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Abstract

By combining experimental a-decay energies and half-lives, the a-particle preformation factor for nuclei around neutron
magic numbers N of 126, 152, and 162 were extracted using the two-potential approach. The nuclei around the shell clo-
sure were more tightly bound than adjacent nuclei. Additionally, based on the WS4 mass model (Wang et al., Phys. Lett.
B 734, 215 (2014)), we extended the two-potential approach to predict the a-decay half-lives of nuclei around N values of
178 and 184 with Z of 119 and 120. We believe that our findings will serve as guidelines for future experimental studies.
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1 Introduction such as the decay energy [9-12], half-life [13—18], shell

effect [19], and deformation [20-27]. This decay process

The exploration of nuclear structures is a prevalent area in
nuclear physics [1-8]. @ decay, as the dominant decay mode
of heavy and superheavy nuclei, has long been regarded as
a reliable pathway for obtaining rich nuclear information
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was explained by Gamow [28] and Condon and Gurney [29]
as a quantum tunneling effect back in 1928. Subsequently,
numerous phenomenological models have been proposed to
study a decay, such as the density-dependent cluster model
[30, 31], two-potential approach (TPA) [16, 32], generalized
liquid-drop model [33-35], and unified fission model [36].
These methods suitably reproduce the experimental half-
lives and are widely used to further predict the half-lives of
unknown nuclei for subsequent experimental studies.

In recent years, with the development of experimen-
tal equipment, many studies have been devoted to heavy
and superheavy nuclei to extract valuable nuclear struc-
ture information from such extreme nuclei [37-41].
Superheavy elements 110—118 have been successfully
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synthesized using different fusion reactions, advancing
toward the superheavy stable island [42—45]. On the other
hand, increasing experimental data suggest that nuclei
around magic numbers are relatively more stable in heavy
and superheavy regions. These include neutron magic
numbers, N, of 126, 152, and 162 [46—48]. In fact, the
traditional liquid-drop model indicates that superheavy
nuclei cannot exist because of their strong Coulomb poten-
tials. In the 1980s, corresponding experiments confirmed
that a region of deformed superheavy nuclei exists near
proton and neutron numbers of 108 and 162, respectively
[49]. Many studies have shown that the shell effect in the
deformed regions contributes to maintain the stability of
superheavy nuclei [50, 51]. As a magic number is usually
a good indicator of the shell structure, the a-decay proper-
ties of nuclei should be investigated around neutron magic
numbers in the heavy and superheavy regions. First, nuclei
around neutrons contain important nuclear structure infor-
mation. Second, research based on a-decay properties can
be extended to predict the half-lives of unknown nuclei to
provide reasonable references for subsequent experiments.
In addition, relevant studies have suggested that N values
of 178 and 184 are candidate neutron magic numbers in
superheavy regions [15, 35, 52]. Similarly, the correspond-
ing decay properties of related nuclei should be unveiled.

In a decay, the a-particle preformation factor represents
the relative probability of four nucleons forming an « clus-
ter on the surface or inside the parent nucleus [53, 54]. As
this factor largely depends on the structures and states of
the parent and daughter nuclei, it is often regarded as a
useful probe for studying nuclear structures [55-58]. In a
recent study, by combining the experimental decay energy
and half-life, we systematically extracted the a-particle
preformation factor of heavy and superheavy nuclei using
the TPA. The TPA [16, 32, 48] is a phenomenological
model that can describe a decay, and it has been extended
to describe proton radioactivity [59], with the calculated
half-lives suitably agreeing with experimental data. In the
present study, by combining experimental half-life and
decay energy data, we further extended the TPA to extract
the a-particle preformation factor of nuclei around neutron
magic numbers, N, of 126, 152, and 162. Useful nuclear
structure information was obtained from the relevant «
-decay properties. In addition, we extended the model to
predict the a-decay half-lives of the nuclei around N of 178
and 184 with Z of 119 and 120. Our findings may provide
useful guidelines for future synthetic experiments.

