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CALCULATION OF 232Th NEUTRON CROSS SECTIONS FROM 0.3 MeV

TO 2.4 MeV INCLUDING A FISSION CHANNEL ANALYSIS

ABSTRACT -

In this report, we present a consistent calculation of all the neutron

cross sections - total, elastic and inelastic scattering, radiative capture and

fission - of 232Th in the neutron energy range 0.3 - 2.4 MeV. The experimental

fission cross sections and fragment angular distributions are fairly reproduced

by a channel analysis method.

CALCUL DES SECTIONS EFFICACES NEUTRONIQUES DE 232Th DE 0.3 MeV
A 2.4 MeV AVEC UNE ANALYSE EN.VOIES DE FISSION

RESUME —~

Nous présentons dans ce rapport un calcul coherent des sections
efficaces neutroniques - totale, diffusion &lastique et inélastique; capture

232Th pour des neutrons d'énergie comprise entre 0.3

radiative et fission - de
et 2.4 MeV. Les données expérimentales sur la section efficace de fission et les
distributions angulaires des fragments sont bien reproduites par une méthode

d'analyse en voies de sortie de fission.



I - INTRODUCTION ~

Among the different studies of the fission process, the fission of
thorium isotopes 1s probably one of the most interesting at the present time.
Such a study has begun by the neutron induced fission of 232‘I'h which is the
easier thorium isotope to obtain. A large amount of experimental data on this

nucleus is now available.

The 232Th(n,f) cross section in the threshold region exhibits large
and well separated resonances, associated with important fluctuations in the
fission fragment angular distributions [1-2-3]. In the framework of the MOLLER
and NIX calculations [4L], these resonances are interpreted as vibrational states
in a third well of the fission barrier. In addition, a fine structure seems
to be superimposed to these resonances, but their interpretation differs following
the authors [1-5]. The fission fragment characteristics also present interesting
properties. In particular, a recent measurement of the mean total kinetic
energy seems to reveal a fission process behaviour for 232Tn different from that for

other actinides,and leads to asearch for channel effects in this nucleus [6].

The interpretation of these different data requires the knowledge of
the transition states of the nucleus. Informations on these states can be
obtained from a simultaneous analysis of the experimental fission cross section
and fragment angular distributions. Up to now, different attempts using double
or triple humped fission barriers have been made but irarely any detailed
calculation of the other neutron cross sections, thus preventing a check of the
consistency of the calculation.

In this paper, we report a simultaneous analysis of all the cross

232

sections of Th - total, elastic and inelastic scattering, radiative capture,
fission - and the fission fragment angular distributions in the neutron

energy range 0.3 - 2.4 MeV.



IT - DESCRIPTION OF THE MODEL -

The calculation of the Hauser-Feshbach type used a code based on the
statistical model [7]. In this model, the interaction of a neutron with a target
nucleus (spin I) leads to the formation of a compound nucleus which can de-excite
by gamma-ray emission, neutron emission or fission. The nuclear reaction cross

section can be written [T7]

occ,(En) =Z oc(E,J,n) Pc,(E,J,Tr)

Jm

where ¢ and c¢' label the entrance and exit channels respectively. En is the inci-
dent neutron energy. Pc,(E,‘I,ﬂ) is the branching ratio of the compound nucleus
state (E,J, T) to the channel c¢' with corrections due to width fluctuations. The
quantities E, J, T denote respectively the excitation energy, spin and parity of
this state.

In this study, the compound nucleus formation cross section OC(E,J,N)
makes use of the neutron penetrabilities obtained from a coupled channel calcula-
tion performed by Lagrange [8). The parametrisation of the deformed optical poten-
tial used in this calculation is described in reference [9]. It gives satisfactory
values of the s and p wave strength functions calculated at 10 keV, i.e. respecti-
vely So = 1,005 ‘IO_)4 and S1 = 1.518 10_h. The total cross éection OT calculated
at low energy by this model is plotted and compared with the experimental data [10-
11-12] in fig.1. In spite of aslight difference (< 7 %) between 1 and 1.8 MeV,

the agreement is generally good.

