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All possible ternary fragmentations of 252Cf in collinear configuration
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All possible ternary fragmentations in fission of 22Cf are studied in collinear configuration within a spherical
approximation using the recently proposed “three cluster model.” The potential energy surface of collinear
configuration exhibits a strong valley around “®Ca and its neighboring nuclei °Ca, 3*Ti, and **Cr. Such strong
minima are not seen in the potential energy surface of an equatorial configuration. As a consequence of strong
minima in the potential, the overall relative yield is higher for the ternary fragmentation with *3Ca, °Ca, 3*Ti,
0Cr, and **Ge as the third fragment. The results of potential energy and relative yield calculations reveal that
collinear configuration increases the probability of emission of heavy fragments like “*Ca (doubly magic nucleus)
and its neighboring nuclei as the third fragment. The obtained results indicate that the collinear configuration
is the preferred configuration for intermediate nuclei (*Ca, °Ca, 3*Ti, and ®Cr) as the third fragment in
particle accompanied fission while the equatorial configuration may be a preferred configuration for light nuclei

(“He, '°Be) as the third fragment.
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I. INTRODUCTION

The breakup of a radioactive nucleus into three fragments
covers a spectrum of fission events from one end in which a
scission neutron accompanies two main fission fragments to
the other end in which three fragments of about equal masses
are emitted. The ternary fission process with three charged
particles in the outgoing channel, the third particle being
very light compared to the main fission fragments situated
between these two extremes, is called light charged particle
(LCP) accompanied fission. The spontaneous breakup into
three nuclei of about equal masses called true ternary fission
has not yet been observed experimentally but is theoretically
being investigated. At the same time, in induced reactions
there exists a signature of true ternary fission as reported in
Refs. [1-5]. Rosen and Hudsen [1] reported a yield of 6.7 +
3.0 per 10° binary fission in the induced fission of 23U
by thermal neutrons. Fleischer ef al. [2] measured the cross
section for both binary (3.0 & 0.4 b) and true ternary fissions
(1/30™ of binary) in the reaction Ar(400MeV) + Th. In the
induced fission of 238U by intermediate-energy (20-120 MeV)
helium ions, Iyer and Cobble [3] presented evidence for the
existence of a true ternary fission by measuring the absolute
cross section of the fragments 24Na, 28Mg, 3l 388 47,
3Mn, and °Ni. Perelygin et al. [4] used Ar (230-380 MeV)
projectiles to study the ternary fission of Au, Bi, Th, and U,
in which the angular distributions and the length of the fission
tracks are reported. Becker et al. [5] measured a high ternary
(true ternary fission) to binary ratio of 4.3 &+ 0.7%, in the case
of uranium irradiated with 540-MeV Fe ions, and reported that
ternary fission increases with the use of projectiles heavier than
Ar. Very asymmetric ternary fission is a competing decay mode
with binary fission and is observed in spontaneous [6—11]
and induced [12—-15] ternary fissions. The most observed LCP
(about 90%) accompanying ternary fission is the « particle,
preferentially emitted in a direction orthogonal to the fission
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axis. The angular distribution of these LCPs accompanying
the ternary fission reveals that they are formed in the neck
region between the two main fission fragments and emitted
in a direction perpendicular to the fission axis as a result of
high Coulombic force. The ternary fission process in which
the third fragment is emitted in a direction perpendicular to
the fission axis, is termed as equatorial or orthogonal emission
and if the third fragment is emitted in the direction of fission
axis along with the other two fragments is termed as collinear
or polar emission.

