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Measurements of neutron photoproduction cross sections for ?3?Th and 233U at 30 discrete values of excitation
energies, within the interval from 5607.75 to 10829.18 KeV, were recently carried out[l], using gamma rays with
high resolution in energy (5 to 20 eV), produced by thermal neutron capture in an experimental arrangement at the
IPEN-IEA-RI 2 MW research reactor. In this energy interval, the neutron photoproduction cross section oy n(E) is
expressed by: o, v(E) = 0y ,(E) + v(E)o, (E) where o ,(F) is the photoneutron emission cross section, v(E) is
the average number of prompt neutrons per fission, o ;{E) is the photofission cross section and E is the excitation
energy.

The neutron photoproduction cross sections at the main gamma line energies were determined after appropriately
unfolding {2] the set of experimental results obtained with the gamma ray spectra produced by the 30 capture
targets. The experimental data obtained for ***Th and *3®U are shown in Figures 1 and 2 respectively, together
with the smooth curves fitted to the results reported by Caldwell [3] and Dickey[4].

In the present work it was performed au statistical calculation for the neutron photoproduction cross section using
the expression:
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where

ao(E) 1s the photoabsorption cross section from the giant dipole resonance (GRD)[3], ¥(E) is the photofission
prompt neutron multiplicity[5] and I';(E) is the partial width for gamma scattering (i = 7), fission (i = f) and
neutron emission (¢ = n). The partial widths have been calculated by means of a modified version of the STAPRE[6]
code, which was adapted for photonuclear reactions. The level densities at the equilibrium state and at the saddle
points deformations were calculated through a combined semi-microscopic method [7,8]. The nuclear deformation
parameters used in the calculation of the quasi-particle states in a deformed potential are presented in Table 1.
For the transmission coefficients calculation, the level densities have been integrated within energy intervals of 250
KeV and 150 KeV for the 3*Th and ?**U targets respectively, as a means to simulate the energy resolution of the
experiments of Caldwell[3] (250 KeV) and Dickey[4] (100-400 KeV). The parameters of the double-humped fission
barriers (three parabola smoothly joined) used for the fission width calculation were:

a) For ¥2Th : By = 5.8 MeV; Aiwy= 1.04 MeV; E;; = 6.2 MeV and fiwy;= 0.60 MeV.

b) For 33U : E; = 5.9 MeV; Awr= 1.18 MeV; E;; = 6.1 MeV and hw;r= 0.63 MeV.

Table I Nuclear Deformation Parameters

Nuclide Equilibrium State  First Saddle Point Second Saddle Point

& A% L8 [s 9] & 3 Wy
33y 0.23 0.06 0.38 -0.07 0.70 0.11 0.03
'] 0.23 0.06
25T (.22 0.07 0.44 -0.03 0.71 0.11 0.04
B 0.21 0.07

All parameter calculations were based on a microscopic description of the nuclear structure, except for ou(E)
and v(£) which were taken from the literature. The results obtained in the present work are compared with the
experimental data in Figures 1 and 2. As can be seen, the theoretical data are in reasonable agreement with the
experimental measurements performed with gamma ray sources of gross energy resolution [3,4] . For gamma source
of high energy resolution (capture gamma rays) they represent approximately an average trend of the experimental
data points,
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Figure 1 : Neutron Photoproduction Cross section for ?32Th
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Figure 2 : Neutron Photoproduction Cross Section for 2381,
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