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The Monte Carlo Roadmap
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Selected topics of hadronic physics 
modeling
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Initial notes
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The basic process is soft
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The intra-nuclear cascade part
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The pre-equilibrium part
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The evaporation part
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Evaporation
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The phases of a reaction

n ' 
" ���	�� ����
	�

n �	���� 	�� � ����� ���

n ��� � � < ��� �% ��� �� � �� �

n - � �� 
����
	

* A 
�� ���	��� � 	��� � ��� 8 �� � � � ��� ����� 
�� �
	� ��� ��
�� ����� � �� �� � � < ��� �% ��� �� � �� � ��� �	
��	� � � � ��� � �
( � � � � �
	� �� �
	� �� � �  �	
��" �� � � �9 �� ��" �� ���	��� � �
�� � � �



J.P. Wellisch, 
CERN/PH

Theoretical approaches towards 
modeling the various phases: examples
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Dual parton or quark gluon string 
model – hadron hadron scattering
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Multiple Pomeron 
exchange
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n-pomeron exchange contributions to charged 
multiplicities (Ter-Martirosyan, PLB44, 377, 1973).
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N-Pomeron exchange probabilities
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From n-Pomeron exchange 
probabilities to hadrons

n � �� � 	��� � �& 	
� � � �� � �
" ��� � �	� �
 � �
	
� . � �	� � �� �
% �% �� ���� � 8 ��	���� � �" ��
��� ���
	�

" ��� � � � ��	��� � ��
� � � � � ��
	� 8 �� � ��	��� " �	� �
�� � ��
� � � � � ��
	�" 
��	� �
 � �
	 � . � �	� � 8 �
�	��� � 	� ��� � �	� % � ��
" �� ���	� � ��	���� ���
	�
� ���
	�
� � �� �
	�

n : � ���� � �	� � ���	�������
	��� ��� � � 
 � 	��
����� ��% � ��� � ��	��� ����� �� ���
	� 8 ��	���� � �
� ���
	�� ���
	� � � �	��  �" 
���� � �� ���	� � �

.),(
0

∞

=
=

n

h
nn

h

ys
dy

d ϕσσ



J.P. Wellisch, 
CERN/PH

Parton densities and fragmentation 
functions
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Parton densities and hadronization
functions
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Parton densities are motivated from 
Regge theory
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Hadronization functions
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Hadron nucleus collisions
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Quark gluon string model in geant4

n ( � � ��� � 
����  
n � �) � �� � 	� �
	�� �	�� � ��� 
�� � ��� �% ��� ����

n ����� �
� � �� � � ���	�
�$ ��� � 	� �
	�

n ( � � �� � ���� ��� � �� ���� ��� �� ��� �

n � ���
	� 	�� � 
	�
� � �� �
	�� �
% �% �� ���� � ��� �� ��� ��
% �� � ��
	��� � �< ��� �� � �& 
	��  
�� � 8 ��� �	� �� ��� � ��	�
�� 	� ��� ���� ���% ���
	� �" 
��� ���
	� ��	��	�� � 
	� �

n ' � � � �	� �
" ��� � �	� % � ��
" �� 
 � �
	� �� . � �	� � ��
�	�� �� �
� � �� �
	�

n ' ���	� �" 
� ���
	�" �
 �� ���� �
" �� ���
	� �	��
� ���
	�� ���
	�



J.P. Wellisch, 
CERN/PH

The nuclear model
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The nuclear model, cont.
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Collision criterion
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Diffraction
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String formation
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QGS model for  π, Ν, and K induced 
reactions
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Pion and proton scattering
QGS Model
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K+, scattering off Au 
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Intra-nuclear transport
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Cascade type models
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Some history of the intra-nuclear cascade
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Canonical components of an intra-
nuclear cascade
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The nuclear model
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Cross-sections and Pauli principle
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Example plots – Iron 7.5 degrees 
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Example plots – Iron 30 degrees
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Example plots – Iron 60 degrees
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Example plots – Iron 150 degrees
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Binary cascading
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The nuclear model
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The nuclear density
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Nuclear densities: Ex. 4He, 10B, 28Si, and 63Cu
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The transport algorithm
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The imaginary part of the G-matrix 
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Why binary cascade?

n ( � � �	� � �% �	��� ��� ��� �
 � � �" �
 ��� � �
" ����� ���
	� � �% �	��� �
� � �� �
	� �2 �	���� �� 5 �
��� �
	� ��� �� �8 �� �& �

n A 
�" ���� � ���� ���� � �
	��� � � ��� �  ���� 8 �% ���
�� � �	�� � 
	��	���� � ����� � 
	�	� � ���& � 	��	�
�

	� ��� ����
	���� ��� � � �
n ∆1232, ∆1600, ∆1620, ∆1700, ∆1900, ∆1905, ∆1910, ∆1920, ∆1930, ∆1950

n Ν1400, Ν1520, Ν1535, Ν1650, Ν1675, Ν1680, Ν1700, Ν1710, Ν1720, Ν1900, Ν1990, 
Ν2090, Ν2190, Ν2220, Ν2250

1775
0*

21901232 Σ→∆→ − pKorNpp



J.P. Wellisch, 
CERN/PH

Channel cross-sections
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Resonance production in the t-channel

n ( � � ��
� � � � � ��
	�" 
���� � 
	�	� �" 
� ���
	��	��� � ���
� �		� � �� �� �� ��� � �� ��� � ��% �� � ��
	�� . � � �� � 	��� �
����� �( � � �� ��� � ���� ���
	��� � 
��� ��� ��" �
 ��� � �" 
� �

" ��� � �∆�$ ) $ ��
� � � � � ��
	�

n ' �	� � � ��	���
�% � � ��� � 
	�	� �� . �����
	��	�	�� � 
	�
	�� � 
	�� ���� ��	� ���� ���& � 	��	�
��� � � 
�� �

AB

s

s

ss

ss AB

ab

ABABABpp

γ
β

β
βασ

+
+−

−
=→

0
22

0

0

)(
2



J.P. Wellisch, 
CERN/PH

Predicting the Delta++ production cross-
section in pp scattering by binary casacde

J.P.Wellisch
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Non pp induced t-channel cross-
sections
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Nucleon nucleon elastic scattering 
final states
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Angular distributions for resonance 
re-scattering in the t-channel
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Binary cascade
prediction

Sample the 
Impact parameter  over
A large area.
Make the ratio of ‘hits’ 
To trials, times the area 
sampled
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Forward scattering in proton 
scattering (256 MeV)
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Scattering off lead at various angles 
and energies
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Pion production at ~600MeV on 
various targets
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Tomorrow
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