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• heavy ion collisions @ LHC

• ALICE detector overview
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QCD, QGP & heavy ion collisions

• μB = 0:
• Tc = 173 ± 15 MeV
• εc = 0.7 ± 0.3 GeV/fm3

• “crossover”-like transition
• μB > 0: 

• large uncertainties
• order of transition unknown
• existence of a critical point

• chiral sym. rest. coincides with deconf.
• the QGP is not an ideal gas
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1986-2007: 20 years
of ultra-relativistic heavy ion collisions

AGS (BNL) 
fixed target 
1986-1998 
√s < 5 GeV

4 experiments
~ 400 physicists SPS (CERN) 

fixed target
1986-

√s < 20 GeV
7 experiments

~ 600 physicists

RHIC (BNL) 
collider
2000-

√s < 200 GeV
4 experiments

~ 1000 physicists

LHC (CERN) 
collider
2007-

√s < 5500 GeV
3 experiments

~ 1000 physicists

BEVALAC (LBL) 
fixed target
1975-1986

√s < 2.4 GeV
2 experiments

~ 100 physicists

SIS (GSI) 
fixed target 

1989-
√s < 2.7 GeV

4 experiments
~ 200 physicists

Saturne II (Saclay) 
fixed target 
1978-1997 

√s < 2.4 GeV
1 experiment

~ 30 physicists

√s from ~ 5 GeV in 1986 to 5500 GeV in 2007
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Evolution of the QCD 
phase diagram in 30 years

“…we expect a phase diagram of the kind 
indicated in Fig.1. The true phase diagram may 

actually be substantially more complex…”
N. Cabibbo & G. Parisi (1975)

1975 2006

Phys. Rev. D 72 (2005) 034004
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Recent highlights:
RHIC results
in 7 plots

• hadron suppression
• vanishing away-side jet
• hydro. elliptic flow
• partonic elliptic flow
• charm elliptic flow
• J/ψ suppression
• thermal radiation 
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RHIC press release (April 18th 2005),
4 years of QGP studies @ RHIC

http://www.bnl.gov/rhic

⇒ sQGP
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So why going for the QGP @ LHC?

adapted from J. Schukraft @ Split06 

assumption: QGP has been established @ RHIC prior to LHC

SEARCH for the QGP may be essential over

DISCOVERY of the QGP is well under way

MEASURING QGP parameters has hardly begun

QGP @ LHC versus RHIC = Z/W @ LEP versus SppS

the LHC is the ideal place for studying the QGP (next slide)
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Heavy ion collisions & QGP @ LHC

J. Schukraft, Nucl. Phys. A 698 (2002) 287

machine SPS RHIC LHC

√s (GeV) 17 200 5500

Nch 1000 4000 50 000

τ0
QGP (fm/c) 1 0.2 0.1

T/Tc (τ0
QGP) 1.1 1.9 3.0-4.2

ε[1 fm/c] (GeV/fm3) 3 5 15-60

Vf (fm3) ~ 103 ~ 104 ~ 105

τQGP (fm/c) ≤ 2 2-4 ≥ 10

τf (fm/c) ~ 10 20-30 30-40

μB (MeV) 250 20 1

processes soft   → semi-hard   → hard

⇒ faster

⇒ hotter

⇒ denser

⇒ longer

⇒ bigger

⇒ cleaner

⇒ harder

the biggest step in 
energy in the history of 

heavy-ion collisions

Philippe.Crochet@clermont.in2p3.fr

“...the LHC will become the ideal facility for a 
systematic exploration and quantitative 

confirmation of the insights obtained at RHIC, 
aided by the plentiful abundance of hard probes.”

B. Müller, hep-ph/0410115
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Hard processes:
what is different @ LHC

huge cross-section

σhard/σtot = 2/50/98% @ SPS/RHIC/LHC
K. Kajantie, Nucl. Phys. A 715 (2003) 432

pQCD under better control
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3/4/5th order terms are ~ 7/12/23 times 
smaller @ LHC than @ SPS
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Jets: 
what is different @ LHC

dN/dpt, RAA, Rcp, ΔΦ with
unlimited statistics

• jet energy
• parallel & perpendicular momentum dist.
• tagging with photons
• fragmentation functions

100 GeV jet (PYTHIA)    
PbPb (HIJING)

Et (GeV)200RHIC-like analyses

inclusive distributions

Tevatron-like analyses

evt-by-evt reconstruction

20
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Heavy flavors: 
what is different @ LHC

• large primary production
• melting of ϒ(1S) by color screening
• none of the primary J/ψ survives the (PbPb)QGP
• a lot of charmonia from b hadron decay
• large secondary production of charmonia
statistical hadronization, kinetic recombination, DDbar annihilation

central AA

RHIC
LHC

hard gluon induced 
quarkonium breakup 

hep-ph/0311048
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ALICE (A Large Ion Collider Experiment)

ITS

TPC

FMD

PHOS
ABSORBER

MUON TRACKING CHAMBERS

MUON FILTER

DIPOLE MAGNETTOFTRDHMPID

L3 MAGNET

PMD

MUON TRIGGER 
CHAMBERS

ACORDE
10000 tons

26×16 m
130 MCHF

(+ “free” L3 magnet)
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ALICE shopping list

