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ABSTRACT

Experimental fission, capture, inelastic scattering,
(n2n) , (n3n) and other cross-sections are scarce or
unavailable. As a consequence, theoretical models and
parameter syst€>matics have been used extensively in the
calculation of these data. Data obtained in this work are
compared with previous evaluations. Severe discrepancies
were found.

Because of the high concentration of curium isotopes in

nuclear power plant fuel, there is a need for their evaluation.

The complete 242Cm file described below is the first of a series

of curium isotope evaluations carried out at the Nuclear Power

Institute of the Byelorussian SSR Academy of Sciences for the

National BROND Nuclear Data Library. Since there are virtually

no experimental data available, the evaluation was based on

theoretical calculations and known systematics of model

parameters.

Resolved resonance region (10~5-155 eV)

The basis for evaluating the resolved resonance parameters

of this nuclide was based on the neutron widths given in

Ref. [1] . Although 242Cm resonances were measured in this study

up to an energy of 265 eV, no resonances were found in the

155-235 eV region, where they were probably omitted. The

resolved resonance region extends to 155 eV. In the measurement

of the total widths of the first three resonances, which were

reported in Re. [1], the total width of the 37.49 eV resonance is
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anomalously high. This contradicts the systematics of the

isotopic dependence of radiative widths. We believe that the

high value of Ft is attributable to insufficient experimental

resolution and to a lack of detailed knowledge about the

resolution function. Reference [2] reports measurements in the

energy region below the first four fission resonances. Using the

Ft and Fn values of the first two resonances from [1] we are able

to evaluate their fission and radiative widths. The radiative

width of the remaining resonances is equal to the average of the

first two. This determined the fission widths of the 37.49 and

60.1 eV resonances. For the remaining resonances, Tt was taken

to be equal to the average value. The parameters of the negative

resonance were selected such that they agreed with the values of

the evaluated capture and fission cross-sections at thermal,

derived from the results obtained in Ref. [3]. The potential

scattering radius was taken from calculations which were carried

using the coupled channel model with the potential obtained

earlier in Ref. [4]. The evaluated cross-sections in the

10"5-155 eV region can be obtained from the evaluated resonance

parameters (Table 1) using the single-level Breit-Wigner

formalism.

The evaluated cross-sections at thermal are almost identical

to the values obtained by other authors and are given in Table 2.

The average parameters for the resolved resonance region are:

8,0̂ 'J 9B; 5, - (0,84 ± 0,39) • I0"4;

j 4,45 - 1,5 MBB; <c£>- 33,7 i 8,0 KJB.

In determining < D > and < F°n > we made allowance for the

fact that the resonances were measured on a sample with a low

concentration (8.7%) of the isotope under investigation. Thus,

omission of the 242Cm levels can be a consequence of not only

their small values and tight groupings but also by the fact that

they may coincide with those of other isotopes contained in the

sample.
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Unresolved resonance region (0.155-42.1 keV)

The upper limit of the unresolved resonance region is

determined by the position of the first excited level of 242Cm.

The average resonance parameters are obtained taking into account

the contribution of s,p and d-waves, where the contribution of

the d-wave to the calculated cross-section values is ~2%.

The average distance between the levels is considered to be

energy-dependent and its value for En = 155 eV is equal to the

average of the average distance taken from the resolved resonance

region for J = 1/2. The strength functions So = 0.925 x 10"* and

Sx = 2.95 x 10'
4 were obtained from calculations using the

generalized optical model. The width of the radiative capture

< FT > = 33.7 was considered to be energy independent for all

reaction channels.

In the calculations to determine the energy-dependence of

the fission widths, we assumed that the fission barrier

parameters (height and curvature) were constant for all channels,

and that their total numbers equalled 2J + 1. From the

calculated and experimental data given in Ref. [5] it follows

that one of the fission barriers of the 243Cm compound nucleus is

smaller than neutron binding energy. Thus, the average fission

width were calculated using the single-hump approximation. In

the region up to 1.5 MeV, the fission barrier parameters obtained

from experimental onf data given in Ref. [6] were slightly

modified so as to describe the average value of < Ff > = 4.45 meV

from the resolved resonance region. Using the results thus

obtained, the calculational results agree on the average with the

data given in the only measurement of onf in the considered

energy region. In order to describe the structure of the data in

Ref. [2] in the adopted energy grouping used in the evaluation

the fission widths were renormalized and taken as evaluated.
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Fast neutron energy region (42.1 KeV-20 MeV)

