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Testing suggests systematic bias with 
assemblies sensitive to the URR
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Plot from C. Percher, 

NCSP TPR 21 Feb 2024



If we “don’t know 
anything” we must 
treat probabilistically

In ENDF, we provide the average 
resonance parameters

These define a cross section 
probability distribution:
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https://docs.openmc.org/en/v0.12.2/examples/nuclear-data.html

or



Leo Levitt introduced the Probability 
Table method in 1972
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Levitt, L.B., NSE 49, 450–457 (1972) 

https://doi.org/10.13182/NSE72-3



Leo Levitt introduced the Probability 
Table method in 1972
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How good is this 

approximation?

“At the same time, in appropriate registers with 
the same band number, the corresponding values 
of scattering, capture, and fission cross sections are 
entered. When all points of the data set have been 
entered we have the following information: the 
average value of the total cross section in each 
band of monotonically increasing magnitude, 
obtained by dividing the sum of the cross section 
entries in each band by the number of entries in 
that band. Average cross sections for the other 
reactions are similarly obtained.”



Leo Levitt introduced the Probability 
Table method in 1972

In it, we store 

• The total cross section PDF as a cumulative 
distribution function

• The average cross section(s) for capture, elastic and 
fission

Essentially, we make this approximation:
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How good is this 

approximation?
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FUDGE ladder generation
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As part of FUDGE’s PT generator, we 
have a generative model for resonances

It is unclear to me if all of FUDGE’s 

bells-n-whistles are needed

“Smoothing” == Doppler broadening



Fe55 realizations: GOE level generator

We can make stochastically generated cross-sections and, if we take a 

reference point, we can directly measure the cross-section joint PDF in the 

vicinity of this point
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Testing Levitt 
Approximation



Getting capture PDF in 
Levitt approximation

Integrating Levitt delta function, 
we have 

Where zeros are crossings of 
current capture cross section 
and regression line
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4453 C

x



238U: pick an energy & temperature
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(ugly plot of 238U capture)



238U: compute the joint pdf at this T,E and the average 
capture cross-section
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(ugly plot of 238U capture)



238U: use the total MPDF & average capture to compute 
capture marginal PDF
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• Mean value in the wrong place, fixable with LSSF=1

• Width & skew very very wrong Levitt fails?

(ugly plot of 238U capture)

P(σcap|E,T)
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If Levitt approximation is 
wrong, does it matter?  

Our next step: we need more statistics and 
to run some crits (esp. BigTen) 
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