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Abstract

Inclusive J/ψ production has been studied with the ALICE detector in p-Pb collisions at
√

sNN = 5.02
TeV at the CERN LHC, in the rapidity domains 2.03< ycms< 3.53 and−4.46< ycms<−2.96, down
to zero transverse momentum. The J/ψ measurement is performed in the Muon Spectrometer through
theµ+µ− decay mode. In this Letter, the J/ψ production cross section and the nuclear modification
factor RpPb for the rapidities under study are presented. While at forward rapidity a suppression
of the J/ψ yield with respect to binary-scaled pp collisions is observed, in the backward region no
suppression is present. The ratio of the forward and backward yields is also shown differentially in
rapidity and transverse momentum. Theoretical predictions based on nuclear shadowing, as well as
on models including, in addition, a contribution from partonic energy loss, are in fair agreement with
the experimental results.
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The production of charmonia, bound states ofc and c quarks, is the object of intense theoretical and
experimental investigations [1]. As of today, their production mechanism in pp collisions is qualitatively
understood by models based on Quantum Chromodynamics (QCD). In particular, in the NRQCD (non-
relativistic QCD) approach [2], charmonium production is seen as a two-step process which includes
the creation of thecc pair in a hard scattering, described perturbatively, and the subsequent evolution of
the pair towards a bound state with specific quantum numbers,which is modeled in a non-perturbative
way. In this model, the evolvingcc pair can be in a color-singlet (CS) as well as in a color-octet(CO)
state, with the strength of the CO amplitude contributions being controlled by non-perturbative factors,
extracted by fits to experimental data (see [3] for a recent implementation based on HERA, RHIC and
LHC results).

Several initial/final-state effects related to the presence of cold nuclear matter can influence the observed
charmonium yields in proton-nucleus collisions. Concerning the initial state, the kinematical distribu-
tions of partons in nuclei are different from those in free protons and neutrons (nuclear shadowing [4–7]),
affecting the production cross section of thecc pair. Therefore, charmonium production measurements
help in constraining the nuclear parton distribution functions for gluons, which at hadron collider en-
ergies dominate the production process. Alternatively, when the production process is dominated by
low-momentum gluons (i.e. carrying a small fractionx of the momentum of the hadron), the Color-Glass
Condensate (CGC) effective theory [8, 9] describes the nucleus as a dense (saturated) partonic system,
and gives, once it is combined with a specific pp production model, predictions for the charmonium
yields. In addition, the initial parton inside the proton which is going to produce thecc pair may suffer
energy loss before the hard collision takes place, shiftingin this way the center-of-mass energy

√
s of

the partonic collision [10–12]. This effect can result in a suppression of charmonia at large longitudinal
momentum.

Once created, the evolvingcc pair needs, in the nucleus rest frame, a finite amount of time (up to several
fm/c) to form the final-state charmonium. It may, therefore, interact with the nuclear matter and possibly
break-up, with the break-up cross section being sensitive to the nature (color-octet or singlet) of the
intermediate state [13–15]. At the same time, the final statemay also experience energy loss, leading to
a reduction of the pair momentum [16]. It is worth noting thatrecent approaches to the parton energy
loss effect led to the hypothesis of a coherent energy loss which cannot be factorized into initial and
final-state contributions [12].

Experimental studies have been carried out at various collision energies, for nuclei of different sizes, and
differentially in rapidity (y) and transverse momentum (pT). These studies allow the amount of nuclear
matter crossed by thecc pair to be varied, modifying the environment of its evolution, as well as the
initial parton kinematics. In this way, further constraints to theoretical models can be provided.

Finally, the small size (< 1 fm) and large binding energy (several hundred MeV) of some of the charmo-
nium states make them ideal probes of the strongly interacting matter created in ultrarelativistic heavy-ion
collisions, which at sufficiently high energy density may become a Quark-Gluon Plasma (QGP). A sup-
pression of charmonium production was predicted as a signature of the phase transition to a QGP [17]
and observed at SPS [18, 19] (

√
sNN ∼ 20 GeV) and RHIC [20, 21] (

√
sNN = 200 GeV), and more re-

cently at the LHC [22–25] (
√

sNN = 2.76 TeV). However, in such collisions, suppression mechanisms
related to initial-state effects and/or interaction of charmonia with cold nuclear matter have been verified
to play a role [26,27]. Results on proton-nucleus collisions are essential to calibrate and disentangle these
effects in order to allow a quantitative determination of the QGP-related suppression in nucleus-nucleus
collisions.

