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Study of various ground state decay mechanisms of Actinide nuclei”
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Abstract: The special property of the actinide mass region is that nuclei belonging to this group are radioactive and
undergo different ground state processes, such as alpha decay, cluster radioactivity (CR), heavy particle radioactiv-
ity (HPR), and spontaneous fission (SF). In this study, the probable radioactive decay modes of the heavy mass re-
gion (Z = 89-102) are studied within the framework of the preformed cluster model (PCM). In the PCM, the radio-
active decay modes are explored in terms of the preformation probability (Pg) and penetration probability (P) at the
turning point R,, where the penetration of fragments is initiated [R, = R (touching state) + AR(neck length para-
meter)]. First, the alpha decay half-lives are calculated for light and heavy nuclei, and R, points are obtained by op-
timizing the neck length parameter. These R, points are further employed to fix the Q-value dependent turning point
(R4(Q)). Then, using the (R,(Q)) relation, the decay half-lives are computed, and the calculated results are com-
pared with the available theoretical and experimental data. The isotopical trend of Py and P is studied with respect to
the mass number of the parent and daughter nucleus, respectively. The CR and HPR channels are also explored, and
a comparison of calculated data is conducted with the available literature. Comparative analysis of the fragmentation
potential and preformation probability is carried out for alpha decay and SF. The mass distribution of the nuclei is
studied as a function of fragment mass (4, ) by considering the spherical and hot-compact deformation of the decay-
ing fragments. Finally, the most probable fission fragments are identified using the fragmentation structure, and the
corresponding fission fragment total kinetic energy of the identified fragments is calculated and compared with
available data, wherever applicable.
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I. INTRODUCTION

The radioactive nucleus attains a stable configuration
via the emission of mass or energy, and this process is
known as radioactivity. The radioactive emission in-
cludes different decay modes, such as y-decay, S-decay,
a-decay, cluster radioactivity (CR), heavy particle radio-
activity (HPR), and spontaneous fission (SF) [1-12].
These decay modes are generally found in nuclei belong-
ing to the heavy and super-heavy mass regions [13, 14].
An interesting property of such nuclei is that they can de-
cay via one or multiple channels of the above decay
modes. Therefore, it is important to conduct a comparat-
ive analysis of these decay modes in terms of different
nuclear properties, such as shape, size, magicity, the de-
cay constant, and the decay half-lives [15, 16]. In the past
few decades, different experimental and theoretical ap-
proaches [17—29] have been employed to explore such
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decay modes. Numerous theoretical models, such as the
analytical superasymmetric model (ASAFM) [ 30, 31],
unified fission model (UFM) [21-25], preformed cluster
model (PCM) [26—29], density dependent cluster model
(DDCM) [32, 33], two potential approach (TPA) [34-36],
generalized liquid drop model (GLDM) [37- 39], and
many other approaches [40—42], have been introduced,
which successfully explain the radioactive emission of a
variety of fragments.

In the ASAFM, the decay constant and decay half-life
are calculated using the barrier penetration probability
and assault frequency. The preformation hypothesis is not
exercised in the ASAFM. Using this model, [43] the de-
cay half-lives have been found to strongly depend on the
QO-value of the decay channel, and it was observed that a
5%-10% change in the Q-value altered the half-lives by a
order of magnitude. Similarly, the significance of the O-
value was explored in Ref. [44], where the alpha decay
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was studied in reference to superheavy nuclei. The pre-
formation and penetration effects were incorporated in
Ref. [45] using the pre- and post-touching regions of the
decaying fragments, and their Q-value dependent rela-
tions were obtained. One may note that the preformation
and penetration probabilities depend on the Q-value of
the decay channel and consequently affect the decay half-
lives [46]. In contrast, the PCM explores different ground
state decay mechanisms and is based on the collective
mass clusterization approach, where the probable binary
fragments are treated on equal footing [47, 48].

In view of this, y and f- decay are not studied using
this model. In general, stability analysis of radioactive
nuclei are conducted in terms of the decay constant and
decay half-life. The decay constant is obtained using the
preformation probability P,, barrier penetrability P, and
classical assault frequency v,. The P, value is calculated
by solving the Schrédinger equation in terms of the mass
asymmetry coordinate, and P is calculated in three steps
using the Wentzel Kramers-Brillouin (WKB) approxima-
tion. Both the P, and P values are computed at a turning
point R=R,, which is the sum of the radii of the decaying
fragments at touching configurations and the neck length
parameter (AR). As discussed earlier, the Q-value of the
decay channel plays an important role in the calculation
of P, and P. Hence, in this study, the preformation prob-
ability and penetrability are calculated at the O-value de-
pendent R, point, i.e., R,(Q). In a previous study by one
of us and collaborators [6], the SF properties of 45 nuclei
were investigated, where the most probable SF channels
were identified and the importance of the neutron and
proton shell closure effects were explored. In the current
study, an attempt is made to comparatively analyze alpha
decay and SF using a new set of binding energies [49].
Additionally, the a, CR, and HPR modes are analyzed by
incorporating the QO-value effects into the first turning
point R,. The aim of this study is to (i) establish a Q-
value dependent relation (R,(Q)) for the a decay, CR, and
HPR modes and explore the behavior of associated prop-
erties, (ii) study the Q-value, preformation probability,
penetration probability, and decay half-lives of nuclei as
functions of mass number using the R,(Q) relation, (iii)
conduct an SF mass distribution analysis using the spher-
ical and hot configuration of the 8,-deformed fragments,
and (iv) study the total kinetic energy (TKE) of fission
fragments. The paper is organized as follows. A descrip-
tion of the PCM is given in Sec. I, calculations and dis-
cussions are given in Sec. III, and the study is summar-
ized in Sec. IV.

II. METHODOLOGY

The PCM is based on quantum mechanical fragment-
ation theory (QMFT) [50—53], where the cluster is sup-
posed to be in a preformed state inside the parent nucleus.

