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The α-decay half-lives of superheavy nuclei (SHN) with Z � 104 are investigated by employing the effective
liquid drop model (ELDM). By comparison between the calculated half-lives and the experimental ones, it
is shown that the ELDM is a successful model to reproduce the experimental half-lives of SHN. Within the
ELDM the α-decay half-lives of Z = 118–120 isotopes are predicted by inputting the α-decay energy (Qα)
values extracted from the newest Weizsäcker-Skyrme-4 (WS4) model, the finite-range droplet model (FRDM),
the Kourra-Tachibaba-Uno-Yamada (KTUY) formula, and the Hartree-Fock-Bogoliubov mean field with the D1S
Gogny force (GHFB). It is found that the shell effects at N = 178 and 184 are evident by analyzing the Qα values
and half-lives versus the neutron number N . Because the WS4 Qα values have the smallest rms deviation, the
predicted α-decay half-lives could be more accurate than the ones of other models, which will be helpful for
future experiments.
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I. INTRODUCTION

In recent years, study of superheavy nuclei (SHN) has be-
come an interesting subject in modern nuclear physics [1–20].
With the development of detection technology and radioactive
beam facilities, many superheavy elements or isotopes have
been synthesized by cold, warm, and hot fusion reactions
[3–20]. To date, nuclides with Z � 118 have been synthesized.
For SHN, α decay is one of the most important decay modes,
and it has yielded a powerful tool to identify new elements
or new isotopes by detecting the α-decay chains [1–20]. In
addition, via the observation of α decay one can obtain rich
nuclear information, such as half-lives, released energies, radii,
spin-parity, shell effects, and nuclear deformations [1–20].

α decay was firstly observed by Rutherford and Geiger at the
beginning of the last century [21]. Subsequently, the α-decay
phenomenon has been explained successfully as a quantum
tunneling effect by Gamow [22] and by Condon and Gurney
[23] in 1928. Since then, many phenomenological and micro-
scopic models have been proposed to describe the α-decay
process [24–58]. Among these models, the effective liquid
drop model (ELDM) is a successful phenomenological model,
which was proposed by Goncalves and Duarte in 1993 [58]. It
is a superasymmetric fission model to study α decay, proton
emission, cluster radioactivity, and clod fission in a unified
framework. The experimental half-lives of these decay modes
can be reproduced well by it [58–66]. About ten years ago,
Zhang and Ren calculatedα-decay half-lives of SHN within the
ELDM [67]. They found that ELDM was a successful model
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for reproducing experimental α-decay half-lives. However, in
their work only the α-decay half-lives of even-even nuclei
were calculated. In recent years, some new SHN have been
synthesized and lots of newly experimental α-decay half-lives
have been measured, which provide a foundation to test the
predictive ability of the ELDM. So, it is necessary to extend
the model to study the α-decay half-lives of more SHN. This
is the motivation of this article. In fact, a successful model
is very important. It is useful for searching for the magic
numbers of the SHN region. In addition, the predicted half-lives
where the experimental values are unavailable are helpful for
experimental design. In this article we will extend the ELDM
to calculate the α-decay half-lives of all synthesized SHN
with Z � 104 and test its accuracy and predictive ability.
This article is organized in the following way. In Sec. II the
theoretical framework is introduced. The numerical results and
corresponding discussions are given in Sec. III. In the last
section, some conclusions are drawn.

II. ELDM

In ELDM, the system is considered as two spherical,
molecular shape fragments of different radii in contact [58–62].
During the molecular phase of the process, the geometrical
configuration of the deformed system is approximated by two
intersecting spheres of different radii. As can be seen from
Fig. 1, four independent coordinates (R1, R2, ζ , and ξ ) are
used to describe the dinuclear system.

