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Introduction : Quarkonia in A+A Collisions

• J/ψ dissociation by color screening 
could serves as a QGP signature 

[Phys. Lett. B 178, 416 (1986)]

• Two big experimental suprises
- similar suppression at SPS and RHIC

- stronger suppression at forward rapidity
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Figure 2. Centrality dependence of RJ/ψ
AA for RHIC and LHC energies (left panel)

and of the J/ψ rapidity density at LHC relative to the number of initially produced
cc̄ pairs (right panel, curves labelled by the dσcc̄/dy) at midrapidity.

left panel shows our predictions for the energy dependence of midrapidity yields (relative
to the cc̄ yield) for various charmed hadrons. The most striking behavior is observed

for the production of Λ+
c baryons: their yield rises significantly towards lower energies.

In our approach this is caused by the increase in baryochemical potential towards lower

energies (coupled with the charm neutrality condition). A similar behavior is seen for the

Ξ+
c baryon. The relative production yields of D-mesons depend on their quark content

and depend on energy only around threshold. These results emphasize the importance
of measuring, at low energies, in addition to D-mesons, also the yield of charmed baryons

to get a complete measure of the total charm production cross section.

One of the motivations for the study of charm production at low energies

was the expectation [12, 13] to provide, by a measurement of D-meson production

near threshold, information on their possible in-medium modification near the phase

boundary. However, the cross section σcc̄ is governed by the mass of the charm quark
mc ≈ 1.3 GeV, which is much larger than any soft Quantum Chromodynamics (QCD)

scale such as ΛQCD. Therefore we expect no medium effects on this quantity. The

much later formed D-mesons, or other charmed hadrons, may well change their mass in

the hot medium. Whatever the medium effects may be, they can, because of the charm

conservation, σcc̄ = 1
2
(σD +σΛc

+σΞc
+ ...)+(σηc

+σJ/ψ +σχc
+ ...), in first order only lead

to a redistribution of charm quarks [3]. This argument is essentially model-independent
and applies equally at all energies. This is demonstrated in the right panel of Fig. 3,

where we plot the relative change of the yields for different in-medium mass scenarios

(see ref. [3] for details and references therein) compared to the case of vacuum masses.

In contrast, the yields of charmonia do vary and this is more prominent at threshold

energies (see Fig. 3).

We have shown that the statistical hadronization model describes well the measured
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left panel shows our predictions for the energy dependence of midrapidity yields (relative
to the cc̄ yield) for various charmed hadrons. The most striking behavior is observed

for the production of Λ+
c baryons: their yield rises significantly towards lower energies.

In our approach this is caused by the increase in baryochemical potential towards lower

energies (coupled with the charm neutrality condition). A similar behavior is seen for the

Ξ+
c baryon. The relative production yields of D-mesons depend on their quark content

and depend on energy only around threshold. These results emphasize the importance
of measuring, at low energies, in addition to D-mesons, also the yield of charmed baryons

to get a complete measure of the total charm production cross section.

One of the motivations for the study of charm production at low energies

was the expectation [12, 13] to provide, by a measurement of D-meson production

near threshold, information on their possible in-medium modification near the phase

boundary. However, the cross section σcc̄ is governed by the mass of the charm quark
mc ≈ 1.3 GeV, which is much larger than any soft Quantum Chromodynamics (QCD)

scale such as ΛQCD. Therefore we expect no medium effects on this quantity. The

much later formed D-mesons, or other charmed hadrons, may well change their mass in

the hot medium. Whatever the medium effects may be, they can, because of the charm

conservation, σcc̄ = 1
2
(σD +σΛc

+σΞc
+ ...)+(σηc

+σJ/ψ +σχc
+ ...), in first order only lead

to a redistribution of charm quarks [3]. This argument is essentially model-independent
and applies equally at all energies. This is demonstrated in the right panel of Fig. 3,

where we plot the relative change of the yields for different in-medium mass scenarios

(see ref. [3] for details and references therein) compared to the case of vacuum masses.

In contrast, the yields of charmonia do vary and this is more prominent at threshold

energies (see Fig. 3).

