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who IS she?
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88

/=110
/=111
/=112
/=113
/=114
/=115
/=116
/=117
/=118

K. BAER: &

Ds cn Uut Fl Uup Uus || Uuo

Darmstadtium (Ds) 1994 Germany

Roentgenium (RgQ)
Copernicium (Cn)

Nihonium (Nh)
Flerovium (FI)
Moscovium (Mc)
Livermoriun (Lv)
Tennessine (T5s)
Oganesson (OgQ)

1994 Germany

1996 Germany

2003 Russia / 2004 Japan
1999 Russia
2003 Russia

2000 Russia

2010 Russia "
2002 Russia

=L@t & & Iits (cold fusion)

A2 7: BL\Ei & kIt (hot fusion)

117 118
tennessine oganesson



Y. BAR: m=L & RIG (cold fusion)
O27: BV & I (hot fusion)
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28’Nh + 4n 28Nh + 1n
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G. Scamps and C. Simenel,
Nature 564 (2018) 382

» discovered about 80 years ago
(in 1938) by Hahn and Strassmann

» a primary decay mode of heavy nuclel
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» Important role In:

energy production
superheavy elements
r-process nucleosynthesis

 production of neutron-rich nuclei



fission in SHE
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fusion-
fission

Y. Zhu et al.,

Astrophys. J. Lett. 863 (2018)L23

fission In r-process nucleosynthesis
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» various fission processes

I I I I _ neutron Q
| | -~ | induced o— j>
fission Q
tunneling
> | spontaneous

""""""""""""""""" 1 fission asymmetric fission

|

e

beta-delayed fission

e

> fission

A.N. Andreyev et al., PRL105(°10)252502
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A

Energy

Entrance Initial Fission Non-adiabatic Scission Fission
Channel State Isomer Regime Fragments
(Z-1,N+1)
Statistical Multi-chance
Decay Fission
Induced / Dissipative Motion
Fission
N - - - - =
Spontaneous g
Fission

Tunneling @

Elongation

“Future of fission theory”
M. Bender et al., J. of Phys. G47, 113002 (2020)
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cross section (mb)

48Ca+238U

L o e i B e no experimental data for Py
10°F capture ’
AE ® n
100§ o =~ ocap(E) = k_22(2l + DTi(E)
10" g E l
0'E o \ Pen =
107 F Y2 E
oF - ? oon DT(F)
107" E E X PcN
5L =
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L -0
107 F E
107 F 2

= = n
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Example 4Ca + 2$Am — 0Zn+°9Bi —

28’Nh + 4n 2I8Nh + 1n
asymmetry large small
Capture large small

Survival small large
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HBEXTERIGODEHET /L TDHF + Langevin 77 O—F
K. Sekizawa and K.H., PRC99 (2019) 051602(R) \i%“o
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AL | TS ﬁf
Ist stage: TDHF EERBEKESR Nh

nihonium
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P
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3rd stage: 2nd stage:
statistical model Langevin model
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New model for fusion for SHE: TDHF + Langevin approach
| Z
K. Sekizawa and K.H., PRC99 (2019) 051602(R) %8:50
SUG

how special is 4Ca ?

S}FS[EIH CN E* Rmin PCN H"JT&mr PE["-I H"fs;ur
MeV) (fm) [(x10%) | (x10%) (x10")

BCa+BFm 2120 290 1293 1.72 | 176 302}

M¥Cr+2%Cm 2120 332 13.09| 1.89 | 1.31 2.47

V4 PBk 1200 37.0 1294 395 | 0.117 046l

BCa+P"Fm 120 305 1294 | 249 | 0729  1.82
—

Per = Peap - Pon - Wany similar Py

v" no special role of 4Ca in the entrance channel

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



HI—DDEEFRE

CHART OF THE NUCLIDES

Superheavy
Elemens

Transuranium
Elemens

Stable
Elemens T &

208Pb
Spherical
Shell

Proton number

i

e Seda of Instability
“_P E::ni\\ﬁ(ﬁ%éjj\ ] *Z
0D R
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Neutron number [ ll‘i ? 5!;&

Yuri Oganessian

.qLé

BEDEICEDELICEET 5HV?




PiEFBEZDZRE RIG

114
113
112
165 170 175 180 REDE
i FIRFIRE — LDNBESRET A FIYIR?
o | — 180 0.04
11LI . 208p), : 160 0.035
oL 140 0.03
: ) : 5 120
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“’ / FIZ KL MO THLY 0 0
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* ® £ (Mev) ® * K.H. and H. Sagawa, PRC72(°05)044321
K.-S. Choi, K. Hagino et al., 47 4,
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Type 1 X-ray accreted

X{fbio/ {_ZF * burst H/He
78X o
superburst oceal
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