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We study nuclear structure properties for various isotopes of Ytterbium (Yb),
Hafnium(Hf), Tungsten(W), Osmium(Os), Platinum(Pt) and Mercury(Hg) in Z = 70—
80 drip-line region starting from N = 80 to N = 170 within the formalism of relativistic
mean field (RMF) theory. The pairing correlation is taken care by using BCS approach.
We compared our results with finite range droplet model(FRDM) and experimental
data and found that the calculated results are in good agreement. Neutron shell closure
is obtained at N = 82 and 126 in this region. We have also studied probable decay
mechanisms of these elements.
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1. Introduction

Recent developments of radioactive ion beam (RIB) facilities have encouraged var-
ious experimental as well as theoretical developments for nuclei far from the 3 sta-
bility line. Physics of nuclear structure and decay mechanism in neutron rich nuclei
is a very popular field of study in present days.!? Recently, the study of deformed
nuclear shapes is also a very interesting topic and a number of excellent review arti-
36

cles exis in this context. In literature, after the early calculations, which have

predicted the existence of the superdeformed shape (see Ref. 2 for the review),
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its first experimental discovery took place in 1985.7 Till then, numerous groups
developed sophisticated techniques to perform calculations allowing the description
of rotational bands for very elongated shapes. The phenomenon of superdeformation
constitutes a spectacular manifestation of the mean-field properties of nuclei.

The change of shape of nuclei and other properties of nuclear structure with
neutron number has attracted much theoretical and experimental attention for
many years.® 12 The conditions needed for the observation of shapes coexisting in
such nuclei have been a matter of challenge and theoretically calculated by Patra
and Panda'3 in 1993. The change of shapes of Pt isotopes was studied by Sharma
and Ring.'* The shapes of nuclei such as Os and Pt has also been studied by
using the Hartree-Fock-Bogoliubov (HFB) formalism within the nonrelativistic
framework.® Recently, Kumar et al.'® studied the shape co-existence in Zr isotopes.

The nuclei with Z = 70—80 consist of both Rare Earth Metals (Yb) as well
as the Transition metals(Hf, W, Os, Pt, Hg). They manifest a lot of interesting
phenomena like shape co-existence, change of shape in an isotopic chain etc.'6:17
In this region of the atomic number, variety of shapes such as prolate, oblate and
spherical configuration of nuclei appear in ground state.'®

Many theoretical as well as experimental papers have focused their interest
on the shape transition,'® shape isomerism and the observation of superdeformed
bands?® in neutron-deficient Hg isotopes.

The aim of this paper is to explore the neutron rich side of the concerned mass
region with RMF formalism. Mainly, the structure information like deformation,
two-neutron separation energy, single particle energy levels etc. has been extracted
using NL3 force parameter.

Further, o decay has been remained a very powerful tool to study the nuclear
structure since its discovery by Becquerel in 1896. We also find other exotic decay
modes like § decay, spontaneous fission, cluster-decay, etc. Therefore, it will be
interesting to see the preferred decay modes of these neutron-rich even—even nuclei.

The paper is organized as follows. In Sec. 2, we have given a brief outline about
the relativistic mean field (RMF) formalism. The effects of pairing for open shell
nuclei, included in our calculations, are also discussed in this section. Our results are
discussed in Sec. 3. The reaction QQ values for o and (3 decay and their corresponding
half-lives are given in Sec. 4. A concluding remark is given in Sec. 5.

2. Theoretical Framework for Relativistic Mean Field Model

The RMF model?* 28 is a well applied technique in recent years and has been applied
to finite nuclei and infinite nuclear matter. In the present work, we have taken the
RMF Lagrangian?! with NL3 parameter set?® in our study. This force parame-
ter set is successful in both [-stable and drip-line nuclei. The Lagrangian con-
tained the term of interaction between meson and nucleon and also self-interaction
of isoscalar-scalar sigma meson. The other mesons are isoscalar-vector omega
and isovector-vector rho mesons. The photon field A, is included to take care
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of Coulombic interaction of protons. The pairing correlation is taken care by
using Bardeen—Cooper—Schrieffer (BCS) approach.?! We start with the relativistic
Lagrangian density for a nucleon—meson many-body system,

— 1 1
L =i {ivto, — M, + 58”0(%0 — §m§02

1

1 _ 1
- 59203 - 19304 — gshihio — ZQ” Quu

1 1 —
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1 . — 1— 73
e, - Uy, (1)

Here, sigma meson field is denoted by o, omega meson field by V,, and rho meson
field is denoted by p,. In the equations, A* denotes the electromagnetic field, which
couples to the protons. v are the Dirac spinors for the nucleons, whose third com-
ponents of isospin is 73 and g¢s, g2, 93, 9w,C3, g, are the coupling constants. A
definite set of coupled equations is obtained from the above Lagrangian and solved
self-consistently in an axially deformed harmonic oscillator basis. The total energy
of the system is given by the expression,

Etotal = Epart + EU + Ew + Ep + Ec + Epair + Ec,m.a (2)

where Fp,,t is the sum of the single-particle energies of the nucleons and Fy, E,, I,
E., EpLair are the contributions of the meson field, the coulomb field and the pairing
energy, respectively. The center-of-mass (c.m.) motion energy correction is esti-
mated by the harmonic oscillator formula E. . = 2(41471/3) MeV, where A is the
mass number of the nucleus. The total quadrupole deformation parameter S5 and
hexadecoupole parameter (34 of the nucleus can be obtained from the quadrupole
moment () and hexadecoupole moment H, respectively using the relations

5 @ dr H
Pe g areg 0 =g ®)
where R is the nuclear radius. The root mean square (rms) matter radius is given as
1
(r2) = v /p(rl7z).r2d7. (4)

Here, p(ry,z) is the deformed density. The total binding energy (BE) and other
observables are also obtained by using the standard relations, given in Ref. 21
and 22.

2.1. Pairing correlations in RMF formalism

Pairing correlation plays a very crucial role in open shell nuclei. In our calcula-
tion, we are using the BCS pairing for determining the bulk properties like BE,
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quadrupole deformation parameter and nuclear radii. The pairing energy can be
given as:

Epair = -G [Z ui’Ui‘| ) (5)

i>0
where G is pairing force constant and v?, u? = 1 — v? are the occupation probabili-

ties, respectively.?1:39:31 The simple form of BCS equation can be derived from the
variational method with respect to the occupation number v? and is given by:

2¢;uv; — AN(uf —v?) =0, (6)
using A = G )7, uiv;.
The occupation number is defined as:
1 i— A
ni=vl=-|1- < (7)

2 V(e —A)2 + A2 .

In this calculation, we are dealing with the constant gap formalism for proton
and neutron in a region far from beta stability line. These constant gap equation
for proton and neutron is taken from Refs. 32 and 33 which is given as:

