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Summary
• Me, and why nuclear data evaluation
• TENDL: Main goal 

• Subjects discussed in this presentation
• What is an automatized evaluation: the TENDL library

• Differences between the computer driven and human approach.

• Nuclear models, tools and codes used in an automatized evaluation 

• Evaluation of the resolved resonance region (RRR) and the continuum.

• Quality assessment of an evaluation. 

• Comparison with the differential and integral data.

• Uncertainties for application, user’s aspect

• All slides are available here: https://tendl.web.psi.ch/bib_rochman/presentation2.html

https://tendl.web.psi.ch/bib_rochman/presentation2.html
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Me, at the Laboratory for Reactor Physics and 
Thermal-Hydraulics, PSI 

• 48 years old, married, two kids, one dog

• Our partners: 
- Regulator ENSI
- Power plant consortium: SwissNuclear
- Radioactive Waste Management Agency: NAGRA
- EU projects, Swiss National Foundation
- EUROfusion
- And international partners

• My involvement:
- Core licensing analyses for PWRs for new cycles
- Spent Nuclear Fuel assessment (source term, radiations…)
- Nuclear data (evaluation)
- Uncertainty assessment
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Why evaluation: the recent case of 88Zr(n,γ)
• The thermal 88Zr(n,γ) cross section was recently measured at Livermore, see Nature 

(2019).
• Its value is 861 000 barns ± 8 %
• The last time such a large cross section was “discovered” was in the 1940s.
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Why evaluation : the recent case of 88Zr(n,γ)
• The thermal 88Zr(n,γ) cross section was recently measured at Livermore, see Nature 

(2019).
• Its value is 861 000 barns ± 8 %
• The last time such a large cross section was “discovered” was in the 1940s.

• Before the measurement, the prediction from the “nuclear data libraries” was

Current 
Modelling

=
No predictive 

power
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Main goal: the TENDL project 

• TENDL: TALYS evaluated nuclear data library,

• Goal: improve simulations for TENDL and/or other libraries, or solving 

0 ≤ χ! ≤ 1

• Available at https://tendl.web.psi.ch/home.html

• Comes from T6 (software package)

• T6 leads to TENDL, TMC, BMC, HFR…

• See for instance NDS 155 (2019) 1

https://tendl.web.psi.ch/home.html
https://www.sciencedirect.com/science/article/pii/S0090375217300017https:/www.sciencedirect.com/science/article/pii/S0090375217300017
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Automatized evaluation: TENDL 
• TENDL is in fact a by-product of a series of codes,

• This is one fundamental difference with other libraries (no manual work),

• It allows to perform „TMC“ for Total Monte Carlo (uncertainty propagation)

• Methods: reproductibility & completeness, development of a portable system, 
and making use of the knowledge included in other libraries (JEFF, ENDF/B, 
JENDL),

• Background: theoretical calculations (TALYS) with experimental inputs, with 
original resonance evaluations, 

• Impact: 
- TENDL-2008 to 2021 (2800 isotopes),
- Neutrons, protons, deuterons, tritons, He3, alpha and gamma induced,
- all isotopes, all cross sections with covariances, 0-200 MeV,
- more than 300 isotopes in the NEA JEFF-3.3 library,
- more than 50 isotopes in the US ENDF/B-VIII.0 library,
- more than 500 publications using TENDL
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What is the TENDL project ?
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• Method: Quality evaluation, production automation, open source

What is T6
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• t6.tar: 2.3 Gb
• t6 extended: 19 Gb, 880 000 files
• Necessary additional libraries: 20 Gb, 410 000 files (only for neutrons)

• Production of TENDL-2021 on 300 cpu: 1.5 months

• Tested with different compilers, Linux versions

• Developed now between IAEA (80 %) and PSI (20%)

What is T6
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How to produce TENDL:
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TENDL, T6 and more

https://nds.iaea.org/talys/

EXFORTABLES: formatted 
experimental data for automatic
use (plots, fit)

