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ALICE : Study of the Quark Gluon Plasma at the LHC 
Experimental study of the hadronic-matter phase diagram by means of the 

heavy ion collisions at ultra relativistic energies   
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Heavy Quark Production 
One of the most promising probes to study the QGP in heavy-ion collisions 

•  Heavy flavours produced in initial hard scatterings & 

experience the full evolution of the system: sensitivity to 

medium properties. 
–  Nuclear modification factor mass and colour charge dependence of parton 

energy loss: (∆E)𝑔>(∆𝐸)_(𝑢,𝑑,𝑠)>(∆𝐸)(𝑐,𝑏). 
–  Elliptic flow: transport coefficients of heavy quarks in the medium, degree of 

thermalization of heavy quarks in QGP (low pT) and path length 
dependence of heavy quark energy loss (high pT). 

4 7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France  

q,g	
   E	
   E-­‐ΔE	
  

Heavy-quark propagation in the QGP
Production:

• FONLL
) inclusive spectra, no information about
correlations ! equivalent to a back-to-back
initialization of QQ̄-pairs.

• Next-to-leading order QCD matrix elements
plus parton shower evolution, e. g. POWHEG
or MC@NLO
) exclusive spectra, like QQ̄ correlations

Interaction with the medium
• Energy loss at high transverse momentum.

• Thermalization at low transverse momentum.

• Different interaction mechanisms: purely
collisional or collisional+radiative (+LPM).

• Longitudinal vs. transverse dynamics.
Hadronization:

• Coalescence – predominantly at small pT .

• Fragmentation – predominantly at large pT .
X. Zhu et al., PLB 647 (2007); P. B. Gossiaux et al., JPG 32 (2006); X. Zhu et al, PRL 100 (2008); Y. Akamatsu et al, PRC 80 (2009)
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Quarkonium Production 

Privileged  witness  of the deconfined phase. 

•  Bound states of heavy quarks that would melt in the QGP at 

different temperatures. 

•  Formed  quickly (<1 fm/c) after the heavy quark production 

•  But quarkonium could be formed in later stage, at lower 

temperatures, if ρQ is large: Recombination. 
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Matsui & Staz, PLB 178, 416 (1986) 

17

Bound state �c  ’ J/ ⌥(2S) �b ⌥(1S)

Td
<⇠ Tc

<⇠ Tc ⇠1.2Tc ⇠1.2Tc ⇠1.3Tc ⇠2.0Tc

TABLE II. Upper bound of dissociation temperatures Td of quarkonium states in units of the QGP
transition temperature Tc obtained by A. Mocsy and P. Petreczky in [Abreu 08].

strength of the interaction. This explains why  (2S) resonance is easily melt with respect
to J/ and why ⌥(1S) would melt at higher temperatures than that of J/ . You will find a
rigorous calculation of an upper bound of the dissociation temperature of quarkonium in the
contribution of A. Mocsy and P. Petreczky in the reference [Abreu 08]. Their dissociation
temperatures are quoted in table II.

3. Parton - QGP interaction

The QGP could also be studied via its tomography using high energy partons. QCD
predicts that high energy partons will lose energy via gluon radiation when crossing the QGP.
The order of magnitude of the parton energy-loss in QGP would be about �E ⇠1 GeV/fm
and it is expected to be proportional to the gluon density. In addition QCD also predicts
that the formation length of the radiated gluon will be larger than the average distance
between the gluons in the QGP (interaction centres of the incident high energy parton).
As a consequence several interaction centres will participate in the gluon emission from
the parton, and the amplitude from the interaction centres will interfere (this phenomenon
is called Landau-Migdal-Pomeranchuck e↵ect) since the radiated gluon will be coherently
emitted along all its formation length. For this reason for QGP thicknesses about 1-3 fm,
the �E should be proportional to the square of the transversed path length in the QGP
[Baier 97, Zakharov 97]:

�E ⇠ ↵s ⇥ CR ⇥ q̂(⇢g)⇥ L

2 (20)

where ↵s is the strength of the strong interaction, CR is the colour charge factor q̂ is the
transport coe�cient which depends on the gluon density (⇢g) of the QGP and L is the
thickness of the QGP.