Ay = RByes !t 7113 8)
and
A, = RBye 171" JA1/3 9)

with R =5.72,5=0.118,t =8.12, By=1and I = (N—Z2)/(N+Z). In our present
calculation, we have taken the constant pairing gap for all states |a >=|nljm >
near the Fermi surface for the shake of simplicity. Similar approach was used in the
references.34 36

As we know, if we go near the neutron drip-line, then coupling to the continuum
becomes important.3” 40 In this case, the Relativistic Hartree-Bogoliubov (RHB)
approach*"4? has been proved to be a more accurate formalism for this region.
However, in case of RMF-BCS formalism also, the pairing constants along with NL3
parameters are adjusted so that it can reproduce the bulk properties of a nucleus
near the drip-line region. For example, in Fig. 1, the total BE/nucleon(A) for Hg
isotopes from our calculation is compared with available NL3-RHB data®?® along
with existing finite range droplet model (FRDM)** and experimental results.*
The other components of our present calculation like the selection of basis space
are described in the next section. It is evident from the figure that the BE from our
calculation is in a nice agreement with FRDM and experimental results in neutron
rich region. Further, our present result agrees acceptably well with the available
RHB data. By using BCS pairing correlation model, it has been shown earlier by
different groups?¢°° that the results from RMF BCS (RMF-BCS) approach are
almost similar with the RHB formalism. However, due to lack of NL3-RHB data
in neutron rich region for the concerned isotopes, we are unable to compare their
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Fig. 1. The BE per particle (BE/A) obtained from RMF(NL3-BCS) (circle) compared with RHB
(triangle)*3 FRDM (square)?* and experimental (diamond)4® data for Hg isotopes.

individual merits, but the above figure and references suggest that the present
formalism can be extended in neutron rich region.

2.2. Selection of basis space

In order to choose the proper basis, we calculate the physical observables like BE,
rms radii and quadrupole deformation parameter (32). To select optimal values for
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Fig. 2. The variation of calculated BE, charge radii (r.) with increasing number of Bosonic and
Fermionic basis.
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Np and Np, we select 22°Yb and 2*°Hg as test case and increase the basis quanta
from 8 to 20 step by step in Fig. 2. We find that these physical observables vary
with changing the bosonic and fermionic oscillator quanta Np = Np = 8 to 12
but become almost constant after Np = Np = 14. But our calculation is extended
far beyond the stability line which demands a comparatively large basis space for
calculation. Therefore, for greater accuracy, we have chosen Np = Np = 20 for all
the calculations. Similar types of calculations are found in Refs. 15, 21 and 51-53.

3. Calculations and Results

RMF model have given very good result in -stable nuclei of the nuclear landscape.
In this work, we are analyzing the exotic neutron drip-line nuclei by using RMF
model with well-known NL32° parameter set. In 1999, Lalazissis et al. 8
ground state properties of 1315 even—even nuclei with Z between 10 and 98 and cal-
culated total BE, radius and deformations using similar formalism mostly near the
stability region. In this paper, we have extended the RMF-BCS formalism near
the neutron drip-line for even—even nuclei in Z = 70—80 region. In Tables 1-6, the
ground state BE, neutron, proton, charge and rms. radius, quadrupole and hex-
adecoupole parameter of the above isotopes are compared with FRDM#4%* and
experimental data.*?°%°6 In the upcoming subsections, our results are described in
detail.

analyzed

3.1. Quadrupole deformation

The Quadrupole deformation parameter [Gs for the ground state for even—even
nuclei in Z = 70—80 region is determined within the RMF-BCS formalism near the
neutron drip-line as an extension of existing data.'® The parameter /3, is directly
connected to the shape of the nucleus. The ground state quadrupole deformation
parameter [ is plotted in Fig. 3. We have compared our RMF results with FRDM?%*
results.

In case of Yb isotopes in Fig. 3, RMF [, data coincides with FRDM?®* values
for almost all the mass numbers. In lower mass regions, Yb isotopes are nearly
spherical(A = 150). It changes to oblate at A = 155. The prolate stage exists from
A = 160-190. At A = 190200, it changes from spherical to oblate. At A = 200-
230 again, it changes to prolate state. In lower and higher mass region, maximum
isotopes are prolate in shape. In the middle region, these changes to oblate shape.
Therefore one can say that, in Yb isotopes, at A = 155 and 190, there is a shape
transition from oblate to highly prolate. FRDM also shows the same trend in shapes.
The same trend is found in other isotopes except mercury (Hg). Mercury shows pro-
late shape at A = 170-190 whereas FRDM shows oblate shape in the same region.

3.2. Two-neutron separation energy

The two-neutron separation energy Sa,(N,Z) = BE(N,Z) — BE(N - 2,7) is
shown in Fig. 4 for Yb, Hf, W, Os, Pt and Hg isotopes. The Ss,, values calculated
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Table 1. The RMF (NL3) results for BE (MeV), Neutron, Proton, Charge, rms radii(fm),
quadrupole deformation parameter (32 and hexadecoupole parameter (34 for Yb isotopes com-
pared with the FRDM data?%:54 and available experimental results.45:55,56

RMF (NL3) FRDM Expt.
Nucleus BE(R) 7rn 7p Teh Trms B2 Ba  BE(F) o Bs  BEEx) ra, B2

150yp  1198.1 5.05 5.06 5.12 5.06 —0.15 —0.01 1194.6 —0.16 0.00 1194.6

152yh 12209 5.06 5.04 5.11 5.05 —0.00 0.00 1218.6 —0.00 0.00 1202.4 5.04
154y 12404 5.11 5.06 5.12 5.09 —0.08 0.01 1238.4 —0.01 0.00 1206.0 5.09
156yh  1260.3 5.16 5.09 5.15 5.13 0.15 0.05 1257.4 0.13 0.03 1257.6 5.12
158yhp  1279.1 5.20 5.11 5.18 5.16 0.19 0.06 1276.3 0.16 0.03 1276.5 5.15 0.19
160yp  1297.0 5.25 5.14 52 520 0.22 0.06 1294.8 0.21 0.02 1294.8 5.18 0.23
162yhp  1314.3 5.29 5.16 5.22 523 0.25 0.08 1312.7 0.23 0.02 1312.6 5.21 0.26
164yp 13314 5.34 5.18 5.25 527 0.28 0.11 1330.2 0.26 0.01 1330.0 5.23 0.29
166y 1347.8 5.38 5.21 5.27 5.31 0.31 0.11 1347.0 0.27 0.00 1346.7 5.25 0.32
168yh  1363.6 5.42 5.23 5.29 534 0.33 0.10 1363.2 0.28 0.01 1362.8 5.27 0.32
170yh  1378.6 5.45 5.25 5.31 5.37 0.34 0.07 13787 0.30 —0.03 1378.1 5.29 0.33
172yb  1393.0 5.48 5.26 5.32 540 0.34 0.04 1393.3 0.30 —0.04 1392.8 5.30 0.33
74yh  1406.7 5.51 5.27 5.32 5.42 0.33 0.02 1407.0 0.29 0.02 1406.6 5.31 0.32
176yh  1419.7 5.54 5.29 5.35 5.44 0.32 —0.00 1420.1 0.28 —0.07 1419.3 5.32 0.31
178yh  1431.6 5.57 5.30 5.36 5.46 0.31 —0.03 14324 0.28 —0.09 1431.6

