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• The objectives of this task were to 

1. develop an evaluation method that takes into 

account potential model defects1

2. produce an ENDF demonstration file for neutron-

induced cross sections on Fe-56. 

• Both these goals were met. 

2018 achievements: Evaluation of neutron cross 

section data in the fast energy range

1Helgesson, P., Sjöstrand, H., 2018. Treating model defects by fitting 

smoothly varying model parameters: Energy dependence in nuclear data 

evaluation. Annals of Nuclear Energy 120, 35–47. 3



Develop an evaluation method that 

takes into account potential model 

defects

• The use of a iterative fitting algorithm: the Levenberg-

Marquardt algorithm. 

– Avoids some of the problems with MC, GGLS or 

steepest descent. 

• Treatment of inconsistent data 

– rule base approach and Maximum Likelihood 

Optimization

• Energy-dependent model parameters using GP in the 

parameter domain. 

– A subset of TALYS parameters were allowed to be 

energy-dependent. 
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Using marginal likelihood 

optimization (MLO)

• Treat unrecognized systematic uncertainties in a systematic 

way. 

• Ad an extra uncertainty component to the experiments.

• σextra found by  maxzimizing1 L: 
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To favor small extra 
uncertainties. I.e., we 
believe what the 
experimentalists 
report.  

Agreement 
between GLS-value 
and original 
experiments1G. Schnabel, Fitting and Analysis Technique for 

Inconsistent Nuclear Data, Proc. of MC2017, 2017
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Toy example and L- function
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Fe 56 (n,el)
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Energy-dependent model parameters

GP in the parameter domain

Normal treatment of model defect: 

Now: Energy-dependent parameters1 around ‘global’ parameters β:

𝑦𝑗 = 𝑓 𝐸𝑗 ; 𝛽 + 휀 + 휀𝑚 ; 휀𝑚 ∼ 𝐺𝑃

𝑦𝑗 = 𝑓 𝐸𝑗 ; 𝛃 + 𝛅(𝐸𝑗) + 휀 ; 𝛿𝑖,𝑝𝑟𝑖𝑜𝑟(𝐸) ∼ 𝐺𝑃 0, 𝜅 𝐸, 𝐸′; 𝜎, 𝜆

• σ and λ are determined 
by Marginal Likelihood 
Optimization

• At each E: 

– Consistent physics

– Meaningful 
parameters

1P. Helgesson and H. Sjöstrand, Treating model defects by fitting smoothly varying parameters: energy-
dependent model parameters in nuclear data evaluation
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Produce an ENDF demonstration file for 

neutron-induced cross sections on Fe-56. 

• The LM algorithm produced a multivariate 
normal posterior TALYS-parameter 
distribution.

• A sample was drawn from this multivariate 
distribution (1000) and TALYS calculations 
were performed.

• These calculations were fed to a modified 
version of the TASMAN code to produce 
the required input files for TEFAL to finally 
produce the ENDF file including 
covariance matrices in MF33. 

• The ENDF was checked with CHECKR, 
FIZCON, and PSYCHE. The output 
confirm the structural correctness and 
physically consistency of the produced 
ENDF file (Except for two errors thrown by 
CHECKR for MF2, which is same error for 
the Fe56 evaluation in ENDFB.8.0).
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Result

• Kinks are observable 

in around 2 MeV 

which are probably 

connected to the fact 

that only experimental 

data above 2 MeV 

have been included. 
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Conclusion and outlook

• The method applied to the fast energy range for 56Fe 

• Model defects can be treated partly-successfully using 

Gaussian processes in the parameter domain.

– the extended flexibility may still not be enough to 

bring the model into good agreement with the data

• Important to treat inconsistent data. 

– Also inconsistencies between channels. 
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2019 pre-view: Evaluation methods 

addressing model defects and data 

inconsistency
The objective of the task for 2019

• Update/extend the evaluation method for fast neutron 
cross-sections by addressing model defects and data 
inconsistencies. 

Activity for 2018

The model defect treatment, elaborated on the example of 
n+Fe-56 neutron cross-section data, will be interfaced with 
the TENDL framework with the goal to enable a full cross-
section data evaluation including uncertainties and model 
defects, and taking into account the treatment of 
inconsistent data as well.  This work is performed in 
collaboration with PSI/EPFL (Task WPPMI-7.4-T003).
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Specifics

• Provide a first set of randomfiles to PSI for integral testing. 

• Improvements on how to handle inconsistent data. 

– Between channels. Data is dominant in one channel. 

Normalizations using new standards, monitor reactions. 

• Also include model-defects on the cross-section and angular 

distribution domain. 

– For cross-section domain, the model defect will no be used 

to alter the cross-sections, but only to add an extra 

uncertainty. Similar to BMC in todays TENDL.  

• Possibly, improved parameter fitting. 

• Share software package with PSI in Docker-container for 

easier interfacing to TENDL. 
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Summar

The project 2018 and 2019 contains four key aspects

• Improved parameter fitting: LM. 

• Treatment of experimental data. 

• Treatment of model defects 

• Code integration/interfacing.   

All these aspects where tested 2018, under improvement 

2019 to lead to real evaluations 2020. 
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