We have shown that the statistical hadronization model describes well the measured

suppression quantified by nuclear modification factor
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Physics Motivation : J/ψ production at LHC

• Suppression or enhancement?
- Debye screening vs charm thermalization

• Distinguishable differences @ LHC
- ~30 times higher √s than RHIC (14 times so far)

- unexplored xBj region (10-3~10-5)

- larger statistics

‣ σcc ~ 10 × RHIC

‣ σbb ~ 100 × RHIC

• Secondary J/ψ from B decay
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Fig. 2. Centrality dependence of the relative J/ψ yield RJ/ψ
AA at midrapidity.

In summary, by analyzing the rapidity dependence of the nuclear modification factor for
J/ψ production recently published by the PHENIX collaboration we have identified, for
the first time, a clear signal for generation of charmonia due to statistical hadronization at
the phase boundary. Our calculations describe well the measured decrease with centrality
and the rapidity dependence of RJ/ψ

AA at RHIC energy. Extrapolation to LHC energy leads,
contrary to the observations at RHIC, to a J/ψ nuclear modification factor increasing with
collision centrality and exceeding unity for central collisions. While the exact amount of
enhancement will depend on the precise energy dependence of the charm production
cross section, the trend is a robust prediction of the model. If the predicted centrality
dependence is observed, this would be a striking fingerprint of deconfined and thermalized
heavy quarks in the QGP.
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Introduction : Quarkonia in p+p collisions

• Reference for heavy ion data

• Still many theoretical uncertainties

- NRQCD (COM) fails in predicting polarization (CDF Run II)

- CSM (+ s-channel cut) reproduces dσ/dy (to some extent) and polarization

‣ but still over-estimates at forward rapidity 

5

7

pT (GeV/c) <pT > (GeV/c) fbkd(%) α χ2/d.o.f

J/ψ 5−6 5.5 2.8 ± 0.2 −0.004± 0.029± 0.009 15.5/21
6−7 6.5 3.4 ± 0.2 −0.015± 0.028± 0.010 24.1/23
7−9 7.8 4.1 ± 0.2 −0.077± 0.023± 0.013 35.1/25
9−12 10.1 5.7 ± 0.3 −0.094± 0.028± 0.007 34.0/29
12−17 13.7 6.7 ± 0.6 −0.140± 0.043± 0.007 35.0/31
17−30 20.0 13.6 ± 1.4 −0.187± 0.090± 0.007 33.9/35

ψ(2S) 5−7 5.9 1.6 ± 0.9 +0.314± 0.242± 0.028 13.1/11
7−10 8.2 4.9 ± 1.2 −0.013± 0.201± 0.035 18.5/13
10−30 12.6 8.6 ± 1.8 −0.374± 0.222± 0.062 26.9/17

TABLE I: Polarization parameter α for prompt production in each pT bin. The first (second) uncertainty is statistical (sys-
tematic). <pT > is the average transverse momentum.
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FIG. 4: Prompt polarizations as functions of pT : (a) J/ψ and (b) ψ(2S). The band (line) is the prediction from NRQCD [4]
(the kT -factorization model [9]).

from the decays of heavier charmonium states for J/ψ production. The polarizations for prompt production of
both vector mesons become increasingly longitudinal as pT increases beyond 10 GeV/c. This behavior is in strong
disagreement with the NRQCD prediction of large transverse polarization at high pT . It is striking that the NRQCD
calculation and the other models reproduce the measured J/ψ and ψ(2S) cross sections at the Tevatron, but fail to
describe the polarization at high pT . This indicates that there is some important aspect of the production mechanism
that is not yet understood.

We thank the Fermilab staff and the technical staffs of the participating institutions for their vital contributions.
This work was supported by the U.S. Department of Energy and National Science Foundation; the Italian Istituto
Nazionale di Fisica Nucleare; the Ministry of Education, Culture, Sports, Science and Technology of Japan; the
Natural Sciences and Engineering Research Council of Canada; the National Science Council of the Republic of
China; the Swiss National Science Foundation; the A.P. Sloan Foundation; the Bundesministerium für Bildung und
Forschung, Germany; the Korean Science and Engineering Foundation and the Korean Research Foundation; the
Particle Physics and Astronomy Research Council and the Royal Society, UK; the Institut National de Physique
Nucleaire et Physique des Particules/CNRS; the Russian Foundation for Basic Research; the Comisión Interministerial
de Ciencia y Tecnoloǵıa, Spain; the European Community’s Human Potential Programme; the Slovak R&D Agency;
and the Academy of Finland.
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ALICE Detector
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A Large Ion Collider Experiment

