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Motivation

elementary reactions (eN, gN) on  nucleon:

nuclear reactions (eA, gA @ GeV energies) :

formation time:
estimation via hadronic radius 

? reaction products 

hadronize long 

before they reach 

the detector

time dilatation:

interactions with nuclear medium during formation ??

space-time picture of 

hadronization
??
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What is GiBUU?

Å GiBUU describes (within the same unified theory and code)

· heavy ion reactions, particle production and flow 

· pion and proton induced reactions

· low and high energy photon and electron induced reactions

· neutrino induced reactions

using the same physics input! And the same 
code!

ÅSpecifically:
GiBUU can describe both the current 

fragmentation region (my talk) and the 
target fragmentation region (following talk 
by Alexei Larionov)



What is GiBUU?

ÅGiBUU : Quantum-Kinetic Theory and Event Generator    
based on a BM solution of Kadanoff-Baym equations

ÅGiBUU propagates phase-space distributions, not particles

ÅPhysics content and details of implementation in:
Buss et al, Phys. Rept. 512 (2012) 1- 124

ÅCode from gibuu.hepforge.org,



GiBUU= ISI + FSI

init + FSI = full event



Applications of GiBUU

Å A + A 
FOPI, HADES experiments at GSI     (~ 1 A GeV), AGS (~ 20 A GeV)

Å p + A, p+  A
HARP at CERN (~ 10 GeV), BGO at LAMPF, LADS at SIN (few 100 MeV) 

Å g+ A 
TAPS at MAMI, CBELSA/TAPS at ELSA ( up to ~2 GeV)

Å g*+ A
JLAB, SLAC (up to ~ 5 GeV), HERMES (12 and 30 GeV), EMC (~250 GeV)

Å n+ A 
T2K at Tokai (~ 700 MeV), BNB at Fermilab (~ 700 MeV), 

MINERvA at FNAL (~ 3 ï10 GeV), NOvA at FNAL (~ 2 GeV), DUNE (planned at 

FNAL, Sanford Lab, ~ 3 GeV)

FSI are severely constrained
by all these different reaction analyses



Describestime-evolution of F(x,p)

8D-Wigner-distribution of the one-body density matrix

= spectral phase-space distribution

= phase-space distribution times spectral function

Quantum-kinetic Transport Theory
Kadanoff-Baym equations
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Off-shell transport term
On-shell drift term Collision term

For each particle species one such equation,

all coupled by the collision term C Cross sections go here
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The BUU equationfor quasiparticles

describes space-time evolution of single particle densities

index i represents particle species 

Ÿ one equation for each species

Hamiltonian H

hadronic mean fields (Skyrme/Welke or RMF)

Coulomb

Ăoff-shell-potentialñ

collision term C

decay and scattering processes: 1-, 2- and 3-body

(low energy: resonance model, high energy: string model)

contains Pauli-blocking

equations coupled via mean fields and via collision term