The model mainly operates in terms of the mass asym-
metry coordinate and relative separation coordinate R.
The probability of this preformation state of a cluster with
respect to other probable clusters is called the preforma-
tion probability, which can be calculated by solving
Schrodinger's wave equation in the # (mass asymmetry)
co-ordinate and written as

oo 1 8
- ———— + Vr(n,R v = E"y . (1
{ 2By 00 B o >}*“"> v, (1)

where v=0,1,2,3,... refer to ground state (v =0) and ex-
cited state (v # 0) solutions. For the case of the ground
state, the preformation probability P, is given as

2
P, = A1 B,,,,@. 2)

The mass parameters B, () are the classical hydro-
dynamical masses of Kroger and Scheid [53] given for
homogeneous radial mass flow. The potential in Eq. (1) is
given as

2
Ve(1,R) =Y B(Ai,Z)) + V(R Zi,Bais 0:)
i=1

+ Vp(R,A;,B1i,0)). 3)

Here, B(A;,Z;) are the binding energies of decaying frag-
ments and are taken from Ref. [49], and when not avail-
able, are taken from [54]. The second and third terms in
Vr represent the Coulomb and nuclear proximity poten-
tials, respectively. For the case of deformed and oriented
interacting nuclei, the expression for the Coulomb poten-
tial is

_Z]ZQ@Z 2 1 R,{l(ai)
Ve(ZiBainbin i) =—p— +3Z2125¢ 4,-2:1:2 1 R

XY [ﬁﬂ,- v 28 Y§°>(ei>} :
4)

Moreover, the expression for two interacting spherical

Z1Ze*
1£2€ . The
R

nuclei in Eq. (4) can be written as V¢(R) =

nuclear proximity potential is given as

Vpij(s) = 4nRyb®D(s). %)

A detailed explanation of the proximity potential can be
found in Ref. [55]. Furthermore, the barrier penetration
probability probability P is calculated using the WKB in-
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tegral and written as

P =P,W;Py. (6)
The penetrability is calculated in three steps:

(i) The penetrability P, from R, to R;

2
P, = _Z
expl h/R

(i1) the inner de-excitation probability W; at R; (taken
to be unity in reference to [56]),

R,
{2ulV(R) - V(R)1}'/*dR], (7

i
a

Wi = exp(=bE;), ®)

(iii) the penetrability P, from R; to R,

2 [R
Py = expl—= / {2u[V(R) - Q1}'/*dR]. ©
R

This three step penetration process is shown in Fig. 3. It
may be noted that R=R, is the first (inner) turning point,
and R=R, is the second (outer) turning point calculated
from the condition V(Rj)=0-Value. This means that tun-
neling begins at R=R, and terminates at R=R;. R,(Q) and
R,(AR) are the points obtained using this relation (dis-
cussed in Sec. III). Here, the R, point plays an important
role in the decay analysis and is calculated as R, =
Ri+R,+AR(= R,+AR), where R, is the relative separation
at the touching configuration. The fragment radii can be
calculated via

Ri(a;) = Ro; ll + ZmiY;O)(ai)] : (10)
A

The deformation parameters are taken from Ref. [54], and
Ry; can be written as

Roi = [1.284]% —0.76 +0.84;] fm, (11)

where i = 1, 2 are the radii of the fragments, and B,; is
taken to be zero for spherical choice of nuclei. Further-
more, AR is the relative separation distance between two
fragments or clusters A; and is supposed to assimilate the
neck formation effects. Hence, it is referred to as the neck
length parameter [26]. The decay half-life 7,, and decay
constant 4 are calculated as

In2

T2 = - A=v,PyP. (12)

Here, v, is the barrier assault frequency, calculated as

Vo = VelOCity = (2E2/Iu)1/2 5 (13)
Ro Ro

where Ry is the radius of the parent nucleus, u is the re-
duced mass, and E;, the kinetic energy related to the Q-
value, is given as E, = (4,/A)Q.

III. CALCULATIONS AND RESULTS

This section represents the theoretical investigation of
different ground state decay mechanisms (o, CR, HPR,
and SF) using the PCM for nuclei with Z = 89—-102. First,
in Sec. III.A, the Q-value dependent first turning point
R,(Q) is obtained, and an alpha decay analysis of the
chosen set of isotopes is conducted using this relation.
The overall trends of the preformation probability (P,)
and penetrability (P) are analyzed as functions of the
mass of the parent or daughter nucleus. In Secs. II1I.B and
II.C, the decay half-lives are estimated in reference to
CR and HPR using R,(Q) of the respective mode, and a
comparison is made with the available literature. Finally,
an SF analysis is conducted for the chosen set of nuclei in
Sec. II1.D.

A. Alpha decay study of actinide nuclei

In this section, an alpha decay analysis of the heavy
mass region (Z = 89-102, 4 = 207-258) is carried out us-
ing the PCM. As discussed earlier, the nuclei in this mass
range are highly radioactive, and alpha decay is the prom-
inent decay mode in general [57, 58]. Therefore, it will be
interesting to explore the alpha decay mechanism and
study its behavior with respect to an increase in the mass
or neutron number of the parent nucleus. a disintegration
from a radioactive parent nucleus is the emission of a
stable a nucleus along with a complementary daughter.
The shell closure effects associated with the parent or
daughter nucleus are the main reason for radioactive dis-
integration. The final product of radioactive disintegra-
tion is basically the decaying fragments associated with
nearby proton or neutron shell closure. Hence, shell ef-
fects significantly affect alpha decay or other radioactive
decay mechanisms (CR, HPR, and SF), and the associ-
ated decay constant or decay half-life is influenced ac-
cordingly.

As a first step, the a decay half-lives of actinium iso-
topes (27Ac, 2PAc, 2!Ac, 213Ac, 25Ac, 27Ac, and
221Ac) are calculated using the PCM. Calculations are
performed using the optimum choice of the neck length
parameter (AR). In reference to available data, a compar-
ison between the calculated and experimental half-lives
[59] is conducted and shown in Fig. 1(a). The calculated
half-lives are in good agreement with the experimental
data. It may be noted from the figure that the decay half-
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(color online) Variation in the (a) PCM calculated
logarithmic half-lives for a decay and experimental data, as a
function of neutron number (V,) of the daughter nucleus, (b)
QO-value for alpha decay, (c) variation in the first turning point
Ri(=R|+Ry+AR).

