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Abstract: It is universally acknowledged that the Generalized Liquid Drop Model (GLDM) has two advantages
over other a decay theoretical models: introduction of the quasimolecular shape mechanism and proximity energy. In

the past few decades, the original proximity energy has been improved by numerous works. In the present work, the

different improvements of proximity energy are examined when they are applied to the GLDM for enhancing the

calculation accuracy and prediction ability of a decay half-lives for known and unsynthesized superheavy nuclei.

The calculations of a half-lives have systematic improvements in reproducing experimental data after choosing a
more suitable proximity energy for application to the GLDM. Encouraged by this, the o decay half-lives of even-
even superheavy nuclei with Z=112-122 are predicted by the GLDM with a more suitable proximity energy. The pre-
dictions are consistent with calculations by the improved Royer formula and the universal decay law. In addition, the

features of the predicted o decay half-lives imply that the next double magic nucleus after *®pb is
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I. INTRODUCTION

o decay, one of the most important decay modes of
heavy and superheavy nuclei, attracts constant attention
[1-4] because it can be a probe to reveal some important
nuclear structure information, such as the properties of
the ground state, nuclear deformation, nuclear shape co-
existence, energy levels, and so on [5-13], and can be an
important tool to identify the new synthesized super-
heavy nuclei [14-21].

Constructing a reasonable nuclear potential between
an o-particle and a daughter nucleus is the most crucial
issue in many a decay theoretical models, because the a
decay half-life is mainly determined by the barrier penet-
rating probability [22]. There are many o decay models
choosing different nuclear potentials between the a-
particle and the daughter nucleus, such as the Coulomb
and proximity potential model with proximity potential
[23-26], the two-potential approach with a cosh paramet-
rized form nuclear potential [27-29], the density-depend-
ent cluster model with a double-folding integral of the
renormalized M3Y nucleon-nucleon potential [30-34],
the preformed cluster model with SLy4 Skyrme-like ef-

fective interaction [9, 35, 36], and so on.

Unlike other models, the Generalized Liquid Drop
Model (GLDM) has two major advantages: introducing
the quasimolecular shape mechanism [37], which can de-
scribe the complex deformation process from the parent
nucleus continuous transition to the appearance of a deep
and narrow neck, finally resulting in two tangential frag-
ments, and adding the proximity energy, including an ac-
curate radius and mass asymmetry. When a neck or a gap
appears in one-body shapes or between separated frag-
ments, proximity energy plays a key role in taking into
account the effects of the nuclear forces between the
close surfaces, balancing the repulsion of the Coulomb
barrier, and reasonably constructing the barrier heights
and positions of the nucleus in complex deformation pro-
cesses [37-40]. Therefore, the GLDM can successfully
deal with proton radioactivity [41], cluster radioactivity
[42], fusion [43], fission [44] and the a decay process
[22, 37, 40, 45-48].

The proximity energy was first proposed by Blocki et
al. [49] for describing the interaction energy associated
with the crevice or neck in the nuclear configuration that
would be expected immediately after contact of two nuc-
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lei in heavy-ion reactions. Therefore, it was also intro-
duced into the GLDM by Royer [37] to take account of
the effects of the nucleon—nucleon force inside the neck
or the gap between the nascent or separated a-particle and
daughter nucleus. The proximity energies are also used to
study the fusion reaction cross sections and nuclear de-
cay (including proton radioactivity, a decay, and cluster
radioactivity), because these decay modes proceed in the
opposite direction of fusion between a particle or cluster
and the daughter nucleus [50, 51]. The proximity energy
is based on the proximity force theorem [49, 52], which is
described as the product of a factor depending on the
mean curvature of the interaction surface and a universal
function (depending on the separation distance) and is in-
dependent of the masses of colliding nuclei [53, 54]. In
the past few decades, numerous works have been de-
voted to improving the original proximity energy (Prox.
77) [49], by either adopting a better form of the surface
energy coefficients [55-62] or introducing an improved
universal function or another nuclear radius parameteriza-
tion [52, 53, 63-74].

In order to obtain more precise calculations of o de-
cay half-lives for known nuclei and to enhance the pre-
diction ability of a decay half-lives and the island of sta-
bility for superheavy nuclei, it is very important and in-
teresting to develop the GLDM by adopting a more suit-
able proximity energy for constructing a reasonable po-
tential barrier based on available o decay experimental
data. This is the purpose of the present work. We also no-
tice that there have been some works using the GLDM
with proximity energy Prox. 81 [52] or proximity energy
Denisov [73] instead of the original proximity energy
formalism in the GLDM to study the a decay [75-78].
The calculations can reproduce the experimental data bet-
ter than those calculated by the original GLDM.
However, in the present work, we find that proximity en-
ergy Prox. 81 [52] is not the most suitable substitute for
the original one, and the proximity energy Denisov [73]
has a different nuclear radius formalism from that of the
GLDM, which is not self-consistent for calculation. In
this work, for self-consistency, we choose 16 various ver-
sions of proximity energies that have the same radii forms
as the GLDM and systematically study the applicability
of these when applied to the GLDM. The calculations in-
dicate that GLDM with the proximity energy Prox. 77-Set
13 gives the lowest root-mean-square (RMS) deviation in
reproducing experimental o half-lives. Using GLDM with
proximity energy Prox. 77-Set 13, we predict a decay
half-lives of superheavy even-even nuclei with Z=
112-122. The predictions are compared with the ones
calculated by the improved Royer formula [79] and the
universal decay law (UDL) [80].

This article is organized as follows. In Sec. II, theor-
etical framework for the a decay half-life and the GLDM
are briefly presented. The detailed calculations and discu-

ssion are given in Sec. I1I. Sec. IV presents a brief summary.
II. THEORETICAL FRAMEWORK

A. The generalized liquid drop model

The a decay half-life can be calculated with decay
constant 1 as

In2

T1/2: 7 (1)

In the framework of the GLDM [22, 37, 40, 45-48],
the a decay constant A can be obtained by the product of
a-particle preformation factor P,, the assault frequency
v, and the barrier penetrating probability P:

A= P,vP. 2)
The a-particle preformation factor P, can be estim-

ated by the analytic formula put forwarded in our previ-
ous work [81]. It is expressed as

z
VO«

10g,0 Po =a+bA* NZ +c —dy' —ep'+ fAI(I+1), (3)

where y' =277, ﬁfﬁ)g‘, and p’= \/%leg(A}/3+Aé/3);
A, Z represent the mass number and proton number of the
a decay parent nucleus, respectively; [ is the angular mo-
mentum taken away by the a-particle; and the values of
adjustable parameters a, b, c, d, e, and f are fitted by the
extracted a-particle preformation factor from the ratios of
calculated a decay half-lives with P, =1 to experimental
data and are listed in Table 3.
The assault frequency v can be obtained by

1 2E,
=— /=2 4
T\ M @
with E, and M, being the kinetic energy and mass of the
a-particle, respectively; Ry is the radius of the a decay
parent nucleus obtained by

Ri=1284!"-0.76+0.84"(i=0,1,2). (5)

The barrier penetrating probability P can be obtained
by Wentzel-Kramers-Brillouin (WKB) approximation as

P=exp [ - % f " ABOE, ~EGpherodr],  (6)

where r represents the center of mass distance between
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the preformed a-particle and the daughter nucleus. The
classical turning points ry, and ry, can be obtained by
rin = Ry + Ry and E(rou) = Qn. B(r) = u represents the re-
duced mass between the preformed a-particle and daugh-
ter nucleus.

The total interaction potential E in the GLDM is
composed of five parts [37]: volume energy Ev, surface
energy Egs, Coulomb energy Ec, proximity energy Epgox,
and centrifugal potential E;.

E=FEy+Es+Ec+Epx+E. @

For one-body shapes, the volume, surface, and Cou-
lomb energies are expressed as

Ev =—15.494(1-1.81%)A, (®)

Es = 17.9439(1 —2.61*)A*3(S /4nR2), 9)

Ec = 0.6¢*(Z*/Ry) X 0.5 f (V()/ Vo) (R(O)/Ry)’ sin6d,
(10)

where S denotes the surface of the one-body deformed
nucleus, 7 is the relative neutron excess, V(6) represents
the electrostatic potential at the surface, and Vj is the sur-
face potential of the sphere.

For two separated fragments, the volume, surface, and
Coulomb energies are defined as

Ey = —15.494[(1 - 1.81)A; + (1 - 1.813)A,], (11)
Es =17.9439[(1 -2.6/DAT" +(1-2.619)A5°),  (12)
Ec =0.6¢’Z2 /R +0.6¢*Z3 [Ry +&*Z1 Zo |1,  (13)

with A;, Z;, R;, and I; being the mass numbers, proton
numbers, radii, and the relative neutron excesses of the a-
particle and the daughter nucleus, respectively.

The centrifugal barrier E;(r) can be calculated by

U+ 1)

B =" (14)

On the basis of the conservation laws of angular mo-
mentum and parity [82],the minimum angular mo-
mentum ly,;, carried by an a-particle can be obtained by

Aj, foreven A and ), = 74,
P Aj+1, forevenA;andrm, # mg, (15)
i Aj, for odd A; and 7, # 74,

Aj+1, foroddAjandn,=mny,

where A =1j,— jal, jp, 7p, ja, ma are the spin and parity
values of the parent and daughter nuclei, respectively.

B. The proximity energy

The surface energy comes from the effects of the sur-
face tension forces in half-space. When a neck or a gap
appears in one-body shapes or between separated frag-
ments, an additional term called the proximity energy
must be added to take into account the effects of the nuc-
lear forces between the close surfaces [37, 40]. The prox-
imity energy is described as the product of a factor de-
pending on the mean curvature of the interaction surface
and a universal function depending on the separation dis-
tance [53, 54].

