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Remarkable difference between irradiation facilities (irradiation fields) 
is defect production by atomic displacement.

Damage rate P（dpa/s）, helium gas production rate（appm He/s）
Temperature, sink strengths, ・・・

dpa: displacement per atom
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Performance of facilities

Neutron energy spectrum  PKA energy spectrum

※PKA: Primary Knock‐on Atom 
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Microstructural change （Rate theory model）
      dEdEE

dE

EEd
Eφsdpa pp

p

p 


  
 ,

/
0

E

E

max,ｐ

ｄ

incident particle flux

differential  scattering cross-section

displacement functions

How to predict radiation damage in fusion environment (2/3)   

Model of defect cluster formation
Growth or shrinkage are determined by the net flux of point defects.
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Influx of point defects into a cluster

Growth rate
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Migration energy of 
a point defect 

Binding energy of a 
point defect to a cluster  

Outflux of point defects from a cluster
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優勢 Input parameters:

Defect energies ← MD calculations
Defect concentrations ← RT analysis
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Statistical fluctuation is 
needed for nucleation. 

Nucleation model based on Monte-Carlo technique is developed. 

Void nucleation simulation: Kinetic Monte-Carlo（KMC） technique

KMC
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ボイド核生成の
潜伏期間

Material：W
Temperature：900（K）

Damage rate：10‐6(dpa/s)
Sink strength

SIA：106（m‐2）
Vacancy：0.78×106（m‐2）

Incubation period of 
void nucleation
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Material：W
Damage rate：103(dpa/s)

Sink strength

SIA：106（m‐2）
Vacancy：0.78×106（m‐2）
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 Temperature, T (K)
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Normalized nucleation rate: 
nucleation rate divided by damage rate

Nucleation rate: 
# of voids produced per second 

Void nucleation has a peak temperature. 

V V I I
V eq

V V

D C D C
S

D C


 V V I I

V eq
V V

D C D C
S

D C




Damage rate dependence is important for void formation.

Damage rate & temperature dependence of void nucleation

All curvatures should be completely 
matched without damage rate.
With increasing damage rate, peaks

shift to high temperature side.

KMC

Mobility of 
Vacancies is low

Thermal stability 
of voids is low

10-3 dpa/s 