life for N= 128 (with daughter nucleus N, = 126) is the
shortest among the isotopes. Hence, nuclei with N, = 126
are more stable due to the neutron shell closure effect.
After the calculation of the decay half-lives, the Q-value
of the decay channel, i.e., O, is plotted with respect to
the neutron number N, of the daughter nucleus, as shown
in Fig. 1(b). Note that Q, has the highest magnitude for
the nucleus with N = 128 (N, = 126) compared with its
neighboring nuclei. As a result, Q, also demonstrates the
significance of shell closure effects. As mentioned earlier,
the PCM operates in terms of the mass asymmetry co-
ordinate (1) and relative separation coordinate (R). Simil-
arly, in a prior investigation of the PCM [60], it was
found that the relative separation R and neck length para-
meter (AR) play key roles in the determination of differ-
ent decay properties associated with radioactive nuclei.
The calculations of the preformation probability and
barrier penetrability are carried out at the first turning
point R,, which is the sum of R, and AR, i.e., R,=R,+AR.
Hence, to observe the role of the first turning point, the
R, point is plotted as a function of the neutron number N,
of the daughter nucleus, as shown in Fig. 1(c). It may be
noted that R, has the highest magnitude at N,=126, in ac-
cordance with Q, and the decay half-life effect. This mo-
tivates us to obtain a Q-value dependent R, relation, i.e.,
R,(Q). Therefore, to construct R,(Q), two ranges of nuc-
lei, Z =89-93 and Z = 94—102, are chosen and a graph is
made between the ratio (R,/R;) against Q,, as shown in
Fig. 2(a) and (b), where R; is the sum of the radii R, and
R;. The R, points here are calculated by fitting the decay
half-lives with respect to the available experimental data
[59, 61]. Hence, using Fig. 2(a) and (b), we can obtain the
polynomials R,(Q) for the two ranges of nuclei.

1.15 1.12
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] 1.10
i o o ° °
1.14 SRR I e o
1.08 °
1l e oGy oo |
s e 95 0 o9
1.06 H
1.13 H
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ted polynomial is represented by the solid line.

(color online) Variation in R,/R, with respect to Q, for the chosen set of nuclei (a) Z = 89-93, (b) Z=94-102, where the fit-
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Ri(Q)=Ri(A1 +A20,-A30;) 89<Z<93, (14

R.(Q)=Ri(Bi +ByQ,—-B30%) 94<7<102. (15)

Here, A;=1.10413, A,=0.00768, and A3=4.65x10*, and
similar constants for heavier nuclei are B;=1.08702,
B>=6.657x107*, and B3=7.184x107>. Hence, we may use
Egs. (14) and (15) to calculate the R, point for lighter and
heavier nuclei, respectively. Validation of the above
R,(Q) relations (Egs. (14) and (15) is performed by cal-
culating the alpha decay half-lives of the same set of
lighter and heavier nuclei. A comparison of both types of
R, points, i.e., R,(AR) and R,(Q), is shown in Table 1. A
comparison of the calculated decay half lives is shown
with the available experimental data.

To observe the relevance of the polynomials in Egs.
(14) and (15), in the context of alpha decay within the
PCM, the standard rms deviation is calculated using the
equation

o= /S Hogy(Ti/ Texu)P/n—1.  (16)

where n is the total number of parent nuclei under consid-
eration. The standard deviation of the decay half-lives us-
ing Egs. (14) and (15) is 1.14 and 1.05, respectively,
whereas we obtain 1.15 and 1.05 for the optimized AR
values, respectively. Furthermore, the scattering potential
of 236Pu is plotted with respect to the internuclear separa-
tion distance R by taking the R, point from the O depend-
ent relation (Eq. (15)) and that shown in Fig. 3. We also
compare the R, point by taking the optimum choice of
AR and obtain a similar result. Hence, we may use these
(O-dependent relations to calculate the decay half-lives of
radioactive nuclei because they provide a good approxim-

" BSpy—*He+2U —R(Q
> Q,,= 5:86 MeV
=S
2« 15
s
2
=
2
=]

-9
o 10
£
S
2
S Qu P,
S Qul|

5

R R,

R(fm)

Fig. 3. Scattering potential for the decay of 2*Pu for alpha
using R,(Q).

ation to experimental data. After this, an investigation of
several nuclei is carried out from Z = 82-93 and Z =
94-102, and a comparison is conducted between the half-
lives calculated using R,(Q) and the experimental values,
as shown in Table 2 and Table 3. As shown in these
tables, the R,(Q) calculated decay half-lives are in good
agreement with the experimental data, except for a few
cases. The difference between the experimental alpha de-
cay half-lives and the calculated values may arise in the
case of certain nuclei, particularly neutron-deficient and
neutron-rich isotopes. These isotopes may exhibit devi-
ations from the predicted decay half-lives owing to spe-
cific nuclear structure effects and underlying physics.
Moreover, these results are compared with the observa-
tions of other theoretical models, i.e., the ASAFM [62]
and effective liquid drop model (ELDM) [63], which fur-
ther reveals a reasonable agreement. Hence, Egs. (14) and
(15) can be used to calculate the decay half-lives of radio-
active nuclei. After calculating the decay half-lives, the
overall trend of the O-value, penetration probability, pre-
formation probability, and decay half-lives is studied,
where all of these values are calculated using the R,(Q)
relation. In Fig. 4(a), the calculated Q, using the R,(Q)
relation is plotted against the neutron number of the par-
ent nuclei. At N =128 (N, = 126), O, is maximum ow-
ing to the shell closure effects of the daughter nucleus.
Such nuclei are relatively unstable; therefore, they have
higher O-values and the decay rate is relatively fast. Fur-
thermore, as one approaches from N = 126 to N = 142,
i.e., away from the shell closure, O, starts decreasing,
and this trend is compared with Fig. 1(a) of Ref. [64],
which is shown in the inset of Fig. 4 (a). Moreover, in
Fig. 4(b), O, decreases sharply around 4 = 217-235.
This is due to the effect of the neutron shell closure of the
daughter nuclei for 4 = 217-219 (N = 128, N, = 126). It
begins to decrease as we move away from the shell clos-
ure. Note that there are few stable nuclei (against alpha
decay) at mass number 4 > 230 (here, the g-value is ap-
proximately 4 MeV, and the respective half-life is very
large, that is, 10'°). Beyond this, Q, starts increasing,
which may be due to the presence of the next shell clos-
ure after N, = 126.

The penetration probability P is calculated and shown
in Fig. 4(c). The penetration probability (the three step
process is explained in Eq. (6)) and role of O, in penet-
rability can be visualized from Fig. 3. The penetration
probability is maximum for A; = 213-215 (N, = 126);
therefore, it is easier for the alpha particle to escape
across these daughter nuclei. This is due to the neutron
shell closure at N = 126. After the analysis of Q, and the
penetrability, the PCM calculated alpha decay half-lives
are plotted with respect to mass number A in Fig. 4(d).
The decay half-lives depend on the decay constant, which
further depend on the assault frequency (nearly constant),
penetration probability, and preformation probability.
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Table 1. Calculated values of point R, with R,(AR) and R,(Q) using Egs. (14) and (15) for lighter and heavier sets of nuclei. A com-
parison of the half-lives is shown using R,(AR) and R,(Q) with experimental data [59, 61].

