution was used to obtain the prompt fraction fp, as
described in Sec. 4 of Ref. [1].

Two distinct problems related to the determination of fp
in Ref. [1] have been identified. The first is that a mathemat-
ical mistake was made in calculating the systematic uncer-
tainties on the from-b ψ(2S) production cross-sections that
arise due to uncertainties in the tz fit; a factor of fp/(1 − fp)
was omitted. When this mistake is corrected, those system-
atic uncertainties increase by a factor 3 to 9, depending on
the pT defined in the range 0 − 16 GeV/c, with the largest
effect at low pT, where the prompt fraction is close to unity.
The correct formula is used in the results below.

The second problem is related to the values of fp them-
selves. A mistake appears to have been made in the measure-
ment of fp via the fits to the tz distributions used in Ref. [1].
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Fig. 3 Pseudo-decay-time tz distribution for the ψ(2S) → μ+μ−
decay mode in the range 4 < pT ≤ 5 GeV/c, showing the background
and prompt contributions
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Fig. 4 Fraction of prompt ψ(2S), fp, as a function of pT. The error
bars include statistical and systematic uncertainties added in quadrature
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Fig. 7 Differential production cross-section of prompt ψ(2S) as a
function of pT in the range 2.0 < y < 4.5. The results are compared
with the NRQCD calculations [4]. The error bars include statistical and
systematic uncertainties added in quadrature

An independent reimplementation of the analysis finds con-
sistently lower values of fp. This change in fp is associated
with a change in the mean value of tz seen for the from-
b component: values of approximately 1.1 ps were found

)c (GeV/
T

p
0 5 10 15

)c
 (n

b/
G

eV
/

T
dpσd

-110

1

10

210 LHCb
 = 7 TeVs

 < 4.5y2.0 < 

 < 4.5y,  2.0 < b(2S)-from-ψ

FONLL

Fig. 8 Differential production cross-section of ψ(2S) from b hadrons
as a function of pT in the range 2.0 < y < 4.5. The results are compared
with the FONLL calculations [5]. The error bars include statistical and
systematic uncertainties added in quadrature

Table 2 Differential cross-sections dσ/dpT (in nb/(GeV/c)) of prompt
ψ(2S) and ψ(2S)-from-b hadrons at

√
s = 7 TeV, integrated over y

between 2.0 and 4.5. The first uncertainty is statistical and the second
systematic. The third asymmetric uncertainty for the prompt ψ(2S)

mesons is due to the unknown polarisation

pT (GeV/c) Prompt ψ(2S) ψ(2S)-from-b

0–1 183 ± 6 ± 18 +31
−65 28 ± 3 ± 6

1–2 371 ± 7 ± 37 +58
−114 77 ± 4 ± 13

2–3 304 ± 6 ± 26 +42
−84 67 ± 3 ± 10

3–4 214 ± 6 ± 24 +26
−51 49 ± 3 ± 8

4–5 128 ± 4 ± 13 +15
−29 36 ± 2 ± 4

5–6 73 ± 2 ± 7 +9
−17 22 ± 1 ± 3

6–7 43 ± 1 ± 4 +5
−9 12 ± 1 ± 1

7–8 23 ± 1 ± 2 +3
−6 7.7 ± 0.5 ± 0.9

8–9 14 ± 1 ± 1 +2
−3 4.7 ± 0.3 ± 0.5

9–10 7.8 ± 0.4 ± 0.7 +0.8
−1.6 3.0 ± 0.3 ± 0.3

10–12 4.0 ± 0.2 ± 0.4 +0.5
−0.7 1.7 ± 0.2 ± 0.2

12–16 1.4 ± 0.1 ± 0.2 +0.2
−0.3 0.61 ± 0.05 ± 0.07

0–16 1366 ± 13 ± 56 +190
−380 308 ± 6 ± 19

in the analysis reported in Ref. [1], compared to approxi-
mately 1.5 ps (much closer to the mean lifetime of contribut-
ing b hadrons) in the reimplementation. This issue has been
found using both the original tz fit function as described in
Ref. [1] and the function used in Ref. [3]. The more sophisti-
cated tz fit function used in Ref. [3] achieves a more precise
description of experimental data and is thus used in obtaining
corrections as described below. An example of a tz fit in the
pT range 4 < pT ≤ 5 GeV/c is shown in Fig. 3.

