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Data Formats for Cross Section 

Covariances in Evaluated Data Files

• MF=31: covariance of average number of neutrons per 

fission (n - MT=452, 455, 456)

• MF=32: Shape and area of individual resonances

• MF=33: covariance of neutron cross section

• MF=34: covariance of angular distribution of secondary 

neutron (currently MT=2/P1 only)

• MF=35: covariance of energy distribution of secondary   

particles (currently MT=18 only)

No processing available:

• MF=30: Covariances obtained from parameter covariances 

and sensitivities

• MF=40: Covariances for production of radioactive nuclei

Processing available (NJOY-ERROR, PUFF, Frendy)



Prompt fission neutron spectrum properties

• Fission spectrum is normalised to 1

sum of bin probabilities equals 1:

• To assure that the perturbed spectrum remains 

normalised the covariance matrix should comply 

with the «zero sum» rule: sum of abolute matrix 

elements in each line and column must be zero:

• Covariances are given as absolute covariances of 

the bin probabilities (not average probability 

distributions)
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Normalisation applied to sensitivity coefficients

• If the matrix does not sattisfy the “zero sum” rule, the ENDF-6 
manual suggests the correction formula:

or in matrix notation:

• Instead of “correcting” the matrices, we can apply the 
«correction» to the sensitivities :
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Constrained

sensitivities

SAGEP, SUSD3D



3 Juillet 2008

IRPhE-International Reactor Physics Experiments Database (OCDE/AEN)

SNEAK-7 – expériences rapides

2 configurations MOX 

Études basées sur les calculs de transport déterministes (TWODANT, THREEDANT) et de 

sensibilité & d’incertitude (SUSD3D)

KRITZ-2 – expériences thermiques

6 configurations critiques avec 

combustibles UO2 et MOX. 
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Constrained and un-constrained sensitivities

Un-constrained

Constrained
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KRITZ (U-235)

2.1c (3D)

2.1h (2D)

2.13c (3D)

2.13h (2D)

2.19c (3D)

2.19h (2D)

Uncertainty in k-eff (pcm) due to U-235
fission spectra uncertainty (KRITZ)

Correctly normalised matrices;

Statistically probable 

uncertainties ;

Validation of the MC method 

and the sensitivity method.

Covariance matrices

 Analytic-Watt

 MC-Watt

 MC-Kornilov

 JENDL3.3

Sensitivities

 Normalised

 Non-normalised

Kritz-2



Conclusions & recommendation

• “Constrained” sensitivity method was recommended in the scope of WPEC-
SG26. Constrained sensitivity method has the merit to provide correct results 
even for incorrectly normalized SED covariance matrices. Incorrectly 
normalised matrices can be detected comparing the uncertainties based on 
“normalised” and “un-normalised” sensitivities.

• However: PFNS are needed to calculate the constrained sensitivity vector 
therefore these sensitivities are only valid for the selected PFNS evaluation. 
Renormalisation of the sensitivities to different PFNS would require in addition 
the information on the PFNS used as a constraint; 

• Recommendation: unconstrained PFNS sensitivities, which are PFNS 
independent, should be stored in the international sensitivity profile 
databases, rather than constrained one. Users of the data should constraint 
the sensitivity using his own PFNS.


