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Improved validation is needed for elastic and inelastic scattering reactions 

• There is little sensitivity in our 
current benchmarks to:

– Elastic/inelastic ratio

– Inelastic gammas

• Inelastic scattering to discrete 
states provides important 
information for

– Nuclear energy (neutron 
slowing down)

– Nuclear physics (optical 
models, level densities, 
gamma strength functions)

– Evaluations (consistency 
between reactions)
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A campaign of consistent measurements of inelastic scattering gammas was performed 
at the Baghdad Reactor in the 1970s, and the results were compiled into one report
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The data are gamma cross sections integrated over the reactor 

spectrum, and are presented in ratio to the 847 keV gamma in 56Fe
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The ATLAS data has been digitized, verified, and turned into a SQL 
database 
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More information and access at 

https://nucleardata.berkeley.edu/
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The flux shape is a large source of uncertainty in the modeling, and the 
available information is not specific enough 
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• The flux was measured using threshold reactions and fit to an 

exponential

– No data points were shown, and there was no uncertainty given on 

the fit parameter 0.72

Ahmed, M. R., et. al., NIM 117(1974)
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• The flux was measured using threshold reactions and fit to an 

exponential

– No data points were shown, and there was no uncertainty given on 

the fit parameter 0.72

• The flux was therefore re-fit using GELINA measurements of 
56Fe and 47,48,49Ti

– 56Fe : A. Negret, et. al., Cross-section measurements for the      
56Fe(n, xnγ) reactions, Phys. Rev. C 90 (2014) 1–15. 

– Ti: A. Olacel, et. al., Neutron inelastic scattering measurements on 

the stable isotopes of titanium, Phys. Rev. C. 96 (2017) 1–12. 
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The differential data was integrated over the spectrum functions
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σ847
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Maxwell-Boltzmann

χ2
DF = 1.38

Pure Exponential

χ2
DF = 1.34

An exponential flux shape provided the best fit to the ATLAS ratios 
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With the flux shape determined, this database can be used as a benchmark to 
check ENDF evaluations of inelastic scattering gammas
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The first step is to check 56Fe, as validation of this method
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• Differences relative to the dominant 

gamma in the nucleus give insight 

into the gamma cross sections within 

the inelastic channel

• Absolute differences give insight into 

the elastic/inelastic ratio as well

• For 56Fe, these give the same 

information because the dominant 

gamma is the Atlas normalization
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Conclusions
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• The final flux shape is an exponential, with k = 0.546 ± 0.004

• This large, consistent database will allow for large-scale, consistent benchmarking of the 

evaluated inelastic scattering gammas in ENDF

• Many isotopes without sufficient differential data are in the ATLAS

• This can help quantify uncertainties on those evaluations
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