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Vertical nuclear data evaluation

• Improve nuclear data evaluation of a particular projectile - target (- reaction) 
combination: 

• Sometimes driven by a sponsor 
• Sometimes driven by a new measurement 
• Sometimes driven by feedback from suboptimal integral validation 
• Hackatons needed because of evaluator diversity and manual file updating 
• Frankenstein files 

• We should never throw away data which work well (although we may not 
remember why they work well), often in the RR 

• If safe, add missing categories: emission spectra (TENDL —> ENDF/B-VIII.1), 
gamma data, covariances, data above 20 MeV, etc. 

• Major ‘continental’ NDL’s, ENDF/B-VIII.1, JEFF-3.3, JENDL-5.0, CENDL-3.2, based 
on this. 

• Leads to currently the best nuclear data libraries for fission applications   
• IAEA-INDEN wish list for evaluations a good example 
• Almost no evaluators left



Horizontal nuclear data evaluation

• Ensure a reproducible nuclear data flow with all experimental, theoretical and 
evaluated data directly available. Requires: 

• a parsed, interpreted, outlier-cleaned and normalised EXFOR database 
• evaluated experimental databases with rich metadata: 

• Thermal cross sections, resonance integrals 
• Full resonance databases 
• Maxwellian cross sections (MACS), average radiative widths etc.  

• Automated non-model evaluation software for low energies 
• Full control over existing nuclear data libraries for optimisation, ML, plotting etc. 
• Time spent by evaluator on retrieval of all the above should be minimal 

• Can go (far) beyond ENDF 
• TALYS code system and TENDL is based on this 
• Ideal situation: A Horizontal nuclear data approach in which Vertical knowledge is 

inserted. This is happening already for JEFF: Improved RR parameters (mostly 
from CEA-Cadarache)  —> TARES —> autotalys —> TENDL —> JEFF



Building blocks of TENDL
• Complete automated Resonance Parameter system including covariance data: 

• TARES-1.61 (Dimitri Rochman) 
• Regularly updated with latest recommendations (CEA-Cad, etc.) for best resonance parameters 

• EXFOR database 
• Entire database normalized to the latest standard and monitor reactions (Viktor Zerkin) 
• Based on XC5 database (Viktor Zerkin) and EXFOR_JSON/directory structured database (Shin 

Okumura) 
• 11 500 experimental cross section sets validated, 2050 data sets declared outlier: Essential for 

automated TALYS model parameter optimisation 
• Latest version of TALYS, version 2.1 (right now GitHub only) 

• Contains new ‘best’ model parameter database from automated fitting with TASMAN 
• Czendes global optimization based on Boender-Rinnooy Kan-Timmer-Stougie stochastic 

method 
• Dimension reduction, only optimize the most sensitive model parameters (“Occam’s razor”) 
• “Best” nuclear model parameters for reactions up to 30 MeV 

• One superscript: autotalys  -element Sn -mass 117 -Ltarget 000 -Liso 000 -proj n -bins 60 -high -endf 
-njoy -residual -isomer -levels -recoil -covar -binsrand 60 -plot -subfission -nomcnp -tasmanfile /Users/
koning/tasman/misc/tasman.tendl2023 -tarwork -best -ntalys  100  -sdefault -s20 -s60 -acf -eaf -mt 

• ……which produces the TENDL file for n + Sn117, up to 200 MeV, including all secondary distributions 
and covariance data, i.e. from MF1 - MF40. All adjustment to experimental data is in underlying 
databases. 



Example: Upcoming JEFF-4.0 neutron library

• Consist for 80% of isotopes from the TENDL-2025 beta version, which at least guarantees 
true general purpose application (MF1-40) 

• 106 nuclides, or 34 materials, in JEFF-4 are not from TENDL:  
• H, He, Li, Be, B, C, N, O, F:   

• No reproducible system exists for light nuclides  
• Al, Si, Cl, Cr, Mn, Fe, Cu, Rh, Gd, Hf, Ta, W, Au, Pb: 

• TALYS failure for structural nuclides (Cr, Fe, Cu etc.) up to a few MeV, need 
Gaussian Processes for model defects. TENDL approach can not yet outperform 
the manual evaluation of nuclides with strong sensitivity to crit-safety or some 
other applications. INDEN evaluations are better. 

