Empirical preformation probability for the decay of -Ra
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Introduction

Radioactive heavy nuclei reaeluis stable re-
gion by emitting clusters, apart from emitting
a particle, which are hcsavier than a partick;
and lighter than the lightest fi.ssion Iragnieul.
a phenomenon named duster radioactivity.
Cluster decay is studied theoretic:ally by dif-
ferent models based eitliM' on Gamow's theory,
called as li.ssion models or on shell model. Pre-
formed cluster model of Malik and Gupta [1],
associates a parameter, preformation proba-
bility, whit:h varies with the size of the clusters
and it is defined as the quantum mechanical
preformation probability of finding the frag-
ments Ai and A2 (with fixed charges Z\ and
Z2, respectively) through the dynaniical col-
lective coordinate of ma.ss and charge asym-
metries of the decay products. This gquantity
is considered to be 1 for tv (kH;ay in modids
based on Gamow's thex)ry.

Poenaru and Grthner [2] interijretetl tlu-
equivalence between the lissitni tnodel and pre-
formed cluster model, by stating that tht; pre-
fonnation probability in (i.ssiun models can
be considered as the peiKitrability of the pro-
scission part of the barrier. In this work an
empirical relation for the preformation factor
is attempted ba.sed on the relation connect-
ing the difference between the calculated and
experimental half-lives of clu.ster decays and
various physical tluantities related to the; di;-
cay.

According to preformed cluster model the
decay constant is defined as

A= (b
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with 1 is dclinciil as the assimh hi'iiin‘'mia. I’ i
is the preformation factor and P is ilh' ik'iic-
trability calculat(;d using tin' excitation model
of Greinitr and Scheid [3 tis a two step process
using.

Pi= P,\V, P. (R
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H.vxsults and rli.smssions

Half-lives of bo cluster eminers for tin' ex-
perimentally measured clusti'r deca.ys are c,d-
culated using Elg. (I) by taking Fa- | and P
calculated using Elg. (2). There is a large
discrepancy between calculated tuid ex|ieri-
mental half-lives with a stitndard deviation of
8.653. By taking this (immtitv as lo;;,iiiP,,.
the relation connecting this <|Uiintiiy and wn-
ious ijhysictil Cluantities characterising the do
cay are fitted, which has the following lorm.

log\oP<] = gV + 0, :5)

where X is the ]:>hysical ciuanfitt characteris-
ing the decay, and q ;tnd i the constants.

We present in Table | the (JUanliiy \ with
values of the constants j and |along with the
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TABLE I; Values of ' and 6 fov difrercnt, (luaiiii-

tics for tile equation (5) with the standard devi-

ation calculated between the calculated half-lives
for the use of the corresponding loyioPo values
and the experimental values.

X iy SD
Q -0.1549 0.2709 0.643
Q A2 -0.0038 -3.1065 0.696
Q'/'-A-i -0.0412 -1.3636 0.576
Q""-A) -0.0004 -4.06 0.983
Qy -0.2312 1.8 0.721
y -4.0995 15,573 0.96

y -0.0193 -1.6929 0.675

Qy A2 -0.0054 -2.6256 0.63
Cf -0.0013 -3.6208 0.815
yyz Q° -0.0026 -2.7857 0.709
Qy A2 -0.0054 -2.6256 0.63
-2.257 8.3162 0.711

-0.0135 -2.3461 0.683

standard deviation between the newly calcu-
lated half-lives using the logmPo values cor-
responding to different fittings and the ex-
perimcintal values of duster decay. We have
applied the relation due to X=Q and the (d-
fect of A2 and 7 to the complete binary (kv
cay of “'Ra. Figure 1 presmits the pridor-
mation factors calcuhited using the values of
'f and /5 corresponding to X=Q and the val-
uGs are compared with our previous results in
RGf. [4]. Preforniittion probability denotcxl
as Po(/-i) (solid line) is calculated using the
idea of Poenaru et al [2] and the calculations
using the preformed clustt'r model is (kniotrxl
by Pg(PCM) (dotted line). Empirical Pgdue
to X=Q, compares well with the calculations
due to pcmetrability of the overlapping region
denoted as Po(t') hi magnitude till the near
asyunuel ric region, but dilfers coiuplet.ely with
Po{PCM). If the dependence on the mass
number of the cluster A2 is considerc.'d, along
with Q, the structure is complettdy washed out
and a linear decreitse in preformation factor

is noted as A2 increases. Similarly when oik7

Q, the preformation factor rcmchos a maxi-

mum value for the svmuu'tric n-gioii. brrausc

Fragment mass numbers  and

spectrum of """ Ha loi the \isc "I ililleo iil inuileh.

the value of q iMtcoimts /.ero. making the
term zttro. For the iiarticlc emission of the
decay tint vahie of // is ~1. the enipirieal P(
vjilue coincides in mitgnitiidc ;is well as si rue
tur(* with Fljfp) values.

The results im|>lv thal the striu lural vari-
ation in the C()in|>lete binarv sped rum of an
('lenient dc'ixtuds strongly on the ()-vidiie of
the decay. r;ither 1 lian on A~ ttud //.
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