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1. Introduction

Ultra-relativistic heavy-ion collisions are used to rexdeein the laboratory the conditions of
high energy density and temperature that would have pesvailiring the first microseconds after
the Big Bang. In such conditions, it is expected that a phasesition from ordinary nuclear matter
to a deconfined state of quarks and gluons called Quark Gllammia (QGP) occurs.

Since 1980’s the quarkonium family has been proposed ad etoloaracterize the QGP: color
screening of the heavy quarks potential, due to the decahftate, would lead to a suppression
of quarkonium production [1]. The quarkonium states ha¥teint binding energies and these
can be translated into different dissociation temperatusemething that is commonly refered as
sequential dissociation [2]. Quarkonium suppression lhaady been observed at SPS and RHIC
[3, 4]. Even though the latter has achieved higher colligorrgies, a similar amount of quarko-
nium suppression was observed at central rapidity relativibe former. To explain this energy
dependence, charm quarks recombination [5] was needed I&. Rt the LHC, a central Pb-Pb
collision will create approximately ten times more c c pénan at RHIC. Models have predicted
that the JP suppression in the QGP could be counterbalanced by a produam recombination
of charm quarks.

As heavy flavours are produced on a very short time-scaleeinnitial hard-scattering pro-
cesses, they experience the whole evolution of the systemthis reason, they can be used as
a probe to understand the in-medium partonic energy lodserdénse QCD matter created in a
central heavy-ion collision. This energy loss can occuregivia inelastic (medium-induced gluon
radiation) or elastic (collisional) mechanisms. The amairenergy lost by a parton in a medium
is proportional to its Casimir factor implying that quarkswid suffer a smaller energy loss than
gluons. In addition the 'dead-cone effect’, which prevethis small-angle gluon radiation from
quarks in a colour charged medium, becomes more importahtimireasing mass [6]. The QCD
energy loss model predictsfdEq < AEq < AEq hierarchy. This can be experimentally verified if
RI, < RR\ < R, is measured [7], whemBaa is the Nuclear Modification Factor defined as

P Y'(Apidy)
M (Tan) x 0PP(APAY)
The upper index refers to a given collision centrality class,is the corrected yield of the
measured particle in nucleus-nucleus collisions norradlizy the number of Minimum Bias (MB)
events,(T,LA> the nuclear overlap function araPP the cross section measured in pp at the same
v/S. Recent RHIC results have not shown significant differenesveen theRaa measured for
non-photonic electrons, which are dominated by heavy gdedays, and charged hadrons.

(1.1)

2. The ALICE experiment

A Large lon Collider Experiment (ALICE) [10] is the LHC experent designed to study
heavy-ion collisions. It consists of a central barrel cawgrn| < 0.9 embedded in a solenoidal
magnet and a forward Muon Spectrometer with&< n < —2.5 acceptance. Given the variety
and complexity of all the subsystems located in the centiadelhy only the detectors employed in
these analyses will be mentioned. The two inner most layfettseonner Tracking System (ITS),
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the Silicon Pixel Detector (SPD), contributes to the priynagrtex reconstruction. The VO detector
consists of two plastic scintillators (VOA and VOC), locditat both sides of the ITS, designed to
trigger on the collisions and to reject beam-gas eventshdr2010 Pb-Pb data taking period, the
MB events were defined as the events producing signals in YO&, and SPD. Surrounding the
ITS we find the Time Projection Chamber (TPC), the TransifRadiation Detector (TRD) and
the Time of Flight (TOF). The Muon Spectrometer is compodaeémtracking chambers behind a
hadron absorber. Two of these tracking chambers are emth@ldemagnetic dipole which bends
charged particles allowing to extract the sign of their glecharge and their momentum. The last
components are four trigger chambers located after an ihtiat absorbs hadrons that punch
through the front absorber, secondary hadrons and low mimemuons.

3. Analysis

The Pb-Pb analysis was performed over an integrated luitynafs2.9 ub~1. The centrality
of the collisions was estimated using a Glauber based Moatk @t to the VO amplitude [11].

The JIp raw yield was obtained from the distribution of oppositgrsiracks that survived the
track selection. The inclusivey/cross section in pp used for normalization was measuredey th
ALICE experiment in a special run gfs= 2.76 TeV at the beginning of 2011 (Fig. 1 left) [12].

Heavy flavours are studied in the charm hadronic deca§{s40X T, Dt — Kmmrand D't —
DPrmrat|y| < 0.5) and in the leptonic decays (inclusiveéB— e+ X at|y| < 0.8 and /B — p + X
at25 <y <4).

D mesons are reconstructed exploiting their displacedexddapology. In order to reduce the
high combinatorial background, the Particle IDentificat{®ID) from TOF information and the
dE/dxmeasured by the TPC is used. D mesons raw yields are thercisatfer B decays contri-
butions ¢ 10— 15%) using FONLL calculations to obtain the production gefor primaries.

