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In the present scenario, the search for the thermally fissile nuclei is crucial and
also important not only for the research background of nuclear physics but also
for the great social and economic impact on the country. Many theoretical works
have been performed to analyze a series of Th and U-isotopes and found that
some of these isotopes are stable against a-decays and spontaneous fission. Here,
we have chosen the isotopic chain of Th-nuclei for the present analysis using
relativistic mean-field formalism. The work also explores a few stable isotopes in
this region of the nuclear landscape, which is crucial for understanding the exotic
region of the nuclear landscape. The objective of this work is to study the bulk
properties such as binding energies, root mean square charge radii, neutron-
proton radii, neutron skin-thickness as well as intrinsic properties such as
excitation energy and specific heat for the #**?*®Th-isotopic chain. Furthermore,
the stability of these isotopes is investigated through their possible decay chain
analysis. The relativistic mean-field theory was used to obtain the nuclear bulk
properties, namely, binding energies, root-mean-square charge radii, neutron
skin-thickness, and excitation energy. The steady solution of the temperature-
dependent effective relativistic mean-field equations was obtained self-
consistently by taking different inputs of the initial deformations. All the
calculations were done for NL3, FSUGarnet and IOPB-I parameter sets for
21628 Th-isotopes. The decay energy of o (Q,) and B-decay (Qg) were calculated
from the binding energies and were further used to obtain the corresponding half-
lives. We have analyzed the structural and decay properties of 2'62%8Th isotopes.
The excitation energy and specific heat are also estimated for these considered
nuclei by using the temperature-dependent effective relativistic mean-field (E-
RMFT) formalism for NL3, FSUGarnet and IOPB-1 parameters sets. The
calculated results are compared with the available experimental data and found
similar observations for all the parameter sets at a given temperature. The
excitation energy study signifies the shell melting point where maybe the shape
transition occurs. Three phenomenological formulae such as Viola-Seaborg,
Royer and modified universal decay law are adopted for the calculation of a-
decay half-lives. We found lower values of a-decay half-lives indicating a higher
rate of B-decay for the isotopic chain.

© 2022 Atom Indonesia. All rights reserved

INTRODUCTION

Presently, ~3000 nuclei are known to us and
another 5000 nuclei with varying lifetimes have

been predicted and can

experimentally [1,2]. Almost all of these isotopes are
found on the neutron-rich edge of the nuclear chart
and possess unusual neutron to proton proportion.
Since 1940, after the discovery of fission
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phenomena, there has been tremendous progress to
study the fission dynamics of the above exotic
nuclei. Out of the 300 nuclei, nature gave us three
options for fissile fuels (*****U, and ***Pu), which
are thermally fissile on the stability line and are used
for the power generation in reactors [3,4].

Satpathy collaborators [5] in the year 2008,
suggested and mentioned that the series of Th and U
isotopes with neutron numbers ranging from
154-172 to be thermally fissile. They found these
results by calculating the fission barrier and neutron
separation energy [6]. Their results show that some

synthesized
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isotopes in that series are stable against a-decay as
well as spontaneous fission [7]. In addition to these,
the shell correction energy, deformation parameters,
the asymmetry energy coefficient etc., are also
crucial quantities to study the structure and
dynamics of a nucleus [5,8-14].

The alpha-decay process is one of the basic
topics in theoretical and experimental nuclear
physics. This phenomenon has a vital role in the
success of different nuclear models, as it provides
various information on the nuclear properties of
nuclei [15]. The stability of nuclei can be attained by
making a balance between the attractive nuclear
force and the repulsive Coulomb force [16].
Furthermore, the disclosure of a-decay by Becquerel
in 1986 and its theory by Gammow et. al in 1928,
is a front-line nuclear property, which is used for the
structural  analysis of neutron-rich  isotopes.
Basically a-decay is a two-decay mode which starts
from a-decay and ends with spontaneous fission.

