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General scope and aims of the course

short introduction to general ideas of kinetic theory

give a basic understanding of how a transport simulation works

provide a practical introduction to running numerical transport
simulations with the GiBUU code

enable students to run simulations of p+A and A+A reactions
in the few-GeV regime

understand important input parameters of the model

learn to interpret and analyze the produced output

cannot cover whole model, but at least provide a baseline for
further investigations
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Overview

Part I (Tue, Feb. 25)

transport basics

introduction to the model

what physics is included

preparations, getting started

basic input parameters and output format

Part II (Wed, Feb. 26)

running simple collisions (p+p)

analyzing output

varying input parameters

time evolution, potentials/EOS, ...

nuclear reactions (p+A and A+A)

advanced topics
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Model intro: What GiBUU can do

GiBUU: The Giessen BUU model (traditionally developed at
University of Giessen, now: most contributors scattered around
Giessen and Frankfurt)

�exible tool for numerical simulations of nuclear reactions

can handle various types of reactions:

elementary: pp, pn ('input')
electroweak: γA, eA, νA
hadronic: pA, πA
heavy-ion: AA

energies: ∼ tens of MeV � tens of GeV

based on the Boltzmann-Uehling-Uhlenbeck (BUU) equation:
propagation and collisions of particles in a mean �eld

degrees of freedom: hadrons (various �avors of baryons and
mesons)

similar models: UrQMD, HSD, IQMD, BRoBUU, ...

J. Weil The GiBUU transport tutorial(part 1)



pronounciation

GiBUU = The Giessen BUU model

'o�cial' pronounciation: ghee - bee - you - you

popular alternatives:

gee - bee - you - you (as in �Bee Gees�)
giii - buuh (a la �Hui-Buh�)

pick whatever suits your tongue ;)
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Basics: some kinetic theory

distr. function f (x , p) with x = (t,~x), p = (E ,~p)

describes (density) distribution of particles in phase space

number of particles in a given phase-space volume:
∆N = f (x , p)∆3x∆3p

we can set up one distribution function for each particle
species: fN , fπ, f∆, ...

continuity equation for free noninteracting particles:

pµ∂µf (x , p) = 0

(free straight-line propagation of particles, no collisions)

adding external force (mean-�eld potential): Vlasov equ.

[∂t + (∇pE )∇r − (∇rE )∇p] f (x , p) = 0

(propagation through mean �eld without collisions)
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adding collisions

forget about mean �elds, but add collisions ...

continuity equ. + collision term ⇒ Boltzmann eq.

pµ∂µf (x , p) = C (x , p)

collision integral C has gain and loss term

C (x , p) = Cgain(x , p) + Closs(x , p)

including mean �eld and collision term yields the
Boltzmann-Uehling-Uhlenbeck (BUU or VUU) equation(
∂t + (∇~pHi )∇~r − (∇~rHi )∇~p

)
fi (~r , t,~p) = C [fi , fj , ...]

collision term also includes Pauli blocking (quantum e�ect)
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The Boltzmann-Uehling-Uhlenbeck equation

BUU equ. describes space-time evolution of phase-space
density fi (~r , t,~p):(
∂t + (∇~pHi )∇~r − (∇~rHi )∇~p

)
fi (~r , t,~p) = C [fi , fj , ...]

index i represents particle species (N, ∆, π, ρ, ...)
⇒ one equ. for each species

Hamiltonian Hi :

hadronic mean �elds (Skyrme-like or RMF)
Coulomb, �o�-shell potential�

collision term C :

decays and scattering processes (2- and 3-body)
low energy: resonance model, high energy: string fragment.

all equations coupled through collision term and mean �elds

semi-classical: not all quantum e�ects included
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Degrees of Freedom: Hadrons!

GiBUU is a purely hadronic model

no partonic phase

leptons usually not 'transported' (but: initial eN, νN, γN
interactions, leptonic and photonic decays)

GiBUU includes a good part of the whole hadronic zoo
(currently 61 baryons and 22 mesons)

most known states made of of u,d,s,c quarks included
(currently no b)
in principle we need:

cross sections for collisions among all of them, at all possible
energies (often not known precisely or no data available)
mean-�eld potentials for each particle species (often also not
well-known)

often experiments are set up to measure these quantities
(examples: ωN cross section, Kaon potential, ...)

