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Paths to ENDF-6 file creation

« Model code systems (e.g. Talys and Empire)
« Statistical evaluation systems (e.g. GANDR)
o Packages to interact with ENDF-6 formatted files



Popular and recent packages

Reading & Writing
SANDY

DeCE

ENDFtk?

Only reading
Endf-parser
PyYNE



Two (+one) requirements

e Support reading and writing of entire ENDF-6 format
« Convenient use from a data science language (e.g. Python)

e Provably correct



Basic design

endf-parserpy
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endf-parserpy
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Formal ENDF format description

ENDF file

f

endf-parserpy

Python
dictionary

[MAT, 4, MT/ ZA, AWR, 0, LTT, ®, OJHEAD
if LTT==3 and LI==0 [lookahead=1]:

[MAT, 4, MT/ 0.0, AWR?, LI, LCT, @, NM]CONT
else:

[MAT, 4, MT/ 0.0, AWR?, LI, LCT, @, @]CONT
endif

# Legendre coefficients
if LTT == 1 and LI == 0:
[MAT, 4, MT/ 0.0, 0.0, 0, 0, NR, NE/ Eint ]TAB2
for i=1 to NE:
[MAT, 4, MT/ T, E[1] , LT, 0, NL[i], 0/ {a[i,1]H{1=1 to NL[i]} ]LIST
endfor

# Tabulated probability distributions

elif LTT==2 and LI==0:
[MAT, 4, MT/ 0.0, 0.0, 0, 0, NR, NE/ Eint ]TAB2 (energy_table)
for i=1 to NE:

[MAT, 4, MT/ T, E[1] , LT, ®, NR, NP/ mu / f]TAB1 (angtable[i])
endfor

# Angular distributions over two energy ranges.
elif LTT==3 and LI==0:
# lower range given by Legendre coefficients
[MAT, 4, MT/ 0.0, 0.0, @, 0, NR, NE1/ Eint ]JTAB2 (leg_int)
for 1=1 to NE1:
[MAT, 4, MT/ T, E[1], LT, @, NL[1], 0/
{al[i,j]Hj=1 to NL[i1]} JLIST
endfor
# higher range represented by probability distribution
[MAT, 4, MT/ 0.0, 0.0, ©®, ®, NR, NE2/ Eint ]JTAB2 (ang_int)
for 1=NE1 to NE1+NE2-1:
[MAT, 4, MT/ T, E[i] , LT, @, NR, NP/ mu / f JTAB1 (angtable[i])
endfor
endif
SEND
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“How to explain ENDF-6 to computers: A formal ENDF description language”, arXiv:2312.08249


https://arxiv.org/abs/2312.08249

Provably correct

e The ENDF-6 format manual is incomplete/misleading™ for LRF=7

e Result: some divergence between packages

(The following record gives the values for resonance energy and widths for each resonance
in this spin group.)

[MAT,2,151/ 0.0, 0.0, 0, NRS, 6xNX, NX/
ER;, GAM; 1, GAMs ¢, GAM3 1, GAMy 1, GAM5 1,
GAMg 1, ——————————————m— - GAMncm 1,
ERs, GAM, -, GAM; 5, GAM3 5, GAMy -, GAM; 5,
GAMg 2, —————————————m—mm—mmmm o GAMycH,2,

ERvrs, GAM; nprs, GAMy vps, GAM3 ngrs, GAMy ngrs, GAM; nvgs,
GAMg NRs, ————T——T———————————————- GAMNcH, NRS JLIST

(If the number of resonances is zero for a spin group, then NRS=0 but NX=1 in this record.)
Other records may be included here, as described below. If KBK is greater than zero,

10 * or at the very least inconsistent with ENDF/B-VIII.0



Example of format checking: Cu-63

151

.000000+0 0.000000+0 156292532151"

1518
32 , 151
1
.000000+0 0.000000+0 3292532151"

1522
32 , 151

.000000+0 0.000000+0 148292532151"

1819
32 , 151
1
.000000+0 0.000000+0 2292532151"