The branching ratios Pc,(E,JQ ) are related to the transmission coeffi-

cients Tc(E,JQ ) associated to the exit channel c¢' by

T, (E,J, )
Pcl(Es J,m) =

2 TC"(E’J’ TT)

C"

For fission, the exit channels (or transition states) are characterized
by the quantum number K (projection of the total angular momentum J onthe symmetry
axis of the nucleus). The fission transmission coefficients Tf(E,(I,K;'n) are

calculated [7] by numerical integration of a Shrddinger type equation. The fission



barriers used are triple humped, according to M8ller and Nix calculations [4]
and Blons experimental results [1]. As the first hump top located at about 4 MeV
does not influence the barrier penetrability in the energy range studied, the
penetrabilities can be calculated in the framework of a double humped barrier
consisting of the second and third humps. Always in agreement with the former
works [1-4], the third well is assumed shallow enough so that damping of the vi-

brational states of this well into the other intrinsic states is negligible.

As a consequence of the axially deformed nature of the third well, each
vibrational state is assumed to be splitted into two states weakly separated (by
about 10 keV) having the same barrier shape and the same number K but opposite

parities.

If one assumes that the fission fragments separate along the nucleus
gymmetry axis and K is a good quantum number, the fission fragment angular distri-

bution of an even-even target nucleus as 232Th fora particular transition state is

given by
2T + 1
J 2 J 2
W (0) = &7 (@)% + |a ()]
t 1/2, t K L 1/2, K -1/2, K
where EJ K(e) is the rotational part of the symmetric top wave function. 6 deno-

tes the angie between the symmetry axis of the nucleus and the direction of the

incident neutrons.

For all the transition states, the fission fragment angular distribution

and the fission cross section are given respectively by the relations

Ww(8,E) =Z Of(E,J,K,‘IT)W (8)
o + 1/2, + K

o (E):S o (E,J,K, )
f ‘J f } ] 5 ]
J,K,m

The neutron transmission coefficients Tn(E,J} T) are sums over all the contribu-

tions of neutron channels leaving the target nucleus in its ground state or in an



excited state A (having spin I, and parity HA)'

J+I>\ it+ 1/2
NN 3w
Tn(E,J,TT) -Z /., TQ'(E E)\)Gﬂ’lw_ m
A

i'=lg-1,] 2'=3r-1/2

J+1I jr+1/2 E-E

Z)\ Z pIX(E—s) T‘?L:(e)de

jr=la-1,] e=§'-1/2 o

+ 1/2 :E:
A

where Ti is the common neutron penetrability and p(E) a continuum level density.

The excited states A used in this calculation are listed in table I.

Above 1.12 MeV, the conventional Fermi-gas formula of Gilbert and Cameron [13]
E-E . .
(p(E) =-%r exp ( T o)) has been used. Its parameters obtained from an adjustment

to the experimental data (mean level spacing at the neutron resonance energies,
Ds = 17.49 eV and discrete level scheme fig.2) are E,=5.1MeV, E = - 0.2 MeV,
T = 0.399 MeV.

The radiative capture transmission coefficients TY(E,J} m) are related

to the average capture widths f& by

Ty(E,J, T) = 2m p(Ec,J, ) I‘Y(EC)

where p(Ec,Jg m) denotes the Fermi-gas level density [13] of the compound nucleus
2331 in its state (EC,JQ 7). The y-ray widths have been calculated according to
the Weisskopf formalism [14] and normalized to the experimental value TsxP(ZT.Q

meV [14]) measured at the neutron resonance energies.

IIT - RESULTS -

The computational procedure consisted of adjusting the heights (EB’EIII’

EC) and widths (th,EmIII,hwc) of the fission barriers corresponding to each

state (Km), in order to obtain simultaneously a good fit to the experimental fission



cross sections as well as fragment angular distributions. A set of 28 fission

channels was needed. They are listed in table II.

