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Way for synthesizing new SHE

=

1) Ti, V, Cr, Fe etc. beams €< 4Ca beams
Actinide target

2) Secondary beams (RI beams)

3) Transfer reaction U+Th, U+Cm



Way for synthesizing new SHE

!

1) Ti, V, Cr, Fe etc. beams €< %Ca beams < K. Kawai et.al,,
Actinide target Phys. Rev. C 114, 014612 (2026)

2) Secondary beams (RI beams)

3) Transfer reaction U+Th, U+Cm < K. Nakajima et.al.,
EPJ Web of Conferences 378, 02028 (2026)
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Way for synthesizing new SHE

2) Secondary beams (RI beams)



Way for synthesizing new SHE

=

2) Secondary beams (RI beams)

< What RI nuclei (Target or Projectile) should be used ?
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Synthesis of New Elements 2
eports of new elements

1994

110 Ds 62Ni + > 29110+ n  (GSI)

111 Rg ©*Ni + > 272111 +n  (GSI)
1996

112 Cn 7%Zn + > 277112 + n (GSI) <€ named in Feb. 2010
1999

114 FI %Ca + > 289114 + 3n  (FLNR) < named in May. 2012
2000

116 Lv %Ca + 2> 292116 + 4n  (FLNR) < named in May. 2012
2002

118 “8Ca + > 294118 + 3n  (FLNR)
2003

115 “8Ca + > 288115 + 3n > 284113 + o (FLNR)
2004

113 79Zn + > 278113+ n  (RIKEN)
2010

117 “8Ca + > 294293117 + 3-4n (FLNR)
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ease (or difficulty) of synthesis
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B Stable nuclei
W Ris (known nuclei)

Predicted nuclei (lifetime > 1ns)
B Nuclei discovered and synthesized by RIKEN
[ Possible production by increasing RIBF strength
1 Magic number

Number of protons (type of element)

oé Number of neutrons (type ofisotope)

Riken Nishina HP: https://www.nishina.riken.jp/ouen/en/factory.html



Using RI beams

B Stable nuclei

W Ris (known nuclei)

~ Predicted nuclei (lifetime > 1ns)

B Nuclei discovered and synthesized by RIKEN
[ Possible production by increasing RIBF strength
1 Magic number

EAST

Number of protons (type of element)

Number of neutrons (type ofisotope)

Riken Nishina HP: https://www.nishina.riken.jp/ouen/en/factory.html



Using RI beams

Small neutron

binding energy
EAST

B Stable nuclei
I Ris (known nuclei)

- Predicted nuclei (lifetime > 1ns)
B Nuclei discovered and synthesized by RIKEN
[ Possible production by increasing RIBF strength
1 Magic number

approaching to
Large shell energy

Number of protons (type of element)

Number of neutrons (type of isotope)

Riken Nishina HP: https://www.nishina.riken.jp/ouen/en/factory.html
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Advantages of Each Stage

1. Suppression of incident energy dissipation
ADVANTAGE using Nuclei with Strong Shell Structure

2. Use of the second pocket in fusion process
ADVANTAGE using the Spherical Target

3. Rapid and many neutron emissions
ADVANTAGE using Rl beams
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Advantages of Each Stage

2. Use of the second pocket in fusion process
ADVANTAGE using the Spherical Target
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Overview of Dynamical Process

Time-evolution of nuclear shape
in fusion-fission process

1. Potential energy surface

2. Trajectory —> described by
equations

b 238
S+ U

10



Nuclear shape

two-center parametrization ( 2,0, 0!)

(Maruhn and Greiner,
Z. Phys. 251(1972) 431)

q(z,0,)

0
" BR
po3to

3-20
R : Radius of the spherical compound nucleus
5_3a=b)

2a+b (01=02)
o = Al B Az

Acy Trajectory which enters

into the spherical region
= fusion trajectory




Potential energy

V(g,T) =V,p(q) + Vsy(q, T)

Liquid drop model Liquid drop and
Shell correction energy

25



Multi-dimensional Langevin Equation

dg; _

9% ( 1)” P; Friction Random force | Newton equation

ddt Vo1 dissipation fluctuation g differantial .
o 9 3 ordinary differential equation
at —_aqi _Ea—ql( )]k pjpk_7/ij(m )jk pk+ginj(t)