Parent nucleus Decay channel Ry(AR) R(Q) logTip[Ry(fm)(AR)] logT'5[R,(Q)] logT /s
/fm /fm /sec /sec (Exp.)
Z=289-93
212A¢ 4He+208 Fr 9.73 9.89 0.00 —0.03 —0.02
29 Ac 4He+215Fr 10.01 10.01 -3.93 -3.93 -4.92
22 ¢ 4He+218Fr 10.05 10.02 2.28 2.23 0.73
213Th 4He+2%Ra 9.94 9.91 —0.80 —0.84 —0.85
20Th 4He+216Ra 10.02 10.02 —4.91 -4.91 —5.01
222Th 4He+2!8Ra 10.05 10.03 —2.11 -2.12 —2.55
21py 4He+2!7 Ac 10.04 10.05 -4.99 —5.00 -5.23
224pg 4He+220Ac 10.07 10.05 1.03 1.00 —0.10
225py 4He+22! Ac 10.08 10.06 1.07 1.03 0.38
23y 4He+21°Th 10.06 10.06 —2.78 —2.78 —4.74
24y 4He+220Th 10.07 10.07 —3.44 —3.44 -3.05
25y 4He+22!' Th 10.08 10.07 0.24 0.21 -1.00
225Np 4He+221pa 10.08 10.08 -3.20 -3.21 >-5.7
227Np 4He+223Pa 10.11 10.09 —0.15 —0.14 —0.29
20Np 4He+226pa 10.14 10.12 5.22 5.24 <3.96
Z=94-102
28py 4He+224U 9.72 9.70 —0.01 0.16 —-0.70
20py 4He+220U 9.74 9.73 2.75 2.80 >2.30
B2py 4He+228U 9.76 9.75 4.85 4.88 4.20
B4py 4He+230U 9.78 9.78 6.71 6.74 5.72
B5py 4He+231U 9.80 9.79 8.91 8.91 7.75
B6py 4He+232U 9.81 9.80 8.93 8.93 8.11
B9py 4He+235U 9.84 9.84 12.63 12.63 12.00
232 Am 4He+228Np 9.76 9.75 3.72 3.77 3.59
37 Am 4He+23Np 9.82 9.82 7.70 7.70 7.18
240Cm 4He+236Pu 9.85 9.85 7.24 7.24 6.52
242Cm 4He+238Pu 9.87 9.88 8.40 8.41 7.28
23Cm 4He+2°Pu 9.88 9.89 9.21 9.21 8.96
24Cm 4He+240py 9.89 9.90 9.89 9.89 8.88
Bocs 4He+240Cm 9.96 9.97 9.87 9.87 8.69
BCf 4He+248Cm 9.98 9.99 9.71 9.71 8.00
BlEs 4He+24"Bk 10.02 9.98 9.33 9.32 7.48
253Eg 4He+249Bk 9.94 10.00 7.73 7.63 6.30
4Es 4He+20Bk 10.05 10.01 9.12 9.13 7.38
250 Fm 4He+246CF 9.96 9.97 3.96 3.90 <3.30
2Fm 4He+23Cf 9.98 9.99 5.73 5.71 5.04
255Md 4He+251Es 10.01 10.02 3.28 3.24 3.21
2600Md 4He+2%Es 10.06 10.08 8.64 8.62 >6.98
254No 4He+20Fm 10.00 10.01 2.28 2.28 1.86
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Table 2. PCM-calculated alpha decay half-lives LogT,, of 31 nuclei for Z = 89—-93. Using Eq. (14), the results are compared with
the available experimental data.

Parent nucleus Decay channel Qu Ry/fm logTfs logTi/s logTi/s logTi/s
/MeV (Poly.) (Poly.) ASAFM [62] ELDM [63] (Exp) [59]

