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Abstract

This document describes a J/{ measurement in proton-lead collisions at a center-of-
mass energy per nucleon pair of 5.02 TeV with an integrated luminosity of 34.6 nb™*
recorded by the CMS experiment at the LHC in 2013. Prompt J/¢ and non-prompt
J/¢ from B hadron decays are separately measured via their "~ decay mode. The
differential production cross section is presented with the center-of-mass rapidity of
—24 < ycm < 1.93 and the transverse momentum of pr < 30 GeV/c. The ratio of
the forward and backward production yields is measured in bins of pr, rapidity, and
the multiplicity-related variables. The prompt and non-prompt J/i yields at forward
rapidities are relatively suppressed compared to backward rapidities. The tendency
is more strongly marked for higher multiplicity event bins. Such an observation con-
firms the presence of cold nuclear matter effects in the J/¢ production in p-Pb.
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1 Introduction

Understanding the production mechanisms of cc bound states, from first principle calculations
based on quantum chromodynamics (QCD), remains an open question in proton-proton (pp)
and heavy-ion collisions [1-8]. In pp collisions, despite the extensive progress [9-11], none
of the existing models can reproduce simultaneously the cross sections and polarization re-
sults measured experimentally [12]. While the non-relativistic (NRQCD) approach can accu-
rately describe the differential cross sections, it fails reproducing the polarization of prompt
]/ measurements at LHC energies [13-18]. In relativistic heavy ion experiments carried out
at SPS [6, 19, 20], RHIC [21, 22] and LHC [7, 23], a suppression of J/i and ¢(2S) yields over a
wide rapidity and pr range has been observed for increasingly central collisions. Those results
are consistent with expectations for the formation of a Quark Gluon Plasma (QGP) phase at
temperatures where the cc bound state dissociates due to the screening of the color potential
by surrounding quarks and gluons. [2, 24-26].

Apart from effects due to the hot and dense QGP medium, several other processes can affect
the quarkonia production yields. Initial-state modifications of the parton distribution function
(PDF) of a nucleus compared to that from protons, in particular, in the shadowing regime at
low Bjorken-x (x), the quarkonia yields can be reduced since gluon-gluon collisions are their
dominant production mechanism. Also, some theoretical models attribute the quarkonia sup-
pression to the modification of cc pair’s invariant mass [27, 28] or to the gluon radiation in-
duced by multiple scattering with the surrounding medium [29-31]. In this context, the study
of charmonia in proton-nucleus collisions is a basic prerequisite in order to understand the
”cold nuclear matter” effects that can modify their production yields without the necessary
formation of a QGP.

This paper reports the analysis of J/i production in proton-lead collisions at /s, = 5.02 TeV
collected with the Compact Muon Solenoid (CMS) detector in 2013. J/i’s are reconstructed via
their dimuon decay channel, in the muon tracking system that covers a wide kinematic range
of —2.4 < ycm < 1.93 and pr < 30 GeV/c. This corresponds to 2 -10~% < x < 1072 for the
forward region and 1072 < x < 4 - 1072 for the backward one, in case of 2 — 1 processes [32].
Prompt ]/ and non-prompt J/ip from B-meson decays are separated by means of secondary
utu~ vertices. The differential cross sections are measured as a function of pr and rapidity. The
ratio of the yields in the forward and backward rapidities is used to probe rapidity-dependent
cold nuclear matter effects. In addition, the dependence of the forward-to-backward ratio as a
function of event activity is studied.

2 CMS Detector

A detailed description of the CMS detector can be found in Ref [33]. Its central feature is a
superconducting solenoid with an internal diameter of 6 m, providing a magnetic field of 3.8 T.
Within the field volume are the silicon pixel and strip tracker , the crystal electromagnetic cal-
orimeter, and the brass/scintillator hadronic calorimeter. The silicon pixel and strip tracker
measures charged-particle trajectories in the range || < 2.5. It consists of 66 M pixel and
10M strip sensor elements. Muons are detected in the range |17| < 2.4, with detection planes
based on three technologies: drift tubes, cathode strip chambers, and resistive plate chambers.
Because of the strong magnetic field and the fine granularity of the tracker, the muon pt mea-
surement based on information from the tracker alone has a resolution between 1 and 2% for
typical muons in this analysis.