The remainder of this paper is organized as follows.
Section 2 details the TPA framework and a-particle pre-
formation factor. The results and discussion are presented
in Sect. 3. Finally, a summary of the study and findings is
presented in Sect. 4.
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2 Theoretical framework

2.1 TPA

In the TPA framework, the a-decay half-life, T /25 is given
by

In2
T =2, )

where A is the decay constant. Under the TPA framework,
the decay constant is typically related to three parts: nor-
malized factor F, penetration probability P, and a-particle
preformation factor P,. In the TPA, the decay constant can
be described as

o PP
=

) 2)

where 7 denotes Planck’s constant. F'is the normalized fac-
tor of the bound-state wave function, which is an important
physical quantity related to the collision frequency and satis-
fies the following condition:

r2 1
F/r1 2k(r)dr_ 1, 3)

where r is the distance between the centers of mass of
the daughter nucleus and preformed « particle, while k(r)
denotes the wave number expressed as

2u
k(r) =4/ ﬁIQa -V, “

with Q, and V(r) denoting the a-decay energy and total inter-
action potential, respectively. Penetration probability P can
be calculated using the classical Wentzel-Kramers—Brillouin
approximation:

3
P = exp [—2/ k(r)dr] , 3)
4]
where r, r,, and r; are classical turning points that satisfy

V(r1) = V(rz) = V("3) = Qa'

Table 1 Parameter values for estimating a-particle preformation fac-
tors in Eq. (12)

Nuclei a b c d h
Even-Even nuclei 0 0
0Odd-A nuclei 0.035 —1406 7.070 —0.054 —0.4687
0dd-0dd nuclei —-0.054 -0.9374

Parameters a, b, and ¢ share the same numerical results for different
nuclei
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Fig.1 (Color online) a-decay properties of nuclei around neu-
tron magic number N of 126. a Variations in experimental a-decay
energy according to neutron number of parent nuclei. Variations in b
experimental half-lives and ¢ extracted preformation factors accord-
ing to neutron number of parent nuclei. The red circles, blue stars,
and black squares represent the results of Rn, Ra, and Th isotopes,
respectively
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Fig.2 (Color online) Similar comparison to that shown in Fig. 1 for
a-decay properties of nuclei around neutron magic number N of 152.
The red circles, blue stars, and black squares represent the results of
Cf, Fm, and No isotopes, respectively

The total interaction potential, V(r), can be divided
into three components: nuclear potential Vy(r), Coulomb
potential V-(r), and centrifugal potential V|(r). In addi-
tion, we mainly focus on the nuclear structure informa-
tion derived from even—even nuclei to avoid any obvious
odd—even staggering effects on the binding energy [60]
or preformation factors [48, 50] while emphasizing shell
effects. According to the conservation laws of spin parity,
centrifugal potential V|(r) of even—even nuclei is treated

as zero. In addition, we choose the following hyperbolic
cosine parameterized form for the nuclear potential:

1 + cosh(R/a)

W =-V, cosh(r/a) + cosh(R/a)’ ©

where V|, and a are the depth and diffuseness parameters of
the nuclear potential, respectively. Additional details can be
found in [16, 32, 48]. Assuming a uniformly charged sphere,
Coulomb potential V-(r) can be expressed as

Z“Z—”€2[3—ﬁ] r<R
Vey=q e P TEl =R

Z47,€*
d_“’ r>R,
r

)

where Z; and Z, are the charge numbers of the daughter
nucleus and a particle, respectively. Referring to the liquid-
drop model, radius R [61] can be expressed as

R=128A"3-0.76 +0.847'/3. (8)

2.2 a-particle preformation factor

We obtain the a-particle preformation factor, Pf’““‘“, from
the ratios between the theoretical a-decay half-life calculated
by TPA and corresponding experimental value. Considering
Egs. (1) and (2), the experimental decay constant, Aexp, can
be calculated as

