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Abstract

Inclusive J{J production has been studied with the ALICE detector in p-&llisions at,/Syny = 5.02

TeV at the CERN LHC, in the rapidity domain€38 < yems < 3.53 and—4.46 < Yems < —2.96, down

to zero transverse momentum. Thgy Measurementis performed in the Muon Spectrometer through
theu™ u~ decay mode. In this Letter, theydproduction cross section and the nuclear modification
factor Rypp, for the rapidities under study are presented. While at fedwapidity a suppression

of the JI) yield with respect to binary-scaled pp collisions is obsenin the backward region no
suppression is present. The ratio of the forward and baakyietds is also shown differentially in
rapidity and transverse momentum. Theoretical predistimsed on nuclear shadowing, as well as
on models including, in addition, a contribution from paitoenergy loss, are in fair agreement with
the experimental results.
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The production of charmonia, bound statesc@&ndtT quarks, is the object of intense theoretical and
experimental investigations [1]. As of today, their protilmie mechanism in pp collisions is qualitatively
understood by models based on Quantum Chromodynamics (Q&Pparticular, in the NRQCD (non-
relativistic QCD) approach [2], charmonium production ée as a two-step process which includes
the creation of theT pair in a hard scattering, described perturbatively, aedstibsequent evolution of
the pair towards a bound state with specific quantum numiadrigh is modeled in a non-perturbative
way. In this model, the evolvingC pair can be in a color-singlet (CS) as well as in a color-of@«D)
state, with the strength of the CO amplitude contributioeg@ controlled by non-perturbative factors,
extracted by fits to experimental data (see [3] for a receptémentation based on HERA, RHIC and
LHC results).

Several initial/final-state effects related to the presesfacold nuclear matter can influence the observed
charmonium yields in proton-nucleus collisions. Conaggrihe initial state, the kinematical distribu-
tions of partons in nuclei are different from those in freetpns and neutrons (nuclear shadowing [4-7]),
affecting the production cross section of t@epair. Therefore, charmonium production measurements
help in constraining the nuclear parton distribution fimts for gluons, which at hadron collider en-
ergies dominate the production process. Alternativelyenvthe production process is dominated by
low-momentum gluons (i.e. carrying a small fractioaf the momentum of the hadron), the Color-Glass
Condensate (CGC) effective theory [8, 9] describes theeuscas a dense (saturated) partonic system,
and gives, once it is combined with a specific pp productiordehopredictions for the charmonium
yields. In addition, the initial parton inside the protoniatis going to produce thet pair may suffer
energy loss before the hard collision takes place, shifitinidpis way the center-of-mass energss of

the partonic collision [10-12]. This effect can result inugpgression of charmonia at large longitudinal
momentum.

Once created, the evolvirag pair needs, in the nucleus rest frame, a finite amount of tuped several
fm/c) to form the final-state charmonium. It may, therefore, riate with the nuclear matter and possibly
break-up, with the break-up cross section being sensitivihe nature (color-octet or singlet) of the
intermediate state [13—15]. At the same time, the final steg also experience energy loss, leading to
a reduction of the pair momentum [16]. It is worth noting thetent approaches to the parton energy
loss effect led to the hypothesis of a coherent energy logsshadannot be factorized into initial and
final-state contributions [12].

Experimental studies have been carried out at variousawilienergies, for nuclei of different sizes, and
differentially in rapidity ) and transverse momentumy). These studies allow the amount of nuclear
matter crossed by thec pair to be varied, modifying the environment of its evolatias well as the
initial parton kinematics. In this way, further constraind theoretical models can be provided.

Finally, the small size<£ 1 fm) and large binding energy (several hundred MeV) of sofribedocharmo-
nium states make them ideal probes of the strongly intergatiatter created in ultrarelativistic heavy-ion
collisions, which at sufficiently high energy density maygbdme a Quark-Gluon Plasma (QGP). A sup-
pression of charmonium production was predicted as a sigmalf the phase transition to a QGP [17]
and observed at SPS [18, 19}$un ~ 20 GeV) and RHIC [20, 21](syv = 200 GeV), and more re-
cently at the LHC [22-25](/syn = 2.76 TeV). However, in such collisions, suppression meisinas
related to initial-state effects and/or interaction ofrchania with cold nuclear matter have been verified
to play arole [26,27]. Results on proton-nucleus collisiare essential to calibrate and disentangle these
effects in order to allow a quantitative determination & @GP-related suppression in nucleus-nucleus
collisions.

