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Neutron data standards (NDS) project
 No-model evaluations based purely on experimental data of well 

measurable cross sections
 Main purpose: Conversion of relative to absolute cross sections
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Technical preparatory work

 2020: Capote et al: Unrecognized sources of uncertainty in experimental nuclear 
data (Nuclear Data Sheets 163) 

 2020: Neudecker et al: Revision of PU9(n,f) cross sections based on uncertainty 
templates (Nuclear Data Sheets 163)

 2022: Neudecker et al: Inclusion of relative U5(n,f) and PU9(n,f) TPC 
measurements from NIFFTE collaboration in GMA database (LA-UR-21-24093; 
TRN: US2216234)

 2023: Capote et al: Evaluation of experimental spectrum averaged cross sections 
(SACS) in 252Cf(sf) neutron field (EPJ WoC 281)

 2024: Duran et al: Investigating new integral references for fission cross sections 
in actinides above 1 MeV (EPJ WoC 294) 

 2020 – ongoing: Schnabel: Modernization of GMA database, evaluation code 
and statistical algorithms
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Experimental work

[1] A. Carlson, R. Capote et al, “Database work for the new cross section standards 
evaluation,” EPJ Web of Conf. 284 (2023)

Author Institution Energy Quantity
Jiang et al CSNS 6 MeV – 52 MeV H(n,n)

Kornilov et al OUAL 14.9 MeV H(n,n) DA

Bai et al CSNS 1 eV – 3 MeV 6Li(n,t) 

Anastasiou et al NIFFTE TPC 0.1 – 3 MeV U5(n,f)/6Li(n,t)

Jiang et al CSNS 1 eV – 2.5 MeV 10B(n,a)/7,6Li(n,t)

Massey et al LANSCE WNR 2 MeV – 20 MeV 10B(n, px/tx/ax)

Danon et al RPI 150 keV – 400 keV C(n,n)

Vanhoy Univ. Kentucky C(n,n)

Pirovano et al n_TOF 20 MeV – 200 MeV U5(n,f)

Manna et al n_TOF 200 MeV – 500 MeV U5(n,f)

Chen et al CSNS 10 MeV – 60 MeV U5(n,f), U8(n,f)

Wen et al CSNS 1 MeV – 20 MeV U8(n, f) / U5(n,f)

Casperson et al NIFFTE/LANSCE Up to 30 MeV U8(n, f) / U5(n,f)

Snyder et al NIFFTE/LANSCE 100 keV – 100 MeV PU9(n,f) / U5(n,f)

Recent experimental campaigns considered in the standards project have been summarized 
by A. Carlson et al in [1]:
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Experimental work

From D. Neudecker et al, Including 238U(n,f)/235U(n,f) and 239Pu(n,f)/235U(n,f) 
NIFFTE fission TPC Cross-Sections into the Neutron Data Standards Database, 
Tech. Report, LA-UR-21-24093 (2022)



7

Application of UQ templates

Nuclear Data Sheets 163 (2020), 228-248
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Excerpt from (n,f) templates

From D. Neudecker et al, Nuclear Data Sheets 163 (2020), 228-248
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GMA Code

INDC(USA)-85 (March 1981)

https://github.com/iaea-nds/gmap-fortran

https://nds.iaea.org/standards/Reports/extract-from-indc-usa-85.pdf
https://github.com/iaea-nds/gmap-fortran
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Estimation problem

451 experimental datasets
7218 data points in total

+
Information on uncertainties

and correlations

Cross sections
on mesh

33 reactions
963 variables

Estimate
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Links between quantities
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Assumptions in Neutron Data 
Standards project (so far)

Multivariate normal prior

Multivariate normal likelihood

Linear model
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Generalized Least Squares equations

Multivariate normal posterior

with analytic equations for center vector and covariance matrix
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Code Modernization

Read
Compute
Output

GMAP (Fortran)

gmapy (Python)
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Update with ratio of SACS data

from R. Capote et al, EPJ-WoC 281, 00027 (2023)
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Automatic Differentiation
(Example: ratio of SACS)

PU9(n,f)
xs

U5(n,f)
xs

Cf-252(s.f.) 
neutron spectrum

LinInt

LinInt

LinInt

Product

LinInt

Product

Integral

Integral

Division SACS 
ratio
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Some results based on database with 
SACS update

from R. Capote et al, EPJ-WoC 281, 00027 (2023)
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Treatment of “unknown unknowns”
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Definition of energy dependent USU
(in a nutshell)

energy

xs

usu error
(relative)

Per energy USU uncertainty can be estimated 
by considering ensembles of USU errors 

associated with different datasets
(implicitly done by Bayesian formulas)

ensemble
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Refined Bayesian modeling

Remove the assumption that experimental covariance matrix is perfectly known

Improper uniform prior [0, inf] on ui
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Computational Graph

+

log posterior pdf

+
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Beyond optimization

Metropolis-Hastings to sample from posterior distribution



23

Hamiltonian Monte Carlo

● Specific instance of Metropolis-Hastings algorithm
● Augment “phase space” (cross section vectors) with momentum 

variables
● MH Proposal step: Simulate Hamiltonian dynamics with potential 

given by logarithmized posterior pdf
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Example U5(n,f)
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Example Pu9(n,f)
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Conclusions

● New experimental data added but more work needs to be done
● Application of UQ templates
● Modernization of code (new observable types, MCMC 

methodology)
● Rigorous treatment of energy-dependent USU uncertainties
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