
                          Status of TENDL  

   Arjan Koning, IAEA 
                            Dimitri Rochman, PSI  
   
WPEC-34 Meeting, May 13 2022, NEA, Paris



Contents

• TALYS-1.96/TALYS-2.0 
• New features  
• Some examples 

• TENDL-2021  
• Improvements for photonuclear and charged particles 

• New neutron evaluations 
• Resonance Range: new evaluations from CEA-Cad 
• Fast neutron range: new photon strength functions from 

IAEA CRP 
• Some additional developments  
• Summary

2



TALYS-1.96/TALYS-2.0

• Some important new features since TALYS-1.95 (Dec 2019) 
• Explicit evaporation of fission fragments via Hauser-Feshbach: 

FY, nubar, nu(A), PFNS, etc. 
• Latest photon strength function models from IAEA CRP: 

SMLO, QRPA, M1 PSF with low energy upbend (Stephane 
Goriely) 

• Ability to use RIPL optical models for actinides 
• Improved deuteron break-up model by M. Avrigeanu 
• Good global description of subactinide and charged-particle 

induced fission cross sections 
• Phenomenological descriptions of nubar (Wahl) and PFNS 

(Iwamoto) 
• TALYS-1.96 was released 30 December 2021, TALYS-2.0 not yet



Fission yields and neutron observables

• TALYS can loop over itself: 
• First do (n,f) calculation for cross section 
• Then loop over all excited fission fragments and evaporate them with 

Hauser-Feshbach and all TALYS capabilities for level densities, OMP’s etc. 
• Zooming in on the truth with the help of 

• Toshihiko Kawano (LANL) 
• Jean-Francois Lemaitre (CEA-DAM) 
• Ali Al-Adili and Fredrik Nordstrom (Uppsala) 
• Shin Okumura (IAEA) and Kazuki Fujio (Titech) 

• Fission fragment databases (for many actinides) now in TALYS-1.96: 
• GEF (Schmidt and Jurado) 
• SPY (Lemaitre) 
• HF3D (Kawano and Okumura) 
• More volunteers welcome!!!!





TENDL: TALYS Evaluated Nuclear Data Library

• General purpose nuclear reaction data library 
• Simultaneous focus on  

• Reproducibility ✓ 
• Completeness ✓ 
• Quality (ongoing, never enough) 

• TENDL ranges from detailed experimental evaluations to global TALYS calculations 
• Extent: 

• Neutrons, photons, protons, deuterons, tritons, Helium-3, alpha-particles 
• TSL, astrophysical reaction rates (new), FY 
• 2813 nuclides (all stable or with half-life > 1 sec.) 
• 0-200 MeV 
• All cross sections and secondary distributions (particle and gamma spectra) 
• UQ with covariances or statistical distributions (Total Monte Carlo, “random files”) 
• A variety of data formats: ENDF, PENDF, ACE, GNDS, HDF5, ASCII 

• TENDL-2021 was released in December 2021 
• https://tendl.web.psi.ch/tendl_2021/tendl2021.html

https://tendl.web.psi.ch/tendl_2021/tendl2021.html




TENDL-2021

• Important differences with TENDL-2019 
• Improved resonance parameters from JEFF community (CEA-

Cadarache) 
• Globally improved description of (n, γ )  thanks to new photon 

strength functions (Goriely) and automated fitting to EXFOR 
data with TASMAN code 

• Photonuclear data library based on new photon strength 
functions 

• Improved overall description of all charged-particle libraries 
• Improved numerical binning in multiple emission 
• Adjusted global fitting parameter for (alpha,n) reactions 
• Adjusted break-up parameters for deuteron reactions 
• Notable improvement of proton library, especially for (p,n) 
• Good global description of charged-particle induced fission



TALYS does not provide resonance structure
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New evaluations for TENDL-2021 and JEFF-4

• Revised resonance parameters by CEA-Cadarache (Gilles Noguere, 
David Bernard, Olivier Bouland):  

• 107,109Ag 
• 135Xe 
• 133Cs 
• 148mPm 
• 151,153,154,155Eu 
• 173,175,176Lu 

• All revised parameters inserted in Dimitri Rochman’s TARES code  
• Fast neutron range evaluation by Arjan Koning and Stephane Goriely 
• Combined set of ‘best’ parameters stored in the T6 system to enable  

automatic file production 
• Same approach used by Titech (Chiba et al) using the TALYS system T6 

for LLFP and e.g. 36Cl





TALYS Application to (n, γ ) cross sections

• Adjust width of the E1 SMLO photon strength function (TALYS: ‘wtable’) to match 
the best nuclear data library with 

• Best reproduction of MACS, around 30 keV 
• Best reproduction of experimental (n,γ ) cross section from the top of the RR 

- 100 keV/1 MeV 
• Best nuclear data library before TENDL-2021: 

• JENDL-4.0: 97 target isotopes 
• JENDL-AD: 2 target isotopes 
• CENDL-3.2: 2 target isotopes 
• TENDL-2019: 106 target isotopes 
• JEFF-3.3: 8 target isotopes 
• ENDF/B-VIII.0: 61 target isotopes 

• Autotalys automatically optimizes ‘wtable’ to match above libraries in a 
restricted energy range, e.g.  autotalys  -element Eu -mass 151 -Ltarget 000 
-Liso 0 -proj n -bins 40 -search -energyfile /Users/koning/samples/psf/smlo/ctm/
energies -best -noautosearch -noparauto -talysfile /Users/koning/samples/psf/
smlo/ctm/talys.add -tasmanfile /Users/koning/samples/psf/smlo/ctm/tasman.add

n-Eu153.tasman 
#Esearch 0.01 0.1 102 
#libinclude 102 endfb8.0 



Adjusted width parameter does not affect original 
photon strength function very much
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Consistency for isomeric production



Al, Ni and Ti from JEFF-4T0 (=TENDL-2021) 
are not good, use TMC to improve

Feedback on 
ESFR by
Paco Alvarez,
Benchmark 
Selection by
Steven van
der Marck



Other TENDL developments

• Bypassing ENDF-6: TAGNDS, with J.C. Sublet and 
Caleb Mattoon 

• Direct feeding into the Medical isotope Browser 
nds.iaea.org/mib 

• Automated fitting to all cross sections from EXFOR, 
including actinides, use of ML to estimate TALYS 
parameters for neighbouring nuclides 

• To have our integral validation as automated as our 
evaluation (‘validation on the spot’) (very challenging) 

• 517 citations in 2021-2022 on very different subjects

http://nds.iaea.org/mib


Summary
• TALYS-1.96 released 30 December 2021. TALYS-2.0 will follow. All 

satellite software for TALYS (TASMAN: statistics, optimisation and 
uncertainties, TEFAL: ENDF formatting), autotalys  to GitHub 

• TENDL-2021 was released end of December 2021: 
• Improved nuclear data for charged particles and photons 
• Improved fast neutron cross sections thanks to new photon 

strength functions 
• Strong collaboration with JEFF-4:  

• Improved resonance parameters, in this case from CEA-Cad, are 
inserted into the T6/autotalys evaluation system



Thank you!