7

Collaboration :

>1000 members

> 100 institutes

> 30 countries 

Detector :

Size : 16x26 m

weight : ~10,000 t
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Inner Tracking System (ITS)

- six layers of silicon detectors

- determination of primary and secondary vertex

- PID and tracking of low momentum particles

- help to improve transverse momentum measurement of the TPC

- help to reject conversion background by requiring hit(s) in first two layers

- impact parameter resolution close to the designed value
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5 m

2.5 m

2.5 m

- main tracking device, the largest TPC ever (95 m2)

- up to 160 space and charge points per track

- precision ~500 μm in all 3-dimensions

- momentum resolution : 7 % at 10 GeV/c ( <1 % at pT < 1 GeV/c)

- allows to distinguish the charged particle species (via dE/dx)
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Muon Spectrometer

• 16 m long, pμ ≳ 4 GeV/c , 2.5 < η < 4.0

• front absorber (carbon, concrete and steel), reject primary hadrons

• dipole magnet (3 T·m) : bending plane in y direction 

• tracking chambers (5 stations of 2 Cathode Pad Chamber planes, ~100 m2)

• muon trigger (4 RPC planes)

10

The ALICE muon Spectrometer

1 Front Absorber: reduces hadron yield & decreases decay µ yield by limiting the free path of
primary K/π.

2 Magnet Dipole: 3 Tm integrated field perpendicular to the beam axis.
3 Tracking System:

multi-wire CPC with 1.1 M readout channels,
position resolution � 100 µm ⇒ σp/p ∼ 1% ⇒ σM ∼ 100 MeV/c2 @ 10 GeV/c2(separation of Υ
states).

4 Trigger System:

RPC with 21000 readout channels;
time resolution < 2 ns, rate < 1 kHz & decision in < 800 ns;
two programmable trigger pt cuts among,
pt ∼ 0.5 GeV/c (min) pt ∼ 1 GeV/c (J/Ψ) pt ∼ 2 GeV/c (Υ).

5 MUON Filter: stop hadrons and low pt muon tracks.

X. M. Zhang (LPC, IOPP & QLPL) measure µ ←HF @ LHC/ALICE RQW 2010, 25-28 October 2010 5 / 18
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Data Analysis Details
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J/ψ measurements in ALICE

• in ALICE :

- e+e- channel in the central barrel ( |y| < 0.9 )

- μ+μ- channel in the forward muon spectrometer ( 2.5 < y < 4.0 )

prompt J/ψ
direct production

feed down from higher mass resonances (χc, ψ’ , …)

secondary J/ψ from B-hadron decay
possible only in the central barrel
(impact parameter resolution σrφ < 60 μm for pT>1GeV)

Preliminary ALICE results refer to inclusive J/ψ production

12
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Analysis Strategy for Quarkonium Measurement

• Efficiency calculation

- based on simulation, realistic (CDF scaled) pT and y distribution adopted

• Systematic error estimation

- cut variation, two extreme polarizations, MC vs data comparison 

13

e+e- analysis μ+μ- analysis

Tracking ITS+TPC+(TRD) muon tracking chamber

PID dE/dx in TPC
TOF and TRD (future)

front absorber / iron wall
muon trigger detector

Selecting good tracks pT > 1GeV, 
# of TPC cluster>90, etc

1 muon matching the trigger
Rabs cut, etc

Signal extraction direct bin counting Crystal-Ball shape + double 
gaussian
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Particle Identification

• e+e- analysis
- TPC based PID in this analysis (dE/dx 

distribution)

- 3σ bands of π and p line are excluded

• μ+μ- analysis
- front absorber rejects primary hadrons 

- iron wall removes hadrons emerge 
from the front absorber

14

ALICE uses almost all known PID techniques
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Kinematics and Efficiency - e+e- channel