From three independent experiments Pyatkov ef al. [16,17]
has recently reported a new island of high yields of >2>Cf(sf)
collinear cluster tripartition (CCT) in the fragment mass space.
The true ternary spontaneous decay channel observed/reported
as CCT from these experiments having masses close to the
magic '32Sn, 7°Ni, and *Ca isotopes has a probability of
not less than 4 x 10~ with respect to binary fission. This is
larger than the known ternary fission accompanied by LCPs.
They also observed the same CCT in the induced reaction
B5U(n, f). von Oertzen et al. [18-20] observed collinear
ternary cluster decay (or ternary fission) of hyperdeformed
light compound nuclei **Ni* and ®*Zn* formed in the reactions
328 4+ Mg (Ejp = 165.4 MeV) and *Ar + *Mg (Epp =
195 MeV), respectively. In these experiments the collinear
ternary cluster decay process is described as the decay of
hyperdeformed states with large angular momenta around
45-52 h. Herbach et al. [21] studied the ternary fission of
heavy hot composite systems with excitation energies of
1.5-2.5MeV /amu in the reactions of '*N with '°” Au and >*?Th
and reported that the ternary decay cross section decreases
from 5 to 0.08 mb ("N + ®”Au) and from 15 to 0.8 mb
(**N + 232Th), respectively, while the charge number of the
emitted lightest fragment (Z3) increases from 6 to 25. In this
experiment, the mass, energy, charge number of fragments
with Z < 25 and the velocity vectors of these fragments in the
range of 1.54 cm/ns are measured.

On theoretical grounds there are different models [22-31] to
explain the ternary fission process to calculate relative isotopic
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yield, to find the existence of long-living trinuclear molecules,
and to predict favored ternary splittings. Royer et al. [32]
estimated the ternary potential barrier for three nuclei, viz.,
S6Fe, 9By, and 2*°Pu, in three different modes, namely,
prolate (collinear emission), oblate (equatorial emission), and
cascade ternary fissions within the rotational liquid drop model
at finite temperature including the nuclear proximity energy.
This barrier calculation reveals that in all the three nuclei
(°*°Fe, 'Eu, and **°Pu) oblate fission (equatorial emission)
barriers are the highest (less probable). For °Fe nuclei the
cascade fission is favored while for the nuclei '*’Eu and >*°Pu
the prolate ternary fission (collinear emission) becomes the
most probable. In Ref. [33] the ternary fission barrier for
“8Ca leading to the systems !0 + 0 + 10 and *’Ne +
8Be + 2°Ne through prolate ternary configuration (collinear
configuration) is studied and it is reported that the existence
of 10 + '°0 + 0 molecular state seems to be possible at
intermediate spins.

Poenaru et al. [34] studied the existence of quasinuclear
molecules during the continuous deformation that leads to
particle accompanied fission of 232Cf, based on a liquid
drop model assuming that the third light particle is formed
collinearly in between the main fission fragments, when the
neck radius becomes equal to the radius of the third fragment.
Further it was reported that there appears a minimum in the
deformation energy in the region between the neck formation
and the touching configuration of the three fragments that
lie collinearly on the fission axis. Poenaru et al. [35], also
studied the multicluster accompanied fission of 22Cf by
assuming that the lighter fragments are formed collinearly
in between the main fission fragments and reported that this
collinearly aligned configuration has optimum configuration in
multicluster accompanied fission. Cseh et al. [36—39] studied
the allowed and forbidden binary and ternary clusterizations.
They carried out the study in light (*°Ar), medium, and
heavy (*2Cf) nuclei in their ground, superdeformed, and
hyperdeformed states based on the energy minimum principle
(summed differences of the measured binding energies and
the corresponding liquid drop values) and the Pauli exclusion
principle. The exclusion principle is taken into account by
a selection rule based on symmetries (microscopic nuclear
structure) of the fragments. The U(3) symmetry is adopted for
light nuclei which is a good approximation for light nuclei
and the effective or quasidynamical U(3) symmetry is adopted
for medium and heavy nuclei due to the importance of the
symmetry breaking interactions, like spin orbit and pairing.
It was stated in Refs. [38,39] that the energetic stability
and the exclusion principle have different preferences for
possible configurations. All these experimental observations
and theoretical predictions suggest that collinear emission
is more probable at least for heavy third fragments than
equatorial emission.

