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Introduction Nuclear fission and r-process

Discovery of nuclear fission

Nuclear fission model

r-process incl. fission cycles
Burbidge et al., 1957

Two center shell model
Maruhn+Greiner 1972

15 Fission product yield model
Kodama+Takahashi 1975
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» Intluence of
fission fragment mass yields
on r-process nucleosynthesis

» Nuclear fission of SHE
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Introduction Nuclear fission and r-process

v' Fission fragment mass distribution [Y(A)] is very sensitive to (Z, A) of the system
v Y(A) of very n-rich, heavy nuclei is model dependent
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Model of fission fragment yield Y(Z,A)

Y(Z,A) : application of scission point model by Fong, Willkins

ocZ2 for fixed A
Y(Z, 4) « B ELD(Z:A)|+ ®(E*)AEsy(Z, A)
’ €xp T(Z,A) Gaussian distribution odd-even effects
1 (05 Z—7,(4) +1t)° _AEgh(Z,4)
~|Y (4 —j exp —( b )2 ) dt|xle Ea(4)
V2ma(4) J-os 20 (4)
T o(A) ~ 0.5, E;(A) ~ 5 — 10MeV

AE,,: KTUY (Koura+2005)
Previous work using Two center shell model and three-dimensional Langevin
model (Ohta+2007)
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Model of potential energy surface

Result of Langevin calc. gives o as a dynamic effect

Potential Energy

U(q) = E53(@) + Y [PshettOEsnent (¢, T = 0) + Ppair0Epair (g, T = 0)]
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Results & Discussion
Influence of nuclear fission on r-process
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log abundance

Influence of nuclear fission

Results & Discussion i 5rseas
Single trajectory with Ye=0.05 suggested by BH-NS merger
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Summary of first part

» Test calculations to examine the influence of our Y(Z, A)

on r-process in NS-NS, BH-NS mergers
using following Y(Z,A) model
_AESh(Z,A
dt xe Eald) \
New

0.5

2
— (A)[j exp |- (Z -Z,(4) +¢t)
no -0.5

20(A)>?

Y(Z,A) ~ Y(A)

» Large difference due to Y(Z, A)-model can be seen
at 2nd peak & rare earth peak of the solar abundance
in the case of BH-NS mergers (Ye=0.05)
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» Nuclear fission of SHE
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4-dimensional Langevin model
C. Ishizuka et al, Phys. Rev. C 96, 064616 (2017)

dgf _ —lJ
=\m i
Drift term with Quantum Corr.  Friction Random force
Diffusion term Fluctuation term
dpi_| BF | 108 p—1y pop 4 (m-1).
dt 3q; | 2dq; (m )_rkp}pk ]"U(m )_Ikpk + ngR;(t]
. hor
gikgrj = Tyyj,  Wwith T" = ——coth =

Jet
2] 0 9

Shape parametrization in the two-center model proposed by Maruhn & Greiner 1972

q;=(z, d;, d,, a) in 4D or q;=(z, d, a) in 3D (d,=d.,)
Fixed parameters
» Neck parameter e=E/E,

» The local frequency of collective motion w

Shell corrections to the free energy F
derived from their formal definitions

without any additional approximations.
\ 1‘-\ / /f’ [Ref] F. A. Ivanyuk, et al, Phys. Rev. C 97, 054331 (2018)

Macroscopic transport coefficients:
Collective inertia tensor m,,, :

The Werner-Wheeler approx. of the liquid drop mass tensor
The friction tensory,,, :

zE;, : The wall-window friction formulation.
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.
Fragment masses of spontaneous fissions
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Results
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226Th (Ex=27MeV) and '®'Hg

Two-center model parametrization, 4D-Langevin model,
Finite-depth Woods-Saxon type (mean-field) potential to calculate
single-particle energy and shell corr.

Shell corr. calculated exactly starting from their definitions

Without any approximation.

Ivanyuk et al. (2018) Phys. Rev. C 97, 054331]
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Results of

fission calculation of
274 g - 306199



How we can find fusion-fission components in
experimental data of SHE fission-like events

Fusion-fission Quasi-fission Deep-inelastic
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Results
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Peak positions of light and heavy fragments

Results
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Peak positions of light and heavy fragments

Results
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Comparison with recent microscopic study

Z. Matheson et al., Phys. Rev. C 99, 041304(R) (2019)
Microscopic study on fission of ?*Og, using DFT
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Summary of first part

» Test calculations to examine the influence of our Y(Z, A)
on r-process in NS-NS, BH-NS mergers

(z-2Z,(4) +1t)°
 20(A)?

0.5

V2mo(A) j—o.s =P

_AESh(Z,A)
dt x e Ea(4)

Y(Z,4) ~ Y(A)

» Large difference due to Y(Z, A)-model can be seen
at 2nd peak & rare earth peak of the solar abundance
in the case of BH-NS mergers (Ye=0.05)

Summary of second part

» Systematic fission study of SHEs using 4D-Langevin model
* Our TKEs overlapped with “quasi-fission” components
« FFMDs of SHEs are completely different from those of
Actinides.
* <AH> of SHEs is almost constant (not A=140 but A=208).
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http://lwww.nr.titech.ac.jp/~chiba/LANEconf2019/index.htmi#CT

23-25 October, 2019
at Tokyo Institute of Technology, Ookayama, Tokyo

The international workshop on nuclear physics for astrophysical
phenomena
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