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ALICE (A Large Ion Collider Experiment) aims at studying thebehaviour of nuclear matter
at high energy density and the transition to Quark Gluon Plasma (QGP), in ultra-relativistic
heavy-ion collisions.
Quarkonia and open heavy flavour are regarded as sensitive probes of parton-medium interac-
tion; their measurement is done in ALICE over a wide pseudo-rapidity range: -0.9<η<0.9 and
-4<η<-2.5.
During the first year of LHC operation, ALICE has been taking p-p data at

√
s=7 TeV and Pb-Pb

data at
√

sNN=2.76 TeV.

Preliminary results on quarkonium and heavy flavour in p-p collisions are presented; the first

heavy flavour signals observed in Pb-Pb collisions are also shown.
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1. Introduction

The ALICE[1] experiment at the Large Hadron Collider[2] was designed to study nuclear
matter in ultra-relativistic heavy-ion collisions, at energy densities one order of magnitude larger
than that of ordinary nuclear matter. Under these conditions, finite temperature QCD calculations
on the lattice1 predict a transition to a deconfined state of matter known as Quark-Gluon Plasma
(QGP).

Heavy flavour particles are sensitive to the properties of the medium formedin heavy ion
collisions. In particular: open charm and beauty mesons are sensitive to the energy density, through
the mechanism of in-medium energy loss of heavy quarks; quarkonium production suppression
by colour screening was one of the first proposed signatures for QGPformation[4]; charmonium
regeneration due to the recombination of initially uncorrelatedc andc quarks may occur at LHC
energies[5, 6]. A detailed description of the physics motivations for heavy flavour measurements
in heavy-ion collisions can be found in [7].

The measurement of open heavy flavour production in p-p collisions with ALICE has a two-
fold interest: as normalisation for the main observables in heavy-ion analysisand as a test of
perturbative QCD and production models in kinematic regions where ALICE iscomplementary to
the other LHC experiments.

2. Experimental apparatus

A complete description of the ALICE experiment can be found in [1]. A description of the
detector configuration and running conditions in the 2010 p-p run has been provided separately in
this conference[8].

Heavy flavour production measurement at mid-rapidity is done with the ALICEcentral detec-
tors (-0.9<η<0.9). The analyses presented here are based on the Inner TrackingSystem (ITS) for
vertexing and tracking, the Time Projection Chamber (TPC) for tracking andPID and the Time of
Flight detector (TOF) for PID. At forward rapidity, heavy flavour production is measured with the
muon spectrometer (-4<η<-2.5). The muon spectrometer is equipped with 5 tracking stations and
a dedicated trigger system with programmable cut on the muon pT .

The mid-rapidity analysis is based on minimum-bias events; the forward rapidity analysis is
based on muon triggered events. Luminosity normalisation is performed via a reference minimum-
bias cross section, measured in dedicated scans and known with an uncertainty of 10% when this
presentation was made.

3. Results on open heavy flavour

3.1 Heavy flavour at mid-rapidity via hadronic decays

A number of heavy flavour hadronic decays are reconstructed in ALICE via invariant mass
analysis. Here, we present results on the most advanced analyses: D0→K−π+, D+→K−π+π+ and
D*+→D0π+. The crucial aspect for such channels is the spatial resolution for secondary vertex-
ing: in the 2010 configuration, the SPD single hit resolution is 14µm[9]. The impact parameter

1See e.g. [3]
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resolution is 75µm at a momentum of 1 GeV/c; it is 20µm at 20 GeV/c[10]. Moreover, low-pT
tracking in the ITS is essential for the detection of the softπ+ in D*+ decays. Information from
TPC and TOF allows for kaon identification at low pT (<2 GeV/c).

The measured charmed meson yields are corrected for acceptance and PID, selection and
reconstruction efficiency. This is evaluated via detailed detector simulation. The total efficiency is
similar for for D0→K−π+ and D+→K−π+π+: it turns out to be ranging from 1% at pT ≃2 GeV/c
to 10% at pT >8 GeV/c. Feed-down from B-mesons must also be properly taken into account: in
this analysis, this is done via the FONLL[11] predictions for beauty.

