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Discovery of cluster radioactivity

223
88 Ra −→14C+209Pb

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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R. Bonetti, A. Guglielmetti, in Heavy Elements and Related New Phenomena Vol II, ed. W. Greiner and R.K.
Gupta, p.634, Word Scientific, 1999
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Barwick et al., PRC 31, 1984 (1985)
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Wang et al., PRC 36, 2717 (1987)
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A.A. Ogloblin et al., PRC 61, 034301 (2000)
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Cluster radioactivity: key facts

• Emitters: 221
87 Fr — 242

96 Cm
experimental evidence in 12 even-even, 9 odd nuclei

• Clusters: 14C — 34Si

• Heavy mass residue: doubly magic 208Pb ±4 nucleons
”Lead radioactivity”

• Half lives: 1011 s – 1026 s

• α branching ratio: 10−9 – 10−16
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Theoretical description

• Extrapolation of Gamov model of alpha emission
Modified Geiger-Nuttall formula for half-lives
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log10T1/2
AZ =

aA2h + bZ2hz

ÎQ
+ c.

The constantsa=10.603,b=78.027, andc=−80.669 are ob-
tained by making a least squares fit of the available experi-FIG. 1. log10T1/2 ssd for different clusters emitted from various

radioactive parents, calculated by using the AZ formula (AZF) and
compared with experimental data. Also, the results of calculations
for AF sb=0d and ZF sa=0d truncations of AZF are shown for
comparisons.

Balasubramaniam et al., PRC 70, 017301 (2004)
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(a)

(b)

FIG. 4. Deviations between the logarithms of the experimental

data and of the calculated values for even-even nuclei (a) when we use

two sets of parameters to describe α decay and cluster radioactivity

respectively and (b) when we use one set of parameters to describe

both α decay and cluster radioactivity at the same time.

Ni et al., PRC 78, 044310 (2008)
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A. Zdeb, M. Warda, K. Pomorski, Phys. Rev. C87 024308 (2013)
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Theoretical description

• Super-asymmetric fission

• Potential energy surfaces are determined in the self-consistent
procedure in HFB theory with Gogny D1S force
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Shape evolution: 238Pu

238Pu       Q2=14.1 b       Q3= 0 b3/2

Q2= -280 b
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: 238Pu

238Pu       Q2=17.3 b       Q3=10 b3/2

Q2= -280 b
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: 238Pu

238Pu       Q2=25.4 b       Q3=20 b3/2

Q2= -280 b
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: 238Pu

238Pu       Q2=33.3 b       Q3=30 b3/2

Q2= -280 b
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: 238Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: 238Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).

M. Warda Cluster radioactivity



www.umcs.lublin.pl

Shape evolution: 238Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: 238Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Shape evolution: 238Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Chart of SH nuclides
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Cluster radioactivity - chart of nuclides
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Pre-scission shapes
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Post-scission shapes
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Experimental evidence in 284Cn:

• GSI: 9 events
Ch. Düllmann, at al., Phys.Rev.Lett. 104, 252701 (2010)

• Dubna: 19 events
Yu. Oganessian, Radiochim.Acta 99, 429 (2011)

• lifetimes: 30 ms - 400 ms
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Chart of SH nuclides
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Actinides and superheavies
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Actinides and superheavies
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Mean fission fragment mass

M.G.Itkis, E.Vardaci, I.M.Itkis, G.N.Knyazheva, E.M.Kozulin, Nuclear Physics A944 (2015) 204

M. Warda Cluster radioactivity



www.umcs.lublin.pl

Mean fission fragment mass
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Isotopes and isobars

M. Warda, A. Zdeb, and R. Rodrguez-Guzmn, Phys. Rev. C 113, 034619 (2026)
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Fission paths around 232U
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Fission paths around 232U
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Fission paths around 232U
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Fission paths around 284Cn
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Fission paths around 284Cn

F. Ivanyuk, K. Pomorski, Phys. Rev. C 79, 054327 (2009).
F. Ivanyuk, K. Pomorski, Int. J. Mod. Phys E 19, 514 (2010).
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Fission paths around 284Cn
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Isotopes and isobars
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Conclusions

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

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

• Shell correction of doubly-magic 208Pb and symmetry energy
plays the crucial role in the enhancement of this decay channel

• super-asymmetric fission valley is observed in quite wide range
of heavy and super-heavy nuclei

Further investigations

• Shapes and sizes of pre-fragments

• Influence on magic numbers on mass asymmetry
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Scission point
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