Recently a new model called the “three cluster model”
(TCM) has been proposed by us [40] to study the ternary
fission of heavy radioactive nuclei. Using the TCM within a
spherical approximation, the equatorial emission of « particles
as the third fragment in the ternary fission of 2>2Cf is studied
and the yields are compared with the experimental results of
Ramayya et al. [7]. Later, deformation and orientation degrees
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of freedom are introduced [41] within the TCM, and LCP
(*He and '"Be) accompanied fission of 232Cf is studied in
which the most probable ternary configurations with “He and
10Be as the third fragment are predicted. Very recently [42]
equatorial emission of all possible third fragments from the
ternary fission of 32Cf is investigated using the TCM and the
most probable ternary configurations with all possible third
fragment mass numbers from A3 = 1 to 84 are predicted. In
all these studies the energy minimization principle alone is
considered. In this work collinear emission of all possible
ternary fragments in fission of *32Cf is studied within a
spherical approximation using the TCM.

II. THREE CLUSTER MODEL (TCM)

The three cluster model (TCM) [40-42] has been recently
developed to explain the ternary fission of heavy radioactive
nuclei based on the cluster picture. Within this model for
a fixed third fragment, one can calculate the fragmentation
potential minimized in mass and charge asymmetry
coordinates and one can study systematically the probability
of fragments and isotopic yield of ternary fission of given
nucleus. The fragmentation potential is defined in the TCM as

3003
Vo= _ > (Bi + Vi) )
i=1 j>i
where B; are the binding energies of the three fragments in
energy units, taken from Refs. [43,44], and

Vii = Vcij + Vi ()

Here V¢ij = Z,Z jez / Rfj, the Coulomb interaction between
the three nuclei with R*;; = R;; +s;;, where R}, is the
distance between the centers of the interacting fragments.
R;;j is the sum of the radii of interacting fragments and s;; is
the surface separation distance between the fragments. R;; is
defined as R12 = Rl + Rz, R13 = Rl + R3, R23 = R2 + R3,
with R; =rg X Al.l/3, ro=1.16 fm; and the separation
distances for the equatorial configuration are considered as
Sp=S13=53=5 3)

and for the collinear configuration are considered as
513 = 2(Ry +5), “4)

with s = 0 corresponding to the touching configuration of
three fragments as shown in Figs. 1(a) and 1(b), respectively.
In collinear configuration the second fragment is considered
to lie in between the first and the third fragment. Vy;; is
the short-range Yukawa plus exponential nuclear attractive
potential among the three fragments and is defined as

2
a
Vnij = _4(r_> Vaiazj
0

S| =823 =S¢ and

exp(—§)

x[gigj4+8)—gjfi — & fil : &)
where § = R;;/a, and the functions g and f are
gr = ¢ cosh¢ — sinh ¢ (6)
and
fi = ¢*sinh¢, (7)
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(a) Equatorial

FIG. 1. Schematic touching configurations of three spherical
nuclei (a) in the case of equatorial emission and (b) in the case
of collinear emission.

where { = R;/a and a = 0.68 fm is the diffusivity parameter
and the asymmetry parameter ay; = a,(1 — wl 2), with a; =
21.13 MeV, w = 2.3, and I = %. The three-body barrier
penetration probability (P) of a given fragmentation is defined
by the WKB integral as in Ref. [40],

P =ex —% S22 — 172
=expl— {2m123[V(s) — Q1} /7ds |, 3

where V(s) is the sum of the Coulomb potential (V¢;;) plus
the nuclear attractive potential (Vy;;) as given in Eq. (2) and
it is calculated by varying the surface separation distance s
as given in Egs. (3) and (4) corresponding to equatorial and
collinear configuration. Q is the available energy for three
decay products and is defined in the model as

3
Q=M= m, ©)
i=1

where M is the mass excess of the decaying nucleus and m;
are the mass excesses of the product nuclei. In the case of
collinear emission, the available Q value is shared by the first
and third fragments (Q = E; + Ej3), assumed to be moving
in opposite directions among the three decay products and the
second fragment is considered at rest (E, = 0). o3 is the
reduced mass of the three fragments and it is defined as

n1243 )
miz = ———— | m, (10)
(Mz + Aj
where m is the nucleon mass and
A1A;
S 11
H12 A 1A (11)