E
1I12 B hpaxlractFP

exp = F;g = —4/4 (9)

A

Assuming preformation factor P, = 1.0, theoretical decay
constant 4., can be expressed as

In2 nP,FP
cal = Tl T . (10)
Y

Combining Eqgs. (9) and (10), the a-particle preformation
factor can be extracted from the ratio between the theoreti-
cal a-decay half-life and corresponding experimental value
as follows:

cal

PExtract _ Aexp _ T1/2
« - T - TP (11)

cal 172

2.3 Phenomenological formula for estimating a
-particle preformation factor

We also predict the a-decay half-lives for unknown nuclei
around the neutron magic numbers, which are important

@ Springer
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;::flsrilalige;c;;iggiglcle @ ransition N 0" (MeV) PR logyg Tle;g ® log,, Tlc;llz1
calculated half-lives for nuclei (s)
;rzlllnldzgeutron magic number 7 =86
196Rn —192Pg + o 110 7.62 0.9127 -2.33 -2.37
1%Rn —9Po + a 112 7.35 0.4408 -1.18 -1.54
200Rn —19Pg + 114 7.04 0.2853 0.07 —-0.47
202Rp —198pg 4 o 116 6.77 0.2562 1.09 0.50
204Rn »20pg + o 118 6.55 0.2067 2.01 1.33
206Rp —202pg + o 120 6.38 0.1751 274 1.98
208Rn —20Po + a 122 6.26 0.1295 3.37 2.48
210Rn 2Py + o 124 6.16 0.0839 3.95 2.87
212Rp 208pg 4 o 126 6.39 0.0471 3.16 1.83
2149Rn »210Pp + 128 9.21 0.2543 -6.57 -7.16
216Rp —212Pg 4 o 130 8.20 0.6021 -435 -4.57
218Rn »214Po + a 132 7.26 0.6232 —1.46 -1.67
220Rn —219Pg + 134 6.40 0.7197 1.75 1.61
2R 218pg 4 o 136 5.59 0.7176 5.52 5.38
Z=288
204Ra »2Rn + « 116 7.64 0.2803 -1.22 -1.77
206Ra —202Rp + ¢ 118 7.42 0.3563 —0.62 -1.07
208Ra —»2%Rn + « 120 7.27 0.1937 0.10 —0.61
210Ra »209Rn + « 122 7.15 0.1739 0.57 -0.19
212Ra 208Rp + o 124 7.03 0.1049 1.18 0.20
24Ra »2%Rn + « 126 7.27 0.0746 0.39 —0.74
216Ra -»212Rp + o 128 9.53 0.3014 —6.74 —1.26
218Ra »2“Rn + « 130 8.54 0.7092 —4.59 —4.74
220Ra »21%Rn + « 132 7.59 0.6122 -1.74 -1.95
22Ra »28Rn + a 134 6.68 0.5521 1.59 1.33
224Ra »?Rn + « 136 5.79 0.6687 5.52 5.35
226Ra »22Rn + a 138 4.87 0.8564 10.73 10.66
Z=90
210Th ,206Ra + o 120 8.07 0.2250 -1.80 -2.45
22Th »208Ra + o 122 7.96 0.2425 -1.50 -2.12
214Th 5210R 4 o 124 7.83 0.1853 -1.06 -1.79
26Th »22Ra + a 126 8.07 0.0968 -1.57 —2.58
218Th ,214Ra 4 o 128 9.85 0.4338 -6.96 ~7.32
220Th ,216Rq + 130 8.97 0.5902 —5.01 -5.24
22Th »2%Ra + « 132 8.13 0.6108 —2.69 —2.90
24Th 220Ra 4 o 134 7.30 0.5017 0.12 -0.18
226Th »22Ra 4+ « 136 6.45 0.6021 3.39 3.17
28Th 224Ra 4+« 138 5.52 0.7179 7.93 7.79
230Th 226Ra + a 140 477 0.8421 12.49 12.42
232Th ,230Ra + 142 4.08 1.2594 17.76 17.86

indicators. However, such prediction does not allow to evalu-
ate the a-particle preformation factor for unknown nuclei.
In [48], we proposed a local phenomenological formula to

