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MotivationMotivation

• Photon production data for Ge
requested by MCNP community and Ge
detector users.
• Important for MCNP simulations of detector 

systems using Germanium in presence of 
neutrons

• Important for broad range of applications 
including Homeland Security
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Current StatusCurrent Status

• No photon data in major data 
libraries
• ENDF/B-VI: evaluated in 1974, no photon 

data, obsolete
• JEFF-3.0: taken from ENDF (see above) 

JENDL-3: evaluated in 1994, no photon 
data

• Recent evaluation by Koning, photon 
data included, proposed for JEFF-3.1



Brookhaven Science Associates
U.S. Department of Energy

Present workPresent work

• Entirely new evaluation 
• 5 Ge isotopes:

• 70,72,73,74Ge stable,
• 76Ge  long-lived  

• from thermal energy up to 20 MeV
• focus on photon production
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Resonance RegionResonance Region

• All new 
experimental data 
taken into account

• Multi-level Breit-
Wigner

• Energies:
• Thermal
• Resolved resonance 

region
(up to 42, 40, 0.9, 65, 
49 keV for Ge-
70,72,73,74,76)

• Unresolved 
resonance region  (up 
to 1st excited level)
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Fast Neutron RegionFast Neutron Region

EMPIRE-2.19

Level Density
Gilbert-Cameron type 
Energy dependent a of Ignatyuk
Ilinov systematics 

OMP
Wilmore-Hodgson adjusted 
to Ge-0 (n,total)

Gamma strength function
MLO1: Modified Lorentzian model

Discrete Level
ENSDF     RIPL-2

Direct reactions
DWBA 
β’s from (p,p’)

Preequilibrium reactions

Compound reactions
Statistical model 
(HRTW width fluctuation correction)

n: MSD+MSC
p+g: Exciton model with spin
α: Exciton model (Iwamoto-Harada)

Several 
improvements for 
photon 
production 

Complete 
photon 
production 
formatting 
Suite of γ-
ray 
strength 
functions 
from RIPL-
2 
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Comparison with experimental data Comparison with experimental data 

Natural Ge
(sum of isotopic evaluations)

Corrected for multiple 
scattering

Not corrected  for 
multiple scattering

Neutron spectrum

Total
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Comparison with experimental data Comparison with experimental data 

Ge isotopes

70Ge(n,2n)

74Ge(n,γ)
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Photon productionPhoton production

Validation against 
experimental data 
on natFe

Photon production 
spectra on natGe

En= 3.245 
MeV
θ= 125 deg


