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Outline

● Recap: ENDF-6 and endf-parserpy
● ENDF interpretation: endf-userpy
● Some examples
● What’s next?
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Bijective Mapping: ENDF-6 ↔ Dictionary
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Motivation for creating endf-userpy
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Package design
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Support of PENDF* files
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Math core library capabilities

Core functionality
● Various interpolation schemes (lin-lin, lin-log, etc.)
● Evaluation of Legendre polynomials
● Center-of-Mass to Laboratory system conversion

Supports all angle-differential (LTT=1,2,3) and ddx representations 
(LAW=1,2,5,6,7):

● Tabulated data (3-dimensional)
● Legendre representation
● Kalbach-Mann systematics representation
● Charged-particle elastic scattering
● N-Body Phase Space
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Quantities of interest
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Three essential functions

Cross section
compute_xs(endf_dict, mt, eincs)

Angle-differential Cross Section
compute_dxs(end_dict, mt, zap, eincs, mus)

Double-differential Cross Section
compute_ddxs(endf_dict, mt, zap, eincs, eouts, mus)

MT: reaction number, e.g. 16 for (n,2n)
Zap: reaction product, e.g. zap=1 for neutron
Eincs: incident energy array
mus: angle cosine mesh
Eouts: outgoing energy array 

Input quantities and results  in lab system
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Double-differential distribution: Under the hat*

MF4/MF5
Legendre expansion

Tabulated data
Mixed

Analytical functions

compute_ddxs

*Math core fully implemented (orange)
Relaying to MF4/MF5 and MF6/LAW=2,3,4,5 in progress

MF6/LAW=2,3,4,5
Legendre expansion

Tabulated data

MF6/LAW=1,6,7
Legendre expansion

Tabulated data
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Angular distributions: Under the hat*
(similar for energy spectra (MF5))

MF4
Legendre expansion

Tabulated data
Mixed

compute_dxs

*Math core fully implemented (orange)
Relaying to MF6 in progress

MF6/LAW=2,3,4,5
Legendre expansion

Tabulated data

MF6/LAW=1,6,7
Legendre expansion

Tabulated data
(integration over emitted energy)



13

FENDL 3.2b: Be-9(n,2n) DDX

LAW=7
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FENDL-3.2b: Be-9
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FENDL-3.2b: Be-9 DDX
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FENDL-3.2b: Be-9 DDX

LAW=7
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Slice of 3-dim DDX (LAW=7)

endf-userpy NDS ENDF web interface



18

FENDL 3.2b: Fe-56(n,2n) DDX

(LAW=1, LANG=1)
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FENDL-3.2b: Fe-56
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FENDL-3.2b: Fe-56 DDX
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FENDL-3.2b: Fe-56
(Normalization check)
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FENDL-3.2b: Fe-56(n,2n)
neutron emission spectrum

Obtained by integrating out angle
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Self-shielded Cross Sections



24

Self-shielded cross sections
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ENDF Format Conversions
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ENDF to JSON or YAML file
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Future work: What’s next?

Fortran level:
● Linearization and integration routines
● Relativistic conversion from LAB to CM and vice-versa
● Photon distributions (MF12, MF13, MF14, MF15)
● Covariance data interpretation (MF31, MF32, MF33, MF34, MF35)
● Resonance reconstruction from resonance parameters (MF2)
● Thermal scattering cross section reconstruction
● Photo-atomic and atomic data (MF26, MF27, MF28) 
● Making things faster

Python level:
● Extend capabilities of command line interface
● High-level routines for standard use cases
●  Validation exercise: Compare with EXFOR
● Documentation!
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