@ Springer

The experimental a-decay energies and half-lives were retrieved from [67-71]. The decay energies and

half-lives were measured in mega-electron volts and seconds, respectively

estimate the a-particle preformation factor for heavy and
superheavy nuclei. The estimated preformation factor by
the analytical expression is denoted as Pfq. This analytical
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expression can describe the a-particle preformation factor
extracted from experimental data and facilitate accurate half-
life calculation. The analytical expression is given by

log,o P2 = azQ ' + bA'P + c +dl + h, (12)

where a, b, ¢, d, and h are related parameters with values
obtained by fitting the preformation factors extracted from
experimental data. The detailed values for different nuclei
are listed in Table 1. Z, A, and Q, represent the proton
number, mass number of the parent nucleus, and a-decay
energy, respectively, and / represents the angular momentum
removed by the emitted « particles.

3 Results and discussion

An N value of 126 is a classical neutron magic number [46].
Thus, the a-decay properties of nuclei around N of 126 can
be considered as a reference for larger neutron magic num-
bers in the heavy and superheavy regions. Using Eq. (11),
the a-particle preformation factors for Rn, Ra, and Th iso-
topes were obtained as listed in Table 2. The first three col-
umns indicate the a transition, neutron number of the parent
nucleus, and experimental decay energy. The fourth column
indicates the prediction factors extracted from experimental
data, denoted by PEX““‘”. The last two columns denote the
logarithmic form of the experimental a-decay half-lives and
those calculated using P, = 1.0. To visualize the nuclear

structure information reflected by the corresponding decay
properties, the variations in the experimental a-decay ener-
gies (panel (a)), half-lives (panel (b)), and extracted prefor-
mation factors (panel (c)) according to neutron number N
are shown for Rn, Ra, and Th isotopes in Fig. 1. Panels (a)
and (b) show that the decay energies for each isotope chain
generally decrease with increasing neutron number. A clear
reversal occurs at N of 126 with a rapid increase until N of
128. In addition, the half-life of each isotope chain gener-
ally increases with increasing neutron number. However, a
substantial decline begins at N of 126 until N of 128. At N
of 126 in the classic neutron shell closure, a sharp peak in
the decay energy and minimum in the half-live at N of 128
indicate the “magicity” of the daughter nuclei for N of 126.
These results also indicate that the nuclei are more stable
with closed shells. Similar results were reported in [62] and
[63]. In panel (c), the preformation factors show the lowest
values for Rn, Ra, and Th isotopes for N of 126. This indi-
cates the difficulty of forming an « particle on the surface
or inside the parent nucleus when the nucleons occupy the
shell closure [47, 48, 55].

Overall, we evaluated the a-decay properties of nuclei
around N of 126, finding that the variations in a-decay
energies and half-lives exhibited an obvious change when
the nuclei were near the shell closure. The preformation
factors suggested that the shell effect contributed to main-
tain nuclear stability. These features provide guidelines for
future research. Below, we analyze the a-decay properties
of nuclei around N values of 152 and 162.

Table 3 Results as those
presented in Table 2 for nuclei

a transition N

0." (MeV)

pExract— pEq log, Tle;s (s) logy TIC?IZI (s)  log,o ¢4 (s)

1/2

around neutron magic number

Z =98
Nof 152

HWCf>MCm+a 146 7.33
HCf 22Cm+a 148 6.86
MCf>MCm+a 150 6.36
20Cf 5>246Cm +a 152 6.13
P MCm+a 154 6.22
B4Cf ->20Cm + 156 5.93
Z =100

MEm 5240Cf 4+ 144 8.55
20Em 522Cf +a 146 8.3
2Em >24Cf + o 148 7.99
20Pm »246Cf + o 150 7.56
B2Pm »2Cf +a 152 715
P4m 520Cf +a 154 7.31
20pm »22Cf + 156 7.03
Z=102