The CMS apparatus also has extensive forward calorimetry, including two steel/quartz-fiber
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2 4 Signal Extraction

Cerenkov hadron forward calorimeters (HF), which cover 2.9 < || < 5.2. These detectors
are used for online event selection and impact parameter-like characterization of the events in
pPb collisions, where impact parameter refers here to the distance between the two centers of
incoming projectiles.

3 Definitions and Event Selection

The pPb dataset used in this analysis corresponds to an integrated luminosity of 34.6 nb™ . The
beam energies were 4 TeV for protons, and 1.58 TeV per nucleon for the lead nuclei, resulting
in a center-of-mass energy per nucleon-nucleon pair /s, of 5.02 TeV. The direction of the

higher-energy proton beam was initially set up to be clockwise, and was reversed after 20 nb !
to study systematic effects. As a result of the beam energy difference, the nucleon-nucleon
center-of-mass in pPb collisions is not at rest with respect to the laboratory frame. Massless
particles emitted at |fcp| = 0 in the nucleon-nucleon center-of-mass frame are detected at
N1ap = —0.465 for the first run period(clockwise proton beam) and +0.465 for the second run
period (counterclockwise proton beam) in the laboratory frame. In the center-of-mass frame,
forward regions (positive pseudorapidity) are defined by the proton-going direction. Data from
two different directions are fitted separately for the signal extraction and then merged after the
acceptance and efficiency corrections. The result presented here are based on dimuon events
selected by the Level-1 (L1) trigger, an online hardware-based trigger system requiring two
muon candidates in the muon detectors with no explicit limitations in momentum or rapidity.

The collision selection criteria developed in [34] are applied to remove beam-gas and multiple
collision events (pile-up). The longitudinal and transverse distance between the primary vertex
having the highest number of associated tracks and the secondary vertex is used for removing
pileup events to avoid the bias in characterizing the event activity variables.

4 Signal Extraction

The signal extraction procedure is similar to those used in previous CMS analyses of pp [14] and
PbPb [7] collisions. The dimuon invariant-mass spectrum is fitted with an exponential function
representing the underlying background and the sum of a Crystal Ball [35] and a Gaussian
function representing signal peak. The signal functions have independent widths ¢g,,s and
ocp to accommodate dimuon invariant-mass resolution, but share the common mean.

To separate the J/¢ from B decay, a “prompt-signal region” is defined using the pseudo-proper
decay length, ¢j,, = Ly mys/pr, where Lyy is the transverse decay length in the laboratory
frame [36, 37]. The resolution model of the pseudo-proper decay length exploits the per-event
error information provided by the covariance matrices of the primary and secondary vertex fits.
The prompt J/ip component is described by the resolution function, the sum of two Gaussians.
One of them with the narrower width describes most of the parts. The other one with wider
width, with a very small fraction, parameterizes the tail components from imperfect primary
vertex alignments. The non-prompt component is modelled by an exponential decay function
convolved with the resolution function, and the continuum background component by the sum
of three exponential functions, a single-sided left, a single-sided right and a double-sided, also
convolved with the resolution function.

The invariant-mass spectrum and the £, distribution of * ™ pairs are fitted simultaneously
in an extended unbinned maximum likelihood fit, in bins of pr, rapidity and the multiplicity-
related variables, where the fraction of non-prompt to prompt J/¢ is a free parameter. Before
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the fitting procedure, the wider width of the resolution function is fixed by the prompt Monte-
Carlo samples to retain the minimum of freedom and more stable fit results. The parameters
describing the lifetime distributions of the background are determined by the fits to the side-
bands of the invariant mass distribution, 2.6 < m,,;, < 2.9 GeV/c?2and 3.3 < myy < 3.5 GeV/c2.

Figure 1 shows exemples of fit projections onto the mass (left) and /j, axes (right), for muon
pairs with 5 < pr < 6.5 GeV/cin =24 < yj;, < —1.97 and with 14 < pr < 30 GeV/c in
—0.47 < Y1 < 0.43 from the 1st run subset.
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Figure 1: Invariant-mass (left) and pseudo-proper decay length distributions (right) of p*p~
pairs. The top panel represents the pr range of 5 < pr < 6.5 GeV/cin —2.4 < y;,, < —1.97,and
the bottom panel represents the high pt range of 14 < pp < 30 GeV/c in —0.47 < yj,, < 0.43
from the 1st run subset. The projections of the two-dimensional fit function onto the respective
axes are overlaid as black solid lines. The red dashed lines show the fitted contribution of
non-prompt J/ip. The fitted background contributions are shown by blue dotted lines.

