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Problem description

• Activation of concrete exposed to Ion(Fe,xn) 
field

• E>100MeV/a

• Activation analysis

– (n,γ) reaction

– Various sources (p, C, Si)

• Exp/FLUKA Comparison 

≒ 20%~30%
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Setup

Heavy ion beam

Activation sample
Al, Bi (> 20MeV)
Au, Cd-Au, In: 
(< 20MeV)

90cm

Ordinary concrete
(2.27g/cm3)

50

Target(Fe)
6.85cm (> Range)

230MeV   : p
400MeV/u: C
800MeV/u: Si
Independent 3 cases

FLUKA RQMD (A-A)

PEANUT

h-A, A-A interaction

USRBDX -> Score 
neutron fluence
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FLUKA setup

Heavy ion beam

90cm

50

USRBDX 
Fluence scoring
One way scoring

Link RQMD
$FLUPRO/flutil/ldpmqmd –o flukadpm3 –m fluka

PHYSICS options

Physics Evaporation the latest model
Physics Coalescence
→ For better estimate of the source term
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Detector Region

260 Groups (~20MeV)
30 Groups (20M~3GeV)

Biasing
Factor √3 by 15cm

Evaluated X-section

||

Activation



FLUKA setup(continued)
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Discard : μ, π (<0.1%)
e+, e-, γ (<1%)

Due to low contribution to reactions

Joint calculation: 
Not so effective

Mgdraw.f Source.f

External file

Cylinder approximation

<270 times faster
-> Good for preliminary 

calculations

Effect < Statistical uncertainty
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Result p 230MeV source
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Au(n,γ) Al(n,X)Na-24
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Result C 400MeV/u source
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Result Si 800MeV/u source
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Result Si 800MeV/u source (Continued)
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-> Low energy

component
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Results summary
• Direction

– 0 : Code dependent. 

– 45 : Code independent. More accurate

• (n,γ) reaction

– Agreement 20% (neither code nor source dependent)

• (n,sp) reaction

– PHITS: systematic underestimation

– FLUKA: discrepancy <30%

• Depth profile : O.K. (except for forward)

230 p 400 C 800 Si

Al(n,X)24Na PHITS FLUKA FLUKA

(n,γ) PHITS EVEN FLUKA

Contribution of evaporation

Knock-on neutrons
Proton contribution?

Total neutron flux estimation is good

Transport is O.K.



For further discussion
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A-A reactions below 100MeV/u
(Some neutrons produced)
→ BME model

Na-24

Al(n,X)Na-24 detector

Missing neutron yield

Contamination by fragment

Transverse shielding

Evaporation
Pre-equilibrium

dominant

Activation in target

A-A reaction products
Available data limited



For further discussion
~Transverse shielding~
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Activation sample
Al, Bi (> 20MeV)
Au, Cd-Au, In: 
(< 20MeV)

Ordinary concrete
(2.27g/cc)

50

Target(Fe)
6.85cm (> Range)

400MeV/u: C ion beam

RQMD2.4(ion)            

interaction

USRBDX -> Score 
neutron fluence

Blackbody

Low importance

High importance

Inverse importance sampling



For further discussion
~Transverse shielding~
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Au(n,γ)

• Spallation detectors 
are under analysis

• Different attenuation 
coefficient

– Higher edge of 
neutron spectrum



For further discussion
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A-A reactions below 100MeV/u
(Some neutrons produced)
→ BME model

Na-24

Al(n,X)Na-24 detector

Missing neutron yield

Contamination by fragment

Transverse shielding

Evaporation
Pre-equilibrium

dominant

Activation in target

A-A reaction products
Available data limited