A1l the neutron cross sections calculated in this work are reported in

table IIT and IV.

The calculated fission cross section is compared in fig.3 a,b to the
experimental data [1-16]. For incident neutron energies En lower than 2.2 MeV, a
good agreement is obtained. However for En > 2.2 MeV we were led to increase the

232Th by about a factor 2 in order to achieve the fit.

continuous level density of
This means an increased neutron scattering competition in this energy range, which

remains until now an open question.

The fragment angular distribution results corrected for the neutron
energy resolution are compared in fig.4 to the experimental data [2-3]. Another
detailed calculation between 1.57 MeV and 1.62 MeV by energy steps of 4 keV has
been carried out to search for the experimentally observed fine structures [1].

As can be seen in fig.5, our calculated fission cross section does not exhibit
any fine structure superimposed on the broad vibrational resonance at Enﬁ=1.6 MeV.
Notwithstanding a good agreement between calculated and experimental [5] fission

fragment angular distributions is obtained (fig.6).

The scattering and radiative capture cross sections are given in fig.T,
8 and 9. The calculated elastic and inelastic cross sections reproduce satisfac-
torily the experimental data [17-18-19-20 ]. The slight disagreement for the par-
tial inelastic cross sections associated to the levels at 49.37 keV and 162.1 keV
is mainly due to the 5 % discrepancy between calculated and measured total cross
sections below E =2 MeV (see fig.1). The radiative capture data [15-21-17-22-23-
24] are well reproduced over all the studied energy range in particular the struc-

ture below En = 1 MeV.

IV - CONCLUSION -

All the 232

Th neutron cross sections have been satisfactorily reproduced
in a consistent way in the large energy range considered in this work. However the

following remarks must be pointed out

i) The set of the fission channels listed in table II fairly reproduce the fission

characteristics in the framework of our calculations. We do not claim that it is

unique.
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ii) The fission fragment angular distributions as well as the vibrational reso-
nances in the fission cross sections are generally well reproduced. But,
around En = 1.6 MeV, the fine structures observed experimentally are not
seen in these calculations whereas the calculated fission fragment angular
distributions are in good agreement with the experiment [5] (see fig.6).
Our calculation does not reveal fine structures, so the observed structures
could be due to another physical phenomenon not taken into account explici-

tly in our work.

iii) The assumption of an increased inelastic scattering competition above En=

2.2 MeV remains for us an open question.

This work shows that an optical statistical model conveniently ad-
justed on the fission characteristics can be used with confidence to generate
a coherent set of neutron cross sections for a same target within a large energy
range. Thus such a sort of analysis would be of interest for neighbouring nucleil

if fission data are available.
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TABLE CAPTIONS

Table I : Excited levels of 232Th used in the calculation of the scattering
competition.
Table II : Parameters corresponding to the set of transition states (K,m)

needed to fit the fission cross section and the fragments angular

distributions. E_, E Ec are the heights of the second hump,

B? TIII’
third well and third hump in the potential barrier respectively.

th, thII’ ﬁmc are the corresponding widths.

Table III : Calculated partial inelastic scattering cross sections to the diffe-

232

rent Th excited levels.

Table IV : Calculated total elastic scattering, radiative capture and fission

cross sections.
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LEVEL | ENERGY SPIN PARITY
(MeV)

0] 0.0 0 +
1 0.049369 2 +
2 0.16212 L +
3 0.,33310 6 +
L 0.55690 8 +
5 0.71k425 1 -
6 0.73035 0 +
T 0.77410 2 +
8 0.774k40 3 -
9 0.78520 2 +
10 0.82740 10 +
11 0.82960 3 +
12 0.87300 L +
13 0.88330 5 -
14 0.89010 b -
15 0.96020 L +
16 1,05360 2 -
17 1.0729 2 +
18 1.0775 1 -
19 1.0787 0 +
20 1.09Lk 3 +
21 1.1057 3 -
22 1.1228 2 +

