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  TENDL  nuclear data library 
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A.J. Koning and D. Rochman ,"Modern nuclear data evaluation with the TALYS code system“, 

Nuclear Data Sheets 113, 2841 (2012). 
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TALYS Evaluated Nuclear Data Library: TENDL-2013 

• Neutron, proton, deuteron, triton, Helium-3, alpha and gamma data libraries. 

• 2626 targets (all isotopes with lifetime > 1 sec.) 

• Complete reaction description in ENDF-6 format: MF1-MF40,  up to 200 MeV 

• MCNP-libraries (“ACE-files”), PENDF files and multi-group covariance data 

 

Default: Global calculations by TALYS-1.60 and TARES (resonances) 

   

 which are overruled by 

 

Adjusted TALYS calculations (340 input files) and Resonance Atlas-based TARES calculations  

 which are overruled by 

 

TALYS-normalization to ~200 (experimental) evaluated reaction channels from other libraries (e.g. 
IRDFF, light nuclides, main channels of “big 3”) 

 



Integral activation validation for Fusion for Energy 
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TENDL-2013 for fast Pu benchmarks 
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JAEA FNS Assembly; decay heat 

14 MeV neutrons are generated by a 2 mA deuteron beam impinging on 

 a stationary tritium bearing titanium target; Fusion Neutron Source  

FNS Neutron spectra, neutron fluence  

monitored by 27Al(n,a)Na24  

 

Two experimental campaigns:  

1996 and 2000; 74 materials 
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Decay power: FNS JAERI Cr 
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Product Pathways     T½         Path %     E/C 

V52  Cr52(n,p)V52  3.7m       98.1       0.98 

       Cr53(n,d+np)V52  -                1.9       0.98 

Cr49  Cr50(n,2n)Cr49  41.9m    100.0      1.82

  



Decay power: FNS JAERI Ni 
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Product Pathways     T½          Path %     E/C 

Co62  Ni62(n,p)Co62  1.5m          99.8      0.90  

Co62m Ni62(n,p)Co62m  13.9m      100.0      0.89 

 



Further cleaning of JEFF 

• JEFF-3.2: 472 isotopes, 151 are from TENDL-2012  

• More “clear” candidates for replacement, Te, Nd, etc.  
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To compensate for JEFF, some suspicious plots of other libraries 
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Bayesian Monte Carlo:  

Initial probability distribution for cross sections 

• Perform a global, unadjusted TALYS calculation for 

the entire periodic table of elements 

• Compare the results with all EXFOR data 
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= 2,7 million data points (Thanks Viktor, Naohiko and Emmeric!) 



Initial probability distribution for cross sections 

• Use F-factor for each experimental data set: 
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WPEC SG-30 on quality 
assessment of EXFOR 



Prior probability distributions for cross sections 
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Starting point:  global TALYS central values and uncertainties based on cross sections for 
all nuclides 



Starting point: “Expert” (Gaussian) parameter uncertainties 
(A.J. Koning and D. Rochman, ``Modern nuclear data evaluation with the TALYS code system'', 

Nucl. Data Sheets 113, 2841 (2012).) Origin: Fingerspitzengefühl 
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Multiply these uncertainties by 5 and sample 
~200 parameters from uniform distribution 



Create new parameter distributions using weights based on EXFOR 
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Each random data set k has a weight 
Bauge: BFMC, Capote-Trkov: UMC-B 

Plots: Random run 2995 



Create new parameter distributions using  

weights based on EXFOR 
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Assign the weight w(k) of random data set k to all 
 TALYS parameters of that run 



Finally, all sampling is done from the real weighted parameter distributions 
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Final 
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Final 



Practical approach: Start from “best” TALYS input files 

• Automatic optimization to EXFOR + integral data requires a lot of pre-selection of data 

• Minimal chi-square does often not match expectations (known problem from the OMP) 

• For TENDL-2014 we have new “best” files for more than 300 isotopes, which give a visual 

optimal description of EXFOR + thermal c.s. + RI + MACS + integral activation data (EASY) 

• Practical approach: Start from “best” file and update with EXFOR-based weights 
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Zr-90 Zr-92 
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TALYS Evaluated Nuclear Data Library: TENDL-2014 

• Neutron, proton, deuteron, triton, Helium-3, alpha and gamma data libraries. 

