PUBLISHED FOR SISSA BY @ SPRINGER
RECEIVED: May 10, 2017
ACCEPTED: May 10, 2017
PUBLISHED: May 11, 2017

Erratum: Measurement of forward J /1 production
cross-sections in pp collisions at /s = 13 TeV

s

The LHCb collaboration

E-mail: yanxi.zhang@cern.ch

ErRrATUM TO: JHEP10(2015)172

ARX1v EPRINT: 1509.00771

An issue has been identified in the simulated samples used to calculate the track reconstruc-
tion efficiencies, which affects the published J/i production cross-section in pp collisions
at /s = 13TeV [1]. A brief description of the nature of the problem is provided and then
the corrected results are given.

The charge collected in the LHCb VELO sensors is affected by radiation damage. One
such effect, which is more pronounced in the outer regions of downstream sensors, arises
from charge induction on second metal layer routing lines [2]. Prior to the start of Run 2,
modifications were made to the digitization step in the LHCDb simulation framework to
model this effect. An error was made in the parametric implementation resulting in a
reduction of the track reconstruction efficiency in simulation compared to data for tracks
with low pseudorapidity. The tracking efficiency calibration procedure that was applied in
this paper to the data and simulation [3] was unable to correct the mismodelling.

The results presented in the paper are affected, especially those at low rapidities,
while the effect is marginal at high rapidities. Updated tracking calibrations have been
implemented for this analysis, resulting in a change of the tracking efficiency and higher
systematic uncertainties. Having resolved the issue, the corrected production cross-sections
are 15.03 +0.03 £ 0.94 ub for prompt J/ib and 2.25+0.01 £0.14 pub for J/i» from b-hadron
decays, integrated over the kinematic coverage pr < 14 GeV/c and 2.0 < y < 4.5. The
updated total bb production cross-section in 47 is found to beo (pp — bbX) = 49542452 ub.
The NRQCD [4] prediction agrees remarkably well with the experimental data for the
prompt J/i» production cross-section ratio, while the FONLL [5] prediction also provides a
reasonably good agreement with our measurements for the J/i)-from-b cross-section ratio.

All tables and figures with affected measurements are corrected and are given below,
with the numbering and captions being identical to those in the original paper.
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Source Systematic uncertainty (%)
Luminosity 3.9
Hardware trigger 0.1-5.9

Software trigger 1.5
Muon ID 1.8
Tracking 1.9 -8.2

Radiative tail 1.0

Jhp vertex fit 0.4

Signal mass shape 1.0

B(Jjb — ptp”) 0.6
PT, Y Spectrum 0.1-6.5
Simulation statistics 0.5—-10.0

t, fit (J/ip-from-b only) 0.1

Table 1. Relative systematic uncertainties (in %) on the J/ip cross-section measurements. The
uncertainty from the ¢, fit only affects J/y-from-b mesons. Most of the uncertainties are fully
correlated between bins, with the exception of the pr, y spectrum dependence and the simulation
statistics, which are considered uncorrelated.
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Figure 2. Double differential cross-section for prompt J/4b mesons as a function of pr in bins of
y. Statistical and systematic uncertainties are added in quadrature.



