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Spallation reactions proceed through three 
successive stages:  
 
jintranuclear cascade stage (INC),  
kpre-equilibrium stage, 
levaporation-fission stage. 

 



Options offered in the MCNPX code 
based on physics packages  

 
 
 

Bertini, ISABEL, INCL4: Intra-nuclear models 
 
Dresner, ABLA: Evaporation-fission models   
 
CEM2k: Cascade-exciton model 

 



Basic Assumption of Nucleus Models  
 
Bertini, ISABEL, CEM2k : Nucleus is a continuous medium. 

The nucleon densities are constant within the certain zones.  
 
Bertini: Nucleus is divided as 3 concentric spheres with 
different densities. Pauli principle ñstrictò. 

 
CEM2k: Nucleus is divided as 7 concentric spheres with 
different densities. 
 
ISABEL: Nucleus is divided as 16 concentric spheres with 

different densities. Pauli principle ñstrictò. 
 
INCL4: Nucleus is a bundle of individual nucleons moving in 
a given potential.  



Options  offer ed in th e MCNPX code based  
 

Investigated  Combinations  
 

Bertini/ABLA 
Bertini/Dresner 
CEM2k 
INCL4/ABLA 
INCL4/Dresner 
ISABEL/ABLA 
ISABEL/Dresner 
 

Bertini / Dresner  is default option recommended 
by MCNPX . 



Scheme of the target-beam pipe system 



Beam particle type: Protons 

Beam energy: 1 GeV 

Beam current: 1 mA 

Beam Power: 1 MeV  

 

Number of source particle histories per 
MCNPX calculation: 2.5x105  



Proton energy spectra in the beam window 



Proton energy spectra in the target 



Neutron energy spectra in the beam window 



Neutron energy spectra in the target 



Radial neutron flux in the target 



Axial neutron flux in the target 



Axial variation of the neutron flux on the 
target side face 



Neutron leakage spectra from the target bottom face 



Neutron leakage spectra from the target top face 



Angular neutron leakage spectra from the 
target top face 



Neutron leakage spectra from the target side face 



Angular neutron leakage spectra from the target 
side face 



Axial variation of the neutron flux in the 
beam window (n/(cm 2.s.mA) 



Neutron Energy deposition in the beam window 



Proton energy deposition in the beam window 



Volume integrated neutron energy deposition 
in the target 



Volume integrated proton energy deposition in the target 



Axial neutron energy deposition in the target 



Radial neutron energy deposition in the target 



Neutron, proton and pion 
multiplicities per incident proton on 

target.  



Differentiated Neutron Leakage out of 
Target for Selected Models [n/(s.mA)]  



Neutron induced proton production in the 
beam window 



Neutron induced deuterium production in 
the beam window 



Neutron induced tritium production in the 
beam window 


