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ABSTRACT

The most possible alpha-accompanied ternary fission fragment o

f 2P Ac are studied using Coulomb and proximity

potential model. We have studied driving potential (V-Q), logarithmic half-lives and relative yield of all possible fission

fragments. From the present work, the minimum driving potential, maximum relative yield and minimum half-lives are

observed for the fragment combination of *He+’”?"Ac+'He for the nuclei

217-219 . . .
Ac. Hence, this fission fragment

combination is considered as most possible fission fragments due to presence of doubly magic nuclei. This study is

important in near future experiments.

Keywords: Half-lives, Ternary fission, Driving potential, Relative yield.

1. INTRODUCTION

Ternary fission is the splitting of a heavy radioactive
nucleus into three fission fragments. The light particle
emitted is almost perpendicular to fission axis. These
light ternary particle is emitted from the neck region
and accelerated by the Coulomb field of other two
heavier fragments. Many theoretical models such as
Coulomb and Proximity potential model [1] were
successful in explaining the possible fission yield in the
ternary fission. By taking nuclear proximity effects in
liquid drop model Royer et al., [2] investigated prolate
and oblate ternary fission and cascade fission in **Fe,
"“Eu, ***Pu and also in “Fl. The total energy released
during ternary fission is larger when compared to binary
fission[3]. Using Coulomb and proximity potential
model the possible ternary fission fragments were
identified in the superheavy region [4-12]. Previous
researchers have used modified generalised liquid drop
model, Coulomb and proximity potential model and
effective liquid drop model were used to study alpha-
decay and cluster decay.

The energy necessary to generate ternary fission
particles is provided by the rapid collapse of the neck
into the fission fragments after scission [19]. Raisbeck
[20] experimentally measured ternary fission of »2Cf by
angular distributions and energy spectrum of light
particle emissions such as "23H, %**He, Li and Be. The

traces of light charged particles such as H, He, Li and Be
were observed in ternary fission of ’Cf [21-22]. In
light charged particle-accompanied ternary fission the
total kinetic energy corresponding to fragments is close
to its ternary decay energy (Q-value) [23]. Ternary
fission of actinide nuclei *’Cf shows third fragment
heavier than '*C in spontaneous ternary fission. Karthik
and Balasubramaniam studied binary and ternary fission
of U using modified scission point model [24].
Although no thorough study has been done into ternary
mass  distribution, experimental and theoretical
investigations have shown the likelihood of ternary
emission of various radioactive nuclei such as *°U, *’Cf
and **'Pu induced and spontaneous fission in thermal
neutron [25-36].

Through literature survey shows 0-accompanied ternary
fission in U, Pu and Cf. Hence, in the present work, we
have studied @i-accompanied ternary fission in 2PN
using Coulomb and proximity potential model. Since,
the half-lives corresponding to these nuclei are in
nanoseconds to micro seconds which are highly
unstable. Hence, we made an effort to predict possible
fission fragments in these nuclei. The driving-potential
(V-Q), probability of fission and yield for each
individual fragments were carried out and identified
possible ternary fission fragments. The present work is

organised as follows; theory used to study a-
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accompanied ternary fission in Actinium nuclei
(*'"*"Ac) is presented in Sec 2. Results and discussions
were shown in Sec 3. Conclusions drawn from the
present work is in Sec 4.

2. THEORY
Ternary fission followed by light charged particle
emission is energetically feasible if the Q value of the

reaction is positive.
3
Q=M-Ym;>0 M
i=1

Here M and m, are the mass excess of the parent and
mass excess of the fission fragments respectively.
Interacting potential barrier exhibiting ternary fission
consists of Coulomb and proximity potential.

3 3
V= Z Z(VCij +Vpi) (2)

i i
Here Vi is due to Coulomb interaction between the
fragments and it is given as
v _ZZ e

W =T (3)
ij

Here Z, Z and r; are the atomic numbers of the
fragments and distance between fragment centres. The
nuclear proximity potentials is given by

V,(Z) = 47r;1?q>(§j “)

Here @ and z are the universal proximity potential and
distance between the near surfaces of the fragments
respectively. b~0.99 is the nuclear surface thickness.
Where, z,, = z,; = z,; = z are the distance between the
near surfaces of the fission fragments. For this proximity

potential the universal function is given [37]

(s,)= {[—%}(so -2.54] ~0.0852(S,-254  forS, <1251l (5)

-3.437 exp(— %j

The surface energy constant y [38] in equation (4)

N-ZY
rerf 4[]
(6)

Here N and Z are the neutrons and proton number

CD(SO):
for S, >1.2511

respectively. The coefficients 7y, and k, are 0.9517
MeV/fm’ and 1.7826, respectively.  The mean

curvature radius R, Sussmann central radii C, and

sharp radii R, is explained in reference [11]. The
logarithmic half-lives and relative yield is evaluated as

explained in reference [11].

