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Introduction

The nuclear scientific community views “**Th as an option for fuel in the future nuclear
energy program. The fissile element utilized in contemporary commercial reactors is uranium-
235 (*°U), which constitutes a mere 0.72% of natural uranium. The ***U isotope, which
constitutes 99.27% of natural uranium, cannot undergo fission within existing thermal
reactors. To optimize the utilization of available resources, two primary fuel cycles are
suggested for prospective implementation: the ***U/=°Pu and #**Th/**U fuel cycles. In the
context of the “®U/?**Pu cycle, the fissile material is identified as **°Pu, which is derived from
2%y by the process of neutron capture followed by two successive beta decays. In the
Z2Th/>U cycle, the fissile material is **U, which undergoes transmutation from %Th
through the processes of neutron capture and two subsequent beta decays. The 2**Th/**U
cycle presents appealing characteristics, including the greater natural abundance of thorium
compared to uranium, the generation of a lower quantity of waste, and a reduced presence of
transuranic isotopes in the waste. The generation of the fissile nucleus U in the thorium-
uranium fuel cycle occurs through the process of the >**Th(n,y)**Th reaction, which is then
followed by two consecutive p-decays. The cross-section of the %**Th(n, 2n) **'Th reaction
exhibits a sharp increase beyond a threshold energy of 6.648 MeV. The provided diagram
illustrates the schematic representation of the Thorium-Uranium (Th-U) fuel cycle.
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Several experimental studies have been undertaken to ascertain the cross-section [1-4];
yet there is a scarcity of investigations [5-7] that have been carried out to compute the overall
neutron multiplicity above an energy threshold of 10 MeV. Several scholars have conducted
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theoretical and experimental investigations on detecting neutron multiplicities in fusion-
fission dynamics generated by heavy ions [8-14]. However, works [5-7] are scarce, focusing
on reactions induced by particles and neutrons.

In this study, we have performed calculations to determine the neutron multiplicity for
the 22Th(n,f) reaction at various incident energies. These calculations were conducted using
the TALY'S 1.96 [15].

Result and Discussion

In this work, we have compared the experimental data of average neutron multiplicity at
different incident energies from EXFOR with the evaluated data from ENDF/B-VI, JENDL-
4.0, and the calculated data from TALYS-1.96, as shown in Fig. 1. The experimental data are
in good agreement with the evaluated data from both the ENDF/B-VI and JENDL-4.0
libraries and at high incident energy (14.7 MeV), the TALYS 1.96 data are also in agreement

with the experimental data.
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Fig.1: Comparison of experimental and evaluated data w.r.t. TALYS calculated data
for 2*Th(n,f) reaction.

As shown in Fig. 2, we have also calculated the prompt neutron multiplicity at 14.7
MeV as a function of mass (A) and charge (Z). This figure reveals that neutron multiplicity is
highly dependent on both Z and A fission fragments, as evidenced by the peaks at
s Xl 192143144 ang (Bal0147 148199 Therefore, it is evident from the graph that neutron
multiplicity varies with respect to Z and A.

The theoretical framework being suggested facilitates the computation of some
measurable neutron characteristics, specifically the neutron emission function v(A), which
represents the total number of released neutrons as a function of the initial fragment mass and
the total neutron emission number fi. The aforementioned functions of neutrons play a crucial
role in the field of neutron physics and find extensive applications in various contexts



Proceedings of ISINN-29, JINR, E3-2023-58, Dubna, 2023, p.231 —235

prompt nu-bhar

e 170

e I '&.‘{.4 G
BT, | 0 P
7e I 70

Fig.2: Prompt neutron multiplicity as a function of mass (A) and charge (Z) using
TALYS 1.96 for 22Th (n,f) reaction at 14.7 MeV.

involving neutron fluxes. The most significant factors influencing v(A) and f include the
isotopic makeup of the initial nucleus and its excitation energy or temperature T. The
calculation of the v (A) function is derived from the probabilistic determination of the
realisation (yield) of a two-fragment cluster, which consists of a pre-neutron emission
fragment with mass A and an equilibrium number of neutrons f.
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Fig.3: The fission neutron yield is given as a function of the fission fragment mass (A) %**Th
(n,f) calculated using TALYS-1.96 code at 14.7 MeV.
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We have also calculated the neutron emission functions for fission fragments of **Th
using TALYS 1.96, as can be seen in Fig. 3. As one can see, the theoretical calculations show
a “saw-tooth”-curve of the neutron multiplicity, namely the peak at about 102, minimum in
the vicinity of 110, further growth in the range of 126 and decrease to 133 and another peak at
150 and then a decrease.

Conclusion

At a high excitation energy (14.7 MeV), the current study shows that the computed
neutron multiplicity values from TALYS and the experimental data are very close to each
other. To comprehensively understand the impact of neutron multiplicity, it is essential to
acquire additional data from experiments at higher values of incident energies. Consequently,
we have plans to conduct a forthcoming investigation to address this research gap.
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