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Ultra Relativistic Quantum Molecular Dynamics
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UrQMD model
 Model of hadrons transportation 

 Has got implemented mechanism of modelling strong interactions using 

string theory 
  

4Image: S. Mrówczyński

Impossible to separate quarks as  

   free objects 

String formation 

String fragmentation

String - object fulfilled with colour field,  
where energy of the string is proportional to 

distance of quark separation 



UrQMD model
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The process of generating new particles stops at 200 fm/c

No weak decays
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Therminator’s input files

Included files

decays.data particles.data 



Therminator’s input files
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particles.data 

Includes particles characteristics from PDG code 

Index    Mass    Width      Spin     I      I3     q     s    aq     as     c       ac    PDG      
PID
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decays.data 
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Decays of resonancesDecays of resonances

The resonance decays data are in the decays.data 
file

Both 2-body and 3-body decays are included

Only most important decay channels are added

One can add or remove decay procesees from the file

rho770zer   pi0139plu   pi0139min   1.      1
rho770plu   pi0139plu   pi0135zer   1.      1
rho770min   pi0139min   pi0135zer   1.      1
f00600zer   pi0135zer   pi0135zer   1.0     1

f00600zer   pi0139plu   pi0139min   1.0     1
eta547zer   gam000zer   gam000zer   0.3943  0
eta547zer   pi0135zer   pi0135zer   pi0135zer   0.3251   0
eta547zer   pi0139plu   pi0139min   pi0135zer   0.226    0
eta547zer   pi0139plu   pi0139min   gam000zer   0.0468   0
Ka0492zer   pi0139plu   pi0139min   0.343    0
Ka0492zer   pi0135zer   pi0135zer   0.157    0

Ka0492zrb   pi0139plu   pi0139min   0.343    0
Ka0492zrb   pi0135zer   pi0135zer   0.157    0

Parent Daugthers
1        2       (3)

Branching
ratio

Use
Clebsh-Gordan
coefficient?

Created on the basis of PDG code 

Includes huge amount of particles decays

Therminator’s input files
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Weak decays method

Therminator

UrQMD Generate particles

Output file

Generate particles

Decay particles

Output file
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Compare input data in Therminator methods and output file in 

UrQMD. 

Adapt UrQMD output files to be used by Therminator. 

Create „dictionary” of particles and their necessary features 

(for example PDG code) 

Design method of the weak decays 

Test already generated files.

Weak decays method
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Sample of particles’ dictionary

PDGIndex
Weak decays method
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New form of output files from UrQMD 

New Index

Weak decays method
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Read events from UrQMD 

use data from well-prepared UrQMD 

output file 

implement mechanisms to decay 

particles (similar as in Therminator) 

Weak decays method Part of decay mechanism
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Sample of new UrQMD output file

NEW

Weak decays method



Results
Protons’ origin

Au-Au 39 GeV

Before

After
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Protons not form excites particles and not from nuclei
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Results
Rapidity and pt

Au-Au 39 GeV

Before After
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Results
Pseudorapidity and rt

Au-Au 39 GeV

After
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Before
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Decays of resonancesDecays of resonances

The resonance decays data are in the decays.data 
file

Both 2-body and 3-body decays are included

Only most important decay channels are added

One can add or remove decay procesees from the file

rho770zer   pi0139plu   pi0139min   1.      1
rho770plu   pi0139plu   pi0135zer   1.      1
rho770min   pi0139min   pi0135zer   1.      1
f00600zer   pi0135zer   pi0135zer   1.0     1

f00600zer   pi0139plu   pi0139min   1.0     1
eta547zer   gam000zer   gam000zer   0.3943  0
eta547zer   pi0135zer   pi0135zer   pi0135zer   0.3251   0
eta547zer   pi0139plu   pi0139min   pi0135zer   0.226    0
eta547zer   pi0139plu   pi0139min   gam000zer   0.0468   0
Ka0492zer   pi0139plu   pi0139min   0.343    0
Ka0492zer   pi0135zer   pi0135zer   0.157    0

Ka0492zrb   pi0139plu   pi0139min   0.343    0
Ka0492zrb   pi0135zer   pi0135zer   0.157    0

Parent Daugthers
1        2       (3)

Branching
ratio

Use
Clebsh-Gordan
coefficient?
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Resonance influence Resonance influence 
on (pion) slopeson (pion) slopes

Only primodial
sources
(listed)

All
sources
(listed)

Please note that “most 
important” resonances 
account for 60%(73%) of all 
pions (depending on how you 
count)

All pion
sources

compared



Results
Rapidity and pseudorapidity protons Au-Au 39 GeV
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Conclusion and plans

The weak decays method increases possible number of 

applications of the UrQMD model by: 

providing a way to get information about protons’ origin 

more precise description of results for ion collision

• Studies of heavy ion collisions for BES program using  

EPOS model
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Thank you for your attention
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Back up
Protons’ origin
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