ALICE is designed to explore a broad pt range 
and to correlate most of the signals

pt

deconfinement
• thermal photons

QGP temperature

• heavy flavors

QGP properties

• jet quenching

QGP density

hadronization
• EbyE fluctuations

critical behavior

• l.m. dilepton, DCC

chiral symmetry

• exotica

QGP condens.

freeze-out
• particle yields, 
spectra, flow & HBT

thermal & 
chemical conditions

dynamical evol.

indirect info from
the early stage

hard scattering
• hard photons

pQCD

• heavy flavors

pQCD

• jets

pQCD

time

large acceptance & granularity, selective
triggers, good tracking capabilities, wide

momentum coverage, good secondary vertex 
reconstruction, hadron, lepton & photon id.

soft sector: observables & expected 
performances comparable to that of RHIC

hard sector: new observables, new analyses
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γ-jet correlations

direct calibration of jet quenching

mesure parton 
initial energy

mesure jet 
quenching

combination of PHOS, EMCAL, particle tracking & Id. allows to get 
jet trigger, energy loss, particle composition, transverse structure 

& fragmentation function down to low pt
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Hadronic charm

107 central PbPb (5%)

• S ~ 13000
• S/B ~ 10 %
• S/√(S+B) ~ 40

ALICE PPRVII, J. Phys. G: Nucl. Part. Phys. 32 (2006) 1295

D0 → K π (3.8%), cτ = 123 μm

central PbPb

• accessible pt range down to 1(0) GeV/c in PbPb(pp) 

• background assumes dN/dη = 6000 @ η = 0 in PbPb

• the most precise measurement of the total charm x-section in pp collisions @ LHC

• the ideal tool to study c quark energy loss in AA collisions
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Charm quenching
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• RD
AA sensitive to shadowing for pt < 7 GeV/c & to energy loss for pt > 7 GeV/c

• RD/h has small systematic uncertainties (double ratio) 

ALICE PPRVII, J. Phys. G: Nucl. Part. Phys. 32 (2006) 1295
E-loss: N. Armesto et al., PRD 71 054027
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b-hadron inclusive differential
cross-section from single electrons

UA1 analysis method used by CDF & D0, 
applied here to central PbPb (5%) with 

scenario for b-quark energy loss

• electrons with 2 < pt < 20 GeV/c → b-hadrons 
with 2 < pt

min < 30 GeV/c

• gives direct access to RAA
b-hadrons

• RAA
h, RAA

D0 & RAA
b-hadrons will be measured 

simultaneously

with energy loss

w/o energy loss

a nice illustration that one can apply Tevatron-
like analyses in PbPb collisions @ the LHC

ALICE PPRVII, J. Phys. G: Nucl. Part. Phys. 32 (2006) 1295
E-loss: N. Armesto et al., PRD 71 054027
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Quarkonia: 
expected statistics in the muon channel

J/ψ ψ’ ϒ ϒ’ ϒ’’
S (×103) 681.4 18.92 6.33 1.8 1.02

S/B 0.33 0.02 2.46 1.03 0.74
S/√S+B 413 19.53 67.14 30.19 20.85
S (×103) 4670 122 44.7 11.4 6.9

S/B 12.6 0.55 5.8 1.9 1.3
S/√S+B 2081 209 195 86 62

pp
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from PbPb MB to pp, a factor ~ 10 more stat.
• J/ψ: large stat., good significance
• ψ’: small S/B
• ϒ: good stat., S/B > 1, good significance
• ϒ’: good stat., S/B > 1, good significance
• ϒ’’: low statistics (need 2-3 runs)

ALICE PPRVII, J. Phys. G: Nucl. Part. Phys. 32 (2006) 1295

PbPb: 106s, 5·1026cm-2s-1, pp: 107s, 5·1030cm-2s-1
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From NA50’s (J/ψ)/DY to ALICE’s ϒ/bbbar

• statistics: one month PbPb
• σ(b) extracted à la UA1, CDF, D0
• statistics of the reference is in 
5<M<20GeV ~5 times larger than 
that of the probe

EPJC 39 (2005) 335

NA50             
PbPb @ 17GeV

ALICE         
PbPb @ 5.5TeV

ALICE PPRVII, J. Phys. G: Nucl. Part. Phys. 32 (2006) 1295
dissociation temperatures: C.-Y. Wong, PRC 72 034906 & W.M. Alberico et al., PRD 72 114011
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Summary

the ALICE physics program 
ensures a bright future for 
heavy ion collisions at LHC 

with precision measurements 
and unique analyses

more details in ALICE Physics Performance Reports       
J. Phys. G: Nucl. Part. Phys. 30 (2004) 1517                     
J. Phys. G: Nucl. Part. Phys. 32 (2006) 1295
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French participation in ALICE

• labs & manpower

• detectors & electronics

• online, offline & physics

• computing
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ALICE collaboration:
1015 members, 90 institutes, 30 countries

Sweden
Poland
Norway

Russia

JINR

Japan BrazilRomaniaSpain/Cuba

South Africa
USA

China
Croatia

Armenia
India

Korea

Ukraine
Mexico

Czech Rep.
Slovak Rep.