TABLE I




(k,m) EB EIII EC ‘th thII 'hwc
state (MeV) (MeV) (MeV) (MeV) (MeV) (MeV)
1+
. 5.49 5.47 6.86 1.30 0.60 1.30
g_ 5.70 5.46 6.875 0.7k 0.60 1.05
1+
5 6.27 5.72 6.86 1.20 1.0 1.23
g+ 6.29 5.723 6.77 1.4 1.0 1.%0
%+ 6.22 5.86 7.24 1.4 1.0 1.40
g* 6.35 5,81 6.92 1.4 1.0 1.340
g+ 6.62 5,90 7.01 1.4 1.0 1.40
g‘ 6.61 5.89 7.00 1.4 1.0 1.4%0
g* 6.45 5.90 6.96 1.4 1.0 1.%0
g‘ 6.46 5.91 6.97 1.4 1.0 1.%0
1+
3 6.73 6.026 7.62 1.4 1.0 1.40
%‘ 6.7k 6.036 7.63 1.k 1.0 1.40
g+ 6.78 6.016 7.29 1.4 1.0 1.40
g‘ 6.79 6.026 7.30 1.4 1.0 1.0
1+
5 6.76 6.19 T.43 1.4 1.0 1.40
%_ 6.77 6.20 7.4k 1.4 1.0 1.40
S+
5 6.85 6.175 7.23 1.4 1.0 1.40
g" 6.86 6.185 7.24 1.4 1.0 1.40
1+
3 T7.01 6.305 7.5k 1.4 1.0 1.4%0
%‘ 7.02 6.315 7.55 1.h 1.0 1.%0
i+
5 7.20 6.38 7.70 1.4 1.0 1.%0
%‘ 7.21 6.39 7.7% 1.4 1.0 1.%0
%* 7.20 6.48 7.5k 1.k 1.0 1.%0
3 7.21 6.49 7.55 1. 1.0 1.40
i+
5 7.22 6.55 7.5 1.4 1.0 1.40
‘I_
5 7.23 6.56 7.58 1.4 1.0 1.40
1+
3 T.24 6.625 7.52 1.4 1.0 1.40
1_
= 7.24 6.735 7.55 1.4 1.0 1.40

TABLE II
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TABLE IIT

CALCULATED PARTIAL INELASTIC SCATTERING CROSS SECTIONS (BARN)

DISCRETE LEVELS (ENERGIES ARE IN MeV)

Neutron
?ﬁ:g?y 0.049369 | 0.1621 0.3331 0.5569 | 0.71425 0.73035 | 0.7741
ot u* 6" g* 1" o ot
0.150 0.50115
0.200 0.6083
0.250 0.7813 0.003122
0.300 0.845 0.068
0.400 0.920 0.030
0.500 0.975 0.055
0.700 1.08 0.210 0.5626.1073
0.800 0.980 0.245 0.1207(-2) | 0. 0.16058 | 0.600(-1)| 0.056124
0.950 0.838 0.262 0.8417(-2) | 0. 0.225L49 | 0.1005 0.17017
1.0 0.805 0.268 0.9674(-2) | 0. 0.2333 0. 1047k 0.19451
1.10 0.7h2 0.278 0.012862 0.8307(-5)] 0.22859 | 0.10319 0.21204
1.15 0.705 0.278 0.014325 0.118(-k4) | 0.21763 | 0.098623 | 0.2085k
1.20 0.672 0.275 0.015943 0.1627(-4)| 0.20834 | 0.094199 | 0.20549
1.25 0.6L8 0.275 0.018174 0.2189(-k4)| 0.20047 | 0.090928 | 0.20293
1.30 0.625 0.272 0.019689 0.2842(-4)] 0.18992 | 0.0859 0.1999%
1.35 0.600 0.272 0.021245 0.3604(-4) 0.17901 | 0.081101 | 0.19386
1.40 0.588 0.272 0.022599 0.4450(-4)| 0.16897 | 0.076715 | 0.187L8
1.45 0.577 0.271 0.024121 0.5446(-4)| 0.16320 | 0.073584 | 0.18Lk21
1.50 0.568 0.270 0.02570L 0.1133(-3)| 0.15630 | 0.07007 0.17945
1.55 0.555 0.268 0.029721 0.5888(-3)] 0.14699 | 0.065908 | 0.17106
1.60 0.547 0.265 0.03015 0.6378(-3)| 0.13993 | 0.06257 0.16468
1.65 0.539 0.263 0.03131 0.7058(-3) 0.13418 | 0.059864 | 0.16066
1.70 0.53 0.260 0.03223 0.7998(-3)| 0.12685 | 0.05658 0.15457
1.80 0.518 0.252 0.03355 0.9699(-3)[ 0.11453 | 0.05117 0.1kk12
1.90 0.507 0.245 0.03387 0.1113(-2)} 0.10152 | 0.04556 0. 13096
2.00 0.495 0.235 0.03355 0.126(-2) [ 0.09010 | 0.0Lo76 0. 12007
2.10 0.472 0.220 0.,02821 0.1423(-2) 0.07143 | 0.03262 0.09686
2.20 0.450 0.205 0.02282 0.128(-2) | 0.05%22 1 0.02498 0.07476
2.30 0.430 0.180 0.01793 0.112(-2) | 0.03964 | 0.0184L 0.0560L
2.%0 0.410 0.154 0.0134k 0.960(-3) | 0.02817 |0.01310 0.04017
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PABLE III (Continued)