Open charm production can also be addressed via singlealecteasurements, based on
electron identifications provided by TPC and TOF both in pg Bb-Pb collisions. In the former
case the TRD is also employed. The inclusive single elestoamtribution from heavy flavours
was obtained by subtracting, from the overall electron spat, a cocktail of background electron
sources, 1, p, . Atlow py, in central collisions a residual background remains dfterprevi-
ous subtraction, most probably from thermal photons ndudexd in the cocktail. In pp collisions
electrons with large impact parameter can be selected ier dodextract the direct contribution
from B’s. In the single electron analysis the large systématcertainties in the single electron
results are mainly due to the PID, cocktail and pp reference.

For the single muons analysis at forward rapidity, the mauraes of background are: muons
from light hadron decays, muons from light hadrons produoeitie front absorber and hadrons
that punch-through the front absorber. The analysis in Phd3 been restricted @ > 4 GeV/c
because according to HIJING, heavy flavour decays domindted p; range.

Due to the limited heavy flavour statistics collected in {fie= 2.76 TeV pp collisions, the
reference for these are obtained at 7 TeV (center and rigiglpaf Fig. 1) [13, 14]. Depending
on the analysis, these results correspond to an integrameitidsity of 26-165 nb—1. The cross
sections obtained are scaled td@ TeV using a/s-scaling assuming that the factorization and
renormalization values and that the ¢ and b quark massestdaryowith /s. The scaling factor
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Figure 1: Left: Inclusive Jiy — u*p~ cross section af/s= 2.76 and 7 TeV in red and blue points respec-
tively, compared to NLO NRQCD prediction€enter: Differential cross section of - K measured at
\/s=7 TeV showing a good agreement with pQCD calculatidight: Differential cross section of heavy
flavours in their semileptonic decay to muons&= 7 TeV and compared to pQCD.

was then taken as the ratio of the cross section from FONLLP@&culation at 2.76 and 7 TeV
[15]. In the specific case of D mesons the procedure was vatiday scaling the ALICE data to the
Tevatron energy,(s = 1.96 TeV) in order to compare with CDF results [16]. Fdt &d D" the
cross sections were also measureg/at= 2.76 TeV but with large uncertainties and were found
to be compatible with the 7 TeV scaled results.

4. Results

Figure 2 shows the inclusive J/Raa as a function of the number of participant nucleons
indicating a clear suppression [17]. Our results show naifsaggint centrality dependence and
RALICE ~ 3 x REHENX for Npar > 180 at forward rapidity. Three theoretical predictionsarie
the centrality dependence of the data. In the Statisticalrétdazation Model the charmonium
production occurs at the phase boundary by statisticalomigition of charm quarks considering
100% of Jii regeneration [18]. The Transport Models differ in the rajaation of the 3 disso-
ciation and regeneration, in both models 50% of the meastiedd in central collisions is due to
regeneration [19, 20], while the remaining comes from tlitgairproduction.

Prompt D mesonRaa is presented as a function Npa (left) and p; (right) in Fig. 3 [21]. In
the first one the suppression increases as a function of th&iao centrality as expected in case
of parton energy loss in the medium and it is similar for the¢hD meson species. In the second
one the D mesonRap is compatible with that of charged hadrons (non-promgt dhost of which
comes from decay of B mesons) within errors, with a possililedi a smaller (larger) suppression
which may be due to the predicted energy loss hierarchy, bt precise measurements are needed
to reduce the uncertainties.

Finally Fig. 4 shows th&aa for single electron (left) and single muon (right) as a fumeiof
the collision centrality after background subtractionthélugh the large systematic uncertainties,
the Nuclear Maodification Factor of single electrons showsrrality dependent behaviour with a
suppression factor of about 2 in the 10% most central cofisi A similar trend is present in the
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Raa for single muons but with a stronger suppression with irgirgacentrality, reaching a factor
of around 3-4 in the same 10% most central collisions.
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Figure2: Left: J/y Raa measured by the ALICE experiment compared to PHENIX resdlta function of
the number of participanRight: comparison with theoretical models.
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Figure 3: Left: Raa VS Npart for prompt ¥, Dt and D'*. Right: average D mesonBaa compared to
charged hadrons and non-prompl dheasured by CMS as a functiongfin the most central collisions.
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Figure 4. Left: Background subtracte®aa for single electronsRight: Raa of muons coming from heavy
flavours after background subtraction.
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5. Conclusions

Open and hidden heavy flavour results from pp collisiong/st= 2.76 and 7 TeV and from
the first Pb-Pb run at 2.76 TeV were presented. The pp crotisrseavere used to normalize the
yields obtained in Pb-Pb.

The inclusive 3 production shows a clear suppression with a flat centraépyeddenRaa .
The Nuclear Modification Factor is larger than PHENIX measuents in central collisions, spe-
cially at forward rapidity and is well described by regetiera models.

For open heavy flavours, thgya for hadron and electron decay channels in the mid-rapidity
and that for the muon decay in the forward rapidity exhibiteaccentrality dependent suppression,
indicating a heavy flavour suppression. There are possihits for a difference between charm
and gluon energy loss, but more accurate measurementsettecht® disentangle the energy loss
mechanisms between heavy quarks.
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