In the present work, for self-consistency, we choose
16 various versions of proximity energies that have the
same radii forms as the GLDM, including proximity en-
ergy formalisms Prox. 77 [49] and its 12 modified forms
on the basis of improving the surface energy coefficients
[55-62], Bass 80 [69], Prox. 81 [52], and Guo 2013 [74].
Proximity energy Prox. 77 [49] and its 12 modified forms
are expressed as

Eprox (1) = 47T’be¢(<f), (1 6)
where the mean curvature radius R can be obtained as

C1C

R= :
C1+C2

(17

where C; and C, denote the matter radii of the a-particle
and the daughter nucleus, respectively, which are given
by

Ci =Ri[1_(§)2:|(i: 1,2), (18)

with the effective sharp radius R; obtained by Eq. (5).
The surface energy coefficient y can be obtained by

y =yo(1 —kA3), (19)

where A, = x;; represents neutron-proton excess. The
surface energy constant y, and the surface asymmetry
constant k; are set in various improvements as

Set 1: yo = 0.9517 (MeV/fm?), k, = 1.7826 [49],

Set 2: yo = 1.01734 (MeV/fm?), k, = 1.79 [55],

Set 3: o = 1.460734 (MeV /fm?), k, = 4.0 [56],

Set 4: yo = 1.2402 (MeV/fm?), k, = 3.0 [57],

Set 5: yp = 1.1756 (MeV/fm?), k, = 2.2 [58],

Set 6: o = 1.27326 (MeV /fm?), ky = 2.5 [58],

Set 7: yo = 1.2502 (MeV/fm?), k, = 2.4 [58],

Set 8: o =0.9517 (MeV/fm?), k, = 2.6 [59],
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Set 9: y = 1.2496 (MeV /fm?), k, = 2.3 [60],

Set 10: v = 1.25284 (Mev/fm?), k, = 2.345 [61],
Set 11: yo = 1.08948 (MeV /fm?), k, = 1.9830 [62],
Set 12: yo = 0.9180 (MeV/fm?), k, = 0.7546 [62],
Set 13: y9 = 0.911445 (MeV /fm?), k, = 2.2938 [62].
The universal function ¢(¢) is expressed as

#(&) = _%(é‘:_é:O)z—0.0852@:—&))37 0<&<1.2511,

—3.347exp( £> 12511,

=)
0.75) 20)

V—Cl—Cz

where & =2.54. ¢£= is the distance between

the near surface of the a-particle and daughter nucleus
with the width parameter b taken as unity.

III. RESULTS AND DISCUSSION

The aim of the present work is to develop the GLDM
for enhancing calculation accuracy and prediction ability
of a decay half-lives for known and unsynthesized super-
heavy nuclei by chosing a more suitable proximity en-
ergy in constructing a reasonable potential barrier.

If the improved versions of the original proximity en-
ergy can be applied to the GLDM, three conditions need
to be met: first, the radii formulas for the proximity en-
ergy and GLDM should be the same; second, the total
GLDM energy, including the proximity energy, between
the a-particle and daughter nucleus should be reasonable;
and finally, the calculated o decay half-lives by the
GLDM with the best selected proximity energy should
give the lowest RMS deviation in reproducing experi-
mental a half-lives. Therefore, we comparatively study
the abilities of 16 various versions of proximity energies
when they are applied to the GLDM for describing the «a
decay half-lives, in which the proximity energies have the
same radii forms as the GLDM. These proximity ener-
gies include Prox. 77 [49] and its 12 modified forms on

Table 1.
perimental data.

the basis of improving the surface energy coefficients
[55-62], Bass 80 [69], Prox. 81 [52], and Guo 2013 [74].

In these various versions of proximity energies, we
find that the proximity energy Guo 2013 [74] is not suit-
able for application to the GLDM because for some a de-
cay nuclei such as **Gd, the total nuclear potential distri-
bution shows short-term decline, even less than zero,
after the two tangent fragments have separated, which
results from the proximity energy determining too strong
an attractive interaction potential.

For choosing the most suitable one from the re-
mainder of proximity energies that can be applied to the
GLDM, we calculate the RMS deviation between the cal-
culated a decay half-lives by the GLDM with various
proximity energies, where the a-particle preformation
factor is assumed as the constant P, = 1, and experiment-
al data for all 535 nuclei, including 159 even-even nuclei,
295 odd-A nuclei, and 81 doubly odd nuclei using

1 2
= /=) (log,,T¢% —log, T ¥) . 21
o \/HZ(Og]O 172 19810 1/2) (21)

The results are listed in Table 1. In this table, we can
find that the o values are all greater than 1, indicating
that there are average deviations of more than one order
of magnitude between the calculations and the experi-
mental data because a-particle preformation factors are
assumed as P, = 1, which are overestimated. In addition,
we find that the values of o are different when caused by
the GLDM with various proximity energies. The minim-
um o = 1.459 and maximum o = 1.644 are caused by the
GLDM with proximity energies Prox. 77-Set 13 and Bass
80, respectively.

The experimental data and calculations of a decay
half-lives for 148Gd, as an example, are listed in Table 2.
From this table, one can find that the GLDM with vari-
ous proximity energies calculates different a decay half-
lives. Further, all calculations are an order of magnitude
smaller than the experimental data, indicating that the a-

The RMS deviations between calculated o decay half-lives by GLDM with different versions of proximity energies and ex-

GLDM with proximity energy o GLDM with proximity energy o

Prox. 77-Set 1 1.472 Prox. 77-Set 2 1.488
Prox. 77-Set 3 1.579 Prox. 77-Set 4 1.534
Prox. 77-Set 5 1.525 Prox. 77-Set 6 1.546
Prox. 77-Set 7 1.541 Prox. 77-Set 8 1.467
Prox. 77-Set 9 1.542 Prox. 77-Set 10 1.543
Prox. 77-Set 11 1.505 Prox. 77-Set 12 1.471
Prox. 77-Set 13 1.459 Bass 80 1.644

Prox. 81 1.500 original one 1.605
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Table 2.

The o decay half-lives of calculations by GLDM

with different versions of proximity energies and experiment-

al data for "*Gd.

method o decay half-lives for “Gdss
experimental data 2.24%x10°
GLDM with original proximity energy 4.83%x108
GLDM with Prox. 77- Set 1 6.93x108
GLDM with Prox. 77- Set 2 6.49% 108
GLDM with Prox. 77- Set 3 431x10%
GLDM with Prox. 77- Set 4 5.30x 108
GLDM with Prox. 77- Set 5 5.56x 108
GLDM with Prox. 77- Set 6 5.05x108
GLDM with Prox. 77- Set 7 5.16x108
GLDM with Prox. 77- Set 8 7.03x108
GLDM with Prox. 77- Set 9 5.15x108
GLDM with Prox. 77- Set 10 5.14x 108
GLDM with Prox. 77- Set 11 6.05x108
GLDM with Prox. 77- Set 12 7.04x 108
GLDM with Prox. 77- Set 13 7.28x108
GLDM with Bass 80 3.90x 108
GLDM with Prox. 81 6.33%x 108

particle preformation factor is on the order of 107! In ad-
dition, one can see that most of the calculations by the
GLDM with improved proximity energies are better than

the ones by the original GLDM from the aspect of repro-
ducing experimental data. However, the GLDM with
proximity energy Bass 80 gives a worse calculation than
the one calculated by the original GLDM, showing that it
is not appropriate for application to the GLDM. The cal-
culation by the GLDM with proximity energy Prox. 77-
Set 13 gives the closest reproduction of the experimental
data. Why are calculations by the GLDM with various
proximity energies different from each other? Based on
our comparative analysis, we can explore what particular
feature of a given potential impacts these differences
between various theoretical calculations, as well as differ-
ences between theory and experiments. From Sec. II.A,
we find that the a decay half-life can be obtained using
the a-particle preformation factor, which is assumed as
the constant P, =1 in comparing proximity energies, the
assault frequency v, which is dependent on a decay en-
ergy Q,, and barrier penetration probability P, which is
related to the total GLDM energy. However, for an « de-
cay nucleus, Q, and the assault frequency v are fixed.
Therefore, these have different total GLDM energies, and
various versions of the proximity energies cause the dif-
ferences between calculated a decay half-lives. In order
to verify this conclusion, taking 148Gd, for instance, we
plot its 16 versions of total GLDM energy distributions,
including the original proximity energy and its 15 im-
proved versions, in Fig. 1. In this figure, we can see that
the proximity energies only work in the short region from
7.8 to 12 fm. After the a-particle and daughter nuclei are
separated, the proximity energies are equal to zero.

7 8 9 10 11 12 13 14 7 8 9 10 11 12 13 14
T T T T T T T T T T T T T T
18 148 144 ~ 148 144 318
(a) Gd—a+"**Sm (b) RN Gd—o+**Sm
16F I | RN J16
14+ + 414
S 12F = + = 112
()
= S ERTY
o E 1 E
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6 il —— with Prox. 77-Set 2 \(;w’ —— with Prox. 77-Set 6 6
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(color online) The distributions of total GLDM energies including various versions of proximity energies for G
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Therefore, as can be seen from Section 2.1, the classic
turning points ry, = R} + Ry and E(roy) = Q. in the GLDM
with various proximity energies are the same. In addition,
we see that the proximity energies can lower the height of
the potential barriers, and their attractive effect balances
the Coulomb repulsion between the two fragments. Fur-
ther, the peaks of potential barriers are shifted toward
more external positions. Thus, the different proximity en-
ergies cause changes in the shape and height of the total
GLDM energy distributions.