3. RESULTS AND DISCUSSION

The amount of energy released during an alpha
accompanied ternary fission is evaluated using recent
mass excess values [39]. The total potential, penetration
probability using WKB integral, logarithmic half-lives
and relative yield is evaluated as explained in the theory

. . 217-219
section for the nuclei

Ac. The structure of driving
potential is evaluated using the concept of reaction
valley. The minimum driving potential (V-Q) is
evaluated using Coulomb and proximity potential
model. The mass excess of each fragment combination is
extracted such that the Q>0. For the alpha accompanied
ternary fission of nuclei 27N by fixing A, to “He. The
driving potential for all possible fission fragments of A,
and A, are evaluated in the equatorial configuration. The
values of A, increases from 2 to 106 and the value of A,
decreases from 211 to 107 in case of *"Ac.

Similarly, A, and A, range between 2-108 and 213-107
respectively. The Fig.-1(a-c) shows the studied driving
potential with respect to fission fragment mass number
A,. From the Fig.1(a) it has been observed that the
minimum driving potential is observed for the fission
fragment combination such as "He+"”Ac, "Be+’"Bi,
RC4OIT] QT T ST, 70+, ¥Kr+'2Sh
and '“Ru+'"Tc by keeping third fission fragment “He as
constant. In all these cases in which driving potential
observed minimum is consisting of either magic or semi-
magic nuclei as a first and second fission fragment. In
case of fission fragment combination of "He+""Ac, ‘He
is having magic number with Z=2 shows extra stability
against their neighbouring nuclei. Similarly, Znis as a
semi-magic nuclei and other fission fragments are near
magic or semi-magic nuclei which are stable when
compared to their neighbouring ones. In case of nuclei
*®Ac and *“Ac shows minimum driving potentials in
case of “He+2210A¢, $Bet205 205 1204201200 ] 36g 177
178Lu’ SOTi+163—164Tb, 7OZn+143—125La 84Kr+129—13OSb and
PRu+""""Te respectively and it is depicted in Fig. 1(b)
and 1(c).

The Fig. 2(a-c) shows the studied alpha-accompanied

b

ternary fission for the nuclei 272YA ¢, From the Fig. 2(a)
it is clear that the fission fragment combination
*He+Ac, *Be+2Bi, 2C+'TI, *S+7Lu, “Ti+'*Tb,
Zn+""La, *Kr+'”Sb and '“Ru+""Tc shows shorter
half-lives when compared to other fission fragment
combinations studied. Among all these fission fragment
combination, the combination ‘He+”Ac+*He is having
shorter logarithmic half-lives when compared to
their neighbouring nuclei. Hence, the most possible
fission fragment combination is *He+’”Ac+'He in
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case of nuclei *’Ac. Furthermore, the nuclei *"*Ac and
*“Ac also shows shorter half-lives for the fission

257

fragments *He+’"’Act+'He and  *He+’'"Ac+'He

respectively.
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Fig. 1: Variation of driving potential with the fission fragment mass number A, for alpha accompanied

. 217-219
ternary fission of Ac.
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Fig. 2: Calculated logarithmic half-lives of alpha accompanied ternary fission with the mass number of

fission fragment A, for the nuclei AT

The evaluated relative yield for alpha accompanied
ternary fission of 272 A ¢ as function of mass number of
A, is shown in Fig. 3(a-c). From the Fig. 3(a) it is clear
that, the maximum relative yield corresponding to
*He+’”Ac+*He shows larger value when compared to
their studied.
Furthermore, the nuclei “*Ac and *’Ac shows larger

neighbouring fission

fragments

relative yield for the fission fragments *He+”"°Act+*He

and ‘He+""Ac+*He
study shows that the minimum driving potential, larger
relative  yield and shorter logarithmic half-lives
corresponding *He+’”Act+*He, *He+’'°Act+'He and
*He+’""Ac+*He in case of nuclei '"”"’Ac are considered

respectively. Hence, the detail

as most possible fission fragments with doubly magic
nucleus “He (Z=2, N=2).
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Fig. 3: Plot of relative yield for the alpha accompanied ternary fission of >"*’Ac with mass number of

fission fragment A,

4. CONCLUSION

An alpha accompanied ternary fission is studied using
Coulomb and proximity potential model in equatorial
configuration. The amount of energy released during
ternary fission is evaluated using recent mass excess
data. Driving potential, logarithmic half-lives and
relative yield are evaluated. From the present study it is
clear  that the fission fragment combination
‘He+"”Ac+*He, ‘He+""°Ac+*He and *He+’''Ac+'He
possess minimum driving potential, larger relative yield
272 Ac due to the
existence of doubly magic nuclei *He (Z=2, N=2).

d 209-211

and shorter half-lives for the nuclei

Hence, “He an Ac are most possible alpha ternary
217-219

fission fragments in Ac nuclei.
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