In order to reduce the spherical four-dimensional problem
to the equivalent one-dimensional one, three constraints are
introduced. To keep the spherical segments in contact, it is
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FIG. 1. Schematic representation of the dinuclear decaying sys-
tem. R1 and R2 show the radii of the α particle and the daughter
nucleus, respectively. ζ is the distance between their geometric
centers. The variable ξ represents the distance between the plane of
the intersection and the center of the daughter nucleus.

necessary to establish a geometric constraint,

R2
1 − (ζ − ξ )2 = R2

2 − ξ 2. (1)

Considering the incompressibility of the nuclear matter, the
constraint for conservation of total volume of the system is
expressed by

2
(
R3

1 + R3
2

) + 3
[
R2

1(ζ − ξ ) + R2
2ξ

] − [(ζ − ξ )3 + ξ 3]

= 4R3, (2)

where R is the radius of the parent nucleus. Its value is
determined by the simple formula

R = r0A
1/3. (3)

Here r0 is the most significant parameter used to make the
model fit to the set of experimental data. A is the mass number
of the parent nucleus.

In the varying mass asymmetry shape (VMAS) description,
the radius of the α particle is regarded as constant, which is
written as

R1 − R1 = 0, (4)

where R1 is the final radius of the α particle. It should be given
by

Ri =
(

Zi

Z

)1/3

R (i = 1,2), (5)

where Z, Z1, and Z2 are the charge numbers of the parent
nucleus, emitted particle, and daughter nucleus, respectively.
Then the α decay is conveniently reduced to the effective one-
dimensional potential barrier penetrability problem. In order
to evaluate the half-life of a given parent nucleus, the Gamow
penetrability factor should be calculated by

P = exp

[
− 2

h̄

∫ ζc

ζ0

√
2μV MAS

WW [V (ζ ) − Qα] dζ

]
. (6)

Here, the limits ζ0 and ζc of the integral are the inner and
outer turning points, respectively. V (ζ ) is the one-dimensional
total potential energy which consists of Coulomb energy,
effective surface energy, and the centrifugal potential energy
[58]. μV MAS

WW is the inertial coefficient obtained by making use

of the Werner-Wheeler approximation [68] for the velocity
field of the nuclear flow within the VMAS description.

Finally, the α-decay half-life is calculated as

T1/2(s) = ln 2

ν0P
, (7)

where ν0 is the frequency of assaults on the barrier, whose
value is determined in order to obtain the best agreement with
experimental data. For calculations on α-decay half-lives, ν0

and r0 are taken as 1.8 × 1022 s−1 and 1.34 fm, respectively
[62].

III. RESULTS AND DISCUSSIONS

The α-decay half-lives of SHN with Z � 104 have been
calculated by inputting the experimental Qα values within
the ELDM. Note that in the calculations the orbital angular
momenta carried by α particles are selected as 0 because
the spin-parities of SHN are unknown. The detailed results
of 80 known SHN are listed in Table I. In Table I the first
column indicates the parent nuclei. The second column gives
the experimental Qα values. The experimental data and the
calculated half-lives are listed in columns 3 and 4, respectively.
In order to test the agreement between the experimental half-
lives and the calculated ones, the average deviation σ and the

standard deviation
√

σ 2 are usually calculated by the following
expressions:

σ = 1

n

n∑
i=1

∣∣ log10 T
expt. i

1/2 − log10 T calc. i
1/2

∣∣, (8)

√
σ 2 =

[
1

n

n∑
i=1

(
log10 T

expt. i
1/2 − log10 T calc. i

1/2

)2

]1/2

. (9)

By using Eqs. (8) and (9) the σ and
√

σ 2 can be obtained;
their values are 0.54 and 0.58, respectively. This means
that the average deviation between the experimental half-lives
and the calculated ones is within a factor of 3.80, which
indicates that the α-decay half-lives of SHN can be reproduced
well by ELDM.

In addition, the hindrance factor (HF) is usually applied to
analyze the deviation between the experimental half-lives and
the theoretical ones; it is expressed as

HF = T
expt.

1/2 /T calc.
1/2 . (10)

The values of HF are listed in the last column of Table I.
Usually one defines that if the HF value is within a factor
of 10, the theoretical results will be in agreement with the
experimental data. In Table I, good agreements between the
experimental half-lives and the calculated ones are found
except in the cases of 258105, 260107, 279111, and 281111. We
think the deviations are probably occurring for the following
reasons. First, 258105 and 260107 are odd-odd nuclei. The
formation of α-particles will be more difficult because of
the odd nucleon blocking effect. However, the ELDM is
a phenomenological model and the blocking effect is not
included, so that the α-decay half-lives of the two nuclei will
be underestimated. For 279111 and 281111, the large deviations
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TABLE I. The experimental and calculated α-decay half-lives of
SHN with Z � 104. The experimental half-lives and Qα values are
taken from Refs. [3–18,69–71].

