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Event Generator: GiBUU
— Gießen-Boltzmann-Uehling-Uhlenbeck

Institut für Theoretische Physik, JLU Gießen
Prof. U. Mosel, Dr. A. B. Larionov, et al .
Framework for elementary reations on nuclei

p+A hadrons
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Paramters of p-nucleus interation in GiBUU

Parameters for p-nucleus interaction:

Ebeam σp̄pann σp̄pel Target Note
(GeV) (mb) (mb)

0.18 84.7 80.9 6Li
.. comparing the
background with
LEAR experiment

1.5 40.0 32.2 16O
.. searching for
15
p̄ N & 15

p̄ O bound
states

p potential in GiBUU:
ξ =0.2 — 0.3 → Re(Vopt) = -220 — -150 MeV
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p-6Li collision simulation
— Same conditions as LEAR experiment

The continuous background of knocked-out protons

p beam:
Ebeam=177.9MeV

Target:
6Li

Ebeam

dσ2

dΩdE = C
√
Ee−E/T

C=17.3µb/sr ·MeV 3/2

T=101±4MeV

9/19



Search for
p-16O
Bound

States in
PANDA

D.Lin Y.Ma
F.Maas

Introdcution
Knocked-out
Experiment
GiBUU

Simulation
p̄−6Li
Collision
p̄−16O
Collision

Conclusions

p-16O collision simulation

p beam: Ebeam=1.5GeV; Target: 16O
Signature:

First, knocked-out reaction
Only one knocked-out
proton or neutron

p
stopping

Second, annihilation at rest

π±,π0

η,ρ,σ

ω,η′
φ

K±,K0

K∗±,K∗0

π±,π0

K±,K0

(πs)

Background: knocked-out nucleons by high-momentum pions
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The events with only pions in final state

Ebeam

1.5GeV

Ebeam

1.5GeV

kn
oc
ke
d-
ou

t
re
ac
tio

n
16O (p,p)15

p̄ N

16O (p,n)15
p̄ O

Mp̄p
inv

1.876GeV /c2

pp
or

pn
annihilation

η
ρ
σ
ω
η
′
φ

π
±
π

0

π± π0
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The events with Kaons(and pions) in final state

E
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eV
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n
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16O (p,n)15
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inv
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pp
or

pn
annihilation

K
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K
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φ

K
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K
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K± K0

(πs)
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The cutting conditions setting

Tp=Ebeam − Bp

Tp=Ebeam + Bp̄ − Bp

Minv<mp̄+mp

qu
as
i-f
re
e

bo
un
d
st
at
e

If Bp=30MeV and Bp̄=150MeV(ε ∼ 37MeV ):

quasi-free

bound state

Tp(GeV ) Minv (GeV /c2)

1.47 ∼ 1.86
1.62 1.85 ∼ 1.70
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The correlation of knocked-out nucleon and decayed
mesons
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Search for bound state events

cutting conditions

1.6≤ Mmesons
inv ≤1.8

0.25≤ Pmesons
tot ≤1.0
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Mean value of
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knocked-out nucleon

spectrum

∼ 1.53 GeV
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The conclusions of p16O simulation

9×108 p-16O collision events had been simulated

Suppression of the continuous knocked-out nucleon
background by event selection of data analysis

Up to now, no bound state event has been found

The quasi-free scattering reaction cannot been rejected
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Thank You for Your Attention!
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Why no bound states structure observed?

Kinetic energy of knocked-out
proton:

Tp = Ebeam +Bp̄ - Bp

Low beam energy

Strong background

d2σ
dΩdE = C

√
Ee−E/T

6Li protons
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p-16O collision simulation

Events selection
only nucleons and mesons in event

For nucleons:
Only one knocked-out nucleon
Without other scattering except knocked-out reaction

For mesons: pp or pn annihilation
Only pions in final state:
1. Directly to πs
2. To η ρ σ ω η′ φ to πs
Kaons OR Kaons and pions in final state:
1. Directly to Ks (+ πs)
2. To K∗s φ to Ks+πs
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p-nuclear collision simulation with GiBUU

Output data structure from GiBUU

knocked-out proton

particle
ID&charge parents ID position

(x,y,z)
momentum
(px ,py ,pz)
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BUU Equation

Boltzmann-Uehling-Uhlenbeck equation:

(∂t +∇pH · ∇r −∇rH · ∇p)fi (r , p, t) = Icoll [fi , fN , fπ, f∆, · · · ]

H =
√
[M + U(r , p)]2 + p2

This model is based on the BUU equation which describes the
space-time evolution of a many-particle system in a mean-field
potential.
where fi (r,p,t) is the phase space density, H is the relativistic
Hamiltonian of a particle of mass M in a scalar potential U, and
Icoll is the collision term which accounts for changes in the
phase space density due to elastic and inelastic collisions
between the particles, and also due to particle decays into other
hadrons.
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The cross section of p-nuleus interaction:

pp annihilation cross section

pp elastic scattering cross section

σ in mb and plab in GeV/c
if plab=2.25GeV/c, then:
σp̄pann = 40.0mb and σp̄pel = 32.2mb
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The events with Kaons (and pions) in final state

knocked-out reaction

16O (p,p)15
p̄ N 16O (p,n)15

p̄ O

pp or pn annihilation at rest

to
K± K0

K∗ φ
K± K0 (π)
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The p potential calculation

Kinetic energy of knocked-out nucleon
Tp = Tp̄ + Bp̄ - Bp (Fermi Energy: ε ∼ 37MeV )
pp or pn annihilation at rest

Without potential
Minv =

√
E 2
total − P2

total =
√
(M0 +M0)2 − P2

p̄

=
√
(0.938+ 0.938)2 − (0)2 = 1.876[GeV /c2]

With potential(V=-150MeV)
Etotal = E ′total = δEk +M0 +M0 + V

(δEk = −V = 150MeV )

M′inv =
√

E ′2total − P ′2total
=

√
(2M0)2 − (0.551)2 = 1.793[GeV /c2]
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Search for bound state events

The continuous background of
knocked-out nucleons

Quasi-free(QF) scattering VS
bound-state(BS) formation

( σ2

dΩdE )QF/(
σ2

dΩdE )BS ∼ 103
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