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1. Introduction

q(z0,δ,α) 𝛿 =
3(𝑎 − 𝑏)

2𝑎 + 𝑏

𝛼 =
𝐴1 − 𝐴2
𝐴1 + 𝐴2

𝑧0 = 𝑐1 + 𝑐2

✓two center shell model[2]

𝑧0 :𝑒𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛

𝛿:𝑑𝑒𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛

𝛼:𝑚𝑎𝑠𝑠 𝑎𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦

𝛿1= 𝛿2
ε

1.00

0.00

✓potential energy[3]

𝑉𝑆𝐻(𝑞, 𝑇) = 𝐸𝑠ℎ𝑒𝑙𝑙
0 (𝑞)𝛷(𝑇)

𝑉𝐿𝐷𝑀(𝑞) = 𝐸𝑆(𝑞) + 𝐸𝐶(𝑞)
temperature-dependent term𝑉(𝑞, ℓ, 𝑇) = 𝑉𝐿𝐷𝑀(𝑞) +

ℏ2ℓ(ℓ + 1)

2𝐼(𝑞)
+ 𝑉𝑆𝐻(𝑞, 𝑇)

✓Langevin equation[4]

𝛾𝑖𝑗𝑇 =

𝑘

𝑔𝑖𝑘𝑔𝑘𝑗

𝑞𝑖 𝑧, 𝛿, 𝛼 ：𝑑𝑒𝑓𝑜𝑚𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑢𝑐𝑙𝑒𝑢𝑠
𝑝𝑖： 𝑇ℎ𝑒 𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 𝑜𝑓𝑞𝑖
𝑉：𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦
𝑚𝑖𝑗： 𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠

𝛾𝑖𝑗： 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
𝒅𝒑𝒊
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LangevinGEF

Different nuclides can be made one at a time.

two identical nuclides can be made.

• We compared fission fragment mass distributions calculated by the Langevin model and 
the GEF code in neutron-rich and heavy-element-region for which no experimental data.

• In neutron rich region, each model shows different fission mode. It means that the
difference between two models can affect the elemental abundance ratios of the 
universe.

• It is also necessary to see how the network calculation of the r-process is affected by 
comparing it with another model.

• Need to expand the region of computation to an even wider range
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Fig4. Mass asymmetric fission

Fig5. Mass symmetric fission.

symmetric fission

asymmetric fission

Fig2. r-process simulation

In 2017, the gravity wave in binary neutron star merger (GW170817) was 
observed. After that, kilonova was observed by follow-up observation with multi-
wavelength electromagnetic waves. The energy source of kilonova is the decay 
heat of the r-process nucleosynthesis.
In this study, we focus on fission yields, which are the input data necessary for r-

process network calculations. The nuclear fission of very neuron-rich nuclei is 
essential for the determination of the r-process flow on the nuclear chart and the 
determination of the final abundances. Nevertheless, most of the available fission 
data for neutron-rich nuclei are based on theory predictions mostly by 
phenomenological treatments. We calculate a series of nuclear fission distribution 
for neutron-rich nuclei away from the stability line. We are based on the 
dynamical fission model with the Langevin method. The obtained mass 
distributions are compared with the results of the GEF (General fission) code. The 
GEF model is based on novel theoretical concepts and ideas developed to model 
low energy nuclear fission.[1]
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Mass Number

Fig1. Fission fragment mass yield
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The Langevin model showed a transition from mass asymmetric to mass symmetric 
fission for all nuclides. While The GEF model showed almost mass asymmetric fission.

Fig3. Two center shell model
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Fig6. A summary of calculation results
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