PHYSICAL REVIEW C 83, 034609 (2011)

The relative yields for all the charge minimized frag-
mentation channels are calculated as the ratio between the
penetration probability of a given fragmentation over the
sum of penetration probabilities of all possible fragmentations
as

P(A;, Z;)
Y P(Ai, Z)
Here P(A;, Z;) is the same as the penetration probability as
defined in Eq. (8) corresponding to a given fragmentation; here
A;denotes A; + A, + Az and Z; denotes Z, + Z, + Z3 (these

are minimized charges as labeled in Fig. 5 as '32Sn + "?Ni +
BCa).

Y(Ai, Zi) = (12)

III. RESULTS AND DISCUSSION

The ternary fragmentation potential in touching configura-
tion for collinear configuration of fragments, within a spherical
approximation and satisfying the condition A; > A, > As,
is calculated for >2Cf with third fragment mass numbers
from A3 =1 to 84. For all the possible 84 third fragment
masses the potential energy is minimized with respect to
their charge asymmetry as in Refs. [40—42]. For example, for
Az = 48, one has 12 possible charge numbers from Z; = 16
to Z3 = 27, leaving the remaining system from 2**Pb to 2°*Yb
whose binary fragmentation (A + A;) is minimized in charge
asymmetry coordinate 7,. In Fig. 2 among these 12 possible
Az = 48 fragments we present the ternary fragmentation
potentials of even Z; fragments from Z3; = 16 to Z3 =24
(for the sake of clarity) in collinear touching configuration
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FIG. 2. The ternary fragmentation potential for collinear emission
of fragments in ternary fission of >>Cf nucleus for different third
fragments with mass number Aj; =48 plotted as a function of
fragment mass number A,.
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FIG. 3. Theternary fragmentation potential for collinear emission
of fragments in ternary fission of »2Cf nucleus for different third
fragments with mass numberA; = 84 plotted as a function of
fragment charge number Z3.

as a function of fragment mass number A,. Among the 12
possible third fragments the PES corresponding to “*Ca (solid
circle connected by solid line) lies the lowest, and particularly
the fragment combination '3Sn + 7?Ni 4 *8Ca has minimum
potential. This is due to the effect of the doubly magic nuclei
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1328n (Z = 50, N = 82) and ¥*Ca (Z = 20, N = 28) and the
proton magic nucleus 7?Ni in this fragment combination. The
same fragment combination is observed with maximum yield
in the CCT of 2Cf in recent experiments [16,17].

In another example (true ternary fission) for the mass
84 nucleus (A3 = 84), one has 12 possible charge numbers
from 31 to 42, leaving the remaining system from '*Ho to
168Ba whose binary fragmentation (A; + A;) is minimized
in charge asymmetry coordinate 7,. While satisfying the
condition A; > A; > Az only one mass asymmetry is pos-
sible, i.e., A} = 84 and A, = 84, whose charge minimiza-
tion with respect to their charge asymmetry is considered.
The resulting ternary fragmentation potential in collinear
touching configuration for the third fragments with mass
number A3 = 84 is presented in Fig. 3 as a function of third
fragment charge number Z;. Among the 12 possible fragment
configurations the Se 4 3*Ge + 84Ge configuration has the
minimum potential. This is due to the neutron closed shell
(N = 50) effect in all the three fragments. It was already shown
by us in Refs. [40,42], that among the three preferred fragments
in ternary fission, at least one (or two) of the fragments or
all the three fragments associate with the neutron (or proton)
closed shell and in some cases even with the doubly closed
shell nucleus. In this figure, the two configurations marked by
an arrow, viz., $Se + 3Ge + %Ge and 3%*Ge + 3*Ge + %Se,
are equally probable since the fragments are the same, except
for their order.