Kumar et al [17] surveyed the various decay
chains for Th and U-isotopes within the framework
of relativistic mean-field (RMF) theory. They have
shown that these two isotopes are stable against
a and cluster decays. In addition to this, these nuclei
are highly pB-unstable and also the lifetime for
B-decay is higher in comparison to a-decay. In the
above cases, spontaneous fission does not take place
due to the neutron-richness of nuclei which broadens
the fission barrier.

Currently, the microscopic relativistic mean-
field approximation is also used to analyze nuclear
fission and also for other modes of decay.
Extrapolation of neutron-rich (having more neutron
numbers), super-heavy isotopes plays a crucial role
due to their ground state structures, different modes
of decay and multi-fragment fission [12]. Besides
their thermally fissile nature, these nuclei also have a
major part in the nucleosynthesis in stellar evolution.

Previously, the half-life of the o-decay for
Th-isotopes has been calculated using WKB
Semi-classical approximation taking the help of
the Bohr-Sommerfield quantization condition.
The relativistic mean-field theory can be employed
for both density-dependent and independent M3Y,
R3Y-interactions to calculate o-decay half-lives
[18]. Many experimental laboratory facilities like
Dubna (Russia), GSI (Germany), RIKEN (Japan),
and BNL (USA) extended the number of elements
(known to be neutron-rich or super-heavy nuclei) in
the periodic table up to Z = 118 as well as they can
synthesize the newly formed nuclei [19]. After this,
it becomes quite easy to study their ground state
properties, decay chain, nuclear asymmetry energy
and many more. The experimental observations of
7Z<118 showed that there is a probability of the
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existence of neutron-excess isotopes with the
increase of atomic number. This signifies the
enhancement shell effects with the rise of
Z-values [20].

In the present work, we aim to investigate
the bulk properties like binding energies (BE),
root-mean-square charge radii (Rc,), neutron-skin
thickness (AR) and intrinsic properties like
excitation energy and specific heat of 2°%*Th nuclei
with  recently developed force parameters
(FSUGarnet, 10PB-I) [21,22]. As an important task,
we have also studied a-decay half-lives using three
phenomenological formulae such as Viola-Seaborg,
Royer’s empirical formula and modified universal
decay law using the decay energy Q, values.
Finally, we pay attention to check the B-stability
through B-decay half-lives. The paper is structured
as follows: In section Il, the E-RMFT formalism is
discussed briefly. Here, we represent the equation of
motion for the nucleon as well as meson fields. In
Section 111, the observed values are given in detail.
Lastly, in Section IV, the summary and concluding
remarks of our work are analyzed.

THEORETICAL FORMALISM
E-RMFT theory

To calculate the important bulk properties of a
nucleus like binding energy, charge radius, neutron
skin-thickness etc., many theoretical models can be
found. Out of these, the most successful relativistic
mean theory is a relativistic conception of non-
relativistic theory and it has the extra benefit to work
better in the high-density range. Another importance
of this model is that the spin-orbit interaction
for finite nuclei is also taken care of automatically.
In this extensive study, we explain the E-RMFT
formalism briefly [23]. The fundamental nucleon-
meson Lagrangian density in the framework of
E-RMFT up to 4™ order with mesons and photons is
written as [21,22] in Egs. (1-4).

L(rs,z) = (r, 2)(iy 9, — M + gso —
1
JoV 0, ) (re, z) + > (0%0d,0 —

1 1
mo?) — VTV + Emﬁ,w”w —

(7
1= = 1 >0 > 1
ZRHVR#V + Emﬁp”p# — ZFuVF;',W —
Ao gé 95 (wHw,)(B*By), (1)
with
VAV = ghwY — 9VwH )
RKY = gHpY — ovpH 3)
FEV = gAY — 9VAK 4)
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where 6, @ and p are the meson fields along with the
coupling constants gs, g, g, and masses m,, m, and
m, respectively. The A, which provides
electromagnetic interaction is the photon field,
with coupling strength e%/4n. By defining fields as
® = go, W = g,0°, R=g,3° and A = eA’, the Dirac
equation in the axially deformed coordinates is
written as [23] in Eq. (5).