A rather large amount of experimental results is available today for the production of J/ψ , the most
strongly bound charmonium state decaying into dileptons, in proton-nucleus collisions. Fixed-target ex-
periments at SPS [28, 29], Tevatron [30] and HERA [31], as well as collider experiments at RHIC [32]
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have investigated J/ψ production in large kinematic ranges in the Feynman-x (xF) and pT variables.
Among the main features of the results, a suppression of the J/ψ yield, relative to the one in proton-
proton collisions, has been observed, which increases at high xF (corresponding to forwardy). In addi-
tion, at fixedxF the suppression decreases with increasing

√
sNN [29]. Finally, the suppression is found

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

In this context, data from the LHC can bring new information and help to clarify the situation. On the
production side, very smallx values, down to∼ 10−5, can be accessed, allowing the gluon distributions
to be studied in a previously unexplored kinematic range. Onthe other hand, the large Lorentz-γ factor
leads to short crossing times for thecc pair through nuclear matter. One may therefore expect a negligible
cc break-up probability and the yield to be dominated by initial-state effects and possibly energy loss.
In addition, proton-nucleus results should greatly help, as it was the case at lower energies [18], in the
interpretation of the J/ψ suppression effects seen in Pb-Pb collisions at the LHC.

In this Letter, we present the first results from ALICE on inclusive J/ψ production at the LHC in p-Pb
collisions at

√
sNN = 5.02 TeV. These results have been obtained with measurements in theµ+µ− decay

channel in the muon spectrometer, which covers the pseudorapidity range−4< ηlab <−2.5. The muon
spectrometer [33] consists of a 3 T·m dipole magnet, five tracking stations, each one based on two
Cathode Pad Chambers, and two triggering stations, each oneequipped with two planes of Resistive
Plate Chambers. Two absorbers efficiently filter out hadrons. The front absorber, which is placed between
the interaction region and the muon spectrometer, has a thickness of 10 interaction lengths (λI), while
the other absorber, placed between the tracking and the triggering stations, has a thickness of 7.2λI .
The other detectors used in this analysis are the two Si pixellayers corresponding to the innermost
sections of the Inner Tracking System (ITS) (|η | < 0.9) [34], for the determination of the interaction
vertex, and the two VZERO scintillator hodoscopes (2.8 < η < 5.1 and−3.7 < η < −1.7), mainly
for triggering purposes and for removing beam-induced background. The Zero Degree Calorimeters
(ZDC) [35], positioned symmetrically at 112.5 m from the interaction point, are used to clean the event
sample by removing de-bunched proton-lead collisions. More details on the ALICE experimental setup
can be found elsewhere [36].

Minimum-bias (MB) events are triggered requiring the coincidence of a signal in the two VZERO de-
tectors. The efficiency of such a trigger for selecting non-single diffractive collisions is> 99% [37].
Opposite-sign muon pairs are selected by means of a dimuon trigger given by the coincidence of a MB
trigger with the detection of two muon candidate tracks in the trigger system of the muon spectrometer.
The dimuon trigger is configured in order to select muons having a transverse momentumpT,µ >0.5
GeV/c. The effect of this threshold is not sharp and the single-muon trigger efficiency reaches its maxi-
mum value (∼ 96%) for pT,µ ∼1.5 GeV/c.