207 Ac 4He+203Fr 7.84 9.82 -3.62 3.30 —-1.60 —-1.66
208 Ac 4He+204Fr 7.72 9.84 -1.18 4.50 -1.16 -1.02
209 A¢ 4He+205Fr 7.72 9.85 —2.78 - -1.18 —-1.00
210 A¢ 4He+200Fr 7.60 9.86 -0.41 - —0.80 —0.44
2 A¢ 4He+207Fr 7.62 9.88 —2.06 - —0.88 —-0.60
2B Ac 4He+209Fr 7.49 9.90 -1.15 - —0.48 —-0.10
25 A¢ 4He+2! Fr 7.74 9.93 -1.33 - -1.36 -0.77
217 A¢ 4He+213Fr 9.83 10.02 —6.94 —6.90 —6.99 -7.16
28 A¢ 4He+24Fr 9.37 10.02 —4.19 —6.50 —5.96 —-7.16
210Th 4He+206Ra 8.06 10.01 -3.91 - —1.85 —5.96
212y 4He+208Ra 7.95 9.89 —3.41 -1.20 -1.57 -1.52
214y 4He+210Ra 7.82 9.92 -2.10 —-0.80 -1.19 —-1.00
216 4He+212Ra 8.07 9.95 —2.73 —-1.50 —2.00 —-1.55
218 4He+214Ra 9.85 10.03 =7.37 - —6.71 —6.96
29T 4He+215Ra 9.51 10.03 —4.66 -5.96 - -5.96
2247y 4He+229Ra 7.29 10.05 1.08 0.00 0.43 0.11
226 4Het+222Ra 6.45 10.07 4.85 3.30 3.79 3.38
228 4He+2?4Ra 5.52 10.12 9.53 7.90 8.38 7.92
230 4He+22Np 4.76 10.17 14.13 12.50 13.05 12.49
2327 4He+228Ra 4.08 10.22 19.41 - 18.45 17.76
213py 4He+209 Ac 8.39 9.92 —4.22 - —2.53 —2.28
2l4py 4He+210Ac 8.27 9.93 —2.04 - —2.19 >-1.77
215py 4Het+2!1 Ac 8.24 9.94 —3.48 —-1.80 —2.12 -1.82
216py 4He+212Ac 8.09 9.95 -1.36 1.30 -1.68 —-0.54
217py 4Het+213 Ac 8.48 9.97 —3.43 -2.30 —2.89 —2.47
218py 4Het+214 Ac 9.80 10.03 -5.32 -3.70 —6.25 -3.74
219py 4He+215Ac 10.09 10.06 -7.59 —6.90 —6.92 —7.28
220p, 4He+216 Ac 9.65 10.05 —4.65 —5.50 —6.37 —6.11
227py 4Het+223 Ac 6.58 10.09 4.67 3.70 3.68 3.73
28y 4He+214Th 8.77 9.99 —4.54 - -3.35 —2.82
22y 4He+218Th 9.43 10.07 -5.97 - —5.27 —6.00
26y 4He+222Th 7.70 10.08 —-0.02 —-0.30 -0.21 —-0.70
2y 4He+224Th 6.80 10.10 3.73 2.90 3.17 <2.76
9y 4He+225Th 6.47 10.11 6.34 430 457 4.43
20y 4He+220Th 5.99 10.13 7.83 6.40 6.85 6.43
233y 4He+229Th 4.90 10.20 14.63 12.70 13.18 12.77
226Np 4He+222Pa 8.19 10.08 0.03 - -1.37 -1.15
228Np 4He+224Pa 7.30 10.10 2.86 - 1.23 2.18
22Np 4He+225Pa 7.01 10.11 3.38 2.30 2.78 <2.66
2INp 4He+227Pa 6.36 10.14 6.45 5.40 5.52 5.18
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Table 3. PCM-calculated alpha decay half-lives LogT,, of 32 nuclei for Z = 94-102. Using Eq. (15) the results are compared with
the available experimental data.
Parent nucleus Decay channel % Ry/tm logTi/s logT /s logT/s logTifs
MeV (Poly.) (Poly.) ASAFM [62] ELDM [63] (Exp.) [59]
23py 4Het?2U 6.41 9.77 7.00 5.80 5.72 6.00
238py 4He+24U 5.59 9.83 10.73 9.50 9.88 9.59
240py 4Het+230U 5.25 9.85 12.42 11.40 11.88 11.45
242py 4He+238U 4.98 9.88 14.08 - 13.64 13.18
B8Cm 4He+234Pu 6.67 9.83 5.63 4.90 5.64 >4.93
246 Cm 4He+242py 5.47 9.92 12.34 - 11.50 11.26
48Cm 4He+24Pu 5.16 9.95 14.48 - 13.46 13.15
250 Cm 4He+246 py 5.16 9.97 14.68 - 13.38 12.45
40cf 4He+230Cm 7.71 9.85 2.30 - 2.00 1.81
M2¢f 4He+28Cm 7.51 9.87 3.24 2.40 2.70 241
8acf 4He+240Cm 7.32 9.90 3.96 3.10 343 3.18
26Cf 4He+242Cm 6.86 9.92 5.97 - 5.34 5.20
M8cf 4Het+24Cm 6.36 9.95 8.52 - 7.63 7.54
sler 4He+2Y Cm 6.17 9.98 10.68 10.90 8.52 10.45
B4cf 4He+29Cm 5.92 10.02 11.27 9.30 9.79 9.30
e 4He+22Cm 5.56 10.04 13.48 - 11.90 10.87
252Eg 4He+248 Bk 6.78 9.99 9.67 7.60 5.99 7.61
245Fm 4Het+241CF 8.43 9.99 1.73 - 0.28 0.62
246 pm 4He+242Cf 8.37 9.91 0.80 - 0.50 0.08
248pm 4Het+244Cf 7.99 9.94 2.16 - 1.70 1.65
254Fm 4He+250Cf 7.30 10.01 5.61 4.10 4.22 4.15
256 Fm 4He+252Cf 7.02 10.04 6.79 5.10 5.36 5.15
247TMd 4Het+243Es 8.76 9.92 —0.10 - —0.86 0.46
256Md 4He+22Eg 7.73 10.03 5.28 3.90 2.36 3.66
57TMd 4He+253Eg 7.55 10.05 5.02 3.70 3.60 4.30
258 Md 4He+24Es 7.27 10.06 7.96 5.80 4.73 6.65
2¥Md 4He+255Es 7.10 10.07 7.10 - 5.39 >5.28
250No 4He+246Fm 8.94 9.96 -0.32 - —0.65 —0.30
252No 4He+2*8Fm 8.54 9.98 1.00 - 0.58 0.62
255No 4He+251Fm 8.42 10.02 1.33 2.80 0.88 2.27
256No 4He+252Fm 8.58 10.03 1.58 0.50 0.41 0.56
258No 4He+24Fm 8.14 10.05 3.10 1.70 1.83 2.08

Here, the penetration probability starts decreasing until A
= 217 and then sharply increases between 4 = 217-235
because of the influence of shell effects, as mentioned
carlier. In the next step, the preformation probability of
the nuclei is calculated using Egs. (14) and (15) and
shown in Fig. 5. From this figure, we find that the pre-
formation factor decreases with an increase in the mass
number of the parent nuclei. In this study, the calcula-
tions are performed using collective clusterization, which

treats all decay processes (such as a, cluster, heavy mass
fragment, and fission decay) on equal footing. Therefore,
the preformation probabilities of all binary fragments are
obtained by solving the Schrodinger equation in the mass
asymmetry coordinate #. Because the preformation prob-
ability is calculated in preview of the collective clusteriz-
ation process, Py of one decay channel is affected by the
relative contribution of the remaining fragments in the
binary exit channel. Hence, alpha preformation is af-
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fected by other competing decay modes. A similar ana-
lysis of preformation probability using the GLDM for o
decay is presented in Ref. [65].

B. Analysis of cluster emission

In the previous section, alpha decay of different nuc-
lei is investigated using the R,(Q) relation, and the calcu-
lated half-lives are found to be in good agreement with
the available data. In the present section, the cluster emis-

sion is studied for the chosen set of isotopes using the
R,(Q) relation. Previously, in Refs. [66, 67], cluster de-
cay analysis was performed using older mass tables or
proximity potentials within the framework of the PCM. It
is important to mention that the current calculations are
performed using the mass table of Audi er al. 2017 [49].
The decay half-lives are calculated for the experiment-
ally observed clusters via the optimization of the neck
length parameter AR, and the appropriate value of the R,
point is fixed. The obtained R, value is further used to
get the R,(Q) relation for the spherical and deformed
choice of the decaying fragments using the same proced-
ure as mentioned in the previous section for the a decay
case. The R,(Q) relations for the CR process read as

RA(Q) = R(C1 — C2Qctuster + C3 QP uster)s (17)