The energy lost will depend on the nature of the parton:

• Gluons will exhibit larger energy-loss per unit of length than that of quarks. A relative
factor 9/4 due to the colour charge, is associated to the gluonsstrahlung mechanism
from a gluon with respect to that from a quark [Peigné 06].

• Heavy quarks are expected to lose less energy than light quarks, due to the absence
of gluon radiation at forward angles, below ✓ < M/E, where M is the quark mass
and E its energy [Dokshitzer 01]. This phenomenon, predicted by the QCD, is called
dead-cone e↵ect. The dead-cone e↵ect should become measurable for beauty quarks,
whereas this e↵ect should remain relatively small for charm quarks. Moreover, elastic
collisions with partons in the QGP could also contribute to the energy-loss of heavy
quarks in the QGP. Finally the hadronization time scale for heavy quark hadroniza-
tion increases due to its larger mass and it could occur, namely for the beauty, that
hadronization takes place when the heavy quark is still traversing the QGP.

One can wonder if other high-energy elementary particles like photons, electrons, elec-
troweak bosons etc... could also be used to study the QGP. Photons and electrons will
only interact electromagnetically and they should lose energy like in ordinary matter via
bremsstrahlung emission and the production of electrons and positron pairs. However, the
expected energy-loss is relatively small for QGP of a radius of tens of femtometers, about

A. Mocsy and P. Petreczky in S. Abreu 
et al. Journal of Physics G,054001 

(2008) arXiv:0711.0974v1.  



ALICE Detector 
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Recombination at the LHC?  
ALICE is the unique experiment to measure J/ψ quarkonium down to pT=0 

•  J/ψ RAA larger at 

the LHC.  

•  Flat shape. 

• Upsilon(2S) melt 

at the LHC (CMS 

result).  
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J/ψ suppression at forward rapidity in Pb-Pb collisions at √sNN = 2.76 TeV 5
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Fig. 2: (Color online) Inclusive J/ψ RAA as a function of the mid-rapidity charged-particle density (top) and
the number of participating nucleons (bottom) measured in Pb-Pb collisions at √sNN = 2.76 TeV compared to
PHENIX results in Au-Au collisions at √sNN = 200 GeV at mid-rapidity and forward rapidity [4, 5, 20]. The
ALICE data points are placed at the dNwch/dη |η=0 and ⟨N

w
part⟩ values defined in Table 1.

ALICE Collaboration, PRL 109 (2012) 072301 

J/ψ RAA 

Inclusive J/ψ: ~90% prompt and ~10% from B decays. 



Recombination at the LHC?  

Large J/ψ RAA at low pT 

•  At low pT charm 

density is larger. 

•  At y=0 charm 

density is larger. 
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Fig. 4: (Color online) Top panel: transverse momentum dependence of the centrality integrated J/y
RAA measured by ALICE in Pb-Pb collisions at psNN = 2.76TeV compared to CMS [19] results at the
same p

sNN. Bottom panel: transverse momentum dependence of the J/y RAA measured by ALICE in
the 0%–20% most central Pb-Pb collisions at psNN = 2.76TeV compared to PHENIX [8] results in the
0%–20% most central Au-Au collisions at psNN = 0.2TeV.
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J/ψ RAA 

B decays contribution increase with pT. 



Recombination at the LHC?  

Large J/ψ RAA at low pT 

•  At low pT charm 

density is larger. 

•  At y=0 charm 

density is larger. 
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J/ψ RAA 

Inclusive J/ψ: ~90% prompt and ~10% from B decays. 



Recombination at the LHC?  

The golden measurement of the quarkonium elliptic flow. 

•  Difficult 

measurement. 