Nucleus Qα (MeV) T
expt.

1/2 (s) T ELDM
1/2 (s) HF

255104 9.05 [69] 4.42×100 [69] 1.18×100 3.75
256104 8.93 [70] 2.08×100 [71] 2.81×100 0.74
258104 9.19 [70] 1.06×10−1 [71] 4.20×10−1 0.25
259104 9.13 [69] 2.60×100 [69] 6.09×10−1 4.28
261104 8.65 [70] 8.15×100 [71] 1.75×101 0.47
263104 8.25 [69] 2.00×103 [69] 3.59×102 5.57
256105 9.34 [70] 2.84×100 [71] 3.82×10−1 7.43
257105 9.21 [69] 2.45×100 [69] 9.08×10−1 2.69
258105 9.50 [69] 5.58×100 [69] 1.24×10−1 45.10
259105 9.62 [70] 5.10×10−1 [71] 5.52×10−2 9.24
270105 8.02 [3] 3.60×103 [3] 4.72×103 0.76
259106 9.80 [70] 3.11×10−1 [71] 3.90×10−2 7.98
260106 9.90 [70] 1.24×10−2 [71] 2.06×10−2 0.60
261106 9.71 [70] 1.87×10−1 [71] 6.38×10−2 2.93
263106 9.40 [70] 1.08×100 [71] 4.56×10−1 2.37
267106 8.32 [4] 6.35×102 [4] 1.06×103 0.60
269106 8.70 [70] 4.80×102 [71] 5.27×101 9.11
271106 8.66 [5] 1.63×102 [5] 6.25×101 2.61
260107 10.4 [69] 3.50×10−2 [69] 2.35×10−3 14.89
261107 10.5 [69] 1.18×10−2 [69] 1.28×10−3 9.22
265107 9.38 [6] 9.40×10−1 [6] 1.11×100 0.85
266107 9.43 [7] 2.50×100 [7] 7.60×10−1 3.29
267107 8.96 [7] 2.20×101 [7] 1.91×101 1.15
270107 9.06 [69] 6.00×101 [69] 8.63×100 6.95
272107 9.14 [8] 8.18×100 [8] 4.43×100 1.84
274107 8.97 [3] 3.00×101 [3] 1.43×101 2.09
264108 10.59 [69] 1.60×10−3 [69] 1.48×10−3 1.08
265108 10.47 [70] 1.96×10−3 [71] 2.82×10−3 0.69
266108 10.35 [69] 2.30×10−3 [69] 5.58×10−3 0.41
268108 9.62 [70] 1.42×100 [71] 4.55×10−1 3.12
269108 9.32 [9] 1.52×101 [9] 3.39×100 4.48
270108 9.15 [10] 7.60×100 [10] 1.07×101 0.71
273108 9.73 [70] 9.10×10−1 [71] 1.90×10−1 4.79
275108 9.44 [70] 2.90×10−1 [71] 1.20×100 0.24
270109 10.18 [70] 6.30×10−3 [71] 2.83×10−2 0.22
274109 10.04 [11] 4.44×10−1 [11] 5.90×10−2 7.53
275109 10.48 [12] 9.70×10−3 [12] 3.99×10−3 2.43
276109 9.81 [69] 7.20×10−1 [69] 2.27×10−1 3.17
278109 9.59 [3] 3.60×100 [3] 9.03×10−1 3.98
267110 11.78 [70] 1.00×10−5 [71] 1.71×10−5 0.85
269110 11.51 [69] 1.79×10−4 [69] 4.13×10−5 4.33
270110 11.12 [70] 2.05×10−4 [71] 3.00×10−4 0.68
271110 10.87 [69] 1.63×10−3 [69] 1.10×10−3 1.48
273110 11.37 [69] 1.70×10−4 [69] 7.25×10−5 2.34
277110 10.83 [69] 4.10×10−3 [69] 1.11×10−3 3.69
279110 9.84 [5] 2.00×100 [5] 3.82×10−1 5.23
281110 8.86 [13] 2.22×102 [13] 3.55×102 0.63
272111 11.20 [69] 3.80×10−3 [69] 3.81×10−4 9.97
278111 10.85 [69] 4.20×10−3 [69] 2.03×10−3 2.07
279111 10.52 [69] 1.70×10−1 [69] 1.29×10−2 13.18
280111 9.89 [8] 3.53×100 [8] 5.96×10−1 5.94
281111 9.41 [14] 1.70×102 [14] 1.42×101 11.97
282111 9.08 [3] 1.86×102 [3] 1.47×102 1.26
277112 11.62 [69] 6.90×10−4 [69] 7.42×10−5 9.29
281112 10.46 [69] 1.3×10−1 [69] 3.70×10−2 3.51

