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(spontaneous, basic, biased and sometimes wrong...)



OPERA @ CERN



Outline

• Heavy Ion Collisions

• Models for Heavy Ion Collisions
 Thermal Models
 Hydrodynamic Models
 Transport Models

• A specific transport model - UrQMD

• Observables

• Which ones should we measure at FAIR?







Phasediagram of  QCD
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Thermal model
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Thermal model

Simplifying assumptions:

 isothermal source, isotropic source, instant freeze-out

no real dynamics!!
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Hydrodynamics

dynamic fluid cells, moving according to the laws of  hydrodynamics 



Hydrodynamics

Björn Schenke



Hydrodynamics

Björn Schenke



Hydrodynamics

Caveats on hydrodynamical models:

unknown initial conditions

 unknown freeze-out conditions

thermalization has to be assumed

applicability at lower energies?

...
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Transport Models

Vlasov equation

Boltzmann equation



Collision term for N,π,Δ system



Boltzmann equation



Boltzmann equation
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Quantum Molecular Dynamics

Nucleon = Gaussian Wave-Packet

N-Body-State = product of  coherent states
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QMD

Lagrangian Density

Equations of  motion



QMD

Complicated N-Body 
Schrödinger Problem

6 (NP+NT) equations



One model - UrQMD

• Ultra Relativistic Quantum
   Molecular Dynamics

• Non equilibrium transport model

• All hadrons and resonances up to 
   2.2 GeV included

• Particle production via string 
   excitation and -fragmentation

• Cross sections
- experimental data
- detailed balance
- additive quark model

• Dynamical canonical suppression

Phys.Rev.C69:054907,2004
Phys.Rev.C74:034902,2006 

No explicit implementation of  in-medium modifications!
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Particles in UrQMD
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Particles in UrQMD



Steps in UrQMD

Initialization Binary scatterings
Propagation of  nuclei 

and produced 
particles



Initialization



Collision criterium

When do particles collide?

1) Know cross section

2) Check collision criterium
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Collision criterium

When do particles collide?

1) Know cross section

2) Check collision criterium



UrQMD hands-on

Demo





we want to study CBM!

This is a FAIR Winterschool so everyone should!

Let’s assume...



Which model?

thermal

initial final

hydro

transport



However...

How do we get information from this stage of  the collision?

How to get the info we want?



Observables

• Collective Phenomena
 Elliptic Flow Patterns
 Viscosity
 ...
 

• Rare probes
 Dileptons, resonances
 Charm
 ...
 

• Spectra
 transverse momentum distributions
 rapidity distributions
 ...
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• Since resonances decay on timescales of  several fm they 
cannot be measured directly

• Resonances are measured via their decay products, cross 
section follows a Breit-Wigner law

Measuring resonances



Measuring resonances in p+p

Correlate all protons and
kaons in the event, 
plot invariant mass.

Lots of  uncorrelated pairs
→ background subtraction 
     needed

Still a visible peak, 
but not as clear as before.



Measuring resonances in A+A

Correlate all protons and
kaons in the event, 
plot invariant mass.

Peak?



Measuring resonances in A+A

Different methods to subtract the background lead to slightly 
different results.



Dileptonic and hadronic decays
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Dileptonic and hadronic decays

Dileptons Hadrons

do not interact strongly with the 
surrounding medium

suffer from final state interactions

originate from various sources in 
various mass regions (note: Dalitz 

decays) 

originate from various sources in 
various mass regions

Typical branching ratios on the 
order of  10-4 - 10-5

Typical branching ratios on the 
order of  0.1 - 1

when measured reflect the 
integrated collision history

when measured reflect the late 
stage (after freezeout) of  the 

collision



Density calculation

• Local baryon density is the zeroth component of  the 
baryon four-current                              when the baryon is at 
rest

• UrQMD calculates in the Computational Frame (CF), which 
is usually the CMS (due to symmetry)

•                                           can be calculated as a sum over 
Gaussians 
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Density distribution

0 1 2 3 4 5 6 7 8 9 10

B / 0

10-1

2

5

100

2

5

101

2

5

102

2

d
N

/d
(

B
/

0)

a b sor b e d

d e c a y

30 A G e V (P b +P b ) 0 1 2 3 4 5 6 7 8 9 10
t [f m ]

10-1

2

5

100

2

5

d
N

/d
(

B
/

0)

a b sor b e d

d e c a y

2 A G e V ( A u + A u)

t [f m ]
10-1

2

5

100

2

5

101

2

5

d
N

/d
(

B
/

0)

a b sor b e d

d e c a y

11 A G e V ( A u + A u)

Resonance decays do not reach out 
very high in density, most resonances 
are being absorbed at high density



Dileptons

Even in the most optimistic approach dileptons
only reach out to 2-3 ρ0

Shining approach only reaches out to 1-2 ρ0 



Summary

• Transport models are THE tool for heavy ion collisions at FAIR!

• A variety of  observables is needed to pin down the matter 
created.

• High density physics needs an energy scan!

• Challenge to CBM: Will we see something from the high µB 
phase at all?
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• Transport models are THE tool for heavy ion collisions at FAIR!

• A variety of  observables is needed to pin down the matter 
created.

• High density physics needs an energy scan!

• Challenge to CBM: Will we see something from the high µB 
phase at all?

Thanks!


