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Nuclear structure and decay modes of Ra isotopes within an axially
deformed relativistic mean field model”
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Abstract: We examine the structural properties and half-life decay of Ra isotopes within the axially deformed
Relativistic Mean-Field (RMF) theory with NL3 force parameters. We work out the binding energy (BE), RMS
radii, two-neutron separation energies (S2n), and some other observables. The results are in good agreement with the
finite-range droplet model (FRDM) and experimental results. Considering the possibility of neutron magic number,
the a-decay and cluster decay half-lives of Ra isotopes are calculated systematically using the Q-values obtained from
the RMF formalism. These decay half-life calculations are carried out by taking three different empirical formulae.
The calculated decay half-lives are found to be highly sensitive to the choice of @Q-values. Possible shell or sub-shell
closures are found at daughter nuclei with N = 128 and N = 126 when alpha and 3Be, '2C, 80 respectively are
emitted from Ra isotopes. Though the cluster radioactivity is affected by the shell closure of parent and daughter, a
long half-life indicates the stability of the parent, and a small parent half-life indicates that the shell stability of the

daughter against decay.
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1 Introduction

Heavy and super-heavy nuclei are in general dynami-
cally unstable. Energy is gained by breaking the nucleus
into two component parts. However, some heavy nuclei
decay by quantum-mechanical leakage through the po-
tential barrier. A number of theoretical and experimen-
tal studies have been carried out on the decay modes
of heavy and super-heavy nuclei, like alpha decay, beta
decay and gamma decay preceded by the synthesis of
heavy and super-heavy nuclei far away from the stabil-
ity line [1-11]. The discovery of new exotic decay modes
of nuclei, starting from double beta decay, proton de-
cay, and cluster radioactivity to beta delayed particle
emission, like the isotopes of C and O, leads to possi-
ble shell or sub-shell closures at parent or daughter nu-
clei as the outcomes of these studies [12-22]. Since the
main decay modes of heavy and super-heavy nuclei are
alpha decay and spontaneous fission, one should have a
thorough understanding of the dominant decay mode of
heavy and super-heavy nuclei in order to produce artifi-
cial super-heavy nuclei. The investigation of alpha decay
has become a very interesting research topic in recent
years, as it provides useful content about the shell and
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sub-shell structure of the parent nuclei. Moreover, alpha
decay half-lives are used to search for new super-heavy
elements synthesized at labs such as Berkeley, GSI, and
Dubna [23, 24]. The alpha decay mechanism [25, 26] has
been explained theoretically by the quantum mechanical
tunneling process. Gamow established a logical relation-
ship between half-lives and decay energies, which was
found empirically by Geiger and Nuttall [27]. Features
of alpha decay are: (i) its properties (together with ~-
spectroscopy) are a probe to establish nuclear levels (ex-
citation energies, spin and parity assignments); (ii) it is
a probe for (long lived) isomeric states; (iii) a—decay
energies are a measure for mass excesses; (iv) it is an
(indirect) measure for stability against SF; (v) a—decay
energies are a sensitive probe to detect nuclear shells;
(vi) it is easy to detect with high efficiency; and (vii)
it is one boundary for the stability and thus the exis-
tence of super-heavy nuclei. Compared to alpha decay,
the situation in spontaneous fission is very analyzable.
In addition to the release of energy, there are large num-
ber of foregone conclusions in the fission process, such as
mass, the number of emitted neutrons, charge number of
the two fragments etc, predicted first in 1980 by Sand-
ulescu et al. [1], with alpha decay theory extending to
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heavier fragments [28] in 1985. Another possible decay is
beta decay. Compared to alpha decay and spontaneous
fission, the slow and little favoured beta decay process
takes place via the weak interaction. Nuclei with com-
paratively longer half-life for spontaneous fission against
beta decay might decay via alpha emission. So heavy or
super-heavy nuclei which have a short alpha decay half-
life compared to spontaneous fission half-life will undergo
fission and can be detected in the laboratory through al-
pha decay. After the discovery of cluster radioactivity of
Ra isotopes by Rose and Jones [29], a brand-new field
of research was opened in nuclear physics. This experi-
mental result was conformed by Gales [30] and Price et
al. [31]. These exotic decay processes have motivated us
to focus on their structures and the decay modes of Ra
isotopes in the theoretical account of the RMF model,
since the time when the structure of octupole deformed
isotopes been determined [32].

