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[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

[MAT, 1,451/ ZSYMAM{11}, ALAB{11}, EDATE{10}, {1}, AUTH{33} ]TEXT

[MAT, 1,451/ {1}, REF{21}, DDATE{10}, {1},
RDATE{10}, {12}, ENDATE{8}, {3} ]TEXT
for i=1 to 3:
[MAT, 1,451/ HSUB[i]] TEXT
endfor
for i=1 to NWD-5:
[MAT, 1,451/ DESCRIPTION[i]]TEXT

endfor

for i=1 to NXC:
[MAT, 1,451/ blank, blank, MFx[i], MTx[i], NCx[i], MOD[i]]DIR

endfor

SEND




Bijective Mapping: ENDF-6 < Dictionary

[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 JSON
[MAT, 1,451/ TEMP, 0.0, LDRV, ©, NWD, NXC]CONT
for 1i=1 to NWwD:

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

endfor




Motivation for creating endf-userpy

Gl [E4R19309_e4] (imported)-1.0 (Indexed color 8-bit gamma integer, GIMP built-in SRGB, 1 layer) 760x507 - GIMP W

File Edit Select View Image Layer Colors Tools Filters Windows Help

ENDF Request 19309, 20Z24-How-09,19:18:31
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Package design

ENDF file —» endf-parserpy

|

Python
dict

i

endf-userpy . Reconstructed

data

Relay
functions

-

Math core
library



Support of PENDF* files

PENDF
file - —» endf-parserpy
I Python
NJOY/ dict
PREPRO i
I Reconstructed
ENDE endf-userpy > i
file E ?
| Relay |
| functions |
| Math core |
| library |

*pointwise evaluated nuclear data file



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



Quantities of interest

Cross Section Angle-Differential Double-Differential
Cross Section Cross Section

Incident energy
Incident energy

emission angle
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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)

Input quantities and results in lab system Zap: reaction product, e.g. zap=1 for neutron

Eincs: incident energy array
mus: angle cosine mesh
Eouts: outgoing energy array



Double-differential distribution: Under the hat*

O

compute ddxs

MF4/MF5
Legendre expansion MF6/LAW=1,6,7 MF6/LAW=2,3,4,5
Tabulated data Legendre expansion Legendre expansion
Mixed Tabulated data Tabulated data

Analytical functions

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



Angular distributions: Under the hat*

(similar for energy spectra (MF5))

compute dxs

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% -
/

Le endrl\e,";l( ansion L MFSQLA =1’6"7
g P Legendre expansion Legendre expansion
Tabulated data Tabulated data
) Tabulated data . ; .
Mixed (integration over emitted energy)

*Math core fully implemented (orange)
12 Relaying to MF6 in progress
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FENDL 3.2b: Be-9(n,2n) DDX

LAW=7/
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999995

999997

999998

999999

FENDL-3.2b: Be-9 DDX

Einc

5000000.0

5000000.0

5000000.0

5000000.0

5000000.0

5000000.0

5000000.0

5000000.0

5000000.0

5000000.0

Eout

1.000000e-10

1.000000e-10

1.000000e-10

1.000000e-10

1.000000e-10

3.427200e+06

3.427200e+06

3.427200e+06

3.427200e+06

3.427200e+06

1000000 rows x 4 columns

-1.000000

-0.997998

-0.995996

-0.993994

-0.991992

0.991992

0.993994

0.995996

0.997998

1.000000

ddx

0.000000e+00

0.000000e+00

0.000000e+00

0.000000e+00

0.000000e+00

1.511522e-07

1.589383e-07

1.640271e-07

1.690852e-07

1.741858e-07
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FENDL-3.2b: Be-9 DDX

MT: 16, ZAP: 1.0, Einc: 4.50 MeV

LAW=7



ddx [barn/eV/sr]

MT: 16, ZAP: 1.0, Einc: 4.50 MeV, ANG: 60 deg

Slice of 3-dim DDX (LAW=7)
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FENDL 3.2b: Fe-56(n,2n) DDX

