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* Introduction: Fission of superheavy nuclei

* The ground-state (K=0, even-even)

 The high-K state (K#0, even-even)

« Recent experimental results from TASCA

» 29No and 2>?Rf

« Summary and outlook
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Longest SF half-lives ?

Half-life ~ fission-barrier shape ~ path ~ valley

Multi-humped shape
V.M. Strutinsky 1967
S.G. Nillson et al., Nucl. Phys. A 131, 1 (1969)
J. Randrup et al., Nucl. Phys. A 217, 221 (1973)

Single-humped shape: 2°6Rf
Yu.Ts. Oganessian, Lect. Notes. Phys. 33, 221 (1975).
F.P. HeBberger, G. Minzenberg, S. Hofmann et al.,
Z. Phys. A - Atoms and Nuclei 321,317-327 (1985)
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Probe of the barrier-shape of SHN (hw)
F. P. Hel3berger et al., J. Less. Com. Met. 122, 445 (1986).
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Longest SF half-lives ?
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Half-life ~ fission-barrier shape ~ path ~ valley

single-particle effect

K#£0
odd-A
odd-odd
quasi-particles effect
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Superheavy nuclel: long-lived K-isomeric state

K-isomeric states with half-lives longer than the ground states 3- Elxperlmental fISSIon half |IV€S ' ' 3
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Fission half-lives of K-isomeric states in SHN: predlctlon

SHN: Narrow/ single-humped fission barrier

Superheavy nuclei

The most stable configuration against the fission
IS not the ground-state but an excited high-K state !(?)
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The gas-filled recoil separator TASCA

TransActinide Separator and Chemistry

DAQ system

Apparatus Focal plane detector
Phvsi Febex
YSICS b
. Detection system Mbs
Beam: in pulse mode 5 ms-long and 50Hz MWPC go4

Penning and ECR ions sources + UNILAC
1H - 238U with energies 11 MeV/u

TASCA

Stop: 2 DSSD 72*48 mm?
Box: 8 DSSD and Veto: 2 SSD
Gamma: BEGe detectors

Experiment Electronlcs Department GSI

Signal of o particle Slgnal of fISSIon fragments
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N=126 shell and discovery of 221U
Phys. Rev. Lett. 115, 242502 (2015).

Separation by Bp=mv/<q> / f % \ EC-delayed fission
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J. Khuyagbaatar et al., Phys. Rev. C 106, 024309 (2022)
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Low-energy and low-ionizing signal
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The K-isomeric state in the unknown superheavy nucleus 252Rf FAR

34 Flssmn half I|ves for K |somer|c states
1 J. Khuyagbaatar, Eur. Phys. J. A 58, 243 (2022)
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=== Search for 22Rf FAIR

S0Tj+204Ph—252Rf+2n @TASCA

ER-Fission correlation
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Fission half-lives for K-isomeric states

1 J. Khuyagbaatar, Eur. Phys. J. A 58, 243 (2022)
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NTj+204Pb—25?Rf+2n @TASCA Three ER-CE-FI events

T

J. Khuyagbaatar @ TASCA25

161 (b) FI (d) R
] ER ER
/3? 9.1 10.4 7.6 8.4
S 114 — 1! | P A~ -
S {Xstrip \\C,E—J X strip \QE/[ ]
§ _-—\| ____1|_——_ T
= 1(C e
2 ,]© ER “w“gg"\ © ER L
E ] e T | Fl
< /
34 i
1Y strip I:I\/Ystrip Fl :L
' 5l 5 ' SI ' 1(l) ' 15l
Time (us)
M
_ EEEnEEES
Bh
A D . .
7 | Rf 2[2]3]1 B
Lr 1 i
102 No| |2f1]1]1]3]3]z R
N 152 162

l0g,,(T¢) ()

1 J. Khuyagbaatar, Eur. Phys. J. A 58, 243 (2022)

.
! /l\

T T T T T T
Fission half-lives for K-isomeric states )

Symbols — m1

e e e e e e e e e — — — — — — e e e e 8

Y T ,-limit
No (Z=102)
146 150 154 158 162

Neutron number



Superheavy nuclel: sea of instability/ isotopic border of Rf

J. Khuyagbaatar, P. Mosat et al., Phys. Rev. Lett. 134, 022501 (2025) 3 Fission half-lives for K-isomeric states
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The known K-isomers in No and Rf

How about the known K-isomers in No and Rf ?
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=== Summary and outlook

J. Khuyagbaatar @ TASCA25

* Intensive program at exploring the properties of SHN @TASCA is still ongoing.
* Discovery of second K-isomeric state in °°No

* Discovery of sub-ps SF 2>°Rf and K-isomer Fission landscape of superheavy nuclei

 Confirmation of K-isomer in 21No Island of stability + Clouds of stability
e Confirmations of K-isomers in 2**Rf
« Second K-isomeric state in 2°2No ?

* Triggerless measurements of CE
- 108s-103s

= e SHE-Chemistry, Target Lab, Experimental Electronics, IT, lon source,
e UNILAC, Detector Lab, Radiation safety etc.,
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The part of results presented here are based on the experiments U308, U328 and G-22-00034, which were performed at the beam line X8/TASCA at GSl in the frame of FAIR Phase-0. 14