TABLE I. (Continued.)

Nucleus Qα (MeV) T
expt.

1/2 (s) T ELDM
1/2 (s) HF

283112 9.67 [15] 3.80×100 [15] 5.21×100 0.73
284112 9.30 [16] 9.81×100 [16] 6.61×101 0.15
285112 9.32 [70] 3.20×101 [71] 5.57×101 0.57
278113 11.85 [69] 2.40×10−4 [69] 4.61×10−5 5.20
282113 10.78 [69] 7.00×10−2 [69] 1.18×10−2 5.92
283113 10.26 [12] 1.02×10−1 [12] 2.47×10−1 0.41
284113 10.11 [8] 9.43×10−1 [8] 6.22×10−1 1.51
285113 9.84 [8] 3.22×100 [8] 3.52×100 0.91
286113 9.79 [69] 2.00×101 [69] 4.75×100 4.21
285114 10.54 [17] 4.70×10−1 [17] 9.36×10−2 5.02
286114 10.37 [70] 3.50×10−1 [71] 2.54×10−1 1.38
287114 10.16 [70] 5.20×10−1 [71] 9.15×10−1 0.57
288114 10.07 [70] 7.50×10−1 [71] 1.55×100 0.48
289114 9.97 [70] 2.40×100 [71] 2.91×100 0.82
287115 10.74 [70] 1.20×10−1 [71] 5.71×10−2 2.10
288115 10.63 [70] 1.90×10−1 [71] 1.06×10−1 1.79
289115 10.49 [8] 2.00×10−1 [8] 2.40×10−1 0.83
290115 10.45 [3] 1.30×100 [3] 2.95×10−1 4.41
290116 10.99 [70] 8.00×10−3 [71] 2.57×10−2 0.31
291116 10.89 [70] 2.80×10−2 [71] 4.41×10−2 0.64
292116 10.77 [70] 2.40×10−2 [71] 8.41×10−2 0.29
293116 10.68 [70] 8.00×10−2 [71] 1.42×10−1 0.56
293117 11.18 [18] 1.46×10−2 [18] 1.66×10−2 0.88
294117 11.20 [3] 5.10×10−2 [3] 1.43×10−2 3.57
294118 11.81 [70] 1.40×10−3 [71] 1.10×10−3 1.28

between the calculated half-lives and the experimental ones are
also from the blocking effect because they are odd-A nuclei.
In addition, in our calculations the orbital angular momenta
carried by α particles are selected as 0. Usually, the orbital
angular momenta carried by α particles are not 0 for the
odd-odd and odd-A nuclei. Thus the calculated half-lives will
be decreased slightly. If the orbital angular momenta are taken
into account in the calculations, the computed half-lives will
be closer to the experimental data. Nevertheless, as a whole
the ELDM is a successful model for studying α decay of
SHN. Encouraged by the agreement mentioned above, we will
attempt to predict with the ELDM the α-decay half-lives of
SHN where the experimental data are not available.

In calculations of α-decay half-lives, we know that the Qα

values play a crucial role. Usually the Qα values can be derived
by the relationship between the Qα value and the nuclear mass
excess M:

Qα(Z,N ) = M(Z,N ) − M(Z − 2,N − 2) − M(2,2). (11)

To get the accurate Qα values of SHN, a reliable mass model
is very necessary. In recent years, many nuclear mass models
with different accuracy have been developed [72–79]. In the
present work, we select four kinds of mass models to get the Qα

values: they are the WS4 [76], the FRDM [77], the KTUY [78],
and the GHFB [79] models, respectively. Then the α-decay
half-lives of Z = 118–120 isotopes are calculated within the
ELDM by inputting the Qα values extracted from the above
mentioned four kinds of nuclear mass tables. The Qα values
of four kinds of mass tables and corresponding half-lives of
Z = 118–120 isotopes are listed in Table II. From Table II, we
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TABLE II. The predicted log10T1/2 values of Z = 118–120 isotopes by inputting the Qα values extracted from the WS4, FRDM, KTUY,
and GHFB mass tables. The Qα values and the α-decay half-lives are measured in MeV and seconds, respectively. The symbol * denotes the
experimental values of 294118.