The major purpose of the present study is to examine
the a and cluster decay processes in the region of A~220
to predict the existence of spherical shell/sub-shell clo-
sures in the daughter lead region within an axially de-
formed relativistic mean field (RMF) theory. Especially,
in the field of exotic cluster decays, the study of radium
isotopes is essential because of their location in the nu-
clear chart, which lead to the formation of stable lead
isotopes.

It is clear that cluster radioactivity is related to
shell/sub-shell closure, so it is very important to eval-
uate how much the shell effects impart to the half-life
for a and cluster radioactivity. This is the primary mo-
tivation for this work. Again, the mass region of A~220
is crucial because there is strong specific evidence that
in certain heavy and/or super-heavy regions, octupole-
deformed atomic nuclei are distorted into a pear shape
[32]. Strong octupole configurations with opposite par-
ity lead to pear shapes when the nucleons of rotational
states near the Fermi surface populate E1 and electric-
octupole (E3) transition moments. A detailed under-
standing of the structures of these nuclei is essential to
get direct content on octupole correlations with these
nuclei [32]. So, to provide a little information in this re-
gard, we study the half-life of these nuclei. Along with
this we have examined the bulk properties of the iso-
topes of Ra using RMF theory. Although in this mass
region, detailed spectroscopic study of these nuclei is also
needed, we have confined ourselves only to the study of
the bulk properties of Ra isotopes, though some of our
collaborators have studied the spectroscopic properties
earlier in Refs. [33, 34] for Sm and Er isotopes. Here
we focus on the study of bulk properties of the nuclei in
the mass region of A~200—230 using RMF theory. The
RMF model is very useful not only to explore the ground
state properties of nuclei [35, 36] in the line of stability,

but can also be extended to drip line nuclei. The re-
sults of this model, such as the knowledge of rms radii of
neutron-rich nuclei and hence the neutron halos, remain
a current theoretical and experimental research topic.
Toki et al. [37] have studied the neutron and proton
radii of nuclei up to the drip line without changing other
gross properties which are insusceptible to the p-meson
coupling strength. Their results show some sensitivity to
the p-meson coupling, which is intrinsically incorporated
in our RMF model used here.

Rose and Jones first discovered the radioactive de-
cay of "C experimentally from ***Ra [29]. Soon after
that, many cluster radioactivity decays from heavy nu-
clei were observed and studied [19, 38-47]. Santhosh
et al analysed the exotic decay and the fine structure
of Ra isotopes using a fission-like model, considering
the interacting potential as the sum of proximity and
Coulomb potentials, and got some important results
[48, 49]. The Super-Asymmetric Fission Model (SAFM)
[50], Preformed Cluster Model [51] and many other mod-
els have been utilised to study the several ascertained ex-
otic cluster radioactivity decays [52-55]. Recently, how-
ever, the role of deformations and orientations of nuclei
has been studied in cluster decays of different radioac-
tive nuclei decaying to a doubly closed spherical shell
[56]. The effect of impairment on half-lives of exotic clus-
ter decays was studied in Refs. [57-60]. The taxonomic
cluster radioactivity study of 2'°~2?26Ra nuclei has also
been examined within an axially deformed RMF theory
and ?'°7226Ra found to be alpha unstable (and therefore
possess « radioactivity) [55, 61, 62].