Due to the energy asymmetry of the LHC beams (Ep = 4 TeV,EPb= 1.58·A TeV) the nucleon-nucleon
center-of-mass system of the collisions does not coincide with the laboratory system, but it is shifted by
∆y = 0.465 in the direction of the proton beam. Data have been taken with two beam configurations, by
inverting the direction of the orbits of the two particle species. In this way the regions 2.03< ycms<
3.53 and−4.46< ycms< −2.96 have been studied, where positive rapidities refer to a situation where
the proton beam is travelling towards the muon spectrometer(in the following these configurations are
referred to as p-Pb and Pb-p, respectively). The integratedluminosities for the two configurations are
5.03±0.18 nb−1 (p-Pb) and 5.81±0.19 nb−1 (Pb-p). These values are determined usingσMB

pPb = 2.08±
0.07 b andσMB

Pbp = 2.12±0.07 b, estimated by means of a van-der-Meer scan of the MB trigger signal [38].

An offline selection is performed in order to reject beam-induced background by requiring the signal
timing in the VZERO and ZDC to be compatible with that of a nominal p-Pb interaction. Candidate muon
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tracks are reconstructed in the muon tracking chambers using the standard reconstruction algorithm [33].
It is then required that the two reconstructed tracks match atrack segment in the trigger chambers (trigger
tracklet). A further selection cut is applied by requiring the muon tracks to exit the front absorber at a
radial distance from the beam axis 17.6 < Rabs< 89.5 cm, in order to reject tracks crossing its high-
density section, where multiple scattering and energy losseffects are large. The condition−4< ηµ <
−2.5 for single muons is required, in order to reject muons at theedge of the spectrometer’s acceptance.

The extraction of the number of J/ψ is performed starting from the invariant mass distributions of op-
posite sign muon pairs in the kinematic domain 2.5 < |ylab| < 4, 0< pT < 15 GeV/c, shown in Fig. 1.
The distributions are fitted by means of a superposition of a continuum and a resonance shape. The
continuum is parameterized either as a polynomial times an exponential function or as a Gaussian with
a width linearly varying with mass, while for the resonance either a Crystal Ball function [39] with
asymmetric tails at both high and low mass was chosen, or various pseudo-Gaussian functions (see, for
example, [40]). The non-Gaussian tails of the resonance shapes are fixed in the fit to the values obtained
in a Monte-Carlo (MC) simulation of the J/ψ signal, while the mean and the width of the Gaussian core
are left as free parameters, since the large signal-over-background ratio (∼ 2 at 3-σ level) allows the
data themselves to better constrain these parameters. The widths extracted from data (∼ 70 MeV/c2) and
those from MC differ by ∼ 10%, and the mean value of the J/ψ mass coincides with the nominal PDG
value [41] within 2-3 MeV/c2. A contribution from theψ(2S) resonance decay is taken into account in
the fits, but its effect on the determination of the number of J/ψ events is negligible. The latter number
is obtained as an average of the integral of the signal function over the various fits, and the systematic
uncertainty on this quantity is taken as the 1-σ spread of the number of signal events. The result is
NJ/ψ

pPb = (6.69± 0.05± 0.08) ·104 andNJ/ψ
Pbp = (5.67± 0.05± 0.07) ·104, 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 the p-Pb (left) and Pb-p (right) data samples, together
with the result of the fit. For the fits shown here a Crystal Ballfunction (shown as a dashed line) and a variable-
width Gaussian have been used for the signal and the background, respectively.

The number of measured J/ψ is then divided by the product of acceptance times efficiencyA · ε , which
is obtained using a MC simulation of the J/ψ signal. An unpolarized distribution for the J/ψ is assumed,
following the small degree of polarization measured in pp collisions at

√
s= 7 TeV [42–44], while thepT

andy distributions used as an input for the generator are tuned tothe measured data through an iterative
procedure. The systematic uncertainty on the acceptance isobtained by definingy (pT) distributions
for selected phase space regions, corresponding to sub-ranges inpT (y) and centrality of the collision.
The hardest and softest spectra for each variable are then used as inputs to the MC calculation, and the
variation with respect to the default acceptance values gives the 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 calculated by means of a procedure based on data
and involving the analysis of trigger tracklets constructed from hits in the four planes of the two trig-
ger stations. For the tracking chambers a map of dead channels is obtained from the online detector
information and updated on a run-per-run basis. Both information are injected in the MC and their time
evolution is taken into account by performing a simulation for each run, with a number of J/ψ signal
events proportional to the number of offline-selected triggered events.

