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Introduction:

O 23Th and »"Np fissions for reactor application
* 23Th turns into a useful fuel (?**U), potential alternative for producing nuclear energy.

* 23’Np in spent nuclear reactor fuel. Challenge for long-term waste management due to long
half-life (~2 My).

« 237Np fission as a dosimetry / reference reaction for MeV neutron (an alternative of 233U

fission)

o New measurement at the CERN n_TOF, CSNS Back-n etc. compiled in EXFOR

— Reevaluation of 23?Th and 23"Np fission cross sections for fast neutrons up to 200 MeV.




Evaluation Method

o Revisions of EXFOR entries included adding missing information, removing duplicate

datasets from the same measurements, and reformatting.

o Assignment of correlation properties for each partial uncertainty by estimating from

partial uncertainties and deriving missing values with the quadrature sum rule.

o Conversion to SOK input format. The SOX code converts EXFOR data to SOK file.

o SOK fitting updates cross sections estimates using experimental data and Schmittroth's

roof function.




Selections of Experimental Datasets

» data reported from 1970 to the present

Following datasets were discarded in general:
* Digitized data and compiled data without partial uncertainties.

* data from nuclear explosion




Formalism

The SOK code models the logarithm of the cross section as a linear combination of Schmittroth’s roof
functions ¢;(E) defined by introducing n energy nodes between Ejand Ej,. It is expressed as:

In O-exp(E) - z:}l:lln Oeva,j ¢](E) (1)

with ¢;(E) are the basis functions centered around each energy node E;, defined by:

(E_Ej—l .
E—E;_; if Ej—l <ELZ E] ,
¢;(E) = { Ejr1"E if E; <E <Ej,q, (2)
Ejy1—Ej ] i
. 0 otherwise.



Data transfer from EXFOR entries to SOK input

|EXFOR files I—I-I | Header files I-I—Il Correlation files I—I—I
W

SOX
(formatting)

fort.12
exp. correlation
Coefficients

fort.11
(exp. Total
uncertainty)

fort.10

(cross-section)




SUBENT
EIB
REACTION

ERR-ANALYS

L

ENDBIB
COMMON
ERR-1
PER-CENT
1.5
ENDCOMMON
DATA
EN

EXFOR Input Files

Data list file (list of experimental datasets — subentry# +pointer)

%237Np(n,f)/239Pu(n,f):7.0E+04:2.5E+08:0.0:1.2:RT:0.0:1.2:RT
40507 .002 20240617 1.0000E+00 1.0000E+00 ARUSFEI V.M.Kupriyanov+,1978
EXFOR (EXF) ﬁle 40507 .004 20240617 1.0000E+00 1.0000E+00 4RUSFEI V.M.Kupriyanov+,1978

40507004 20240617
7 17
((93-NP-237(N,F),,SIG)/(94-PU-239(N,F),,SIG))

(ERR-T) Root-mean-square sum of all uncertainties from
- Energy dependence of the shape ratio

(ERR-1) Absolute ratios for normalization (1.5%)
(ERR-2) Normalization procedure of shape (©.25%)
17 e
2 3
ERR-2
PER-CENT
0.25
3 e
4 61
EM-ERR DATA ERR-T
KEV NO-DIM PER-CENT
21. @.015 4.8
20. 9.022 4.3
19. 8.025 4.1
18. 9.034 4.0

Header (HED) file
Correlation property etc.

EN

EN
EN-ERR
DATA

ERR-T U «== uncertainty treated as uncorrelated

ERR-1 1.
ERR-2 1. _F uncertainty treated as fully correlated




EXFOR Input Files: Correlation file

#22211.002 T.Iwasaki+,1990 19

1.000

©.410 1.000

©.340 0.370 1.000

©.340 0.350 0.280 1.000

©.340 0.260 0.250 0.260 1.000 A correlation file is created only when
9.416 ©.320 6.300 0.310 0.376 1.000 correlation coefficients in EXFOR entries
©.430 0.360 0.320 0.330 0.360 0.430 1.000 are available under COVARIANCE.
©.430 0.310 0.300 0.320 0.400 0.480 0.470 1.000

©.500 0.480 0.400 0.400 0.400 0.480 0.500 0.500 1.000

©.440 0.320 0.310 0.330 0.410 0.480 0.480 0.540 0.520 1.000

©.450 0.330 0.320 0.330 0.410 0.490 0.480 ©.540 ©0.530 0.550 1.000

©.410 0.270 0.280 0.300 0.400 0.470 0.460 ©.530 0.480 0.540 ©.550 1.000
©.490 0.550 0.420 0.400 0.350 0.430 0.470 0.430 ©0.590 0.440 0.460 0.400
1.000




SOX output (=Experimental Input of SOK)

fort.10 (experimental cross section: E, 04, E;, 03, ...)