(LAW=1, LANG=1)
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cross section [mbarn]

600 A

500 4

400 A

300 +

200 +

100 -

FENDL-3.2b: Fe-56

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

MT: 16, ZAP: 1.0, Einc: 20.00 MeV le—8
3.0

2.8

nl.0
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FENDL-3.2b: Fe-56
(Normalization check)

import numpy as np
from scipy.integrate import dblquad

from endf_userpy.mf6_interpretation import compute_dist2d_values

from endf_userpy.properties import get QI

def create_dist2d_fun(endf_dict, mt, zap, energy):

def dist2d(x, y):
ens = np.array([energy], dtype=float)
ens_out = np.array([y], dtype=float)

mus_out = np.array([x], dtype=float)

return compute_dist2d values(endf_dict,

return dist2d

mt,

zap, ens, ens_out, mus_out)

create_dist2d_fun(endf_dict, mt, zap, einc)
1

dblquad(dist2d, 1le-10, einc+qval, -1

3

epsabs=0.01, epsrel=1e-2)




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

neutron emission spectrum

26-FE-56 FENDL-3.2C (NJOY2016.74+NBS
Neutron emission for (n,2n)

Neutron emission spe

m for (n,2n) at 150.0 MeV

TraaitheN
\

Obtained by integrating out angle

filu, E, E")
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Self-shielded Cross Sections



total cross section [bam]

2 x 10!
1.9x 10!

1.8 x 101
1.7 x 10!

1.6 x 10!

1.5x 10*

1.4x 10!

24

Self-shielded cross sections

total cross section as function of shielding in URR

sigma0=1.00e-10

- sigma0=1.00e-01

sigma0=1.00e+00
sigma0=1.00e+01
sigma0=1.00e+10

T
104
incident energy [eV]
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ENDF Format Conversions



AWR: 233.0248
LMTR: @
LR: @

II: JL

"ZA": 92235.0,
"AWR": 233.0248,
"LMTR": 0,
"MAT": 9228,
"ME":

3,

: 2,
": 0.0,
": 0.0,

0,

"xstable": {
"NBT": [ 77439 ],

“INT": [ 2 1, .

"E': [
1e-05, 1.03125e-05, 1.0625e-05, 1.09375e-05, .03125e-05
1.125e-05, 1.15625e-05, 1.1875e-05, 1.21875e-05, .0625e-05
1.25e-05, 1.28125e-05, 1.3125e-05, 1.34375e-05, .09375e-05
1.375e-05, 1.4375e-05, 1.5e-05, 1.5625e-05, .125e-05
1.625e-05, 1.6875e-05, 1.75e-05, 1.8125e-05, 15625e-05
1.875e-05, 1.9375e-05, 2e-05, 2.09375e-05, 1875e-05

.21875e-05
"xs": [

54.55387, 53.76941, 53.02052, 52.30462, 51.61938, XS
50.06273. 50.33275. 49.72772. 49.14605. 48.58631. 55387
48.04718. 47.52744. 47.02598. 46.07388. 45.18355, 76941
44.34873. 43.56397, 42.82457. 42.12641. 41.46580, 02052
40.8398, 40.24534, 39.67999, 38.88171, 38.13733, :
37.4412, 36.78846. 36.17492. 35.59691, 35.05123. .30462
. .61938

96273

. 33275

12772

import j-5:3|_'| import yaml
with open('pendf_example.json’, 'w') as f: with open('pendf_example.yaml', 'w') as f:
json.dump(endf_dict, f, indent=2) yaml.dump(endf dict, f) '

J
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Future work: What’s next?

Fortran level:
e Linearization and integration routines
« Relativistic conversion from LAB to CM and vice-versa
e 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
e Photo-atomic and atomic data (MF26, MF27, MF28)
» Making things faster
Python level:
e Extend capabilities of command line interface
» High-level routines for standard use cases
» Validation exercise: Compare with EXFOR

e Documentation!
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