5 Acceptance and efficiencies

Monte Carlo (MC) events are used to obtain acceptance and efficiency correction factors. J/y
events are generated at 5.02 TeV using PYTHIA version 6.424 [38] and boosted in rapidity
by -0.465 to account for the asymmetry of the beam energies. Samples for prompt and non-
prompt J/¢ are independently produced using the D6T and Z2 tunes respectively. The prompt
J/¢ samples are generated assuming no decay polarization, and the non-prompt J/i sample
includes the polarization determined by the sum of the exclusive B hadron decays (B*, B~, B
and Ap) from EVTGEN [39]. The final-state QED radiation of the decay muons is implemented
using PHOTOS [40]. Finally, the CMS detector response is simulated using GEANT4 [41].

5.1 Acceptance

The dimuon signal’s acceptance, A, is defined as the ratio of detectable dimuon pairs in the
CMS detector within a restricted mass interval M to all generated pairs in a given (pr, y) bin.
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4 6 Systematic Uncertainties

Ng;”; bl M(PT/y)
Alpr, _ etectable,
(PT ]/) Nggnerated(pT/ y)

@

where the numerator and denominator are defined in the following:

e N 5;;2 ;ﬂble ¢ Number of dimuon signals in the MC simulation. Signals are declared
to be detectable according to the cuts defined in the previous quarkonia analysis [14].

The mass interval M is [2.6, 3.5] GeV/c? in a given (pr, y) bin.

® Neeneratea: Number of generated within geometrical coverage of the CMS muon de-
tectors.

5.2 Efficiency correction

The dimuon reconsctruction efficiencies are acquired from MC simulation with furhter cor-
rection by a data-driven technique called tag-and-probe (T&P) in a similar way as in Ref. [7].
The data-to-MC ratios of single muon efficiencies, as a function of pseudo-rapidity and pr, are
calculated by T&P method. These ratios are applied as scale factors to convolve the dimuon
efficiencies obtained in MC simulation, as accounted in Eq. 2.

T&P efficiency of (utu™)
MC efficiency of (utpu—)

@)

& = EMC

,where
Number of reconstrcuted dimuon pairs(pr,y)

Number of generated dimuon pairs(pr,y)

®)

EMC =

is the J/y efficiency without T&P correction. Only the dimuon pairs satisfying the acceptance
criteria are considered in MC efficiency calculation. The amount of T&P correction is less than
5% for pt above 5GeV/c, and the largest correction is in 15% level for the lowest bins at the
most forward and backward rapidities.

6 Systematic Uncertainties

The following sources of systematic uncertainties are considered in this measurement: signal
extraction, acceptance and efficiency correction procedures. To estimate the systematic uncer-
tainty due to the fitting procedure, the variation on the parameters or alternative fit functions
have been considered for the mass and lifetime distributions. The differences compared to the
nominal method are taken as systematic uncertainties. The detailed sources of the systematic
uncertainty include the following:

e Variation of the signal lineshape in the dimuon mass distribution: In our default fit,
we set the parameters of the CB tail ncp = 2.1 and left acp as a free parameter. As
alternative scenarios, we have either decreased or increased ncg by 0.5. For acp, we
fixed its values to 1, 2, 3.

e Variation of the background fit function in the dimuon mass distribution: the straight
line is tested and compare to the nominal single exponential function.

e Resolution model for the lifetime of prompt J/¢: As a default, the width of wider
Gaussian, oy, is fixed to prompt MC templates and the narrower width ¢y4/r0w is
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left free. For alternative options, we set both 0z, and Gy as free parameters.
Secondly, both parameters are fixed to the MC templates.

¢ B lifetime model: alternative B lifetime model, based on MC templates [7] is tested
and the difference in the fitted non-prompt fraction is taken as the systematic uncer-
tainty.