The ternary fragmentation potentials minimized with
respect to their mass and charge asymmetry coordinates in
equatorial and collinear touching configurations for all the
possible fragments with A3 =1 to 84, in the fission of
232Cf, are presented as a function of third fragment mass
number Aj in Figs. 4(a) and 4(b), respectively. In the collinear

180 135 _
1(a) Equatorial (b) Collinear
i ‘MQS‘W T
< 170 j 8}'&“’ 130
[0] E .b’f Ge °®
= o _ o
< 160 . N "
S ] ! 4 {|Ve.
€ ol “.:SASOCa 125 \AI fo,
2 150 Howg M 1 °
8. w Si o
c 1 J 20 120 4 o0 e
_g 140
"g 7 ‘AI 1 54. “cr
o 14 .
2 130~ | "o 1154 Ti
S ] 1OBe ]
o
2 1204 .
% VI 110 AHe
c i
o 110
] e 105 -
100 1.
— 7 100 b——F—"T7—"—"7T—"
0 20 40 60 80 0 20 40 60 80

Fragment mass number A,

FIG. 4. A comparison between the mass and charge minimized ternary fragmentation potential of the most probable configuration in
(a) equatorial and (b) collinear emission of fragments in the ternary fission of 2>Cf for A; = 1 to 84 plotted as a function of third particle mass

number Aj.
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configuration a strong valley is seen in the potential energy
surface corresponding to the third fragments Ca through
Cr that is not present in the potential energy surface of
equatorial configuration. For the ternary configurations with
48Ca, Ca, *Ti, and °Cr as third fragments, the potential
energy lies lower than the most probable LCPs (!°Be and
14C) observed next to the “He in the ternary fission of 232Cf.
There is a large difference in the magnitude of potential energy
between collinear and equatorial configurations; particularly
in the case of true ternary fission it is around 45 MeV.
This is due to the fact that there will be a reduction in the
Coulombic potential between the first and the third fragment
because of the large interfragment distance. The effect of
this will be very high for heavy fragments due to their
larger charges. This implies that ternary fission with heavy
third fragments and symmetric ternary fission prefer collinear
emission.

The scattering potential is calculated from Eq. (1) con-
sidering only the interaction potential (without binding en-
ergies) between the fragments by increasing the value of
surface separation s as in equations Eqs. (3) and (4) for
equatorial and collinear emissions, respectively. In the case
of collinear emission, surface separations between fragments
1 and 2 as well as between 2 and 3 are varied uniformly
and hence the interfragment distance between fragments 1
and 3 varies automatically. The calculated scattering potential
for the mass and charge minimized fragment combination
1328n + 72Ni + *8Ca is plotted as a function of s in Fig. 5. The
potential barrier height for collinear emission is approximately
57 MeV lower than the barrier for equatorial emission and
this emphasizes that collinear emission is more preferred than

360
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Q =251.843 MeV
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~~~~~~~ Collinear

340
320
3004 .
280
260-

Q_,,,,,,,,,,,,,,,,;L‘,. ,,,,,,,,,,,,,,,,,,,,,,,,,,,
240 R

V(s) (MeV)

220+
200+

180+

160 T T T T T T T T T T T
0 2 4 6 8 10

Surface separation (fm)

FIG. 5. The scattering potential for equatorial and collinear
emission of fragmentation '32Sn + "2Ni + “Ca in ternary fission of
a 22Cf nucleus plotted as a function of surface separation.
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FIG. 6. The potential barrier height for all possible mass and
charge minimized ternary fragmentations corresponding to equatorial
and collinear emission of 2>2Cf nucleus plotted as a function of
fragment mass number Aj.

equatorial emission. Figures 6 and 7 present the barrier height
and the corresponding barrier position for all possible mass
and charge minimized ternary fragmentations with Az =1
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1.35- ﬁ%%Jkafkﬁ&m
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] Wﬁ%
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1.20+

