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Cluster radioactivity: key facts

Cluster radioactivity is a type of radioactive decay in which an
atomic nucleus emits a light nucleus (heavier than « particle) —
cluster of protons and neutrons.

#el

223Ra —14C+209Ph

H.J. Rose and G.A. Jones, Nature 307, 245 (1984)
Sandulescu, Poenaru and Greiner, Sov. J. Part Nucl. 11, 528 (1980)
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(' UMCS Cluster radioactivity: key facts

: . 221 242
Emitters: g7 Fr — §5“Cm
experimental evidence in 12 even-even, 9 odd nuclei
Clusters: 14C — 34Sj

e Heavy mass residue: doubly-magic 2°®Pb +4 nucleons
"Lead radioactivity”

e Exotic decay:
o Half-lives: 101 s — 10%® s
e « branching ratio: 107° — 1016
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(' UMCS Theoretical description

Extrapolation of Gamov model of o emission

Modified Geiger-Nuttall formula for half-lives

or

e Super-asymmetric fission

e Potential energy surfaces are determined in the self-consistent
procedure in HFB theory with Gogny D1S force
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Shape evolution: ?%¥Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: ?%¥Pu
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Shape evolution: ?%¥Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: ?%¥Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: ?%¥Pu
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Shape evolution: ?%¥Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: ?%¥Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
& b oo

www.umcs.lublin.pl



' UMCS

Shape evolution: ?%¥Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: ?%¥Pu

238
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
& b oo

www.umcs.lublin.pl



/\;; 'UMCS

Eap .

"

Q4 [b7]

E [MeV]

120

80

40

40

30

20

10

U
compound
separated
typical fission

238

Pu

20

40 60
Q, [b]

www.umcs.lublin.pl



Fission fragments - N/Z ratio

[T 1] [
N/Z=126/82=1.537 o<

us£|||| T T T TTTT1]

M. Warda, A. Zdeb, and L. M. Robledo,
Phys. Rev. C 98, 041602 (2018).
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Super asymmetric fission valley
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Cluster barriers
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""‘UMCS Pre-scission shapes
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Post-scission shapes
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""‘UMCS Actinides and superheavies
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M. Warda, A. Zdeb, and R. Rodrguez-Guzmn, arXiv:2603.03519, Phys. Rev. C accepted
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Fission paths around 232U
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Fission paths around 232U
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N uMes Fission paths around 284Cn
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Fission paths around 24Cn
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| UMCS Conclusions

o Cluster radioactivity described as super-asymmetric fission in
actinides and super-heavy nuclei

e This decay may be dominant decay channel in some
super-heavy nuclei

e Shell correction of doubly-magic 2°Pb and symmetry energy
(N/Z ratio) play the crucial role in the enhancement of this
decay channel

Further investigations
e Shapes and sizes of pre-fragments
e Influence on magic numbers on mass asymmetry

e Half-lives in the cluster radioactivity channel
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