180yh  1443.0 5.60 5.31 5.37 5.49 0.3 —0.06 1443.7 0.28 —0.10 1442.5

182y 1453.7 5.63 5.32 5.38 5.52  0.29 —0.07 1454.3 0.27 —0.11

184yh  1462.0 5.66 5.33 5.39 5.54 0.27 —0.08 1464.3 0.26 —0.13

186y 1470.5 5.66 5.32 5.38 5.54 0.21 —0.06 1473.6 0.22 —0.12

188yh  1479.4 5.69 5.32 5.38 5.55 —0.20 —0.02 1482.2 0.16 —0.08

190yh  1488.0 5.71 5.33 5.39 5.57 —0.18 —0.01 1490.8 —0.19 —0.03

192yp  1496.2 5.73 5.33 5.39 5.59 —0.14 —0.02 1499.2 —0.13 —0.03

194yh  1505.0 5.75 5.33 5.39 5.60 —0.10 —0.03 1507.8 —0.08 —0.04

196yhp  1513.0 5.77 5.33 5.39 5.62 0.01 0.00 1516.0 0.01 0.00

198yh  1516.7 5.82 5.35 5.41 5.66 0.07 0.02 1520.2 0.02 0.00

200yp  1522.0 5.86 5.38 5.44 5.70 0.13 0.08 1523.4 0.06 0.04

202yhp 15274 591 5.41 547 574 0.17 0.10 1527.3 0.11 0.06

204yp  1532.1 595 5.43 549 578 0.19 0.09 1531.2 0.14 0.07

206yh  1536.5 5.99 5.46 5.51 5.81 0.21 0.08 1535.3 0.16 0.08

208yp 15404 6.03 5.48 5.53 5.85 0.23 0.08 1539.2 0.18 0.09

210yp 15449 6.08 5.54 5.60 5.91 0.30 0.20 1542.9 0.21 —0.08

212y 1549.6 6.12 5.56 5.62 5.95 0.32 0.20 1546.2 0.22 0.07

2l4yp  1554.1 6.16 5.59 5.65 5.98 0.34 0.21 1549.3 0.22 0.06

216y 1556.8 6.20 5.6 5.66 6.01 0.34 0.19 1552.4 0.24 0.05

218yp  1557.9 6.26 5.65 5.71 6.07 0.40 0.10 1554.8 0.24 0.03

220yp  1560.8 6.29 5.67 5.72 6.10 0.40 0.08 1556.8 0.25 —0.01

222yp 1564.2 6.29 5.65 5.70 6.09 0.34 0.09 1558.5 0.26 —0.02

224y 1565.9 6.39 5.71 5.76 6.18 0.43 0.12 1559.3 0.26 —0.04

226yp  1568.2 6.39 5.69 5.75 6.18 0.39 0.15 1559.9 0.26 —0.06

228y 1569.3 6.43 5.72 5.77 6.22 0.41 0.12 1560.3 0.26 —0.07

230yp  1570.2 6.46 5.73 5.79 6.25 0.41 0.11 1560.7 0.26 —0.09

232y 1573.9 6.43 5.66 5.71 6.21 —0.24 —0.02 1560.7 0.25 —0.11

234Yp 15749 6.46 5.67 5.73 6.24 —0.24 —0.03 1559.5 0.23 —0.11

236y 1575.1 6.49 5.68 5.74 6.26 —0.22 —0.04

238Yyp  1575.5 6.51 5.69 5.74 6.28 —0.21 —0.06

240y 1576.2 6.54 5.70 5.75 6.30 —0.19 —0.07
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Table 2. Same as Table 1 for Hf isotopes.

RMF (NL3) FRDM Expt.
Nucleus BE(R) 7rn 7rp Tew 7Trms P2 Ba BE(F) B2 1 BE(Ex) 7 [

152Hf  1198.8 5.06 5.09 5.15 5.07 —0.13 —0.02 1194.4 —0.15 —0.05

54Hf  1223.1 5.07 5.08 5.14 5.07 —0.00 0.00 1219.9 0.01 0.00 1219.4
156Hf  1243.7 5.11 5.09 5.15 5.10 0.07 0.01 1240.8 0.04 —0.01 1240.65
58Hf  1264.5 5.16 5.12 5.18 5.14 0.14 0.03 1260.8 0.11 0.02 1261.0
160Hf  1284.3 5.20 5.14 5.20 5.18 0.17 0.03 1280.8 0.15 0.02 1281.0

162Hf  1303.3 5.25 5.16 5.22 521 0.20 0.03 1300.2 0.18 0.01 1300.4 0.16
164Hf  1321.5 5.29 5.18 5.25 524 0.23 0.04 1319.0 0.21 0.01 1319.2 0.20
166Hf  1339.4 5.33 5.21 5.27 528 0.27 0.08 1337.3 0.23 0.00 1337.4 0.25
168Hf  1357.1 5.38 5.24 5.30 5.32 0.31 0.11 1355.2 0.25 —0.00 1355.0 0.28

70Hf  1374.0 5.42 5.26 5.32 535 0.32 0.10 1372.4 0.27 —0.01 1372.0 5.29 0.30
72Hf  1390.1 5.46 528 5.34 5.38 0.33 0.08 1388.8 0.28 —0.02 1388.3 5.31 0.28
174Hf  1405.6 5.48 5.29 5.35 5.40 0.32 0.04 1404.6 0.29 —0.04 1403.9 5.32 0.29
176Hf  1420.5 5.51 5.29 5.35 5.42 0.31 0.01 1419.5 0.28 —0.06 1418.8 5.33 0.30
78Hf  1434.6 5.53 5.30 5.36 5.44 0.30 —0.01 1433.8 0.28 —0.08 1432.8 5.34 0.28
180Hf  1447.7 5.56 5.31 5.37 5.47 0.29 —0.04 1447.3 0.28 —0.10 1446.3 5.35 0.27
182Hf  1460.0 5.59 5.33 5.39 549 0.28 —0.06 1459.8 0.27 —0.11 1458.7 5.35
184Hf  1471.6 5.62 5.34 5.40 5.51 0.27 —0.07 1471.6 0.26 —0.13 1470.29