The systematic uncertainty on the J/ψ trigger efficiency (εJ/ψ
trig ) is obtained as a convolution of various

sources. First, effects related to the estimate of the efficiency of the trigger detectors are studied by
varying their efficiency in the MC by an amount equal to the statistical uncertainty on their evaluation
(∼ 2%). This results in a 2% change inεJ/ψ

trig . Second, systematic effects related to small discrepancies in
the pT dependence of the muon trigger threshold between data and MCgive a∼ 2−2.5% contribution
to εJ/ψ

trig . Finally, there is a∼ 1% effect related to the choice of theχ2 cut used in defining the matching
between tracking and triggering information.

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

TheA · ε values for the two kinematic regions are(25.4±1.3)% (p-Pb) and(17.1±1.2)% (Pb-p). The
quoted uncertainty is systematic, and the lower value for Pb-p is mainly due to a smaller detector effi-
ciency in the corresponding data taking period.

The inclusive J/ψ production cross section is

σ J/ψ
pPb =

Ncor
J/ψ→µµ

NMB ·B.R.(J/ψ → µµ)
×σMB

pPb (1)

whereNcor
J/ψ→µµ is the number of J/ψ corrected forA · ε , B.R.(J/ψ → µµ) = (5.93± 0.06)% is the

branching ratio for the J/ψ decay to dimuons [41],NMB is the number of MB p-Pb collisions, andσMB
pPb

the corresponding cross section.

Since the analysis is based on a dimuon trigger sample, the equivalent number of MB triggers is evaluated
asF ·NDIMU , whereNDIMU is the number of opposite sign dimuon triggered events, which amounts to
9.27·106 for p-Pb and 2.09·107 for Pb-p. The enhancement factorF is calculated in two different ways.
In the first one it is obtained as the productF2µ/1µ ·F1µ/MB, whereF2µ/1µ is the inverse of the probability
of having a second muon triggered when one muon has triggeredthe event and, correspondingly,F1µ/MB

is the inverse of the probability of having one triggered muon in events where the MB condition is
required. The various quantities are obtained from the recorded trigger mask for the collected events
after quality cuts. ObtainingF as the product of the two factors mentioned above allows the statistical
uncertainty to be reduced. In the second approach, the information of the scalers of the level-0 trigger
is used. In this case, statistics are much larger andF is obtained as the ratio between the numbers of
MB and dimuon triggers at level-0, corrected for pile-up effects (2%) and taking into account the slight
difference in the fraction of events surviving the quality cuts for the two trigger samples (1%). One gets,
averaging the results from the two approaches,FpPb= 1129± 2 andFPbp= 589± 2, where the quoted
uncertainties are statistical. A 1% systematic uncertainty is estimated on both quantities, corresponding
to the difference between the central values obtained in thetwo calculations.

Finally, the quantityNMB/σMB
pPb corresponds to the integrated luminosity. Its value has been checked by

means of a second, independentČerenkov counter [36], obtaining a result compatible within 1%. This
small difference (identical for p-Pb and Pb-p) has been included in the systematic uncertainty.
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The resulting cross sections areσ J/ψ
pPb(2.03< ycms< 3.53) = 882± 6 (stat.)± 47 (syst. uncorr.)± 33

(syst. part. corr.)µb andσ J/ψ
Pbp(−4.46< ycms< −2.96) = 965± 8 (stat.) ± 69 (syst. uncorr.)± 34

(syst. part. corr.)µb. The uncertainties connected with tracking, matching andtriggering efficiency,
with the choice of the MC input distributions and with the evaluation ofNMB are taken as uncorrelated
between p-Pb and Pb-p, while those on signal extraction and on σMB are partially correlated. In the latter
uncertainty a 1% contribution due to the uncertainty on B.R.(J/ψ → µµ) was also included.