The uncertainties tend to be larger for lower pr and higher rapidity region and reach up to
24.2% for the prompt ]/ component and 28.3% for the non-prompt. The data to MC discrep-
ancy of the internal spectra in each pr bin is the dominant source of systematic uncertainty in
the acceptance and efficiency correction where the correction factors steeply changes. In order
to correct this, the pr distributions of MC samples are reweighted by the data/MC ratios for
each rapidity bins to adjust the correction factors suitalbe for data spectra. The internal spec-
tra ratio curve was interpolated by fitting data to MC ratio data points. The acceptance and
efficiency uncertainties are estimated by comparing the values after pr weighting with those
before weighting, MCy,,.

In addition, the uncertainties of T&P corrections propagated to the uncertainties in efficiency
are accounted by varying the fitting functions in the invariant mass distribution and by se-
lecting higher quality T&P pairs to suppress the background level. The uncertainty due to
acceptance correction is within 0.0 to 1.1% and those due the efficiency correction are within
2.1 to 23.5%, and tend to be larger for lower pr bins.

Table 1 summaries different sources of systematic uncertainties described above in addition to
the luminosity and the J/iy — p*u~ branching ratio. The largest uncertainty comes from the
efficiency correction procedure.

Table 1: Summary of the relative systematic uncertainties on prompt and non-prompt J/1.

prompt J/¢ (%) | non-prompt J /i (%)
Luminosity 3.5 3.5
Branching ratio 1 1
Yield extraction 1.0-6.3 1.6-15.8
Acceptance 0.0-1.1 0.0-0.8
Efficiency 2.1-21.6 2.1-23.5

7 Results

7.1 Production cross section

The production cross sections of prompt and non-prompt J/i are computed by

P20 N/ (A-e)

dprdy ~ Liw x B(/p — pu-) x Dprbdy’

(4)

where the variables are defined as follows:

. N%lf is the raw yield of J/ip extracted from the fit procedure in a given (pr, ) bin,
e A is the dimuon acceptance,

e ¢is the dimuon efficiency,
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6 7 Results

o Ly = (34.6 +1.2) nb~! is the integrated luminosity,
e BJ/Yy — utu~) = (5.93 +0.06)% is the branching ratio to the ™y~ channel [42],
e Apt and Ay are the widths of the (p, ) bin.

In Figs 2 and 3, the double differential cross sections are plotted as a function of pt in eight dif-
ferent rapidity ranges for prompt and non-prompt J/¢ respectively. The bin abscissae are given
by the bin-averaged values. Statistical uncertainties are displayed as vertical error bars, while
the boxes represent the systematic uncertainties summmed in quadrature. The uncertainties
from the luminosity and the branching ratio, that are global to all points are & 3.6% which is
not drawn on the plots.
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Figure 2: Differential cross section of prompt J/¢ production in the three forward rapidity
bins(left) and in the five backward rapidity bins(right). The global uncertainties are £ 3.6%.
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Figure 3: Differential cross section of non-prompt J/i production in the three forward rapidity
bins(left) and in the five backward rapidity bins(right). The global uncertainties are & 3.6%.

In Fig 4, single differential production cross sections are displayed as a function of the center-of-
mass rapidity for prompt and non-prompt J/ip with the integrated pr regions. Two pr intervals,
6.5 < pr < 10 GeV/c (Low pr) and 10 < pr < 30 GeV/c (High pr) are investigated in order to
study the evolution of the shape.

The parton distribution functions in nucleus (nPDFs) is expected to have less values compared
to proton PDEF, increasingly for lower xllzz%eiy. The rapidity dependence of the ]/ yields

provides thus important information on the nPDF modifications. In this paper, the effect was
quantified by computing the forward-to-backward production ratio Rrp defined by:
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global uncertainties are & 3.6%
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Ron — Fforward  Apackward * Ebackward 5
FB = it A € ’ )
backward forward * € forward

where the variables are defined as

. Nj{;iw ard /backward 1S the raw yield extracted from the fit procedure in the forward or

backward rapidity bins,

® Apackward/backward 15 the dimuon acceptance for the forward or backward rapidity
bins,

® Epackward /backward 1S the dimuon efficiency for the forward or backward rapidity bins.

Fig 5 displays the ratio Rrp as a function of pt in three different rapidity ranges for prompt and
non-prompt J/ip. The data points are plotted at the average of the dimuon pr inside of each
bins. For the rapidity interval 1.5 < |ycm| < 1.93, the measurement extends down to 5 GeV/c.
Rrp increases monotonically with pr, especially for the most forward and backward rapidity
bins.