{—ia.V+B[M—-b(ry,z)] + W(ryz) +

%TgR(T'_L,Z) + 12T3A(m,z) Y, (re,z) =

o, (12, 2) (5)

The mean-field equations for ¢, W, R and A are
given by Egs. (6-9).

—Ap(r,7) + mED(rL, Z) = gPp,b(re,7) -

mZ 2 K3 , K4 $(rs,z)
1 PG+ (6)

—AW(rs,z) + mEW(rs,z) = gZip(re,z) —
W (1 2) = 20, R, )W (rs2),  (7)

—AR(r,z) + MjR(1s,z) =
1
E 95p3(r,z) — 20 ,R(1, 2) W (1., 2) (8)

—AA(rs, z) = e?py (1, z) 9)

RESULTS AND DISCUSSION

We have aimed to investigate some of the
fundamental properties like binding energies,
rms charge radii, and neutron-skin thickness
of even-even “***Th nuclei at finite temperature.
The relativistic temperature-dependent i. e E-RMFT
method is used by taking the currently established
force parameters i.e FSUGarnet and IOPB-I. Also,
it is compared with the results of the most successful
NL3 parameter set as well as with the available
experimental data. These results are depicted in
Table 1. Then, we studied the intrinsic quantities
like nuclear excitation energy and specific heat with
the application of temperature. In addition to this,
to examine the stability of nuclei, the decay studies
of Th-isotopes are included.

The o-decay energy (Q,) and half-lives
are calculated using three different formulae and the
B-decay energy (Qp) and corresponding half-lives
are also evaluated using the empirical formula for
NL3, I0OPB-I parameters and compared with
experimental data. In Tables 1 and 2 and Figs. 1-3,
we have represented all the calculated results.
At first, the motivation for choosing parameters is
introduced, and then we have analyzed the results of
our calculations.

Parameters

Nearly 265 parameter sets are exist in the
literatures [22,24,25] to explain the properties of the
nucleus. In RMF, every term has its significance.
In the Walecka-model, mesons have no interaction
between  themselves. As a result, the
incompressibility K., is very high i. e. = 550 MeV
(experimental  limits  210+30 MeV) [26].
Then Boguta and Bodmer [27-29] introduced
self-coupling terms in ¢ meson which decreases the
value of K, to 211 MeV at saturation of infinite
nuclear matter [30]. Again, it was unable to
reproduce the nuclear equation of states (EoS) up to
satisfaction. So, there is a need for a non-linear term
which is important to soften the nuclear EoS [31].
Later on, Todd-Rutel and Piekarewicz [32-34]
introduced the cross-coupling terms of p- and
®-mesons in the original formalism of Furnstahl
et al. [23] to take care of the radius of neutron
stars well as neutron-skin thickness, whereas the
self-coupling of w-meson (, is used to tune the
limiting mass of neutron star [25]. In this work,
three force parameters namely NL3 [35], FSUGarnet
[21] and IOPB-I [22] are used to calculate the
nuclear observable. We find the results obtained
from the above three parameter sets are in harmony
with each other which implies that one can rely on
these forces.

Binding energy

The amount of energy required to ascertain
the nuclei together is called the binding energy. Our
calculated results for the bulk property binding energy
(BE) at zero temperature for nuclei #***Th using
different parameters such as NL3, FSUGarnet, and
IOPB-I are tabulated in Table 1. The obtained values
are also compared with the available experimental data
[19,36]. Itis clear from Table 1 that our results for the
above parameter sets are comparable to the data. Here
the calculated results are found to be in agreement with
the available data for all the considered force
parameters. For example, the experimental binding
energy of “°Th = 1734.28 MeV and the RMF result
with G3 is 1730.51 MeV, which has an accuracy of
more than 99 %. A detailed observation of Table 1
gives BE as predicted in NL3 slightly overestimates
the FSUGarnet and 10OPB-I results.

