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o Fission

Fission-landscape: Stability vs instability
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Fission-landscape: Half-life and barrier
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Fission half-life: Semi-empirical approaches
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Semi-empirical approaches
The fission-barrier shape




Semi-empirical approach: Fission-barrier shape for the ground-state
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J. Khuyagbaatar, Nucl. Phys. A 1002, 121958 (2020).
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Fission and o decay half-lives of SHN
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Semi-empirical approach: Fission-barrier shape for the excited-state
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Pecpr for the Es, Md and Bk isotopes
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Pecpre for the Es, Md and Bk isotopes: Experiments
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Systematics of the empirical P, values
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J. Khuyagbaatar, Eur. Phys. J. A55, 134 (2019).
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Pecpe predictions for odd-odd nuclel
J. Khuyagbaatar, Eur. Phys. J. A 55, 134 (2019).
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Clouds of stability (K-isomeric state)
VS
sea of instability (ground state)
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Superheavy nuclei: Where Is sea of mstablllty (Isotoplc border) ?
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Fission half-lives of K-isomeric states in SHN: prediction

252Rf: Tge= 100 ns

J. Khuyagbaatar et al., Phys. Rev. C. 104, L031303 (2021)

b e e e e — — — — — — — — — —

Fission half-lives for K-isomeric states
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Symbols — m1

Ds 1
M
- Hs 1 B
Bh B
Sg i
T Db| | £ .
7 | Rf 2[2]3]1
Lr 1 i
102 (No| [2f1]1]2}3]3]1 R
N 152 162~

J. Khuyagbaatar @FISSION2026

No (z=102) -

146 150 154 158
Neutron number

162

21



=y

J. Khuyagbaatar @FISSION 2026

Experiment
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The gas-filled recoil separator TASCA
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TransActinide Separator and Chemistry J Yo

Apparatus IS

Beam: in pulse mode 5 ms-long and 50Hz
Penning and ECR ions sources + UNILAC
1H - 238U with energies 11 MeV/u

Separation by Bp=mv/<qg>
J. Khuyagbaatar et al.,

Nucl. Inst. A 689, 40 (2012)
Phys. Rev. A 88, 042703 (2013)
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Advantages of the fast digital electronics

TransActinide Separator and Chemistry

PreAm
Apparatus P

Confirmation of the element 117 and discovery of 2°Db
J. Khuyagbaatar et al., Phys. Rev. Lett. 112 172501 (2014)

Safe identification of SHN K position
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Energy (fpga~analog)

Upto 20 MeV r5ce (trace~digital): up to 80 ps

e e B A I e - 174

J. Khuyagbaatar et al., Phys. Rev. C 99, 054306 (2019)

-
w

Safe search for elements beyond Og (119 and 120 elements)
J. Khuyagbaatar et al., Phys. Rev. C 102, 064602 (2020)

Chemistry studies of Fl

A. Yakushev et al., Front. Chem. 10, 976635 (2022)
Chemistry studies of Nh/Mc

A. Yakushev et al., Front. Chem. 12, 1474820 (2024)
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J. Khuyagbaatar et al., Phys. Rev. Lett. 115, 242502 (2015)

Nuclear reaction studies: non-fusion reaction products
A. Di Nitto et al., Phys. Lett. B 784, 199 (2018)

Back: Y position

Isomer studies via a triggerless measurement of conversion electrons (2012)

J. Khuyagbaatar et al., Nucl. Phys . A. 994, 121662 (2020)
Phys. Rev. C 103, 064303 (2021)

up to 210 MeV

Experiment Electronics
Department, GSI
_- * ,l 3

N. Kurz et al., GSI Scientific Report 252 (2012)
J. Hoffmann et al., GSI Scientific Report 253 (2012) ‘
J. Khuyagbaatar et al., GSI Scientific Report 212 (2012)
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Search for direct fission from the long-lived
K-isomeric state in 2°No
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J. Khuyagbaatar et al., Phys. Rev. C 106, 024309 (2022)
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The K-isomeric state in the unknown superheavy nucleus 252Rf

! ! /l\

Flssmn half I|ves for K isomeric states )
1 J. Khuyagbaatar, Eur. Phys. J. A58, 243 (2022)
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NTj+204Pp—25?Rf+2n @TASCA Three ER-CE-FI events
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Fission half-lives for K-isomeric states _
1 J. Khuyagbaatar, Eur. Phys. J. A58, 243 (2022)
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Shoreline towards the sea of fission instability

J. Khuyagbaatar, P. Mosat et al., Phys. Rev. Lett. 134, 022501 (2025) 3| Fission half-lives for K-isomeric states 3

Editors’ Suggestion / Featured in Physics . 1 szﬁlr;gl/:\g_b&altar Eur. Phys. J. A 58, 243 (2022)

Land ahoy! — Experiments at GSI/FAIR reveal the shoreline of
the island of stability of superheavy elements (GSI press release) —3 5
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Sea of instability/ isotopic border of Sg
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“t1=3 14 Detection of a high-K state in Sg isotope for the first time @TASCA
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Discovery of the new isotope 25'Sg @TASCA

P. Mosat, J. Khuyagbaatar, et al.,
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Expanding the border of superheavy nuclei — New seaborgium
isotope discovered at GSI/FAIR (GSI press release)
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SHN: the fission hindrance due to the K-guantum number Is unique

J. Khuyagbaatar @FISSION 2026
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Summary and conclusion

J. Khuyagbaatar @FISSION 2026

Properties of heavy and superheavy elements/nuclei are still hot topics in the field

Semi-empirical approaches for extracting the fission-barrier shape were developed
The SHN have narrow fission barrier
The K-isomers in SHN are very unique (clouds of stability) and should further be explored

Intensive scientific program at exploring the properties of SHN @TASCA is still ongoing.
Discovery of second K-isomeric state in 2°°No

Discoveries of the new sub-us isotope >?Rf and K-isomer FAIR
Discoveries of the new isotope 2°’Sg and K-isomer in 2°Sg

Thank you for your kind attention

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 GSI in the frame of FAIR Phase-0. 34



