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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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Barwick et al., PRC 31, 1984 (1985)
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Cluster radioactivity: key facts

• Emitters: 221
87 Fr — 242

96 Cm
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

fragment mass

4                                        60                 140

probability

?

• Extrapolation of Gamov model of alpha emission

• Modified Geiger-Nuttall formula for half-lives

• Very asymmetric fission
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Potential energy surface in fission

Figure by A. Staszczak

• Next slides show potential energy surfaces determined in the
self-consistent method in HFB theory with Gogny D1S force
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Potential energy surface in fission

Figure by A. Staszczak
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self-consistent method in HFB theory with Gogny D1S force

M. Warda Cluster radioactivity



www.umcs.lublin.pl

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
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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
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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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Shape evolution: 238Pu
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M. Warda and L. M. Robledo, Phys. Rev. C 84, 044608 (2011).
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Fission fragments - N/Z ratio

http://lablemminglounge.blogspot.com/2011/03/why-fuel-rods-are-radioactive.html
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Chart of SH nuclides
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Fission and α-decay
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Previous approach

D. N. Poenaru, R. A. Gherghescu, and W. Greiner
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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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Fragment mass distribution - preliminary
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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
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Mean fission fragment mass
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Alternative predictions

N. Carjan, F. A. Ivanyuk, and Yu. Ts. Oganessian Phys. Rev. C 99, 064606 (2019)
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Conclusions

New type of fission is predicted:
super-asymmetric fission with 208Pb as a heavy mass fragment

• the same nature as cluster radioactivity in actinides

• may be dominant in some super heavy nuclei

• sharp fragment mass distribution is predicted

Microscopic description of cluster radioactivity in actinide nuclei
M. Warda., L.M. Robledo

Physical Review C 84 044608 (2011)

Cluster Radioactivity in Super Heavy Nuclei
M. Warda, A. Zdeb, L.M. Robledo

Phys. Rev. C 98 041602(R) (2018)
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