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Introduction: Fusion reactions barrier dynamics
(tunneling, diffusion)
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energy production nucleosynthesis superheavy elements
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Fusion and fission: large amplitude motions
<— microscopic understanding: an ultimate goal of nuclear physics




12C+12C fusion reaction

12C+12C fusion : a key reaction in nuclear astrophysics
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also A. Tumino et al., Nature557 (“18) 687

v" Type la supernovae ~ 25 times larger than before
v’ X-ray superburst — lots of debates




12C+12C fusion reaction

Trojan Horse Method The THM data
/ are not supported.
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Fusion for superheavy elements
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v optimum bombarding energy?
v’ S1V/ rather than 48Ca?



optimum bombarding energy - the role of deformation
hot fusion: 4Ca + deformed target In heavy-ion reactions?

Nuclear deformation — a large sub-barrier enhancement
of fusion (capture) cross sections
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v" Fusion barrier distribution (Rowley, Satchler, Stelson, PLB254(“91))
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Application to hot fusion reactions
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Application to hot fusion reactions
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capture barrier distribution
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Application to hot fusion reactions ~ 48Ca + 248Cm — 2%, | v*

T. Tanaka,..., K.H., et al.,
JPSJ 87 (“18) 014201
PRL124 (*20) 052502
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Hot fusion towards Z=119 and 120 nuclei

hot fusion reactions with “*Ca:  48,,Ca @ 119
*,0Ca +(ygoFM)— 120

short lived —not available with
sufficient amounts
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closed shell — open shells



New hybrid model: TDHF + Langevin approach

K. Sekizawa and K.H., PRC99 (2019) 051602(R)

1st stage: TDHF
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Furthermore : TDHF + Langevin approach and gquantum friction

TDHF + Langevin approach:

K. Sekizawa and K. H.,
PRC99 (2019) 051602(R)
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New model for fusion for SHE: TDHF + Langevin approach i
K. Sekizawa and K.H., PRC99 (2019) 051602(R) 3 £
SUGG

how special is #8Ca ?
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v" no special role of 48Ca in the entrance channel

v non-*8Ca proj.: about 2 order of magnitude smaller
due mainly to W,



Fusion of neutron-rich nuclel
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how to reach the island of stability?

Yuri Oganessian




Fusion of neutron-rich nuclel

114
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neutron-rich beams: indispensable

» how to deal with low beam intensity?

» reaction dynamics of neutron-rich beams?

v" capture: role of breakup and (multi-neutron) transfer?
v diffusion: neutron emission during a shape evolution?
v" survival: validity of the statistical model?

structure of exotic nuclei

more studies are required



oL XNU
A a
SOONGSIL SO o
RSV JEH 0 %l K.-S. Choi, M.-K. Cheoun, W.Y. So, K.H.,
and K.S. Kim, Phys. Lett. B780 (’18) 455
103 | | ! | I T [ T I T | T ]
OLi + 2%pp "L+ 2%8pp L
0* L P
102 = -
g 10"} ’,' 2l
l& "' !
© 10° | :' -
P! —e— EXP. 1 , —t— EXP.
' / two channel model 1 o'k 3-channel model -
101 b ' - - - . Collective Excitations _: - / =+ only 2-ch coupled
,’. —— no-CC 3 — ne-CC
1070 /'zls T a5 0o° ] '
E  (MeV) 20 25 30 35 40 45
¢.m. Ec.m. (MeV)

simultaneous explanation for Li+2%Pb and 11Li+2%Pb with:
UL i+208Ph «—— °Li+%%Ph «— 7Li+21?Pb transfer couplings



Fusion of neutron-rich nuclel
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Fission
a o 240Pu » important role in:

e energy production

e superheavy elements

* r-process nucleosynthesis

" « production of neutron-rich nuclei
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very complicated dynamics:
a microscopic understanding — far from complete
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M. Bender et al., J. of Phys. G47, 113002 (2020)



very complicated dynamics:
a microscopic understanding — far from complete

J. Phys. G: Nucl. Part. Phys. 47 (2020) 113002 (58pp) hitps://doi.org/10.1088/1361-6471/abab4f

Topical Review J. of Phys. G47, 113002 (2020)

Future of nuclear fission theory
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Summary
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Fusion and fission dynamics Many challenges
* Nuclear astrophysics  reaction dynamics
o Superheavy elements  reliable prediction for SHE
* Neutron-rich nucleli o fusion of n-rich nuclei
e microscopic understanding
of fission

. ‘ “‘."?’ lots of opportunities for
‘ . collaborations
& 0 g






S factor (MeV b)

] (}2{}

10"

108

10"

](}lfn

10"

10

THM with PWIA

:l | T | | | I | | | T | | | T | | ]
3 THM with DWIA=
E f 3
- b 3
- B R 7]
=t b N f A el o
AR A R A N L W E
s " oty e by b 3
! A o IR S RN ¥ .
=2 ",\df_'}_"’jq_,"," . =
_I | | 1 | | | I | | | 1 | | | 1 | | ]
1.0 1.5 2.0 2.5
E (MeV)

A.M. Mukhamedzhanov et al.,
PRC99 (“19) 064618



1.E+20

B Becker A Patterson
1.E+19 - # Aguilera + Spillane
B Jiang(2018) = = = F(1988)
1.E+18 - /‘ . === hindrance (2007) SPP(2007)
*u . wm CC-M3Y+Rep(Upper limit) =——=WP{2018)
E 1.E+17 | = 1. H: . e THIV( 2018) G orrected _THM(2019)
m - “IH":“;T: 4 —- -LT-F ] H -
= Al Ay 1 > ]
S 1.E+16 - l LA v -
7y y e
1.E+15 - ya
1.E+14 . e . . . .
0.5 1.5 2.5 3.5 4.5 L 6.5
E (MeV)

C. Beck, A.M. Muckhamedzhanov, and X. Tang, EPJA56 (2020) 87



1017 H

S*(E) [MeV bam]

Recent direct measurement for 12C+12C
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