40507.004 V.M.Kupriyanov+,1978 6l
1.3000E+05 1.5000E-02 1.8000E+05 2.2000E-02 2.3000E+05 2.5000E-82
2.8000E+05 3.4000E-02 3.5000E+05 6.8000E-02 4.0000E+05 1.8700E-01
4.5000E+05 1.7400E-01 5.000BE+05 2.6500E-01 5.5008E+05 3.5600E-01
6.0000E+05 4.4100E-01 6.5000E+05 5.3900E-01 7.8000E+85 6.1300E-01

fort.11 (experimental total uncertainty: E;, Acl, E;, Ac2, ...)

40507.004 V.M.Kupriyanov+,1978 61
1.3060E+85 4.860PE-02 1.8000E+65 4.3000E-02 2.3006E+85 4.1080E-062
2.8000E+05 4.0B0PE-©2 3.5000E+65 3.5000E-02 4.0006E+85 2.908PE-062
4.5000E+E5 2.7000E-02 5.0000E+05 2.600BE-02 5.500BE+05 2.4000E-02
6.0000E+05 2.3000E-02 6.5000E+05 2.6000E-02 7.0000QE+05 2.3000E-02

fort.12 (experimental correlation coefficients)

40507.€04  V.M.Kupriyanov+,1978 61
1.e08@
0.112 1.ee0
©.118 ©.131 1.000
0.12@ 9.134 ©.141 1.e08@
©.138 ©.154 e.161 ©.165 1.eee
©.166 ©.185 ©.194 ©.199 0.228 1.060
©.178 ©.199 ©.289 ©.214 ©.245 ©.295 1.008
©.185 ©.207 ©.217 ©.222 ©.254 ©.307 ©.329 1.0080




Simultaneous fitting of 232Th with 233:233:238(J 239-241Py fission cross section.

232Th(n,f

J.Blons+, 1980 21656.003 — =
J.Blons+, 1975 20796.002 ——
W.Muir+, 1971 10223.004 —&—
present (7 nuclides) =———
present (3 nuclides) - = = P
prior (JENDL-5+Yavshits) - - - ’ N

Muir et al.'s cross section below |
1 MeV exceeds the current
evaluation.
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Simultaneous fitting of 23?Th/?3U with 233:2332381J, 239-241Py fission cross section
below 1 MeV.

......... 7T
O.Shcherbakov+,2002 41455.006 ——

B.Fursov+,1991 41111.002 —=—

in-3 J.W.Behrens+,1982 10658.002 —=—
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present (3 nuclides) = = =
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Simultaneous fitting of 2*2Th/>*>U with 233233238

section above 1 MeV.

0.30

239-241Py fission cross

2327h(n, 7235 U(n,f)

Zhizhou Ren+,2023 32889.002.1
Yonghao Chen+,2023 32887.002.1
V.Michalopoulou+,2021 23756.002.1
0O.Shcherbakov+,2002 41455.006
B.Fursov+,1991 41111.002
J.W.Meadows+,1988 13134.003.1
F.Manabe+,1988 22282.002.1
K.Kanda+,1986 22014.002
A.A.Goverdovskii+,1986 40885.002
A.A.Goverdovskii+,1986 40888.002
|.Garlea+,1984 30813.011
J.W.Meadows,1983 10843.003.1x0.92
J.W.Behrens+,1982 10658.002

™ AlAardlboees ‘IOVO aN0AA nn')
. I‘UIUUUIH'F 170 Vo,

present (7 nucuaes)

present (J.W.Meadows absolute} -~ =
present (3 nuclides) = = =
prior [‘.LEN'UL—E} ---
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Cross section ratio
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JENDL-5, contradicting

L
e

Some CERN n_TOF data
points are lower but
consistent with others
within error bars.

iy — ~pfesent (7 nuclides)
i :sé‘ht’(J W.Meadows absolute)
present (3 nuclides) - - -
prior (JENDL—5+Yav?hit5} ---

100
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Difference in 232Th fission cross sections between evaluations

The new evaluations show a 4% reduction in
232Th cross sections compared to JENDL-5
between 2 and 6 MeV. 1

Difference from JENDL-5 (%)

7 nuclides —
3 nuclides ---

E, (MeV)




252Cf{(sf) fission neutron spectrum average cross sections (SACS) relative to Grundl et al.

