Cluster pre-existence probability from WKH integral
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Introduction

Spontaneous decay of radioactive nuclei via
emission of clusters heaviei- than a particle is a
well established phenomenon in transactinide
region. Such cluster emission from the excited
light and medium mass parent nuclei formed
in low energy reactions are also of much inter-
est recently. Cluster emission could be consid-
ered either as a rase of as>-mraetric fission pro-
cess or as a process of cluster formation and its
s\ibsequent emission from the parent nucleus.
In models based on the former case the j>re-
existence probability of the emitted cluster is
considered to be equal to one. In the other
type of models a Riht.e value of pre-exist.ence
probability is considered and which is dilferenl,
lor dill'crcut clusl.crs and is calculat:cd based on
only two models.

In one of the models due to Blendowske et al
[1] the pre-existence probability is considered
to be proportional to the squared product of
the overlaps between the nucleon states in the
emitted fragment (the daughter nucleus) and
the states in the ground state wave function
of the parent nucleus. The limitation of this
model is that it is diflicult to calculate pre-
existence probability beyond 70 cluster. In
the other model due to Malik and Gupta [2], it
is possible to calculate the preformation prob-
ability of the entire binary mtuss spectrum of a
given nucleus. In this model the preformation
probability is considered as a quantum me-
chanical probability of linding the fragments
Al and A2 (With lixed charges Zj and 72
respectively) and is calculated by solving a
stationary Schrodinger equation in the charge
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minimized mass asyjnrnetry cooi'dinate /# al
relative separation H. .~part from these inod
els. tlie prefonnation probabilitt- can be esii
mated empirically in a model dependent wav
with res])ect to the measured hall life \aliies.
Foenarn et al [3] has proposed lhal within
fission model approach, the prelunnal ion
probability can be considered as the piolja
hility of crossing the [rre-scission part of tlie
VVKIi action integ,ral and estimated the piv
formation probalhlity values of some chistei's.
In this work taking the irUa of I'oenarn rt al
we have estimated the preforniatioii prol)aiiil
ity for the entire mass spectrum of "™.\i and
the results obtained are discussed and coin
pared with the s'alues of |)reformed cnisiei
model (h'CM) of Gupta ar<l collalxiralors.

Model

In PCi'M the |)otenlial energy of the enra
lapping region is a second onler polynomial of
the form,

V(R) = aj{ \(rdf (11
with R. the distance Iret ween the centers of 1 he
two emitted nuclei, and for tlie post scission
region, the potential is the sum of Conloinb
potential and proxiinit\' potential.

V(R) = — _ - ta7r-h/ioli)

@)

d he ih.'cay constant in geiu'i al is defined as

Ml
Here is tlie impingfiing friajnenc\'. I' is the
barrier iienetration iiroliability.
P=Pm,. = exp[ j I ~/{2i,\V{R)" (f\,IR\
(1)

and Py is the preformation jirobabilily anil is
1 in li.ssion uyiproach and lakes dilferenl values
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FIG. 1 Pre-existence probability calculated from KB integral and from PCM for tlie use of rcdiu i'd

mass and hydrodynarnical mass of the cluster and

in clusi.er ayiitvoucb. Within lis.sion approacli
P() is simply the W'KB integral in the limit
of parent nucleus radius and the touching dis-
tance given by

Po = exp[-™ r (5)
Results and discussion
By derining Pq as in Eq. (5), it is possi-

ble to calculate the pre-existence probability
for the complete binary spectrum of a given
parent nucleus. Even for a negative Q-value
system like ~®Ni the action integral in the over-
lapping region can be calculated by consider-
ing scaled Q-values. i.e., the Q-valnes of all
the exit channels can be scaled by an uniform
amount ( hence the area under the potential
remains the same for the two cases of actual
and scaled Q-values). In Figs. 1(a) and 1(b).
the pre-existence probability of all the exit
channels of ®Ni niiclei.is, calculated from Eq.
(5) for the use of reduced and hydrodynarnical
masses are shown. It is seen that the probabil-
ity decreases with increase in size of tire clus-
ter bi.it showing prominently larger values for
the a structured nuclei. It is to be mentioned

dauglitei'.

here that "“Ni*' formed in low energ\- I'cacl inif',
are shown to have liighei' cross si‘cl ions lor ihe
ti-structnred nuclei in the exit channel, I-iy,-.
1(c) and 1(d) present the inelorination |)ioba

bility i:alcnlated wdthin PCM. In PCM calcn

lations the use of reduced mass and liydrod>

namical mass has not changed signihe am N i In-
structure and magnitude of the luolmliilities.
whereas in the WKB calculations thou',h the
structure has not changed the rnagniinde lia-
changed eonsich'rably. Moi eoi'ci | he dilfeicm i
in magnitude between these calculations need>
further investigation. The mass asyiunieti\
motion which is to be treated sepajati'ly
shown here for the coiii])lete six'ctrnm as a
part of the relative seiiaration motion, the
calculations are made for diU'ermit svstenis in
diUcrent mass regions and the icsnits will be
presented.
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