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’ Motivation
Cluster radioactivit
Simple model as a useful tool for: e
» preliminary determination of basic properties of unknown
isotopes B

» estimation of the most probable decay mode

» evaluation whether new synthesized isotope lives long
enough to be observed
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Cluster radioactivity
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223Ra—>‘4C + 209|:>b

> Ty~ 10"+ 10% s
: » Emitters: 22'Fr - 242Cm
ea » Daughter nucleus: 28Pb + 4
T T nucleons
» Branching ratios to a-decay:

Barwick et al., PRC 31, 1984 (1985) 10_9 - 10_16

H. J. Rose, G. A. Jones, Nature 307, 245 (1984).

A. Sandulescu, D. Poenaru, W. Greiner, Fiz. Elem. Chastits At. Yadra 11, 1334 (1980), [Sov. J. Part. Nucl. 11, 528 (1980)].
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Tunnelling probability:
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Decay constant

VNI Tag,

g

s o

WATEDR,

%
5
&

Proton and heavier
charged particles
A= PZ/S emission
) L
s=IstiT
201 1

Anna Zdeb
1. Tunnelling probability
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» Gamow theory

5 |
P » Sexp Decay constant
s & upper lmts for Sexp ° y

w | A vy 2. Frequency of assaults
@
T [ 2 1 20 2 23
20{ stad=3210% 0w, 2770 > = 1 [2AEtV)

2 2R o
0] O ]

,’," & upper umits for Sexp

Vo = 25 - Ac MeV

3. Preformation factor
L 8 12 16 20 2 28 32
massnumber a of the emitted
cluster

» 8" =6.3x10"°
509 — 3.2x1078

Ac—1)/3
» S, = S((l c—1)/
R. Blendowske, H. Walliser, Phys. Rev. Lett. 61, 1930 (1988).
D. N. Poenaru, W. Greiner, Phys. Scr. 44, 427 (1991).
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Parameter correlations
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Alpha + cluster radioactivity (2 parameters)’

In2 h
Tipp= 55 -10 1. rp=1.21fm
2. h=hy=hy=0216, hpn=2h
— mh_ .
V=R clusters: h=1.973 -
1
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Alpha + cluster radioactivity (2 parameters)’ omesen
n2  q4ah
Tipp= 55 -10 1. rp=1.21fm
_ _7mh 2. h:hp:hn:0216, hpn:2h
V=R clusters: h=1.973

Viola-Seaborg formulae (5) Hativos omu

Alpha decay - Parkhomenko-Sobiczewski (4 parameters)?
1091 T1a/2(Z7 N)=aZ(Q,—-E) '?+bZ+c,
Cluster emission - Xu-Ren (4 parameters)®

logyo 75/, = aZ122Q "2 + ¢Z1Z2 + d + h

1A. Zdeb, M. Warda, K. Pomorski, Phys. Rev. C87 024308 (2013). Dept of Theoretical Physics

2A. Parkhomenko, A. Sobiczewski, Acta Phys. Pol. B36, 3095 (2005). Maria CJ::/:SSGOWSKB

3Z. Ren, C. Xu, Z. Wang, Phys. Rev. C70, 034304 (2004). ° Lublin, Poland



Results
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Tz — TN n h V-S WKB Anna Zdeb
r.m.s. r.m.s.
«a-decay Parkhomenko
-Sobiczewski
e-e 96 0.54 0.39 o
e-o 85 0.216 0.78 0.68
o-e 65 0.216 0.53 0.47
0-0 52 0.432 0.72 0.68
Cluster emission Ren-Xu-Wang
e-e 16 0.80 0.85
o-A 10 1.973 0.64 0.45
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Cluster radioactivity half-lives
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Proton emission
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vir V(r) = { Ve(r)+ Vi(r) r>R
Coulomb energy:
E R —
% Rom 7 Vo(r) = %%
Vo

Tunnelling probability:

RDU
P =exp [f% / t V2p(V(x) — Ex)dx|
Rin

Centrifugal term:

Q Proton emission

2
Vi(r) = hZL:;ﬂ
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Proton emission half-lives
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Results obtained for the same value of nuclear radius constant: A 76D
rp=1.21fm (r.m.s.=0.52)
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Proton emission half-lives

(K1 T
SNH T,
> A,

g

s oS

WATEDR,

%
5
&

109 109|

logo(T5/2/5)

E [MeV]
o

05 06 07 08 0.9 1 4l
Q[MeV]

Model sensitivity for angular 8t
momentum value

A. Zdeb, M. Warda, K. Pomorski, C.M. Petrache, Eur. Phys. J. A52 323 (2016).
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Conclusions
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» Alpha, cluster and proton emission described within one
model

» The same value of nuclear radius constant for all
considered decays.

» Good accuracy was obtained in comparison with the
multi-parameter Viola-Seaborg-like formulae fitted (1) Gonclusions
separately to the data for each decay modes.
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Proton emission half-lives
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