186Hf  1481.8 5.64 5.34 54 553 0.24 —0.07 1482.9 0.25 —0.13 1481.3

I88Hf  1492.0 5.66 5.35 5.40 5.54 0.21 —0.07 1493.4 0.21 —0.11 1492.0

190Hf  1501.8 5.68 5.35 5.41 556 0.18 —0.07 1503.2 0.16 —0.08

192Hf  1510.5 5.71 5.35 5.41 558 0.16 —0.06 1512.7 —0.18 —0.03

94Hf  1519.0 5.72 5.35 5.41 5.59 —0.13 —0.03 1522.3 —0.12 —0.03

96Hf 15289 5.74 5.36 5.42 5.60 —0.09 —0.04 1531.7 —0.08 —0.04

198Hf  1537.8 5.77 5.36 5.41 5.62 0.00 0.00 1540.7 0.01 0.00

200Hf  1542.1 5.81 5.38 5.43 5.66 0.06 0.01 1546.0 0.02 0.00

202Hf 15475 5.86 5.41 5.47 5.70 0.12 0.05 1550.1 0.05 0.02

204Hf 15534 5.90 5.43 549 5.74 0.16 0.08 1554.5 0.10 0.05

206Hf  1558.7 5.94 5.46 5.51 5.77 0.18 0.07 1559.2 0.13 0.06

208Hf  1564.0 5.98 5.48 5.54 5.81 0.20 0.06 1563.7 0.16 0.08

210Hf  1568.7 6.02 5.50 5.56 5.85 0.22 0.05 1568.4 0.17 0.08

212Hf  1573.6 6.07 5.56 5.62 5.90 0.29 0.18 1572.8 0.20 0.07

2141t 1579.0 6.11 5.58 5.64 5.94 0.31 0.18 1577.0 0.22 0.07

216f  1584.1 6.15 5.61 5.66 5.97 0.33 0.18 1580.8 0.22 0.05

218Hf  1587.7 6.18 5.62 5.68 6.02 0.33 0.16 1584.4 023 0.04

220Hf  1591.2 6.21 5.64 5.69 6.03 0.33 0.13 1587.6 0.23 0.02

2221t 1594.7 6.24 5.66 5.71 6.06 0.33 0.10 1590.7 0.24 —0.00

224Hf  1597.8 6.27 5.67 5.72 6.09 0.33 0.07 1593.2 0.25 —0.02

226Hf  1600.8 6.30 5.67 5.73 6.11 0.32 0.03 1594.8 0.24 —0.03

2281f  1603.3 6.32 5.68 5.73 6.13 0.31 —0.00 1596 0.23 —0.05

230Hf  1604.1 6.40 5.72 5.78 6.20 0.22 0.10 1597.5 0.24 —0.08

232Hf  1607.8 6.37 5.7 5.76 6.17 0.29 —0.05 1598.8 0.24 —0.09

234Hf  1609.6 6.40 5.71 5.77 6.20 0.28 —0.06 1599.8 0.24 —0.11

236Hf  1611.4 6.44 5.72 5.77 6.23 0.26 —0.08 1599.4 0.22 —0.11

238Hf  1613.2 6.47 5.73 5.78 6.25 0.25 —0.09 1598.9 0.22 —0.12

240Hf  1614.5 6.49 5.74 5.80 6.27 0.25 —0.11 1596.4 0.17 —0.09

242Hf  1614.7 6.51 5.75 5.80 6.30 0.23 —0.10
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Table 3. Same as Table 1 for W isotopes.

RMF (NL3) FRDM Expt.
Nucleus BE(R) rn 7rp 7en 7rms (2 a2 BE(F) B2 B2 BE(Ex) 7oy f2

154wy 1198.0 5.06 5.12 5.18 5.09 —0.11 —0.02 1192.8 —0.12 —0.04

156w 1224.1 5.08 5.11 5.17 5.09 —0.01 0.0 1219.4 0.01 0.00

158W  1245.6 5.12 5.12 5.19 5.12 —0.04 0.00 1241.7 0.02 0.00 1241.1
160w 1267.1 5.16 5.15 5.21 5.16 0.11 0.01 1262.6  0.09 0.00 1262.9
162w 1287.9 5.20 5.17 523 5.19 0.15 0.01 1283.5 0.13 0.02 1283.7
64w 1307.7 5.25 5.19 5.25 5.22 0.17 0.01 1303.9 0.16 0.01 1304.0
166w 1326.6 5.29 5.21 5.27 5.25 0.20 0.02 1323.7 0.18 —0.00 1323.8

168y 13454 5.35 5.25 5.31 531 0.28 0.02 13429 021 0.00 1343.0 0.23
170w 1364.5 5.39 5.28 5.34 5.34 0.32 0.12 1361.6 0.23 —0.01 1361.5 0.24
172 1382.6 5.43 5.30 5.36 5.37 0.33 0.11 1379.7  0.25 —0.00 1379.5 0.28
7AW 1399.7 5.46 5.31 5.37 5.40 0.33 0.09 1397.1  0.27 —0.01 1396.7 0.25

76W  1416.1 5.49 5.32 5.38 542 0.33 0.06 1413.8  0.27 —0.03 1413.3

178 W 1431.9 5.51 5.33 5.39 5.44 0.31 0.02 1429.9  0.27 —0.05 1429.2

180W  1447.0 5.54 5.33 5.39 5.45 0.29 —0.01 14454  0.26 —0.07 1444.6 5.35 0.25
182w 1461.2 5.56 5.34 5.40 5.47 0.28 —0.04 1459.9 0.26 —0.08 1459.3 5.36 0.25
184y 14747 559 5.35 5.41 549 0.26 —0.06 1473.6  0.24 —0.10 1472.9 5.37 0.24
186\ 1487.4 5.62 5.36 5.42 5.52 0.25 —0.08 1486.7 0.23 —0.11 1485.9 5.37 0.23
188W  1499.3 5.64 5.36 5.42 553 0.22 —0.08 1499.1  0.21 —0.11 1498.2