R.(Q) = R(D — D2 Qcluster + D3 Quster)s (18)

where Eq. (17) is for the spherical choice of the decaying
fragments, and Eq. (18) is for the deformed choice of the
decaying fragments. Qcuger 1S the g-value of the decay
channel. In Eq. (17), C;=1.05502, C,=1.17016x1074,
and C3=3.424x107". Similarly, the constants for Eq. (18)
are D;=1.0573, D,=2.07598x10~*, and D3;=8.8151x
107, Egs. (17) and (18) can be employed to give the de-
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cay half-lives in a cluster decay mechanism. The validity
of these equations can be tested via the comparison of the
R,(Q) calculated results with the corresponding experi-
mental data. The comparison of the R,(Q) calculated de-
cay half-lives and the experimental results for the spher-
ical and deformed choice of the decaying fragments is
shown in Table 4. In this table, R, is obtained using the
R,(Q) relation. It may be noted from the table that the
calculated R, points and corresponding decay half-lives
are in good agreement with experimental data. We find
that the deformed choice of the decaying fragment offers
relatively better agreement with the experimental data
compared to the spherical case. In addition, to check the
validity of the polynomials used, the standard deviation
(SD) is calculated with respect to the experimental res-
ults. For the spherical choice of the decaying fragments,
the SDs are 4.20 and 4.21 for R, and R,(Q), respectively.
An SD of more than 3 with data is considered not good.
Hence, the spherical clusters do not impart good agree-
ment. After analyzing the spherical choice, the SDs are
calculated for the deformed choice of clusters, which are
2.75 and 2.77 for R, and R,(Q), respectively. Further-
more, the calculated half-lives are compared with the data
of theoretical models, i.e., the ASAFM [62] and mean-
field approximation in the Hartree-Fock-Bogoliubov
(HFB) [40], which shows a reasonable agreement with
the predicted data. Similar to the alpha decay analysis, a
scattering plot for the CR of 23°Pu is plotted with respect
to internuclear separation distance (R) by taking the first
turning point R, from Eq.(18), as shown in Fig. 6. Then,
the first turning point is compared by taking the optimum
choice of AR.

This comparison give similar results. Therefore, it is
clear from the above calculations that the SD is reduced
for the deformed choice of fragments. Therefore, the
polynomial in Eq. (18) gives a reasonable approximation
and can be used to calculate the decay half-lives of other
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236 Py for cluster radioactivity using R,(Q).

sets of nuclei belonging to the heavy/superheavy region.

C. Heavy particle radioactivity

Following the analysis of the o and cluster decays,
HPR is studied in this section. In a previous study [4, 6],
one of us and collaborators predicted the decay half-lives
of the heavy clusters emitted by certain heavy nuclei. In
this study, we extend the previous work to the full range
of actinide series. The HPR results are shown in Table 5.
Here, the most probable HPR fragments are identified us-
ing the minima in the fragmentation potential. The calcu-
lated Q-values of the decay channel, i.e., Qupr, and the
decay half-lives are also shown in Table 5. R,(Q) for the
HPR case is given as

Ry = R(E1 + E>Qupr — E3 Qfipr)- (19)

Here, E;=0.9484, E;=3.055x10"%, and E;=7.867x1077
The calculations of the first turning point (R,) by taking
the optimum value of the parameter AR and using Eq.
(19) are shown in Columns 4 and 5, respectively. The
half lives are represented in the last two columns. The
predicted fragments are isotopes of Ge because these nuc-
lei exhibit shell effects around N = 50. These heavy
clusters are not yet experimentally detected; therefore, it
will be of future interest to verify the validity of such pre-
dictions.

D. Comparative analysis of alpha decay and spontan-
eous fission (SF)

In the previous sections, an analysis of a emission,
CR, and HPR is conducted using their respective R,(Q)
relations. It is concluded that the first turning point plays
a crucial role in exploring the dynamics of these decay
modes. It is known that alpha decay and SF are the most
observed decay modes. In this section, a comprehensive
analysis is performed among the a decay and SF modes
using the PCM. It is relevant to note that within the PCM
approach, all the decay modes are explored on an equal
footing. The most probable decaying fragments of a ra-
dioactive nucleus can be identified using the fragmenta-
tion structure and preformation probability. In Fig. 7, the
fragmentation structure and preformation probability Py
are compared for the 2°Th and 2*°No nuclei (extreme
nuclei of the chosen mass region). The trend of the frag-
mentation structure for the 2°Th and 2*°No nuclei (see
Fig. 7(a) and (c)) remains similar for both modes (a and
SF), but changes in the magnitude of the fragmentation
potential are observed. The minima in the fragmentation
potential suggest the most probable decay fragments. The
identified fission fragments using the minima of the frag-
mentation potential for alpha decay and SF for the 2*°Th
and 2°No nuclei are %°Sr+!**Te and '2*Sn+!32Te, re-
spectively. After the fragmentation structure, the pre-
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Table 4. Comparison of decay half-lives of various experimentally detected clusters with those calculated using prox 1977 with in the
PCM for spherical and deformed choices of nuclei. The corresponding Qe are calculated using the binding energies of Audi et al.
[49] given for each decay.