A rather large amount of experimental results is availabtiay for the production of ¢/, the most
strongly bound charmonium state decaying into dileptamproton-nucleus collisions. Fixed-target ex-
periments at SPS [28, 29], Tevatron [30] and HERA [31], ad a®lollider experiments at RHIC [32]
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have investigated @/ production in large kinematic ranges in the Feynmax:=) and pr variables.
Among the main features of the results, a suppression of/theiéld, relative to the one in proton-
proton collisions, has been observed, which increasegjhtxhi(corresponding to forwarg). In addi-

tion, at fixedxr the suppression decreases with increagjfsgn [29]. Finally, the suppression is found

to steadily decrease [30, 31] as a functionpgf Several attempts have been made to describe these
observations theoretically, including the different pghgsmechanisms described above [16]. Although
some features of the data are correctly reproduced, a tptargiunderstanding has not yet been reached.

In this context, data from the LHC can bring new informatiavtl doelp to clarify the situation. On the
production side, very smad values, down te~ 10>, can be accessed, allowing the gluon distributions
to be studied in a previously unexplored kinematic rangeth@rother hand, the large LorengAactor
leads to short crossing times for tt@pair through nuclear matter. One may therefore expect égilgl

cC break-up probability and the yield to be dominated by ihiiate effects and possibly energy loss.
In addition, proton-nucleus results should greatly hefpit avas the case at lower energies [18], in the
interpretation of the J suppression effects seen in Pb-Pb collisions at the LHC.

In this Letter, we present the first results from ALICE on usiVe Jiy production at the LHC in p-Pb
collisions at,/Syn = 5.02 TeV. These results have been obtained with measurenmethiesi * 1~ decay
channel in the muon spectrometer, which covers the psepiditsarange—4 < njap < —2.5. The muon
spectrometer [33] consists of a 3nT dipole magnet, five tracking stations, each one based on two
Cathode Pad Chambers, and two triggering stations, eackauipped with two planes of Resistive
Plate Chambers. Two absorbers efficiently filter out hadrdhg front absorber, which is placed between
the interaction region and the muon spectrometer, has lnégs of 10 interaction lengthg, |, while

the other absorber, placed between the tracking and thgetiigy stations, has a thickness of A2
The other detectors used in this analysis are the two Si payelrs corresponding to the innermost
sections of the Inner Tracking System (ITS)|(< 0.9) [34], for the determination of the interaction
vertex, and the two VZERO scintillator hodoscopes8(2 n < 5.1 and—3.7 < n < —1.7), mainly

for triggering purposes and for removing beam-induced tpamknd. The Zero Degree Calorimeters
(ZDC) [35], positioned symmetrically at 112.5 m from theeirgction point, are used to clean the event
sample by removing de-bunched proton-lead collisions. eMitmtails on the ALICE experimental setup
can be found elsewhere [36].

Minimum-bias (MB) events are triggered requiring the caleace of a signal in the two VZERO de-
tectors. The efficiency of such a trigger for selecting nimgie diffractive collisions is> 99% [37].
Opposite-sign muon pairs are selected by means of a dimiggetrgiven by the coincidence of a MB
trigger with the detection of two muon candidate tracks mtiigger system of the muon spectrometer.
The dimuon trigger is configured in order to select muonsriwa transverse momentupy , >0.5
GeVlc. The effect of this threshold is not sharp and the singlesmtrigger efficiency reaches its maxi-
mum value ¢ 96%) for pr ;, ~1.5 GeVEL.

Due to the energy asymmetry of the LHC bearis 4 TeV, Epp = 1.58- A TeV) the nucleon-nucleon
center-of-mass system of the collisions does not coinciitle tive laboratory system, but it is shifted by
Ay = 0.465 in the direction of the proton beam. Data have been talk#intwo beam configurations, by
inverting the direction of the orbits of the two particle sjgs. In this way the regions@3 < yems <
3.53 and—4.46 < yems < —2.96 have been studied, where positive rapidities refer touatsdbn where
the proton beam is travelling towards the muon spectronigtehe following these configurations are
referred to as p-Pb and Pb-p, respectively). The integtaimihosities for the two configurations are
5.03+0.18 nb * (p-Pb) and 81+ 0.19 nb * (Pb-p). These values are determined usifi, = 2.08+

0.07b andaF","bBp =2.12+0.07 b, estimated by means of a van-der-Meer scan of the MBatrigjignal [38].