In our present study, using the RMF model we study
the bulk properties of Ra isotopes with a NL3 force pa-
rameter set [63]. This has been used successfully to de-
scribe the ground state properties of nuclei in the line
of stability, distorted and exotic nuclei [63, 64]. The
@-value is obtained from the binding energies of the nu-
clei. With this Q-value we examine the a-decay as well
as cluster decay half-life of Ra isotopes using the Viola-
Seaborg [65], Royer [66, 67], universal decay law [68, 69],
and the universal formula (Univ) of Poenaru et al. [50].
Along with the structural study of Ra isotopes, we also
show how the half-lives are sensitive to the shell closures
of parent and daughter nuclei.

The rest of this paper is structured as follows. In
Section 2 we give a concise description of the RMF for-
malism. The results obtained are presented in Section 3,
and a summary of the results with concluding remarks
is given in Section 4.

2 Theoretical framework

2.1 Relativistic Mean Field (RMF) formalism

The concept of a relativistic description of nuclear
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systems was raised in the 1950s, by Schiff [70], Teller and
Durr [71, 72]. The idea further developed when Miller
and Green, and then Walecka [73], pointed out the sim-
ple form of the interaction of nucleons through mesons
with few degrees of freedom [35]. This model is devel-
oped within the framework of quantum hydrodynamics
(QHD). There are four basic assumptions behind this
theory: (i) the nucleons are considered as point parti-
cles; (ii) nucleons are the effective degrees of freedom
at low energy and they are included as Dirac spinor v;;
(iii) these particles conform stringently to the rules of
relativity and causality; and (iv) the theory is minimally
Lorentz invariant. The other degrees of freedom are non-
Goldstone bosons or mesons such as o, w, p and 6. One
of the main interesting attributes of this model is that
the inclusion of spin-orbit strength subordinated nuclear
shell structure mechanically develops from the nucleon-
nucleon interaction [35, 74]. The basic ingredient for a
nucleon-meson many-body system is the relativistic La-
grangian density [35, 75-80]:
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pep, by U4, 1)
where all the symbols have their usual meaning. We
derive the field equations from the above Lagrangian
for the nucleons and mesons. With the expansion of
Dirac spinors and the boson fields in an axially de-
formed harmonic oscillator basis, a set of coupled equa-
tions is solved numerically by a self-consistent iteration
method with an initial deformation value 3, [36]. The
customary harmonic oscillator formula for the center-of-
mass energy correction is given by E., = 2(4147'/3).
The quadrupole deformation parameter 3, is evaluated
from the proton and neutron quadrupole moments, as

Q=Q.+Q,= \/@(ﬁARQ,BQ). The rms matter radius
is obtained as <rZ>=+= [p(r.,z)r?dr, where p(ry,z) is
the deformed density and A is the mass number.

Since the RMF automatically considers the spin orbit
interaction, it receives much attention due to its spectac-
ular achievements in describing the structure of stable
nuclei [81], proton-rich nuclei [82], neutron-rich nuclei
[83], superdeformed nuclei [84], and superheavy nuclei
[84-88]. In addition to this, RMF theory has developed
in many directions in recent years [89-91]. In the low en-
ergy regime it is now a standard tool to study the nuclear

structure.

The pairing phenomenon is a very important quan-
tity for determining the nuclear properties in open shell
nuclei. The pairing correlations are taken care of by
the Bardeen-Cooper-Schrieffer (BCS) method. We use
a constant gap for the proton and neutron in order to
deal with the pairing effects, as given in Refs. [92, 93]:
A, =RB,e"""* /7'/3 and A, = RB,e=*~"" JA'/® with
R=5.72, s=0.118,t=8.12, B,=1 and I=(N—Z2)/(N+Z2).
This type of pairing effect has already been used the
other authors [80, 94] and reported in Ref. [80, 94]. The
obtained results for binding energies are identical with
those of the relativistic Hartree-Bogoliubov formulations.
The total binding energy (BE) and other observables are
obtained by using the standard relations, as given in Ref.
[76, 77].