The BE values for all the three parameters as
well as the data increases with the mass number.
The BE/A analysis suggests that maximum value can
be seen for **Th-isotope for all the parameter sets,
signifying that it is the most stable isotope among this
considered isotopic chain. Generally, results calculated
from the above three parameter sets are acceptable, and
one can use these forces for further predictions even at
finite temperatures.
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Table 1. Different bulk properties like the ground state binding energy (MeV), charge radius R, (fm)
and neutron skin thickness AR (fm) for 2! 23¥Th corresponding to NL3 [35], FSUGarnet [21] and IOPB-I [22] sets
and available experimental data (EXP.) [36,37].

Nucl. Obs. NL3 FSUGarnet 10PB-I EXP.
BE -1672.19 -1667.27 -1668.87 -1662.69
A5Th Ren 5.648 5.627 5.663
AR 0.183 0.093 0.136
BE -1685.77 -1679.26 -1680.18 -1676.77
28Th Ren 5.661 5.643 5.682
AR 0.191 0.099 0.143
BE -1698.71 -1690.93 -1692.80 -1690.61
20Th Ren 5.688 5.667 5.704
AR 0.201 0.105 0.152
BE -1711.17 -1703.37 -1705.29 -1704.22
22Th Ren 5.709 5.687 5.725
AR 0.210 0.111 0.160
BE -1722.60 -1715.29 -1717.25 -1717.57
24Th Ren 5.729 5.705 5.745
AR 0.219 0.117 0.167
BE -1734.28 -1726.47 -1728.49 -1730.51
26Th Ren 5.749 5.724 5.764
AR 0.226 0.122 0.174
BE -1745.51 -1735.23 -1737.52 -1743.08
28Th Ren 5.767 5.737 5.776 5.749
AR 0.234 0.137 0.192
BE -1756.33 -1744.44 -1746.82 -1755.13
20Th Ren 5.778 5.753 5.793 5.767
AR 0.254 0.141 0.197
BE -1767.55 -1753.05 -1755.73 -1766.69
B2Th Ren 5.789 5.765 5.805 5.785
AR 0.273 0.155 0.214
BE -1777.65 -1761.48 -1764.45 -1777.66
Z4Th Ren 5.800 5.777 5.815
AR 0.201 0.167 0.229
BE -1787.42 -1769.40 -1772.69 -1788.17
26Th Ren 5.867 5.788 5.826
AR 0.299 0.178 0.243
BE -1796.26 -1785.20 -1788.92 -1798.09
Z8Th Ren 5.884 5.862 5.896
AR 0.310 0.176 0.245

Table 2. The Q, energy in MeV and T*, in second for 2'2*¥Th isotopes obtained from the empirical formulae
as in Ref. [41-43] for the NL3 and IOPB-I parameter sets in comparison with experimental data. The T%,(EXP.)
for Viola-Seabrog, Royer and MUDL are determined from Q, values using experimental BE values.