⇒ put some hypothesis into model and compare to data

J. Weil The GiBUU transport tutorial(part 1)



Particle species and ID codes

particle mass width GiBUU ID PDG IDs

N 0.983 0 1 p=2212, n=2112

∆ 1.232 0.118 2 2224, 2214, 2114, 1114

N
∗ 3-18

∆∗ 19-31

Λ 1.116 0 32 3122

Σ 1.189 0 33 3222,3212,3112

Λ∗, Σ∗ 34-52

π 0.138 0 101 π+ = 211, π0 = 111, π− = −211

η 0.547 102

ρ 0.775 0.149 103 213,113,-213

σ 104

ω 0.782 0.004 105

η′ 0.957 106

K 0.496 0 110 K
+ = 321, K 0 = 311

K̄ 0.496 0 111 K
− = −321, K̄ 0 = −311

... and more. Full list at:
https://gibuu.hepforge.org/trac/wiki/ParticleIDs
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Test-particle ansatz

idea: approximate full phase-space distribution by a sum of
Delta-functions:

f (~r , t,~p) ∝
∑
i

δ(~r −~ri (t))δ(~p − ~pi (t))

each Delta-function represents one particle with a sharp
position and momentum

mental picture: particles as 'billard balls' (behaving almost like
classical particles)

su�cently large number of test particles needed to obtain a
good approximation
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Time Evolution

to solve the BUU equation numerically, the time axis is
discretized

collisions only happen at discrete time steps, in between:
propagation through mean �elds

typical time-step size: ∆t = 0.2 fm/c

start at t = 0 and run a number of time steps (N) until
tmax = N ·∆t

typically: tmax ≈ 20− 100 fm/c ⇒ N ≈ 100− 500
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Mean-Field Potentials

GiBUU has can handle two types of mean-�eld potentials:

non-relativistic Skyrme-type potentials
relativistic mean �elds (RMF)

in the most general form a potential can enter the
single-particle energy like:

H =

√
(m + V )2 + (~p − ~U)2 + U0

RMF potential is Lorentz vector Uµ = (U0, ~U)

Skyrme potential enters as U0 only (non-rel), and is bound to
a special frame (local rest frame)

scalar potential V (→ mass shift)
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Skyrme-like potential

U0(x ,~p) =A
ρ

ρ0
+ B

(
ρ

ρ0

)γ
+

2C

ρ0

∑
i=p,n

∫
gd3p′

(2π)3
fi (x ,~p

′)

1 + (~p − ~p′)2/Λ2

+ dsymm
ρp(x)− ρn(x)

ρ0
τi

de�ned in local rest frame (LRF), where spatial baryon current
vanishes (~j = 0)

six parameters: A, B , γ, C , Λ, dsymm

�xed to

nuclear binding energy of 16 MeV at ρ = ρ0 in isospin-sym.
matter
nuclear-matter incompressibility K = 200− 380MeV
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RMF potentials

proper relativistic mean-�eld description

based on (nonlinear) Walecka-type Lagrangian:

L =Ψ̄
[
γµ(i∂µ − gωω

µ − gρ~τ~ρ
µ − e

2
(1 + τ3)Aµ)−mN − gσσ

]
Ψ

+
1

2
∂µσ∂

µσ − U(σ)− 1

4
ΩµνΩµν +

1

2
m2
ωω

2 − 1

4
~Rµν~R

µν

+
1

2
m2
ρ~ρ

2 − 1

16π
FµνF

µν

theoretically cleaner, but computationally more demanding
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equation of state
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HM: hard momentum-dependent Skyrme

SM: soft momentum-dependent Skyrme

RMF: relativistic mean-�elds (Walecka)
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Collision term

contains one-, two- and three-body collisions

C = C1→X + C2→X + C3→X + ...

