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Abstract

The values of the J/y and y(2S) production cross sections in pp collisions at a centre-of-mass energy
of \/s = 8.16 TeV are reported. These values are obtained from the existing measurements at /s = 8
TeV using an energy interpolation combined with an extrapolation in rapidity. They are used as
reference for the measurements of J/y and y(2S) nuclear modification factors and double ratios, and
for the J/y average transverse momentum ((pr)) and average squared transverse momentum ((p3))
determination at the same center-of-mass-energy.
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1 Introduction

The production of J/y and y(2S) mesons in p—Pb collisions at the centre-of-mass energy per nucleon
pair of /sy = 8.16 TeV is reported in Ref. [1, 2]. The measurements performed by the ALICE Collab-
oration are reported in the centre-of-mass rapidity intervals 2.03 < y < 3.53 (forward rapidity, p-going
direction) and —4.46 < y < —2.96 (backward rapidity, Pb-going direction) as a function of the centrality
of the collision, integrated or differential as a function of the quarkonium transverse momentum (pr) and
rapidity (y). The measurements in p—Pb collisions are compared with the corresponding quantities in pp
collisions at the same energy and in the same kinematic domain. The results in pp collisions, which are
used as a reference, are reported in this note and their numerical values are also available in HEPData [3]].

2 Cross section in proton—proton collisions at /s = 8.16 TeV
2.1 Cross section integrated over pr

Both ALICE and LHCb collaborations measured the J/y production cross section in pp collisions at
/s =8 TeV [4]5]. However, these measurements cannot directly be used as a reference for the ALICE
proton—nucleus results. First, an energy interpolation that takes into account the small increase in energy
from /s = 8 TeV to 8.16 TeV was performed. Then the J/y production cross section was extrapolated
from the rapidity interval 2.5 < y < 4 (i.e. the rapidity range covered by the muon spectrometer in
pp collisions) to the ones covered in p—Pb, namely 2.03 < y < 3.53 and —4.46 <y < —2.96. The
approach followed to perform the energy interpolation and the rapidity extrapolation is discussed in
detail in Ref. [1]]

The resulting values of the J/y production cross section for pr > 0 and in the two rapidity intervals are
given in Table[T]

Table 1: Extrapolated J/y cross sections per unit of rapidity and for pr > 0 in pp collisions at /s = 8.16 TeV [1]].
The first quoted uncertainty is the total systematic uncertainty, whose size is provided in percentage in parenthesis.
The uncorrelated contribution for a given rapidity region, and the correlated contribution common to both forward
and backward rapidities are quoted in square brackets.

do’/V /dy (ub) (pp) (0 < pr < 20 GeV/c)
—4.46 <y< —2.96 4.472 4 0.327 (7.3%) [0.081 (unc 1.8%) & 0.316 (cor 7.1%)]
2.03<y<3.53 5.798 + 0.419 (7.2%) [0.086 (unc 1.5%) 4 0.410 (cor 7.1%)]

The y(2S) proton—proton reference is calculated at backward and forward rapidity by multiplying the
J/y production cross sections in Table[l] by the corresponding ratio y/(2S)/J/y evaluated at /s = 8.16
TeV as

Extr.
do¥®S) /dy =do’/¥/dy

V/5=8.16TeV

do v(25) /dy] B W

X [ dol/v /d
/5=8.16TeV cl/V/dy /5=8.16TeV

The ratio y(2S)/J/y is not available at \/s = 8.16 TeV, therefore it is extracted by interpolating the
ratio at /s = 5,7, 8 and 13 TeV [6] with a constant function. The total uncertainty is the quadratic sum
of the uncertainty from the fitting procedure and a 1% contribution due to the rapidity shift from pp to
p—Pb collisions. An additional 1% uncertainty is added in quadrature to account for deviations from the
constant dependence of the ratio with /s as suggested by the NRQCD+CGC calculations [7, [8]. The
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Fig. 1: Extrapolated J/y and y(2S) production cross section in pp collisions at /s = 8.16 TeV as a function
of rapidity. The boxes represent the total systematic uncertainty. The horizontal error bars indicate the rapidity
interval.

resulting ratio is

di(ZS) /dy Extr.