• 2626 targets (all isotopes with lifetime > 1 sec.) 

• Complete reaction description in ENDF-6 format: MF1-MF40,  up to 200 MeV 

• MCNP-libraries (“ACE-files”), PENDF files and multi-group covariance data 

 

Default: Global calculations by TALYS-1.60 and TARES (resonances) 

   

 which are overruled by 

 

Adjusted TALYS calculations (340 input files) and Resonance Atlas-based TARES calculations  

 which are overruled by 

 

TALYS-normalization to ~200 (experimental) evaluated reaction channels from other libraries (e.g. 
IRDFF, light nuclides, main channels of “big 3”) 

 

For TENDL-2014, all nuclides will be evaluated by the Bayesian Monte Carlo 
procedure just described. As usual, this will result in complete covariance 
information as far as the ENDF-6 format allows: MF 31 (nubar) ,32 (resonances), 
33 (cross sections), 34 (angular distributions, 35 (fission neutron spectra), 40 
(isomeric information), for those who are able to process and use all that. 



Random cross sections for 239Pu 
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The Petten method: Monte Carlo optimization to 

integral benchmarks 
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- 10 000 random libraries for 239Pu 
- Run them all with MCNP through  
      Steven van der Marck’s ICSBEP 
      criticality database 
- Judge C/E quality for all of them 
- Weights for your favorite system 
      can be applied 



Applying a weight of 5 to PMF2 
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Killing the field: 
 
1. First fast, then thermal 
2. First (pure) Pu-239, U-235 
3. Next U-238, O-16, H-1 
4. Next the rest: Fe-56,…. 
5. (Optional) Goto 1 
 
…but don’t worry, we may  
have the tools, but not all 
required knowledge and 
computer power. 
 
Still, expect results in  
future versions of TENDL 

 



Towards TALYS-2.0 
• Full rewrite in Fortran-90/95/03/08: 

• Work has already started: input and create_nucleus(Z,A) 

• Integration of TASMAN: 

• statistics  

• optimization (parameter search)  

• sensitivities 

• uncertainties  

• covariances  

• Total Monte Carlo 

• Integration of TEFAL: 

• Complete ENDF-6 formatting from MF1 to MF40 

• TALYS-1.0 and1.2: First completeness then quality 

• TALYS-1.4 and 1.6: Completeness and quality 

• TALYS-2.0: Now that I have done it all, I know how I should have done 
it, so let’s do that. 
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“Objective” quality assessment of data libraries 
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Use  or numbers (C/E or chi-2) to fill boxes 

Per nuclide or for the whole data library 



Conclusions 

 

• Emphasis for TENDL now equally on differential development and 

integral testing.  

• New “best” (TALYS) input files for each isotope, based on 

comparison with experimental data: thermal, RI, MACS, all other 

EXFOR data and integral activation measurements.  

• Optimization continues until comparison with (differential and 

integral) experiments at least as good as other libraries.   

• Completeness (MF1-40) and processibility (PREPRO, NJOY): no 

real competitor left. 

• For “big 3”: ICSBEP included in the optimization (this has 

advanced most for Pu-239) 
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Conclusions 

• Bayesian Monte Carlo for uncertainties:  
– The methods are more and more reduced to sampling and counting.    

 

     Among competing hypotheses,  

     the one with the fewest assumptions 

     should be selected.  

 

Ockham's razor -  William of Ockham  

(c. 1287 - 1347): 

 

 
– The largest challenge is the proper definition of the weight in terms of (generalized) chi-

square, taking into account a proper pre-selection of experimental data. 

• In 2014 nuclear data libraries will be consistently constructed using 
TALYS + sampling using EXFOR-based weights + the “best” TALYS 
input files: 
– As usual, collapse of all random variations into covariance matrices (MF31-40) 

– N random nuclear data libraries per isotope for TMC: differential, integral and combined 
weight w(k), for each random file k, printed in MF1 
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