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Summary of the caracteristic simulation 

sequence
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 Upon interaction with a neutron, an atom can be

kicked out of its lattice position if the energy

transferred is superior to the threshold displacement

energy Ed

The IRRAD MODULE: concept of PKA

Fe
The spectrum of primary knock-on atom (PKA) 

represents the distribution of atom displaced

with respect to its kinetic energy transferred

from the neutron. 

Damage energy

Electronic deposited
energy

Nuclear reaction
deposited energy

P. Olsson et al.,  Material Research Letters, 4,219, 

(2016)
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The IRRAD Module
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PKA

neutron spectrum

• input : grouped neutron spectrum

with Emax = 20 MeV  

differential cross-section : 

probability to transfer EPKA to struck atom

the incident neutron of energy En by 

reaction channel k
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Primary radiation damage 

in Materials, Report 

OECD/NEA (2015)
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 Norgett Robinson Torrens displacement per atom (NRT-

DPA) measure the level of irradiation considering

binary collision model including ballistic processes

leading to recombination.[1]

How to measure the irradiation damage ? 

[1] Norgett, M.J., M.T. Robinson and I.M. Torrens (1975), “A proposed method of 

calculating displacement dose rates”, Nucl. Engr. and Design, 33(1):50-54.

Less damage 

due to 

recombination
PKA kinetic energy
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Towards a realistic representation of primary

damage
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Damage produces during irradiation is
significantly lower than the one predicted

by NRT dpa.  

→ Molecular Dynamics calculation

▪ 200 fs: creation of large amount of 

damage corresponding to NRT dpa.

▪ Few ps: Heat spike creating a liquid-

like region of high kinetic energy

followed by recrystallisation → 

athermal recombination fewer

defect

▪ Several s: cascade annealing

perform with Kinetic Monte Carlo to 

account for thermal recombination

of defects: cascade escape.  

6SOTERIA Training School - September 2018 - Polytechnic University of Valencia05/09/2018



The Convolve module
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Rate Theory and CRESCENDO Sub module
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Rate Theory and CRESCENDO Sub module
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Rate Theory and CRESCENDO Sub module



Tuning Rate Theory effective parameters
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Zi

Behaviour for  Zi ↓ :
Zi ↓     abs of mI by I-clust ↓  Ci ↑  abs of mV by I-clust ↑  C(nV) ↓for all n  

(4πRDCiC(nV) ↑ )                                    
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Tuning Rate Theory effective parameters

Em

Behaviour for  Em ↓ :
Em ↓     abs of V by V-clust ↓  n ↑ and C(nV) ↓  
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Obtain Critically Resolved Shear Stress (CRSS) 

from microstructural data

Orowan Bacon model for 

impenetrable obstacles accounting

for dipole interaction between

bending dislocation lines.

D: diameter of obstacle. 

C: concentration of obstacle.

l  is defined as  1/√(DC) 

G. Adjanor, et al., Journal of Nuclear Materials,406, 175 (2010)

𝜏𝑡𝑜𝑡𝑎𝑙 = 𝜏𝑂𝐵,𝑖
2

i running over all interstitial and vacancy

clusters

G. Adjanor, et al., Journal of Nuclear Materials,406, 175 (2010)
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