Nuclei 216-|-h leTh 220Th 222-|-h 224Th 226-|-h 228Th 230-|-h 232-|-h 234Th 236Th ZSSTh
NL3 5.195 7.243 7.294 7.092 7.38 6.287 7.355 7.072 5.985 5.684 5.381 5.695
Q. 10PB-I 3.588 7.905 7.736 7.415 7.41 6.951 10524 11642 11977 12502 15506  6.521
EXP. 8.073 9.85 8.974 8.131 7.299 6.453 5521 4771 4,082 3.671 3.333 3.116
NL3 9.768 0.294 0.111 0.849 -0.194 4138 -0.106  0.924 5.540 7.047 8.689 6.989
T2 10PB-I 22347  -1.948  -1.403  -0.317  -0.299 1.384 -8.636  -10.776  -11.358  -12.223  -16.295  3.120
EXP. 2473 7172 5030  -2.650  0.093 3.410 7.913 12459  17.696  21.510 25143  27.788
NL3 10.308  0.676 0.449 1.156 0.059 4.404 0.068 1.071 5.704 7.190 8.814 7.055
T, 2®  10PB-I 23.042  -1.594  -1.083  -2.466  -0.047  1.616 8567  -10.773  -11.402 -12.316 -16.477 3.137
EXP. 2083  -6.883  -4755  -2.386  0.350 3.667 8.186 12.748  18.010  21.822 25470  28.109
(Th:i;) NL3 14.483  4.749 4,737 5.703 4819 9.566 5.362 6.681 11757  13.593 15581  14.084
10PB-I 27.628  2.406 3.155 4.484 4.709 6.688 3551  -5545  -5901  -6542  -10526  10.041
EXP. 1.692 -3.054 0635  2.046 5.120 8.805 13.742  18.735 24460  28.697  32.774  35.818
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Root mean square charge radius

The root mean square (rms) charge radii (Reh)
can be used to investigate the deformation in the
isotopic chain and can be obtained by adding the
finite size of the proton (0.64 fm) using the relation

/rpz + 0.64. The R, values for NL3, FSUGarnet,

IOPB-1 and experimental data [37] are given in
Table 1 and their values increase with mass number.
The rms neutron-proton radii for **?*22Th are
calculated at different temperatures using NL3,
FSUGarnet and 10PB-I force parameters and shown
in the upper panel of Fig. 1 and in the lower panel,
the skin thickness is given. Here, we noticed that
rms radii for all the cases decrease up to the
transition temperature (T) and afterwards increases
with T. It is minimum for the perfect spherical shape
of the nucleus. The values of transition temperature
obtained here are also consistent with all other
previous calculations i.e the nucleus has a minimum
radius at T=T.. The neutron radii for the two forces
IOPB-I and NL3 are nearly the same and they
overestimate to that the results obtained by
FSUGarnet force for all cases. Similar things are
also observed in the case of proton radius.

207 267 22T

E o B I e Y T R B T Bl T T T T}
— 6 [— Neutron g /_/ -l
e - | « Proton -J‘ 1
£ 59+ 5 1 -
o 58 o o .
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o 57F LassEiresaa IS T 1
5'6':-:1: =|= .l. '1 I T T T B I A B IO W R e
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Clad W i ] /
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Fig. 1. (Color online) The behavior of rms neutron R, and
proton R, radii with temperature T for the isotopes 22°Th, *°Th,
and #2Th with NL3, FSUGarnet and IOPB-I parameter
sets are shown. (a) R, and R, radii are given in the upper
panel and (b) AR=R,-R, is in the lower panel respectively.

Neutron-skin thickness

The aggregated number of neutrons on the
surface of the nucleus associated with the neutron
skin and the skin is decided by the asymmetric
arrangement of particles inside the nucleus.
The difference between neutron and proton radius is
called neutron skin thickness, given as AR = Ry-R,,
Our results of AR are shown both in Table 1 and the
lower panel of Fig. 1 for ***®#Th.jsotopes.
We observed from both the table and figure that

AR increases monotonically with neutron excess in
the isotopic chain of Th for all three parameter sets.
We also noticed extended neutron skins in the
isotopic chain which reaches 0.31 fm in #*Th
nucleus for NL3 and 0.245 fm for IOPB-I sets,
respectively. The R, values cannot be measured with
accuracy like R, due to the neutral nature of
neutron. Note that, presently some precise
calculations have been done in several laboratories
[38,39] and PREX-II experimental data has lots of
importance in this regard [40]. The NL3 force
parameter has a relatively large asymmetry
coefficient as compared to FSUGarnet and thus it
gives a greater value of AR obtained by the force
parameter IOPB-I that is in between the NL3 and
FSUGarnet. It can be used in the determination of
the EoS and also has an important role in the
prediction of neutron star radius.