2.2 Viola-Seaborg calculation

The semi-empirical Viola-Seaborg relation, with the
constants ascertained by Sobiczewski et al. [95], is writ-
ten as,

log,y T1/2=(aZ+b)Q ™ *+cZ+d+hyoy. (2)

Here Z is the atomic number of the parent nucleus and
the Q-value is in MeV. The parameters a, b, ¢, and d are
constants with a = 1.66175, b = —8.5166, ¢ = —0.20228,
and d = —33.9069. The quantity h,,, represents the de-
terrent which is associated with the odd-odd proton and
neutron numbers, given by the Viola-Seaborg formula.
Here we have taken the hindrance factor as:

hiog=0, for Z, N even,
hiog=0.772, for Z=o0dd, N=even,
hiog=1.066, for Z=even, N=odd,

hiog=1.114, for Z, N odd.

2.3 Universal decay law (UDL)

Thomas developed the decay width expression of
cluster radioactivity by evaluating the residues of the
corresponding S matrix in the theoretical account of the
R-matrix [96, 97]. The decay half-life can be written in
the form

A
1080 T jo=aZ Za\ /Q—+b\/ AZ.Z(AYV 4 AV 1e, (3)

log,oTh/2=ax'+bp'+c. (4)

This formulation links up the monopole radioactive de-
cay half-life with the Q-values of out-flowing particles as
well as the charges and masses of the nuclei involved in
the decay. Here the cluster Q-value is Q.= uv?/2 and
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the standard value of R=Ry(ALY/*+AL/3) with Ry~1.2
fm [98, 99].
The factors x’ and p’ are defined as,

h [ A
= :ZeZ A
X o2 me d 0.

h 1/2 1/3 1/3
= =\ AZ Z4(A/ + A",
where A = A4A./(Ag+A.) = p/m and m is the nu-
cleon mass.The constants a = 0.3671, b = —0.3296 and
c=—26.2681 are the co-efficient set.

2.4 Royer analytical formulae

Analytical formulae for the decay half-lives of alpha
radioactivity were derived by G. Royer. A simple analyt-
ical logarithmic half-life formula for the heavy elements
is obtained with a rms deviation of 0.42 [100] and used
here:

1.5837Z (5)
VQa
where A is the mass number and Z is the charge number
of the parent nucleus. @), represents the energy released
during the reaction. The constants a, b and ¢ for different
configurations of Z and N are shown in Table 1.

10g,o [T} 2(5)]=—26.06—1.114A"/°/Z 4

Table 1. Constants used in the Royer formula.

Z N a b c
even even -25.31 -1.1629 1.5864
even odd -26.65 -1.0859 1.5848
odd even -25.68 -1.1423 1.5920
odd odd -29.48 -1.1130 1.6971

2.5 Universal curve (Univ) formula

The cluster decay half-life calculations are also done
using the universal formula (Univ) of Poenaru et al. [50],
given as:

log,, T1/2(s)=—log,, P—log,, S+[log,,(In2)-log,, v].

(6)
Here v is a constant frequency and S is the preformation
probability of the cluster, which depends upon the mass
number of the emitted cluster. The decimal logarithm of
the preformation factor is given by,

log,, S=—0.598(A, 1), (7)

The additive constant for an even-even nucleus is written
as
C..=[—1og,, v+log,,(In2)]=—22.16917. (8)

Here the @-value is calulated analytically.
—log,, P = 0.22873(unZeZ.R;)"?
x [arccos(yv/r—+/T(1-7))], (9)

where p is the reduced mass, r = R,/R,, R, =
1.2249(AY°+A/3), R,=1.43998 Z, Z./Q.

3 Results and discussion

Here, the numerical computations have been carried
out using the maximum oscillator shell Np=Ng=16 for
fermions and bosons. To solve this standard RMF La-
grangian there exist a number of force parameter sets.
In this work, we have used the NL3 parameter set [63],
which has previously been successfully used in various
mass regions [35, 36]. The measurement/study of the
mass of atomic nuclei is fundamental both in the mean
nuclear field and nucleon- nucleon correlations and the
study of other bulk properties highly pertinent for un-
derstanding various attributes of the nuclear structures.