pr [GeV/(] 20<y <25 25 <y <3.0 30<y<35
0—1 906 +14 +44 +24 955 + 9 4+40 £12 892 4+ 8 £41 +£10
1-2 1880 £20 +£88 £46 1876 £12 £77 £17 1764 +11 £81 +14
2-3 1697 +£16 +75 4+ 41 1612 £10 £66 +15 1470 £ 9 £66 +12
3—4 1069 £11 +£46 £20 10556 £ 7 +43 £12 930 £ 6 £39 £ 9
4-5 656 £ 7 28 £14 b8 + 5 +£24 £ 7 531 £ 4 £22 £ 6
5—6 369 £ 5 £15 £ 9 342 £ 3 £14 £+ 4 203 £ 3 £12 £ 4
6—7 2103 +3.3+86 £ 52 1803 £2.1 £73+ 2.8 156.1 +1.9+6.3 + 24
7—8 107.3 £2.1 £4.4 + 3.3 96.7 £1.5 +£3.9+ 1.8 86.8 +1.4+35+ 1.7
8—9 61.7 £1.5 £2.5 + 2.1 56.8 £1.1 £23+14 488 +1.0+20+ 1.3
9—-10 376 £1.1 1.5+ 1.5 346 £09+14+ 1.0 26.6 £0.7 +1.1 + 0.8
10—-11 23.9£09+1.04+ 1.3 19.5+£0.6 £0.8 £ 0.7 17.0 £0.6 £0.7 £ 0.7
11-12 156 £0.7 £0.6 + 1.0 12.7+0.5 £0.5 £ 0.6 11.0 £0.5 £04 £ 0.5
12—-13 9.2 £05+04=£06 72+04+03+04 6.8+04+03=+04
13—-14 5.8 £0.4 +£0.2 + 0.5 58 +04+02+ 04 39+03+£02=+0.3
3.5 <y<4.0 40 <y <45
0-1 850 £ 8 +£48 +£11 752 £ 9 £50 £16
1-2 1545 £10 £90 £14 1387 +£12 +99 +23
2-3 1272 £ 8 £71 +£13 1046 +10 £76 +24
3—4 801 & 6 £42 £ 9 649 + 8 +44 +19
4-5 444 + 4 £21 £ 6 329 £ 5 £19 £ 8
5—6 234 + 3 £11 £+ 4 169 £ 3 £+ 9 &+ 5
6—7 1196 £1.7£52+ 0.8 873 +21+£45+1.0
7—8 65.0+£1.3 +28 + 1.5 44.6 £1.4 +£2.2 + 2.0
8-9 364+09£15+10 23.8+1.0+£1.1+1.2
9-10 209 £0.7 £0.9 + 0.8 13.3 £0.7 £0.6 £ 1.0
10—-11 121 £0.5+0.5 £ 0.6 74+0.5+03 % 0.6
11-12 6.4+0.3+£0.3 =+ 0.3 43+04+£02+04
12—-13 44+03+£02+0.3 31+03+02+04
13—14 21+£0.2+0.1+0.2 27+03+01+05

Table 2. Double differential production cross-section in nb/(GeV/c) for prompt J/i) mesons in

bins of (pr,y).

The first uncertainties are statistical, the second are the correlated systematic

uncertainties shared between bins and the last are the uncorrelated systematic uncertainties.




