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1. A dramatic change of the fission mode at Fermium isotopesr-process and nuclear fission
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𝐸𝑆: Generalized surface energy (finite range effect), 

𝑎: level density parameter (Toke and Swiatecki), 

𝐸𝐶: Coulomb repulsion for diffused surface, 

𝐸𝑠ℎ𝑒𝑙𝑙
𝑇=0 : Shell correction energy, 𝐼: Moment of inertia for rigid body

Shell damping energy: Ed = 20 MeV [1]

The rapid neutron-capture process (r-process) of stellar nucleosynthesis explains

the production of the stable (and some long-lived radioactive) neutron-rich nuclides

heavier than iron observed in stars of various metallicities and the Solar System.

In the r-process, fission plays a fundamental role by recycling the matter during

neutron irradiation and by shaping the final r-abundance distribution.

Nevertheless, due to the difficulty of experimental approaches, most of the fission

data available for r-process calculations are based on theoretical predictions with

phenomenological models.

Nuclear Shape: 𝑞 = 𝑧, 𝛿, 𝛼 (z: center distance, 𝛿: deformation, 𝛼: mass asymmetry)

𝑚𝑖𝑗: Hydrodynamical mass (inertia mass), 𝛾𝑖𝑗: Wall and Window (one-body) dissipation (friction)

◼ Time evolution of nuclear shape is traced from the compound state to the scission 

point by solving the Langevin equations.

◼ The asymmetric fission fragment mass distribution (FFMD) is attributed to 

the influence of strong shell effects of doubly magic 132Sn.
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◼ Nuclear fission plays an essential role in nucleosynthesis by the r-process.

◼ We calculated fission fragment mass distributions of neutron-rich nuclei by the dynamical model calculation.

◼ The dramatic change of fission mode was observed for fermium and uranium isotopes. 

◼ Such systematic behavior can be significant to shape the final abundances of the r-process calculations. 

◼ In future work, the mass number and charge distribution of fission fragments, kinetic energy, prompt neutron number, lifetime, etc., which are necessary for 

numerical data available for r-process calculations, will be evaluated for each nuclide simultaneously, and a fission database will be constructed.

Potential energy in dynamical model
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2. Fission of neutron-rich nuclei at Uranium isotopes

Fig.4. The calculation results of fission fragment mass distributions (FFMDs) for 250U to 256U with the

excitation energy of E*=7 MeV. The present work is compared with the data from GEF code [4].

Fig. 1. r-process path and fission mode (mass-symmetric and asymmetric fission) effects in the 

nucleus chart [H. Koura et al., Prog. Theor. Phys. 113 (2005).].

𝑉 𝑞, 𝑙, 𝑇 = 𝑉𝐿𝐷𝑀 𝑞 +
ℏ2𝑙 𝑙 + 1

2𝐼 𝑞
+ 𝑉𝑆𝐻 𝑞, 𝑇

𝑉𝐿𝐷𝑀 𝑞 = 𝐸𝑆 𝑞 + 𝐸𝐶 𝑞

𝑉𝑆𝐻 𝑞, 𝑇 = 𝐸𝑠ℎ𝑒𝑙𝑙
𝑇=0 𝑞 𝑒𝑥𝑝 − Τ𝑎𝑇2 𝐸𝑑

Fig. 2. Potential energy on the z−α plane for
236U and a sample nuclear shape trajectory of

asymmetric fission is shown.

𝑅𝑖(𝑡) = 0, 𝑅𝑖(𝑡1)𝑅𝑗(𝑡2) = 2𝛿𝑖𝑗𝛿(𝑡1 − 𝑡2): white noise (Markov process), 

σ𝑘 𝑔𝑖𝑘𝑔𝑗𝑘 = 𝑇𝛾𝑖𝑗: Einstein relation (Fluctuation-dissipation theorem)

Fig. 3. Calculation results of a fission fragment mass distribution for 254-257Fm (E*=7 MeV). 

Fig. 5. (a) The calculation result of fission fragment

distribution on the N-Z plane for U-236 (E*=10 MeV) is

plotted. The calculation result is compared with the

experimental data of U-235 neutron-induced fission (Ek=500

KeV) from JENDL-4.0 [5].

We perform a series of fission calculations for the neutron-rich actinoid nuclei. A

similar trend which is the dramatic change of FFMDs for fermium isotopes was also

observed in uranium isotopes in this calculation. This trend did not appear in the results

of the GEF model code [4].
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(a) Calculation result (b) Experimental dataThe charge distribution of fission 

products is a fundamental quantity 

for the determination of the 

production rate of individual isotopes. 

Thus, it is essential nuclear data to 

compare experiments with r-process 

calculations. 

We calculate the charge 

distribution based on the assumption 

of unchanged charge distribution 

(UCD). Figure 5 shows the fission 

fragment distribution on the N-Z 

plane for 236U. It well reproduces the 

experiment.

In this study, we focused on the transition of fission mode from asymmetric to

symmetric in neutron-rich isotopes. We investigated the fission of neutron-rich

nuclei by a theoretical calculation based on the dynamical model and employ

Langevin equations.

Fig. 6. The calculation results of fission fragment distribution on the N-Z plane for uranium isotopes 

(E*=7 MeV) are plotted. 
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