Nuclear excitation energy

The excitation energy E  has a lot of
importance in the study of the fission process which
mainly depends upon the states of the nucleus.
It is defined and calculated as E'= E(T) — E(T=0),
where E(T) is the binding energy at a given
temperature T and E(T=0) is the binding energy in
the ground state. In the upper panel of Fig. 2,
the variation of E~ with temperature T for all
considered forces is shown for #%%6%2Th as
representative cases. It is clear from the figure that
the E™ vs. T curve is almost quadratic which agrees
with the relation E'=aT?. It is also observed that E”
for the three forces coincide with each other.
A further detailed inspection of the figure shows that
the excitation energy suddenly gets blown up after
nearly 1 MeV temperature. This signifies the shell
melting point, where the shape transition of
nuclei takes place.

232Th

T T T T T

220Th 226Th

10T T T T T T T T
80} A% 4N -

60| + =+ -

E (MeV)

40 -+ + -
20 -t — -

60 Lol ol .1 (AR B S WP | P P |

= NI 3

50 FSlIGamet

40
30
20
10

[ [—10PB-I

T

C (MeV)

Ladalol.d CIEG! TN AP W P 7 o S L B U )
0051 152253051 152253051152 253

T (MeV)

Fig. 2. (Color online) The behaviour of excitation energy E”
and specific heat C(T) with temperature T for the isotopes
220Th, 225Th and %**Th using NL3, FSUGarnet and I0PB-

force parameters are given for comparison in the upper
and lower panel respectively.
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Specific heat

The specific heats for °?%%2Th nuclei are
calculated to observe the phase transition at critical
temperature using the following relation in Eqg. (10).

OE*
c(m = — (10)
In the lower panel of Fig. 2, the behavior of C(T) is
shown. The phenomena as observed for nuclear
excitation energy is also reflected in these curves
about the critical temperatures i.e 1 MeV where the
curve starts a sudden increase. It is observed there
are no blows up for #*Th, concluding that this
nucleus maintains its spherical shape in all applied
temperatures. At low temperatures, all the curves
overlap with each other and after the critical value,
there are some separations among the curve. It is
also noticed that the critical temperature is the same
for the above three parameter sets

The Q-value and a-decay half-life

The physics of a-decay is very much crucial
for the study of the detailed structures of super-
heavy elements. Among all the decay chains,
a-decay is the most prominent decay mode for the
super-heavy elements. Several formulae have been
proposed to study the a-decay half-lives using the
decay energy Q. value, among which three well
known phenomenological formulae as given by
Viola-Seaborg [41], Royer [42] and modified
universal decay law (MUDL) [43] are used for our
proposed calculations.

(i) The Viola-Seaborg formula is as follows

in Eqg. (11).

10g1oTE(WVS) = (aZ +b)—=+cZ+d (11

3 Je
Where the constants a=1.64062, b=-8.54399,
€=-0.19430, d -33.9054 are used [41].
(i) The Royer’s formula is given by in Eq. (12).
log,, T (R) = a + bAYSVZ + % (12)
2

where the constants a=-25.31, b=-1.1629, c=1.5864
the constants are for even(Z)—even(N) nucleus [42].

The improved Royer’s empirical formula for
a-decay half-lives can be expressed as follows
in Eq. (13).

120

log,, T (mR) = a + bAY*VZ +

cZ
; o '
di(l+1) + h.

(13)
where the initial three terms are taken from original
Royer’s formula. The following term contributes
centrifugal potential where ‘I’ represents the
angular momentum taken away by the a-particle,
and the final ‘h’ has a role in the blocking

effect of an unpaired nucleon and details can be
found in Ref. [44].

(iii) The modified universal decay law [43] is
formulated as the following in Eq. (14).

2

1 1
aZyZ, Joi + b\/Azdza(A; +A) +c+dl+el? (14)

where 1= N-Z/A is the asymmetry component.

