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s-process 

 Slow neutron capture takes place in Red Giants and AGB stars, 

where neutron temperature (kT) varies from 8 to 90 keV. 

 The capture time of the s-process is ~1 year. 

 ENDF/B-VII.0 release. 



Maxwelian-averaged Cross Sections 
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 s-process nucleosynthesis  Maxwellian-averaged cross sections 

(MACS) can be expressed as 

 

 

 

 

      where k and T are the Boltzmann constant and  

      temperature of the system. 

 Commonly accepted: kT = 30 keV. 

kT=30 keV 



Stellar Nucleosynthesis 

 Solar system abundances. 

 σAN(A)=σA-1N(A-1)=constant. 

 B. Pritychenko et al., ADNDT 96, 645 (2010). 



 First nuclear database in direct response to nuclear 

industry data needs: theory + experiment (resonance 

parameters). 

 423 neutron materials (isotopes) in ENDF/B-VII.1.  

Evaluated Nuclear Data File (ENDF) 



Nuclear Data Covariances 

 Wikipedia: In probability theory and 

statistics, covariance is a measure 

how two random variables change 

together. 

 Nuclear data covariance plots are 

very beautiful. 

 What are physics implications of 

nuclear data covariances??? 

 Cross section uncertainties can be 

extracted using the error 

propagation formalism.   



Maxwellian-Averaged Cross Section 

Uncertainties 
 Further interactions with the fundamental and applied science  

   communities have initiated work on the extended list of integral  

   values and their uncertainties. 

 Maxwellian-averaged neutron capture cross section,  kT=30 keV,  

   uncertainties for ENDF/B-VII.1 library, Low-Fidelity project and  

   KADoNiS database. 

 B. Pritychenko & S.F. Mughabghab, NDS 113, 3120 (2012). 

 



252Cf Spectrum Neutron  Cross 

Sections 
 We have to extend the scope to the MeV region using  

   252Cf spectrum. 

 The ratio of calculated ENDF/B-VII.1 californium spectrum  

   neutron cross sections using Maxwellian, kT=1420 keV,  

   and Mannhart spectra. 

 Mannhart spectra should be used instead of Maxwellian. 



252Cf Spectrum Neutron  Cross 

Sections 
 Presently, the original and 640-group representations of  

   Mannhart evaluation are frequently considered. 

 Doppler-broadened linear files at T=293.6 K result in  

   slightly different cross section values. 



252Cf Spectrum Neutron  Cross 

Section and their Uncertainties 
 Following the nuclear dosimetry example, 252Cf spectrum, cross  

   sections for major evaluated libraries:  ENDF/B-VII.1, JEFF-3.1.2,  

   and JENDL-4.0 have been produced using the 640-group format. 

 These values are in agreement with CIELO:  

   M.B. Chadwick et al., NDS 118, 1 (2014) and EXFOR data. 



252Cf  Cross Section Uncertainties 
Analysis 

 The ENDF, JEFF, and JENDL calculated californium spectrum neutron  

   fission and capture cross section uncertainties using  the 640-group  

   Mannhart spectrum. 

 



ENDF/B-VII.1 Maxwellian and 252Cf 
Cross Section Uncertainties 

 The summary of reanalysis of the previous Maxwellian data 

   (kT=30 keV) and analysis of the current Mannhart spectrum   

   uncertainties for ENDF/B-VII.1 library. 

 



Cross Section Uncertainties 
Recommendations 

  Absolute cross section values for linearized files are sensitive to the  

   changes of Mannhart evaluation group structure.  Calculated values  

   are model dependent and may vary within 1-5%. 

  Nuclear astrophysics and energy applications require covariances  

    for all ENDF materials. 

  Realistic covariances are needed: 

  Covariance matrices that result in >100% cross section   

    uncertainties  should be avoided, such large uncertainties  

    are not very useful for application development. 

  Covariance matrices that result in <1% cross section  

    uncertainties are not realistic; strong contradiction with  

    the best experiments. 

  Presently, covariance matrices produce wide variations of  

    cross section uncertainties within 0.5-120% range. This  

    spread should be kept within 3-50% range. 

  Multiple MF=33 covariance matrices can be confusing. 



CIELO/EXFOR Cooperation 

 NRDC 2014 Meeting, May 6-9, 2014. 

 What EXFOR community can do for CIELO and covariances ??? 

 How both communities can interact ??? 

 



Conclusion & Outlook 

 Covariances are important for application development. 

 Maxwellian-averaged cross section uncertainties have been re-

analyzed. 

 252Cf cross sections and their uncertainties have been calculated. 

 252Cf cross section uncertainties have been analyzed. 

 Recommendations for covariances have been produced using the 

application development requirements. 

 Further work may needed a stronger interaction with EXFOR and 

experimental communities. 



s-process in Tellurium 

 σAN(A)= σAN(A) product ratios for neutron capture in 122,123,124Te 

isotopes, B. Pritychenko et al., ADNDT 96, 645 (2010).  

Data source Ratio of 122,123,124Te products 

ENDF/B-VII.0  0.943:1.119:1 

JENDL-3.3  0.972:1.035:1 

Atlas of Neutron Resonances  0.985 ± 0.0352:0.994 ± 0.0364:1 

Classical model, Wisshak et al.  0.984 ± 0.012:1.003 ± 0.012:1 

Low mass stars, Wisshak et al.  0.91 ± 0.01:0.94 ± 0.01:1 

Bao et al.  1.031 ± 0.0105:1.003 ± 0.0097:1 