An offline selection is performed in order to reject beamuitetl background by requiring the signal
timing in the VZERO and ZDC to be compatible with that of a noadip-Pb interaction. Candidate muon
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tracks are reconstructed in the muon tracking chamberg tisinstandard reconstruction algorithm [33].
Itis then required that the two reconstructed tracks matcdick segment in the trigger chambers (trigger
tracklet). A further selection cut is applied by requirifige tmuon tracks to exit the front absorber at a
radial distance from the beam axis.@& Ryps < 89.5 cm, in order to reject tracks crossing its high-
density section, where multiple scattering and energy éffests are large. The condition4 < n, <

—2.5 for single muons is required, in order to reject muons attlge of the spectrometer’s acceptance.

The extraction of the number ofyl/is performed starting from the invariant mass distribusiar op-
posite sign muon pairs in the kinematic domaib 2 |yiap| < 4, 0< pr < 15 GeVE, shown in Fig. 1.
The distributions are fitted by means of a superposition obrisuum and a resonance shape. The
continuum is parameterized either as a polynomial timescxporeential function or as a Gaussian with
a width linearly varying with mass, while for the resonandher a Crystal Ball function [39] with
asymmetric tails at both high and low mass was chosen, auspseudo-Gaussian functions (see, for
example, [40]). The non-Gaussian tails of the resonangeeshare fixed in the fit to the values obtained
in a Monte-Carlo (MC) simulation of the ()/signal, while the mean and the width of the Gaussian core
are left as free parameters, since the large signal-owgbaund ratio £ 2 at 3.0 level) allows the
data themselves to better constrain these parameters. ifities\@xtracted from data{70 MeV/c?) and
those from MC differ by ~ 10%, and the mean value of theydihass coincides with the nominal PDG
value [41] within 2-3 MeV¢?. A contribution from they(2S) resonance decay is taken into account in
the fits, but its effect on the determination of the number/gf dvents is negligible. The latter number
is obtained as an average of the integral of the signal fonativer the various fits, and the systematic
uncertainty on this quantity is taken as thelspread of the number of signal events. The result is
N;é,‘ﬁ = (6.69+0.05+0.08) - 10* and N,i/b‘ﬁ = (5.67+0.05+0.07) - 10*, where the first uncertainty is
statistical and the second is systematic.
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Fig. 1. The opposite-sign dimuon invariant mass spectra for thb fieé®) and Pb-p (right) data samples, together
with the result of the fit. For the fits shown here a Crystal Batiction (shown as a dashed line) and a variable-
width Gaussian have been used for the signal and the baakdjroespectively.

The number of measuredydis then divided by the product of acceptance times efficiehcy, which

is obtained using a MC simulation of theldsignal. An unpolarized distribution for theydis assumed,
following the small degree of polarization measured in gpsions at\/s= 7 TeV [42—44], while thepr
andy distributions used as an input for the generator are tunétetmeasured data through an iterative
procedure. The systematic uncertainty on the acceptanabtasned by defining (pr) distributions
for selected phase space regions, corresponding to sgegsanpr (y) and centrality of the collision.
The hardest and softest spectra for each variable are tleehassinputs to the MC calculation, and the

variation with respect to the default acceptance valuessgite systematic uncertainty, which amounts
to 1.5% for both p-Pb and Pb-p.
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The efficiency of the muon triggering detectors is calcadby means of a procedure based on data
and involving the analysis of trigger tracklets constrdctk®m hits in the four planes of the two trig-
ger stations. For the tracking chambers a map of dead clmimebtained from the online detector
information and updated on a run-per-run basis. Both inftion are injected in the MC and their time
evolution is taken into account by performing a simulation éach run, with a number ofyl/signal
events proportional to the number of offline-selected &igg events.

