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How to put nuclear data into an ENDF-6 
formatted file?
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Paths to ENDF-6 file creation

● Model code systems (e.g. Talys and Empire)
● Statistical evaluation systems (e.g. GANDR)
● Packages to interact with ENDF-6 formatted files
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Popular and recent packages

Reading & Writing
● SANDY
● DeCE
● ENDFtk?

Only reading
● Endf-parser
● PyNE
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Two (+one) requirements

● Support reading and writing of entire ENDF-6 format
● Convenient use from a data science language (e.g. Python)
● Provably correct
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Basic design

ENDF file

Python 
dictionary

endf-parserpy
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Basic design

ENDF file

Python 
dictionary

endf-parserpy Computer-
readable
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Formal ENDF format description

ENDF file

Python 
dictionary

endf-parserpy

“How to explain ENDF-6 to computers: A formal ENDF description language”, arXiv:2312.08249

https://arxiv.org/abs/2312.08249
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Provably correct

● The ENDF-6 format manual is incomplete/misleading* for LRF=7
● Result: some divergence between packages

* or at the very least inconsistent with ENDF/B-VIII.0
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Example of format checking: Cu-63
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Basic translation

ZA

AWR

...

DESCRIPTION 
(array)

Python
Dict

MF

MT



13

Allowing for nesting: Sections

ZA AWR LIS NS subsection
(array / dictionary)

subsection[1] subsection[2] ...

QM QI IZAP ...
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Example of use:
Changing (n,tot) cross section

from endf_parserpy import ExtEndfParser

parser = ExtEndfParser()
endf_dict = parser.parsefile("input.endf")

parser.writefile("output.endf", endf_dict)



15

Example of use:
Changing (n,tot) cross section

from endf_parserpy import ExtEndfParser

parser = ExtEndfParser()
endf_dict = parser.parsefile("input.endf")

updated_energies = np.linspace(1e6, 1e8, 100)

endf_dict[3][1]['xstable']['E'] = updated_energies 
endf_dict[3][1]['xstable']['xs'] = np.sin(updated_energies) + 2

endf_dict[3][1]['xstable']['NBT'] = [len(updated_energies)] 
endf_dict[3][1]['xstable']['INT'] = [2] 

parser.writefile("output.endf”, endf_dict)
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Covariance retrieval example

https://github.com/IAEA-NDS/neutron-standards-database/blob/main/codes/
database_modifications/use_irdff_cf252_spectrum.py

https://github.com/IAEA-NDS/neutron-standards-database/blob/main/codes/database_modifications/use_irdff_cf252_spectrum.py
https://github.com/IAEA-NDS/neutron-standards-database/blob/main/codes/database_modifications/use_irdff_cf252_spectrum.py
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Translation between representations
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Translation between representations

ENDF-6 Python dictionary

endf-parserpy
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Translation between representations

ENDF-6 GNDS

FUDGE
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Translation between representations

Python dictionary JSON
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Advanced diff functionality
(Provenance checking in FENDL)

Comparison with ENDF/B-VII.1

FENDL 3.2b = ENDF/B.VII.0



22

Summary

● New Python package for ENDF-6 formatted files enabling:
– Reading
– Writing
– Translating
– Verifying

● Supports (nearly) the entire ENDF-6 format
● Provably correct implementation
● Assembling an ENDF-6 file becomes much easier:

– Working with symbol names instead of locations
– Leveraging powerful data science capabilities of Python
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