C1→X : resonance decays

C2→X : proper two-body collisions

elastic and inelastic
any number of particles in �nal state: X ≥ 1
baryon-meson, baryon-baryon, meson-meson

C3→X : three-body coll. (only relevant at high densities)

at low energies: cross sections based on resonance excitations
(e.g. πN → N∗, NN → NN∗)

at high energies: string fragmentation (hard parton scattering
+ formation and decay of '�ux tube')
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baryon-meson collisions

πN scattering cross section shows clear
resonance peaks below

√
s ≈ 2GeV

�resonance regime�: excitation of N∗

and ∆∗ states

cross section obtained by Breit-Wigner
formula

above 2 GeV: cross section is �at,
di�erent mechanism (non-resonant)

typically described by
string-fragmentation models
(e.g. Pythia)

in GiBUU: transition between
resonance model and string frag. at√
s = 2.2± 0.2GeV
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Resonance Model

all resonance parameters, decays modes and width parametriz.
taken from: Manley/Saleski, Phys. Rev. D 45 (1992)
Manley: PWA of πN → πN and πN → 2πN data
important point: consistency! (coupled-channel constraints)

ΓR→ab(m) = Γ0R→ab

ρab(m)

ρab(M0)

ρab(m) =

∫
dp2adp

2

bAa(p2a)Ab(p2b)
pab

m
B2

Lab
(pabR)F2

ab(m)
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string fragmentation: Pythia

idea: hard qq scattering (pQCD)
creates a color �ux tube ('string'),
which then fragments into hadrons
(via qq̄ pair production)

high-energy model (10 GeV ... TeV)

breaks down at low energies

popular implementation: PYTHIA
(Lund string model)

includes a few resonances (∆, ρ, ...) but not all the higher
states (N∗, ∆∗)

phenomenological 'fragmentation function' determines when
and how the string breaks

parameters �tted to reproduce data (may not be universal,
di�erent 'tunes' available)
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Bar-Bar collisions

also for NN collisions: low-energy regime dominated by
resonance production
but: no nice peaks due to two-body kinematics
not fully clear how far resonance approach will work
NN → NR,∆R (R = ∆, N∗, ∆∗)
all π, η and ρ mesons produced via R decays (ω, φ: non-res.)
good descr. of total NN cross sections up to

√
s ≈ 3.4GeV
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Resonance Production

NN → N∆: OBE model [Dmitriev et al, NPA 459 (1986)]

other resonances produced via phase-space approach (constant
matrix elements), Teis Z. Phys. A 356, 1997:

σNN→NR =
CI

pi s

|MNR |2

16π

∫
dµAR(µ)pF (µ)

σNN→∆R =
CI

pi s

|M∆R |2

16π

∫
dµ1dµ2A∆(µ1)AR(µ2)pF (µ1, µ2)

lately: introduced angular distributions dσ/dt = b/ta,
exponents a determined from HADES data
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NN collisions in different models

baryon-baryon collisions at low energies:
resonance models vs. string fragmentation

HADES energy range is in the resonance regime

we need one consistent model for the whole energy range!
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strangeness production

at low energies, Kaons production probably also
dominated by res. formation

but: BRs not so well known, no Kaon data included
in Manley analysis

therefore: GiBUU does not produce Kaons in
two-step processes NN → NN∗ → NYK , but in
direct three-body production NN → NYK

cross sections originally calculated by Tsushima et al. in e�.
Lagrangian model via resonance excitation

parametrization of these cross sections used in GiBUU:

σ(BB → BYK ) = a

(
s

s0
− 1

)b (
s

s0

)c

B = N,∆; Y = Λ,Σ; s0: threshold; a, b, c : (free) parameters
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strangeness channels

large number of channels!

Tsushima parameters not
always fully compatible
with data

some had to be re�tted to
HADES data recently
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dileptons

dileptons are rare probes: BR(h→ e+e−) ≈ 10−5

special treatment is necessary: �shining� approach

hadrons continuously emit ('virtual') lepton pairs,
those are 'weighted down' to �t the BR

leptons not 'propagated', rescattering with hadrons neglected

dilepton production has to be turned on separately

included channels:

V → e+e− (with V = ρ, ω, φ)
P → γe+e− (with P = π0, η, η′)
ω → π0e+e−

∆→ Ne+e−

R → ρN → Ne+e−?
Bremsstrahlung in soft-photon approximation
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references

references for further details:

'GiBUU review paper':
O. Buss et al., Phys. Rept. 512 (2012) 1-124

many specialized papers and theses:
https://gibuu.hepforge.org/trac/wiki/Paper

documentation on website

code itself!
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end of general intro

questions?
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