The systematic uncertainty on thepJirigger efficiency eﬁ{é" ) is obtained as a convolution of various
sources. First, effects related to the estimate of the effisi of the trigger detectors are studied by
varying their efficiency in the MC by an amount equal to thdistiaal uncertainty on their evaluation
(~ 2%). This results in a 2% changeé{}.{‘p. Second, systematic effects related to small discrepsiitie
the pr dependence of the muon trigger threshold between data andil@~ 2 — 2.5% contribution

to etf{ép Finally, there is a~ 1% effect related to the choice of ti@ cut used in defining the matching
between tracking and triggering information.

The single-muon tracking efficiencies are obtained usirggorithm based on reconstructed tracks [33].
The systematic uncertainty on this quantity is obtaineddipgaring the results obtained with MC and
real data. This uncertainty is considered as fully uncateel between the two detected muons and, at
the dimuon level, it amounts to 4% (6%) for p-Pb (Pb-p).

TheA- € values for the two kinematic regions g/25.4+ 1.3)% (p-Pb) and17.1+ 1.2)% (Pb-p). The
guoted uncertainty is systematic, and the lower value fop Bomainly due to a smaller detector effi-
ciency in the corresponding data taking period.

The inclusive 3y production cross section is

NCOI’
Jy JY—pp MB
= 1
PoPD = Nyyg - B.R.(J/Y — up) * OoPo M

where NS:/OJHW is the number of @ corrected forA- ¢, B.R.(J/Y — puu) = (5.934+0.06)% is the
branching ratio for the §/ decay to dimuons [41]\wvg is the number of MB p-Pb collisions, am'}ﬁ’,'DBb

the corresponding cross section.

Since the analysis is based on a dimuon trigger sample, thieadent number of MB triggers is evaluated
asF - Npywu, whereNpyvu is the number of opposite sign dimuon triggered events, kvhimounts to
9.27-10° for p-Pb and 29- 10 for Pb-p. The enhancement factlis calculated in two different ways.
In the first one it is obtained as the prodésgf, /1, - F1,./ms, WhereF,, 1, is the inverse of the probability
of having a second muon triggered when one muon has triggieeselent and, correspondinghyy, /vs

is the inverse of the probability of having one triggered muw events where the MB condition is
required. The various quantities are obtained from therdmzbtrigger mask for the collected events
after quality cuts. Obtainin§ as the product of the two factors mentioned above allowstdtéstical
uncertainty to be reduced. In the second approach, theniiafitwn of the scalers of the level-0 trigger
is used. In this case, statistics are much largerlrnsl obtained as the ratio between the numbers of
MB and dimuon triggers at level-0, corrected for pile-ugeefts (2%) and taking into account the slight
difference in the fraction of events surviving the qualitiscfor the two trigger samples (1%). One gets,
averaging the results from the two approachgs, = 1129+ 2 andFppp = 589+ 2, where the quoted
uncertainties are statistical. A 1% systematic uncestamestimated on both quantities, corresponding
to the difference between the central values obtained itwtbecalculations.

Finally, the quantityNyg / G‘L‘{LBb corresponds to the integrated luminosity. Its value has lobecked by

means of a second, independ&werenkov counter [36], obtaining a result compatible with¥6. This
small difference (identical for p-Pb and Pb-p) has beeruthell in the systematic uncertainty.
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The resulting cross sections aréfé’(Z.O?: < Yems < 3.53) = 882+ 6 (stat.) £ 47 (syst. uncorr. 4= 33

(syst. part. corr.)ub and G,ﬂ/b‘é’(—4.46 < Yems < —2.96) = 965 + 8 (stat.) £ 69 (syst. uncorr.)+ 34
(syst. part. corr)ub. The uncertainties connected with tracking, matching taigdering efficiency,
with the choice of the MC input distributions and with the lexzgion of Nyg are taken as uncorrelated
between p-Pb and Pb-p, while those on signal extraction amd’§ are partially correlated. In the latter
uncertainty a 1% contribution due to the uncertainty on /R — uu) was also included.

