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Cai Chonghai

Physics Department, Nankai University
Tianjin 30008686
P. R. China

ABSTRACT:

The measured data for the (n, f)and (n,gamma) reactions for Np-237
have been evaluated in the energy region from 30 Kev to 20 MeV.
All the data of Np-237 for other reaction channels were theoreti-
cally calculated: The total cross section, absorption c¢ross
section and elastic angular distribution were calculated using
the parameters got from Optical Model. All data were calculated
using general computer code FUP1 (the parameters of the Optical
model wused as input data to FUPl). The recommended experimental
data and the theoretically calculated data were adjusted and let
OLnt =0ei +0non. The resonance parameters in the energy range below
30 keV were also added. All the data in the energy range 10-%8 eV

to 20 Mev were recommended as the data file of Np-237 for CENDL~-
2. ' '

Keywords: evaluation, neutron nuclear data, Np-237, cross sec-
tion, angular distribution, Opticael Model, FUP1l, fission parame-
ter, resonance parameter, .CENDL-2

1. Introduction

Np-237 is an important element in the fuel circle of the
nuclear reactor:

U-235 + n = U=-236, U-236 + n = U-237, U-237_B-_Np-237
Np-237 + n = Np-238, Np-238 _B- Pu-238. Because the long halft
life and higher a emission, Pu-238 is a useful nuclear source
[via O-16{a, n) reaction, the large heat is produced] and widely
used in artificial satellite, space detector, universal ship,
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cardiac pacemaker and so on. In the nuclear waste material man-
age, Np-237 plays an important role to indicate and monitor the
waste materials. In order to control the operation of the nuclear
reactors, nuclear waste material storage and produce nuclear
source, understanding the property of Np-237 and correctly know-
ing the knowledge of interaction between neutron and Np-237 is
important. Sine 60’'sth to 80’sth the neutron nuclear data of Np-
237 were measured continually. Some evaluated data were also pub-
lishedl 1) 2, 3), After the evaluations, some new measurements
came to us for reaction channels {(n, f) and (n,Gamma)., Therefore
a new evaluation is necessarvy.

Our evaluation is mainly in the neutron energy range 30 keV to 20
MeV, but the resonance parameters below 30 heV were also recom-
mended. :

The comparison of our evaluated data and data of JANDL-Z2 and
ENDF/BVI was shown in Fig. 4. For on¢, the ratio of ENDF/BVI and
JANDL-2 data to our data was shown in Fig. 5.

Table 1 22 chosen data groups for (n,f) reaction
| T T T T T 1
| Author |Year| En{Mev) | Author |Year| En{(MeV}) |
! ! ! 1 1 | g
f T ! T 7 ; !
{A.PROTOPOPOVL ¢} {1958 14.6 |9 ALKNAIOVI 1S} |1977] 14.8 |
I | } l ! ! i
f | { | ? ! !
|B.GOKHBERGI 5!  |1958|0.012~1.5|D.GARDY! 16! 11979]0.77-0.96 |
% - } ; { % {
|S.KALININt6)  |1958}2.5-8.3 |J.BEHRENSI17]  |1982|0.02~30 |
} —t % ; ? %
|H.SCHMITL 7} }1959|1.64~7.63 |M.CANCEL 151 . |198212.47 |
{ —+— } ——o {
|P.WHITEL 8! 11965]0.04-14.1|J . MEADOWSt 19} |1983|0.1-9.4 |
! ! ! 1 ] 1 )
i 1 { i ) I
|J . PERKINt 9} [1965]0.024 |R.ARLT12°J |19818.7-14.7 |
L 1 ! | I | .
r 7 1 ! { 1
|J.GRUNDLL 101 |1967|1.07-8, 07]M VARNAGY! 21) |1982113.5-14.8 |
E —1— } i {
|W.BROWNL 1 1] |1970|0.1-2.8 |I.GARLEAl22) 1984 14,75 |
| | } | L |
¢ I I i { i I
|R.JIACOLETIL!2} [1972|0.2-6.76 |WU JINGXIAlL23] [1984[4.0-5.5 |
I ! i { 1 L ]
i : 1 I I { | 1
|W.EKOBAYASKIt 131 ]1973{3.5-4.9 |K.KANDAL 24} }1985|0.51-15 |
L } ] ) | ! |
! ! v ! '
|S.PLATTARDU 141 |1875]|0.02-2.01{A.GOVERDOVSKI 251 {19844.44-16.4 |
L 1 1 1 1 [ f




2, The Measured Data

The existed data of Np-237 are mainly in the reaction chan-
nels (n, f) and (n,Gamma}.

{i). (n, f) Reaction

The data were measured since 1947 and mainly contributed by
laboratories in USA(ORL, LAS, LAL), USSR{CCP, FEI, HUR), UK{(ALD)},
France(SAC}, Japan{KTO, TOH) and China(AEP). Up to now there were
more than 30 data groups published and 10 groups were measured in
80'sth. The measurements were mainly relative to U-235, the accu-
racy was in 2 - 5%. All relatively measured data were re-normal-
ized using U-235 data of ENDF/BVI file. total 2Z data groups were
chosenl 4-25] for fitting. The fitting uncertainties were given
according to their measuring techniques and their measuring
accuracies. All the 22 data groups were listed in table 1 and
shown in Fig. 1.

{ii). Capture reaction (n,Gamma)

Total 6 data groups were collectedi26-29%), but only 4 groups
were recommended. All measured data were within the energy range
0.02 to 2.73 MeV. The standards of the relatively measured data,
which were U-235 (n, f) cross sections and Au-197(n, Gamma) cross
sections, were re-normalized using new data file of ENDF/BVI,
The situations of the measured data were listed in table 2. and
the recommended data were shown in Fig.2.