]
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Preliminary result: Simultaneous fitting of 2>’Np with 233:235.238(J 239-241Py fission
Cross section.

“Np(n.f)
Y T — .
—_—— ~ = 4
20 F ; . S Y
'Gul et al’s have low cross
% . section than the present
% and JENDL-5
o 15} -
w
w
w
Q
Q P.Salvador-Castineira+,2017 23736.003 ——
M.Diakaki+.2013 23189.002 b
K.Merla+.1991 22304.004 =
V.A.Kalinin+,1987 40927.004
1.0 |- K.Gul+.198631711.002 —o— ]
K.R.Zasady+1984 12910.003  —e—
Wu Jingxia+, 1984 30717.002 ~ —a—
V.N.Dushin+.1983 51001.006  —+——
M.Cance+.1982 51013.004  —=—
K.Kobayashi+,1973 20300.002 -
present
prior (JENDL-5) - - - -
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Prelhmmary result: Simultaneous fitting of 23"Np /23°U with 233235238, 239-241py fission cross
section

237Np(n,f235U(n,f)
T i Y T 1 Y N T Y Y — 1
1.6 I Fitting with Paradela’s
ratio as absolute ratio.

Paradela's cross-section
Y, ratio is higher than that

1.4 | .
| ! of the other datasets.
1.2 b N 4% |
ﬂ- ey 'Lj *4»“1’#3 ANRRAE L
1.0 |- AU + A

E i M.Diakaki+,2016 22742.004.1 ——«—
08 3 C.Paradela+,2010 51015.002.1s x0.96 —+—— _
£ F.Tovesson+,2008 14166.002 —a—

i O.Shcherbakov+,2002 41455.004
: L.Desdin+,1989 31425.002 —e—
0.6 i J.W.Meadows,1988 13134.008.1 —e—
J F.Manabe+,1988 22282.007.1 —=—

Cross section ratio

s A.A.Goverdovskij+,1988 40835.002 —
4 A.A.Goverdovskij+,1988 40835.003 —
04 | A.A.Goverdovskii+, 1985 40861.003 v -
2 A.A.Goverdovskii+, 1985 40861.004 —o—
|.Garlea+,1984 30813.013
J.W.Meadows, 1983 12852.002.1 —e—
02 J.W.Behrens+,1982 10647.002 ——
J.W. Behrens+,1 982 10647.003 —e—
present
— prior (JENDL-5) - - - -
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Preliminary result: Simultaneous fitting of >’Np /23U with 2332332381, 239-241Py fission
Cross section.

237Np(n,f)/22°U(n,f)

The normalization factor

16 Fitting with Paradela’s ratio (0.96) was determined by I
as shape ratio. SOK to align Paradela’s
4 ratio with other datasets,
L by treating the dataset as
RE T | a,shape ratio 1
1.0 F ) o
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Summary

o Revision of EXFOR entries with other centres for direct use of EXFOR entries as inputs to

least-squares analysis

o Simultaneous evaluation of 232Th(n,f), 233-233-233U and 2*°-#'Pu till 200 MeV with SOK:

= 232Th: Our cross sections systematically lower than JENDL-5. SACS from our cross sections

1s 11% lower than Grundl et al.'s and closer to other libraries than JENDL-5.

= 237"Np: Our cross sections are higher than JENDL-5 above 1 MeV but all datasets align better
with JENDL-5 and the present evaluation below 1 MeV.




Work 1n progress

Future work will involve completing the study of simultaneous evaluation of 22’Np(n,{),
233,235,2381J and 23°-241Pu and their validation against spectrum-averaged cross section

measurements in the 2>2Cf spontaneous fission neutron field.
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