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Introduction of spallation reaction mechanism

Physics Models
Intra-nuclear cascade model

Pre-equilibrium (exciton model)
Evaporation (Generalized Evaporation Model)

Fission model (Fong’s Model)

Realization of the physics models in real problem
Define Geometry Ionization loss 

Tracing  till stop/exit 



Intra-Nuclear Cascade model

What are the inputs we have?

Projectile:                                Charge, mass, energy/momentum
Target:                               Charge, mass, nucleon density distribution

Density Distribution

Wood-Saxon potential

ρ(r)

-V(r)
r

Each nucleon is 
assigned 

position & 
momentum

Using Random 
Numbers



Intra-Nuclear Cascade model

Quasi free scattering
dλ=de-Broglie wavelength

d=distance between two nucleon
L=mean free path inside nucleus

Drawback of this theory
It is not self consistent theory

It is based on experimental knowledge

Reactions

Angular distribution
Cross-
section



Pre-equilibrium model (Exciton model)
Cut off energy (7 MeV) is the criteria to close INC

n, p, d, t, 3He, and  4He emission
Probability of emission is calculated as given below

0 1

1

p=particle, h=hole, n=p+h is exciton
number, s=spin, 
σinv=cross-section, E=excitation 
energy, B=binding energy

Normalize p, d, t, 3He, and  4He emission probability to 1
Generate random number 

Select the probable one 



Evaporation model

How do we reach equilibrium



CASCADE.04 general scheme

Thin 
target

Thick 
target

Out
put

Input

Low energy neutron Library

Ionization loss and 

Nuclear mean free path

Low energy neutron transport

Intra-Nuclear Cascade 
(INC)

Preequilibrium

Evaporation

Fission, if Z>65

Evaporation from fission 
fragments

Fermi break-up 
Coalescence model Activity build-up
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productionThick target simulation



Spallation Evaporation and Fission Residues

Trieste, 4-8 February 2008
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Different 
Isotopes
From 
p(1GeV)+Pb208 
system



Cross-
section
For 
p+208Pb





Different 
Isotopes
From 
p(1GeV)+Fe56 
system



Double
Differential 
Neutron 
Production
Cross-
section
For p+Pb208
system



Alpha radio-activity in LBE due to Rare earth and 210Po

Cylindrical target 
R=20cm, L=100cm



Thick target simulation 
Pre-defined geometries:

Spherical, cylindrical, conical, hexagonal, 
elliptical, hemi-sphere, hemi-elliptical, cubic ..

Low energy data library
26-group data library

ENDFVII.0 is implemented for Pb208 more to be 
done

Ionization/Stopping power calculation is 
implemented up to 100GeV

Coupled with burnup code ☺



Thick target simulation Results
Heat deposition due to primary and secondaries

Neutron yield,  Angular /energy spectra, spatial 
and radial flux distribution

Isotope buildup

Burnup, keff?

Biasing: 
Weight cutoff, energy cuttoff, geometry splitting 

and exponential method  


