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• a giant flare of γ rays blitzes the galaxy 
• in 0.2 s as much energy as the Sun in 250 000 years
• ionizes Earth’s upper atmosphere
• simultaneously seen by ~ 15 satellites

• origin: a neutron star-quake

December 27th 2004: 
the electromagnetic    

tsunami

Nature, 434 (2005); www.nasa.gov/vision/universe/watchtheskies/swift_nsu_0205.html



www.nasa.gov/vision/universe/watchtheskies/swift_nsu_0205.html



• radius ~ 10 km
• mass ~ 1.5 M☉

• rotation period : 7.56 s
• magnetic field ~ 8·1014 Gauss
• distance to Earth : 50 000 light years R. Mallozzi

SGR 1806-20
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Neutrons Stars, Big Bang, 
Quark Gluon Plasma & Heavy Ion Collisions

“When the energy density ε exceeds some typical hadronic value (~ 1 GeV/fm3), matter no 
longer exists of separate hadrons (protons, neutrons, etc), but as their fundamental 

constituents, quarks and gluons. Because of the apparent analogy with similar phenomena 
in atomic physics we may call this phase of matter the QCD (or Quark Gluon) plasma.”

E.V. Shuryak, Phys. Rept. 61 (1980) 71
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Outline

• heavy ion collisions & QGP in short

• the QGP @ SPS & RHIC

• ALICE & the QGP @ LHC
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What QCD says

• μB = 0:
• T = 173 ± 15 MeV = 1012 K (Tsun = 108 K)
• ε = 0.7 ± 0.3 GeV/fm3

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

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

• chiral sym. restoration coincides with deconf.
• the QGP is not an ideal gas

J. Phys. G 30 (2004) 1517 
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pressure      +      heat     ⇒ QGP

Recreating the QGP via heavy ion collisions

key parameters: bombarding 
energy, collision centrality, particle 

transverse momentum
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1975-2006: 30 years of heavy ion collisions

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

4 experiments
~ 400 physicists SPS (CERN) 

fixed target
1986-2003 
√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

FAIR (GSI) 
fixed target 

2014-
√s < 9 GeV

1 experiment
~ 300 physicists

Saturne II (Saclay) 
fixed target 
1978-1997 

√s < 2.4 GeV
1 experiment

~ 30 physicists

√s from ~ 2 GeV in 1975 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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Schematic space-time evolution
of a heavy ion collision

strategy: use produced particles 
as probes of the medium
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Not that simple…

a simulated heavy 
ion collision

the same collision 
in real life
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Strategy for studying the QGP

1. Measure a quantity
• whose value (from theoretical predictions) is expected to be different 

with or w/o a QGP. Most appropriate: central AA collisions

2. Validate the measurement 
• by comparing the quantity to theoretical predictions with & w/o QGP

• by comparing the quantity to the same quantity measured in pp, pA & 
peripheral AA (no QGP) & then extrapolated to central AA

3. Validate the result 
• repeat 1. et 2. with as many quantities as possible

4. Extract QGP properties
• tune theoretical models & repeat comparisons
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QGP signatures

strangeness 
enhancement

quarkonia
suppression

thermal 
radiation

jet quenching

modification of 
low-mass vector 
meson properties

exotica

fluctuations

flow 
strength

...

hard probes soft probes
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Do we reach the thermodynamical
conditions of the QGP in HIC?

dy
dE
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πR2
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• energy density

…larger than critical value

system
√s

(GeV)
ε

(GeV/fm3)

Pb+Pb 17 2.5

Au+Au 200 4.6

• freeze-out temperature
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The QGP @ SPS

SPS (CERN) 
fixed target
1986-2004 
√s < 20 GeV

7 experiments
~ 600 physicists
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SPS results in 4 plots