B2No »>MFm +a 150 8.55
24No > Fm +a 152 8.23
20No »22Fm +« 154 8.58

0.5978 0.3654 3.06 2.84 3.27
0.4288 0.3820 5.11 4.74 5.16
0.2936 0.4067 7.56 7.03 7.42
0.2790 0.4085 8.69 8.14 8.52
0.4276 0.3780 8.01 7.64 8.06
0.6448 0.3869 9.31 9.12 9.53
0.7051 0.3105 —0.51 —0.66 —0.15
0.4765 0.3023 0.17 —0.15 0.37
0.3002 0.3063 1.66 1.14 1.65
0.2100 0.3144 3.38 2.70 3.20
0.1814 0.3238 5.04 4.30 4.79
0.2929 0.2967 4.14 3.61 4.13
0.3724  0.2987 5.14 4.71 5.24
0.1696 0.2638 0.74 —0.03 0.55
0.1496 0.2640 1.82 1.00 1.57
0.1848 0.2357 0.53 —0.20 0.42

@ Springer
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Table 4 Results as those

presented in Table 3 for nuclei  transition N 0;" (MeV) Pgmm P Sq logyo Tf)/( g (5) logyo TIC;IZI (5)  logy TIC;IZZ )
}a\;?;;nlcé rzleutron magic number 7 =106

200§ 5256Rf o 154 9.90 0.2378 0.1932 —2.04 —2.66 -1.95

Z =108

200Hg 26289 + o 158 10.35 0.1450 0.1634 —2.41 -3.25 —2.46

208Hg 5264Gg + o 160 9.77 0.0452  0.1680 —0.39 -1.74 -0.96

20Hg 5266Sg + o 162 9.07 0.1326 0.1775 1.18 0.30 1.05

Z=110

2Ds »2Hs + ¢ 160 11.12 0.0154 0.1404 —2.70 -4.51 -3.66

Bps »Hs +a 172 9.15 0.0565 0.1363 1.82 0.57 1.44

In [12, 15, 48, 51], we showed that the deformed shell
effect around N of 152 was mainly concentrated in the
region near a Z value of 100. Combined with the latest
experimental data, we focused on the Cf—No (Z values
from 98 to 102) isotope chains to study the a-decay prop-
erties because available experimental data were insuffi-
cient to support analyze other isotope chains. The a-parti-
cle preformation factors for Cf, Fm, and No isotopes were
obtained as listed in Table 3. The first three columns indi-
cate the a transition, neutron number of the parent nucleus,
and experimental decay energy. The fourth and fifth col-
umns indicate the extracted preformation factors from the
relevant experimental data and values estimated using Eq.
(12), denoted as PEX"* and PH, respectively. The sixth

Table5 Predicted preformation factors and a-decay half-lives for
nuclei around neutron magic number N of 126 by inputting Q, values
extracted from WS4 mass model [64]. The decay energies and half-
lives were measured in mega-electron volts and seconds, respectively

@ transition N QaWS4 (MeV) PSq log,, T]c;uz (s)
Z =106

2290 28R 4o 156 9.65 0.1851  —1.28
2490 L20Rf o 158 9.05 0.1922 043
2090 L22Rf 4o 160 8.44 02017 234
2890 L204Rf o 162 7.98 02082  3.98
0gg »266Rf + o 164 8.56 0.1781  1.92
28g S268Rf o 166 8.42 0.1733  2.40
Z =108

s 20880 4o 164 9.53 0.1530  —0.31
PMHs »2108g 4o 166 9.50 0.1460  —0.28
s -»2Sg + o 168 9.05 0.1487  1.07
Z=110

