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ABSTRACT

The binary fission of superheavy nuclei 121 and fission fragments is studied using Coulomb and proximity potential

model. The total potential is evaluated using the recent proximity potential model. The total potential is evaluated for

different fission fragment combinations. The probable fission fragment combination has been obtained using a cold valley
plot. The identified favourable fission fragments are found to be "’La+"""*Gd with the half-life in the order less than
zeptoseconds. The role of symmetric or asymmetric fission fragments were analysed. The binary fission fragment

combination "¥La+'“Gd with maximum yield and smaller half-lives in which the fission fragment 12 will have magic

neutron number with N=82.
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1. INTRODUCTION

Elements with Z>104 are called as superheavy
elements, synthesized by cold and hot fusion reactions
during past few decades [1]. Superheavy elements are
less stable because of large number of protons and
neutrons, therefore they undergo a-decay, B-decay or
spontanecous fission [2] resulting in the formation of
fission fragments. The structure of the superheavy
elements depends on binding energies, shell effects,
proton and neutron states [3].

In general, during the spontancous fission process, the
unstable nucleus splits into two binary fission (BF)
fragments of similar masses. It is well known that the
properties of fission fragments vary considerably with
the number of protons and neutrons of the fissioning
nuclei. The fission yield of »Fm by spontaneous fission
exhibit ~asymmetric behaviour [4,5]. However,
contradictory results were observed in dominant decay

f *’Fm [6, 7]. Earlier researchers [10-13] were

mode o
studied BF fragments of heavy and superheavy nuclei.
Based on quantum mechanical fragmentation theory
(QMFT), Sharma et al., [14] studied binary and ternary
fission in **’Es.

Pahlavani and Joharifard [15] studied half-lives and

isotopic yield of spontaneous fission in superheavy
nuclei ’Ds and *’Cn. Sharma et al., [16] theoretically

studied spontaneous fission and competing decay mode
in tranactinide and actinide. Rundrup et al., [17]
theoretically studied spontaneous fission half-lives using
semi-empirical WKB framework in even nuclei with
7292, Nilsson et al., [18] Using spontaneous fission
half-lives near Z=114 and N=184, quadrupole and
hexadecapole  distortion were reported. Earlier
researchers [19-27] studied different decay modes such
as cluster-decay, proton-decay, an alpha-decay and
spontaneous fission in the heavy and superheavy nuclei.
The limited studies on spontaneous fission has motivated
us to investigate possible BF fragments in the superheavy
nuclei *’121.

The Section II gives a complete description of theory
used to evaluate and identification of probable fission
fragments. Section Il describes the results and
discussion corresponding to theory used to study BF in
superheavy nuclei *?121. Conclusions presented in

Section 4.

2. THEORY
The total potential during BF is a sum of Coulomb and
proximity potential

V =Vy(R)+V(R) (1)
The Coulomb potential V; is defined as;
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where R, is the separation distance between two

A )

fragments. The short—range nuclear potential is defined

as ;

=y <
Ve (£) = 472'7’bRich[Zj (6)
where R = —22— is the mean radius of curvature. In

R +R,
the above equation, 7y is the specific nuclear surface
tension and it is given by

2
y= 7{1— K‘(N;ZJ } MeV/fm’ )

where y,= 1.460734 and K =4.0. The universal

proximity potential @ in equation (6) is as a function of
distance between the near surfaces of the fragments (z)
and nuclear surface thickness b=0. In the present work,
we have wused the following universal function
®(& = z/b) is defined as;
, i

! L0717 )
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The radius of each fragment in equation (6) is defined as;

R, =1.28A7 —0.76 +0.8A;" ©)

For process such as BF, the barrier penetrability P is
given as [29]

b

P= exp{—ZLIZy(V - Q)dz}
h
‘ (10)
Here 1t = A/A, / A, For fission process, first and second
turning point is determined from the equation
V(a)=V(b)=Q . The half-lives of BF fragments are
evaluated by

nh2 mIn2
T,=—"="—>
A vP (11)

where V is assaults frequency, in case of BF [30].