1.154
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FIG. 7. The potential barrier position for all possible mass and
charge minimized ternary fragmentation corresponding to equatorial
and collinear emission of a 22Cf nucleus is plotted as a function of
fragment mass number Aj;.
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FIG. 8. The penetration probability calculated for equatorial and
collinear emission of fragments in ternary fission of a >>Cf nucleus
for fixed third fragment A; = “Ca.

to 84, both in the equatorial and the collinear configura-
tion. The barrier height in the collinear configuration of
Az > 3 lies lower than the corresponding barrier height
in the equatorial configuration. Particularly for the heavy
fragments the difference is larger. Hence for heavy fragments
collinear configuration seems to be more probable than equa-
torial configuration. Similarly, the barrier position in collinear
configuration is lower than that in equatorial configuration for
all configurations. Figure 8 presents the comparison between
penetration probability calculated in equatorial and collinear
configurations of the fragments as a function of fragment
mass numbers A; and A,. In other words as a function
of mass asymmetry n = (A; — A2)/(A; + A,) between the
fragments Ajand A, (the third fragment mass number is
fixed), n = 0 corresponding to A} = A, is also shown. The
mass number in the horizontal axis, toward the left and right
side of n = 0, corresponds to the light fragment mass number
A, and the heavy fragment mass number Aj, respectively.
Penetration probability in the collinear emission is higher
by 15 orders of magnitude than in the equatorial emission,
which indicates the preference of collinear emission over
equatorial emission. In both the configurations the frag-
mentation '32Sn 4 7>Ni 4 “¥Ca has the maximum penetration
probability.

The relative yields of all possible ternary fragmentation of
232Cf are calculated as defined in Eq. (12). In Fig. 9, individual
relative yields are plotted as a function of fragment mass
numbers A and A, for a few selected third fragments 3484, 408,
48Ca, 3Ca, °Cr, and 32Ge. The individual relative yield is the
ratio between the penetration probability of a given fragmen-
tation over the sum of penetration probabilities of all possible
fragmentations for fixed third fragments [i.e., the penetration
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FIG. 9. The individual relative yields of different charge mini-
mized ternary fragmentation with A; =3*Si, 4°S, 4Ca, °Ca, °Cr,
and %2Ge are plotted as a function of fragment mass number (A,) in
panels (a), (b), (c), (d), (e), and (f), respectively. The most probable
configurations A; and A, are labeled.

probabilities of all possible fragmentations for a particular
third fragment alone is summed to give > P(A;, Z;)]. In this
figure each panel corresponds to different third fragments and
the yield is calculated for each third fragment with respect to
other possible fragmentations. Hence one should not compare
the magnitude of the individual relative yield corresponding
to a particular third fragment with the relative yield of other
third fragments as well as with that of the results obtained in
equatorial emission [42].

Figure 10 presents the overall relative yield for all the
possible cases (A3 = 1 to 84) as a function of third fragment
mass number Asz. The overall relative yield is the ratio
between the penetration probability of a given fragmentation
over the sum of penetration probabilities of all possible
fragmentations corresponding to Az from 1 to 84 [i.e., the
penetration probabilities of all possible fragmentation with A3
from 1 to 84 are summed to give Y P(A;, Z;)]. Here the yield
of a particular fragment combination is calculated relative to
all the other possible ternary fragmentations of >>>Cf and hence
one can compare the yield of one fragmentation with the other.
The hatched and black histograms in this figure correspond
to the third fragments with odd and even mass numbers,
respectively. The third fragments with even mass number
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FIG. 10. The overall relative yields of the ternary fission frag-
mentation of »2Cf, accompanied with all possible charge minimized
third fragments A; = 1 to 84 plotted as a function of third fragment
mass number As.

have relatively larger yields compared to the odd ones. As a
consequence of deep minimum in the fragmentation potential
for the fragmentation with A; = 48Ca, 0Ca, >*Ti, and °°Cr, the
overall relative yields for these fragmentations are relatively
larger than their neighboring ones. It is to be mentioned here
that, though °Be and '*C are shown to have potential energy
larger than that of 48(Ca,Ca,  *Ti, and ®°Cr, the overall relative
yield of '°Be is larger than these third fragments and for '*C
the magnitude of the yield is of the same order. The yield
corresponding to the symmetric ternary fission also shoots
up and particularly 32Ge has larger magnitude in this mass
region.