pr [GeV/(] 20<y <25 25 <y<3.0 30<y <35
0—1 99.3 £4.8 £ 9.6 £5.1 98.8 £2.8 £ 6.1 £2.6 923 £2.6 £ 54 £2.2
1-2 242.3 +6.1 £20.6 £8.7 238.1 £3.8 £14.2 +£4.2 2164 £3.4 +12.6 +3.6
2—-3 275.6 +5.8 £19.9 £9.5 2334 +34 +134 +3.9 211.3 £3.1 £12.0+3.5
3—4 204.3 +4.6 £13.1 £6.3 174.8 £2.7 £+ 9.6 £3.2 150.6 £2.3 + 8.2 +2.7
4-5 1373 £3.3 £ 81 +4.7 120.0 £2.0+ 64 +2.3 96.0 £1.7+ 5.1 +1.9
5—6 849 £23+ 47+29 763 +£15+ 40+16 598 +£1.3+ 3.1 +1.3
6—7 56.2 £1.7 + 3.0 +£2.1 482 +1.1+ 25 +1.1 383 +£1.0+£ 2.0+£1.0
7—8 36.3+1.3+ 1.9+1.6 289 +£0.8+ 1.5+0.8 23.3+0.7+ 1.2 +£0.7
8—-9 21.5+£09+ 1.1 +£1.0 19.6 £0.7 £ 1.0 £0.6 152 £0.6 &= 0.8 0.6
9—10 15.7 £0.7 &+ 0.8 £0.8 12.3 £0.5 &+ 0.6 £0.5 9.9 +£0.5+ 0.5+0.5
10—-11 10.1 £0.6 &= 0.5 £0.6 9.0 £0.5+ 0.5+04 76 04+ 04 +£0.5
11-12 8.0+054+ 04 +0.6 6.3 +£04 4+ 0.3 £0.3 44403+ 02403
12—13 53+04+ 03+£04 42 +03 £+ 0.24+0.3 344+03+ 02+£0.3
13—-14 45+04 4+ 02404 3.5 +£03 %+ 0.24+0.3 20+£024+ 0.1£0.2
3.5 <y<4.0 4.0<y<45b
0—-1 83.5 £2.7+ 55 +25 65.0 £3.8 + 4.8 +£3.5
1-2 182.1 £3.4 £12.2 £3.8 139.5 £4.6 +£11.0 5.3
2—-3 176.3 £3.0 £11.5 £3.8 1187 £3.6 + 9.5 +5.0
3—4 1189 £2.3 4+ 73 £2.7 86.6 £3.0+ 6.6 £4.4
4-5 794 +£1.74+ 4.6 £2.0 52.7 £2.1 + 3.7 £2.7
5—6 435 £1.2 4+ 25 +£1.2 282 +14+ 19+1.6
6—7 28.8 £09+ 1.6 +£1.0 178 1.0 £ 1.1 £1.1
7—8 174 +£0.7 £ 1.0 £0.7 9.5 +074+ 0.6 £0.7
8-9 10.0 £0.5 £ 0.6 £0.5 53 +05+ 03 +£04
9—-10 81+054+ 0.5£0.5 49+05+ 03406
10—-11 44 +0.3 £ 0.3 £0.3 29403+ 02+£04
11-12 3.0£03 %+ 0.24£0.3 254+03+ 02+04
12—-13 1.8 £0.2 + 0.1 £0.2 1.6 £0.3 + 0.1 £0.5
13—14 1.5+0.2+ 0.1 £0.2 0.5£+0.14+ 0.04£0.1

Table 3. Double differential production cross-section in nb/(GeV/c) for J/ip-from-b mesons in
bins of (pr,y). The first uncertainties are statistical, the second are the correlated systematic
uncertainties shared between bins and the last are the uncorrelated systematic uncertainties.
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Figure 3. Double differential cross-section for J/ip-from-b mesons as a function of pr in bins of y.
Statistical and systematic uncertainties are added in quadrature.
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Figure 4. Fractions of J/i)-from-b mesons in bins of J/ib pr and y. Statistical and systematic
uncertainties are added in quadrature.



= FEm 7 T T E — ™
U : —— : b r ————
—yt—— -

; Lo . LHCb ] ; [ LHCb

L 3 a e (5} Fe— —r—

O 10°F —— = (D = —

~ o —— 3 ~ 2 | -

= E E =~ 107 E - E

< s T 1 = E e 3

E | ——_ i .E r —r— o

] = r —y—

N 1 02 - —v—_ g 3 N [ _!_-—o—

=) E —V——e— 3 = ——

S o 1 S ——

© N - ] © 10F " e

he) L ——t e o E _7—_'_ —]

10E T e I D]

E —#— Prompt J/y, (s =13 TeV, 2.0<y <457 3 [ —4— J/y-from-b, (s=13TeV,2.0<y<45 1
F —+— Prompt J/y, \s= 8 TeV, 2.0<y <45 E [ —+— J/ y-from-b, Vs = 8 TeV, 2.0< y <45 |
0 0

10 '
P,/ W) [GeVic]

10
p (/) [GeVic]

Figure 5. Differential cross-sections as a function of pr integrated over y for (left) prompt J/y

and (right) J/p-from-b mesons.
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Figure 6. Differential cross-sections as a function of y integrated over pr for (left) prompt J/y

and (right) J/p-from-b mesons.

