2024 FE T — 2025 =/Symposium on Nuclear Data 2024

Contribution ID: 17 Type: not specified

Searching for saddle points on fission energy
surfaces using Cassini parameters/Cassini /{7 X — %X
%%ut&ﬁ%z*wﬁggﬁﬁwﬁﬁwﬁ4>h@

AR

Thursday, 14 November 2024 16:00 (2 hours)

The mass and total kinetic energy (TKE) distribution of fission fragments brings essential information on
fission dynamics. The fission dynamics have been investigated theoretically with the multi-dimensional
Langevin approach, in particular, for actinide nuclei [1]. In this approach, the deformation potential plays
a key role in determining the fragment distribution. In order to understand the results of multi-dimensional
Langevin calculations, a specific analysis of the structure of the deformation potential is essential. In general,
double-humped barrier structures are known for actinide nuclei, but triple-humped barriers are predicted
for some nuclides. Identification of the positions and heights of saddle points corresponding to second and
third barriers in the multi-dimensional potential space will explain the mass-TKE distributions obtained by
Langevin calculations and contribute to the understanding of the origin of various fission modes.

In this study, to investigate the structure of the energy surface in a multi-dimensional deformation space, we
focus on the positions and heights of minima and saddle points. The deformation space is described by the
Cassini parameter, which is composed of an overall elongation o and deformation parameters «,, and can
flexibly describe various nuclear shapes. We used o, a1, a3, au, g and investigated the structure of the en-
ergy surface in a 5-dimensional deformation space. The deformation potential was calculated by adding the
microscopic shell correction energy to the macroscopic droplet energy. The saddle points are searched for
using the water immersion method. In a multi-dimensional space, there may be many saddle points, and the
dam method is used to find them [2]. The 5-dimensional energy surface described by the Cassini parameter
is complex, with many saddle points. This is the first attempt to analyze their distribution and height.

In this presentation, the results for Fm isotopes will be presented, since it is known that the mass distribution
changes from asymmetric to symmetric between A = 256 and 258 in Fm. In >SFm, an asymmetric third sad-
dle point arises which induces asymmetric splitting. In contrast, in 2®Fm, we obtain the symmetric splitting
at the third saddle point. It was found that the third saddle point is higher than the second saddle point at
256Fm, whereas the second saddle point is higher than the third saddle point at 2**Fm. The changes in the
barrier structure in response to the neutron number are thought to lead to changes in the mass distribution.

References

[1] K. Okada, T. Wada, and N. Carjan, “Four-dimensional Langevin approach to fission with Cassini shape
parameterization”, EP] Web of Conferences 284, 04018 (2023).

[2] P. Méller, A]. Sierk, T. Ichikawa, A. Iwamoto, R. Bengtsson, H. Uhrenholt, and S. Aberg, “Heavy-element
fission barriers”, Phys. Rev. C 79, 064304 (2009).

Primary author: ARAKI/FiA, Takuto/4h} (Kansai University/B8PE K F)

Co-authors: OKADA/ff H, Kazuki/F150 (JAEA/H AR F J1 i/ 5% B S5 44 H8); WADA/HIH, Takahiro/B& 7=
(Kansai University/ E@@jﬁ?)

Presenter: ARAKI/Fi/K, Takuto/4fi3} (Kansai University/[E8 P8R 2%)

Session Classification: Poster presentation/ KN A X —+t v > a »