PCM
Parent nucleus Decay channel Qetuser Spherical Deformed ASAFM HFB Expt.
/MeV R,/fm logT1/2/s R,/fm logT1 2 /s logTi /s logT/2/s logT1/2/s
(Poly.) (Poly.) (Poly.) (Poly.) [62] [40]
23 A0 140 42094 33.06 10.12 17.06 10.16 14.77 12.7 - 12.60
B Ac 15N +208 ppy 39.47 10.17 18.85 10.17 16.91 14.1 - >14.76
25 Ac¢ l4c 4211 Bj 30.47 10.15 21.54 10.19 20.77 17.8 - 17.16
226 Th l4c +212py 30.54 10.16 22.29 10.18 21.26 17.7 - >15.3
226y 180 +208pp 45.72 10.35 22.43 10.37 21.70 18.0 17.31 >15.3
228Th 200 +208 pp, 44.72 10.47 23.54 10.48 22.79 21.9 19.53 20.87
230 24Ne +200Hg 57.76 10.64 26.90 10.70 25.96 25.2 25.08 24.61
Blpy 23 4208 py, 51.88 10.62 25.25 10.86 24.29 25.9 - 26.02
231py 24Ne +207T] 60.40 10.65 23.37 10.71 22.65 233 - 23.23
20y 22Ne +208pp 61.38 10.56 23.90 11.22 20.70 20.4 20.49 19.57
20y 24Ne +206pp 61.81 10.64 23.09 10.69 22.28 224 - >18.2
82y 24Ne +208pp 62.30 10.66 21.09 10.72 20.28 20.8 23.35 21.05
B2y 2 Mg +204Hg 74.31 10.79 26.01 11.52 21.91 - - >22.26
23y 24Ne +209Pp 60.48 10.68 25.77 10.76 24.76 25.2 - 24.84
233y 25Ne +208pp 60.70 10.71 25.08 10.82 24.15 25.7 - 24.84
23y Mg +295Hg 74.22 10.81 27.50 11.42 24.26 27.4 - >27.59
B4y 2ANe +210pp 58.82 10.69 28.26 10.74 27.14 26.1 27.24 25.92
B4y 25Ne +209Ppp 57.79 10.73 29.49 10.86 28.31 28.8 - 25.92
B4y 26Ne +208pp 59.41 10.76 26.39 11.02 24.93 27.0 28.02 25.92
B4y Mg +206Hg 74.11 10.82 26.81 11.42 23.35 259 25.85 25.54
235y 24Ne +211pp 57.36 10.70 32.16 10.76 30.24 - - 27.62
235y Mg +210Pb 57.68 10.74 45.97 10.84 29.20 - - 27.62
235y Mg +207Hg 72.42 10.83 30.66 11.46 26.32 - - >28.09
85y Mg +206Hg 72.46 10.86 30.38 11.37 26.61 - - >28.09
236y 2 Mg +2%8Hg 70.73 10.85 32.37 11.45 28.45 - 33.68 27.58
26y 30Mg +206Hg 72.27 10.91 28.78 11.17 26.46 29.8 33.1 27.58
238y 348j +204pt 85.18 11.04 30.63 11.02 29.85 - - 29.04
2TNp 0Mg +207T1 74.79 10.92 26.41 11.18 23.88 28.3 - >26.93
236py 2 Mg +298Pb 79.66 10.84 20.36 11.45 16.19 21.1 20.13 21.67
B8py 2 Mg +210Pb 7591 10.87 26.94 11.48 22.65 26.2 29.42 25.70
238py 30Mg +208ph 76.79 10.93 24.48 11.19 22.02 26.2 29.52 25.70
B8py 328i +200Hg 91.18 10.98 25.25 11.12 22.84 26.1 28.23 25.27
240py 348i +206Hg 91.02 11.06 24.57 11.05 22.73 27.4 26.96 >25.52
241 Am 348 +207T] 93.92 11.07 21.80 11.06 20.16 25.8 - >22.71
242Cm 348j +208 pp 96.50 11.08 19.44 11.07 17.98 23.5 24.9 23.24
BrCf 46 Ar +206Hg 126.75 11.48 16.41 11.66 14.98 26.5 - >15.89
B2¢f 48 Ca +204pt 138.17 11.52 18.61 11.52 18.27 - - >15.89
82¢f 50Ca +202pt 138.31 11.56 17.73 11.71 15.95 - - >15.89
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Table 5. PCM calculated half-lives for the heavy particle ra-
dioactivity of Z=89—-102 parent systems. The choice of the
outgoing fragment is based on the most probable fragment
with the highest preformation probability. Note that in each
case, the spherical choice of fragments is considered, and cal-
culations with /=0r and 7 =0 MeV with only the optimized
AR as —0.25 is set of all isotopes.

Parent nucleus Decay channel QOppr /MeV_ R, (Poly.) 10gT1/2/s Poly.

32y 82Get 150N 173.70 10.92 30.32
284y 82Ge+ 192Nd  173.71 10.95 30.54
2oy 82Ge+ 154Nd  173.68 10.98 29.40
238y 82Ge+ 156Nd  173.19 11.01 30.07
240py 82Ge+ 158sm  180.79 11.04 28.07
242py 82Ge+ 1609m 180.36 11.07 28.19
244py 82Ge+ 1028m  179.75 11.10 28.32
246py 82 Ge+ 164Sm 178.90 11.12 28.93
28Cm 84Qe+ 154gm 198.75 11.03 23.05
240Cm 84Ge+ 1569m 197.03 11.05 24.00
242Cm 84Ge+ 158Gy 196.00 11.08 25.27
24Cm 82Get 160264 188.14 11.10 25.85
246Cm 82Ge+ 164Gd  187.80 11.12 26.06
28Cm 82Get 166G4  187.33 11.15 25.93
250 0y 82Ge+ 18G4 186.76 11.18 26.37
Mact 84GQe+ 160Gq 205.36 11.11 21.37
uoCf 84ge+ 102BK 20430 11.14 22.26
u8cf 84Get 164G 202.95 11.17 23.55
250 of 82Ge+ 18Dy 195.14 11.18 24.07
252Cf 82Ge+ 10Dy 195.10 11.20 23.68
B4cf 82Ge+ 12Dy 194.76 11.23 22.71

formation probability is calculated and plotted with re-
spect to fragment mass A; and shown in Fig. 7(b) and (d).
The trend of the preformation probability is also similar
for the 2**Th and **No nuclei in the o and SF decay
modes. The fission region is found to change from the
asymmetric to symmetric mode when going from the
20Th to 2°No nucleus. It will be interesting to explore
the transition point where the mass distribution changes
from the asymmetric to symmetric mode.

To gain a better insight into this transition, we take
two more isotopes (?2Cf and 2°Fm) from the chosen
range of nuclei, and the preformation probability is plot-
ted as a function of fragment mass A; (i = 1, 2), as shown
in Fig. 8. For the SF analysis, the decay half-lives are cal-
culated for the 239Th,»2Cf,2°Fm, and 2*°No nuclei first
for the spherical case. Then, the deformation effects are
included up to quadrupole (8,) deformations with hot op-
timum orientations of the decay fragments. A comparis-
on between the calculated decay half-lives and the experi-

mental data [68] is shown in Table 6. The calculated res-
ults are in reasonable agreement with the experimental
data, except for the spherical choice fragments for the
26Fm nucleus because the calculated half-lives are found
to underestimate the experimental SF data. It is relevant
to note that the half-life increases with decreasing AR
value. However, in the case of 2°Fm, AR cannot be re-
duced further as V(R,) becomes less than Q¢ (Q-value of
the decaying channel). On the other hand, we have a reas-
onable scope of the AR extension for 2°No because the
barrier characteristics become modified as Coulomb re-
pulsion increases with increasing atomic number. Inter-
estingly, the barrier height can be altered for the >>°Fm
nucleus by adding deformations. The calculated half life
of 2%Fm becomes modified by taking a hot-compact
choice of fragments, as shown in Table 6.