RESONANCETABLES: ready to
use resonance tables

ENDFTABLES: ready to use x-y cross
sections

Libraries-2020: systematically 
processed data libraries

https://nds.iaea.org/talys/
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TENDL
• Latest release: 2021 (every 2 years)
• Mainly developed between IAEA and PSI (+ CEA, ULB)

• New T6: 
- Newest code versions,
- more verifications, 
- Linux RedHat/Mac, 
- tested with latest compilers

• New and simplified T6 available “on demand”

• TALYS-1.96 (above resonances)
• TARES-1.4 (resonances)
• NJOY-2016
• PREPRO-2018
• Other codes/tools

• New “library” database (comparisons, import…)
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TENDL: Resolved Resonance Range

• Publications: NDS 163 (2020) 163, NDS155 (2019) 1, ANE 51 (2013) 60, NDS113 (2012) 
2841

• Acknowledgments: A. Koning, J.Ch. Sublet and J. Kopecky

https://www.sciencedirect.com/science/article/pii/S0090375219300705
https://www.sciencedirect.com/science/article/pii/S009037521930002X
https://www.sciencedirect.com/science/article/pii/S0306454912003350
https://www.sciencedirect.com/science/article/pii/S0090375212000889
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TARES developments
• Started in 2008
- Translate tabulated resonance parameters into ENDF-6 format: MF2, MF32 and 

MF32c 
- Based on the ATLAS-2006
- Used in combination with TALYS for TENDL production

• 2012: 
- Addition of the “HFR”: generation of statistical resonances using CALENDF
- Read the ATLAS and other libraries (JEFF, ENDF/B, JENDL)
- Add missing information (uncertainties)

• 2015:
- Automatic match of the thermal (n,g) points
- Generation of MF33

• 2018:
- Read many ATLAS versions, k0 database, some Sukhoruchtin data
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TARES focus on the “HFR”
• Started with the Single Resonance Approximation from the EAF library
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TARES focus on the “HFR”
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TARES focus on the “HFR”
• HFR applied for ground state and isomeric states
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TARES: physical checks
• Spacing distribution, Wigner distribution
• Cumulative level distribution
• Average total capture width
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TARES: generation of MF32 and MF33
• For all resonance parameters:
- Uncertainties are assigned to match thermal (n,g) and RI uncertainties
- Otherwise, default uncertainties are assigned
- Sampling of parameters are performed to produce group average cross sections
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TARES outputs
• For all TENDL isotopes (2800), different outputs are produced together
- MF1, MF2, MF32c, MF33, 
- .tex, .txt, inter & psyche ouputs
- Reconstructed pointwise and groupwise cross sections, processed covariances
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Global verification
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Global verification
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Global verification
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• Global selection of models + isotopic adjustment

Fast neutron range: based on TALYS
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• Global selection of models + isotopic adjustment

Fast neutron range: based on TALYS
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• ddddd

Feedback on bugs (page 1 of 567)
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• ddddd

Feedback on bugs (page 2 of 567)
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• ddddd

Feedback on bugs (page 567 of 567)
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• First comment: the more we produce, the more bugs we distribute

• Second comment: in T6, problems can be related to T6, but also to ENDF format, to 
PREPRO, to NJOY, to MCNP, …

• Many users of TENDL: many aspects which are tested. Therefore more problems 
found

• Open new possibilities (complete ENDF/text files for charged particles): more 
troubles

• Need to skip ENDF format and go straight to GNDS or JSON

• Difficult to create a priority list (who pays ?): who says what is important ?

• Avoid latest “computer environment” packages: for portability, only simple scripts, 
commands.

TENDL evaluation: General observations
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Uncertainties: relation between evaluation and needs

• Two main related dilemma:
1. Preliminary question: “Does general-purpose library exist ?”
- It certainly can, but today all libraries are adjusted (even JENDL ??)
- There are no correct/wrong covariances: only reflect the knowledge we put in
- Same for cross sections

2. From users, two typical questions/remarks are 

“Why do you get 500 pcm uncertainty on keff ? We know it better, please do it again.”
“Are these correlations correct ?”