Source Systematic uncertainty (%)
Luminosity 4.6
Trigger 1.5
Muon ID 2.2
Tracking 2.0
Signal mass shape 2.0
pr, y spectrum, simulation statistics (¢, fits) 1.1 -18.9

Table 4. Relative systematic uncertainty (in %) on the ratio of the cross-section in pp collisions at
/s = 13 TeV relative to that at /s = 8 TeV. The systematic uncertainty from ¢, fits only affects

J/ip-from-b.
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Figure 7. Ratios of differential cross-sections between measurements at /s = 13 TeV and /s =
8 TeV as a function of pr in bins of y for (left) prompt J/b mesons and (right) J/i)-from-b mesons.
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Figure 8. Ratios of differential cross-sections between measurements at /s = 13 TeV and /s =
8TeV as a function of y integrated over pr for (left) prompt J/p and (right) J/p-from-b mesons.
The FONLL calculation is compared to the measured J/i-from-b production ratio.
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Figure 9. Ratios of differential cross-sections between measurements at /s = 13TeV and /s =
8TeV as a function of pr integrated over y for (left) prompt J/2) mesons and (right) J/i-from-b
mesons. Calculations of NRQCD and FONLL are compared to prompt J/i) mesons and J/)-from-b
mesons, respectively.
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Figure 10. The J/i) production cross-section for (left) prompt J/ip and (right) J/ip-from-b mesons
as a function of pp collision energy in the LHCb fiducial region compared to the FONLL calculation.
In general, the correlated and uncorrelated systematic uncertainties among different measurements
are of comparable magnitude.

Otot, (D) Vs =2.76 TeV Vs =T7TeV Vs =8TeV Vs =13TeV
Prompt Ji)  52+0.340.3 9.440.5%07 10.9 + 0.5+ 0.6 15.0 £ 0.6 £0.7
Jhp-from-b  0.39+0.04 +£0.04 1.07+£0.0540.06 1.2740.06+0.09 2.25+0.09 & 0.10

Table 5. Production cross-sections of prompt J/ip and J/ip-from-b mesons, integrated over the
LHCb fiducial region, in pp collisions at various centre-of-mass energies. The first uncertainty is
the uncorrelated component, and the second the correlated one.
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Figure 11. Differential cross-sections as a function of pr integrated over y in the range 2.0 < y <
4.5, (left) compared with the NRQCD calculation for prompt J/ip and (right) compared with the
FONLL calculation for J/i)-from-b mesons.



pr(GeV/e] | 2<y <25 25<y<3 3<y<3bh 35<y<4d 4<y<45b
0—-1 9.8+ 0.5 9.24+0.3 9.24+0.3 8.6 +£0.3 7.6+04
1—-2 11.44+0.3 11.240.2 10.94+0.2 10.54+0.2 9.1£+0.3
2—-3 14.0+ 0.3 12.6 0.2 12.54+0.2 12.240.2 10.14+0.3
3—14 16.0+0.3 14.2+0.2 13.94+0.2 12.94+0.2 11.8+0.4
4—5 173+ 0.4 17.0+0.3 15.34+0.3 15.240.3 13.8 4+ 0.5
5—6 18.7+ 0.5 18.24+0.3 16.9+0.3 15,7+ 0.4 14.3+ 0.6
6—7 21.04+0.6 21.1+04 19.7 £ 0.5 19.3+ 0.6 16.9+0.9
7—38 25.3+£0.8 23.0+£0.6 21.3+0.6 21.1+0.7 1754+ 1.1
8—-9 259+1.0 25.6 £0.8 23.7+£0.8 216+ 1.0 18.0+ 1.5
9—-10 29.5+1.2 26.3+1.0 2724+1.1 2794+1.3 26.6 +2.4
10 —-11 296 £1.5 31.5+1.3 309+14 26.5 +1.7 28.4 4+ 2.8
11 —-12 34.0+1.9 33.3+1.6 28.1+1.8 31.54+2.3 36.94+ 3.5
12 -13 35.84+2.3 36.5 + 2.1 33.3+2.2 29.3 +£2.7 34.04+5.2
13 —-14 43.6 £ 2.7 37.3+2.3 33.4+28 41.7+£ 3.9 15.24+4.3