Rrp as a function of rapidity for two pr intervals are shown in Fig 6. No strong rapidity depen-
dence is observed within uncertainties for both prompt and non-prompt J /i within the rapidity
coverage of the presented measurement, while other experiments in LHC found considerable
dependence. It can be understood by the fact that the CMS covers a mid-rapidity region while
ALICE[43] and LHCb[44] experiments cover more forward rapidities.

Rpp is further analyzed to investigate correlation with the multiplicity-related variable - the

transverse energy deposited in the forward hadronic calorimeter in 4 < || < 5.2, E? Ein>%

table 2, the mean value for each bin is computed from a minimum bias sample. The table also
includes the fraction of the minimum bias events in each bin.

Fig 7 shows the ratio Rrp as a function of E?FWM for prompt and non-prompt J /1. The centers

of the bin abscissae are plotted at their bin-averaged values, but shifted for 6.5 < pr < 30 GeV/c

points so that they do not overlap with each other. Rrp is observed to significantly decrease

HF|j|>4

with E;, in all rapidity bins.
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Figure 5: pr dependences of Rrp for prompt (left) and non-prompt J/¢ (right) in three rapidity
ranges.
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Figure 6: Rapidity distributions of Rrp for prompt (left) and non-prompt J/¢ (right) for two
selected pr ranges.

Fln|>4

Table 2: Definition of the multiplicity-related bins in E , the mean within the bin, and the

fraction of recorded events falling in the bin.

E? Flnl>4 (GeV) <E¥FM|>4> Fraction in collision events
0-20 94 73%
20-30 24.3 18%
30-120 37.2 9%
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Figure 7: Rpp as a function of E;, >4 in three different rapidity ranges for prompt (left) and

non-prompt J/i (right). The data are integrated over 6.5 < pr < 30 GeV/c, and the lower pr
data 5 < pr < 6.5 GeV/c is given in addition for the most forward bin 1.5 < |ycum| < 1.93. For
6.5 < pr < 30 GeV/c, the bin abscissae are shifted so that they do not overlap each other.
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7.2 Comparision with LHCb and ALICE
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Figure 8: The double differential cross sections as a function of pr measured by CMS(violet) in
pPb collisions and compared to LHCb result(blue) at the same center-of-mass energy. They are
represented in log (Top) and linear (Bottom) scale.

The CMS results on Rrp are compared with LHCb [44] and ALICE [43] experiments. LHCb
collaboration measured the prompt and non-promt J/i in rapidity range of 1.5 < ycM < 4.0
and transverse momentum range of 0 < pr < 14 GeV/c. ALICE measured the inclusive J/¢ in
range of 2.96 < ycM < 353 and 0 < pr < 15 GeV/c. For the similarity in kinematic range,
the CMS spectra result at the most forward region 1.5 < ycp < 1.93 was compared to LHCb
result in the range of 1.5 < ycM < 2.0 as shown in Fig. 8. The top and bottom panel are same
plots depicted in log and linear scale respectively. The CMS data points are equivalent to those
in Fig. 2 and Fig. 3.

In addition, the Rrp as a function of pr measured by CMS, LHCb and ALICE are compared in
Figure 9. Note that the CMS measuerment covers more central rapidity range 1.5 < |ycm| <
1.93, whereas LHCb and ALICE coveres 2.5 < |ycm| < 4 and 296 < ycM < 3.53 respec-
tively. The ALICE data points are inclusive J/¢ wihtout separating non-prompt. The similar
pr dependence tendency is found for all 3 experiments in spite of inconsistent rapidity inter-
vals. Finally, the rapidity dependence of the Rrp is compared to LHCb and ALICE in figure 10
by integrating double differential cross seciontion by pr. The Rrp is observed to be close to
the unity for mid-rapidity (CMS) and it gradually decreases at forward rapidity (ALICE and
LHCb), which implies the significant modification of nPDF at low x region in lead nucleus.
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Figure 9: Transverse momentum dependence of Rrp measured by CMS(green), LHCb(blue)
and ALICE(magenta) at the same center-of-mass energy pPb collision.
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Figure 10: Rapidity dependence of Rrp measured by CMS(green and red for high pr and low
pr respectively), LHCb(blue) and ALICE(magenta).
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Table 3: double differential cross section of prompt J/i as functions of rapidity, and pr. Quoted
uncertainties are statistical and systematic.