• For JEFF-4.1: Aim to replace Cl, Rh, Gd, Au, Hf, Ta by TENDL 
• Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm:  

• Consistent approach for actinides not yet ready 
• For JEFF-4.1: Minor actinides when new BSKG3 fission barrier level densities are 

available 
• TENDL goes from low-, to mid- to high-hanging fruit 
• In total, current JEFF-4 pre-release tests looking good (in part thanks to TENDL)



Goodness-of-fit: Frms with experimental uncertainty

Frms = 1.40 means “~40% off”

Erms = 1. means “no model bias”

Usual C/E value

C/E value including uncertainties

Instead of

we use

Compare all world NDL’s to a cleaned-up EXFOR. Continue until TENDL is equally good or better



NDL’s versus Atlas-2016 thermal capture cross sections
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                        Frms
CENDL-3.2:    1.034
JENDL-5.0:     1.020
ENDF/B8.1:    1.021
TENDL-2024: 1.011
JEFF-3.3:       1.024
JEFF-4.0:       1.015



NDL’s versus Atlas-2016 capture resonance integrals

                        Frms
CENDL-3.2:    1.034
JENDL-5.0:     1.038
ENDF/B8.1:    1.030
TENDL-2024: 1.045
JEFF-3.3:       1.038
JEFF-4.0:       1.043
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NDL’s versus Astral/Kadonis MACS at 30 keV

                        Frms
CENDL-3.2:    1.069
JENDL-5.0:     1.064
ENDF/B8.1:    1.064
TENDL-2024: 1.052
JEFF-3.3:       1.076
JEFF-4.0:       1.062
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We don’t believe 9 
values in Kadonis



Parameter optimisation in fast range

• Use TASMAN for parameter optimisation 
• Multi-dimensional parameter landscape not too wild 
• 20 TALYS runs per parameter 
• Optimisation per level density model (i.e. LD parameters unchanged) 

• (n,γ): 
• Photon strength function: wtable(0,0) of compound nucleus 

• (n,n’), (n,2n), (n,p) and (n,np): 
• Optical model: rvadjust p  
• Pre-equilibrium: gadjust(0,0), gadjust(1,0), gadjust(0,1) 

• (n,α): 
• Optical model: rvadjust a  
• Pre-equilibrium: cstrip a 

• Isomer versus ground state: 
• Discrete levels: Risomer of the final nuclide 
• Level density s2adjust (level density spin distribution) of final nuclide



Current optimal combination of level density and 
photon strength function



Usually: (n,γ) cross sections, MACS and Γγ  are consistent



Average radiative width Γγ considered outlier







Isomeric production



TENDL better

JENDL better







TALYS and all satellite software now use YANDF   
(Yet Another Nuclear Data Format)



Malec, Trkov: important dosimetry reaction



TALYS applications

Input

gam13 y
eswitch 30.
adopt 3 1 

OutputTALYS

Input TEFAL Output

ENDF file TEFAL input file 

~ 60 keywords (all optional)


• TEFAL processes the output of TALYS, and data from other sources, into an ENDF-6 data library

TALYS output filesTALYS input file 

‘endf y’