The nuclear effects ong)/production are quantified using the nuclear modificatiotoia,py,, obtained
) N
Ropb= —hE (2)
(Topt) - Nus - B.R.(J/ — pp) - pp”

Whereag{,w is the production cross section in pp collisions in the samerkatical domain and at the
same,/s (the same formula applies to Pb-p), afypp is the nuclear thickness function estimated
through the Glauber model, which givéR,pp) = 0.0983+0.0035 mby! [45]. The uncertainty oifTppp)
was obtained by varying the parameters of the Glauber model.

Since pp data a{/s = 5.02 TeV are not available, the reference cross sea]rﬂﬁ’i’ has been obtained
by means of an interpolation procedure [46], based on fatwapidity (25 < yems < 4) pp results at
\/S= 276 and 7 TeV from ALICE [47,48]. The/s-interpolation is based on three empirical shapes
(linear, power law, exponential) and is independently grened for each of the six rapidity bins corre-
sponding to the d/dy values measured at the two energies. The central valueg dfitérpolation are
given, for each rapidity bin, by the average of the three emlobtained with the adopted shapes. Their
uncertainties are the quadratic sum of a dominant termtectl® the uncertainties on the points used
for the interpolation, and of a term corresponding to theimam spread between the results obtained
with the various shapes. In addition, tkys-dependence of the cross sections, for the various rapidity
bins, were compared to the corresponding shapes calcligtéiie leading order (LO) CEM [49] and
the FONLL [50] models. We remind that the CEM (Color EvapmratModel) assumes that a fixed
fraction ofct pairs produced with an invariant ma®ss< 2mp ends up in producing charmonium states.
Although it does not contain a dynamical description of thedpction process, it was shown to be phe-
nomenologically successful over a largs range. FONLL gives predictions for the tota production
rather than for the {/ cross section, but we assume, similarly to the CEM approieh,the fraction

of cC pairs going to charmonium ig’s-independent. The small difference between the centrakgabf

the phenomenological interpolation procedure and thdtrigem the models (1-2.5%, depending on the
rapidity bin) was added in quadrature to the uncertainty.

Due to theAy = 0.465 rapidity shift induced by the asymmetry in the energymesieon of the proton
and lead beams, the rapidity regions covered by the presetysis do not correspond to the ones
available for pp. Therefore, theoydy values obtained with the procedure described above have bee
fitted to various shapes (Gaussian, second and fourth oodgmgmial [51]), obtainingx?/ndf values
ranging from 0.1 to 0.4. The values foﬁ,/)w at,/s=5.02 TeV for the p-Pb and Pb-p rapidity intervals
were finally obtained as the average of the integral of thinuaffitting functions in the corresponding
ranges, and are.R.- 03{,*”(2.03< Yems < 3.53) = 366+ 24 nb and BR. - agéw(—4.46 <Yems< —2.96) =
255+ 16 nb. The uncertainties include again a contribution frbm maximum spread of the results
obtained with the various functions.

In Fig. 2 we present our results for the nuclear modificatamidrs. At forward rapidity the inclusiveyl/
production is suppressed with respect to the one in bineaied pp collisions, whereas it is unchanged
at backward rapidity. The uncertainty related Tgpy,) is considered as correlated. The uncertainties con-
nected with tracking, matching and triggering efficienciggh the choice of the MC input distributions,
and with the evaluation dflyg are taken as uncorrelated. Finally, the uncertainties gmasiextraction
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and on the pp cross section interpolation are considerearéially correlated. Our measurements are
compared with a next to leading order (NLO) CEM calculatiohich uses the EPS09 shadowing pa-
rameterization [52], and with the result of a theoreticadiction which includes a contribution from
coherent parton energy loss processes [53], either iniaddid EPS09 shadowing or as the only nu-
clear effect. Finally, results from a calculation in the C&&mework [54] are also shown. Within our
uncertainties, both the model based on shadowing only anddherent energy loss approach are able
to describe the data, while the CGC-based prediction otmarates the observed suppression. None of
these models include a suppression related to the breakthp & pair, which therefore does not seem
essential for the description of the ALICE result.