Because the issue found is limited to the determination of
fp and does not affect the combined cross-section, and given
that the reimplementation uses a sample of ψ(2S) → μ+μ−
events that is correlated with but not identical to the original
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Fig. 9 Ratio of ψ(2S) → μ+μ− and J/ψ → μ+μ− cross-sections for prompt production (a) and for b-hadron decay (b), as a fucntion of pT

analysis, the approach used in this erratum is to use the new
and old values of fp to determine a correction factor to apply
to the results of the prompt and from-b cross-sections of the
original analysis. (A separate and statistically independent
analysis of the larger 7 TeV data sample taken in 2011 has
been submitted [3] but is outside the scope of this erratum.)
Defining fb ≡ 1 − fp for convenience, the ratio

Rb = fb obtained with reimplementation

fb(ψ(2S) → μ+μ−) obtained in original analysis
(2)

is determined in bins of pT. The correction is then obtained
by fitting a linear function to the individual values of Rb.
This also allows the correction to be extrapolated to kine-
matic regions where data were not available for the reimple-
mentation (pT < 2 GeV/c, pT > 11 GeV/c). This correction
is applied to the weighted average of ψ(2S) → μ+μ− and
ψ(2S) → J/ψ (μ+μ−)π+π− results as reported by Ref. [1].

After applying the correction to fb, the systematic uncer-
tainties are recomputed. These are unchanged respect to
those of the original analysis (other than relative uncertain-
ties being updated for the new central values) except as
described below. First, the the mistake in the computation
of the uncertainty associated with the tz fit is corrected as
described above. Second, a new systematic uncertainty asso-
ciated with the fb correction estimate is added, and in partic-
ular the extrapolation outside the fit region, which is deter-
mined by taking the difference between the correction fitted
by a first-order and a second-order polynomial.

1.2 Corrected results

The impact on fp itself and on the cross-section for prompt
production is modest: they are both reduced by an amount
typically of the order of several percent. However the relative
impact on fb is greater, and the from-b cross-section rises by
typically 20–25%.

Corrected versions of all figures and tables in Ref. [1]
that were affected by the issue are given in the following.

The corrected fp distribution as a function of pT is shown
in Fig. 4. The singly differential cross-section as a func-
tion of pT is shown for prompt production in Fig. 7, and
for production from b-hadrons in Fig. 8. In the figures, the
updated cross-sections are compared with theory predictions,
namely NRQCD calculations [4] for prompt production and
FONLL calculations [5] for production of ψ(2S) from b-
hadron decays. The integrated cross-sections in the nominal
kinematic range for prompt ψ(2S) and ψ(2S)-from-b are
found to be

σprompt(ψ(2S)) = 1.37 ± 0.01 (stat) ± 0.06 (syst)+0.19
−0.38 (pol)μb,

σb(ψ(2S)) = 0.31 ± 0.01 (stat) ± 0.02 (syst) μb.

The numerical results are given in Table 2.
Corrected ratio of ψ(2S) → μ+μ− and J/ψ → μ+μ−

cross-sections for prompt production (Rp) and for b-hadron
decay (Rb) as a function of pT is shown on Fig. 9.

The inclusive b → ψ(2S)X branching fraction is com-
puted using the ψ(2S)-from-b cross-sections reported above
and found to be

B(b → ψ(2S)X) = (3.08±0.07(stat)±0.36(syst)±0.27(B))×10−3.

The last uncertainty is due to those of the branching frac-
tions, and is dominated by the B(b → J/ψ X) uncertainty.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.
Funded by SCOAP3.

References

1. LHCb collaboration, R. Aaij et al., Measurement of ψ(2S) meson
production in collisions at

√
s = 7 Tev, Eur. Phys. J. C 72, 2100

(2012). arXiv:1204.1258

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://arxiv.org/abs/1204.1258


49 Page 4 of 7 Eur. Phys. J. C (2020) 80 :49

2. Particle Data Group, J. Beringer et al., Review of particle physics,
Phys. Rev. D 86, 010001 (2012), and 2013 partial update for the
2014 edition

3. LHCb collaboration, R. Aaij et al., Measurement of ψ(2S) produc-
tion cross-sections in proton-proton collisions at

√
s = 7 and 13

TeV, arXiv:1908.03099 (submitted to Eur. Phys. J)

4. H.-S. Shao et al., Yields and polarizations of prompt J/ψ and
ψ(2S) production in hadronic collisions. JHEP 05, 103 (2015).
arXiv:1411.3300

5. M. Cacciari, M. Greco, P. Nason, The pT spectrum in heavy-flavour
hadroproduction. JHEP 05, 007 (1998). arXiv:hep-ph/9803400