Mg 5266Hg + o 162 10.38 0.1430  —1.89
24pg 5266Hs + o 164 10.87 0.1276  —3.09
26pg 266Hg + o 166 10.88 0.1211  —3.13
28D 5266Hs + o 168 10.25 0.1248 —1.64
B0ps »200Hs + ¢ 170 9.43 0.1335  0.62

@ Springer

column shows the experimental half-lives. The last two
columns indicate the calculated half-lives in logarithmic
form with the corresponding preformation factors derived
at Py = 1.0 from Eq. (12), denoted as log, Tlc;‘lzl and
log,q TIC;IZZ, respectively. The estimation of the preforma-
tion factors and predictions of the half-lives are discussed
below. The variations in the a-decay energies (panel (a)),
half-lives (panel (b)), and preformation factors (panel (c))
according to neutron number N are shown for Cf, Fm, and
No isotopes in Fig. 2. The variations in the decay energies
and half-lives differ for N of 152. Similarly, the nuclei near
neutron magic number N of 152 have longer half-lives than
the corresponding adjacent nuclei. Microscopically, the
preformation factors revealed useful nuclear structure
information, that is, smaller prediction factors indicated a
higher difficulty of forming an a particle inside the
nucleus. Under these conditions, the relevant decay pro-
cesses were inhibited. These results provide valuable
guidelines for experimental designs in this region.

The a-decay properties of nuclei around neutron magic
number N of 162 appeared to be more complex than those
for other numbers. First, 270H8163 have been experimentally
demonstrated to be a deformed double magic nucleus [49].
Although the shell effect around this region may also origi-
nate from the proton shell, insufficient experimental data
impede further investigation of the shell effect in this region.
Available experimental data for Hs, Sg, and Ds isotopes are
listed in Table 4, which is organized as Table 3. No com-
plete isotopes with N > 162 appeared, and the data distri-
bution was very scattered. Under these conditions, it was
difficult to determine the relevant nuclear structure infor-
mation. Instead, we attempted to find a bridge for the scat-
tered nuclei and predict the decay energies and half-lives of
these unknown nuclei. In turn, these predictions allowed us
to investigate the possible nuclear structural features in the
superheavy region and might be useful for experiments in
the future work.

In [52], the a-decay energies extracted from the WS4
mass table [64] were the most accurate for reproducing
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Table 6 Calculated logy, T}, values for isotopes with Z values of 119
and 120 by inputting Q,, values extracted from WS4 mass model [64]

Nuclei N OV$* (MeV) Pt logyo Ty /5 (3)
20719 171 13.07 0.0095 —4.18
2119 172 13.05 0.0274 —4.64
22119 173 12.90 0.0092 —3.88
23119 174 12.72 0.0270 —4.01
2419 175 12.73 0.0089 —3.57
2119 176 12.76 0.0256 —4.11
26119 177 12.48 0.0087 —3.08
27119 178 12.42 0.0253 —3.40
28119 179 12.71 0.0081 -3.57
29119 180 12.76 0.0232 —-4.13
30719 181 12.57 0.0079 —3.30
01719 182 12.43 0.0229 —3.49
32119 183 12.43 0.0076 —3.03
33119 184 12.42 0.0219 —3.46
34119 185 12.93 0.0069 —4.05
35119 186 13.42 0.0188 —5.39
36119 187 13.20 0.0064 —4.56
7119 188 12.78 0.0191 —4.24
38119 189 12.06 0.0069 —2.30
9119 190 11.37 0.0214 -1.22
21120 171 13.51 0.0267 —=5.20
292120 172 13.47 0.0089 —4.67
293120 173 13.40 0.0257 —-5.03
294120 174 13.24 0.0087 —4.25
25120 175 13.27 0.0248 —4.79
296120 176 13.34 0.0082 —4.47
27120 177 13.14 0.0239 —4.57
298120 178 13.01 0.0081 —3.87
299120 179 13.26 0.0225 —4.80
300120 180 13.32 0.0074 —4.46
301720 181 13.06 0.0219 —4.44
302120 182 12.89 0.0074 —3.66
303120 183 12.81 0.0214 —3.98
304120 184 12.76 0.0072 —3.41
305120 185 13.28 0.0195 —4.89
306120 186 13.79 0.0062 —5.36
307120 187 13.52 0.0181 —5.36
308120 188 12.97 0.0064 —3.86
39720 189 12.16 0.0200 —2.69
310120 190 11.50 0.0072 —-0.75