•  It favours non-zero 

J/ψ elliptic flow 

(2.4σ). 

•  B feed-down is a 

limitation! 
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J/ψ Elliptic Flow in Pb-Pb Collisions at √sNN = 2.76 TeV The ALICE Collaboration

Table 1: ⟨Npart⟩ and VZERO-A EP resolution for the centrality classes expressed in percentages of the nuclear
cross section [19].
Centrality ⟨Npart⟩ EP resolution ± (stat.) ± (syst.)
5%–20% 283 ± 4 0.548 ± 0.003 ± 0.009
20%–40% 157 ± 3 0.610 ± 0.002 ± 0.008
40%–60% 69 ± 2 0.451 ± 0.003 ± 0.008
60%–90% 15 ± 1 0.185 ± 0.005 ± 0.013
20%–60% 113 ± 3 0.576 ± 0.002 ± 0.008
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Fig. 2: (color online) Inclusive J/ψ v2(pT) for semi-central (20%–40%) Pb-Pb collisions at
√sNN = 2.76 TeV (see

text for details on uncertainties). The used pT ranges are: 0–2, 2–4, 4–6 and 6–10 GeV/c.

the time projection chamber (TPC), with pseudo-rapidity gaps ∆ηV0A−TPC=1.9, ∆ηV0A−V0C=4.5 and
∆ηTPC−V0C=0.8; second, VZERO-A, ring 0 of VZERO-C and VZERO-C-3rd ring, with pseudo-rapidity
gaps ∆ηV0A−V0C0=6.0, ∆ηV0C0−V0C3=1.0 and ∆ηV0A−V0C3=4.5. The differences between the EP reso-
lution for VZERO-A obtained from these two sets of sub-events are taken as systematic uncertainties.
Since v2 is measured here in a wide centrality class, the resolution must reflect the distribution of events
with a J/ψ within the class. Therefore, the EP resolution for each wide class was calculated as the average
of the values obtained in finer centrality classes weighted by the number of reconstructed J/ψ . Table 1
shows the corresponding resolution for each centrality class which is applied to the results reported in
this Letter.

The J/ψ reconstruction efficiency depends on the detector occupancy, which could bias the v2 measure-
ment. This effect was evaluated by embedding azimuthally isotropic simulated J/ψ → µ+µ− decays into
real events. The measured v2 of those embedded J/ψ does not deviate from zero by more than 0.015 in
the centrality and pT classes considered. This value is used as a conservative systematic uncertainty on
all measured v2 values.
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J/ψ v2 

B contribution could be very high, depending on B v2. 



Recombination at the LHC? 

What about ψ(2S)?  

•  Small S/B ratio. 

•  Large 

uncertainties. 

• Difficult to 

conclude.  
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ALICE Collaboration,  
R. Arnaldi Quark Matter 2012 



The golden reference and quarkonium genesis  

Measurement of open heavy flavours : charm and beauty, is mandatory. 

•  Suppression is 

observed for 

pT>4 GeV. 

• Decreasing to 

lower pT is 

crucial. 
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ALICE Collaboration, PRL 109 (2012) 112301 

Disentangling beauty and charm contributions 
and reaching lower pT reach is challenging. 



The golden reference and quarkonium genesis  

Measurement of open heavy flavours : charm and beauty, is mandatory. 

• Non-zero elliptic 

flow of HFM 

measured for pT>3 

GeV. 

• Decreasing to 

lower pT is crucial. 
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ALICE Collaboration,  
S. Li, Hard Probes 2013 

Disentangling beauty and charm contributions 
and reaching lower pT reach is challenging. 



The surprise 

A new observable of the QGP? 

•  Excess of J/ψ yield 
observed at low pT 
(pT<300 MeV). 

•  Observed in semi-
peripheral Pb-Pb 
collisions. 