The pT -differential cross sections for D0 and D+ for 3 GeV/c < pT < 12 GeV/c, based on a
sample of 108 minimum-bias events, are shown in Fig. 1. The most important sources of systematic
uncertainty are B feed-down subtraction (≃ 25% at pT ≃10 GeV/c) and selection efficiency (10%).
pQCD predictions[11][12] are compatible with the measured cross sections.
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Figure 1: pT -differential D0 (a) and D+(b) cross sections, based on a sample of 108 minimum-bias events,
as compared to the FONLL and GM-VFNS pQCD predictions.

The differential pT spectrum dN/dpT for D*+ has also been measured and evaluation of the
systematics is ongoing. The D0/D+ and D0/D*+ ratios have been measured. The pT -integrated ra-
tios were found to be 2.5±0.3 and 2.2±0.3, respectively, in agreement with measurements at lower
energies by the ZEUS and H1 experiments (both reported in [13]) and by the CDF experiment[14].

The next analysis steps, where the full 2010 statistics will be used, includethe extension of
the pT reach for D mesons and the estimation of B-feed down from data using vertex displacement.
Analysis is also ongoing for several other channels for which signal has already been extracted,
namely D0 →K−π−π+π+, Λc→pK−π+ and D+

s →φπ+.

3.2 Heavy flavour at mid-rapidity via semi-electronic decays

Heavy flavour electrons are studied by measuring the inclusive single electron spectrum and
subtracting a cocktail of the known non-heavy-flavour contributions.
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Electron identification is performed up to a few GeV/c using the combined information of
TPC and TOF. In order to minimise the effect of photon conversions, a hit inthe first layer of the
SPD (3.9 cm in radius) is required. Electron candidates are selected via a 3σ time of flight cut2,
which results in a clean rejection of low-momentum protons and kaons. Electron-pion separation
is performed up to a momentum of 4 GeV/c via a cut on the specific energy loss,measured in the
TPC with≃5% resolution. The residual contamination in the selected tracks is estimated via a
double gaussian fit to the energy loss spectrum.

The electron sources implemented in the cocktail at this stage of the analysis are the Dalitz
decays ofπ0, η , η ’, ρ, ω , φ and the conversions of secondaryγ. Theπ0 contribution is fixed using
the measured ALICEπ0 spectrum[15], while the heavier mesons are implemented via mT scaling.
In further steps of the analysis, the contributions from direct photons and J/ψ will be added.

(a) (b)

Figure 2: (a): pT spectrum of single electrons obtained from a sample of 108 minimum-bias events,
compared to the electron cocktail; (b): pT differential cross section for heavy flavour decay muons, compared
to the FONLL calculation.

In Fig. 2(a) the measured electron spectrum (based on a sample of 108 minimum-bias events),
obtained after efficiency and acceptance correction, is shown and compared to the cocktail. An
excess with respect to the cocktail, containing the heavy flavour signal, is clearly visible, increasing
with pT .

Future steps in the analysis are: the luminosity normalisation, which will lead to the cross
section for heavy flavour electrons; the separation of beauty-electrons with data-driven techniques
(via secondary vertex displacement); the extension of the measurement to higher pT using other
detectors (Transition Radiation Detector and Electromagnetic Calorimeter).

3.3 Heavy flavour at forward rapidity via semi-muonic decays

Open heavy flavour production is studied in the ALICE muon spectrometer viathe single
muon spectrum. The momentum resolution of the spectrometer with the current alignment is about

2The total resolution on the time of flight measurement is about 130 ps.
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12% at pT ≃10 GeV/c. In order to improve the rejection of hadronic background, matching in
position is required between the tracks measured in the trigger and tracking systems3.

The main sources of background are "decay" muons (originating from decays of light mesons
before the front absorber) and "secondary" muons (produced bylight mesons in the front absorber).
The analysis presented here is restricted to pT >2 GeV/c, where the secondary contribution is low
(≃3%). The spectrum of decay muons is obtained by simulation. Its normalisation isfixed with
low-pT data. The background-subtracted spectrum is corrected for efficiency and normalised, to
obtain the pT -differential cross section in 2 GeV/c<pT <6.5 GeV/c (Fig. 2(b)). The overall system-
atic uncertainty ranges from 20% to 30%, decreasing with pT . The FONLL predictions for muons
from charm and beauty decays [11] are compatible with our results.