The same values of r, and ry, as well as the highest
height of E(r) in the GLDM with proximity energy Prox.
77-Set 13 result in the minimum barrier penetration prob-
ability P. Thus, the calculated a decay half-life is the
maximum one in Table 2. Similarly, the lowest height of
E(r) in the GLDM with proximity energy Bass 80 resul-
ted in the minimum calculation. It is shown that the prox-
imity energy is very important in the GLDM, because it
affects the shape and height of the total potential barrier,
which determines the possibility of barrier penetration
and in turn leads to the theoretical calculation of a decay
half-life. Therefore, it is interesting and important to find
the most suitable proximity energy for developing the
GLDM to obtain precise calculations and enhance the
prediction ability of a decay half-lives. From Tables 1
and 2, it is shown that the proximity energy Prox. 77-Set
13 is the most suitable one for application to the GLDM
for describing the o decay half-lives. The o values indic-
ate that, compared with the original GLDM, the calcu-

lated o decay half-lives using the GLDM with proximity

. 1.605-1.459
energy Prox. 77-Set 13 are improved by —— =

9.1%. Although the relative value is not large, this is a
significant improvement on the GLDM because the prox-
imity energy can affect the total interaction potential in a
short region.

In our previous work [81], we proposed an analytic
formula for estimating the a-particle preformation factor,
i.e., Eq. (3). In this work, because we choose a more suit-
able proximity energy in the GLDM, the parameters of
Eq. (3) should be redetermined. First, we extract the a-
particle preformation factor using the ratio of the calcu-
lated a decay half-life within the GLDM with proximity
energy Prox. 77-Set 13 and P, =1 to the experimental

data. We then use the extracted o-particle preformation
factor and Eq. (3) to obtain the parameters, which are lis-
ted in Table 3.

The calculated a decay half-lives and experimental
data are listed in Tables 4-6 for even-even nuclei, odd-A
nuclei, and doubly odd nuclei, respectively. In each part
of these three tables, the first four columns represent the
o decay parent nucleus, the daughter nucleus, experi-
mental a decay energy, and the minimum angular mo-
mentum taken away by the a-particle, while the spin and
parity values for the a decay parent and daughter nuclei
are taken from the latest evaluated nuclear properties ta-
ble NUBASE2016 [83], respectively. The fifth one rep-
resents the experimental a decay half-life. The sixth one
represents the calculated o decay half-life within the ori-
ginal GLDM with P, = 1. The seventh one represents the
calculated o decay half-life by GLDM with proximity en-
ergy Prox. 77-Set 13 and P, = 1. The eighth one repres-
ents the obtained a-particle preformation factor from Eq.
(3). The last one represents the calculated o decay half-
life within the GLDM with proximity energy Prox. 77-Set
13 and estimated a-particle preformation factor from Eq.
(3). From these three tables, it is seen that, compared with
g7, 1gT(% hasa significant improvement in con-
formity with the experimental data. However, both
IgT{#%' and 1gT{% are smaller than experimental data by
more than an order of magnitude on the whole. This is
because the o preformation factor is assumed as P, =1,
which is overestimated. Therefore, an « preformation
factor P, should be introduced in the theoretical model.
After considering the a-particle preformation factor cal-
culated by Eq. (3), IgT775 can well reproduce the experi-
mental data.

The differences between logarithmic values of the
three calculated o decay half-lives and the experimental
data are denoted as black open squares, red solid squares,
and blue solid circles in Figs. 2-4 for even-even nuclei,
odd-A nuclei and doubly odd nuclei, respectively. From
these figures, it is seen that lng%1 is significantly less
than the experimental value. After adopting the GLDM
with proximity energy Prox. 77-Set 13, compared with
lgT#', 1757 is significantly improved in reproducing
the experimental data. In addition, when the neutron

Table 3. The parameters of Eq. (3) for estimating the a-particle preformation factor.

nuclei region a b c d e f
N<126 —9.4985 —8.9005 4.0450 1.0432 -2.9731 -
even-even nuclei
N> 126 —2.1047 0.1230 4.2051 1.0681 0.0533 -
N <126 —24.5445 —13.2233 9.9493 2.5690 —4.5754 —-0.0350
odd-4 nuclei
N> 126 1.3626 —6.2523 —0.0252 —0.0155 -1.9616 —0.0937
N <126 —2.7484 —4.2572 2.2748 0.5947 -1.3917 —0.0901
doubly odd nuclei
N> 126 —37.5320 —20.0571 23.5391 6.0638 —6.9409 —-0.2030
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Table 4.
nuclear properties table NUBASE2016 [83]. The a decay energies are taken from the latest evaluated atomic mass table AME2016 [84,
85]. The a decay energies and half-lives are in units of MeV and s, respectively.

Calculations of a decay half-lives for even-even nuclei. Experimental o decay half-lives are taken from the latest evaluated

atransiion  Qn Imn 18Ty 12T 1eTYY Py 1gT( || atansion  Q w187y leT{R 1eTYY Pe 1T
®Gd ™sm 327 0 935 868 88 02841 941 | 'Gd Sm 281 0 1375 13.17 13.17 03578 13.62
"Dy "™Gd 435 o0 307 217 221 01775 296 || "Dy 'Gd 373 0 693 626 632 02117 699
154 150 152 148

Dy Gd 295 0 1398 1317 1339 03075 13.9 Er Dy 494 0 106 012 026 0.1635 105
“Er "Dy 428 0 468 372 395 0.1845 469 | Er "Dy 348 0 1024 949 961 02389 1023
"yo "Er 547 0 035 -139 -1.15 0.1601 -036 || Yb '"Er 481 0 241 179 195 01725 271
"yb "Er 417 0 663 552 555 01917 627 || "Hf ")Yb 603 0 -163 273 -2.55 0.1609 —1.75
THE Yo 541 0 035  -0.18 -0.15 0165 064 || “Hf Yb 49 o 328 228 238 01672 3.15
“HE Yo o442 0 569 507 52 01719 596 || W Hf 662 0 29 —404 -39 01645 -3.12
“w "Hf 607 0 099 205 191 01616 112 || "W Hf 568 0 042 046 031 01549 05
“woOHf s28 0 222 131 152 01501 234 || W Hf 48 0 474 349 358 0.1475 441
W Hf 45 0 62 557 571 01439 655 | W °Hf 25 0 2575 2454 2472 0.1572 2552
“os "W 677 0 268 -376 358 01623 279 || “0s "W 614 0 -053 -1.55 —143 0.1412 -0.58
168 164 170 166.

os "W 58 0 068 —023 -008 01327 0.79 Os W 554 0 189 101 121 0124 212
Tos "W 522 0 323 246 254 01171 348 || 0s "W 487 0 525 435 453 01122 548
186 182 166. 162

os W 28 0 228 2172 2189 01048 22.87 Pt 'POs 729 0 352 473 -458 01518 -3.76
“Pt '™MOs 699 0 269 -378 -365 014 28 | Pt ""Os 646 0 -1 202 -19 01185 098
174 170, 176. 172

Pt "Os 618 0 006 —095 —0.76 0109 02 Pt 7Os 589 0 12 028 048 01019 147
Tt 0os 557 0 243 163 171 00953 273 || Pt Os 524 0 427 328 347 00898 451
182 178 184 180,

Pt "Os 495 0 562 483 502 00842 6.09 Pt 0s 46 0 777 694 706 00803 8.15
Ppt "0s 327 0 1931 17.86 1798 00797 19.08 || “Hg Pt 753 0 364 479 -465 01315 -3.77
174 170 176 172

He Pt 723 0 -27 -39 37 01206 -2.78 He Pt 69 0 -165 -279 -259 0.1114 -1.63
THg Pt 658 0 053 -1.69 -159 0.1029 06 | "Hg Pt 626 0 073 —047 028 00952 0.74
182 178 184 180.

He Pt 6 0 18 062 081 00876 187 He Pt 566 0 344 212 223 00816 332
"Hg ™Rt 52 0 57 437 455 00778 566 || 'Pb MHg 779 0 364 494 48 0114 -3.86
180. 176. 184 180

Pb Hg 742 0 239 381 -3.62 0.1049 -2.64 Pb "Hg 677 0 -021 -164 153 00885 -048
"pb "™Hg 647 0 107 -054 -036 00813 073 || "Pb ™Hg 611 0 243 094 113 00752 225
190 186. 192 188

Pb "Hg 57 0 424 281 293 00703 4.08 Pb Hg 522 0 655 526 544 00664 6.62
"po "Pb 85 0 -447 -636 616 008 509 || Po "Pb 769 0 261 -408 398 00724 -2.84
194 190. 196 192

Po Pb 699 0 —041 -1.79 1.6 00608 —0.38 Po "Pb 666 0 075 058 —047 00557 0.78
PPo "'Pb 631 0 227 082 1 00512 229 || ™Po Pb 598 0 379 226 244 0047 376
202 198 204 200

Po Pb 57 0 514 353 364 00431 501 Po “Pb 549 0 627 461 477 00393 6.8
™po *™Pb 533 0 7.4 544 561 00357 706 || “Po Pb 522 0 796 606 617 00323 7.66
212 208 214 210

Po Pb 895 0 653 -8  —7.81 01047 —6.83 Po “"Pb 783 0 -379 494 475 0.1419 -391
o *"Pb 691 0 -084 -1.86 -1.69 01921 -097 || *Po "Pb 612 0 227 128 145 02616 2.03
"Rn ™Po 786 0 -3.11 -39 -372 00708 -257 || “Rn Po 762 0 233 -3.16 -3.08 00641 189
Rn "Po 704 0 007 122 -1.04 0053 023 ||[Rn "Po 677 0 109 —027 —0.16 00482 1.15
204 200. 206 202

Rn “Po 655 0 201 061 078 00438 2.14 Rn ““Po 638 0 274 127 145 0039 285
Rn *Po 626 0 337 179 191 00358 335 ||Rn Po 616 0 395 216 232 00323 381
212 208 214 210

Rn ™Po 638 0 316 115 131 00287 286 Rn “Po 921 0 —657 -797 -777 00891 —6.72
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Table 4-continued from previous page

a transition O Imin g Tf;(zp Ig T1c7121 Ig Tf;‘;z P, lg T1°7123 o transition Qo Imin g Tf;g Ig Tf?lzl Ig Tf;‘;z P, lg Tfj‘lf
"Rn *Po 82 0 -435 -53 513 0.1146 -419 || "Rn "Po 726 0 -147 237 22 01515 -138
220. 216. 222 218

Rn “Po 641 0 175 092 109 0206 1.78 Rn “Po 559 0 552 476 491 02943 5.44
Ra ™Rn 788 0 239 -334 324 00557 -198 || “Ra “Rn 764 0 -122 -258 241 00504 -—1.11
208 204 214. 210.