LHCb Collaboration

R. Aaij23, C. Abellán Beteta35, B. Adeva36, M. Adinolfi43, C. Adrover6, A. Affolder49, Z. Ajaltouni5, J. Albrecht37,
F. Alessio37, M. Alexander48, G. Alkhazov29, P. Alvarez Cartelle36, A. A. Alves Jr.22, S. Amato2, Y. Amhis38,
J. Anderson39, F. Andrianala37, R. B. Appleby51, F. Archilli17,37, L. Arrabito55, A. Artamonov34, M. Artuso37,53,
E. Aslanides6, G. Auriemma22,l, S. Bachmann11, J. J. Back45, D. S. Bailey51, V. Balagura30,37, W. Baldini15, R. J. Barlow51,
C. Barschel37, S. Barsuk7, W. Barter44, A. Bates48, Th. Bauer23, A. Bay38, I. Bediaga1, S. Belogurov30, K. Belous34,
I. Belyaev30,37, E. Ben-Haim8, M. Benayoun8, G. Bencivenni17, S. Benson47, J. Benton43, R. Bernet39, M. O. Bettler16,
M. van Beuzekom23, A. Bien11, S. Bifani12, A. Bizzeti16,m, P. M. Bjørnstad51, T. Blake37, F. Blanc38, C. Blanks50,
J. Blouw11, S. Blusk53, A. Bobrov33, V. Bocci22, A. Bondar33,n, N. Bondar29, W. Bonivento20, S. Borghi48, A. Borgia53,
T. J. V. Bowcock49, C. Bozzi15, T. Brambach9, J. van den Brand24, J. Bressieux38, D. Brett51, M. Britsch10, T. Britton53,
N. H. Brook43, H. Brown49, A. Bursche39, J. Buytaert37, A. Büchler-Germann39, S. Cadeddu20, O. Callot7, M. Calvi19,f,
M. Calvo Gomez35,i, A. Camboni35, P. Campana17,37, A. Carbone14,c, G. Carboni21,g, R. Cardinale18,37, A. Cardini20,
L. Carson50, K. Carvalho Akiba2, G. Casse49, M. Cattaneo37, Ch. Cauet9, M. Charles52, Ph. Charpentier37, N. Chiapolini39,
M. Chrzaszcz25, P. Ciambrone17, K. Ciba37, X. Cid Vidal36, G. Ciezarek50, P. E. L. Clarke37,47, M. Clemencic37,
H. V. Cliff44, J. Closier37, C. Coca28, V. Coco23, J. Cogan6, P. Collins37, A. Comerma-Montells35, F. Constantin28,
A. Cook43, M. Coombes43, G. Corti37, B. Couturier37, G. A. Cowan38, R. Currie47, C. D’Ambrosio37, P. David8,
P. N. Y. David23, O. De Aguiar Francisco2, K. De Bruyn23, M. De Cian39, F. De Lorenzi12, J. M. De Miranda1,
L. De Paula2, P. De Simone17, D. Decamp4, M. Deckenhoff9, H. Degaudenzi37,38, L. Del Buono8, C. Deplano20,
D. Derkach14,37, O. Deschamps5, F. Dettori24, J. Dickens44, H. Dijkstra37, P. Diniz Batista1, F. Domingo Bonal35,
S. Donleavy49, F. Dordei11, A. Dosil Suárez36, D. Dossett45, A. Dovbnya40, F. Dupertuis38, R. Dzhelyadin34, A. Dziurda25,
S. Easo46, U. Egede50, V. Egorychev30, S. Eidelman33,n, D. van Eijk23, F. Eisele11, S. Eisenhardt47, R. Ekelhof9,
L. Eklund48,37, Ch. Elsasser39, D. Elsby42, D. Esperante Pereira36, A. Falabella14, E. Fanchini19, G. Fardell47,
C. Farinelli23, S. Farry12, V. Fave38, V. Fernandez Albor36, F. Ferreira Rodrigues1, M. Ferro-Luzzi37, S. Filippov32,
C. Fitzpatrick47, M. Fontana10, F. Fontanelli18,e, R. Forty37, M. Frank37, C. Frei37, M. Frosini16,37, S. Furcas19, C. Färber11,
A. Gallas Torreira36, D. Galli14,c, M. Gandelman2, P. Gandini52, Y. Gao3, J-C. Garnier37, J. Garofoli53, J. Garra Tico44,
L. Garrido35, D. Gascon35, C. Gaspar37, R. Gauld52, N. Gauvin38, M. Gersabeck37, T. Gershon37,45, Ph. Ghez4, V. Gibson44,
V. V. Gligorov37, D. Golubkov30, A. Golutvin30,37,50, A. Gomes2, H. Gordon52, C. Gotti19,f, M. Grabalosa Gándara35,
R. Graciani Diaz35, L. A. Granado Cardoso37, E. Graugés35, G. Graziani16, A. Grecu28, E. Greening52, S. Gregson44,
B. Gui53, E. Gushchin32, Yu. Guz34, T. Gys37, C. Göbel54, C. Hadjivasiliou53, G. Haefeli38, C. Haen37, S. C. Haines44,
T. Hampson43, S. Hansmann-Menzemer11, R. Harji50, N. Harnew52, J. Harrison51, P. F. Harrison45, T. Hartmann56, J. He7,
V. Heijne23, K. Hennessy49, P. Henrard5, J. A. Hernando Morata36, E. van Herwijnen37, E. Hicks49, K. Holubyev11,
W. Hulsbergen23, P. Hunt52, T. Huse49, R. S. Huston12, D. Hutchcroft49, D. Hynds48, V. Iakovenko41, P. Ilten12, J. Imong43,
A. Inyakin34, R. Jacobsson37, A. Jaeger11, M. Jahjah Hussein5, E. Jans23, F. Jansen23, P. Jaton38, B. Jean-Marie7, F. Jing3,
M. John52, D. Johnson52, C. R. Jones44, B. Jost37, S. Kandybei40, M. Karacson37, T. M. Karbach9, J. Keaveney12,
I. R. Kenyon42, U. Kerzel37, T. Ketel24, A. Keune38, B. Khanji6, Y. M. Kim47, M. Knecht38, R. F. Koopman24,
P. Koppenburg23, A. Kozlinskiy23, L. Kravchuk32, K. Kreplin11, M. Kreps45, G. Krocker11, P. Krokovny33,n, F. Kruse9,
K. Kruzelecki37, M. Kucharczyk19,37, T. Kvaratskheliya30,37, V. N. La Thi38, D. Lacarrere37, G. Lafferty51, A. Lai20,
D. Lambert47, R. W. Lambert24, E. Lanciotti37, G. Lanfranchi17, C. Langenbruch11, T. Latham45, C. Lazzeroni42,
R. Le Gac6, J. van Leerdam23, J.-P. Lees4, A. Leflat31,37, J. Lefrançois7, R. Lefèvre5, O. Leroy6, T. Lesiak25, L. Li3,
P.-R. Li57,o , L. Li Gioi5, M. Lieng9, M. Liles49, R. Lindner37, C. Linn11, B. Liu3, G. Liu37, J. von Loeben19, J. H. Lopes2,
E. Lopez Asamar35, N. Lopez-March38, H. Lu3, J. Luisier38, X.-R. Lyu57, A. Mac Raighne48, F. Machefert7, F. Maciuc10,
O. Maev29,37, S. Malde52, R. M. D. Mamunur37, G. Manca20, G. Mancinelli6, N. Mangiafave44, J. F. Marchand4,
U. Marconi14, J. Marks11, G. Martellotti22, A. Martens8, L. Martin52, D. Martinez Santos37, A. Martín Sánchez7,
A. Massafferri1, Z. Mathe12, C. Matteuzzi19, M. Matveev29, E. Maurice6, B. Maynard53, A. Mazurov15,32,37,
G. McGregor51, R. McNulty12, M. Meissner11, M. Merk23, J. Merkel9, R. Messi21, S. Miglioranzi37, D. A. Milanes13,37,