The nuclear effects on J/ψ production are quantified using the nuclear modification factor RpPb, obtained
as

RpPb=
Ncor

J/ψ→µµ

〈TpPb〉 ·NMB ·B.R.(J/ψ → µµ) ·σ J/ψ
pp

(2)

whereσ J/ψ
pp is the production cross section in pp collisions in the same kinematical domain and at the

same
√

s (the same formula applies to Pb-p), and〈TpPb〉 is the nuclear thickness function estimated
through the Glauber model, which gives〈TpPb〉= 0.0983±0.0035 mb−1 [45]. The uncertainty on〈TpPb〉
was obtained by varying the parameters of the Glauber model.

Since pp data at
√

s = 5.02 TeV are not available, the reference cross sectionσ J/ψ
pp has been obtained

by means of an interpolation procedure [46], based on forward rapidity (2.5 < ycms< 4) pp results at√
s = 2.76 and 7 TeV from ALICE [47, 48]. The

√
s-interpolation is based on three empirical shapes

(linear, power law, exponential) and is independently performed for each of the six rapidity bins corre-
sponding to the dσ/dy values measured at the two energies. The central values of the interpolation are
given, for each rapidity bin, by the average of the three values obtained with the adopted shapes. Their
uncertainties are the quadratic sum of a dominant term, related to the uncertainties on the points used
for the interpolation, and of a term corresponding to the maximum spread between the results obtained
with the various shapes. In addition, the

√
s-dependence of the cross sections, for the various rapidity

bins, were compared to the corresponding shapes calculatedby the leading order (LO) CEM [49] and
the FONLL [50] models. We remind that the CEM (Color Evaporation Model) assumes that a fixed
fraction ofcc pairs produced with an invariant massm < 2mD ends up in producing charmonium states.
Although it does not contain a dynamical description of the production process, it was shown to be phe-
nomenologically successful over a large

√
s range. FONLL gives predictions for the totalcc production

rather than for the J/ψ cross section, but we assume, similarly to the CEM approach,that the fraction
of cc pairs going to charmonium is

√
s-independent. The small difference between the central values of

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

Due to the∆y = 0.465 rapidity shift induced by the asymmetry in the energy pernucleon of the proton
and lead beams, the rapidity regions covered by the present analysis do not correspond to the ones
available for pp. Therefore, the dσ/dy values obtained with the procedure described above have been
fitted to various shapes (Gaussian, second and fourth order polynomial [51]), obtainingχ2/ndf values

ranging from 0.1 to 0.4. The values forσ J/ψ
pp at

√
s = 5.02 TeV for the p-Pb and Pb-p rapidity intervals

were finally obtained as the average of the integral of the various fitting functions in the correspondingy-
ranges, and are B.R. ·σ J/ψ

pp (2.03< ycms< 3.53) = 366±24 nb and B.R. ·σ J/ψ
pp (−4.46< ycms<−2.96) =

255± 16 nb. The uncertainties include again a contribution from the maximum spread of the results
obtained with the various functions.

In Fig. 2 we present our results for the nuclear modification factors. At forward rapidity the inclusive J/ψ
production is suppressed with respect to the one in binary-scaled pp collisions, whereas it is unchanged
at backward rapidity. The uncertainty related to〈TpPb〉 is considered as correlated. The uncertainties con-
nected with tracking, matching and triggering efficiencies, with the choice of the MC input distributions,
and with the evaluation ofNMB are taken as uncorrelated. Finally, the uncertainties on signal extraction
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and on the pp cross section interpolation are considered as partially correlated. Our measurements are
compared with a next to leading order (NLO) CEM calculation which uses the EPS09 shadowing pa-
rameterization [52], and with the result of a theoretical prediction which includes a contribution from
coherent parton energy loss processes [53], either in addition to EPS09 shadowing or as the only nu-
clear effect. Finally, results from a calculation in the CGCframework [54] are also shown. Within our
uncertainties, both the model based on shadowing only and the coherent energy loss approach are able
to describe the data, while the CGC-based prediction overestimates the observed suppression. None of
these models include a suppression related to the break-up of the cc pair, which therefore does not seem
essential for the description of the ALICE result.