Ra ™Rn 727 0 01 -137 -126 00412 0.3 Ra Rn 727 0 039 -149 -131 003 021
Ra *Rn 953 0 -674 -808 -79 0075 677 || "Ra Rn 855 0 —46 -561 544 0094 —441
220. 216. 222 218

Ra Rn 759 0 -1.75 -271 254 01221 -1.63 Ra Rn 668 0 153 065 081 01653 159
Ra ™Rn 579 0 55 47 485 02376 548 || Ra PRn 487 0 107 1004 102 03838 1061
Th *™Ra 82 0 262 -3.65 -354 00485 -222 || °Th *™Ra 796 0 -1.5 298 281 00394 -1.41
Th "™Ra 783 0 -1.06 -2.58 241 00355 -096 || °Th *PRa 807 0 -159 -341 -324 00319 -1.75
"Th ™Ra 985 0 -693 -821 -803 00634 —683 | ~Th “Ra 895 0 -501 -6.04 -58 00765 -4.74
Th Ra 813 0 265 -3.69 -352 00934 -25 | *Th ™Ra 73 0 002 -093 -0.76 0.1182 0.16
Th *PRa 645 0 327 246 262 01578 342 || ®Th ™Ra 55 0 778 704 715 02354 777
®Th ™Ra 477 0 1238 1174 1189 03509 1234 || U "Th 853 0 -2.16 -405 -3.89 00382 -2.47

U ™Th 878 0 -326 481 —464 00344 317 || U "Th 948 0 -533 674 —657 00612 -536
U PTh 863 0 34 —448 —431 00736 -3.18 || U FTh 77 0  -057 -156 -14 00935 -037
U ®Th 599 0 624 548 563 01673 64 || U FTh 541 0 934 864 879 02148 9.46
U PTh 486 0 1289 1222 1237 02849 1291 || ‘U Th 457 0 1487 1421 1435 03309 14.83
228 224. 230. 226.

Pu U 794 0 032 165 -1.54 00785 —0.44 Pu U 718 0 201 108 123 00971 224
Ppu U 672 0 424 298 313 01114 408 || Pu U 631 0 572 482 497 01269 587
236. 232. 238 234.

Pu U 587 0 796 698 7.2 0.1491 7.95 Pu U 550 0 944 849 863 0.1647 941
®pu U 526 0 1132 1052 1066 01897 1138 || PPu U 498 0 1307 123 1245 02137 13.12
244. 240. 234 230

Pu U 467 0 154 146 1473 02508 15.33 cm *Pu 737 0 228 115 131 008 241
236 232 238 234

Cm *PPu 707 0 335 226 241 00859 347 cm Pu 667 0 531 395 41 00962 5.11
240 236. 242 238

cm Pu 64 0 637 52 535 01037 633 cm ™Pu 622 0 715 608 623 01085 7.19
244 240. 246 242

cm Pu 59 0 876 77 784 0.1204 876 Cm *PPu 548 0 1117 1007 102 0.1424 11.05
248 244. 238 234

cm MPu 516 0 13.08 1205 12.19 01621 12.98 cf *Cm 813 0 102 091 -076 00562 0.49
et Pcm 771 0 161 055 07 00616 191 || PCf Cm 750 0 242 126 141 00636 261
Mo ™em 733 00 307 196 211 00657 329 || YCf *Cm 68 0 511 384 399 00745 5.11
®ef Mem 636 0 746 616 631 00869 7.37 || 'Cf *Cm 613 0 862 733 746 00927 849
252 248 254 250

cf *Cm 6220 0 794 685 699 00872 8.05 cf *Cm 593 0 922 831 845 00955 947
®Fm Cf 855 0 —0.11 -1.63 -148 00434 -0.12 || ®Fm *cf 8 0 156 018 033 00477 165
252 248 254. 250,

Fm “®Cf 715 0 496 339 353 00578 477 Fm °Cf 731 0 407 267 281 00539 408
®Fm *°Cf 703 0 507 38 398 00573 522 || “No Fm 823 0 175 003 017 00387 158
No Fm 858 0 046 -1.18 -1.04 00347 042 || No Fm §15 0 208 024 037 00376 18
Rf *"No 893 0 032 -155 14 00297 013 || TRf No 919 0 -098 -24 226 00275 0.7
Rf *No 89 0 002 -153 14 0028 015 | Sg Rf 99 0 -191 -377 -3.63 00218 -1.96
Hs *“Sg 1059 0 -297 -497 -482 00173 -3.06 || “Hs “Sg 963 0 015 244 23 00195 -0.59
270. 266, 270. 266.

Hs *“Sg 907 0 095 -075 —-0.62 00213 105 Ds Hs 1112 0 -3.69 -569 -555 0014 -3.69
®FL *™Cn 1037 0 -046 28 267 00115 -073 || FI Cn 1007 0  -012 -199 -187 00118 0.05
290. 286. 292 288.

Lv. ™Fl 1101 0 -21 -392 -379 00094 -1.77 Lv. ™Fl 1078 0 -1.62 -336 323 00095 121
294 290.

Og ™Lv 1184 0 -294 -536 523 00076 -3.11

024104-8



Systematic study of a decay half-lives within the Generalized Liquid Drop Model...

Chin. Phys. C 45, 024104 (2021)

Table 5.

Same as Table 4, but for a decay of odd-4 nuclei. Elements with superscript "m," "n,

p,"

or "x" indicate assignments to

excited isomeric states (defined as higher states with half-lives greater than 100 ns). Elements with superscript "p" also indicate non-

isomeric levels but are used in AME2016 [84, 85].

atransiion Qo ln 12Ty 1T 1gTHY Py 135 || atansion  Qn lwn 187y 177 175 P 1T
“To  "Eu 408 2 495 368 38 00841 488 | "Tb "Eu 35 2 88 776 779 01413 8.64
"Dy  Gd 418 0 428 319 325 0098 425 || "Dy 'YGd 356 0 839 754 767 0.1652 845
“Ho  "'Tb"™ 464 0 22 109 1.8 00838 225 |[7'Ho" Tb 474 o 179 06 07 00774 181
THo" ™Tb 412 0 547 414 427 01119 523 || Er ™Dy 48 0o 18 078 091 00796 2
155 151 153, 149

Er "Dy 412 0 615 474 48 0119 579 Tm "Ho 525 0 021 -087 -075 0076 037
FTm™ "Ho"™ 524 0 043 085 072 00763 039 || "Tm "'Ho 457 0 338 255 269 0.1032 3.7
yb  "Er 534 0 03 08 -065 00782 046 || Yb Er 462 0 38 276 281 0.1057 3.78
Lo "'Tm 58 0 -1.12 23 -2.14 00789 -1.04 || “Lu" 'Tm"™ 573 0  -074 2 -1.84 00821 -0.76
155 151 157 m 153,

Lu "'Tm 758 8 —257 —448 —429 00181 -2.55 " Tm 513 0 189 064 072 00967 173
HE  'Yb 589 0 —091 222 208 00827 -099 || “'Ta" Lu 795 § 277 -475 -446 00246 -2.85
159, 155 159, m 155

Ta “Lu" 566 0 048 -08 06 0.1006 039 Ta Lu 575 0 001 -1.19 -097 00964 0.05
W HE 645 0 2 346 323 00926 22 || "W Hf 592 0 025 -146 -131 00963 029
““w "Hf 55 0 127 024 04 0091 142 || "Re™ PTa 697 0 -354 48 456 0.1005 -3.57
“Re™  "'Ta" 643 0 -1.8 297 28 01018 -18 || “Re Ta 601 0 008 -141 -124 0.0998 —024
163 m 159, m 165 161
Re” '"Ta" 607 0 -049 -1.63 -146 00975 -045 Re "“'Ta 5690 0 125 0.3 008 00949 1.1
“Re™ 'Ta" 566 0 112 002 022 00963 124 || “Re" Ta 541 0 277 117 129 00898 2.34
169 165, 169 m 165, m

Re '“Ta 501 3 518 379 399 00681 5.15 Re” '"“Ta" 516 3 3.88 3 319 00632 439
“os  "'W 707 0 319 -474 457 01068 36 | “Os "W 6690 0 226 -35 -331 0101 -2.32
165 161 167 163

0s W 634 0 -1.1 -228 -208 00951 -1.05 Os W 599 0 021 -093 -079 00903 025
“os "W 571 0 14 021 042 00837 149 | “I™ 'Re" 689 0 257 -382 3.6 01031 -2.62
167 163 167y m 163 m