DISCRETE LEVELS (ENERGIES ARE IN MeV)

Neutron

E?;Z%g 0.7744 | 0.7852 | 0.827h 0.8296 { 0.8730 | 0.8833 |0.8901 0.9602
37 " 10* 3" y* 57 u” y*

0.150
0.200
0.250
0.300
0.%00
0.500
0.700
0.800 | 0.026057| 0.038984
0.950 {0.093419| 0.16059 | 0. 0.0760 0.015034 | 0.1124(~2)}| 0.020875
1.0 0.11282 | 0.18637 | o. 0.09422 | 0.0247L1| 0.2265(-2)} 0.030273] 0.6349(-2)
1.10 0.13026 | 0.20624 | 0. 0.12277 | 0.04L33 | 0.6711(-2)| 0.04626T| 0.024517
1.15 0.13054 | 0.203k4 | 0. 0.12707 | 0.05045 | 0.8763(-2)]0.050118] 0.031911
1.20 0.13174 | 0.20092 | 0. 0:12997 | 0.055831( 0.010873 |0.053869{ 0.0L0O459
1.25 0.13321 | 0.19879 | 0. 0.13271 | 0.060363{ 0.0129 0.056825| Q.046659
1.30 0.13487 | 0.19644 | 0O. 0.13323 | 0.063505] 0.014752 |0.058721] 0.050765
1.35 0.13317 | 0.19066 | 0. 0.13643 | 0.066367| 0.016606 |0.060428| 0.05L27T
1.40 0.13032 | 0.18472 | 0. 0.13547 } 0.07146 | 0.019542 }0.06325 | 0.0571L
1.45 0.13067 | 0.18161 | o. 0.13633 | 0.07k22 | 0.021355 {0.065182| 0.060277
1.50 0.12975 | 0.17715 | 0. 0.13585 | 0.07632 | 0.02325 0.066T45| 0.0653
1.55 0.12528 | 0.16892 | 0. 0.13164 | 0.07686 | 0.02555 0.06641 | 0.066533
1.60 0.12197 | 0.16280 | 0. 0.128L45 | 0.07633 | 0.02632 0.06591 }0.06658
1.65 0.12077 | 0.15886 |o. 0.1278L | 0.07776 | 0.02782 0.06687 | 0.068k41
1.70 0.11793 | 0.15297 |o0. 0.12521 | 0.07803 | 0.02894 0.06681 |0.06907
1.80 0.11215 | 0.14282 [ 0.496(~6)| 0.12061 | 0.07805 | 0.03089 0.06645 |0.06962
1.90 0.10345 | 0.12980 [o0.761(-6)| 0.11251 | 0.07537 {0.03129 0.06370 |0.06808
2.00 0.09632 | 0.11901 |0.113(-5)| 0.10580 | 0.07304 | 0.03158 0.06112 |0.05570
2.10 0.07785 | 0.09615 |0.38(-5)| 0.08687 | 0.06107 |0.02712 0.05069 [0.05570
2.20 0.06028 | 0.0T422 |0.%57(-5)| 0.06783 | 0.04859 |0.02312 0.0%010 |0.0kk9
2.30 0.04533 10.05573 |0.170(-5)| ©.05158 | 0.03751 | 0.0%7kk 0.03072 |{0.03475
2.40 0.03282 |0.03995 |0.784(-5)} 0.03766 | 0.02808 |0.0135 0.02304 |0.02609
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TABLE III (Continued)

