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We present the measurement of J/¢ nuclear modification factor in
Pb-Pb collisions at /syn = 2.76 TeV at both mid- and forward rapid-
ity, from data collected in 2010 by the ALICE experiment. Results are
compared to RHIC data and results from other experiments at LHC, as
well as with existing models. The current status of two ongoing analyses
on J/1 production in ultra-peripheral collisions and J/4 elliptic flow is also
discussed.
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1. Introduction

J/v suppression in heavy ion collisions due to color-screening induced
dissociation was proposed as a signature of the quark-gluon plasma (QGP),
which is expected to be produced in high energy heavy ion collisions, by
Matsui and Satz 25 years ago [1|. Since then, J/v¢ production in heavy ion
collisions has been intensively studied at SPS and RHIC from a center-of-
mass energy of 17.2 to 200 GeV per nucleon—nucleon collision. The PHENIX
experiment at RHIC measured a similar J/v suppression at mid-rapidity in
Au-Au collisions at /syny = 200 GeV to that measured in Pb-Pb collisions
at the SPS top energy (y/syv = 17.2 GeV) [2,3]. It was surprising to
observe less suppression at mid-rapidity than at forward rapidity in central
Au-Au collisions (Npart > 100) at RHIC [4]. The existing measurements
have not been able to help us disentangle the cold and hot nuclear matter
effects at the SPS energies. At RHIC energy, it was argued that both cold
and hot nuclear matter effects also play their roles [4]. It has been proposed
that a J/v regeneration mechanism from charm quarks in the QGP can
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compete with the expected color-screening suppression |5, 6], especially at
the LHC energy. The J/v elliptic flow is thought to be a crucial test of this
regeneration scenario [7].

Ultra-peripheral collisions (UPC, defined as collisions for which the im-
pact parameter is larger than the diameter of the colliding nucleus) can be
used to study nuclear effects on J/v production since the photoproduction
of J/1¢ can be calculated by perturbative QCD (pQCD) by a 2-gluon ex-
change process [8]. This can provide us the nuclear gluon distribution which
is used to understand cold nuclear matter effects, such as gluon shadowing.

The expected high abundance of charm quarks produced at LHC (up
to a factor of 10 higher than at RHIC) makes it an ideal place to study
J /v production mechanisms [9]. In this paper, we will present the study of
J /1 production in Pb-Pb collisions at \/syy = 2.76 TeV measured by the
ALICE experiment at the LHC.

2. ALICE experiment and data analysis

The ALICE experiment [10] at the LHC is capable of measuring .J/v pro-
duction in Pb-Pb collisions at both mid- (|y| < 0.8) and forward rapidity
(2.5 <y < 4) via its dielectron and dimuon decay channels, respectively [11].
At mid-rapidity, the time projection chamber (TPC) and the inner track-
ing system (ITS) are used for tracking, and the TPC is used for electron
identification. At forward rapidity, the muon spectrometer is used for muon
detection.

In 2010, ALICE collected Pb-Pb collisions at /syn = 2.76 TeV with a
minimum-bias (MB) trigger, which is based on signals measured in the for-
ward scintillators (VZERO) and in the Silicon Pixel Detector (SPD), in co-
incidence with the LHC bunch-crossing signal [12]. The centrality of Pb—Pb
collision is determined from a geometrical Glauber model fit to the VZERO
amplitude distribution [13]. The J/1 yield is extracted from the invariant
mass distribution of opposite sign dilepton pairs. At mid-rapidity, the back-
ground is estimated by a track rotation method. After the background is
subtracted, the J/1 yield is extracted by bin counting in the invariant mass
window [2.88, 3.2] GeV/c? [14]. At forward rapidity, the invariant mass
distribution of opposite sign dimuons is fit within the range [2, 5] GeV/c2.
To obtain the raw J/v yield, a Crystal Ball (CB) function is used for the
signal and the sum of two exponential functions for the background [15].
The obtained number of J/1 in a given centrality and rapidity bin is cor-
rected by the acceptance and efficiency (AccEff), the branching ratio (BR),

and further normalized by the total number of events in this bin (Neyt) to

form the corrected yield Yj,y, = Wéﬁfﬂ%w' The nuclear modification
Yoe

(Tan) XU’J”/’w (inclusive)’

factor in a given centrality bin is defined as Rqq =



Study of J/¢ Production in Pb—Pb Collisions at 2.76 TeV with ... 569

where the corrected J/v yield is normalized by the product of the nu-
clear overlap function (T'44) and the inclusive J/v cross section in pp colli-
sions at the same energy measured by ALICE: 031; W (inclusive, 2.76 TeV) =

3.46 £0.13(stat.) £0.32(syst.) £0.28(syst.lumi.) ub [16]. The pp reference is
roughly approximated by the J/v yield in the most peripheral bin (40-80%)
Yoy X (Ta% %)

to form the central to peripheral ratio, Rcp = oo -
(TAA>XYJ/1Z) ’