Table 2 4 chosen data group for (n.Gamma}

T T
Lab. }Year{ En{MeV)

i |
i R

USALRL|1976]0.121-2.73
} }

T
Author ]

1

!

l

; } x
J.TROFIMORI 271} !CCPRI |1976|0.25-1.91

} 1 |

|

]

|

|

|

M,LINDERLl 26)

s s e ——e o

i

] ]
USAORL|1981}0.02-0.212
| l

L.WESTONl 28]

—— agin. St g St g - A — e

T T
A.DAVLETSHIN! 29) |CCPFEI|1985|0.174-1.15
! !

e N

-

{iii). The reaction {(n, 2n)

All the data were measured using activation cross section
measurement method. the cross sections of Np-237(n, 2n) were
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calculated according the Pu-236 products. In order to know Pu-236
products the both data: (f/EC), the ratio of f emission and elec-
tron capture(EC) (B/EC), and R, the ratio of the products of Np-
236 isomer and Np-236, need to be known well. But up to now R is
not well known, especially R as the function of neutron energy E
is not known. Therefore all the collected datal30-35] were only
used as references during the parameter adjusting of the model
calculation. The comparison of the theoretical and measured data
was shown in Fig. 3.



Fig. 5
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3. Theoretical Calculation

Without measured data, All data of other reaction channel of
Np-237 were given by theoretical calculations.

These data were calculated using FUP1I361, in which the
Coupled Channel Optical . Model, F-H theory with width
fluctuation(WFH) and Pr-equilibrium Evaporation Model based on
Excitation Model(PE) were adopted. The parameters of the optical
Model and fission parameters needed to be imputed from other
calculations.

(i). The Parameters of Optical Model

Without the measured data of total cross section 6., non-
elastic cross section onen and elastic angular distribution
onn{8), the parameters of the Optical Model for Np-237 were got

from systematic study of U-235 and Pu-239 because the three
nuclei have the same odd A and Np-237 is in middle. Comparing
the data of o+ and onn, the exiting curves for U-235 and Pu-239
are very close each other and the absolute data of ¢ are con-
sistent in 5%. Therefore the parameters got from parameter ad-
jJusting for Pu-239137]) were used in the calculation: '
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Ua = 43.,7937MeV Ui = -0.3983MeV

Uz = 0.01925MeV Se = 3.3998MeV

S1 = 0.,1161MeV We = 0.8459MeV

Wi = 0.01029MeV Rt = Ra = 1.2601fm
R: = 1.5736fm ay = aa = 0.5628

a2 = 0,6028fm

{(ii)., Fission Parameters

include the energy level density =8,

pair correlation &, fission barrier width hw, equivalent fission
barrier height Vp¢ and the energy density parameters at saddle
states: Pxi1, Pr2. These parameters were got from a auto parameter
adjusting program ASFPL38), In the adjusting, the parameters were
got by the model fitting method. Below 3MeV, WHF theoryv was used.

The fission parameters

Above 3MeV, PE theory was emploved. Because there were 3 fission
proceeding included in the energy range up to 20 MeV, The meas-
ured data of Np-237 and its isotopes were used as input data. The
parameters used in the evaluation were listed in table 3.
Table 3. fission Parameters

1st fission 2d fission 3d fission 4th fission
Vos 5.871492 5.678481 5.514621 5.68
Pk 3.109137 1.638118 1.010123 1.64
Pk 0.222279 0.054693 0.134143 0.055
8 0.62276°7 1.116893 0.562664 0.756084
hw 0.441609 0.652 0.79 0.65
a8 28.488922 29.175522 28.418579 29.07745
{ii1). Direct Interaction

in the high neutron energy range the direct interaction need
to be considered, which was got from an assistant Program based

on Coupled Channel Optical Model by Shen Qingbiaol371},
4, The Results From Calculation And The Data Recommended

From Fig., 1 to Fig. 3, one sees that:

For on¢ (E), the calculated data fully consistent with exper-
imental data in E<14MeV. Above 14 MeV, The measured data bv Beh-
rens et al. were about 10% lower in maximum,

For ons{E), the data were consistent each others in E<(1MeV.
Above 1.2MeV, the calculated data were higher than measured ones.

For on.2n{E), the data were also consistent.



Therefore our recommendation is following:
{i}), In 30keV<E<Z20MeV

For ons(E), the titted experimental data were recommended.
For owe(E}, the fitted experimental data were recommended 1in

30keV<EKZ, 75MeV; above 3MeV the calculated data were used and the
data were smoothly connected in 3MeV point. For alli other data of
reaction channels o6¢{(E), on.2n{E), oOn,an(E), 061 (E), 1integrated
inelastic cross section oin{E), second neutron spectrum and the
angular distribution of the second neutrons, the calculated data
were used. During the self consistent adjusting, following rela-
tions were kept:

Onon({E}= ons (E}+ ong(E) + oynl{E) + Un.zn(E) + On.an(E)

gey (E} = 01 {E) - onanl(E)

{1i), In E<30keV

" All data in the energy rang were given using resonant parame-
ters. In the energy range 10-%eV to 130 eV, the data treated as
resolved resonances; In the energy range 130eV to 30 keV, the
data treated as unresolved resonances. All the parameters 1in
that energy range were token from the L. W. Westen and I. H. Tadd
evaluated datal 281!,

All recommended data (include file 1 to file 5) were put into
the computer of China Nuclear Data Center with ENDF form.
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