We have used the original Eq. (12) in our
calculations as the logarithmic deviation between the
experimental data and theoretical results from the
respective Egs. (12) and (13), and are generally
similar for even Z and even N nuclei.
The logarithmic half-lives in the isotopic-chain
216238Th ysing the above empirical formulae are
given in Table 2 for the NL3, IOPB-I parameter sets
and experimental data. For comparison, we have
also given the calculated half-lives using the Q,
values from the experimental binding energies data
of Ref. [19,36].

The decay energy (Q,) is a piece of key
information for decay half-life study. It will be used
as input for the alpha-decay half-life predictions.
The values of Q, used in the above relations are
estimated by using the relation as follows
in Eq. (15).

Q. = BE(N,Z) —BE(N —2,Z —2) — BE(2,2) (15)

where BE of the a-particle is 28.296 MeV and Z
represents the atomic number of parent nuclei.
The binding energies of parent (N, Z) and daughter
nuclei (N-2, Z-2) are being estimated from the
RMF model using NL3 and I0OPB-I density
functionals. The calculated Q, values from
RMF (NL3 and IOPB-I) are used to estimate the
a-decay half-lives for the formulae in Ref. [41-43]
are written as T1,*(VS), Ti2" (R), Ty" (MUDL),
respectively.

The Q, and decay half-lives for the considered
isotopic chain using NL3 and IOPB-I sets, and
experimental data are given for comparison
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which are shown in Table 2 and Fig. 3, respectively.
The calculated half-live values using the Q, results
are shown in rows 2 to 4 of Table 2. The T,," values
are depicted in rows 5 to 13 of the above table.
A careful analysis of both Table 2 and Fig. 3 shows
a decrease of Q, with an increase in the mass number
and corresponding T,," increases linearly with a
mass number for the isotopic chain.

40 T T T T T
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& o . 1k
N—" &

s 20F ; 14
= 10F ® v ¥ ] g @ % &
S ofF g s N 2 g © =
2 » - P T T 1
2 1of + -

20 H——+—+—+——+— : } —
15 g :\gSBI ¢

—~ 15} b . "
> EXP.

) s . L

S 10t $ o o 4
3 -] 3 ° o 1
O 5k o 8 °© o o 8

o
0 1 1 1 1 |
215 220 225 230 235 240
A

Fig. 3 (Color online) The decay energy Q, and half-lives T.,* for
NL3, IOPB-I parameters and experimental data are calculated
using Viola-Seaborg, Royer and modified universal decay law

formulae which are plotted in lower and upper panels
respectively

The Q, values for RMF (NL3 and IOPB-I)
parameters are consistent with the data. The decay
energy for Th-isotopes for RMF(NL3) and
experimental data decreases with mass number but
for the IOPB-1 parameter, it decreases up to “°Th
then it increases, and a sudden fall for IOPB-I is
noticed at ?*Th. The Q, values for ?*Th are closer
to 6.287, 6.951, and 6.453 MeV respectively for
NL3, IOPB-I and the data. In addition to this,
for ?*Th nucleus, the respective half-live values
using Viola-Seaborg, Royer and MUDL formulae
are 4.138, 9.566, 8.805 seconds for NL3, 1.384,
1.616, 6.688 seconds for 10PB-I and 3.410, 3.667,
8.805 seconds for the data respectively.