Table 6. The fraction of J/ip-from-b mesons (in %) in bins of the J/ip transverse momentum and
rapidity. The uncertainties are statistical only. The systematic uncertainties are negligible.



pr [GeV/(] Prompt J/

J/ip-from-b

0-1
1-2
2-3
3—4
4-5
5—6
6—7
78
8—9
9-10
10—-11
11-12
12—-13
13—-14

2177 £ 10 £ 17 £ 146
4226 £ 14 £ 29 £ 278
3548 £ 12 £ 26 £ 223
2251+ 94+ 16 £ 134
1273+ 5+ 9+ 72
703.7 £ 3.8 £ 6.0 £ 38.9
376.8 £ 2.6 £ 3.7 £ 20.5
199.7 £ 1.7 £ 24 + 10.8
1138 £1.2£16 £ 6.1
66.5 £09+ 1.2+ 3.6
3990709+ 2.1
251 £0.6 £0.7+ 1.3
154+£04+05=+ 08
101 £03+04 £ 0.5

2194 +£39+18+148
509.2 £49 + 3.6 £ 33.5
507.6 £ 4.4 +4.0 £ 31.9
367.6 £ 3.5 £ 2.7+ 219
242.7 £25+1.9 £ 138
146.3 £ 1.8 £1.3 £ 8.1
946 £1.3+£09+ 5.1
577 +1.0+£ 07+ 3.1
3580705+ 1.9
265 £06 05+ 14
17.0£05+04 £ 09
121 £ 04 +£03 £ 0.6
81£03+03+ 04
5.9+£03+£02=+ 03

Table 7. Differential cross-sections do/dpr (in nb/(GeV/c)) for prompt J/ip and J/ip-from-b
mesons, integrated over y. The first uncertainties are statistical and the second (third) are un-
correlated (correlated) systematic uncertainties amongst bins.

Y

Prompt J/

J/ip-from-b

2.0-2.5
25-3.0
3.0—-3.5
3.5—-4.0
4.0—-4.5

7.049 £0.033 £0.072 £ 0.516
6.840 £+ 0.021 £ 0.029 £ 0.390
6.236 £ 0.018 £ 0.024 £ 0.350
5.413 £ 0.017 £ 0.025 £ 0.344
4.519 £ 0.020 £ 0.043 £+ 0.343

1.201 £0.012 £ 0.011 £+ 0.083
1.073 £ 0.007 £ 0.004 £+ 0.060
0.930 £ 0.006 £ 0.003 £ 0.052
0.759 £ 0.006 £+ 0.003 £ 0.048
0.536 £ 0.008 £ 0.005 £ 0.040

Table 8. Differential cross-sections do/dy (in pb) for prompt J/y and J/i-from-b mesons, inte-
grated over pr. The first uncertainties are statistical and the second (third) are the uncorrelated

