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Nucleus-Nucleus collision

In heavy ion collisions 
many more interactions
than in pp or e+e-

Large amount of energy in 
small space-time region

When energy density
> 0.7GeV/fm3 possible 
creation of QGP?



The Bjorken model

In heavy ion collision 
become dense matter

Bjorken let’s look at it 
with hydrodynamical 
model

With the model we can 
calculate energy density 
from energy spectra

Hydrodynamic model 
describes measured data
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Accelerators

Ultrarelativistic heavy ion program started in 80’s
Past:
Bevalac @ LBL, Berkeley (1980-1990): √sNN = 2.4 GeV,
E/A=1.15 GeV.
AGS @ BNL, Brookhaven (1985-1995):√sNN = 4.8 GeV,
E/A=10.5 GeV.
SPS @ CERN, Geneva (1987-2004): √sNN = 17.3 GeV,
E/A=157 GeV.
Present:
SIS @ GSI, Darmstadt: √sNN = 2.5 GeV, E/A=1.5 GeV.
RHIC @ BNL, Brookhaven: √sNN = 200 GeV, E/A= 100 GeV.
Future:
LHC @ CERN, Geneva (2007): √sNN= 5500 GeV, E/A= 2750 GeV
FAIR @ GSI, Darmstadt (2012): √sNN= 8.3 GeV, E/A= 35 GeV.



ALICE

Bigger the BEST! (Only 
heavy ion experiment in 
LHC)
Can handle 
dN/dy = 8000 in 
midrapidity region
Detection and 
identification of 
particles in −0.9≤η≤0.9, 
full azimuth
Whole detector in 
magnet B=0.5T



Motivation

Physics of nucleus-nucleus 
interaction is not only 
extrapolation of simplier 
collisions!
Each nucleon may scatter 
several times, and the liberated 
partons from different NN 
collisions rescatter with each 
other even before 
hadronization
In figure - the nuclear 
modification factor, RAA, for    
d + Au and Au + Au collisions 
at √sNN = 200 GeV (STAR)
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Why higher energies?

Charged particle 
density and 
vollume of 
interaction rise 
with energy of 
collision

Power law  ≈ √s0.3

LHC?



QCD Phase Diagram

First phase diagram from 
1975 (Cabbibo)
First time used term QGP 
1978 (Shuryak)
Expectation of phase 
transition from hadron 
state to state of free 
quarks and gluons
Absence of theory, which 
can describe whole phase 
diagram
Uncertainties in order of 
transition



QGP

For low chemical potential 
results from lattice QCD
For high chemical potential 
big errors and uncertainties 
Above border quarks and 
gluons free, restored chiral 
symmetry quarks massless
Color confinement is broken
This two things result in 
formation of large number of 
new particles
High temperatures and low 
chemical potential heavy 
ion collision
High chemical potential 
neutron star, out of our reach



QGP

In QGP rescattering thermalization

High energy density Expansion of fireball 
“Little Bang” (collective explosion with 

speed ≈ 0.5 c)…similarities to Big Bang

After chemical freeze-out only elastic 
rescattering, yields of particles are constant

Earliest temperature we can determine from 
ratios of hadrons yields (STM)



QGP

Thermal freeze out –
hadrons stop 
interacting between 
themselves –
distances too high

This temperature we 
can detect through 
mometum spectra



Statistical thermal model

Advantages:
Simple idea – using grandcanonical (canonical) 
ensemble
With the model we can fit measured data and find 
chemical freeze-out temperature and baryo 
chemical potential
Good results in reproduced ratios of particles

Disadvantages:
Only statistical view of dynamical action
Predictions only for time after hadronization



Statistical thermal model
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Statistical thermal model

Prediction of particle 
yields and their ratios 
are in very good 
agreement with data
through whole 
measured energy 
range

Ratios are mainly 
used to avoid some 
systematic errors



Statistical thermal model

Indication of some 
saturation of 
temperature
Explanation of this 
saturation QGP?
Experiments look like, 
phase transition = 
chemical freeze-out for 
very low chemical 
potential
For higher chemical 
potential difference

AGS
2-10.5 GeV/A

SPS
20-158 GeV/A

RHIC
65-100GeV/A



Fluctuations

Near to the critical point 
are expected fluctuations
in yields of particles

Critical point predicted in 
energies of SPS

Data from NA49 show 
some fluctuations

Is this critical point?

We don’t know



Probes of QGP

Direct photons (very high level of 
background, can tell us exact temperature of 
QGP)
Low-mass dileptons (ρ mezon, chiral 
symmetry restoration)
Strangeness (enhancement to p-p collision)
Charmonium suppression (melting 
charmonium systems)
Jet-quenching (energy loss of jet in QGP)



Direct photons
Photons do not interact 
strongly informations about 
QGP
Large amount photons of 
decays from mezons
Technical difficulties – new 
measurment from PHENIX 
(RHIC)
New methods (internal 
conversion method) –
improvement of signal-to-
background ratio and 
resolution
On picture – direct photon 
spectrum compared to pQCD  
and hydrodynamics predictions

Compared with theory with T0 = 360 
MeV



Low mass dileptons

Due to chiral 
restoration are
mass and widths 
of of low mass 
mesons changed
We do not see 
peak of these 
mesons, but 
broad spectra



Strangeness

Strangeness suppression 
observed in NN collisions 
dissapears in heavy ion 
collisions
s¯s pairs can be created 
from gluons in QGP
Due to restoration of chiral 
symmetry is mass of s 
quark lower lower 
treshold for creation 
Enhancement for Ω is 
factor 15 (Pb+Pb to Pb+p)



J/Ψ suppression

Prediction suppression due to 
Debye screening of interaction 
between c and  ¯c quark
In lattice calculations J/Ψ state 
survived temperature T≈1.5 TC

New models of regeneration J/Ψ
during hadronization
Charmed quarks formed in initial pp 
collision
Prediction of production J/Ψ for 
LHC from SHM
Still open topic



Jet quenching

Energy loss in QGP 
suppression of jets from the 
interior of fireball
Energy loss through radiation 
of gluons and their 
interaction with QGP
Jets from inside slow down 
become part of collective flow
We can see part of jet only 
from surface of fireball
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