DISCRETE LEVELS (MeV)

Neutron
E?§Z$§ 1.0536 1.0129 1.0375 1.0187 1.oihh 1.1957 1.1328 Continuum
2 2 1 0 3 3 2

0.150
0.200
0.250
0.300
0.400
0.500
0.700
0.800
0.950
1.0
1.10 0.03650L | 0.025398| 0.027536 | 0.01105 |0.53Lk4(-2)
1.15 0.056834 ] 0.050608 | 0.052455 | 0.022728 | 0.023857 |0.0202 |0.0217k C.3623(-2)
1.20 0.070307{ 0.069118 | 0.067917 | 0.030579|0.038967 [0.033439|0.044L463 | 0.020326
1.25 0.080869| 0.08346k4| 0.078313 | 0.035951]0.050895 |0.0L43357|0.06165L | 0.0L47732
1.30 0.090288 | 0.095331| 0.0866L5 | 0.039898 | 0.06236 0.050899(0.074259 | 0.082989
1.35 0.094798| 0.10219 | 0.089966 | 0.041689|0.0696L2 |0.059326|0.085333 | 0.12625
1.40 0.09627 | 0.10620 | 0.091336 | 0.042607|0.075333 |0.063672[0.091854 | 0.17603
1.45 0.09963 | 0.11003 | 0.093254 | 0.04308 |0.079994 |0.068121]|0.097630 | 0.23593
1.50 0.1014L | 0.11215 | 0.093686 | 0.0L2887|0.083k12 [0.071392] 0.10073 0.30088
1.55 0.10050 | 0.11113 | 0.092157 | 0.041996 | 0.083842 |0.072097|0.10076 0.36839
1.60 0.10077 | 0.11197 | 0.09157 | 0.04178 | 0.08649 0.07319 [0.1013 0.43718
1.65 0.10084 | 0.11213 | 0.09031 0.040948 | 0.08832 0.07623 {0.10373 0.52053
1.70 0.09869 | 0.11018 | 0.08753 0.03953 {0.08857 0.07654 {0.1026 0.60323
1.80 0.09514 | 0.10665 | 0.0827 0.03709 |0.08826 0.076L4 {0.1002 0.78495
1.90 0.08868 | 0.09979 | 0.07578 | 0.0339 |0.08487 0.07343 | 0.09L4514 | 0.96361
2.00 0.08246 | 0.09335 | 0.06908 | 0.03085 |0.08177 0.07037 |0.08881 1.1611
2.10 0.06755 | 0.07689 | 0.05626 | 0.02532 |0.06820 0.05866 {0.07361 1.4982
2.20 0.05268 | 0.060252 | 0.04342 | 0.01968 |0.05412 0.04632 {0.05785 1.827h
2.30 0.03997 | 0.04597 | 0.032636 | 0.014911]10.041816 |[0.03556 {0.0LL1S 2.1381
2.40 0.02917 | 0.03364 | 0.02364 | 0.01082 |0.03112 0.02646 | 0.03254 2.406
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TABLE IV

Neutron Total elastic | Total inelastic| Radiative Fission Cross
Cross Section cross section Capture Section
Energy (MeV) (barn) (barn) Cross Section (barn)
(barn)

0.3 8.34 0.84 0.134 0.