Binding energy (BE) is one of the fundamental ob-
servables used to determine the stability of a nucleus.
In this regard we have calculated the BE per particle
(BE/A) for ?'°~2%Ra using RMF with the NL3 force
parameters. The obtained outcomes are compared with
finite-range droplet model (FRDM) and experimental re-
sults [101, 102] wherever available, as shown in Fig. 1.
From the figure we observe that BE/A shows the usual
behaviour with the increase of mass number and reaches
a reproductive structure value at N~126 (A=214,7 =
88), then decreases gradually towards the higher mass re-
gion. This means that *'*Ra is the most stable element
from the binding energy viewpoint. Similar results are
also obtained from the FRDM and the National Nuclear
Data Center (NNDC).
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Fig. 1. (color online) The binding energy per par-
ticle (BE/A) calculated from RMF(NL3) (circles)
are compared with FRDM [101] (squares) and ex-
perimental (LHT) [102] values for Ra isotopes.

Here we study the alpha decay and cluster decay half-
lives of Ra isotopes (Z=88) by using the RMF formal-
ism with different formulae such as Viola-Seaborg semi-
empirical (VSS) model, Royer’s analytical formulae, the
universal decay law (UDL), and the universal formula
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(Univ) of Poenaru et al. We also compare the obtained
alpha and cluster decay half-lives with the experimental
value wherever available, and with the results from other
models found in the literature [47].

The root mean square (rms) radius for neutrons (r,),
for protons (r,), and the total or matter radius (r,) are
obtained in the RMF model by using the NL3 force pa-
rameter set, with the results shown in Fig. 2. The neu-
tron radius (r,) increases with the increase of neutron
number when the proton number is constant (Z = 88).
Similar things happens for the matter radius. This
change is significant and involves as a necessary conse-
quence the existence of more neutrons near the surface,
satisfying the work done by Iversen et. al [103] that r,
- r, = 0.03(3) fm. The excess neutrons are accessible inl

the surface of heavy nuclei [104]. The difference is in-
curred because of the elastic scattering of these valence
neutrons. Again, the optical model analysis of elastic
scattering is purely a surface phenomena [105], hence
the difference. The modification of proton rms radii is
more gradual than that of the neutron and matter rms
radii. From Fig. 2, the root mean square values gradu-
ally increase until A=270 (N=182). A jump is found at
A =229 (N =141), which may be due to the scattering
of low-lying resonances of small angular momentum with
the Cooper pairs of the continuum and/or the recently
studied odd-even effect of the density-dependent pairing
force which vanishes around N ~ 2Z [106]. There is no
data or any other calculations for comparison.
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Fig. 2.
using relativistic mean field formalism RMF(NL3).

Within a rich collective phenomenology, the two-
neutron separation energies are obtained from the calcu-
lated binding energies of Ra isotopes. These are related
to structural phenomena like shell and sub-shell closures.
In order to make our study more realistic, S5, has been
examined and shown in Fig. 3, and the differential vari-
ation of Sy, in Fig. 4. S,, can be written as,

Son(N,Z)=BE(N,Z)—BE(N-2,7). (10)

The differential variation of S,,, with respect to the par-
ent neutron number i.e. dS,,(Z,N), can be written as,

82 (Z,N)= Sz“(Z’NH;*SQ“(Z’N) :

dS,,(Z,N), shown in Fig. 4, is a very important factor to

(11)

(color online) The rms radii of neutron (r,), proton (rp,) and matter (r) distributions for 2'°~2"°Ra isotopes

| find the rate of change of separation energy in an isotopic
chain with respect to the parent neutron number. Here
we calculate dS,,(Z,N) and compare our results with
FRDM and experimental results [101, 102]. We notice a
major shell closure at N=128. In addition to this, dS,,
clearly shows non-linear behavior at N =132/134/136.
It conveys a possible phase/shape transition [107] and
its dependence on proton number is reflected in the be-
haviour of S,,,. The two neutron separation energies and
their evolution with neutron number are a very good be-
ginning point for investigating various nuclear structure
models.