(Ri(1) =0, (Ri(t,)R;(t,)) = 25;5(t, —t,) : white noise (Markovian process)
Zk:gikgjk =T7; Einstein relation Fluctuation-dissipation theorem

q;: deformation coordinate (nuclear shape)
two-center parametrization (z,6,0) (Maruhn and Greiner, Z. Phys. 251(1972) 431)
p;: momentum

m; : Hydrodynamical mass (inertia mass)
y;;» Wall and Window (one-body) dissipation  (friction )

E. = E’ _%(ml)ij Pi P; -V (q)

E,. :intrinsic energy, E™ :excitation energy



Without fluctuation

(a) 236 _
0.6 === 7
0.4- ///
; . T Vllﬁ i
E = 0.0 /’ ”, ) “:‘I‘I“ _ .
. (f((((((’ ; s
z —o.z-_% NS \\\\ll\\\ B= ey "z,
% -0, 4_- -~ \\\ R : Radius of the spherical compound nucleus
= b= ,. 5_3a=b)
00 05 10 15 20 25 30 - 2a+b
z
(b) 235, 7 _ 6.=00,0=035 = All;:jz

3D coordinate space

7o /

S i

£ a |

e, : /

) 0.0 ! %

& e 17
, QY

aue|d ‘wip-om3 uo uoidaloid



Without fluctuation
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Fusion box

S0Ti+29Bk—?99119, Adiabatic, § = ~0.02  [MeV]
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o deformation

48Ca + 244Pu To produce Th, Pu, Cf, No, Sg, Ds, Fi, Og
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1.0 1 Gross tendency of the trajectories

in fusion-fission process

0.8 turning point

4 064 (b) ?pg 207 g0
§ ] 26No ——— s 118t
0.6 05+ ‘\§ == \§114 -
i 0.4 \\ ;
4 - ] 22‘&},)} \ ( QF) I
0.4 o ,7 N
02 0.2- \
| o] /[ N
‘ L ocr
0.0 18 ool | ¢f N
0.0 0.5 1.0 1.5 2.0
-0.2 - z
Ground state
-0-4 +\\'\l L] ' L] ¥ L]
-0.5 0.0 0.5 1.0 1.5 2.0

z c.m distance



o deformation
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o deformation

8Ca + 24Py > 292F]
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®Ca + 264Pu > 312F]

Flat region
a=0.30
Corresponds to
N=126 Spherical shell
208Pb (Z=82, N=126)




48Ca + 264Py > 312

Z114, A312 a=0.30 Ex=40MeV Shell




S8Fe + 262Py > 320120

Flat region
a=0.30
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N=126 Spherical shell
208Pb (Z=82, N=126)
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Summary and Conclusion

ADVANTAGE using Nuclei with Strong Shell Structure, Spherical Target, Rl beams
1. Suppression of incident energy dissipation
2. Use of the second pocket in fusion process
3. Rapid and many neutron emissions

We need information
on the highly accurate properties of SHE in the neutron-rich region
< Study of Nuclear Structure
Shell correction energy
Deformation of g.s.
mass, neutron separation energy —> more accurate mass table for unknown region
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Smoluchowski equation
survival

Due to many neutron emissions

EOF NIl -2 0] Island of Stabilit

(large Vsh)

Due to many neutron emissions
2> E* of CN decreases

about35orderor | (@ Recovers of BRI et RT=y -

magnitude increases Vsh

2'0 3'0 40 5.0 6l0 7'0 8l0 90 . . )
£ (MeV) - large fission Barrier




7

~
F
€
e
£
S
c
c
o
2
o

deformation of the nucleus

Deformation parameter alpha2 of KUTY Deformation parameter beta2 of FRDM

Proton number Z7

20 40 60 80 100120140160180200 20 40 60 80 100120140160180200
Neutron number N Neutron number N

EE T m " w1 =

02 -01 -00 01 0o Sameshape -0. 0.0 . 0.4
alpha2



	スライド 1: Impact of Nuclear Structure  on Fusion–Fission Dynamics in Superheavy Element Synthesis
	スライド 2: Impact of Nuclear Structure  on Fusion–Fission Dynamics in Superheavy Element Synthesis
	スライド 3
	スライド 4
	スライド 5
	スライド 6: Way for synthesizing new SHE
	スライド 7: Way for synthesizing new SHE
	スライド 8: Way for synthesizing new SHE
	スライド 9: Way for synthesizing new SHE
	スライド 10
	スライド 11
	スライド 12: ease (or difficulty) of synthesis
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17: ease (or difficulty) of synthesis
	スライド 18: ease (or difficulty) of synthesis
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25: Potential energy
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42
	スライド 43
	スライド 44
	スライド 45
	スライド 46
	スライド 47
	スライド 48

