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Introduction

• Nuclear data evaluation involves predicting, for 
e.g., neutron cross section at an energy, E. 

• Let’s assume we have three models: 

• Model 1: A theoretical model that works well at 
lower energies but is less accurate at high energies.

• Model 2: A model that performs well at high 
energies but is less reliable at lower energies.

• Model 3: A hybrid model that combines elements 
of both, but with higher uncertainty.
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Using Global weights 
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Good models 

Poor models 

• Using global weights for models is akin to model  selection. 
• No experiment uncertainties  

Best model

• Let’s assume the 
following weights for each 
model:

• Model 1: 0.5;

•  Model 2: 0.3; 

• Model 3: 0.2 

• weighted average: 

avg 1 2 3
σ =0.5σ +0.3σ +0.2σ

Doubled 
frequency 
sine waveQuadratic model Data used here is synthetic 

data
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Without experimental uncertainties 

With experimental uncertainties 

Applying local weights 

• Introduce experimental uncertainties
• local weights  (weights as a function of x) 

Kinks can be 
observed in the 

BMA plot
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Smoothened curve

• Weights based on the likelihood function 



Averaging using 
equal weights

• We can assume that the 
evaluations from ENDF/B-
VIII.0; TENDL-2021 and 
JENDL-5.0 are individual 
models. 

•  We assume again that all 
have equal weights, we 
can take an arithmetic 
average over the 
considered energy region. 
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No experimental data are not available, we can average over 
the libraries OR over models. 

We can build an entire nuclear data library based on the already 
existing nuclear data library.  



Graphical illustration of BMA: applied to level 
density models in TALYS 

Model space, M - 6 level density (ld) models
Parameter space, θ  –  all TALYS parameters;
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Prior distributions of parameters 

➢ Example: prior 
distributions of two 
optical model parameters. 
rvadjust – radius of the 
real central potential and 
v1adjust – is an adjustable 
parameter used in the 
computation of the depth 
of the real central 
potential.  

➢ The parameter 
uncertainties were taken 
from TENDL and then 
multiplied by a factor of 5.
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Prior distributions of models
• Example: prior 

distributions for 8 
gamma ray strength  
functions and 6 level 
density models

• Uniform prior 
• Each model is 

assigned a unique 
identifier before 
sampling 

• About 100 unique 
model combinations 
generated  in total

Total of 21 model types considered 
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Comparing with ENDF/B-VIII.0

BMA applied to n+Pb208 in the fast region

5000 random ENDF files produced.



• Generally, the 
uncertainties for the 
neutron induced cross 
sections were narrow. 
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Comparing with ENDF/B-VIII.0

5000 random ENDF files produced.
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BMA applied to n+Pb208 in the fast region
Comparing with ENDF/B-VIII.0

5000 random ENDF files produced.
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BMA applied to p+Ni58 in the fast region

Uncertainty = +/- 1 sigma
9000 random ENDF files produced.



BMA with experiments   
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•  Elastic angular distributions (p+Ni58) 

• A smooth function was applied to smoothen the posterior mean curve 
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Extracting model and parameter uncertainties  
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• Assuming no correlations between the 
different model vectors and the 
parameters,
• ➔ the total variance at energy i for channel 

c can be given (similar to the TMC method) 
as: 

𝑉𝑡𝑜𝑡
𝑐𝑖 =  𝑉𝑚𝑜𝑑

𝑐𝑖 + 𝑉𝑝𝑎𝑟
𝑐𝑖

Model and parameter uncertainties for 58Ni(p,np) 

Total variance 

Model variance at 
energy i 

Parameter variance 

𝑈𝑚𝑜𝑑
𝑐𝑖 = 𝑉𝑡𝑜𝑡

𝑐𝑖 − 𝑉𝑝𝑎𝑟
𝑐𝑖

Model 
uncertainty
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Conclusion
• Bayesian Model Averaging (BMA) together with smooth functions can produce fits in 

good agreement with experimental data for both neutron and proton induced 
reactions

• An entire evaluation can be produced including prior and posterior covariances and 
correlations

• An entire nuclear data library can be produced from averaging over all the existing 
nuclear data libraries. 

• As spin-off, model uncertainties at each incident energy can be extracted.

• This can be extended to criticality systems in a Total-Total Monte Carlo way

• Downside of the method is that it is computationally expensive and also, 
experimental data used must be chosen carefully. 

• Explore the use of energy dependent parameters in BMA of nuclear data
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