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Introduction:

o 232Th and 237Np fissions for reactor application 

• 232Th turns into a useful fuel (233U),  potential alternative for producing nuclear energy. 

• 237Np in spent nuclear reactor fuel. Challenge for long-term waste management due to long 
half-life (~2 My).

• 237Np fission as a dosimetry / reference reaction for MeV neutron (an alternative of 238U 
fission) 

o New measurement at the CERN n_TOF, CSNS Back-n etc. compiled in EXFOR

→ Reevaluation of 232Th and 237Np fission cross sections for fast neutrons up to 200 MeV.



o Revisions of EXFOR entries included adding missing information, removing duplicate 

datasets from the same measurements, and reformatting.

o Assignment of correlation properties for each partial uncertainty by estimating from 

partial uncertainties and deriving missing values with the quadrature sum rule. 

o Conversion to SOK input format. The SOX code converts EXFOR data to SOK file.

o SOK fitting updates cross sections estimates using experimental data and Schmittroth's

roof function.

Evaluation Method 



Selections of Experimental Datasets

• data reported from 1970 to the present

Following datasets were discarded in general:

• Digitized data and compiled data without partial uncertainties.

• data from nuclear explosion



Formalism

The SOK code models the logarithm of the cross section as a linear combination of Schmittroth’s roof 
functions 𝜙௝(𝐸) defined by introducing n energy nodes between 𝐸ଵand 𝐸௡. It is expressed as:                             ln 𝜎௘௫௣ 𝐸 = Σ௝ୀଵ௡ ln 𝜎௘௩௔,௝ 𝜙௝(𝐸) (1)

with 𝜙௝(𝐸) are the basis functions centered around each energy node  𝐸௝, defined by:

𝜙௝ 𝐸 = ாିாೕషభாೕିாೕషభ if  E୨ିଵ ≤ 𝐸 ≤ 𝐸௝  ,ாೕశభିாாೕశభିாೕ if  E୨ ≤ 𝐸 ≤ 𝐸௝ାଵ ᇱ0 otherwise. (2)



EXFOR files Header files Correlation files

Experimental Data List file

SOX
(formatting)

fort.10
(cross-section)

fort.11
(exp. Total 
uncertainty)

fort.12
exp. correlation
Coefficients

Experimental Data List

SOK
(evaluation)

Data transfer from EXFOR entries to SOK input



Data list file (list of experimental datasets – subentry# +pointer)

EXFOR (EXF) file

Header (HED) file
Correlation property etc.

EXFOR Input Files

uncertainty treated as uncorrelated
uncertainty treated as fully correlated



EXFOR Input Files: Correlation file

A correlation file is created only when 
correlation coefficients in EXFOR entries 

are available under COVARIANCE.



fort.10 (experimental cross section: 𝐄𝟏,𝝈𝟏,𝑬𝟐,𝝈𝟐, …)

fort.11 (experimental total uncertainty: 𝐄𝟏,Δσ1,𝑬𝟐,Δσ2, …)

fort.12 (experimental correlation coefficients)

SOX output (=Experimental Input of SOK)



Simultaneous fitting of 232Th with 233,235,238U, 239-241Pu fission cross section. 

Muir et al.'s cross section below 
1 MeV exceeds the current 

evaluation.



Simultaneous fitting of 232Th/235U with 233,235,238U, 239-241Pu fission cross section 
below 1 MeV. 

With Shcherbakov et al.'s high ratio, the 
current evaluation's ratio is slightly 

higher than Fursov et al.’s for energy 
below 0.7 MeV.



Simultaneous fitting of 232Th/235U with 233,235,238U, 239-241Pu fission cross 
section above 1 MeV. 

The current evaluation shows 
lower 232Th/235U fission ratios than 

JENDL-5, contradicting
Fursov et al. ratios

Some CERN n_TOF data 
points are lower but 

consistent with others 
within error bars.



Difference in 232Th fission cross sections between evaluations

The new evaluations show a 4% reduction in 
232Th cross sections compared to JENDL-5 

between 2 and 6 MeV.



252Cf(sf) fission neutron spectrum average cross sections (SACS) relative to Grundl et al. 

Present evaluation's SACS is 
lower but is closer to other 
libraries than JENDL-5.



Gul et al.’s have low cross 
section than the present 

and JENDL-5

Preliminary result: Simultaneous fitting of 237Np with 233,235,238U, 239-241Pu fission 
cross section. 



Preliminary result: Simultaneous fitting of 237Np /235U with 233,235,238U, 239-241Pu fission cross 
section.

Fitting with Paradela’s
ratio as absolute ratio.

Paradela's cross-section 
ratio is higher than that 
of the other datasets. 



Preliminary result: Simultaneous fitting of 237Np /235U with 233,235,238U, 239-241Pu fission 
cross section.

The normalization factor 
(0.96) was determined by 
SOK to align Paradela’s
ratio with other datasets, 
by treating the dataset as 
a shape ratio

Fitting with Paradela’s ratio 
as shape ratio.



Summary

o Revision of EXFOR entries with other centres for  direct use of EXFOR entries as inputs to 

least-squares analysis

o Simultaneous evaluation of 232Th(n,f), 233,235,238U and 239-241Pu  till 200 MeV with SOK:

 232Th: Our cross sections systematically lower than JENDL-5. SACS from our cross sections 

is 11% lower than Grundl et al.'s and closer to other libraries than JENDL-5.

 237Np: Our cross sections are higher than JENDL-5 above 1 MeV but all datasets align better 

with JENDL-5 and the present evaluation below 1 MeV.



Work in progress

Future work will involve completing the study of simultaneous evaluation of 237Np(n,f), 
233,235,238U and 239-241Pu and their validation against spectrum-averaged cross section 

measurements in the 252Cf spontaneous fission neutron field.
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