It is found from Table 2 that the half-life is small for
the parent nucleus 2'®Ra as per the VSS, Royer and UDL
formalism with @-value of 9.038 MeV. Hence the possible
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shell is stabilized at the daughter nucleus ?'*Rn when an
« particle is emitted from the 2!8Ra nucleus. However,
the experimental half-lives show the shell stabilization
at the ?'?Rn daughter nucleus. On the other hand we
found a remarkably larger half-life with the VSS, Royer
and UDL formalism in the case of ?'?Ra, clearly show-
ing the shell stabilization. From Table 3 it is observed
that when ®Be is emitted from Ra isotopes, the half-life
is small for the ?'8Ra nucleus compared to other isotopes
for both the calculated and experimental Q-values, given
in the fourth and sixth column respectively using the
same UDL formalism, which may indicate possible shell
and/or sub-shell closure at ?'°Po. Again, larger half-
life is shown at ??*Ra with a Q-value of 12.102 MeV.
With the experimental Q-value of 3.123 MeV, a larger
half-life is shown at ?'?Ra. This disagreement may be
because of the sensitivity of half-life to the orbital angu-
lar momentum L [108] and also compatibility with the
Q@-value [109]. When isotopes of C are emitted from Ra
isotopes, it is found from the Table 4 that there is re-
markable agreement between the experimental and cal-
culated half-lives of **?Ra and *?*Ra with the calculated
Q-value given in column 4. Again, with the experimen-
tal @-value given in column 6 using the same UDL for-
malism, ??*Ra shows a small half-life, implying that the
daughter nucleus 2°®Pb is the obvious stable one. The de-
crease in half-lives is due to the double magicity (Z=82,
N=126) of the well known 2°*Pb daughter and the sen-
sitivity of half-life to angular momentum L and Q-value.
Also, with our calculated @-value of 32.022 MeV, the
same stable nucleus ?°Pb is obtained by emitting 2C
from ??°Ra. So our RMF model is suitable for explaining
cluster radioactivity from heavy and superheavy nuclei,
along with the study of ground state properties. In Table
5 we show the cluster decay half-life of O isotopes using
the UDL and the universal formula. Both calculations
show a small half-life for ?**Ra and hence the shell sta-
bilization at 2°°Hg is expected with the emission of '20O.

Again, the larger half-life is observed in ?*?Ra with the
emission of '®0. So, shell stabilization may be found in
the parent nucleus ?'?Ra.
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Fig. 3. (color online) Two-neutron separation en-
ergies Son (RMF) (circles) are compared with
FRDM (squares) and experimental values (LHT)
for the isotopes of Z = 88.
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Fig. 4. (color online) The calculated differential
variation of two-neutron separation energy dSan
(RMF) (circles) compared with FRDM (squares)
and experimental values (LHT) for the isotopes
of Z = 88.