=0.1494+0.009(6.2%), 2

V/5=8.16TeV

where the systematic uncertainty is considered as correlated over centrality, pt and rapidity. The resulting
values of the y(2S) production cross section for the two rapidity intervals are given in Table 2]

Table 2: Extrapolated y(2S) cross sections per unit of rapidity and for pt > 0 in pp collisions at /s = 8.16 TeV.
The first quoted uncertainty is the total systematic uncertainty, whose size is provided in percentage in parenthesis.
The uncorrelated contribution for a given rapidity region, and the correlated contribution common to both forward
and backward rapidities are quoted in square brackets.

dc ¥ /dy (ub) (pp) (0 < pr < 20 GeV/c)
—4.46<y<—296 0.666 + 0.064 (9.6%) [0.012 (unc 1.8%) + 0.062 (cor 9.4%)]
2.03<y<3.53 0.864 £ 0.082 (9.5%) [0.013 (unc 1.5%) =+ 0.081 (cor 9.4%)]

The J/y and y(2S) production cross sections in pp collisions at /s = 8.16 TeV are shown in Fig.|l|as a
function of rapidity.

2.2 y-differential cross section

The extrapolated values of the J/y production cross section in pp collisions at y/s = 8.16 TeV as a func-
tion of rapidity for the backward and forward rapidity intervals of the p—Pb measurements are reported
in Tables [3]and [ and shown in Fig.

2.3 pr-differential cross section

The extrapolated values of the J/y production cross section in pp collisions at /s = 8.16 TeV as a
function of pt for the backward and forward rapidity intervals of the p—Pb measurements are obtained
by combining the cross sections evaluated in Ref. [1l], and are reported in Tables [5| and [ and shown in

Fig.[3]
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Table 3: Extrapolated J/y production cross section as a function of rapidity in pp collisions at /s = 8.16 TeV
for the backward rapidity interval (—4.46 < y < —2.96) of the p—Pb measurement. The first uncertainty is the
total uncertainty. The size of this uncertainty is also provided in percentage in parenthesis. The uncorrelated and
rapidity-correlated contributions are quoted in brackets.

y do’/¥ /dy (ub) (0 < pr < 20 GeV/c)
—4.46 <y < —4.21 3.363 £+ 0.310 (9.2%) [0.199 (unc 5.9%) + 0.238 (cor 7.1%)]
—421 <y< —3.96 3.814 & 0.281 (7.4%) [0.078 (unc 2.0%) % 0.270 (cor 7.1%)]
—3.96 <y < —3.71 4.391 4 0.327 (7.4%) [0.102 (unc 2.3%) + 0.311 (cor 7.1%)]
—371<y< —3.46 5.077 & 0.374 (7.4%) [0.106 (unc 2.1%) =+ 0.359 (cor 7.1%)]
[
[

—3.46 <y < —=3.21 5.562 £+ 0.409 (7.4%) [0.113 (unc 3.0%) + 0.393 (cor 7.1%)]
—321<y< =296 5.891 =+ 0.429 (7.3%) [0.104 (unc 1.8%) £ 0.417 (cor 7.1%)]

Table 4: Extrapolated J/y production cross section as a function of rapidity in pp collisions at /s = 8.16 TeV
for the forward rapidity interval (2.03 <y < 3.53) of the p—Pb measurement. The first uncertainty is the total
uncertainty. The size of this uncertainty is also provided in percentage in parenthesis. The uncorrelated and
rapidity-correlated contributions are quoted in brackets.

y do’/¥ /dy (ub) (0 < pr < 20 GeV/c)
2.03 <y<2.28 6.395£0.506 (7.9%) [0.227 (unc 3.5%) £ 0.452 (cor 7.1%)]
228 <y <2.53 6.206 £ 0.464 (7.5%) [0.149 (unc 2.4%) £ 0.439 (cor 7.1%)]
253 <y <278 5.982 £ 0.434 (7.2%) [0.095 (unc 1.6%) £ 0.423 (cor 7.1%)]
278 <y<3.03 5918 £ 0.429 (7.2%) [0.094 (unc 1.6%) £ 0.419 (cor 7.1%)]
[
[

3.03<y<3.28 5.822+0.426(7.3%) [0.108 (unc 1.9%) + 0.412 (cor 7.1%)]
328 <y<3.53 5.444 + 0401 (7.4%) [0.112 (unc 2.1%) + 0.385 (cor 7.1%)]

Table 5: Extrapolated J/y production cross section as a function of pr in pp collisions at /s = 8.16 TeV for the
backward rapidity interval (—4.46 <y < —2.96). The first uncertainty is the total uncertainty. The size of this
uncertainty is also provided in percentage in parenthesis. The uncorrelated and y and pr-correlated contributions
are quoted in brackets.

pr (GeV/c) d?>c’/¥ /dydpr (ub/(GeV/c)) (—4.46 <y < —2.96)
0-1 0.751 4 0.063 (8%) [0.034 (unc 4.5%) + 0.053 (cor 7.1%)]
1-2 1.374 £ 0.115 (8%) [0.061 (unc 4.5%) 4 0.097 (cor 7.1%)]
3 1.074 4 0.090 (8%) [0.048 (unc 4.5%) 4 0.076 (cor 7.1%)]
4 0.635 £ 0.053 (8%) [0.028 (unc 4.5%) 4+ 0.045 (cor 7.1%)]
-5 0.339 4 0.028 (8%) [0.015 (unc 4.5%) + 0.024 (cor 7.1%)]
6
8
1