The half-live values using the above three
formulae for NL3 and IOPB-I are in order with
the experimental data in the considered chain of
Th-isotopes. All the results of T,," using the above
three half-life formulae somehow match with each
other. However, among the three half-life formulae
used here for the calculation of T,,", MUDL gives
comparatively better results with maximum half-life
values for all the considered nuclei in comparison to
Viola-Seaborg and Royer formulae. The o-decay
energy results for NL3 and IOPB-I differ a little
from the data but the decay half-lives show a gross
difference in some cases due to the exponential
factor. The calculated Ty,* values for different
formulae differ from each other for a particular Q,,

which shows a strong correlation between the decay
energy and decay half-lives. Among all the formulae
used here to calculate the half-live values for this
isotopic chain of Th, we are having the maximum
and minimum half-live values at *°Th and *°Th
respectively. The minimum half-life was observed
for the IOPB-I parameter using Viola-Seaborg and
Royer formulae. Similarly, the maximum half-life is
noted to be using the MUDL formula for the IOPB-I
parameter. So, this may be an indication that *°Th
and ?**Th-isotopes show magicity property.

The B-decay half-life

The B-decay half-life is given empirically by
Fiset and Nix [45] to study the stability of the
nucleus in Egs. (16,17).

me (16)

Pd.s (Wg_mg)

Tg = 540 + 10°

Wg = Qﬂ + m, (17)
where wjg is the maximum energy of the emitted
B-particle including its rest mass.

The Qg can be calculated by the following
formula [46] in Eq. (18).

Qp = BE(Z+1,A) — BE(Z,A) (18)

The average density of states of daughter
nuclei pgs =(€™?* *no. of states within 1 MeV of
ground state). The P-decay half-lives (Tg) of all
the above nuclei are estimated by using the
empirical formula given by Fiset and Nix [45] using
RMF (NL3) and RMF (IOPB-I) densities. The Tg
values are in seconds and hours. Here the Qg energy
and their corresponding [-decay half-lives for
N=126-148 of Th-isotopes are calculated for NL3,
and 10OPB-I parameters as well for the experimental
data. We found both negative and positive values of
Q. It is well known that whenever -decay energies
are greater than zero, then only the p-decay is
possible to occur. The negative Qg value is an
indication that B-decay is forbidden, and positive
Qg-values symptomize towards instability region.

The Qg is found to be negative for ****Th in
case of RMF (NL3) and RMF (IOPB-I) parameter
sets and also in case of experimental data where the
pB-decay is forbidden for the same. The Qg is positive
for the rest two isotopes for both the parameters and
data and corresponding Ty values are in tens of
seconds. These results are insufficient to analyze the
B-stability/instability and further study of above
nuclei is needed.
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SUMMARY AND CONCLUSIONS

In the present work, we have studied some of
the ground state properties for 2°**Th nuclei. Our
results using RMF formalism with NL3, FSUGarnet,
and IOPB-I force parameters show an overall
agreement with the experimental data. The rms radii
for 20226232 at various temperatures are calculated
by using NL3 and the other two newly developed
FSUGarnet and IOPB-I force parameters. We did
not find any substantial difference in the nuclear
bulk properties for all the above three sets and also
with the experimental data. The positive values of
neutron skin thickness indicate extended neutron
distribution in comparison to that of proton.

The intrinsic property excitation energy E
which has a lot of importance in the study of fission
process is studied for #°%%%Th as the
representative cases. The E~ suddenly get blow up
after nearly 1 MeV temperature signifying the shell
melting point, where the shape transition of nuclei
take place. Analyzing specific heat variation at
different temperature, it is concluded **Th nucleus
maintains its spherical shape with all applied
temperatures.

Further, the forces are applied to calculate
a-decay half-lives T, using calculated Q,-values
from RMF (NL3 and IOPB-I) parameter sets, gives
satisfactory results. We found that the lowest half-
life at **Th using Viola-Seaborg and Royer
formulae for IOPB-I parameter. In addition to this,
the maximum half-life is noticed at *°Th using
MUDL formula for IOPB-1 parameter symbolizes
shell closure of its daughter nuclei. The most
prominent instability [p-decay mode has been
analyzed and found that the p-decay is possible for
few of nuclei considered here. On studying the
decay properties in the isotopic chain for the above
series of nuclei we could not find any drastic
change, but in brief, more precise study on the finite
lifetime of these nuclei may be useful as nuclear fuel
for energy production in nuclear reactors.
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