Table 2. Alpha decay half-lives from Ra isotopes.
. calculated
parent nucleus daughter nucleus emitted cluster VSS Royer UDL Expt.
Q-value/MeV
210Rg 206Ry 4He 4.456 13.53 14.1 9.543 0.55
212Rq 208Rn 4He 4.232 15.23 15.77 11.06 1.04
2l4Ra 210Rp 4He 5.008 9.83 10.28 6.129 0.39
216Rg 212Rp 4He 8.989 -5.77 -5.47 -8.07 -6.74
218Ra 214Rp 4He 9.038 -5.89 -5.64 -8.21 -4.59
220Ra 216Rp 4He 7.824 -2.47 -2.23 -5.12 -1.74
222Ra 218Rp 4He 6.539 2.14 2.38 -0.95 1.58
224Ra, 220Rn 4He 5.336 7.91 8.15 4.25 5.49
226Ra 222Rn 4He 4.526 13.02 13.26 8.87 10.70
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Table 3. The decay half-lives of Be emission from Ra isotopes.
parent nucleus daughter nucleus emitted cluster caleulated UDL (Calc.) @-value/MeV UDL (Expt.)
Q-value/MeV from Ref. [110]
210R, 202pg 8Be 4.571 86.7 13.443 20.04
212Ra 204pg 8Be 3.123 120.31 13.201 20.84
214R, 206pg 8Be 3.934 99.16 13.341 20.30
216Ra 208pg 8Be 8.729 42.4 15.814 12.60
218Ra 210pg 8Be 14.522 16.31 17.662 7.93
220Ra, 212pg 8Be 12.218 24.37 15.701 12.82
222Ra, 214pg 8Be 9.688 36.38 13.849 18.37
224Ra 216pg 8Be 7.177 54.68 12.102 24.74
Table 4. The decay half-lives of C emission from Ra isotopes.
parent nucleus  daughter nucleus  emitted cluster caleulated UDL (Calc.) Q-value/MeV UDL (Expt.)  Expt.
Q-value/MeV from Ref. [110]
210Ra, 198pp 12¢ 17.34 41.79 26.511 21.65
212Ra 200p, 12¢ 17.77 47.72 26.052 22.62
212Ra, 198 ph 14¢ 18.25 50.73 22.839 34.51
214Ra, 202py, 12¢ 17.26 49.74 26.035 22.59
214Ra 200pp, g 18.14 51.10 23.324 33.01
216Rg 204py, 12¢ 21.94 37.12 28.401 17.44
216Rg 202py, 14¢ 22.26 36.13 26.205 25.28
218Ra, 206 pt, 120 27.32 19.60 30.436 13.49
218Ra 204py, 14¢ 28.20 20.61 28.741 19.45
220Ra 208py, 12¢ 31.39 11.72 32.022 10.66
220Ra 206 p, g 33.65 10.12 31.039 14.77
222Ra, 208 py, e 37.63 3.91 33.050 11.07 11.01
224Rga 210py, 14¢ 35.31 7.28 30.536 15.58 15.68
224Ra 208py, 16C 49.16 -8.87 26.882 26.11
226Ra 212py, e 29.42 18.09 28.197 20.33
226Ra, 210py, 16¢C 30.03 18.79 24.703 31.83
Table 5. The decay half-lives of O emission from Ra isotopes.
. calulated K
parent nucleus daughter nucleus emitted cluster UDL Univ
Q-value/MeV
210R, 194Hg 160 32.07 40.81 41.05
212Ra, 196Hg 160 30.11 45.84 46.37
218Ra, 200Hg 180 35.18 36.07 36.25
220Ra 202Hg 180 39.03 27.84 27.85
222Ra 204Hg 180 43.31 20.00 20.10
222Ra, 202Hg 200 38.71 30.59 31.01
224Ra 206 g 180 46.45 14.91 15.21
224Ra 204g 200 43.01 22.25 22.76
226Ra, 206Hg 200 46.48 16.33 17.11
226Ra 204Hg 220 43.45 23.03 24.06

4 Conclusions

In conclusion, it has been found that the bulk prop-
erties, along with cluster emissions, provide a great con-
tribution to the study of half-lives for Ra isotopes. The
calculated half-lives of alpha and other characteristics
pertaining to possible cluster emissions with the Q-values
obtained from RMF model have been computed and tab-

ulated. From the BE study of Ra isotopes it is found
that the 2'“Ra is the most stable element, with N =126.
The differential variation of two-neutron separation en-
ergy in Fig. 4 shows a large dip at N=128, clearly show-
ing shell/sub-shell stabilization. The results obtained for
alpha particle emission from 2!®*Ra, 8Be emission from
218Ra, 12C emission from ?2°Ra and '#Q emission from
224Ra indicate the shell is stabilized at the daughter nu-
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clei, with the small half-lives of the parents.

On the

other hand, as long half-lives are obtained for parent nu-
clei such as ?'?Ra and ?**Ra with the emission of alpha,
14, 10 and ®Be, this indicates possible shell/sub-shell

closure at these nuclei. The present study of the exotic
decays of radium isotopes may be helpful for future ex-
periments in the mass region of A~220.
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