It is worth noting that calculations refer to prompt production (i.e., direct J/ψ plus the contribution from
ψ(2S) andχc decays), while the experimental results are for inclusive J/ψ production, which contains a
non-prompt contribution from B-decays. However, thepT-integrated non-prompt J/ψ fraction is small
(LHCb measured 7.1% at

√
s= 2.76 TeV in the kinematic region 2< ycms< 4.5, 0< pT < 12 GeV/c [55]

and 9.8% at
√

s = 7 TeV for 2< ycms< 4.5, 0< pT < 14 GeV/c [56]). The difference betweenRincl
pPb and

Rprompt
pPb is well within the uncertainties of our measurement for a very large range ofRnon−prompt

pPb , from

complete suppression (Rnon−prompt
pPb = 0) to a very strong enhancement (Rnon−prompt

pPb = 1.5). The same
conclusion holds at backward rapidity.
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Fig. 2: The nuclear modification factors for inclusive J/ψ production at
√

sNN = 5.02 TeV. The error bars corre-
spond to the statistical uncertainties, the open boxes to the uncorrelated systematic uncertainties, the shaded boxes
around the points represent the partially correlated systematic uncertainties. The box aroundRpPb= 1 shows the
size of the correlated uncertainties. Calculations from various models are also shown (see legend for details).

Both cross sections and nuclear modification factors for inclusive J/ψ have also been studied differen-
tially in rapidity, with six bins for each of the twoy domains. The results are shown in Fig. 3 and Fig. 4,
respectively. The analysis procedure is identical to the one detailed above for the study of the integrated
quantities. In particular, a differential estimate of the systematic uncertainties for the various ingredients
has been carried out. The larger uncertainties visible at the lower edges of the rapidity ranges covered in
p-Pb and Pb-p are related to a relatively larger uncertaintyon the pp reference cross section, due to the
fact that these regions are not directly covered by the pp measurements and therefore an extrapolation
has to be performed. No strong variation of the nuclear modification factors is observed as a function of
y inside the forward and backward regions, while models including coherent energy loss exhibit a steeper
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behaviour at backward rapidity.
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Fig. 3: The inclusive J/ψ production cross section, as a function of rapidity. The error bars correspond to the
statistical uncertainties, the open boxes to the uncorrelated systematic uncertainties, the shaded boxes around the
points represent the partially correlated systematic uncertainties. The results are affected by a further 1% correlated
uncertainty due to the B.R. to dimuons (also included in the shaded boxes around the points). The bands correspond
to the inclusive J/ψ pp cross section, obtained with the interpolation procedure described in the text and scaled by
the Pb-nucleus mass numberAPb.

Both σ J/ψ
pp and〈TpPb〉 cancel out when forming the ratioRFB of the nuclear modification factors for a

rapidity range symmetric with respect toycms= 0. In this way one is left with the ratio of the forward
and backward J/ψ yields. The drawback of this approach is that, due to the beamenergy asymmetry,
the commony interval covered at both forward and backward rapidity is smaller than the acceptance of
the muon spectrometer, and limited to 2.96< |ycms|< 3.53. The reduction in statistics by a factor∼3 is
compensated by the cancellation of the reference-related uncertainties. The obtained value isRFB(2.96<
|ycms| < 3.53) = 0.60± 0.01(stat.)± 0.06(syst.). The systematic uncertainties which are uncorrelated
between backward and forward rapidity (tracking, matchingand triggering efficiency, normalization,
MC input) have been quadratically combined in the ratio, while for signal extraction the uncertainty has
directly been calculated on the ratio of the number of J/ψ . The main contribution to theRFB uncertainty
comes from the tracking efficiency.

In Fig. 5 we show a comparison ofRFB with the results of the theoretical calculations discussedabove,
except for the CGC-inspired model, which gives predictionsonly at forward rapidity. In addition, the
results of a prediction based on a LO approach and using either the EPS09 or the nDSG shadowing
parameterization are also shown [57]. The agreement between data and the model including both shad-
owing and coherent energy loss is very good, while pure shadowing scenarios may tend to overestimate
RFB. However, it has to be noted that, although the experimentalmeasurement ofRFB has a smaller
uncertainty thanRpPb andRPbp, its comparison with theoretical calculations might be less conclusive,
since models which systematically overestimate/underestimate the nuclear modification factors could
still provide a very good agreement with the measuredRFB.