Ir Re 651 0 —1.17 -2.51 -236 00971 -135 Ir Re" 656 0 -155 -271 -256 00954 —1.54
“Ir "Re 614 0 -0.18 -1.13 -092 00916 0.11 || “E" '""Re" 627 0 -045 -1.63 -142 00877 -037
171 167 m 171y m 167

Ir '“Re" 587 0 131 —005 006 00842 1.14 It Re 616 2 043 —094 —084 00625 037
PE" “Re 594 2 126 —009 004 00562 129 | Ir  "Re 543 2 302 223 242 00567 3.67
177 173 167 163

Ir Re 508 0 469 367 379 00664 497 Pt Os 716 0 3.1 —433 —417 0104 -3.18
"t Os 661 0 -13  -254 243 0081 -136 || Pt 'POs 636 0 -035 -1.64 —15 00767 -0.38
175 171 177 173

Pt Os 616 2 058 —057 —038 0056 087 Pt Os 564 0 227 136 148 00676 2.65
Tpt Os 541 2 394 272 281 00503 411 || Pt Os 515 0 48 374 393 00564 5.17
183 179 171 m 167y m

Pt Os 48 0 661 557 569 00535 696 Aul " 716 0 276 —4.04 -395 0.0947 -2.93
173 169- 173 m 169y m

Au Ir 68 0 -153 -296 -2.82 0083 -1.75 | Au " 69 0 -1.86 -3.17 -3.02 0085 195
175 171 175 m 171y m

Au Ir 65 0 -064 -208 -188 00773 —-0.77 || ~Au " 659 0 -0.75 -2.08 —1.88 00773 -0.77
Taw "ro63 0 056 -1 —0.89 00702 026 |[Au" °E" 626 0 025 085 074 00709 041
179 175 181 177

Au Ir 598 1 151 035 044 00575 1.68 Au It 575 2 27 156 175 00475 3.07
Pau o It o547 0 38 259 27 0053 398 || MAu "I 508 0 498 405 423 00488 5.54
171 167 173 169.

He Pt 767 2 -415 -49 -48 00898 -3.75 Hg Pt 738 2 -3.1 -404 -3.838 00804 -2.79
THg Pt 674 2 -082 192 -182 00657 -064 | Hg Pt 636 0 014 08 076 00737 037
181 177 183 179.

He Pt 628 2 112 -027 009 00519 12 He Pt 604 0 19 042 053 00566 1.78
185. 181 177, 173

He "“'Pt 577 0 291 158 177 00511 3.06 T "Au 707 0 -161 -297 -2.88 00951 -1.86
177 ym 173 m 179, 175
" Au" 766 0 -3.44 -491 -478 00849 -3.71 T Au 671 0 -036 -175 —1.64 00863 -0.57
PTM AT 738 0 285 —407 393 00756 281 || "TI" Au" 697 2 046 242 223 00567 —0.99
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Table 5-continued from previous page

atransition  Qp Imin 18 Tle’/(g Ig Tlc';‘lzl Ig TIC?‘IZZ P, g T1°7123 @ transition Q¢ Imin g Tf;(zp Ig Tl“/‘;l Ig Tlcj‘lzz P, g TI“/“;
T Au 598 0 254 116 128 0072 242 | T Au 661 3 054 -083 -0.72 00474 06
187 ~ym 183 179 175

Tl Au 566 2 4 287 3.05 0.0453 439 Pb Hg 76 2 241 406 -393 00764 281
pb"™ ™Hg 702 3 038 193 183 00555 -0.58 || “Pb" "Hg" 656 0 091 -08 -0.63 00674 0.54
“Pb "Hg 639 2 22 006 024 00482 156 || Pb" "™Hg"™ 621 0 218 053 071 00609 1.93
“Pb ™Hg 592 2 399 21 221 00447 356 || U'Po" "Hg" 54 0 582 420 447 00512 576
187 - 183, 187 .m 183,

Bi Tl 778 5 -143 -324 -3.07 00385 -165 Bi TI 780 0 343 502 -482 00591 -3.59
B T 727 5 —018 -164 -154 00351 -009 || 'Bi "'TI" 645 0 136 007 012 0052 14
191 .m 187, 1935, 189 ~ym

Bi TI 702 0 -078 -226 208 0048 —0.76 Bi TI" 602 0 326 168 186 00474 3.19
B "™TI 661 0 056 08 -061 00433 075 || Bi U'TI" 554 0 576 401 419 00436 5.55
195, .m 191 2094 - 205

Bi Tl 623 0 242 073 092 00389 233 Bi Tl 314 5 268 2429 2443 00145 2627
MBi I 675 5 211  -021 -005 00287 149 || "Bi Tl 599 5 512 296 312 0031 463
187 183. 189 185

Po PPb 798 2 285 461 442 0061 321 Po "Pb 769 2 242 378 -3.68 00536 241
PP "Pb 675 0 069 089 -071 00451 064 || Po" "'Pb" 684 0 033 -126 -1.07 00446 028
197 193 197 m 193. m

Po "Pb 641 0 208 043 061 004 201 Po" '"Pb" 651 0 148 002 02 00395 1.6
PPo "Pb 608 0 364 184 202 00355 347 || Po" Pb" 618 0 302 136 153 0035 299
201 197 201 m 197 m

Po Pb 58 0 492 305 323 00313 474 Po" Pb" 59 0 434 255 273 00309 424
®po ™Pb 55 2 629 48 502 00227 666 || "Po" Pb 614 5 505 292 307 00165 485
205 201 207 203

Po “Pb 533 0 718 546 563 00241 725 Po Pb 522 0 799 606 623 00208 7.91
Po "PH" 498 0 959 746 762 00183 936 || "'Po" Pb 906 13 14 066 053 00037 19
213 209 215 211

Po Pb 854 0 543 694 675 00666 -5.57 Po Pb 753 0 275 -399 384 00714 -2.69
Po Pb 592 0 334 219 235 0084 343 || T'At "B 771 0 268 -377 -358 00701 -242
A" "'Bi 788 2 266 -4 381 00566 -2.56 || At Bi" 739 0 -154 -276 258 00616 -137
A ™Bio758 2 168 301 292 00497 162 || A" Bi 762 3 -093 293 275 00456 141
At "B" 71 0 -054 -179 -16 0054 033 || At Bi 711 0 039 -184 -1.66 00461 -032
YA B 684 0 03 087 069 00472 063 || At 'Bi 678 0 089 -0.64 -046 00405 0.3
199 m 195 . 201 197 -

At Bi 7.02 5 144 012 004 00255 1.64 At "Bi 647 0 207 051 069 00356 2.14
At Bi 621 0 315 16 176 00312 327 | At Bi 602 0 43 245 262 00271 418
207 203 - 209 2054 -

At Bi 587 0 481 312 329 00235 492 At Bi 576 0 567 366 383 00203 552
At MBI 598 0 479 249 266 00171 442 || At "Bi 925 0 -69 -84 82 00623 7
At "Bi 818 0 -4 -56 -545 00663 -427 || At ""Bi 72 0 -149 -252 -235 00716 12
At "Bi 634 0 178 074 091 00781 202 || “Rn "™Po 804 2 294 415 -396 00601 -2.74
195 191 195 m 191 m

Rn “'Po 769 0 -215 -339 32 00642 2 Rn™ "'Po™ 771 0 222 345 326 00641 -2.07
"Rn "Po 741 0 -127 249 231 0056 -106 || "Ra" Po" 751 0 -159 28 264 00556 -139
203 199. 203 m 199. m

Rn Po 663 0 1.8 029 045 00369 1.8 Rn" "Po™ 668 0 155 008 024 00368 1.67
Rn ™Po 639 2 284 157 174 00263 332 || “Rn "Po 625 0 342 184 202 00277 357
209 205 211 207

Rn “Po 616 0 4 225 241 00239  4.03 Rn “Po 597 2 528 334 35 0017 527
Rn Po 825 5 -171 403 -386 0024 -221 || "Rn "'Po 884 0 564 706 69 00621 ~-569
217 213 219. 215

Rn “"Po 789 0 -327 -438 —421 00656 -3.03 Rn “Po 695 2 0.6 —095 —-0.78 00419 0.59
2Rn "Po 616 2 384 227 244 00455 378 || TRn PPo 528 2 856 673 688 00526 8.16
197 193 m 199 195

Fr A" 788 0 263 -3.64 345 00677 -2.29 Fr o At 78 0 218 345 327 0058 -2.03
RCOAC 783 0 219 -35 -332 00581 209 || Fr YAt 75 0 -12  -254 235 00506 -1.06
201 m 197 m 203. 199

" A 76 0 -1.77 281 263 0.0504 —1.33 Fr At 727 0 -026 -1.73 -1.56 00439 —02
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Table 5-continued from previous page

atransition  Qp Imin 18 Tf’;g lg Tlcj‘lzl Ig Ti:z/)g P, lg Tlcj‘lf a transition Qo Imin g Tf;(g lg Tf%1 Ig T1°7122 P, lg T1°7123
PEOAM 739 00 -0.68  -2.14  -197 00436 —061 || Fr 'At 705 0 058 095 -0.78 0.038 0.64
207 203 209 205

Fr At 689 0 119 -037 -0.19 00328 1.29 Fr At 678 0 175 006 023 0028 1.78
M At 666 0 233 045 061 00244 223 || "Fr At 691 0 154 -053 -036 00209 132
215 211 219. 215