The decay energies and half-lives were measured in mega-electron
volts and seconds, respectively

experimental data for superheavy nuclei. The WS4 mass
model has been used to predict the a-decay energies of
incomplete isotopes. In addition, the a-particle preforma-
tion factors should be evaluated for unknown nuclei before
predicting their relevant half-lives. In a previous study, we

devised a local phenomenological formula, Eq. (12), to
estimate a-particle preformation factors for heavy and
superheavy nuclei. Tables 3 and 4 show that the preforma-
tion factors evaluated using Eq. (12) (qu) suitably agreed
with the extracted ones (PS"““‘“) and that the calculated
half-lives (log,, 7¢?) were consistent with the experimen-

1/2
tal data (log;, 7+ >). Accordingly, we extended the TPA to

1/2
predict the half-lives of unknown nuclei around neutron
magic number N of 162. The predicted results are listed in
Table 5. The first two columns indicate the a transition and
neutron number of the parent nucleus. The third column
indicates the predicted a-decay energies extracted from the
WS4 mass model. The last two columns indicate the pre-
dicted preformation factors and half-lives of the nuclei
around N of 162. To clearly show the decay in this region,
the variations in the corresponding a-decay energies (panel
(a)) and half-lives (panel (b)) according to neutron number
N are shown for Sg, Hs, and Ds isotopes in Fig. 3. The red
and black symbols represent the experimental data and
predicted results, respectively. The variations in the decay
energies and half-lives differed for N of 162, although
most of the results were derived from the predicted values.
Combined with the a-decay properties of the nuclei around
N values of 126 and 152, some nuclei around neutron num-
ber N of 162 should showed longer half-lives for synthesis
or experimental detection. These predictions may provide
useful information for future work.

New elements with Z values of 119 and 120 have been
experimentally investigated in recent years. Relevant stud-
ies have suggested that N of 178 is a neutron magic num-
ber, in addition to the well-known neutron magic num-
ber, N, of 184 [15, 35, 52]. Therefore, we also predicted
the a-decay half-lives of nuclei with Z values of 119 and

120 T T T
! —-Sg°° —- Sg™° 4
+ = Hs® k= Hs™®
I —9-Ds*®—@-Ds™ ]

T T T

@ 5g* —m- Sg”]
[\~ Hs®® —he— HsP®
1\ —@- D5 -@-ps™

11.0 |

105

10g40T 412 (S)

174

Fig. 3 (color online) Similar comparison to that shown in Fig. 1 for «
-decay properties of nuclei around neutron magic number N of 162.
The red and black symbols indicate experimental data and predicted
results, respectively
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120 around N of 178 and 184, respectively [17, 18, 65,
66]. Using the a-decay energies extracted from the WS4
mass model [64] and preformation factors estimated using
Eq. (12), the TPA was applied to predict the half-lives of
the unknown nuclei. The relevant decay processes were
assumed to be transitions from ground-to-ground state.
The predicted results are listed in Table 6, which is organ-
ized as Table 5. These predictions may provide valuable
guidelines for future experiments.

4 Summary

We systematically investigated the a-decay properties of
nuclei around neutron magic numbers N of 126, 152, and
162. By combining the experimental a-decay energies and
half-lives, the a-particle preformation factors for the nuclei
around these magic numbers were obtained using the TPA.
Useful nuclear structure information was also obtained.
More importantly, the TPA was extended to predict the «
-decay half-lives of the nuclei around N values of 178 and
184 with Z values of 119 and 120. Our findings will likely
provide guidelines for further synthesis experiments.
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