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Evaluation of postfission properties of uranium isotopes using hybrid
method combining Langevin and statistical models’

S. Tanaka,*! N. Nishimura,*?*! F. Minato,*>*! and Y. Aritomo**

Nucleosynthesis by the rapid neutron capture pro-
cess, called the r-process, represents the cosmic origin
of elements heavier than iron group. Although sev-
eral astrophysical scenarios have been proposed for the
r-process, its mechanism is incompletely understood.
One of the major reasons is the significan uncertainty
in the fission properties of highly neutron-rich nuclei.
Nuclear fission plays a key role in this context, be-
cause it facilitates matter recycling during neutron ir-
radiation and ifluences the abundance distribution of
r-process elements. Precisely understanding nuclear
fission holds critical importance in experimental and
theoretical nuclear physics, astrophysics, and indus-
trial applications. However, experimental data on nu-
clear fission are unavailable for neutron-rich nuclei ow-
ing to complexities.

In this work, we aimed to quantitatively explore the
nuclear decay processes following fission. The main
purpose was to establish a calculation method with
improved experimental reproducibility. To achieve
this objective, we employed the Langevin equations
to investigate fission based on a dynamical model,
which is widely used in low-energy fission studies.!)
By combining the Langevin calculations with the
width fluctuation-corrected Hauser-Feshbach statisti-
cal model implemented in CCONE,? we calculated in-
dependent yields and prompt neutron emissions. We
smoothly combined these two methods using the uni-
versal charge distribution based on the unchanged
charge distribution assumption and energy conserva-
tion determined by an anisothermal model.?) This
approach allows calculating a sequance of fission dy-
namics and postfission decay phases, including prompt
neutron emissions.

We successfully reproduced the experimental data of
primary-fission yields, total kinetic energy, independent-
fission yields, and prompt neutron emissions for a
neutron-induced fission of 23°U. The calculated prompt
neutron emission multiplicity is shown in Fig. 1; it
reproduces the sawtooth structure shown by experi-
ment data.® % From this calculation result, the mean
number of prompt neutron emissions by one fission
event is (n) = 2.574, which is in good agreement
with the experimental result of (n) = 2.413.>) We
elucidated the physical mechanism of the character-
istic features observed in previous experiments, such
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Fig. 1. Prompt neutrons multiplicities of thermal neutron-
induced fission for ?*°U. Numerical data shown using
solid line (KiLM + CCONE) as function of fragment

mass number are compared with evaluated data.*®

as shell properties, using our method. Additionally,
we applied our calculation to two highly neutron-rich
uranium isotopes, i.e., 2°°U and 2°°U, which have
not been experimentally confirmed but are important
for r-process nucleosynthesis. Previous theoretical re-
sults indicate that 2°°U exhibits a mass-asymmetric
multiple-peak fission yield, whereas the neutron-rich
2551 shows a single peak owing to mass-symmetric fis-
sion. Our method predicted postneutron emission frag-
ments, where 2°0U showed a stronger neutron emissiv-
ity than 2°°U. Our framework demonstrates high ex-
perimental reproducibility, revealing significant differ-
ences in the number of emitted neutrons after fission
of neutron-rich uranium depending on the distribution
of fission variables.
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