It is worth noting that calculations refer to prompt prodot(i.e., direct Jp plus the contribution from
Y (2S) andy. decays), while the experimental results are for inclusiyeproduction, which contains a
non-prompt contribution from B-decays. However, theintegrated non-prompt {/ fraction is small
(LHCb measured 7.1% afs=2.76 TeV in the kinematic region 2 ycms< 4.5, 0< pr < 12 GeVE[55]
and 9.8% at/s=7 TeV for 2< yems < 4.5, 0< pr < 14 GeVk [56]). The difference betweelﬂg‘c' and

Rgrompt is well within the uncertainties of our measurement for aMarge range oRop P°™ from

complete suppressioR]> "™ = 0) to a very strong enhancemertRng’“)mpt 1. 5) The same
conclusion holds at backward rapidity.
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Fig. 2: The nuclear modification factors for inclusive/Jproduction at,/Syv = 5.02 TeV. The error bars corre-
spond to the statistical uncertainties, the open boxe<tartlcorrelated systematic uncertainties, the shaded boxes
around the points represent the partially correlated systie uncertainties. The box arouRgep, = 1 shows the

size of the correlated uncertainties. Calculations fronows models are also shown (see legend for details).

Both cross sections and nuclear modification factors fdusiee J{y have also been studied differen-

tially in rapidity, with six bins for each of the twpdomains. The results are shown in Fig. 3 and Fig. 4,
respectively. The analysis procedure is identical to treedetailed above for the study of the integrated
guantities. In particular, a differential estimate of tlygtematic uncertainties for the various ingredients
has been carried out. The larger uncertainties visibleealotiver edges of the rapidity ranges covered in
p-Pb and Pb-p are related to a relatively larger uncertaintyhe pp reference cross section, due to the
fact that these regions are not directly covered by the ppsurements and therefore an extrapolation
has to be performed. No strong variation of the nuclear neadifin factors is observed as a function of

y inside the forward and backward regions, while models ulicly coherent energy loss exhibit a steeper
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behaviour at backward rapidity.

—~1400
\% [ p-Pb ys=5.02 TeV, inclusive J/ Y-, 0<p_<15 GeVic
- _ 1 _ -1
21200} Ly (-4.46<y<-2.96)=5.8nb™, L (2.03<y<3.53)=5.0 nb
[e) L
o L
1000 -
800 F
600
400
200 o,
C Ap, xday,'/dy (interpolated)
7\\\'\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\I\\\

-4 3 -2 -1 O 1 2 3 4

ycms

Fig. 3: The inclusive 3 production cross section, as a function of rapidity. Themrbars correspond to the
statistical uncertainties, the open boxes to the uncaeelsystematic uncertainties, the shaded boxes around the
points represent the partially correlated systematic daitgies. The results are affected by a further 1% coredlat
uncertainty due to the B.R. to dimuons (also included in tragled boxes around the points). The bands correspond
to the inclusive Jp pp cross section, obtained with the interpolation procedscribed in the text and scaled by
the Pb-nucleus mass numizgt,.

Both 05],/3"“ and (Topy cancel out when forming the ratigg of the nuclear modification factors for a
rapidity range symmetric with respect ygns = 0. In this way one is left with the ratio of the forward
and backward 3/ yields. The drawback of this approach is that, due to the beraengy asymmetry,
the commory interval covered at both forward and backward rapidity isken than the acceptance of
the muon spectrometer, and limited t®@ < |ycms < 3.53. The reduction in statistics by a facteB is
compensated by the cancellation of the reference-relateertainties. The obtained valueRgg(2.96 <
[Yems < 3.53) = 0.60+ 0.01(stat) +0.06(syst). The systematic uncertainties which are uncorrelated
between backward and forward rapidity (tracking, matchamgl triggering efficiency, normalization,
MC input) have been quadratically combined in the ratio,levfar signal extraction the uncertainty has
directly been calculated on the ratio of the number g@f. Jfhe main contribution to thBeg uncertainty
comes from the tracking efficiency.