Fr At 954 0 -707 -842 -826 00582 -7.03 Fr At 745 0 -17 262 245 00667 -127
e At 646 2 246 143 159 00439 295 || PFr *UAt 556 4 734 636 651 00324 8
201 197 201 m 197 m

Ra Rn 8 0 -17 =37 -351 00616 -23 Ra" Rn™ 807 0 222 -389 -371 00615 -2.5
Ra Rn 774 0 144 289 -272 00533 -145 |["Ra" Rn" 776 0 -16 298 281 00533 -—1.54
207 203 209 205

Ra Rn 727 2 021 -106 -088 00327 06 Ra  “Rn 714 0 067 —091 -074 00343 0.72
Ra ™Rn 686 2 231 035 052 00209 22 || Ra Rn 88 5 -278 -5.09 -496 00199 -325
217 213 219. 215

Ra ““Rn 916 0 -579 -722 -7.04 00575 -58 Ra ““Rn 814 2 -2 —417 -399 00361 -2.55
®'Ra Rn 688 2 145 014 031 00414 169 || PRa "Rn 598 2 599 404 42 00465 553
205 201 n 207 203

Ac ' 79 3 -1 248 231 00427 —0.94 Ac Fr 785 0 —151 292 274 00486 -1.42
211 207 215 211

Ac Fr 762 0 —067 225 -2.08 00361 —0.64 Ac Fro775 0 —077 273 -2.59 00269 —1.02
217 213 217 m 213

Ac "Fr 983 0 -7.16 -845 -827 00542 -7 Ac Fr 1184 11 -477 -707 693 00037 45
219 215 221 217

Ac "Fr 883 0 493 604 -586 00567 -4.61 Ac Fr 778 0 128 -295 278 00612 -1.56
223 219. 225 221

Ac Fr 678 2 21 093 108 004 248 Ac P'Fr 594 2 593 472 487 00446 623
Pac Fr 504 0 107 938 954 00897 1059 || °Th™ *“Ra" 828 0 251 -391 -373 00517 -2.45
“Th "Ra 767 2 008 -1.79 165 0027 -0.08 || 'Th "Ra 944 5 361 -59 -574 00178 -3.99
Th *"Ra 951 0 599 744 726 00531 598 || “'Th "Ra 863 2 275 487 47 00324 321
Th *PRa 757 2 -022 16 —144 00354 001 || °Th ®Ra 692 2 277 078 094 00368 238
PTh ™Ra 615 2 621 408 424 00402 564 || °Th Ra 517 2 114 94 954 00484 10.86
231 227 213 209

Th Ra 421 2 1736 1634 1648 0063 17.68 Pa “Ac 84 0 215 -397 379 00476 -2.47
215 211 217 213

Pa “"Ac 824 0 -185 -352 337 00409 -198 Pa  “"Ac 849 0 246 431 414 00357 -27
221 217 223 219

Pa “"Ac 925 0 523 648 629 00517 -5.01 Pa “"Ac 833 0 229 -393 377 00543 -25
227 223 229. 225

Pa PAc 658 0 343 229 245 00634 3.65 Pa PAc 584 1 743 591 606 00515 734
U *®Th 994 5  -426 -651 -634 00161 -455 | “U *"Th 989 0 -6.18 -7.68 -7.5 0.0487 —6.19
U P'Th 802 2 -121 234 218 00317 -068 || U  FTh 723 2 18 034 05 00335 198
U PTh 648 0 424 318 333 00614 454 | U FTh 558 2 995 799 813 00419 951
U ™Th 491 0 127 1187 1202 00808 13.11 || “Np FPa 78 2 029 -134 -1.18 0.0309 033
229. 225 231 227

Np PPa 702 1 255 141 156 00414 295 Np Pa 636 1 514 422 437 0044 572
235 231 237 233

Np 'Pa 519 1 1212 1052  10.64 00515 11.93 Np Pa 496 1 1383 1207 1221 00515 13.49
239. 235 231 227.

Np Pa 46 1 1661 1468 1482 00542 16.08 Pu U 684 0 358 246 261 0055 3.87
233 229. 235 231

Pu U 641 2 6 461 476 00329 624 Pu U 595 0 772 655 667 00577 791
239. 235, (xm 241 237.

Pu U™ 524 0 1188 106 1074 00604 11.96 Pu U 514 2 1326 1154 1168 0034 13.15
Am PNp 814 2 03 -167 -151 00282 004 |[Am PNp 706 1 362 207 222 00366 3.66
235 231 237 233

Am “Np 659 1 518 401 414 00374 557 Am  “Np 62 1 724 584 599 00378 741
Am Np 592 1 863 724 738 00375 881 || "Am Np 564 1 1014 88 895 00375 1037
243 239. 233 229.

Am Np 544 1 1137 996 101 0.0368 11.53 cm Pu 747 0 213 078 094 00468 227
237 233 241 237

Cm “Pu 678 0 482 35 364 00459 498 cm “Pu 619 3 845 678 693 00213 86
243 239. 245 241

cm Pu 617 2 896 657 671 00246 832 cm Pu 562 2 1142 946 959 00264 11.17
*Bk *PAm 589 2 1064 843 856 00232 102 | 'cf em® 746 0 275 151 166 00354 3.1
243 239 245 241

Cf Cm 742 3 366 216 229 00156 4.1 cf *cm 726 0 387 218 232 00314 3.83
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Table 5-continued from previous page

o transition Ou  Imin lg Tf;g lg T1c7121 Ig Tlc7122 P, lg TI“/‘I; o transition Q¢  Imin g Tf’;g Ig Tf;‘;l Ig sz/‘;z P, lg Tlcj‘lf
¥ef em 65 2 75 578 592 00203 761 || C'Cf Cm o 618 5 1045 838 851 0.0098 10.52
*Bs BK" 787 0 222 028 042 00285 197 | “Es YBK" 744 1 359 193 208 0021 375
*Es BK 69 1 603 42 434 00218 6 gs Bk 674 0 625 477 491 00262 649
Es TBK" 64 0 763 63 644 00263 802 || Fm UCf 87 1 -06 -198 -1.83 00201 -0.14
"Fm o Cf 826 4 169 013 027 00095 229 ||Fm™ Cf 831 0 076 088 073 00248 0.87
253 249 m 257. 253

Fm YCf" 705 2 633 407 421 00147 604 Fm Cf 68 2 694 481 493 00131 682
*'Md  PBs 877 1 008 -191 -176 00172 0004 |[*'Md" PEs 903 3 05 -229 214 00106 —0.17
251 247 251 247

Md BEs 796 1 34 073 086 00169 2.64 No Fm 876 0 -002 -1.65 -1.51 00203 0.18
PINo™ *Fm" 882 0 001 -184 -17 00201 -0003 | “No Fm 842 1 223 048 -034 00146 15
255 251 m 259. 255

No P'Fm™ 823 2 284 026 04 00112 235 No “Fm 785 2 366 156 169 00102 3.68
e Md 893 0 -0.15 -184 -17 00185 003 || L™ *Md" 88 0 017 -162 -148 00187 025
e P'Md” 85 0 149 054 —04 00183 134 || Lr "Md 908 4 078 -158 —145 00059 0.78
e Md® 858 0 09 -083 -07 00155 111 || Rf *'No 906 1 054 -18 -1.71 00125 0.19
PRE" No 916 2 069 203 -19 00091 0.14 || CRf No" 903 0 046 -19 -1.76 00146 0.07
®IRf *No 865 0 09 -072 -059 00144 126 | “Rf "No 826 4 334 136 15 00054 377
Db L™ 958 1 -029 311 -297 001 -097 || ’Sg *Rf 977 2 -038 -3.14 -3 00079 -09
sg" R 971 2 063 297 -284 0008 -074 || 'Sg  'Rf 971 2 -073 -302 -2.88 00074 —0.75
®Sg Rf 941 0 003 241 227 00121 -035 || *Bh Db 105 3 187 -453 -439 00054 -2.12
Hs  *'Sg 1047 0 271 -47 -456 00099 -256 | “Hs “Sg 935 0 12 -1.62 -148 00099 052
267 263 269 265 m

Ds “Hs 1178 0 -5  -71  —696 00079 -4.85 Ds ““Hs" 1128 0 -3.64 —604 -59 00078 -3.79
"Ds *Hs 1088 5 -1.05 -401 388 00023 -124 || "'Ds" *Hs 1095 2 277 -508 494 00044 258
273 269 277 273

Ds  ““Hs 1138 3 -3.62 -592 -579 00031 -328 Ds  Hs 1083 4 -222 -439 426 0.0023 -1.62
en DS 1142 0 -3.07 59 -576 00057 -352 || 'Cn 'Ds 1046 4 -0.74 -287 -275 00021 -0.07
289 285

Fl. "Cn 997 0 038 -172 -1.6 00044 076

Table 6. Same as Tables 4 and 5, but for a decay of doubly odd nuclei.

o transition Ou  Imin lg Tic);g g Tf?]zl 1g Tf';‘lzz P, lg Tlc;"; o transition Qo lnin g Tf;g 1g Tf"/‘lzl lg Tl“/‘lz2 P, g Tlcj‘];
148 144. 152 148,

Eu “Pm 269 0 1498 1377 1395 00795 15.04 Ho ™Tb 451 o0 312 18 195 00634 3.14
THo" "'Tb™ 458 0 266 144 156 00635 276 || ~Ho Tb 404 0 656 465 488 00582 6.11
“Tm "Ho 509 0 117 -0.16 008 0059 13 | “Tm"™ "Ho" 518 0 075 054 -031 00592 092
156, 152 156. m 152, m

Tm '“Ho 435 0 512 388 403 00533 53 L Tm™ 572 0 —068 -196 -1.78 00558 —0.53
TTa "Lu 613 0  -129 271 -2.62 00526 -134 || "Ta" 'Lu" 621 0 -142 -301 -291 00528 -1.63
160. 156, 162. 158,

Re “Ta 67 2 226 36 -346 00303 -1.94 Re Ta 625 0 -095 -232 -2.15 00456 —0.81
Re" "Ta" 628 0 -1.07 -243 226 00457 -092 || “Re"™ '“Ta" 577 0 146 043 022 00411 116
164y m 160. m 166. 162

" “Re" 706 0 278 -436 415 00445 28 Ir Re 673 0 195 -329 -3.15 00405 -1.76
Ot PRe™ 673 0 -1.81 -329 3.5 00405 -176 || It "™Re 638 0 —064 203 -19 00368 -046
168y m 164 m 170. 166. P

" “Re" 648 0 —0.68 241 -227 00371 -0.84 Ir R 596 0 124 —-037 0.7 00332 131
Tt Re 627 2 035  -132  —1.12 0.0205 057 P Re 599 3 234 006 016 00151 198
172y m 168. 174. 170.