3. Results

Figure 1 shows the inclusive J/¢ Ry4 for pr > 0 at forward rapidity
2.5 < y < 4. We have measured R 5% = 0.49 + 0.03(stat.) + 0.11(syst.),
and no significant centrality dependence is observed. Our inclusive J/v
R4 is compared to the same measurement for Au—Au collisions from the
PHENIX experiment at RHIC at different rapidities (|y| < 0.35 and 1.2 <
ly| < 2.2). We can clearly see that, at forward rapidity, J/¢ in Pb—Pb
collisions at LHC is less suppressed than J/v in Au-Au collisions at RHIC.
For the most central collisions our J/¢ R4 at forward rapidity is also higher
than the one at mid-rapidity at RHIC.

m ALICE (Pb-Pbys,, = 2.76 TeV), 2.5<y<4, pT>O (preliminary)
0 PHENIX (Au-Auysyy = 0.2 TeV), 1.2<lyl<2.2, p >0 (arXiv:1103.6269)
% o PHENIX (Au-Au\[s = 0.2 TeV), lyl<0.35, p,>0 (nucl-ex/0611020)
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Fig.1. ALICE J/v¢ Raa versus (N%,.) for Pb—Pb collisions measured at forward

part
rapidity in comparison to PHENIX results for Au—Au collisions at mid- and forward
rapidity [4], where (N},,) is the average number of participants ((Npart)) weighted

by the number of binary collisions (N¢on).

Figure 2 shows the centrality dependence of the inclusive J/1) Rcp. The
ALICE measurements at both mid- and forward rapidity are compared to
the ATLAS results for J/¢ with pt > 6.5 GeV /¢ within the rapidity range
ly| < 2.5 [17]. We see less suppression at forward rapidity and low pr
than ATLAS at mid-rapidity and high pr. Our Rcp measurement at mid-
rapidity has large statistical uncertainties which prevent us from drawing
firm conclusions for the moment.
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Fig.2. Centrality dependence of J/v¢ Rcp from ALICE compared with results from
ATLAS [17].

The left panel of Fig. 3 shows the comparison of the ALICE and PHENIX
measurement at forward rapidity to the statistical hadronization model cal-
culations [18,19]. The statistical hadronization predicts less J/v suppression
in central collisions at the LHC than at RHIC. However, this result depends
strongly on the input c¢ cross section which is not yet well constrained. Fig-
ure 3 (right panel) shows the expected contributions to the J/¢ Ra4 from
initially produced and regenerated J/v, with and without shadowing, from
the parton transport model [20]. They are compared to our J/v¥ Raa at
forward rapidity. The comparison suggests that the regeneration becomes
more important in central collisions. The calculations from another parton
transport model [21,22] also allow similar conclusions.
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Fig.3. Centrality dependence of .J/v¢ nuclear modification factor R4 compared
to statistical hadronization model calculations [18,19] (left), and parton transport
model calculations [20] (right).
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With the data collected in 2010, a couple of dozens of exclusively photo-
produced J/v in ultra-peripheral Pb—Pb collisions have been reconstructed
at both mid- and forward rapidity via dielectron and dimuon decay channels
respectively. The expected increase in statistics collected in 2011 should al-
low quantitative comparisons with pQCD calculations. Due to the limited
amount of data collected in 2010, the elliptic flow analysis of inclusive J/v
at forward rapidity was performed in the centrality range 0-80%. The J/v
yield is extracted in two A¢ bins: in-plane and out-of-plane, as shown in
Fig. 4, where A¢ is the difference between the azimuthal angle of J/v candi-
date and the event plane angle determined by the azimuthal distribution of
TPC tracks at mid-rapidity (|n| < 0.8). With the data collected in 2011, we
expect to significantly reduce the statistical uncertainty. Other flow analysis
methods, also including other detectors (such as VZERQO), are under study.
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Fig.4. Invariant mass distribution of opposite sign dimuons in two A¢ bins (left:
in-plane, right: out-of-plane) within centrality 0-80%. J/v¢ yield extraction by a
fit to the distribution with a CB function for signal (grey/red curves) and the sum
of two exponential functions as background (dashed lines).

4. Conclusions and outlook

The inclusive J/4 (pr > 0) production in Pb-Pb collisions at \/syy =
2.76 TeV at both mid- and forward rapidity has been measured by the ALICE
experiment at the LHC. We observe less .J/v suppression in central Pb—Pb
collisions at LHC than in central Au-Au collisions at /syny = 200 GeV
at RHIC. The J/v Raa with pp > 0 at forward rapidity has no significant
centrality dependence at the LHC. Both statistical hadronization and parton
transport models seem to describe the observed J/v suppression at forward
rapidity in central Pb-Pb collisions at the LHC. The comparison of our
data to models suggests that the J/1 regeneration mechanism in central
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Pb—Pb collisions at LHC energy becomes more important. Since the model
uncertainties are still rather large due to the unknown charm cross section
and the amount of shadowing, J/1 production in p—Pb collisions at LHC
energy should be a useful tool to estimate initial state effects.

We expect to collect higher statistics for Pb—Pb collisions by the end of
2011, which will enable us to largely reduce the statistical uncertainties in the
measurement of the J/i nuclear modification factor. The foreseen electron
identification improvement by combining the Transition Radiation Detector
(TRD), the Time of Flight (TOF) and the TPC, will help us to reduce the
uncertainty of J/1¢ measurement at mid-rapidity. The measurement of J/v
production in UPCs and J/% elliptic flow will also be possible and will help
us to better understand the J/1 production mechanism.
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