yem (/) pr(/9) 1GeV/el  (pr(/y)) 735 (nb/(GeV/e)]
20< pTr <3.0 2.50 209.114 7.63 +47.06
3.0< pr <40 3.49 116.33+ 3.08 £20.67
40< pr <50 4.47 69.49+ 2.24 £5.66
50< pr <6.5 5.69 31.93+£0.93 £1.53
1.5<y <193 6.5<pr <75 6.96 14.794 0.57 £0.91
75< pr <85 7.96 8.32+ 0.40 +0.30
8.5 < pr <10.0 9,18 3.56+ 0.19 +£0.12
10.0< pt <14.0 11.53 1.074 0.06 £0.08
14.0 < pt < 30.0 17.76 0.065£0.005+0.004
3.0< pr <4.0 3.51 144.99+ 4.65 £15.04
40<pr<5.0 4.50 77.76+ 2.16 +7.00
50< pr <65 5.72 36.47+ 0.75 £1.92
6.5< pr <75 6.97 16.284+ 0.37 £0.70
09<y<1> 75< pr <85 7.97 8.384 0.22 4:0.23
8.5< pr <10.0 9.17 448+ 0.12 +0.12
10.0 < pr <14.0 11.50 1.304 0.04 +0.04
14.0 < pt < 30.0 17.69 0.080+0.004-0.002
6.5< pr <75 7.02 18.764 0.61 +1.30
75< pr <85 8.00 9.64+ 0.30 +0.45
00<y <09 8.5 < pr <10.0 9.20 4.76+ 0.13 +£0.15
10.0< pt <14.0 11.57 1.354 0.04 £0.04
14.0 < pt < 30.0 17.77 0.091£0.003+0.003
6.5< pr <75 7.12 21.36£ 1.19 £2.13
75< pr <85 8.01 10.594 0.42 4+0.66
-09<y <00 8.5 < pr <10.0 9.23 498+ 0.18 £0.21
10.0< pr <14.0 11.63 1.38+ 0.04 +0.03
14.0 < pt <30.0 17.89 0.096+0.004+0.003
6.5< pr <75 7.05 19.404+ 1.02 £1.91
75< pt <85 8.00 10.554+ 0.44 +0.63
-15<y < -09 8.5 < pr <10.0 9.22 471+ 0.18 £0.17
10.0 < pt <14.0 11.56 1.424 0.05 +0.04
14.0 < pt < 30.0 17.72 0.079+0.004+0.002
50<pr <65 5.82 42.624 1.65 +3.75
6.5< pr <75 6.98 17.00+ 0.62 £0.80
75< pr <85 7.97 9.12+ 0.37 +£0.31
—1B sy 715 8.5 < pr <10.0 9.19 429+ 0.17 £0.15
10.0< pr <14.0 11.52 1.154 0.04 +0.04
14.0 < pt < 30.0 17.41 0.065+0.004+0.002
3.0< pr <4.0 3.53 139.64+ 4.86 £27.41
40< pr <50 4.48 79.7694+ 2.18 £9.68
50< pr <65 5.69 34.23+ 0.74 +1.69
6.5< pr <75 6.96 15.024+ 0.42 +0.70
—24<y<-19 75< pr <85 7.96 7.64+ 0.26 +0.19
8.5< pr <10.0 9.15 3.58+ 0.12 +0.09
10.0< pt <14.0 1147 0.93+ 0.04 +0.03
14.0 < pt <30.0 17.23 0.064+0.004+0.002
20< pr <30 2.49 217.534+ 7.05 +52.61
3.0< pr <40 3.48 132.87+ 3.78 £18.26
40<pr<5.0 4.47 68.66+ 1.96 £4.10
50< pr <6.5 5.68 29.94+ 0.86 £3.35
—287<y< —-24 6.5< pT <75 6.96 12.704 0.52 +0.61
75< pt <85 7.98 6.29+ 0.30 £0.28
8.5 < pr <10.0 9.16 2.86+ 0.15 +£0.13
10.0 < pr <14.0 11.51 0.76+ 0.04 +0.04
14.0 < pt < 30.0 17.31 0.036£0.004+0.001
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Table 4: double differential cross section of non-prompt J/¢ as functions of rapidity, and pr.
Quoted uncertainties are statistical and systematic.