190wy 1510.9 5.65 5.37 5.43 554 0.20 —0.08 1510.8  0.17 —0.10 1509.9

192y 1521.8 5.68 5.37 5.43 5.56 0.17 —0.08 1522.28 0.16 —0.08 1521.41

194wy 1531.4 5.70 5.38 5.43 5.58 0.15 —0.07 1532.5 —0.17 —0.03

196W  1540.8 5.72 5.38 5.43 559 0.11 —0.05 1543.3 —0.11 —0.03

198y 1551.4 5.74 5.38 5.44 5.61 —0.08 —0.04 1553.8 —0.07 —0.04

200y 1561.6 5.76 5.38 5.44 5.62 0.00 0.00 1563.7  0.01 0.00

202w 1566.2 5.80 5.40 5.46 5.66 0.03 0.00 1570.0  0.01 0.00

204y 1571.8 5.84 5.43 548 570 0.10 0.03 1575.1  0.04 0.01

206w 1577.9 5.89 5.45 551 573 0.14 0.06 1580.0 0.08 0.04

208\ 1583.7 5.93 5.47 5.53 5.77 0.16 0.06 1585.2 0.11 0.05

210w 1589.4 5.97 5.49 5.55 5.80 0.18 0.05 1590.4  0.14 0.06

212 1594.3 6.02 5.55 5.61 5.86 0.26 0.14 1595.7 0.16 0.07

21w 1600.9 6.06 5.58 5.64 5.90 0.29 0.16 1600.8  0.18 0.07

216 1606.9 6.10 5.60 5.66 5.94 0.31 0.16 1605.7 0.21 0.07

218w 1612.7 6.14 5.62 5.68 597 0.32 0.16 1610.3  0.22 0.04

220 1617.3 6.17 5.64 5.70 6.00 0.32 0.14 1614.6 0.22 0.03

222w 1621.9 6.20 5.66 5.71 6.02 0.32 0.11 1618.6  0.23 0.00

224 1626.2 6.23 5.68 5.73 6.05 0.33 0.09 1622.2  0.23 —0.01

226\ 1629.9 6.26 5.69 5.75 6.08 0.33 0.07 1625.4  0.23 —0.03

228y  1633.5 6.30 5.70 5.76 6.11 0.33 0.04 1627.8  0.22 —0.04

230w 1636.3 6.32 5.72 5.77 6.14 0.33 0.02 1630.1  0.22 —0.06

232W 1638.8 6.35 5.73 5.79 6.16 0.32 —0.00 1632.4  0.22 —0.07

234\ 1641.3 6.37 5.74 5.80 6.18 0.30 —0.03 1634.5  0.22 —0.08

236 W 1643.3 6.40 5.75 5.80 6.20 0.28 —0.05 1636.3  0.22 —0.10

238 W 1645.5 6.42 5.75 5.80 6.22 0.26 —0.08 1636.9  0.21 —0.11

240w 1648.1 6.45 5.76 5.81 6.24 0.25 —0.10 1636.9  0.19 —0.10

242w 1650.5 6.47 5.77 5.83 6.27 0.24 —0.12 1635.9  0.16 —0.09

244y 1651.1 6.50 5.77 5.83 6.29 0.22 —0.11 1636.2  0.16 —0.10
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Table 4. Same as Table 1 for Os isotopes.

RMF (NL3) FRDM Expt.
Nucleus BE(R) 7rn 7rp Tew 7Trms P2 Ba BE(F) B2 1 BE(Ex) 7 [

1560s  1195.9 5.06 5.15 5.21 5.10 —0.08 —0.02

1580s  1223.8 5.08 5.14 5.21 5.11 —0.00 0.00

1600s  1246.4 5.12 5.16 5.22 5.14 —0.00 0.00 1241.0 0.01

1620g  1287.9 5.20 5.17 5.23 5.19 0.15 0.00 1262.8 0.05 —0.01 1262.6

16405 1307.7 5.25 5.19 5.25 5.22 0.17 0.00 1284.5 0.11 —0.00 1284.7

1660s  1310.3 5.24 521 5.27 5.23 0.13 —0.00 1305.8 0.13 —0.00 1305.8

1680s  1330.0 5.28 5.23 5.29 5.26 0.16 0.00 1326.6 0.16 —0.01 1326.5

1700s  1349.3 5.35 528 5.34 5.32 0.27 0.10 1346.7 0.17 —0.01 1346.6

1720s 13825 5.43 5.30 5.36 5.37 0.33 0.11 1366.3 0.19 —0.01 1366.05 0.23
1740s  1388.5 5.43 5.33 5.39 5.39 0.32 0.10 1385.3 0.23 —0.01 1384.9 0.27
1760s  1416.9 5.49 5.32 5.38 542 0.33 0.08 1403.6 0.25 —0.01 1403.2

1780s  1424.3 5,50 5.36 5.42 544 0.33 0.06 1421.3 0.25 —0.03 1420.8

1800s  1441.4 5.52 5.37 5.43 5.46 0.32 0.03 1438.5 0.24 —0.05 1437.7 0.23
18205 1461.2 5.56 5.34 5.40 547 0.28 0.00 1454.9 0.24 —0.06 1454.1 0.23
1840g  1472.3 5.57 5.38 5.44 549 0.29 —0.03 1470.7 0.23 —0.07 1469.9 5.38 0.21
1860s  1487.4 5.62 5.36 5.42 552 0.25 —0.05 1485.4 0.22 —0.08 1484.8 5.39 0.20
1880s  1500.0 5.62 5.39 5.45 5.53 0.24 —0.07 1499.3 0.19 —0.09 1499.1 5.40 0.19
1900s  1512.9 5.63 5.38 5.44 553 0.20 —0.07 1512.8 0.16 —0.08 1512.8 5.41 0.18
19205 1526.1 5.65 5.38 5.44 554 0.18 —0.07 1526.3 0.16 —0.08 1526.1 5.41 0.17
19405 1531.4 5.70 5.37 5.43 5.58 0.15 —0.07 1539.0 0.15 —0.08 1538.8

19605  1549.6 5.69 5.39 5.45 557 0.12 —0.06 1550.5 —0.16 —0.03 1550.8

1980s  1551.4 5.74 5.38 5.44 5.61 —0.10 —0.04 1562.6 —0.10 —0.03

20005 1572.6 5.73 5.40 5.46 5.61 —0.06 —0.03 1574.1 —0.06 —0.04

20205 1584.1 5.76 5.40 5.46 5.63 0.00 —0.00 1584.9 0.01 0.00

20405 1589.6 5.80 5.42 5.48 5.66 0.00 —0.00 1592.0 0.01 0.00

2060s  1594.8 5.83 5.44 5.50 5.69 0.07 0.01 1598.0 0.03 0.01

2080s  1583.7 5.93 5.47 5.53 5.77 0.16 0.04 1603.7 0.05 0.02

2100s  1607.4 591 5.49 5.55 5.76 0.14 0.05 1609.5 0.10 0.04

21205 16134 5.95 5.51 5.57 5.80 0.16 0.05 16154 0.12 0.05

2140s  1600.9 6.06 5.58 5.64 5.90 0.29 0.13 1621.1 0.15 0.05

21605 1625.6 6.05 5.60 5.65 5.89 0.27 0.15 1627.0 0.17 0.06

2180s  1632.2 6.09 5.63 5.68 5.93 0.30 0.15 16325 0.20 0.06

22005 1638.9 6.13 5.65 5.71 5.97 0.32 0.15 1637.9 0.21 0.05

22205 1644.6 6.16 5.67 5.73 6.00 0.33 0.13 1642.9 0.21 0.03

22405 1650.0 6.19 5.69 5.75 6.02 0.33 0.10 1647.7 0.22 0.02

2260s  1655.3 6.22 5.71 5.77 6.06 0.34 0.09 1652.0 0.22 0.00

22805 1659.7 6.26 5.72 5.78 6.09 0.34 0.02 1656.0 0.23 —0.02

2300s  1663.8 6.29 5.74 5.79 6.09 0.34 0.04 1659.2 0.22 —0.03

23205 1667.6 6.32 7.76 5.81 6.14 0.33 0.02 1662.2 0.21 —0.05

23405 1670.6 6.34 5.77 5.82 6.16 0.32 —0.00 1665.1 0.20 —0.06

2360s  1673.5 6.36 5.77 5.83 6.18 0.31 —0.02 1668.0 0.20 —0.07

2380s  1675.8 6.39 5.78 5.83 6.20 0.29 —0.05 1670.5 0.21 —0.09

24005 1678.4 6.42 5.78 5.84 6.22 0.27 —0.07 1671.7 0.18 —0.09

24205 1681.1 6.44 5.79 5.85 6.24 0.26 —0.09 1671.9 0.16 —0.08

24405 1683.8 6.47 5.80 5.86 6.27 0.25 —0.11 1672.6 0.16 —0.07

24605 1684.5 6.49 5.81 5.86 6.29 0.23 —0.10 1671.2 0.11 —0.03
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Table 5. Same as Table 1 for Pt isotopes.

