
HEAVY ION PHYSICS,  
STATUS & OUTLOOK
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AN EXPERIMENTAL SCENARIO 

▸ Variables: ECM, System size (pp, pa, pA, aa, AA) 

▸ Observables: d2N/dpTdy, dN/dy, dN/dpT, dN/dφ ; HBT, E-by-E fluctuation 
; Leption vs. Hadrons, LF vs. HF etc.
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WHERE WE ARE!
▸ Statistical Fit 

▸ Temperature (T), Chemical potentials (μB, 
μS, μQ) and volume 

▸ Assumption 

▸ Non-interacting hadrons and resonances 

▸ Thermodynamical Equilibrium 

▸ Ensembles: Canonical, GC, Strange-Can.

3CHEMICAL FREEZE-OUT (HADRONIZATION)



WHERE WE ARE!
▸ Statistical Fit 

▸ Temperature (T), Chemical potentials (μB, 
μS, μQ) and volume 

▸ Assumption 

▸ Non-interacting hadrons and resonances 

▸ Thermodynamical Equilibrium 

▸ Ensembles: Canonical, GC, Strange-Can.

3CHEMICAL FREEZE-OUT (HADRONIZATION)



WHERE WE ARE!
▸ Statistical Fit 

▸ Temperature (T), Chemical potentials (μB, 
μS, μQ) and volume 

▸ Assumption 

▸ Non-interacting hadrons and resonances 

▸ Thermodynamical Equilibrium 

▸ Ensembles: Canonical, GC, Strange-Can.

3

 (GeV)
NN

s
10

210 310

(M
eV

)
chT

60

80

100

120

140

160

180

J. Cleymans et al.
Andronic et al.
All yields (GCE)

AGS SPS RHIC )Ξ - πLHC (Yields: 

CHEMICAL FREEZE-OUT (HADRONIZATION)



WHERE WE ARE!
▸ Statistical Fit 

▸ Temperature (T), Chemical potentials (μB, 
μS, μQ) and volume 

▸ Assumption 

▸ Non-interacting hadrons and resonances 

▸ Thermodynamical Equilibrium 

▸ Ensembles: Canonical, GC, Strange-Can.

3

 (GeV)
NN

s
10

210 310

(M
eV

)
chT

60

80

100

120

140

160

180

J. Cleymans et al.
Andronic et al.
All yields (GCE)

AGS SPS RHIC )Ξ - πLHC (Yields: 

 (GeV)
NN

S
10

210 310

 (M
eV

)
µ

0

200

400

600

800

AGS SPS RHIC )Ξ - πLHC (Yields: 

All yields (GCE)
Cleymans et al.
Andronic et al.

B
µ

S
µ

Q
µ

CHEMICAL FREEZE-OUT (HADRONIZATION)



WHERE WE ARE!
▸ Statistical Fit 

▸ Temperature (T), Chemical potentials (μB, 
μS, μQ) and volume 

▸ Assumption 

▸ Non-interacting hadrons and resonances 

▸ Thermodynamical Equilibrium 

▸ Ensembles: Canonical, GC, Strange-Can.

3

 (GeV)
NN

s
10

210 310

(M
eV

)
chT

60

80

100

120

140

160

180

J. Cleymans et al.
Andronic et al.
All yields (GCE)

AGS SPS RHIC )Ξ - πLHC (Yields: 

 (GeV)
NN

S
10

210 310

 (M
eV

)
µ

0

200

400

600

800

AGS SPS RHIC )Ξ - πLHC (Yields: 

All yields (GCE)
Cleymans et al.
Andronic et al.

B
µ

S
µ

Q
µ

 (MeV)
B
µ

100 200 300 400
 (M

eV
)

chT

120

130

140

150

160

170

180

00-05%
30-40%
60-80%

Cleymans et al.
Andronic et al.

7.711.519.6273962.4200 GeV

Au+Au Collisions

Grand Canonical Ensemble (Yield Fit)

CHEMICAL FREEZE-OUT (HADRONIZATION)



SPS-ERA (ECM ~ 20 AGEV)
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▸ Strongly interacting matter (sQGP)

▸ High-pT suppression (PHENIX)

▸ Jet Quenching (STAR)

▸ Coalescence in flow

▸ Perfect Fluid 

▸ Mach-like Shock wave?

▸ Initial condition?

▸ Viscosity: η/s ~ 0 



LHC-ERA (ECM ~ 5 ATEV)

COLLECTIVITY (EVEN) IN SMALL SYSTEM!

▸ high multiplicity events in pp 
▸ gradual evolution of the system from pp to AA via pA —> mini QGP? 
▸ except high-pT suppression!
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OUTLOOK - WHERE TO GO?

CROSS-ROADS: HOW TO IDENTIFY IT?
▸ Strongly interacting Matter in high T 

▸ Heavy Flavor, Higher statistics 

▸ Direct photon, Leptons 

▸ Nuclear Modification in pp? mini QGP? 

▸ sLHC, CCEP etc. 

▸ 1st order Phase Transition in high μ 

▸ New Experiments: 

▸ STAR-BESII, CBM (FAIR), (JPARC, NICA) 

▸ Rare probe (e.g. charm) but higher statistics 

▸ New Theories: 

▸ higher moments of mul-distribution 

▸ Lattice cal. / Critical Point! 

▸ S vs. non-S multi-freeze-out?
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