In Fig. 5 we show a comparison 8g with the results of the theoretical calculations discussealve,
except for the CGC-inspired model, which gives predictiony at forward rapidity. In addition, the
results of a prediction based on a LO approach and usingrdhieeEPS09 or the nDSG shadowing
parameterization are also shown [57]. The agreement betdeta and the model including both shad-
owing and coherent energy loss is very good, while pure shiagoscenarios may tend to overestimate
Rrg. However, it has to be noted that, although the experimantdsurement dRgg has a smaller
uncertainty tharR,pp and Rppp, its comparison with theoretical calculations might beslesnclusive,
since models which systematically overestimate/undenagt the nuclear modification factors could
still provide a very good agreement with the measRegl

The Reg ratio has also been studied differentially yn(3 bins) andpr (10 bins, covering the region
0< pr <15 GeV/c). In Fig. 6 we show the results, again compared wighprredictions of the models.
As a function of rapidity, no variation is observed in theat®lely narrow region covered by thH-g
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Fig. 4: The nuclear modification factors for inclusiveiJproduction at,/Syy = 5.02 TeV, in bins of rapidity. The
meaning of symbols and curves is the same as in Fig. 2.
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Fig. 5: The forward to backward ratiBrg of the nuclear modification factors for inclusiveiJproduction, com-
pared to theoretical models. The statistical (negligibla) systematic uncertainties for the experimental valee ar
added in quadrature. For the calculations, uncertainteeq@oted when available.
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measurement. On the contrary, a trend towards higlagrvalues is seen apr increases. Models
including coherent energy loss seem to qualitatively répce the data, although thgir dependence
appears to be steeper [58].

m
L -
Xi12r-
| K EPS09NLO (Vogt, arXiv:1301.3395 and priv.comm.)
L £~~~ EPS09LO (Ferreiro et al., arXiv:1305.4569)
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' sesm== Eloss with q 0=0.075 GeV?/fm (Arleo et al., arXiv:1212.0434)
B EPS09 NLO + Eloss with q 0:0.055 GeVZ/fm (Arleo et al., arXiv:1212.0434)
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L _ . . -
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R EPS09 NLO (R. Vogt, arXiv:1301.3395 and priv. comm.)
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o

Fig. 6: The forward to backward ratiBgg of the nuclear modification factors for inclusivejJdproduction, as a
function ofy and py, compared to theoretical models. The bars represent ttigtis&@l uncertainty, while the open
boxes correspond to uncorrelated systematic uncertsintie

Finally, the results presented in this Letter provide infation on the magnitude of cold nuclear matter
effects in Pb-Pb collisions. ALICE has published resultsHg,ppin the region 5 < yems< 4 at/SyN =
2.76 TeV [22, 23]. Although the p-Pb data discussed above tefslightly differenty.ms regions and

to a larger center of mass energy, the Bjorkenregions probed by the )/production process in the Pb
nuclei for p-Pb and Pb-Pb are shifted By10% only. Indeed, in the so-called-2L approach, where
the production kinematics igg — J/y [59], thex-values selected in Pb-Pb collisions ar&-20° <

X< 9.2-10°°, 1.4-102 < x < 6.1- 1072, the two ranges being relative to nucleons moving away from
or toward the muon spectrometer, respectively. In protocieus collisions, the probedvalues for
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nucleons inside the Pb nucleus ar8-1.0° < x < 8.1-107° for p-Pb and 12-10 2 < x < 5.3-10"2 for
Pb-p. If shadowing is the main nuclear effect, a hypothesigir agreement with the results shown in
this Letter, as a first approximation cold nuclear mattezatff onRppppwould be given by the product
Ropb X Rppp. This product is 0761+ 0.107, which is larger thafpppn,= 0.497+ 0.006+4 0.078 [23].
This could be an indication that theydsuppression effect observed in Pb-Pb collisions might ot b
ascribed to cold nuclear matter effects alone.

In summary, inclusive J/ production has been measured with the ALICE detector in pafitsions at

the CERN LHC. In this Letter we have presented the produatioss sections and the nuclear modifi-
cation factors in the regions@3 < Yems < 3.53 and—4.46 < yems < —2.96, as well as their rati®eg

in the region 26 < |ycmg < 3.53. While at forward rapidity Ryp,) @ suppression with respect to pp
collisions is observed, in the backward regi@py) no suppression is present. A fair agreement is seen
with predictions based on a pure nuclear shadowing scef&i®7], parameterized using the EPS09
approach, as well as with models including a contributiamficoherent partonic energy loss [12]. The
study ofRgg, carried out as a function gfand py, confirms these indications. These results also suggest
that no significant final-state absorption effects on thje ave required to explain the data, contrary to
what was observed in lower energy experiments. Finallysdhdata provide an important baseline for
the interpretation of heavy-ion collision results.
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