With the exception of the fission cross section in the

narrow energy region up to 1.5 MeV, there are no experimental

data . Evaluation was therefore based on calculations using

generalized optical and statistical nuclear models. The optical

potential given in Ref. [4] was used in the calculations. The
242Cm deformation parameters p2 = 0.2 and p4 = 0.053 were

determined taking into account the isotopic dependence of these

values, predicted by microscopic calculations, and the values of

the strength function So, evaluated in the resolved resonance

region. The evaluated values of the total cross section, the

cross-section for the formation of a compound nucleus, of the

direct elastic and inelastic scattering and their angular

distributions, as well as neutron penetration were obtained using

the above-mentioned potential. Up to the energy of 1.5 MeV, the

fission cross section was evaluated using experimental data [6].

All other cross sections, those that went through the interim

formation of a compound nucleus and the fission cross section

above 1.5 MeV were calculated according to the statistical model.

The level density and the transitional fission stages required

for the calculations was determined using a superfluid nucleus

model taking into account rotational and oscillational modes, and

using the parameters obtained earlier for nuclei groups in

Ref. [7] and taking into account the difference in the symmetry

of transitional configurations at the first and second fission

barriers. The fission barrier parameters of the compound 242Cm

and 241Cm nuclei, required for calculation of the reaction cross

sections (n,nf) and (n,2nf), were determined taking into account

data on the fissioning ability of charged particles [5, 8].

Radiative capture transmissions were calculated using a

y-quantum cascade emission model with an energy dependent

spectral factor f (E, oT) in the form of a double-humped Lorentz

curve.
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At incident neutron energies greater than ~5 MeV, the

contribution of the pre-equilibrium neutron emission process

becomes significant. The proportion of this contribution was

determined using data for 238U data, for which this process has

studied extensively. The amount by which it differs from 242Cm

was calculated taking even-odd effects into account.

Comparison with the results of other evaluations

Unlike the ENDF\B-V [9] evaluations and those by Maino et

al. [10] our resolved resonance parameters include fission widths

obtained from experimental data [2] and are in our opinion more

reliable. In the unresolved resonance region the basic

differences in the evaluations lie in the magnitudes of the

average fission widths: our values for < Ff > are approximately

ten times greater and agree with the experimental data given in

Ref. [2], which were published after the evaluations carried out

in Refs [9] and [10]. A comparison of onf and on7 evaluations in

the fast energy region is shown on Figs 1 and 2. From Fig. 1 it

can be seen that our evaluation is in good agreement with the

evaluation given in Ref. [10] and are practically identical in

the 0.7-7 MeV range since both used fissionability data from

Refs [5, 8] to obtain onf. In the region above the (n,n'f)

reaction threshold, differences in the evaluations are apparently

caused by the use of different values for the evaluated cross

sections for compound nucleus formation and for the thresholds of

the 242Cm and 241Cm compound nuclei.

The greatest differences are observed in the evaluated

radiative capture cross sections (Fig. 2). Our data for onT lie

above the evaluations of other authors which resulted from taking

a lower value for < D >.
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Table 1

Evaluated resonance parameters for 242Cm

Eo, eV

- 3 . 0

13.62

30 .33

37 .5

6 0 . 1

8 9 . 3

103.4

130.7

148.7

154 .6

Tn, meV

1.817

1.82

3 . 1

4 .4

2 3 . 6

1 2 . 5

5.4

3 .6

2 4 . 0

1 1 . 5

Tff meV

10.44

1.36

7 .25

7 .25

1.93

4 .45

4 .45

4 .45

4 ,45

4 .45

TT, meV

33.7

32.84

47 .65

33.7

33.7

33.7

33.7

33.7

33.7

33.7

Table 2

Evaluated values of 242Cm cross-sections
at 0.0253 eV (barn)

Otot

33.43 16.66

Onf

5 .0 11.77



- 25 -

U.I

Fig. 1. Comparison of onf evaluations with experimental data
Present work : , Ref. [9] -•-•-•- and [10]
Experimental data: [2] - x ; [5, 8] - • ; [6] - o.

Cnf, ?

Fig. 2 . Comparison of v a r i o u s e v a l u a t i o n s of onT for 242Cm.
Legend (See Fig . 1 ) .
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