yem (/) pr(/9) 1GeV/el  (pr(/y)) [GeV/e] 25 [ub/(GeV/e)]
20< pr <3.0 2.50 23.48+ 2.26 £6.65
3.0< pr <40 3.49 18.37+ 1.02 £3.39
40< pr <50 4.47 12.49+ 0.93 £1.40
50< pr <65 5.69 6.86+ 0.41 £0.54
15<y <193 6.5< pr <75 6.96 3.61+ 0.25 £0.32
75< pr <85 7.96 2.17+ 0.19 £0.23
8.5 < pr <100 9,18 1.22+ 0.12 £0.07
10.0< pT <14.0 11.53 0.46+ 0.03 £0.04
14.0 < pt < 30.0 17.76 0.046+0.004+0.004
3.0< pr <4.0 3.51 21.60+ 1.77 £4.31
40< pr <50 4.50 13.124+ 0.68 £1.97
50<pr <65 5.72 727+ 0.40 £0.58
6.5< pr <75 6.97 4.03+ 0.17 £0.15
09<y<15 75< py <85 7.97 225+ 0.11 +0.11
85< pr <10.0 9.17 1.36+ 0.05 +0.06
10.0< pT <14.0 11.50 0.55+ 0.03 £0.02
14.0 < pt <30.0 17.69 0.060+0.003£0.002
6.5< pr <75 7.02 4.64+ 0.27 £0.33
75< pr <85 8.00 2.82+ 0.15 £0.15
00<y <09 8.5 < pr <100 9.20 1.764+ 0.08 +0.08
10.0< pT <14.0 11.57 0.62+ 0.02 £0.03
14.0 < pt <30.0 17.77 0.065+0.002+0.003
6.5< pr <75 7.12 499+ 0.37 £0.52
75<pr <85 8.01 3.20+ 0.18 £0.23
-09<y <00 8.5 < pr <100 9.23 1.72+0.11 +£0.13
10.0< pr <140 11.63 0.63+ 0.02 £0.02
14.0 < pt <30.0 17.89 0.063+0.003+0.002
65<pr <75 7.05 4.58+ 0.44 +0.49
75< pr <85 8.00 2.80£ 0.20 £0.21
-15<y<-09 8.5 < pr <10.0 9.22 1.68+ 0.10 +0.09
10.0< pr <140 11.56 0.61+ 0.03 £0.03
14.0 < pt <30.0 17.72 0.064+0.004=+0.002
50<pr<65 5.82 8.30+ 0.78 £0.84
6.5< pr <75 6.98 3.84+ 0.19 £0.26
75< pr <85 7.97 241+ 0.19 £0.11
“IBsy<-lS g <100 9.19 1.254+ 0.08 £0.11
10.0< pr <14.0 11.52 0.44+ 0.03 £0.02
14.0 < p1 <30.0 17.41 0.050+0.003£0.002
3.0< pr <4.0 3.53 19.83+ 1.85 +4.08
40<pr <50 4.48 1211+ 0.62 +£1.63
50< pr <65 5.69 6.36+ 0.34 =0.56
65<pr <75 6.96 3.00£ 0.15 +£0.13
T2AsSy <18 o5 <85 7.96 1.784+ 0.12 £0.07
85< pr <10.0 9.15 0.99+ 0.06 £0.05
10.0 < pr < 14.0 11.47 0.40+ 0.03 £0.02
14.0 < pt <30.0 17.23 0.036+0.00340.001
20< pr <30 2.49 20.90+ 2.05 £5.04
3.0< pr <40 3.48 13.08+ 1.15 £1.22
40< pr <50 4.47 9.49+ 0.71 £1.38
50< pr <65 5.68 4.81+ 0.37 £0.48
—287<y<-24 65<pr <75 6.96 2.82+ 0.22 £0.21
75< pr <85 7.98 1.48+ 0.10 +£0.20
8.5 < pr <10.0 9.16 0.87+ 0.08 £0.08
10.0< pr <14.0 11.51 0.254+ 0.02 £0.02

14.0 < pt < 30.0 17.31 0.023+0.003£0.002
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Table 5: Rrp of prompt ]/ as functions of rapidity, and pr. Quoted uncertainties are statistical
and systematic.