Ir Re 613 0 136 -1.16 —-1.04 00314 046 Ir Re 563 2 317 131 15 00168 327
174, m 170 170 166

Ir Re 582 2 229 044 063 00172 24 Au Ir 718 0 -258 -403 -3.82 00362 -238

Continued on next page
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Table 6-continued from previous page

a transition O Imin lg Tf;g Ig TIC*/‘IZ1 Ig Tlc’;‘;z P, g Tl“/‘l; « transition Qo  Imin g Ticg Ig Tlcjﬂzl Ig Tl“/‘;z P, g T1°7123
170 m 166, m 176 172
Au" K" 729 0 284 —438 —4.17 00365 -2.74 Au Ir 644 0 014 -152 -132 00277 024
186 182 180, 176 m

Au It 491 1 780 559 577 00122 7.69 T "Au" 657 3 123 -062 -043 00117 15
TN AU 602 6 566 301 318 00048 5.5 “Bi Tl 776 1 -183 451 432 00162 -2.53
1864 .-m 182, ;m 1904 . 186,

Bi TI" 788 3 —201 -438 -419 00107 -2.22 Bi TI 68 1 091 -156 -146 0013 043
PBI" TI™ 697 3 094 —145 -135 00086 072 | Bi Tl 638 1 244 029 047 00115 241
1925 .m 188, ~ym 194 . 190,

Bi T 649 3 2.58 0.36 0.54 0.0076  2.66 Bi T 592 1 4.31 225 243 00101 442
BT TI™ 602 3 474 231 248 00067 466 || Bi TP 526 0 742 546 557 00114 751
196 .n 1920 212 208,

Bi T 532 2 78 545 556 00069 7.72 Bi Tl 621 5 4 199 215 00085 422
Bi  TI 56 5 675 473 489 00091 693 | At "™Bi 77 0 -194 -372 -354 00175 -1.78
192 m 188 .m 194 190 .n

A" B 763 3 —1.06 294 276 0.0085 —0.69 At Bi' 733 0 -054 259 24 00158 -06
A BI™ 731 0 —049 249 23 00157 -05 || At Bi 66 0 192 006 024 00119 2.17
WA Bi" 677 3 188  -005 0.2 00059 235 || “At  ""Bi 635 0 316 099 1.1 00108 3.07
A TBIM 626 0 332 14 151 00106 348 || "A® Bi'" 64 0 268 079 09 00109 2.86
204 2004 . 206 202, -

At Bi 607 0 416 222 238 00097 44 At Bi 580 0 531 306 323 00088 529
At UBio575 0 602 37 382 00081 591 || C‘At "Bi 563 2 722 452 468 00045 7.03
At "Bi 782 5 05 3.1 -293 00061 -072 || At "Bi 687 0 018 -138 121 00501 0.09
At BT 605 0 343 202 218 00542 345 || BT AT 771 0 -072 311 292 00133 -1.05
212 208 214 210

Fr "®At 653 2 344 127 144 00047 377 Fr At 859 5 —229 466 —449 00058 -225
TFro YAt 801 0 -3 443 -426 00513 297 || "FT CMAC 787 2 -166  -37  -353 0017 176
220 216 216 212

Fr ‘At 68 1 144 —0.16 001 00289 1.5 Ac PFr 924 5 336 -574 557 00061 -3.36
216 m 212 218 214.

Ac Fr 928 5 -336 -584+ 568 0006 —3.46 Ac Fr 937 0 -6 -743 -725 00595 -6.02
222 218 226 222

Ac Fr 714 0 07  -072 -056 00548 0.7 Ac Fr 551 2 923 698 7.3 00156 894
Pa "Ac 965 0 611 745 727 00698 -611 || “Pa PAc 769 2 007 -164 148 0017 029
228 224 230. 226

Pa Ac 627 3 663 425 436 00078 647 Pa  Ac 544 2 1067 827 841 0011 1037
Aam"™ Np 564 3 1199 926 94 00018 1215 | “Es "B 75 0 366 165 179 00101 3.79
*Bs Bk 716 2 576 324 338 00024 6 B Bk 679 2 772 483 496 00013 7.85
e Bk 67 1 764 496 51 00016 7.9 || 7Md" Es 791 3 47 127 141 00008 45
258 254.

Md  *Es 727 1 665 329 342 00014 627

numbers are close to the N = 126 closed shell and the su-
perheavy nuclei region, the deviations caused by g 777
and Ig7{7% have maximum values, indicating that there
are important physics, such as the shell effect, which need
to be considered. This also indicates that changing the
proximity energy does not affect the revealing of the mi-
croscopic shell effect, which is important for predicting
the island of stability for superheavy nuclei. After consid-
ering the a-particle preformation factors obtained using
Eq. (3), the deviations caused by Ig Tfj‘lf are approxim-
ately zero, indicating that the accuracy of the calcula-
tions has been significantly improved. For all 535 nuclei,
the RMS deviation between Ig7(7 and Ig77); is
o =0.258, indicating that the calculated a decay half-
lives using the GLDM with proximity energy Prox. 77-

Set 13 and the a-particle preformation factor estimated by

Eq. (3) can reproduce the experimental data within a
factor of 10°2°8 = 1.81. In addition, as can be seen from
Figs. 2-4, 1gT{7} is approximately 0.2 larger than g 7{7'
on the whole, indicating that the introduction of proxim-
ity energy Prox. 77-Set 13 systematically improves the
calculated accuracy of the GLDM to describe the o de-
cay half-lives. Fig. 5 shows the deviations between the
calculations by the GLDM with proximity energy Prox.
77-Set 13 and that with the original one for even-even
heavy and superheavy nuclei. In this figure, it is seen that
the deviations are approximately 0.2 and 0.14 in the
heavy and superheavy nuclei regions, respectively. This
indicates that compared with the heavy nuclei, in the su-
perheavy nuclei region, the o decay half-life is less sensit-
ive to the proximity energy, which helps us to predict o
decay half-lives of unsynthesized superheavy nuclei.
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Fig. 2.  (color online) The logarithmic differences between
three calculated o decay half-lives and experimental data of
even-even nuclei. The black open squares, red solid squares,
call

and blue solid circles denote the differences caused by 1777},
lgT¢42, and 1g T3, respectively.
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Fig. 3. (color online) Same as Fig. 2, but depicting the logar-
ithmic differences between three calculated a decay half-lives
and experimental data of odd-A4 nuclei.
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Encouraged by the good precision of the calculated o
decay half-lives for known nuclei, the o decay half-lives
of even-even superheavy nuclei with Z=112-122 are
predicted using the GLDM with proximity energy Prox.
77-Set 13 and a-particle preformation factors obtained
from Eq. (3), the improved Royer formula [79], and the
UDL [80]. The a decay energies are taken from the
WS4+ mass model [86], which is the most accurate nuc-
lear mass model at present. The predictions are listed in
Table 7. In each part of this table, the first, second, and
fourth columns are the same as those of Tables 4—-6. The
third one is the a decay energy obtained by the WS4+
mass model [86]. The last three columns are the pre-
dicted o decay half-lives by the improved Royer formula,
the UDL formula, and the GLDM with proximity energy
Prox. 77-Set 13 and the a-particle preformation factor ob-
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Fig. 4. (color online) Same as Fig. 2, but depicting the logar-
ithmic differences between three calculated o decay half-lives
and experimental data of doubly odd nuclei.
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Fig. 5. (color online) The differences between calculated a
decay half-lives 1g7{7% and 1g7{)' for even-even nuclei with
Z=284,94, 104, and 114.

tained from Eq. (3). From this table, one can see that the
three calculations are consistent with each other, and that
the change trends of half-lives are consistent. Addition-
ally, the logarithms of half-lives from the three methods
are plotted in Fig. 6. In this figure, one can see that
GLDM and UDL formulas give the longest and shortest
predictions of a decay half-lives, respectively. The pre-
dictions by the GLDM are very close to the ones pre-
dicted by the improved Royer formula. Notably, for *F),
288Fl,290LV, 292LV, and 294Og, the predictions can repro-
duce experimental data well, indicating that the predic-
tions are reliable. In particular, one can find that when
neutron numbers N cross N = 184, the predicted a decay
half-lives decrease sharply, and at N = 186, the a decay
half-lives reduce by more than two orders of magnitude.
It is indicated that strong shell effects are reflected, im-
plying that the next neutron magic number after N = 126
is N =184. Fig. 7 shows plots of the logarithms of half-
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Table 7. Predicted o decay half-lives of even-even nuclei with Z = 112 - 122 using the GLDM with proximity energy Prox. 77-Set 13,
the improved Royer formula [79], and the universal decay law [80]. The a decay energies are calculated by the WS4+ mass model [86].
The o decay energies and half-lives are in units of MeV and s, respectively.