0.172 £ 0.014 (8%) [0.008 (unc 4.6%) £ 0.012 (cor 7.1%)]
0.069 £ 0.006 (8%) [0.003 (unc 3.6%) % 0.005 (cor 7.1%)]
-10 0.0201 £ 0.0016 (8%) [0.0008 (unc 3.9%) £ 0.0014 (cor 7.1%)]
0-16 0.0033 £ 0.0003 (8.0%) [0.0001 (unc 3.0%) £ 0.0002 (cor 7.1%)]

2.4 (pr) and (p3) of inclusive J/y

The reference (pr) and (p3) are evaluated from the pr-differential cross section in pp collisions at
/s = 8.16 TeV shown in Fig. [3} which are obtained using the extrapolation procedure described above.
Table (7| shows the values of (pr) and (p3) of inclusive J/y, which are obtained with the same fitting
procedure as described in [2]] and in the same pt range 0 < pr < 16 GeV/c as for the p—Pb results
published in Ref. [1]].

Figure |4] shows the obtained values of inclusive J/y (pr) and (p3) as a function of rapidity for pp
collisions at /s = 8.16 TeV.
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Fig. 2: Extrapolated J/y production cross section in pp collisions at /s = 8.16 TeV as a function of rapidity. The
boxes represent the total systematic uncertainty.

Table 6: Extrapolated J/y production cross section as a function of pr in pp collisions at /s = 8.16 TeV for the
forward rapidity interval (2.03 <y < 3.53). The first uncertainty is the total uncertainty. The size of this uncertainty
is also provided in percentage in parenthesis. The uncorrelated and y- and pr-correlated contributions are quoted
in brackets.

pr (GeV/c) d?>c’/¥ /dydpr (ub/(GeV/c)) (2.03 < y < 3.53)

0-1 0.862 & 0.073 (8.5%) [0.040 (unc 4.6%) 4 0.061 (cor 7.1%)]
1-2 1.676 & 0.140 (8.3%) [0.074 (unc 4.4%) + 0.119 (cor 7.1%)]
2-3 1.394 + 0.116 (8.3%) [0.061 (unc 4.4%) 4 0.099 (cor 7.1%)]
34 0.867 + 0.073 (8.4%) [0.039 (unc 4.5%) 4 0.061 (cor 7.1%)]
4-5 0.494 4 0.042 (8.5%) [0.023 (unc 4.7%) 4 0.035 (cor 7.1%)]
5-6 0.263 + 0.022 (8.4%) [0.012 (unc 4.4%) 4 0.019 (cor 7.1%)]
6-8 0.111 £ 0.009 (7.9%) [0.004 (unc 3.5%) 4 0.008 (cor 7.1%)]
8-10 0.036 4 0.003 (8.0%) [0.0014 (unc 3.8%) =+ 0.0025 (cor 7.1%)]
10-16 0.0070 = 0.0005 (8.0%) [0.0002 (unc 2.9%) % 0.0005 (cor 7.1%)]

Table 7: Values of (pr) and (p3) of inclusive J/y in the interval 0 < pr < 16 GeV/c for pp collisions at /s =
8.16 TeV.

—4.46 <y<—296 2.03 <y<3.53
(pr) (GeVic)  (p%) (GeV%c?)  (pr) (GeVie) (p}) (GeV?*/c?)
2.5574+0.035 9.678 £0.225 2.738 £0.037 11.242 +0.252

3 Summary

The inclusive J/y and y(2S) production cross sections in pp collisions at /s = 8.16 TeV have been
obtained from existing measurements at /s = 8 TeV using an energy interpolation and rapidity extrapo-
lation procedure. The (pr) and (p3) of inclusive J/y are derived from the obtained pr-differential cross
section. These results were used as reference for the studies of the inclusive J/y and y(2S) production
in p—Pb collisions at /sy = 8.16 TeV by the ALICE Collaboration.
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Fig. 3: Extrapolated production cross section as a function of p for inclusive J/y in pp collisions at /s = 8.16 TeV
in the forward (red) and backward (blue) rapidity intervals. The boxes respresent the total systematic uncertainty.
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Fig. 4: Inclusive J/y (pr) (left) and (p3) (right) as a function of rapidity for pp collisions at /s = 8.16 TeV. The
results are obtained from fits to the extrapolated pr differential cross sections as described in the text. The total
systematic uncertainty is shown as open boxes.
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