\20/

po N2OTH (12)
2(C, +C,)

where C, and C, are the Scissmann radii of the BF

fragments.

3. RESULTS AND DISCUSSION

The total potential is evaluated using the long range
Coulomb force and short range nuclear force. The total
potential is taken as sum of Coulomb potential and
proximity potential. The universal function play a major
role in the evaluation of nuclear potential. The Fig. 1
shows the variation of (a) Coulomb, (b) nuclear and (c)
total potential as function of fission fragment mass A,.
From the Fig. 1(a) it has been observed that as the mass
number of fission fragment increases Coulomb potential
also increases. Similarly, Fig. 1(b) shows the variation of
nuclear potential as function of A,. The nuclear
potential is maximum for A,=71 and it gradually
decreases with increase in mass number. The value of
short range forces gradually decreases with increase in
number of nucleons in which Colombian repulsive force
is more dominant. The total potential as a sum of
Coulomb and nuclear potential is gradually increases
with mass number of fission fragment. The value of
Coulomb potential is more dominant when compared to
nuclear potential in the superheavy nuclei *7121. Then,
the driving potential is evaluated using amount of energy
released during the BF. The amount of energy released
during the fission process is the difference between mass
excess of parent nuclei and mass excess of fission
fragments. These mass excess values have been taken
from the reference [31-35].

Then, we have evaluated penetration probability using
WKB integral. The penetration probability is the area
under the curve of driving potential as a function of
separation distance between the two nuclei. The Fig. 2
depicts the variation of penetration probability as
function of fission fragment mass number A,. The
penetration probability is maximum for the fission
fragment  combination “Kr+’"At,  "Cst+! 66Dy,
"La+'Gd and "Ce+"’Fu when compared to their
neighbouring  fission fragment combination. The
maximum penetration probability is observed due to
their shell closures and which are also near magic or

. . . 86 M3n. o
semi magic nuclei. In case of *’Kr+"""At fission fragment
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combination *Kr is having Z=36 and N=50, where *Kr
is having magic number of N=50. Similarly, l66Dy
(N=100), ""La (N=82) and '“’Ce (N=82) are having
magic number due to which the penetration probability
is having maximum value when compared to their

247

combination it has been observed that the combination
Kr+’" At is asymmetric and other three combinations
such as B%Cs-i‘]%Dy, La+'“Gd and '"*Ce+"’Eu are
almost symmetric fission combination with larger
penetration probability.

neighbouring ones. From this fission fragment
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Fig. 1: The variation of (a) Coulomb, (b) nuclear and (c) total potential as function of fission fragment

mass A,
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Fig. 2: The variation of penetration probability as a function of mass number of fission fragment A,

The Fig. 3 depicts the variation of logarithmic half-lives
as function of fission fragment mass number A,. As
similar to relative yield, the logT,,, is minimum for the
fission fragment combination SKr+’"At, 133Cs-i-l(’éDy,
"La+'“Gd and "°Ce+"*Eu when compared to their
neighbouring fission fragment combination. Among

these, the minimum logarithmic half-lives are observed

for the fission fragment combination La+Gd with N=82
for Lanthanum in superheavy nuclei *121. The
predicted half-lives for possible fission fragment
combination are less than zeptoseconds. From the
analysis, it has been observed that the fission fragment
combination with magic number of neutron shows

smaller half-lives and larger relative yield.
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Fig. 3: The variation of logarithmic half-lives as a function of mass number of fission fragment A,

4. CONCLUSIONS

We studied BF of superheavy nuclei 121 using
The
penetration probability is maximum for the fission
combination La+Gd with N=82. The
of fragment
combination produces larger relative yield and smaller
Hence, 'La+""

Gd are possible BF fragment combinations with

Coulomb and proximity potential model.
fragment

asymmetric combination fission

half-lives lesser than zeptoseconds.
166
maximum yield and smaller half-lives in which the

. 139 .
fission fragment La posses magic neutron number

with N=82.
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