(correlated) systematic uncertainties.
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pr[GeV/e] | 2<y<2b5 25<y<3 3<y<3bh 35<y<4d 4<y<45|2<y<45b
0-1 1.25+0.14 1.24+£0.09 1.234+0.08 1.274+0.08 1.30+0.09 | 1.26 £ 0.09
1-2 1.29+0.12 1.28+£0.09 1.30+0.08 1.284+0.08 1.39+0.09 | 1.30+£0.09
2-3 1.38+£0.11 1.35£0.09 1.36+0.08 1.384+0.08 1.39+0.09 | 1.37+£0.09
3—-4 1414011 1.43+£0.09 143+0.09 148+0.09 1.56+0.11 | 1.454+0.09
4-5 1.52+0.13 1.44+0.09 1.484+0.09 1.564+0.10 1.62+0.11 | 1.51+£0.10
5—06 1.60£0.11 1.58+0.10 1.614+0.10 1.60+0.10 1.76+0.14 | 1.61+£0.10
6—-17 1.67+£0.12 156+0.11 1.614+0.11 1.644+0.11 1.80+0.14 | 1.64+£0.10
7—8 1.58+£0.12 1.53+£0.10 1.68+0.12 1.75+0.13 1.87+£0.17 | 1.64+0.10
8—-9 1.58+0.14 1.64+£0.12 1.794+0.14 1.824+0.15 2.02+0.20 | 1.71+£0.11
9—-10 1.71+£0.15 1.78+0.14 1.774+0.15 1.904+0.17 2.01+0.25 | 1.80£0.12
10 - 11 1.76 £0.17 1.69+0.14 1.924+0.17 1944020 220+0.32 | 1.83+£0.13
11 -12 1944021 1.75£0.18 220+0.21 1.68+0.19 2.12+£0.36 | 1.924+0.14
12 —-13 1.76 £0.21 1.67+£0.17 2.084+0.24 1.964+0.25 2.99+0.60 | 1.91+£0.15
13—-14 1.75£0.25 198+0.25 1.894+0.26 1.404+0.21 594+1.57 | 1.98+£0.17
0—14 1.38+0.11 1.36£0.09 1.374+0.08 1.38+0.08 1.44+0.09 —

Table 9. The ratio of cross-sections between measurements at 13 TeV and 8 TeV in different bins

of pr and y for prompt J/i) mesons. The systematic errors are negligible.

pr[GeV/e] | 2<y <25 25<y<3 3<y<3b 35<y<4 4<y<4b5|2<y<4b
0-1 1.39+£024 1.38+0.16 1.504+0.19 1.80+0.14 224+0.24 | 1.57+£0.13
1-2 1.48+£0.14 1.52+0.11 1.614+0.11 1.83+0.14 2.07+0.17 | 1.63£0.11
2-3 1.70+0.15 154+£0.11 1.74£0.11 1.95+0.13 2.044+0.15 | 1.74+0.11
3—4 1.754+0.14 1.64£0.11 1.73+0.11 190£0.13 2.35+£0.19 | 1.80+0.12
4-5 1.84+0.16 1.77+0.12 1.804+0.12 2.10+0.14 2.50+£0.21 | 1.90 £0.12
5—06 1.84+0.14 182+£0.13 191£0.13 2.12+0.15 2.354+0.22 | 1.93+0.12
6—-17 1.95+0.15 190+£0.15 2.10£0.15 2.39+£0.18 2.80+0.29 | 2.08 +0.13
7—-8 1.96+0.17 1.89+£0.14 2.08+0.16 2.40£0.20 2.59+0.31 | 2.06+0.14
8—9 1.90£0.19 193+0.16 2.214+0.20 240+0.24 235+0.33 | 2.06£0.14
9—-10 2.034+£0.20 1.984+0.18 220+0.22 3.19+£0.35 4.48£0.89 | 2.30+0.16
10— 11 1.93+0.22 216+£0.21 2.70£0.28 3.10+£042 4.114+0.79 | 2.38+0.18
11 —-12 2.33+0.28 2254026 2.51+£0.31 273+041 6.88+1.64 | 2.57+£0.21
12 —-13 2.024+0.28 1.9240.23 254+0.36 248+042 5.89+1.65 | 2.294+0.20
13—-14 2.544+040 2494035 238+0.39 355071 298+£1.04 | 2.60+0.25
0—14 1.68 £0.13 1.62+0.10 1.734+0.11 1.96=+0.12 2.24+0.15 —

Table 10. The ratio of cross-sections between measurements at 13 TeV and 8 TeV in different bins
of pr and y for J/ih-from-b mesons. The systematic uncertainties are negligible.
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