RMF (NL3)

Expt.

Nucleus BE(R) rn 7p Tch Trms

BE(Ex)

Tch

B2

158 pg 1192.2 5.06 5.18 5.24 5.12
160pt 12221 5.09 5.18 5.24 5.13

162pg 1246.0 5.13 5.19 5.25 5.16 —0.00

164pt  1268.2 5.16 5.20 5.27 5.18
166 pg 1290.3 5.20 5.22 5.28 5.21
168pt  1310.0 5.24 5.24 5.30 5.24
170pg 1332.0 5.28 5.25 5.31 5.26
172pt  1351.3 5.35 5.30 5.36 5.33
174pg 1372.2 5.40 5.33 5.39 5.33
176pt  1392.3 5.44 5.36 5.41 5.40
178 pg 1411.7 5.47 5.37 5.43 5.43
180pt  1430.6 5.50 5.39 5.45 5.45
182pg 1448.8 5.53 5.40 5.46 5.48
184pt  1465.7 5.56 5.41 5.47 5.50
186 pg 1481.6 5.58 5.42 5.48 5.51
188pt  1496.2 5.61 5.42 5.48 5.53
190pg 1510.0 5.63 5.42 5.48 5.54
192pt  1524.3 5.62 5.40 5.46 5.53
194pt  1538.9 5.64 5.40 5.45 5.54
196pt  1552.8 5.66 5.40 5.46 5.55
198pt  1566.3 5.68 5.40 5.46 5.46

200py 1579.6 5.70 5.41 5.47 5.59 —0.08

202py 15925 5.72 5.42 5.47 5.61
204py 1605.3 5.75 5.42 5.48 5.63
206py 1611.6 5.79 5.44 5.5 5.66

208py 1617.1 5.83 5.46 5.52 5.69 —0.04

210py  1615.2 6.00 5.65 5.70 5.87
212py 16237 6.04 5.67 5.73 5.91
2l4py  1635.8 5.94 5.53 5.58 5.79
216py 1641.7 6.00 5.58 5.64 5.85
218py  1649.0 6.04 5.61 5.67 5.89
220py 1656.1 6.08 5.64 5.70 5.93
222pt 1663.3 6.12 5.67 5.73 5.97
224py 1669.8 6.15 5.69 5.75 6.00
226py 1676.1 6.18 5.71 5.77 6.02
228py 1682.2 6.21 5.73 5.78 6.05
230py  1687.0 6.25 5.74 5.80 6.08
232py 1691.7 6.28 5.76 5.81 6.11
24Pt 1696.3 6.31 5.78 5.83 6.14
236pt 1700.4 6.33 5.79 5.84 6.16
238pt  1704.3 6.35 5.80 5.86 6.18
240pt,  1707.3 6.38 5.81 5.87 6.20
242py 17102 6.41 5.82 5.88 6.23
244py, 1713.2 6.44 5.83 5.89 6.25
246py 1716.2 6.47 5.84 5.90 6.28

248 py, 1716.7 6.46 5.77 5.83 6.25 —0.15

FRDM
BE(F) 52
1283.8 —0.07
1305.6 —0.10
13272 0.11
1348.2 0.13
1368.7 0.15
1388.5 0.17
14079  0.25
1426.4 0.27
1444.4  0.26
1461.9 0.25
1478.5 0.24
1493.5 —0.16
1509.1 —-0.16
1524.2 —0.16
1539.0 —0.15
1553.2 —0.14
1566.8 —0.14
1580.0 —0.09
1592.5 —0.06
1604.1  0.01
1612.1  0.01
1618.9  0.03
1625.5 0.05
1631.9 0.08
1638.4 0.11
1644.9 0.13
1651.2 0.16
1657.4 0.19
1663.4 0.20
1669.2 0.21
1674.6  0.22
1679.7  0.22

1684.3  0.23 —0.00
1688.2  0.21 —0.02
1691.8 0.19 —0.03
1695.2  0.18 —0.04
1698.8  0.18 —0.05
1702.1  0.19 —-0.08
1704.1  0.17 —0.09
1705.3 0.16 —0.06
1705.7 0.10 —0.03
1706.8 0.09 —0.01

1283.7
1306.0
1327.4
1348.3
1368.7
1388.5
1407.7
1426.2
1444.1
1461.4
1478.1
1494.2
1509.9
1525.0
1539.6
1553.6
1567.0
1579.9

5.37
5.39
5.40
5.40
5.40
5.41
5.41
5.42
5.42
5.43
5.44

0.19

0.26

0.22
0.20
0.19
0.15
0.15
0.14
0.13
0.11
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Table 6. Same as Table 1 for Hg isotopes.