Nucleus QWS4
α QFRDM

α QKTUY
α QGHFB

α log10T
WS4

1/2 log10T
FRDM

1/2 log10T
KTUY

1/2 log10T
GHFB

1/2

289118 12.59 12.76 11.79 12.32 −4.56 −4.89 −2.83 −4.00
290118 12.60 12.67 11.65 12.22 −4.59 −4.72 −2.52 −3.80
291118 12.42 12.55 11.60 10.90 −4.24 −4.49 −2.42 −0.73
292118 12.24 12.39 11.47 10.58 −3.87 −4.18 −2.13 0.10
293118 12.24 12.34 11.28 11.44 −3.89 −4.09 −1.69 −2.09
294118 11.81∗ −2.85∗
295118 11.90 11.93 11.11 10.23 −3.18 −3.23 −1.30 1.02
296118 11.75 12.28 10.95 10.15 −2.86 −4.01 −0.92 1.24
297118 12.10 12.39 11.02 11.01 −3.65 −4.25 −1.11 −1.10
298118 12.18 12.49 11.12 10.85 −3.84 −4.47 −1.37 −0.70
299118 12.05 12.51 11.04 10.08 −3.56 −4.53 −1.19 1.40
300118 11.96 12.51 11.04 10.17 −3.37 −4.54 −1.20 1.12
301118 12.02 12.56 11.03 10.06 −3.53 −4.66 −1.19 1.42
302118 12.04 12.62 10.92 10.02 −3.59 −4.79 −0.93 1.53
303118 12.60 13.38 11.70 11.84 −4.79 −6.27 −2.83 −3.16
304118 13.12 13.40 12.44 12.32 −5.82 −6.32 −4.45 −4.21
290119 13.07 13.31 12.31 12.92 −5.23 −5.68 −3.68 −4.94
291119 13.05 13.24 12.17 12.78 −5.20 −5.56 −3.40 −4.68
292119 12.90 13.08 12.10 11.33 −4.93 −5.27 −3.26 −1.49
293119 12.72 12.92 11.99 10.99 −4.58 −4.97 −3.03 −0.66
294119 12.73 12.85 11.85 11.88 −4.61 −4.85 −2.73 −2.81
295119 12.76 12.94 11.71 11.21 −4.69 −5.04 −2.43 −1.24
296119 12.48 12.98 11.51 10.62 −4.13 −5.14 −1.97 0.27
297119 12.42 12.90 11.29 10.50 −4.04 −4.99 −1.46 0.58
298119 12.71 13.09 11.33 11.41 −4.65 −5.38 −1.57 −1.78
299119 12.76 13.08 11.48 11.24 −4.76 −5.37 −1.95 −1.38
300119 12.57 13.03 11.40 10.44 −4.39 −5.29 −1.77 0.70
301119 12.43 13.08 11.35 10.51 −4.10 −5.40 −1.66 0.49
302119 12.43 13.05 11.31 10.60 −4.11 −5.36 −1.58 0.23
303119 12.42 13.11 11.22 10.53 −4.11 −5.49 −1.37 0.41
304119 12.93 13.86 12.03 12.27 −5.16 −6.87 −3.28 −3.81
305119 13.42 13.86 12.82 12.72 −6.12 −6.89 −4.95 −4.76
291120 13.51 13.87 12.82 12.53 −5.79 −6.44 −4.46 −3.88
292120 13.47 13.78 12.72 12.35 −5.73 −6.29 −4.27 −3.51
293120 13.40 13.65 12.57 10.85 −5.62 −6.07 −3.98 0.03
294120 13.24 13.49 12.50 10.57 −5.34 −5.80 −3.85 0.77
295120 13.27 13.46 12.36 11.42 −5.41 −5.75 −3.57 −1.44
296120 13.34 13.59 12.23 11.36 −5.56 −6.01 −3.30 −1.31
297120 13.14 13.65 11.98 11.06 −5.19 −6.13 −2.76 −0.57
298120 13.01 13.24 11.63 11.26 −4.94 −5.38 −1.97 −1.09
299120 13.26 13.73 11.67 11.89 −5.44 −6.30 −2.08 −2.6
300120 13.32 13.70 11.89 11.72 −5.57 −6.26 −2.60 −2.22
301120 13.06 13.62 11.84 10.88 −5.10 −6.13 −2.50 −0.16
302120 12.89 13.55 11.80 11.12 −4.77 −6.02 −2.43 −0.80
303120 12.81 13.51 11.69 10.96 −4.63 −5.96 −2.19 −0.40
304120 12.76 13.55 11.52 10.88 −4.54 −6.05 −1.80 −0.21
305120 13.28 14.26 12.39 12.74 −5.57 −7.31 −3.78 −4.51
306120 13.79 14.28 13.23 13.18 −6.51 −7.36 −5.48 −5.39