lycmU/9)| pr(/y) [GeV/e]  (pr(/¢)) RFp
50< pr <65 574 0.750.04%007
15< |y <193 65<pr<100 790  0.87+0.03+0.05
100< pr <300 1321  0.94:0.05+0.07
65< pr <100 796 085L0.03£0.08
09=WI<15 100<pr <300 1331  093-0.04-0.03
65< pr <100 825  0.90£0.03%0.09
00=Wyl <09 150<pr <300 1362  097-0.03-0.04

Table 6: Rpp of non-prompt J/¢ as function of rapidity, and pr. Quoted uncertainties are statis-
tical and systematic.

lyem /1 pr(/4) [GeV/e]  (pr(/9)) Rrp

50< pr <65 574 0.83£0.09£0.08

15< |yl <193 65< pr <100 790 0.94+0.06+0.10
100< pr <300 1321  1.00+0.0740.09

65< pr <10.0 796 0.84%0.05+0.09

09<WI <15 100< pr <300 1331  091+0.05:+005
65< pr <10.0 825  0.93+0.05+0.10

0.0 <yl <09 42 pr <300 13.62  1.00-£0.0440.04

Table 7: Rrp of prompt J/¢ as functions of rapidity, pr, and E?F\*l|>4

statistical and systematic.

. Quoted uncertainties are

yeMU/)l pr0/p) [GeV/e]  Ex "4 [Gevye] Reg

50< pr <65 0.90+0.0640.08
L5yl <193 oo < pr <30.0 0-20 1.0040.04-0.07

50< pr <65 0.684+0.0540.06
L5<lyl <193 oo < pr <30.0 20-30 0.85+0.04+0.06

50< pr <65 0.631+0.0540.06
15<lyl <193 oo < pr <30.0 30-120 0.78+0.04+0.06
09 <yl <15 6.5 < pt <30.0 0-20 0.9340.0340.09
09 <yl <15 6.5 < pt <30.0 20-30 0.861+0.0440.09
09 <yl <15 6.5 < pr <30.0 30-120 0.84+0.03+0.09
00< ]yl <09 65<pr <300 0-20 0.94+0.03+0.09
00< |yl <09 65<pr <300 20-30 0.92+0.04+0.09
00< |yl <09 65<pr <300 30-120 0.85+£0.05+0.09
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Table 8: Rrp of non-prompt J/4 as functions of rapidity, pr, and E?FWM

are statistical and systematic.

. Quoted uncertainties

yeMU/)l pr/w) 1Gev/el  EfT"* [Gevyd] Res

50< pr <65 0.87£0.1420.08
L5yl <193 5 <300 0-20 0.9340.07+0.05

50< pr <65 0.81£0.1420.08
LSyl <193 5 <300 20-30 0.98-20.08-:0.05

50< pr <65 0.70£0.1420.07
L5yl <193 5 <300 30M20 0.83+0.07+0.05
09< [y <15 65< pr <300 0-20 0.8920.0520.08
09<|y[ <15 65< pr <300 20-30 0.86=0.0820.08
09< |y <15 65< pr <300 30-120 0.740.0520.07
00< |y <09 65< pr <300 0-20 1.0720.06£0.11
00< || <09  65< pr <300 20-30 0.93£0.0920.10
00<[y| <09 65< pr <300 30-120 0.8320.12£0.09
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16 References

8 Summary

The CMS detector at LHC has been used to investigate prompt and non-prompt J /i production
in pPb collisions at /s, = 5.02 TeV. The data sample corresponds to an integrated luminosity
of 34.6 nb~!. This paper reports the (pr, y) differential production rates of J /i measured in the
rapidity range of —2.4 < ycp < 1.93. In addition, the ratio of forward-backward yields, Rrp
as a function of pr and rapidity, has been measured. The Rrp is found to be ~0.7 at low pr but

increases to become consistent with unity at pr >~10 GeV/c. The correlation between the Rrp

and the multiplicity-related variable, E? FI1>4 has been also studied. In the largest E ?FWM bin,

the Rrp in the rapidity range of 1.5 < |ycm| < 1.93 and 5 < pr6.5 GeV/c are 0.55 £ 0.04(stat.)
=+ 0.02(sys.) and 0.66+0.11(stat.)£0.10(sys.) for prompt and non-prompt J/¢, respectively.
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