•  Photo-production is 
the natural candidate. 
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ALICE Collaboration,  
A. Lardeux, Hot Quarks Q2012 
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Figure 2: Left: J/ RAA pT dependence at forward rapidity for two centrality classes. Systematic uncertainties
are split between uncorrelated and partially correlated components, shown, respectively, as boxes and brackets
around the points. Right: Dimuon pT distribution from opposite sign invariant mass spectrum around J/ mass
at forward rapidity.

In summary, ALICE has measured J/ RAA as a function of centrality, pT and rapidity,
in Pb-Pb collisions at p

sNN=2.76 TeV. At mid-rapidity, the RAA indicates a moderate J/ 
suppression, with no significant centrality dependence. At forward rapidity, the RAA shows a
clear reduction of the J/ yield, with negligible centrality dependence and clear pT dependence,
especially in central collisions. These features can be qualitatively described by theoretical
models which include regeneration as an additional mechanism for J/ production in heavy-ion
collisions. Further insight into J/ production and suppression still needs a precise knowledge of
the cold nuclear matter effects, which will be studied with p-Pb collisions in early 2013. Finally,
a low transverse momentum J/ yield excess in hadronic collision has been observed, and may
arise from J/ photo-production mechanism.
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ALICE Detector Upgrade 

TRD, TOF, 
PHOS : upgrade 
of the readout 

electronics  

Increase luminosity (100 kHz IR) and improve vertexing 
 and tracking capabilities of ALICE at low pT. 

New beam pipe 
with smaller 

radius 
29mm à 18.0 mm 

TPC: replacement of the  
readout multi-wire chambers 

(MWC) with Gas Electron 
Multiplier (GEM) detectors 
and new pipelined readout 

electronics 

Muon spectrometer  
upgrade of the 

readout electronics 

Upgrade of the 
forward detector 
triggers (ZDC, T0, 
VZERO) for high 
rate operations 

Extension of 
EMCAL 

(DCAL) LS1 

MFT project 

New ITS,high 
resolution,  

low-material-
thickness Inner 
Tracking System 



ALICE Upgrade documents 
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Letter of Intent: 
ü   ALICE 
ü   ITS 
ü   MFT 
 
TDR: 
ü  Readout-Upgrade 
ü  ITS 
ü  TPC 
ü  O2 (in progress) 
ü  MFT (in progress) 
 
 



Strategy of the ALICE collaboration 2015-2025 
Low pT and |y|<4 coverage for heavy flavours, quarkonium, 
di-lepton and jet chemistry in heavy ion collision. 

ü Heavy flavours: measurement of the total production cross-

section. 

ü Quarkonium: Precision measurement of the dissociation and 

recombination of quarkonium states.  

ü Low mass di-lepton: Measurement of the thermal virtual 

photons and the rho meson spectral function. 

ü Jets: Particle identification in jets, low pT c and b jets and 

dissipation of the lost energy in the medium.  
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MFT+MUON 



ALICE Muon Spectrometer 
New read-out electronics at 100 kHz IR. Muon trigger ! Muon ID 
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Muon Forward Tracker: An internal Forward Tracker 
for the ALICE Muon Spectrometer. 
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Absorber


IP!

Dipole


MFT
 }


The glasses of 
the ALICE Muon 

Spectrometer 



Many new physics cases become accessible. 

Topic
 Observable
 MUON upgrade 
 MUON + MFT 
upgrade 


Heavy flavour
 RAA (J/ψ from B)
 Unmeasurable

pT>0 ; 10%


(to be improved “à la 
LHCb”)


v2 (J/ψ from B)
 Unmeasurable
 Not evaluated yet


µ decays from c-hadrons
 Unmeasurable
 pT>1 ; 7%


µ decays from b-hadrons
 Unmeasurable
 pT>2 ; 10%


Charmonia
 RAA (prompt J/ψ)
 Unmeasurable
 pT>0 ; 10%


v2 (prompt J/ψ)
 Unmeasurable
 Not evaluated yet

ψ’
 pT>0 ; 30%
 pT>0 ; 10%


Low Mass
 Low Mass spectral func. 
and QGP radiation
 Unmeasurable
 pT>1 ; 20%
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MFT detector in a few words. 