The pT reach of the spectrum will soon be extended via a refined alignment based on field-off
data. Data-driven techniques for the subtraction of background are being studied.

4. Results on quarkonia

4.1 J/ψ → ee at mid-rapidity

The preliminary results on (inclusive) J/ψ at mid-rapidity are based on a data sample corre-
sponding to an integrated luminosity of 4 nb−1. PID is performed via energy loss in the TPC; track-
ing uses both ITS and TPC. Cuts on the electron pT (> 1 GeV/c) and pseudo-rapidity (|η |<0.88)
are performed. The signal is extracted by subtracting from the di-electron invariant mass spectrum
the corresponding like-sign background distribution. The efficiency correction is performed via de-
tailed simulation. The dependence of acceptance on the unknown J/ψ polarisation is a major source
of systematic uncertainty. Here, we assume no polarisation and quote the polarisation-related un-
certainty separately. The measured inclusive J/ψ cross section in |y|<0.88 is:
dσ J/ψ

dy ||y|<0.88 = 7.36±1.22(stat.)±1.32(syst.)+0.88
−1.84(syst.pol) µb. Besides polarisation, efficiency

corrections are the main contribution to the systematic uncertainty (≃15%). The integrated cross
section measurement is based on the best-calibrated subset of the data (≃100 J/ψ), corresponding
to an integrated luminosity of 1.6 nb−1. The whole data sample, for which luminosity normalisation
is ongoing, has been used to measure the J/ψ dN/dpT , shown in Fig. 3(a).

4.2 J/ψ → µµ at forward rapidity

The preliminary results on (inclusive) J/ψ production at forward-rapidity in the muon spec-
trometer are based on a data sample corresponding to an integrated luminosity of 13.6 nb−1. The
event selection requires at least one reconstructed vertex in the SPD and position matching be-
tween the trigger and tracking information for at least one of the reconstructed muon tracks. A
cut on the radial coordinate at the exit of the front absorber (Rabs>17.5 cm) is also performed,
in order to reject muons emitted at small angle, that have travelled a significantdistance in the
thick beam shield. The invariant mass spectrum is fitted with a Crystal Ball function and a dou-
ble exponential for background. Trigger and tracking efficiency areevaluated via detailed sim-
ulation. As explained in Sec. 4.1, polarisation plays an important role in the systematic uncer-
tainty. The measured inclusive cross section in -4<y<-2.5, based on a sample of≃1900 J/ψ , is:

3An iron wall with a total hadronic interaction length of 7λint is located between the tracking and the trigger system.
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Figure 3: (a): inclusive J/ψ pT spectrum in |y|<0.88; (b): inclusive pT -differential J/ψ cross section in
-4<y<-2.5, as measured by ALICE and LHCb. The spectra in bothfigures are compared to an NLO Colour
Evaporation Model calculation[16].

σ J/ψ
−4<y<−2.5 = 7.25±0.29(stat.)±0.98(syst.)+0.87

−1.27(syst.pol) µb. Such a result is in good agree-
ment with the LHCb measurement[17] in the same rapidity window. The pT and rapidity differen-
tial cross sections have also been measured (Fig. 3(b) and 4). In further steps of the analysis, the
pT reach will be extended by using the full available statistics.
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Figure 4: Inclusive rapidity-differential J/ψ cross section as measured by ALICE.

5. Conclusions

ALICE has provided preliminary results on open heavy flavour and quarkonium production in
p-p collisions at

√
s=7 TeV, at both mid- and forward rapidity. pQCD expectations are compatible

with the ALICE preliminary results on open heavy flavour. The ALICE p-p results will provide a
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baseline for the interpretation of the Pb-Pb data. The Pb-Pb analysis is ongoing and the first heavy
flavour signals in Pb-Pb collisions have been observed (Fig. 5).

(a) (b)

Figure 5: (a): D0 →K−π+ signal in Pb-Pb collisions at
√

sNN=2.76 TeV, obtained from a sample of
2.2×106 minimum-bias events; (b): J/ψ → µ+µ− signal in Pb-Pb collisions at

√
sNN=2.76 TeV, obtained

from a sample of 2.6×106 minimum-bias events.
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