CERN
Denmark

Finland

Germany

France

Italy

Greece
UK

Hungary
Netherlands ~14%
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Labs & manpower

• 7 labs
• 42 physicists (28.1 FTE)
• 98 tech. staff (53.4 FTE)
• budget ~ 7 MEuros

Philippe.Crochet@clermont.in2p3.fr
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French participation in ALICE: overview

MUON-tracking                    
IPNO, SACLAY, SUBATECH   

(+ India, Italy, Russia, South Africa)

MUON-trigger          
LPC, SUBATECH

(+ Italy)

V0C      
IPNL

(+ Mexico)

ITS-SSD                                
IPHC, SUBATECH

(+ CERN, Finland, Italy, Netherlands, 
Poland, Russia, Ukraine)

MUON-GMS        
IPNL, LPSC
(+ Armenia)

EMCAL* (not shown)
IPHC,  LPSC, SUBATECH 

(+ Italy, USA) *R&D

+ online, offline, physics, computing
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ITS-SSD: IPHC, SUBATECH
(+ CERN, Finland, Italy, Netherlands, Poland, Russia, Ukraine)

Philippe.Crochet@clermont.in2p3.fr

detector surface channels
SSD (strip) 4.9 m2 2.6 M
SDD (drift) 1.3 m2 1.33 k
SPD (pixel) 0.2 m2 9.8 M

trigger, pid at low pt, 
multiplicity, 1st & 2nd vertices

detector & electronics 
(500/2050 modules): 

production, tests, bonding, 
mounting, assembling 

assembling

chip HAL25 & 
module (IPHC)

layer  6

assembling 
(SUBATECH)
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MUON-tracking: IPNO, SACLAY, SUBATECH
(+ India, Italy, Russia, South Africa)

Philippe.Crochet@clermont.in2p3.fr

μ tracking with σ < 100 μm 
i.e. σ(M) < 100 MeV @ 10 GeV

• 10 planes (CSCs & CPCs)
• 100 m2

• 1 M channels
• 19600 FEE boards

detectors, electronics, 
(super-)structure:                  

R&D, construction, tests, 
mounting, installation 

station 4

station 1
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MUON-trigger: LPC, SUBATECH
(+ Italy)

Philippe.Crochet@clermont.in2p3.fr

• 4 planes (72 RPCs)
• 120 m2

• 21000 channels
• 1500 cables (30km)
• 2500 FEE boards
• 234 L0 local trigger boards

(di-)μ trigger with 2 pt cuts in < 800 ns

FEE, L0 trigger electronics, 
cables, (super-)structure:    
R&D, construction, tests, 

installation 

““First detector in ALICEFirst detector in ALICE””
CERN weekly bulletin 37/2006CERN weekly bulletin 37/2006
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MUON-GMS: IPNL, LPSC
(+ Armenia)

Philippe.Crochet@clermont.in2p3.fr

• 460 sensors (BCAM & PROXimity)
• 1128 images / measurement

μ tracking chambers relative positions 
& deformations with < 50 μm

test bench (LPSC)

BCAM PROX

construction (supports), 
tests, integration
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V0C: IPNL
(+ Mexico)

Philippe.Crochet@clermont.in2p3.fr

• 32 scintillators
• 4 rings, 4 sectors
• time resolution < 1 ns

min-bias trigger for central barrel, veto 
beam-gas evts for MUON in pp collisions

76
 c

m

R&D, construction, tests, integration
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EMCAL: IPHC, LPSC, SUBATECH 
(+ Italy, USA) only R&D so far

Philippe.Crochet@clermont.in2p3.fr

• 11 super-modules (Δη/Δφ = 1.4/110o)
• 13 k towers (Pb, scintillators)
• energy resolution: 12%/√E + 2%

trigger, γ, π0, η, jets, γ-jet correlations

3(/11) super-modules in Europe:
construction & assembling

integration, trigger, online, offline

supports & rails 
(SUBATECH)
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Online, offline, physics

Philippe.Crochet@clermont.in2p3.fr

• online:
• MUON DAQ (IPNO, SUBATECH)
• MUON monitoring (LPC, SACLAY)
• DCS (IPHC, IPNL, IPNO, LPC)

• offline:
• strong participation in code for sim. & rec. (e.g. MUON software)
• strong participation in analysis code (e.g. V0 & cascade rec.) 

• physics:
• (co-)coordination of 3 of the 4 ALICE Physics Working Groups

(soft physics, heavy flavours, high pt & photons)
• strong participation in physics simulations (e.g. PDC06)

• other responsabilities:
management board: 2/24, technical board: 5/39,                  

computing board: 5/31 + deputy, editorial board: 1/7, physics board: 3/11
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Computing

• 1 Tier1 (Lyon)
• 4 Tier2 (Clt-Fd, Lyon, Nantes, Paris)
• 10% of ALICE total resources

Philippe.Crochet@clermont.in2p3.fr

CEA, IPNO, LAL, 
LLR, LPNHE

PDC06
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