•  Precision of the 
tracking: tens of µm. 

•  2000 charged 
particles per unit of 
rapidity. 

•  Challenging 
integration and 
matching  between 
muon and the MFT 
tracks. 
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MFT Standalone tracking 

Implementation of the algorithm 
“cellular automaton” in AliRoot. NIM A489 (2002) 389


In progress 
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The displacement of the J/ψ vertex:  
A measurement of the open beauty down to pT=0. 

Lorentz Boost facilitates the measurement at low pT. 
Longitudinal displacement analysis in progress. 

Unique at the  LHC for pT=0. 
 

Figure 2.19,  MFT LoI 
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lz 



HFM: Separation between beauty and charm. 

•  Rejection of secondary interactions in the absorber. 
•  Rejection of muons from π and K weak decays. 
•  Separation of the beauty and charm. 
•  Charm measurement down to pT=1 GeV of the HFM. 

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France  24 Figure 2.27,  MFT LoI 

Cette mesure sera 
améliorée avec 

l’analyse J/ψ du B 



The measurement of the ψ(2S). 

Improvement of the precision on ψ(2S).  

S/B ratio increases by a factor 3-5 .  
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Vector mesons and low masses   
Only ALICE can address this physics case at forward 

rapidity. 
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Silicon Pixel Sensor  
R&D in progress. Joint effort ITS and MFT 

ü MAPS (Monolithic Active Pixel 

Sensors) CMOS 0.18 µm from 

TowerJazz technology. 

ü  50 µm thickness 

ü Radiation hard:  700 kRad (dose)  

et  1013 neq/cm2 (neutron 

equivalent). 

ü  Final architecture to be chosen at 

the end of the year. 
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Front-End-
Electronics


Ladder


PCB, circuit routing, 
mechanical support 


28 

ASIC 50 µm 
Glue XX µm 

Kapton 12 µm 
Glue 10 µm 

Kapton 12 µm 

Gold 30 µm 

Al 10 µm 

Half Disk


Ladders, planes and half disks 



MFT readout system 
Standard ALICE readout architecture. 

ü  Sensor-FEE-DAQ. 
ü Design for Pb-Pb-MB 100kHz with a 3 fold security factor. 
ü Mapping has been optimised: 166 optical links ~3 GB/s (6 detection 

planes). 
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MFT Mechanics and integration 
Challenging: between FIT and ITS and around the beam-pipe. 
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MFT cooling Air	
  outlet	
  

Air	
  inlet	
  

ü  MFT Power ~1.5 kW. 
ü  Cooling with air seems 

possible (LoI studies). 
ü  New thermal studies on 

going with new 
hypothesis, detailed 
MFT description, DC-DC 
converters. 

ü  Vibration studies to be 
done. 
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Addendum of the ALICE LoI 

  
http://cds.cern.ch/record/1592659?ln=fr 

Next: 
MFT TDR for the end of the 

year. 
MFT collaboration: Clermont-
Lyon- Kolkata-Nantes-Saclay-

St.Petersbourg 
Synergy with ITS: Strasbourg, 

CERN, Korea? Thailand?
China? 

 
 
 

Approved by the LHCC on Sep 26th 
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Conclusions 
ü ALICE experiment will perform unique studies 

of QGP at the LHC. Upgrade program is planned 
for run3. 

ü Heavy flavour and quarkonium probes are 
measured by the ALICE muon spectrometer. 

ü A new internal tracking system: MFT will open 
new physics studies:  Beauty / Charm separation 
and prompt  J/ψ and ψ(2S). 

ü MFT is a challenging project. Same technology 
as the new ALICE ITS upgrade. 

ü Our Chinese colleagues are welcome to join the 
MFT detector project.  
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