o transition Ou Imin 12 T}Q/ozyer Ig T]%)L lg T]C%a a transition Qu Imn g Tf/ozy” Ig TIU/];L Ig Tf‘/‘;C3
Nucsth Z=112
cn ™Ds 1205 0 -5.32 -5.62 504  cn Ds 1152 0 —4.18 45 ~4.04
Tcn PDs 119 0 ~5.08 -5.38 485  cn "Ds 1174 0 475 ~5.06 452
®cn ™Ds 1083 0 -2.63 -2.96 253 Men Ds 1011 0 ~0.76 ~1.11 ~0.69
®en ™Ds 952 0 0.94 0.57 0.97 ®cn Ds 901 0 2.51 2.13 253
™cn ™Ds  9.09 0 224 1.86 227 "cn ™Ds 885 0 2.98 2.59 3.01
Pen ™Ds 827 0 5.06 4.65 5.08 Pen ™Ds 806 0 5.83 5.41 5.81
®cn Ds 77 0 7.4 6.81 721 Pcn ™ps 877 0 3.12 2.73 3.18
Yen o 'Ds 842 0 436 3.96 442 Pcn 'Ds 749 0 8.05 7.61 8.08
Nuclei with Z=114
TR en 1295 0 ~6.58 ~6.91 -6.21 TR Pen 1241 0 55 ~5.84 ~522
TR Ten 1251 0 -5.75 ~6.09 ~5.43 "E Ten 1219 0 —5.11 ~5.45 —4.84
R Ten 1134 0 -323 -3.59 -3.08 E ™en 1054 0 ~1.24 -1.62 -1.19
E ™Cn 994 0 0.4 ~0.002 0.45 E Mon 962 0 133 0.92 135
B e C 0 1.68 126 1.71 R ™en 893 0 3.49 3.06 3.52
PR e 869 0 43 3.86 429 Rl PCn g4 0 481 437 48
PR Pen 825 0 5.87 5.41 5.87 R PCn 954 0 137 0.97 1.48
R Pen 927 0 2.19 1.78 231 R Yen g4l 0 5.15 471 5.17
Nuclei with Z= 116
v Rl 1343 0 —6.92 ~7.28 647  Lv. Pl 1299 0 ~6.09 ~6.47 -5.71
Ly R 1294 0 ~6.03 6.4 566  Lv. Rl 1235 0 —4.84 -5.23 —4.58
v o MR 18 0 -3.67 ~4.06 35 fLv Pl 1128 0 .47 -2.88 -236
Ly o ™R 1126 0 245 ~2.86 236 v ™ 1106 0 ~1.98 24 ~1.89
v MR g1 0 213 —2.54 201 v Pl 1064 0 -0.97 -1.39 -0.88
v Rl 1087 0 ~1.61 —2.02 -151 v R 1075 0 -133 ~1.74 -122
Ly TRl 109 0 -1.76 -2.16 -1.61 v R 1217 0 —4.81 -5.18 ~4.49
v o MR 1145 0 -3.19 -3.58 -3 v Rl 1029 0 -0.2 -0.62 -0.07
Nuclei with Z=118
Tog  TLv 1393 o0 ~7.28 ~7.69 674 Mog  Lv 1373 0 ~6.95 -735 ~6.45
®og Ly 1349 0 —6.54 ~6.95 607  Mog  MLv 1321 0 ~6.02 ~6.44 ~5.66
®og  Lv 1289 o0 ~5.42 ~5.84 5.1 ®og  MLv 1259 o0 ~4.83 5.5 ~4.57
Pog  MLv 1257 o0 —4.83 5.5 456  "og  Lv. 1221 0 ~4.08 -4.51 -3.84
Pog  P'Lv 1217 o0 -4.03 ~4.46 38 Tog v 113 o0 -3.04 -3.48 291
Tog  M'Lv 1216 0 -4.07 45 38  og  Lv. 1193 0 -3.59 -4.02 -3.38
Pog v 12020 o0 -3.83 -4.25 359 Mog  Lv 131 o0 -6.17 ~6.57 -5.77
Yog  "Lv. 1246 0 ~4.87 -5.08 459  Mog  Lv 1118 o0 -1.93 237 -1.77
Nuclei with Z =120
™20 ™og 1399 0 ~6.91 -735 644 120 Oog 1401 0 ~6.99 ~7.43 ~6.46
120 Mog 1371 o0 ~6.45 6.9 601 120 Og 1368 0 ~6.43 -6.88 -5.97
120 Mog 1344 0 ~6.01 ~6.46 557 120 og 1322 o0 5.6 -6.05 -5.05

Continued on next page
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Table 7-continued from previous page

@ transition [P Imin Ig T}z/ozyer Ig T}J/[Z)L Ig Tlcj‘lzd @ transition Qo Imin Ig TF/OZY o g TIU/[Z)L Ig Tf/alz“
120 ™og 1332 o0 —5.84 ~6.29 -s46 120 og 1298 0 ~52 ~5.65 487
120 P0g 1329 0 -5.87 -6.31 ~545 120 Pog 1287 0 -5.03 -5.48 ~4.67
20  Mog 1274 o0 48 -525 453 ™120 og 1377 0 ~6.88 —731 -638
120 Mog 1295 0 -53 -5.75 —495 120 og 1148 0 -2.01 ~2.49 ~1.86

Nuclei with Z =122
10 120 15.09 0 -8.37 —8.84 762 1220 120 1499 0 —8.24 -8.71 —7.48
P22 1200 1464 0 ~7.68 -8.15 705 122 120 1467 0 -7.76 -8.23 ~7.14
P20 P20 1468 0 ~7.81 -8.28 217 122 P00 1402 0 ~6.99 ~7.46 —6.42
122 P20 1421 o0 ~7.05 -7.52 646 122 120 1371 o0 -6.15 ~6.63 -5.73
12 g 1378 0 -6.31 -6.79 587 122 120 1492 0 -84 -8.86 —7.64
900 0 1344 0 -5.71 —6.19 528 1220 120 1214 0 —2.97 —3.48 275
10 160 165 170 175 180 185 190 160 165
8 b [F=—2=112 Royer formula] . —=— =114 Royer formula|
—e— Z=112 UDL formula d —e— Z=114 UDL formula
6 F Z=112 Present work Z=114 Present work
—_ Z=114 EXP Ref. [83]
© 4 —&— Z=114 EXP Ref. [14]
E o
A
ni P ¢ /t::
IS SEh S 1 1
oF —=— Z=116 Royer formula| —=— Z=118 Royer formula
-1 F [—®—Z=116 UDL formula —e— Z=118 UDL formula
Z=116 Present work Z=118 Present work
— 2k Z=116 EXP Ref. [83] e = P Z=118 EXP Ref. [83]
O = —*— 7=118 EXP Ref. [21]
w3k
85t /
oA
i3 '/. lf::///./
Py : : : ¢ :
2F Sz Royer formula] —m— 7=122 Royer formula]
—e— Z=120 UDL formula —e— Z=122 UDL formula
3 r Z=120 Present work Z=122 Present work
g0 s
6 ./.74. ./‘VVVV "
Eas -— >
7 s p
Wél) 1é5 1;0 1‘75 1;30 1é5 15‘90 1[‘50 ‘IéS
N N
Fig. 6. (color online) The predicted a decay half-lives of even-even nuclei with Z = 112 - 122 using the GLDM with proximity energy

Prox. 77-Set 13 and a-particle preformation factors obtained from Eq. (3), the improved Royer formula [79], and the universal decay

law [80], taking Q, obtained from the WS4+ mass model [86]. The purple square, blue star, and green triangles denote the experiment-

al a decay half-lives taken from Refs. [14, 21, 83].

lives for the three methods for N = 184 isotones. In this
figure, one can see that when the proton number Z > 114,
the predicted o decay half-lives drop dramatically by
eight orders of magnitude at Z = 116, indicating that there
is a major proton shell, and the next proton magic num-
ber after Z=282 is Z=114. In addition, the half-life of
296Og shows a peak, where the nucleus is the closest one

to the heaviest nucleus 295Og at present and may be the
next candidate for synthesizing a superheavy nucleus.

IV. SUMMARY

In summary, we systematically studied the abilities of
various versions of proximity energies when they are ap-
plied to the GLDM for enhancing the calculation accur-
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acy and prediction ability of o decay half-lives for known
and unsynthesized superheavy nuclei. When a more suit-
able proximity energy is chosen for application to the
GLDM, calculations of a half-lives exhibit systematic im-
provements in reproducing experimental data. In addi-
tion, the calculations indicate that changing the proxim-
ity energy will not affect the revealing of the microscop-
ic shell effect, which is important for predicting the is-
land of stability for superheavy nuclei. Encouraged by
this, the a decay half-lives of even-even superheavy nuc-
lei with Z = 112 - 122 were predicted by the GLDM with
amore suitable proximity energy. The predictions con-
form to the ones calculated by the improved Royer for-
mula and the UDL. In addition, the features of the pre-
dicted a decay half-lives imply that the next double ma-
. 208 .29
gic nucleus after © Pbis ~ FL.

8
—=— N=184 Royer formula
6 - —e— N=184 UDL formula | 4 6
r N=184 Present work
af | Ja
N I
— [ ! \
B 2 \ \ —42
-~ [ | \\
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Fig. 7. (color online) Same as Fig. 6, but depicting pre-
dicted a decay half-lives of even-even nuclei with N = 184
isotones.
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