RMF (NL3) FRDM Expt.
Nucleus BE(R) 7rn 7rp Tew 7Trms P2 Ba BE(F) B2 1 BE(Ex) 7 [

160Hg  1187.3 5.07 5.22 5.28 5.15 —0.00 0.00

162Hg  1218.7 5.10 5.22 5.28 5.16 —0.00 0.00

164g  1243.9 5.13 5.22 5.29 5.18 —0.00 0.00

166Hg  1267.0 5.17 5.24 5.30 5.20 —0.00 0.00

168Hg  1289.7 5.21 5.25 5.31 5.23 —0.01 0.00

170Hg  1312.2 5.24 5.27 5.33 525 —0.00 0.00 1304.7 —0.08 —0.01

172Hg  1334.0 5.27 5.28 5.34 5.28 —0.00 0.00 1326.9 —0.10 —0.02 1326.8

174Hg  1354.6 5.31 5.29 5.35 5.3 0.00 0.00 1348.5 —0.11 —0.03 1348.5

176Hg  1373.3 5.40 5.36 5.42 5.38 027 0.11 1369.6 —0.11 —0.03 1369.7

178Hg  1394.3 5.44 5.38 5.44 541 0.30 0.10 1390.1 —0.11 —0.03 1390.4

180Hg  1414.7 5.47 540 5.46 544 0.31 0.08 1410.2 —0.12 —0.03 1410.5

182Hg  1434.5 5.51 5.41 5.47 547 0.31 0.06 1429.8 —0.12 —0.02 1430.0 5.38
184Hg  1453.7 5.54 5.43 5.48 549 0.31 0.03 1448.9 —0.13 —0.02 1448.9 5.39 0.16
186Hg  1471.6 5.56 5.44 5.49 551 0.31 0.01 1467.3 —0.13 —0.03 1467.2 5.40 0.13
188Hg 14884 5.59 5.44 5.50 5.53 0.30 —0.01 1485.1 —0.13 —0.03 1485.0 5.41
190Hg  1504.1 5.61 5.45 5.51 5.55 0.28 —0.03 1502.3 —0.13 —0.03 1502.3 5.42
192Hg  1520.1 5.59 5.40 5.46 5.51 —0.15 —0.02 1519 —0.13 —0.03 1519.1 5.42
194Hg  1536.3 5.61 5.41 5.46 5.53 —0.14 —0.03 1535.2 —0.13 —0.04 1535.4 5.43
196Hg  1552.1 5.63 5.41 5.47 5.55 —0.14 —0.03 1551.1 —0.12 —0.03 1551.2 5.44 0.12
198Hg  1567.4 5.66 5.42 5.48 556 —0.12 —0.02 1566.3 —0.12 —0.03 1566.5 5.45 0.11
200Hg  1582.1 5.68 5.42 5.48 5.58 —0.09 —0.02 1581.0 —0.11 —0.03 1581.2 5.46 0.10
202Hg  1596.4 5.70 5.43 5.49 5.59 —0.00 0.00 1595.1 —0.09 —0.04 1595.2 5.46 0.08
204Hg  1610.8 5.72 5.44 5.49 559 0.00 0.00 1608.6 —0.06 —0.04 1608.7 5.47 0.07
206Hg  1624.3 5.75 5.44 5.50 5.63 0.00 0.00 1621.3 —0.01 0.00 1621.0 5.48
208Hg  1631.6 5.79 5.46 5.52 5.67 0.00 0.00 1630.3 —0.01 0.01 1629.3

210Hg  1637.5 5.82 5.48 5.54 5.70 —0.00 0.00 1638.0 —0.03 —0.01 1637.6

212Hg  1644.0 5.86 5.51 5.56 5.73 —0.05 0.00 1645.4 —0.04 —0.01

214Hg  1650.4 5.89 5.53 5.59 5.76 —0.06 —0.00 1652.7 —0.05 —0.01

216Hg  1652.1 6.09 5.74 5.80 5.96 0.12 0.15 1659.5 —0.08 —0.01

218Hg  1663.2 5.98 5.59 5.65 5.84 0.19 0.12 1666.3 —0.09 —0.01

220Hg  1670.8 6.03 5.62 5.68 5.88 0.23 0.14 1673.3 0.16 0.08

222Hg  1678.6 6.07 5.66 5.71 5.92 0.27 0.14 1680.3 0.19 0.08

224Hg  1686.2 6.11 5.68 5.74 5.96 0.29 0.13 1687.0 0.20 0.06

226Hg  1693.2 6.14 5.70 5.76 5.99 0.30 0.11 1693.5 0.21 0.06

228Hg  1700.0 6.17 5.72 5.78 6.02 0.30 0.09 1699.6 0.22 0.04

230Hg  1706.4 6.20 5.74 5.79 6.04 0.31 0.07 1705.4 0.22 0.03

232Hg  1711.8 6.23 5.76 5.81 6.07 0.31 0.05 1710.7 0.23 0.01

234Hg  1717.3 6.27 5.78 5.84 6.11 0.32 0.02 1715.2 0.22 —0.01

236Hg  1722.8 6.30 5.80 5.86 6.14 0.32 —0.10 1719.5 0.20 —0.02

238Hg  1727.8 6.32 5.82 5.87 6.16 0.31 —0.03 1723.7 0.19 —0.04

240Hg 17324 6.35 5.83 5.88 6.18 0.30 —0.04 1728.0 0.19 —0.05

242Hg  1736.4 6.37 5.84 5.90 6.20 0.29 —0.06 1731.7 0.20 —0.07

24Hg 17399 6.40 5.85 5.91 6.23 0.28 —0.08 1732.5 —0.06 0.00

246Hg  1743.3 6.43 5.86 5.92 6.25 0.27 —0.09 1736.0 —0.07 0.00

248Hg 17445 6.42 5.79 5.85 6.23 —0.18 —0.04 1739.5 —0.09 —0.01

250Hg  1748.5 6.45 5.79 5.85 6.24 —0.16 —0.06 1742.4 —0.10 0.00

1650062-12



Int. J. Mod. Phys. E Downloaded from www.worldscientific.com
by PURDUE UNIVERSITY on 08/01/16. For personal use only.

Nuclear structure and decay properties of even—even nuclei

Hf

| | | | |
150 200 250 150 200 250 150 200 250
A

Fig. 3. The quadrupole moment deformation parameter (2 obtained from RMF(NL3)(circle)
compared with the FRDM (square)®* results for different isotopes of Yb, Hf, W, Os, Pt and Hg
in Z = 70—80 drip-line region.
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Fig. 4. Two-neutron separation energy So, (RMF)(circle) is compared with FRDM (square) and
experimental results (diamond) for different isotopes of Z = 70—80 region.
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from RMF, FRDM** and Experimental?® results are compared in Fig. 4. We can
predict the stability of these nuclei by Ss,, energy. If Sy, is large, it means nuclei
will be stable with two-neutron separation whereas the two-neutron drip-line for
an isotopic chain can be identified as the nucleus having zero or slightly positive
separation energy value. Therefore, it is evident from the figure that the two-neutron
drip-line for the Z = 70(Yb) isotope comes at N = 166, the same for Z = 72,74, 76
isotopes is approximately at N = 170. In case of Z = 80(Hg), the two-neutron
drip-line arrives at the neutron number N = 168. Furthermore, in all cases, the
So, values decrease gradually with increase in neutron number. There is a kink
appeared at neutron magic number N = 126 in every case. In order to visualize this
scenario with a bit clarity, in the next subsection, we defined differential variation
of two-neutron separation energy given in Fig. 5.