• low-mass dilepton excess                                
chiral symmetry rest. modifies vector meson properties
• strangeness enhancement                           
strange quark mass decreases in QGP
• charmonium suppression                                   
J/ψ melts in QGP due to debye screening
• thermal radiation                                           
beyond radiation from hadron gaz
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CERN press release (Feb. 10th 2000),
15 years of QGP studies @ the SPS

http://info.web.cern.ch/Press/PressReleases/Releases2000/PR01.00FQuarkGluonMatter.html
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However…

Satz, Digal, Fortunato
Rapp, Grandchamp, Brown

Capella, Ferreiro

E. Scomparin for NA60, Quark Matter (2005),   
O. Drapier, HDR (1998), #M. Gonin, La Recherche 357 (2002) 22 

no unambiguous evidence for the 
formation of the QGP

• some features are not understood yet

• J/ψ <p2
t> is missed only by the QGP 

model in Pb+Pb collisions

• none of the model gets (J/ψ)/(DY) 
right in In+In collisions

• ...

• small effects w.r.t. hadronic scenario 

• one single observable/experiment
(the word “discovery” is never used in the press release#)

In+In 158 AGeV
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The QGP @ RHIC

RHIC (BNL) 
collider
2000-

√s < 200 GeV
4 experiments

~ 1000 physicists
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colppt

AAt
AA NdN/dp

dN/dp
R

×
=

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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14/08/2006:

• 491 entries in http://arXiv.org/

• 79 (42) Phys. Rev. Lett. (Phys. Rev. C)

• 4 white papers
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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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The QGP @ LHC

LHC (CERN) 
collider
2007-

√s < 5500 GeV
3 experiments

~ 1000 physicists
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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 16-64

τQGP (fm/c) ≤ 2 2-4 ≥ 10

τf (fm/c) ~ 10 20-30 30-40

Vf (fm3) ~ 103 ~ 104 ~ 105

baryo-chemical baryon-rich    → baryon-free

processes soft   → semi-hard   → hard

⇒ faster

⇒ hotter

⇒ denser

⇒ longer

⇒ bigger

= 0.18 mJ

⇒ cleaner

⇒ harder

“...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/c jet (PYTHIA) 
Pb+Pb (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, DD annihilation

central AA

RHIC
LHC

hard gluon induced 
quarkonium breakup 

hep-ph/0311048
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Heavy ions 
@ the LHC

CMS: strong  
heavy ion program

ALICE: the dedicated 
heavy ion experiment

ATLAS: heavy ion 
LOI (2004)
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ALICE (A Large Ion Collider Experiment):
7(4) SPS(RHIC) experiments in one

ITS

TPC

FMD

PHOS
ABSORBER

MUON TRACKING CHAMBERS

MUON FILTER

DIPOLE MAGNETTOFTRDHMPID

L3 MAGNET

PMD

MUON TRIGGER 
CHAMBERS

ACORDE

1000 members
80 instituts

30 countries
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ALICE shopping list

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

large acceptance, excellent granularity, selective triggers, good 
tracking capabilities, wide momentum coverage, good secondary

vertex reconstruction, hadron, lepton & photon identification

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
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ALICE in facts

ALICE collaboration, J. Phys. G 30 (2004) 1517 

• ALICE uses (almost) all known particle 
detection techniques
• largest TPC, TRD & warm dipole ever built
• up to 10 000 particles per central Pb+Pb
event in the central part
• data taking rate: 1.2 GB/s (~ 1 PB/month)
• software: 600 kLoC
• data analysis & storage is world distributed

Yerevan

CERN

Saclay

Lyon

Dubna

Capetown, ZA

Birmingham

Cagliari

NIKHEF

GSI

Catania

Bologna
Torino

Padova
IRB

Kolkata, India

OSU/OSC
LBL/NERSC

Merida

Bari

Nantes

3 million volumes
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ALICE today

L. Leistam, IR3, updated
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Instead of a summary, 
what will happen next year

first physics run!

2008

Jan.Aug. Sept. Oct. Nov. Dec. Feb. Mar. Apr. May Jun. July

2007

10 weeks pp

machine closure 
set-up, injection

shut-down pp high L, 1st PbPb…
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