123

http://arxiv.org/abs/1908.03099
http://arxiv.org/abs/1411.3300
http://arxiv.org/abs/hep-ph/9803400
http://orcid.org/0000-0002-1603-3646


Eur. Phys. J. C (2020) 80 :49 Page 5 of 7 49

M.-N. Minard4, J. Molina Rodriguez54, S. Monteil5, D. Moran12, P. Morawski25, R. Mountain53, I. Mous23, F. Muheim47,
R. Muresan28,38, B. Muster38, M. Musy35, J. Mylroie-Smith49, R. Märki38, K. Müller39, P. Naik43, T. Nakada38,
R. Nandakumar46, I. Nasteva1, M. Nedos9, M. Needham47, N. Neufeld37, A. D. Nguyen38, C. Nguyen-Mau38,j,
M. Nicol7, V. Niess5, N. Nikitin31, T. Nikodem11, A. Nomerotski52,37, A. Novoselov34, A. Oblakowska-Mucha26,
V. Obraztsov34, S. Oggero23, S. Ogilvy48, R. Oldeman20, J. M. Otalora Goicochea2, P. Owen50, B. K. Pal53, J. Palacios39,
A. Palano13,b, M. Palutan17, J. Panman37, A. Papanestis46, M. Pappagallo48, C. Parkes37,51, C. J. Parkinson50,
G. Passaleva16, G. D. Patel49, M. Patel50, S. K. Paterson50, G. N. Patrick46, C. Patrignani18,e, A. Pellegrino23, G. Penso22,h,
M. Pepe Altarelli37, S. Perazzini14,c, D. L. Perego19, P. Perret5, M. Perrin-Terrin6, A. Petrella15, A. Petrolini18,e, A. Phan53,
E. Picatoste Olloqui35, B. Pie Valls35, B. Pietrzyk4, T. Pilař45, D. Pinci22, R. Plackett48, S. Playfer47, M. Plo Casasus36,
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