can see that for the same isotopic chains the extractedQα values
are different. This indicates that the Qα values are dependent
strongly on the mass models. Because the α-decay half-lives
are very sensitive to the Qα values, the predicted half-lives
are different largely due to inputting different Qα values. We
know that the search for the magic numbers of the SHN has

been an interesting subject in modern nuclear physics. To get
information on the magic numbers, the extracted Qα values
and the predicted log10T1/2 as functions of N are plotted in
Fig. 2. According to Fig. 2, the shell effects at N = 178 and
N = 184 are evident for all the cases. In other words, although
the calculated Qα and half-life values are model dependent, the
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FIG. 2. Left column: The extracted Qα values of Z = 118–120 isotopes versus N for four kinds of mass tables. Right column: The
corresponding log10T1/2 values of Z = 118–120 isotopes versus N with ELDM. The vertical dashed lines represent the magic numbers at
N = 178,184 of parent nuclei.

predicted magic numbers are the same. To date, the heaviest
synthesized nucleus is 294118 with N = 176. From Fig. 2 we
know that the half-life of 296118 is longer than that of 294118
because of the shell effect at N = 178. So 296118 is synthesized
more easily than 294118, a finding to which attention should be
paid by experimental researchers.

Finally, we will discuss the accuracies of the four kinds of
α-decay half-lives in Table II. In the preceding paragraph, we
mentioned that the α-decay half-lives are dependent strongly
on the Qα accuracies. By taking the Z = 120 isotopes as an
example, the Qα and log10T1/2 values versus N for four kinds
of mass models are shown in Fig. 3. From Fig. 3, one can
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FIG. 3. The Qα values of four kinds of mass tables (top) and
the corresponding log10T1/2 values (bottom) of Z = 120 isotopes as
functions of N .

see that for 294120 the 2.70 MeV uncertainty of Qα results in
106 times uncertainty of the α-decay half-lives. Corresponding
study suggests that the WS4 rms deviation with respect to the
2353 known masses falls to 0.298 MeV [76]. Moreover, recent
studies [24,80] indicate that the WS4 mass model is more
accurate than the other mass models by systematic analysis.
So we believe the α-decay half-lives of column 6 are more
accurate, and are useful for future experiments.

IV. CONCLUSIONS

In this article, the α-decay half-lives of SHN with Z � 104
have been investigated by the ELDM. By comparisons
between the calculated half-lives and the experimental data,
it is found that the experimental half-lives of the SHN can be
reproduced well within the ELDM. In addition, the ELDM
has been used to predict the α-decay half-lives that are
unmeasured by inputting four kinds of Qα values, which
are extracted from the WS4, FRDM, GHFB, and KTUY
mass tables. By systematic analysis, it is shown that the shell
effects at N = 178 and N = 184 are evident for all the cases.
Meanwhile, it is found that the superheavy nuclide 296118
will be synthesized more easily than 294118 because of the
shell effect at N = 178, a finding to which attention should
be paid attention by researchers. Last, we know that the
predicted half-lives by inputting the WS4 Qα values are the
most accuracy ones, and are helpful for future experiments.
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