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Extension of the ACE File Perturbation Tool in FRENDY
- Implementation of the Perturbation Method for the Elastic Scattering Angle
Distribution Based on the Maximum Entropy Method -
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The Japanese nuclear data processing code FRENDY implements the ACE file
perturbation tool based on the random sampling method, which can be used to quantify
nuclear data-induced uncertainties. However, it has not been able to evaluate the
uncertainty due to the scattering angle distribution, which is not ignored in the uncertainty
quantification of fast reactor core analysis and shielding analysis. Recently, a method to
quantify the uncertainty based on the maximum entropy method has been proposed by the
authors. In this report, a perturbation function for the uncertainty of the elastic scattering
angular distribution based on this proposed method has been added to the FRENDY/ACE

file perturbation tool.

Keywords: FRENDY, ACE File, Perturbation, Nuclear Data-induced Uncertainty,
Scattering Angle Distribution, Maximum Entropy Method
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Fig.1 Nuclear reactions that can be handled with the conventional perturbation tool

(This figure is provided by Dr. Tada.)
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’ PDF interpolation for elastic scattering angle (u) grid points ‘
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’ Normalization of perturbed PDF and calculation of perturbed CDF ‘
l i Process for generating

! the reference PDF table
’ PDF interpolation for neutron energy (E) grid points ‘ ;
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| ’ Normalization of perturbed PDF and calculation of perturbed CDF ‘ ,':

’ Calculation of the perturbed average scattering angle cosine (7®)

’ Calculation of the Lagrange multiplier A in MEM ‘
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Generation of perturbed ACE file }

Fig.2 Process sequence for perturbation of elastic scattering angle distribution
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—————— : Original PDF

@ : New grid points

—: New PDF

Fig.3 Error factor for PDF in case other than LOCC1<0, JJ=2

Interpolation
% for p grid points

| é}g:cos_lu

Interpolation
for E grid points

E
5000000009009
e00000 00000
O : Original grid points “"“““'
. 90000000000
@ : New grid points .“"“““
0000000000
90000000000
es00 000000

Fig.4 Interpolation procedure for u and E grid points

,13,



0.6 E=0.1MeV
0.5 Qe 0000000000000 0000000 O™ =
0.4
o 0.3
o
a
0.2
* New grid points
0.1 o Original grid points
0
-1 -0.5 0 0.5 1
Scattering angle cosine p [-]
1.2 E=1MeV
1 /
0.8 .
o 0.6
o o
a ...o"
0.4 fo ...o...”..o.....
02 * New grid points
' o Original grid points
0
-1 -0.5 0 0.5 1
Scattering angle cosine p [-]
14 E=20MeV
12 * New grid points ¢
10 o Original grid points )
T 8 5
(N o
g 6 o
4 O
g
2
0 COORMOOIO0008 s O 10K080R #60000000CD0R 4O
-1 -0.5 0 0.5 1

JAEA-Data/Code 2024-009

Scattering angle cosine u [-]

Fig.5 Interpolation results for u
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Fig.6 Interpolation results for E
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Table 1 Results of verification for linear interpolation function

[unit: s TW-1]

Neutron counter

6" Bonner Ball

Shielding thickness

60"

120"

180"

Interpolated ACE file

(9.43 £ 0.02) x 100

(2.97 + 0.01) x 10!

(4.95 + 0.02) x 10-3

Original ACE file (vef.)

(9.46 + 0.02) x 100

(2.97 + 0.01) x 10!

(4.95 + 0.02) x 10-3

Difference from ref. —0.03 x 100 0.00 x 101 0.00 x 10-3
[unit: s-1W-1]
Neutron counter Modified Bonner Ball
Shielding thickness 60" 120" 180"

Interpolated ACE file

(1.43 + 0.00) x 10!

(7.68 + 0.03) x 104

(2.29 + 0.01) x 10-¢

Original ACE file (vef.)

(1.43 + 0.00) x 10!

(7.67 + 0.02) X 104

(2.28 + 0.01) x 10-¢

Difference from ref.

0.00 x 10-1

0.01 x 10+

0.01 x 10-6

Table 2 Results of verification for perturbation function
[unit: %]
Neutron counter 6" Bonner Ball
Shielding thickness 60" 120" 180"

This study 0.74 £ 0.02 1.27 £0.03 2.00 £ 0.05
Previous study (ref.) 0.68 + 0.01 1.21 +0.03 1.96 + 0.04
Difference from ref. 0.06 0.06 0.04

[unit: %]
Neutron counter Modified Bonner Ball
Shielding thickness 60" 120" 180"

This study 1.46 £ 0.03 4.01 £0.09 6.86 £ 0.15
Previous study (ref.) 1.41 £ 0.03 3.89 + 0.09 6.65 + 0.15
Difference from ref. 0.05 0.12 0.21
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