0.4 7.29 0.95 0.130 0.

0.5 6.54 1.03 0.133 0.

0.6 6.06 1.18 0.153 0. "

0.7 5.54 1.29 0.165 0.511 10_3

0.8 4.92 1.56 0.150 0.165 10_,

0.9 4.46 1.80 0.136 0.462 10_3

0.95 4.28 1.88 0.128 0.927 10_2

1 4.17 2.06 0.125 0.155 10_2

1.1 3.89 2.26 0.117 0.301 ]0__.2

1.15 3.77 2.37 0.113 0.370 10_2

1.20 3.68 2.47 0.107 0.462 10_2

1.25 3.60 2.55 0.104 0.660 10_2

1.28 3.55 2.6 0.102 0.918 10

1.30 3.53 2.62 0.101 0.0124

1.32 3.50 2.64 0.099 0.0180

1.35 3.48 2.68 0.097 0.0349

1.37 3.44 2,7 0.096 0.0518

1.40 3.43 2.72 0.095 0.0643

1.42 3.415 2.74 0.094 0.0602

1.45 3.41 2.79 0.093 0.0547

1.475 3.40 2.82 0.0928 0.0566

1.50 3.40 2.85 0.0923 0.0596

1,525 3.395 2.86 0.0915 0.0661

1.55 3.395 2.87 0.090 0.0903

1.575 3.395 2.88 0.089 0.130

1.6 3.390 2.9 0.088 0.127

1.625 3.3375 2.93 0.0875 0.0962

1.650 3.337 2.96 0.087 0.0766

1.675 3.3375 2.98 0.0865 0.0712

1.7 3.338 3 0.0855 0.0859

1.723 3.339 3.02 0.085 0.0951

1.773 3.3395 3.08 0.0833 0.0695

1.8 3.4 3.110 0.0825 0.0685

1.82 3.41 3.12 0.0818 0.0745

1.85 3.42 3.13 0.0805 0.0973

1.90 3.425 3.15 0.078 0.112

1,935 3.45 3.19 0.076 0.0991

1.98 3.49 3.24 0.074 0.111

2 3.5 3.27 0.0735 0.119

2.04 3.:53 3.27 0.0685 0.111

2,09 3.54 3.29 0.062 0.121

2.115 3.55 3.3 0.059 0.115

2.15 3.57 3.3 0.054 0.127

2.175 3.58 3.31 0.051 0.137

2.2 3.6 3.32 0.048 0.134

2.225 3.62 3.33 0.0445 0.136

2.275 3.64 3.36 0.0395 0.126

2.3 3.65 3.38 0.037 0.119

2.32 3.67 3.40 0.0345 0.115

2.35 3.69 3.42 0.032 0.111

2.4 3.73 3.45 0.0275 0.106
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FIGURE CAPTIONS

1 - Comparison between calculated and experimental total neutron cross section

x [10]
o [11]
A [12]
— this work

2 ~ Cumulative level scheme of 232Th.

3 - Calculated fission cross section compared to the experimental data :

° [16]
X + [1]
— this work

4 - Comparison between the calculated and experimental fission fragment angular

distributions
o [2]
X [3]
— this work

5 - Fission cross section calculated by steps of 4 keV around En = 1.6 MeV.

6 - Angular distributions at neutron energies around En = 1.6 MeV

e experimental data [5]
--- calculated angular distribution with the assumption
of a rotational band [ 5]

— this work
7 - Neutron elastic scattering cross section

— experimental evaluation [17]

——- this work

8 - Partial inelastic scattering cross sections

oe [18]
X [19]
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A [17]
0 [20]
— this work

9 - Radiative capture cross section

X [21]
o [17]
° [22]
A [23]
O [24]

— this work
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