For a better comparison we present in the Fig. 11 the
overall relative yield calculated in equatorial and collinear
configurations in ternary fission of 232Cf as a function of third
fragment mass number Aj. The relative yield corresponding
to equatorial emission of third fragment lies above the relative
yield corresponding to the collinear emission of fragments
up to third fragments with mass number A3 = 38. Beyond
that the yield corresponding to collinear emission lies well
above the relative yield of equatorial emission. This result
indicates that light third fragments prefer the equatorial
emission and the heavy third fragments prefer the collinear
emission. In particular the relative yield corresponding to
the fragment *®Ca and its neighboring nuclei is larger in
collinear emission. It is relevant to mention here that in a
recent experiment [16,17], CCT of 2Cf was observed with
a large probability (4 x 1073 with respect to binary fission),
with doubly magic *¥Ca, and with its neighboring nuclei as
the third fragment. To further strengthen the argument we
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FIG. 11. A comparison between the overall relative yield calcu-
lated for equatorial and collinear emission of fragments in ternary
fission of 22Cf plotted as a function of third fragment mass
number Aj.

present in Fig. 12 the comparison of our calculated individual
relative yield with experimental yields (black histograms) for
the  accompanied fission of 232>Cf corresponding to both the

N Exp. [7]
7777 TCM (Eq)

10°

10

Yield (%)

N

Fragmentation Channel

FIG. 12. The relative yield calculated for equatorial and collinear
emission of fragments in  accompanied fission of 2>Cf are compared
with the experimental data.
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equatorial (hatched histograms) and the collinear emission
(checked histograms). The results indicate that both the
configurations seem to be probable for o accompanied fission
with collinear configuration having slightly higher value than
equatorial emission for all the 16 cases computed. However it
must be mentioned here that this result of independent relative
yield should not be compared directly with the overall relative
yield calculation as presented in Fig. 11 for the equatorial and
collinear configurations.

IV. SUMMARY

Collinear emission of all possible ternary fragments from
the fission of 22Cf is studied within a spherical approximation
based on the recently [40] proposed TCM. In the collinear
configuration a new strong valley appears in the mass and
charge minimized ternary fragmentation potential for the
ternary fragment combinations with “*Ca and its neighboring
nuclei °Ca, 3*Ti, and %°Cr as third fragments, which was
not found in the potential calculated in equatorial emission.
Apart from this, another minimum appears in the ternary
fragmentation potential for the symmetric mass region. The
overall relative yield is calculated in the collinear emission of
all possible third fragments and compared with the overall
relative yield calculated in the equatorial emission. The
overall relative yield corresponding to the equatorial emission

PHYSICAL REVIEW C 83, 034609 (2011)

of the third fragment lies above the overall relative yield
corresponding to the collinear emission of fragments up to
third fragments with mass number A3z = 38, and beyond that
the overall relative yield corresponding to collinear emission
increases. As a consequence of the fragmentation potential,
the overall relative yield particularly for the ternary fragment
combinations with *8Ca, *°Ca, >*Ti ®°Cr, and #2Ge in collinear
configuration shoots up in magnitude. The overall relative
yields corresponding to these fragments are of the same order
of *C, the most observed third fragment in ternary fission of
232Cf next to “He and '°Be. The results of overall relative yield
for all the third fragments reveal that the light third fragments
prefer the equatorial emission while the heavy third fragments
prefer the collinear emission. The results of individual relative
yield of a particular third fragment, “*He, in ternary fission
of 232Cf indicates a preference for both the configurations,
with the collinear configuration having a slight edge over the
equatorial configuration with respect to the experimentally
measured yields.
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