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Superheavy elements (the island of stability)
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stabilization due to the shell effect
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Fusion reactions for SHE

the element 113: Nh
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Fusion for superheavy elements

Heavy-1on fusion reactions ‘ N ‘ ' ‘
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Fusion for SHE: fusion hindrance
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strong Coulomb repulsion
— re-separation (quasi-fission)



SHE formation reactions
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Langevin approach
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thermal fluctuation
— Langevin method
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classical Langevin equation

d?q dv(qg) dg
m—s = — — y—
dt? dq dt

+ R(1)

friction random interaction — (R(t)) = O

classical: | (R()R()) =2Ds(t —1t)

D = ~1" (Einstein relation)
(white noise; no memory)

Brownian motion

interaction of a Brownian
particle with atoms



Langevin approach multi-dimensional extension:

g: "internuclear separation,
* deformation,
-asymmetry of the two

fragments
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Langevin approach
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Theoretical 1ssues

v'how to thermaize? mechanisms?

v'is thermal equilibrium OK? = -a quantal theory for friction
v'Is Markovian approximation OK? *a microscopic approach

v’ quantum effects?



Shell model approach?

Shell model
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Figure: Noritaka Shimizu (Tsukuba)

many-particle many-hole configurations
in a mean-field potential
—mixing by residual interactions




fission problem
compound

nucleus shape evolution

neutron
O—
0 @-@-a-0e
neutron Il + decay fission
emission

capture
(n,y) fission barrier

» Many-body configurations

- in a MF pot. for each shape

UI'GS

» hopping due to res. int.
— shape evolution




compound
nucleus shape evolution
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Towards a microscopic description for induced fission

(MeV)

V(e)

G.F. Bertsch and K.Hagino,
PRC107, 044615 (2023).
K. Uzawa, K.H., and

G.F. Bertsch,
arxXiv:2403.04255.
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Application to low-energy fission of 23°U

G.F. Bertsch and K.H., Phys. Rev. C107, 044615 (2023).
K. Uzawa, K.H., and G.F. Bertsch, arXiv:2403.04255.
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Application to low-energy fission of 23°U
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G.F. Bertsch and K.H., Phys. Rev. C107, 044615 (2023).
K. Uzawa, K.H., and G.F. Bertsch, arXiv:2403.04255.
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Only a small number of freedom participate in induced fission
«— the transition state theory



insensitivity property
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Towards a microscopic description for induced fission

(MeV)

V(e)

G.F. Bertsch and K.Hagino,
PRC107, 044615 (2023).
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Towards a microscopic description for induced fission

G.F. Bertsch and K.Hagino,
PRC107, 044615 (2023).
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Another 1ssue: Nuclear Deformation -

hot fusion: *8Ca + deformed target actinides
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Nuclear deformation and barrier distribution

Nuclear deformation — a large sub-barrier enhancement
of fusion cross sections
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Fusion barrier distribution [Rowley, Satchler, Stelson, PLB254(‘91)]
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v" Fusion barrier distribution (Rowley, Satchler, Stelson, PLB254(‘91))
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can be used to 1dentify
the side/tip collisions



Application to hot fusion reactions
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Application to hot fusion reactions ~ 48Ca + 248Cm — 29, Lv*

T. Tanaka.,..., K.H., et al.,
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open problems
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» how is the shape evolved to a compound nucleus?
» Deformation: a quantum effect
how does the deformation disappear during heat-up?

quantum friction/open quantum systems

cf. M. Tokieda and K.H., Ann. of Phys. 412 (°20) 168005.
Coupled-channels approach to the Caldeira-Leggett model



Another important 1ssue: physics of neutron-rich nuclei
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how to reach the 1sland of stability?



Fusion of unstable nuclei
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Fusion of unstable nuclei

neutron-rich beams: indispensable
—reaction dynamics?
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Fusion of unstable nuclei
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neutron-rich beams: indispensable—reaction dynamics? stability
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good understandings of the structure
of neutron-rich nuclei 1s also important




fusion of neutron-rich nuclel
in accreting (B =[%75) neutron stars

X-ray burst Type I X-ray accreted
Ip-process burst H/He

’ superburst ocean electron capture

(ashes) (A Z) +e¢ — (A Z-1) + v,

impure

Deep towards neutron-rich nuclei

crustal solid crust

heating
. . 2 Accreting neutron

origin T

fusion of neutron-rich nuclei

when Z becomes small enough

240 + 240, 28Ne + 28Ne etc. N. Chamel and P. Haensel,
Living Rev. Relativity, 11 (‘08) 10.



Summary Physics of SHE
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open quantum
systems (OQS)
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SHE + neutron-rich nucle1 + OQS — new direction