3.3. Differential variation of two-neutron separation energy

The differential variation of the two-neutron separation energy Ss,, with respect to
the neutron number(N), i.e., dS2,(Z, N) is defined as:

0S50 (2, N) = 52“(Z’N+2;‘52”(Z’N). (10)

The dS2,(Z, N) is an important factor to find the rate of change of separation
energy with respect to the neutron number in an isotopic chain. Here, we calculated
the dSs,(Z, N) for NL3 parameters and compared it with FRDM and experimental

(AL LI L O
1.5__| | | | | _“_I | | | | ____I I I I I -
00 + + .
1k + + -

N I e—ervF YD I Hf T W
L 30 =—aFRDM —+ 4+ .
S Tp e—eExer T T i
G e—— Fep
g 1sp + + .
00 + T .
1sf + + :
¥ os ¥ ¥ Hg ]
0 ¥ E E
:||||||I||||||||||||||I|||-:IIIIIIIIIIIIIIIIIIIIIIIIII::IIIIIIIIIIIIIIIIIIIIIIIIII:

80 100 120 140 160 80 100 120 140 160 80 100 120 140 160

N

Fig. 5. The differential variation of two-neutron separation energy dSa2, (RMF)(circle) is com-
pared with FRDM (square) and experimental results (diamond) for different isotopes of Z = 70—80
region.
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Fig. 6. The single particle energy levels for 162Hg and 206Hg isotopes from RMF model with
NL3 parameter set. The dashed-line indicate the fermi surface e;.

results extracted from Refs. 44 and 45, respectively. In general, the large, sharp,
deep fall in the dS5,(Z, N) is observed for Yb, Hf, W, Os, Pt and Hg isotopes
at N = 82 and 126 (Fig. 5). It shows the neutron shell closures at N = 82 and
N = 126.

3.4. Single Particle energy levels

In Fig. 6, we plotted single particle energies for neutron levels near the Fermi sur-
face for Hg isotopes (Z = 80) at neutron shell closures (N = 82 and 126). We
have used deformed configuration to calculate these levels. From Table 6, it is
evident that '2Hg and 2°Hg are nearly spherical and therefore the single parti-
cle levels are almost identical to that of the spherical configuration. For example,
in 192Hg, the level g7/2 actually consists of four overlapped energy states hav-
ing spins 7/2%,5/2%,3/2" and 1/2". In both cases, we found some large gaps at
N = 50,82,126 shell closures. Here, the green dotted line shows the approximate
fermi level. In case of Yb, Hf, W, Os and Pt also the gaps are visible at magic shell
closures. However, they are not depicted in this paper.

4. Decay Modes

In this section, we discuss probable decay modes of these neutron-rich nuclei.

4.1. Alpha decay half-life

The Q,, energy is obtained from the relation®”: Q. (N, Z) = BE(N,Z) — BE(N —
2,7 —2)— BE(2,2). Here, BE(N, Z) is the BE of the parent nucleus with neutron
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number N and proton number Z, BE(2,2) is the BE of the a-particle (*He), i.e.,
28.296 MeV, and BE(N — 2,Z — 2) is the BE of the daughter nucleus after the
emission of an a-particle.

The expression for the a-decay half-life from Viola and Seaborg®® is given by:

aZ —b
IOgloTla/Q(S) = W — (CZ + d) + hlog (].].)

with Z as the number of proton for the parent nucleus and the constants a, b, ¢ and
d, are from Sobiczewski et al.>® The values of these constants are @ = 1.66175, b =
8.5166, ¢ = 0.20228, d = 33.9069 and the quantity hios accounts for the hindrances
associated with the odd nucleon as,

hiog = 0 for Z even and N even
=0.772 for Z odd and N even
=1.066 for Z even and N odd
=1.114 for Z odd and N odd. (12)

We evaluate the BE by using RMF formalism and from these, we estimated
the @, for all the isotopes of Z = 70—80 region. We have calculated the half-life
time 77,
Figs. 7 and 8, respectively. From Fig. 8, it is evident that the alpha decay half-life

goes on increasing with large neutron numbers and follows a similar trend for RMF,

by using the above formulae. The comparison of @, and Tf‘/2 is shown in

(=]
LI LN LA LN LR |
'l FENE FARE AR AEE |

o

Q,(MeV)

(=]
LI B BLALELE BN LN |
'l P FEE AT e

140 160 180 200 220 240 140 160 180 200 220 240 140 160 180 200 220 240
A

Fig. 7. The Qa energy obtained from RMF(NL3)(circle) compared with the FRDM(square) and
experimental(diamond) results for different isotopes of Z = 70—80 region.
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A

Fig. 8. The Tlo‘/2 obtained from RMF(NL3)(circle) are compared with FRDM(square) and exper-

imental(diamond) results in Z = 70-80 region.

FRDM and experimental cases. In another word, we can say that these neutron rich
nuclei hardly exhibit a-decay and therefore the concerned decay channel is almost
forbidden in this region.

In order to check the usual decay mechanism of these neutron-rich samples, in
the next subsection, we studied the § decay half-life.

4.2. Beta decay half-life

As discussed in the previous subsection, we expect § decay to be the prominent
mode in case of neutron-rich nuclei. In order to calculate 5 decay half-life, we have
used the empirical formula of Fiset and Nix.%® However, the formula holds good
mainly for the superheavy region, but in this work we have checked its credibility
in Z = 70—80 region. The formula for § decay half-life is defined as:

me®

Pd.s. (WBG - meG) .

In the expression, Qg = BE(Z + 1, A) — BE(Z, A) is the 8 decay Q value for
the sample (Z, A) which decays to the daughter (Z + 1, A) and W3 = Qs + m.>.
Here, pq.. is the average density of states in the daughter nucleus (/290 x number
of states within 1 MeV of ground state). The approach has been applied in Th
an U isotopes®? recently. It is important to note that all the daughter nuclei (Z +
1, A) involved in our calculation are odd-Z nuclei. In these cases, the time reversal

TP, = (540 x 10%)

12 = (13)
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Fig. 9. The Qg energy obtained from RMF(NL3)(circle) are compared with the FRDM(square)
data for different isotopes in Z = 70—80 region.
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Fig. 10. The Tf/Q obtained from RMF(NL3)(circle) are compared with FRDM(square) data in
Z = T0—80 region.
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symmetry gets violated in the mean field models.%6:2 Therefore, to evaluate the
BE of odd-Z nuclei, we used the Pauli blocking prescription*® which restores the
time-reversal symmetry. In Figs. 9 and 10, our results for ()3 and T52 are displayed,
respectively. For comparison, FRDM results are also given. One can see that RMF
results almost follow the similar trend as that of FRDM results which confirms
the applicability of the above formula®® in Z = 70—80 mass region. Further, from
Fig. 10, we can conclude that the decay of these nuclei mainly choose 8 decay as
the prominent path.

5. Summary and Conclusion

We have calculated quadrupole deformation, hexadecoupole deformation, two-
neutron separation energy and differential variation of two-neutron separation
energy for some neutron-rich even—even nuclei in Z = 70—80 region using RMF
theory with pairing correlation from BCS approach (RMF-BCS). The results from
So, and dSs,, confirm the neutron shell closure at N = 82 and 126. As a further
confirmatory test, the single particle energy levels for neutrons in isotopic chains
are examined. We observed large gaps at N = 82 and 126. We have also calculated
half-lives for a and [ decay and seen that neutron-rich nuclei prefer 3 decay rather
than going to a decay mode. Further, we concluded that the RMF-BCS theory
provides a reasonably good description for all the considered isotopes.
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