1822
32 , 151

.000000+0 0.000000+0 204292532151"
2231

32 , 151 / 0.0 , 0.1
.000000+0 0.000000+0 0292532151"

2232
32 , 151
.100000+1-9.810000+2 0.000000+0 0.000000+0 0.000000+0 0.000000+0292532151"

10: ' 3.10°




Basic translation

[MAT, 1,451/ ZA, AWR, LRP, LFI, NLIB, NMOD]HEAD
[MAT, 1,451/ ELIS, STA, LIS, LISO, ©, NFOR]CONT
[MAT, 1,451/ AWI, EMAX, LREL, ©, NSUB, NVER]CONT
[MAT, 1,451/ TEMP, 0.0, LDRV, ©, NWD, NXC]CONT
for 1=1 to NwD:

[MAT, 1,451/ DESCRIPTION[i]]TEXT

endfor




Allowing for nesting: Sections

[MAT, 10, MT/ ZA, AWR, LIS, 0, NS, O]HEAD
for k=1 to NS:

(subsection[k])
[MAT, 10, MT/ QM, QI, IZAP, LFS, NR, NP/ E / sigma ]TAB1

(/subsection[k])
endfor
SEND

ZA AWR LIS NS subsection
(array / dictionary)
subsection[1] subsection[2]

N T

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

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

parser.writefile("output.endf", endf dict)
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Example of use:
Changing (n,tot) cross section

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]



Covariance retrieval example

parser = BasicEndfParser()

endf_file = os.path.join('auxiliary_data', 'IRDFF-II_Cf252_spectrum.endf')

cf252_endf = parser.parsefile(endf_file)

# get fTission spectrum

mf3 = cf252_endf[3][261]

en = np.array(mf3['xstable']['E']) / 1e6

xs = np.array(mf3[ 'xstable']['xs']) * 1e6
dopet data to reconetruct covariance matriy

mf33 = cf252_endf[33][261]
E = mf33['subsection'][1]['ni_subsection'][1]['E']
F = mf33['subsection'][1]['ni_subsection'][1]['F']
# reconstruct covariance matrix
energies = np.array(tuple(E.values())) / 1le6
n = len(energies)-1
covmat = np.full((n, n), 8.0)
for i in F.keys():
for j in F[i].keys():
covmat[i-1, j-1] = F[i][i]
b 1yt T
covmat[j-1, i-1] = F[i][37]
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le7
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le?

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

Translation between representations

17



Translation between representations

endf-parserpy

ENDF-6 Python dictionary

18



Translation between representations

ENDF-6 GNDS

19



Translation between representations

import json

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

with open("endf_file.json", "w") as f:
json.dump (endf_dict, f, indent=2)

m:ﬂmm‘ TTLLLL

Python dictionary JSON

20



Advanced diff functionality
(Provenance checking in FENDL)

Material Source Emax
[MeV]

F-

1-H-1 JENDL-1 3000
1-H-2 ENDF/B-VII 150
1-H-3  ENDF/B-VII 20 _ _ _
T Hees  FNDFE from endf parserpy.endf parser 1n|'|t BasicEndfParser
3-Li-6 JENDL-D8HE from endf_p >bugging s import compare_objects
3-1Li-7 JENDL-4.0/HE parser = BasicEndfPars () _ _ |
4-Be-9  ENDF/B-VII fendl_endf = parser.parsefile(fendl_filename)
5-B-10 ENDF/B-VII 3 other_endf = parser.parsefile(other_endffile)
5-B-11  ENDF/B-?7?777 200 tel_fendl _endf[1][451]

del bother_endf[1][451]

compare_vkjects(fendl_endf, other_endf, fail_on_diff=False)

EC'OGHIS‘:I‘JI%C.GIMI—'

FENDL 3.2b = ENDF/B.VII.O

an]
Yot vt

Y Oh
L L L) L

MM

o0 Q0
oo

-I—'-F—'-

3.
3.
3.
3.

W 0D ~J] =]
Ll W W W
o I N

E)E}

Comparison with ENDF/B-VII.1

21
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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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