The RFB ratio has also been studied differentially iny (3 bins) andpT (10 bins, covering the region
0< pT <15 GeV/c). In Fig. 6 we show the results, again compared with the predictions of the models.
As a function of rapidity, no variation is observed in the relatively narrow region covered by theRFB
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measurement. On the contrary, a trend towards higherRFB values is seen aspT increases. Models
including coherent energy loss seem to qualitatively reproduce the data, although theirpT dependence
appears to be steeper [58].
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Finally, the results presented in this Letter provide information on the magnitude of cold nuclear matter
effects in Pb-Pb collisions. ALICE has published results for RPbPbin the region 2.5< ycms< 4 at

√
sNN =

2.76 TeV [22, 23]. Although the p-Pb data discussed above referto slightly differentycms regions and
to a larger center of mass energy, the Bjorken-x regions probed by the J/ψ production process in the Pb
nuclei for p-Pb and Pb-Pb are shifted by∼10% only. Indeed, in the so-called 2→1 approach, where
the production kinematics isgg → J/ψ [59], thex-values selected in Pb-Pb collisions are 2.1 ·10−5 <
x < 9.2·10−5, 1.4·10−2 < x < 6.1·10−2, the two ranges being relative to nucleons moving away from
or toward the muon spectrometer, respectively. In proton-nucleus collisions, the probedx values for
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nucleons inside the Pb nucleus are 1.8·10−5 < x < 8.1·10−5 for p-Pb and 1.2·10−2 < x < 5.3·10−2 for
Pb-p. If shadowing is the main nuclear effect, a hypothesis in fair agreement with the results shown in
this Letter, as a first approximation cold nuclear matter effects onRPbPbwould be given by the product
RpPb×RPbp. This product is 0.761± 0.107, which is larger thanRPbPb= 0.497± 0.006± 0.078 [23].
This could be an indication that the J/ψ suppression effect observed in Pb-Pb collisions might not be
ascribed to cold nuclear matter effects alone.

In summary, inclusive J/ψ production has been measured with the ALICE detector in p-Pbcollisions at
the CERN LHC. In this Letter we have presented the productioncross sections and the nuclear modifi-
cation factors in the regions 2.03< ycms< 3.53 and−4.46< ycms< −2.96, as well as their ratioRFB

in the region 2.96< |ycms| < 3.53. While at forward rapidity (RpPb) a suppression with respect to pp
collisions is observed, in the backward region (RPbp) no suppression is present. A fair agreement is seen
with predictions based on a pure nuclear shadowing scenario[52, 57], parameterized using the EPS09
approach, as well as with models including a contribution from coherent partonic energy loss [12]. The
study ofRFB, carried out as a function ofy andpT, confirms these indications. These results also suggest
that no significant final-state absorption effects on the J/ψ are required to explain the data, contrary to
what was observed in lower energy experiments. Finally, these data provide an important baseline for
the interpretation of heavy-ion collision results.
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V. Anguelov87 , J. Anielski49 , T. Antičić92 , F. Antinori102 , P. Antonioli99 , L. Aphecetche106,
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H. Delagrange106, A. Deloff72 , E. Dénes127 , A. Deppman112 , G.O.V. de Barros112 , A. De Caro11 ,28,
G. de Cataldo98 , J. de Cuveland38 , A. De Falco22 , D. De Gruttola28 ,11, N. De Marco105 , S. De Pasquale28 ,
R. de Rooij53 , M.A. Diaz Corchero9 , T. Dietel49 ,84, R. Divià33 , D. Di Bari30 , C. Di Giglio30 , S. Di Liberto103 ,
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A. Menchaca-Rocha60 , J. Mercado Pérez87 , M. Meres35 , Y. Miake119 , K. Mikhaylov62 ,54, L. Milano33 ,
J. Milosevic20 ,iii, A. Mischke53 , A.N. Mishra43 , D. Miśkowiec91 , C.M. Mitu58 , J. Mlynarz126 ,
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