• CDF extrapolated pT distribution used

• |y|<0.9 to avoid detector edge effect, pT>1 GeV to reject conversions 

• ALICE can measure J/ψ pT down to pT=0

15

 [GeV/c]Tp
1 2 3 4 5 6 7 8 9

ef
fic

ie
nc

y
0

0.05

0.1

0.15

0.2

0.25

unpolarized J/
uncertainty in Collins-Soper frame
uncertainty in Helicity frame

ALICE Performance
06/10/2010

)y(J/
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

]2
) [

G
eV

/c
(J

/
Tp

0

1

2

3

4

5

6

7

8

9

10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
 acceptanceJ/



Winter Workshop on Recent QCD Advances at the LHC, Les HouchesFeb. 17th, 2011

Efficiency - μ+μ- channel 

• Realistic y and pT distributions of J/ψ was used :

- pT → CDF extrapolation

- y  → CEM calculation   
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Invariant Mass Distributions - e+e- channel

• Background subtraction

- like-sign subtraction method

- normalized wrt the range [3.2,4.0]

- residual background due to 
correlated charm components

• Signal extraction

- bin counting

- integral range [2.92, 3.16] GeV/c2 

- 69% of total J/ψ’s (MC line)
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Invariant Mass Distributions - μ+μ- channel

• Signal fitting

- Crystal-Ball function for signal

- two exponentials for the background

- ψ(2S) signal is also well visible

• for the cross section

- statistics for this analysis

18

NJ/ψ = 1909 ± 78

S/B (2.9<M<3.3) ~ 2.4
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Invariant Mass distributions in 7 pT bins

• Differential distributions refer to a data sample corresponding to L=11.6 nb-1

• J/ψ peaks are clearly visible in each pT bin
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Systematic Errors

20

channel e+e-e+e- μ+μ-μ+μ-

signal extraction 8%8% 7.5%7.5%

acceptance input 1%1% 2%2%

trigger efficiency 0%0% 4%4%

reconstruction 10%10% 2%2%

luminosity 10%10%10%10%

branching ratio 1%1%1%1%

total error 18%18% 13.5%13.5%

polarization frame λ=-1 λ=+1 λ=-1 λ=+1

Collins-Soper +25% -12% +31% -15%

helicity +20% -10% +22% -10%

preliminary values!
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Results

21
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Differential Cross Section : dσJ/ψ/dy

• J/ψ production cross section measured in a broad rapidity range
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Differential Cross Section : dσJ/ψ/dpT

• Syst. error is dominated by polarization

- two extreme scenarios have been 
chosen : α=±1
 

• Very good agreement with the LHCb 
result in the same rapidity range 
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Comparison with two models

• Model calculations:

-  R.Vogt, Phys. Rev. C 81 (2010) 044903

-  J.P. Lansberg, arXiv:1006.2750

•  pT-integrated cross section 1.6<y<2.4 from CMS (arXiv:1011.4193)
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√s-dependence of inclusive J/ψ production

•  Open charm NLO calculation, normalized to the CDF point

•  Follows the trend of √s-dependence for the inclusive J/ψ cross section
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J/ψ in Pb+Pb data

• ~2.6M MB events

• Crystal-Ball shape (signal) + 2 exponential (background)
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Summary and Outlook

• Summary 

- ALICE detector and analysis details introduced

- ALICE can cover J/ψ pT down to pT=0

- first results on J/ψ production in e+e- and μ+μ- channels presented

- differential distribution in pT and rapidity of the inclusive J/ψ shown

• Outlook 

- electron trigger (e.g. track pT>~2 GeV) can significantly increase the statistics

- secondary J/ψ is under study

- J/ψ polarization measurement will follow with high statistics

- J/ψ measurement in Pb+Pb data is ongoing
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Collected Data

• Data sample:

- Integrated luminosity = 4.0 nb-1 and 13.6 nb-1 for e+e- and μ+μ- ,respectively

-
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dNJ/ψ /dpT in the mid-rapidity

• Preliminary pT differential distribution, compared to CEM calculation

• Measured spectrum is softer than the calculated one
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<pT> and <pT2> from J/ψ →μ+μ-
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