 11023.0000 22.7920000          0          0          0          
01125 3  1
 0.0        0.0                 0          0          1       16331125 3  1
       1633          2                                            1125 3  1
 1.00000E-5 30.01000001.090516E-5 28.88378281.176413E-5 27.93758371125 3  1
1.257105E-5 27.13857751.332237E-5 26.46086031.474673E-5 25.32124481125 3  1
1.591407E-5 24.50371641.684983E-5 23.91068111.835751E-5 23.05234531125 3  1
 2.00000E-5 22.23004902.181024E-5 21.4336445 2.35281E-5 20.76452741125 3  1
2.514186E-5 20.19948982.664444E-5 19.72021662.949314E-5 18.91424921125 3  1
3.182781E-5 18.33605613.369931E-5 17.91662593.671479E-5 17.30952461125 3  1
 4.00000E-5 16.72787884.362039E-5 16.16458234.705604E-5 15.69129701125 3  1
5.028349E-5 15.29161415.328858E-5 14.95258445.898596E-5 14.38241631125 3  1
6.365529E-5 13.97335646.739828E-5 13.67660147.342935E-5 13.24703021125 3  1
 8.00000E-5 12.83542868.724079E-5 12.4367866 9.41123E-5 12.10179941125 3  1
1.005679E-4 11.81885951.065787E-4 11.57883431.179737E-4 11.17514101125 3  1
1.273126E-4 10.88546451.347988E-4 10.67528531.468603E-4 10.37100291125 3  1
 1.60000E-4 10.07939391.744821E-4 9.796840691.882251E-4 9.559341041125 3  1
2.011354E-4 9.358695902.131561E-4 9.188433632.359458E-4 8.901941581125 3  1
2.546232E-4 8.696257792.695952E-4 8.546955432.937188E-4 8.330684881125 3  1
 3.20000E-4 8.123269843.489633E-4 7.922156003.764486E-4 7.752966031125 3  1
4.022684E-4 7.609911274.263093E-4 7.488420994.718883E-4 7.283756031125 3  1
 5.09243E-4 7.13660721 5.39187E-4 7.029664965.874353E-4 6.874528761125 3  1
 6.40000E-4 6.725454556.767185E-4 6.631531297.461161E-4 6.472807891125 3  1
 8.02796E-4 6.358266288.481141E-4 6.274777049.209316E-4 6.153261151125 3  1
 .001000000 6.03600000.0010905086 5.92308619.0011763986 5.828188921125 3  1
.0012570838 5.74802770.0013322101 5.68001327.0014746442 5.565584741125 3  1
.0015913772 5.48345048 .001684952 5.42384184.0018357303 5.337512701125 3  1
 .002000000 5.25474099.0021810163 5.17451983.0023527956 5.107057261125 3  1
.0025141652 5.05003618.0026644172 5.00162729.0029492852 4.920115391125 3  1
.0031827511 4.86154670.0033699007 4.81900328.0036714583 4.757324471125 3  1
 .004000000 4.69810390.0043620318 4.64061662.0047055896 4.592189681125 3  1
.0050283281 4.55118966.0053288314 4.51632611.0058985672 4.457487391125 3  1
.0063654989 4.41508851 .006739798 4.38421641.0073429143 4.339330731125 3  1
 .008000000 4.29606921.0084589708 4.26873941.0091972669 4.228908191125 3  1
 .010000000 4.19040000.0109050782 4.15292906.0117639715 4.121243991125 3  1
.0125708168 4.09431934.0133220739 4.07134362.0147464132 4.032373621125 3  1
.0159137422 4.00411715.0168494898 3.98343622.0183572823 3.953185001125 3  1
 .020000000 3.92379338.0212105848 3.90409888.0231652286 3.875199481125 3  1
 .025300000 3.84700000 .026790941 3.83119247.0296146078 3.804404691125 3  1
.0319259991 3.78500433.0337771793 3.77081994.0367571382 3.750097951125 3  1
 .040000000 3.73000000.0436203101 3.71065148.0470558813 3.694226761125 3  1
.0502832602 3.68021721.0532882864 3.66821961 .058985643 3.647767701125 3  1
.0636549587 3.63284665.0673979492 3.62187048.0734291223 3.605720251125 3  1 

TAGNDS (Caleb Mattoon)
Other  processing software
Automated plotting
EXFOR outlier detection
Astrophysical databases
Medical isotope data
AI/ML
TALYS event generator
etc.

But also:

This is the TENDL library 
in ENDF format



What next
• Establish new evaluated databases of thermal cross sections, RI, MACS, Γγ, D0, etc. 

• Data mining of all existing compilations and EXFOR 
• New level density CRP (Krticka) 
• Give all resonance parameter databases in human/modern readable format: Atlases, all NDL’s 

(again: TARES code) 
• Finalising EXFOR outlier identification 
• Finding new home for TENDL production (?) (i.e. computer power) 

• Possibly make new TENDL before September 2025 
• Translate negative feedback for JEFF-4 (leading to manual corrections of TENDL files for JEFF-4) into 

next automated TENDL scheme 
• Publish all TALYS sensitivity profiles and covariance matrices in YANDF. Possibly extend to cross-

isotope correlations. Connect further to LLNL Deep learning approach (Wendt et al) with VAE. 
• After 2025:  

• More efficient integral validation 
• More focus on angular distributions and (double-differential) emission spectra 

• TALYS event generator 
• Skipping ENDF and cross sections altogether, true nuclear reaction simulator with all 

correlations included 
• Fully populated by probability tables 
• Direct input to next generation transport codes and codes like GEANT4, PHITS etc.



Store probabilities instead of 
cross sections, spectra etc.
In YANDF format

Skip ENDF altogether

One (large) probability table 
per event: projectile at one
incident energy on a nuclide

Verify that it gives ‘normal’
TALYS results after MC 
sampling

CGMF-like (LANL) but now for
entire reaction

Normalize low energy data with
existing ENDF libraries

Retain all possible correlations

Feed directly into the MC codes 
that are ready for this

TALYS event generator



Thank you!



Required: Evaluated databases - “evaluation of 
compilations and evaluations”

• Thermal energy 
• (n,tot) 
• (n,el) 
• (n,γ) 
• (n,f) 
• (n,p) 
• (n,α) 
• nubar: total, prompt and delayed 

• Average resonance parameters 
• D0, D1, S0, S1, Γγ 

• Maxwellian-Averaged Cross Sections 
• (n,γ) at 30 keV 

• Sources: RIPL-3, Atlas-2006,2016 (Mughabgahab), Atlas-Sukhoruchkin, EXFOR 
• A lot of this is in TARES (DR)