• Solution for the time being:
- Produce two evaluated files: (1) without integral feedback

(2) with integral feedback

- The key point being: do it at the evaluation level !
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Making use of T6/TENDL: uncertainty 
propagation

Three methods exist today:

1. Based on nuclear data covariance data 
• So-called “Sandwich rule” = sensitivity times covariances ,
• Provide uncertainties, sensitivities 

2. Based on nuclear data parameter covariance data:
• So-called TMC (Total Monte Carlo)
• Sampling of model parameters,
• Provide uncertainties,
• Does not provide sensitivities, but importance factors.

3. In between: based on nuclear data covariance data:
• Sampling of cross section data, based on nuclear data covariances
• Provide uncertainties, 
• Does not provide sensitivities, but importance factors,
• Many software: XSUSA, ACAB, NUDUNA, NUSS, SANDY, SAMPLER…
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Making use of T6/TENDL: uncertainty 
propagation with TMC
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• Step 1 - Preliminary work: in-depth cross section evaluation (traditional method of 
parameters/models adjustment)

• Step 2 - BMC: Based on step 1, 
- Generate n=100 000 (or 1000) random files (TMC-way)
- Calculate n times the benchmarks
- Assign weights to all realizations i with a chi2 and update the parameter distributions 

- Update the cross sections with the weights.

• Some BMC/BFMC references:  
- EPJ/A 51 (2015) 184, Nucl. Data Sheets 123 (2015) 201, EPJ/N 3, 14 (2017)

Uncertainty reduction with BMC
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Example 2: Using integral data
• Fast range: 14 reactions together (keff and reaction rates) (EPJ/N 4 (2018) 7)

Prior Posterior

More correlations  uncertainty reduction 

https://www.epj-n.org/articles/epjn/abs/2018/01/epjn170045/epjn170045.htmlhttps:/www.epj-n.org/articles/epjn/abs/2018/01/epjn170045/epjn170045.html
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Main references 
• TENDL: Complete Nuclear Data Library for Innovative Nuclear Science and Technology, Nucl. Data Sheets 

155 (2019) 1.
• Conception and software implementation of a nuclear data evaluation pipeline, Nucl. Data Sheets 173 

(2021) 239.
• The joint evaluated fission and fusion nuclear data library, JEFF-3.3, Eur. Phys. Jour. A 56 (2020) 181.
• Multifaceted coded nuclear data libraries assemblage, verification and validation: TENDL-2019, ICRS 

14/RPSD 2020 conference, Seattle, Sept. 13-17, 2020.
• A statistical analysis of evaluated neutron resonances with TARES for JEFF-3.3, JENDL-4.0, ENDF/B-VIII.0 

and TENDL-2019, Nucl. Data Sheets 163 (2020) 163.
• From average parameters to statistical resolved resonances, Annals of Nucl. Ene., 51 (2013) 60.
• Radiative neutron capture: Hauser Feshbach vs. statistical resonances, Physics Letters B 764 (2017) 109.

https://www.sciencedirect.com/science/article/pii/S009037521930002X
https://www.sciencedirect.com/science/article/pii/S009037522100017X
https://link.springer.com/article/10.1140/epja/s10050-020-00141-9
https://tendl.web.psi.ch/bib_rochman/icrs14-abs-t19.pdf
https://www.sciencedirect.com/science/article/pii/S0090375219300705
http://www.sciencedirect.com/science/article/pii/S0306454912003350
http://www.sciencedirect.com/science/article/pii/S0370269316306815
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Conclusion
• The TENDL library is improving year after year, TENDL-2021 being (hopefully) 
a better set

• The new T6 code package allows to produce TENDL, random files and to go further,

• Still, as proven by distributing T6, many improvements are necessary

• Open unexpected opportunities

photo courtesy of Gerry Hofstetter
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