The identified most probable fission fragments for
spherical as well as a hot-compact choice of fragments
are also shown in Table 6. For the 29Th nucleus, the
asymmetric fission fragments *°Sr+!34Te (N = 82) are
identified, which lie near N = 82 and the deformed magic
number Z = 38. For the 22Cf nucleus, asymmetric frag-
ments (122Cd+'3Sn) are identified, which lie near Z =
50. The symmetric fission fragments of >°Fm also be-
long to the spherical magic shell closure Sn(Z=50) and
near the neutron shell closure N = 82. Similarly, symmet-
ric fragments of 2°*No are identified near Z = 50. This in-
dicates that proton and neutron shell closures play an im-
portant role in the SF region. These results are in fair
agreement with Refs. [69, 70]. Furthermore, the SF half-
life is calculated for a chosen set of nuclei Z~ 89-102,
whose experimental data are available. For these cases,
the neck length parameter (AR) ranges from —0.5 to 0.8
fm. A comparison between the calculated half-life and
experimental data is shown in Fig. 9. The calculated res-
ults show good agreement with experimental data
[71-73].

In addition, the TKE is also studied for these nuclei
because it plays an important role in SF dynamics. It al-
ters its behavior with respect to the symmetry/asymmetry
of the decaying fragments. The TKE can be computed us-
ing the relation taken from Herbach et al. [74] as follows:

0.2904(21 +ZQ)2 A]A2
TKE = 73 73 e 3 (20)
AP+ AP — (A +Ay)13 (A1 +A2)

where A; and A, are the mass numbers of the emitted
fragments. First, the TKE is calculated for the nuclei
whose experimental data are available, as shown in Ta-
ble 7. Because the fragments appearing at the minima in
Eq. (3) correspond to the most probable fragments, the
calculated results are found to be in good agreement with
experimental data. Second, experimental analyses of cer-
tain nuclei are not yet available for SF. Therefore, an at-
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Table 6. PCM-calculated half life for spontaneous fission Table 7. Calculated total kinetic energy (TKE) of fission
along with the fitted neck-length parameter AR. The choice of fragments and the corresponding experimental data [71—73].
the outgoing fragment is based on the most probable fragment TKEMeV
with the highest preformation probability. Note that in each Parent nucleus Decay channel
case, spherical as well as B;-deformed (hot) orientations are Cale. Expt.
taken into consideration. The calculated half-lives are also 28py 104\ fo+134 Te 174.26 177.00£0.5
compared with experimental data [68]. 240 pyy 106 Mo+ 134 Te 174.05 179.40+0.5
R SF SF 242py HORy+1328p 174.23 180.70+0.5
Parent nucleus Decay channel ‘ logioTip/s  logioT7p/s
/fm (PCM) (Exp.) 246Cm 116pd+130g 181.37 183.90+1.0
Spherical 248Cm 16p4+1328p 180.77 182.20+0.9,
230Th 96 Sr+134 Te 10.82 24.25 24.79 179.00+2.0
220 122Cd+1308p 11.33 9.00 9.43 M8t 120Cd+128Sn 188.79 188.70+1.3
256 Fm 128g4+128gy 12.20 -7.36 4.01 250¢cf 120 cd+130gp 188.21 187.00£1.0,
256 No 124 Q4132 T¢ 11.49 2.31 2.73 185.00+3.0
Deformed 22¢f 122Cd+1308p 187.79 185.9+1.0,
230 Th 96 Qr+134 T 11.34 24.16 24.79 185.70+0.1,
282¢f 124 q+128gp 12.12 9.40 9.43 183.00+0.5
256 128 G4+ 128 gy 12.24 425 4.01 24cf 122Cd+1328p 187.20 186.90+1.0,
256 No 124 g4+ 132T¢ 12.37 2.09 2.73 185.00+2.0
23 Eg 1251 +128gp 191.50 188.00+3.0
24Fm 126 9n+1288p 195.15 195.11.0,
XX] Optimized ( AR
prmized (A% 189.00£2.0
256 pmy 126 g4 130Gy 194.65 197.9+1.0
252No 1225n+130gp 203.43 202.4+0.0,
194.30+£3.0
24 A
P
K
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o ) ) ) Fig. 10. TKE vs 7z2/A'/3 for 93 nuclei in the range Z =
Fig. 9. Logarithmic half-lives for 34 nuclei undergoing 89-102

spontaneous fission in the range Z=89-102 compared with

experimental half-lives by optimizing AR. ) ) ) )
cause of an increase in the fissile nature of the nuclei, the
tempt is made to predict the TKE for cases where experi- mass of the decaying fragments increases, leading to an
mental data are absent, as shown in Fig. 10. It is evident increase in the TKE values. It will be of future interest to

from this figure that the TKE of the fragments increases ~ compare the calculated TKE values with experimental
with an increase in the fissility parameter (Z2/A'/3). Be-  data.
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IV. SUMMARY

In summary, the PCM is employed for the study of
different ground state decay modes, such as a decay, CR,
HPR, and SF, from nuclei in the range Z = 89—102. The a
decay half-lives are calculated for two sets of chosen nuc-
lei using the fitting neck length parameter (AR). The ob-
tained neck length parameter is further used to calculate
the O-value dependent first turning point, i.e., R,(Q). The
R,(Q) relations are employed to calculate the o decay
half-lives of other sets of nuclei within the chosen range,
which are found to be in good agreement with experi-
mental data. The overall analysis of the preformation
probability (Py) and penetration probability (P) for alpha
decay is studied with respect to an increase in the mass
number of the parent/daughter nucleus. The calculated
preformation probability decreases with increasing mass
number of the parent nuclei. This may be associated with
the corresponding enhancement in P, of the fissioning re-
gion. The role of the neutron shell closure at N, = 126 is
clearly visible from the trend of the penetration probabil-
ity. After the alpha decay analysis, the R,(Q) relations are
obtained for the CR and HPR decay modes. In the case of

CR, the R,(Q) relation with the deformed choice gives
better agreement with the experimental data compared to
the spherical choice. Furthermore, a comparative analys-
is of a-decay and SF is conducted using the fragmenta-
tion potential and preformation distribution for extreme
choices of nuclei (?*°Th and 2°No) in the range
7=89-102. The overall fragmentation structure remains
the same for both decay modes, and the identified fission
fragments are also similar. The mass distribution of the
230Th and %°No nuclei is studied, which is found to
change from asymmetric to symmetric. An attempt is
made to identify the transition from the asymmetric to
symmetric distribution. To study the transition point, the
mass distribution of 22Cf and 2°fm along with extreme
nuclei in the range Z = 89-102 (***Th and >»°No) is in-
vestigated. After the analysis of the fragmentation poten-
tial, probable fission fragments are identified. In addition,
the TKE of these fission fragments is calculated and com-
pared with experimental data, and predictions of the TKE
are made for a chosen range of nuclei. As an extension of
this study, it will be of further interest to compare the
TKE of the most probable fission fragments for the spher-
ical and deformed choices of decaying fragments.
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