PHYSICAL REVIEW C 92, 064301 (2015)

Systematic study of a-decay energies and half-lives of superheavy nuclei
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Systematic calculations on the a-decay energies (Q,) and a-decay half-lives of the superheavy nuclei (SHN)
with Z > 100 are performed by using 20 models and 18 empirical formulas, respectively. According to the
comparisons between the calculated results and experimental data, it is shown that the WS4 mass model is the
most accurate one to reproduce the experimental Q, values of the SHN. Meanwhile it is found that the SemFIS2
formula is the best one to predict the a-decay half-lives of the SHN because the parameters in this formula
are from the experimental o emitter data of transuranium nuclei including SHN (Z = 92-118). In addition, the
UNIV2 formula with fewest parameters and the VSS, SP and NRDX formulas with fewer parameters work
well in prediction on the SHN «-decay half-lives. Finally, the «-decay half-lives of Z = 110-120 isotopes are
predicted within the above mentioned five formulas by inputting the WS4 Q,, values. By analyzing the Q,, values
and the «-decay half-lives of this region, it is found that for Z = 110-114 isotopes N = 162 and N = 184 are
the submagic number and magic number, respectively. However, for the isotopes of Z = 116-120 the submagic

number is N = 178.
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I. INTRODUCTION

« radioactivity was first observed by Rutherford and Geiger
at the beginning of the last century. Twenty years later, it
was described successfully by Gamow [1] and by Condon
and Gurney [2] as a quantum tunneling effect. Since then,
on the basis of Gamow’s picture many phenomenological and
microscopic models have been developed to calculate a-decay
half-lives [3—13]. In addition to these models, several empirical
formulas, which are dependent on the «-decay energies (Qy),
charge number Z, and/or mass number A of nuclei, have
been proposed to compute a-decay half-lives [8,14-23]. Using
these formulas, «-decay half-lives can be estimated easily
and rapidly. Especially they are usually used to predict half-
lives where the experimental values are unavailable, to serve
experimental design [24]. In predictions with the empirical
formulas it is well known that Q, values play a crucial role
in determining half-lives. Half-lives are extremely sensitive
to the Q, values. An uncertainty of 1 MeV in Q, leads to
an uncertainty of a-decay half-life ranging from 10° to 10°
times for heavy nuclei. So it is very important and necessary
to obtain the accurate Q, values. In recent years, great efforts
have been made to predict accurate Q, values. Usually Q,
values are obtained by two types of methods. On the one
hand, one derives Q, formulas by fitting the experimental Q,
data based on the liquid drop model [25,26]. On the other
hand, many different nuclear mass models were developed
by phenomenological and microscopic methods [27-45]. By
using the relationship between the Q,(Z, N) value and nuclear
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Q. values can be derived. Concerning predictions of «-
decay half-lives, many studies have been done within various
empirical formulas by inputting different types of Q, values
[8,26,46-56]. According to these studies, it is found that (i) for
a given nucleus different empirical formulas lead to different
predictions although the Q, value is the same; (ii) when one
extracts the Q, values, large differences between different
methods are found. This drives us to suspect the reliability of
these predictions. We think that if one wants to give reliable
predictions of «-decay half-lives, the selection of the empirical
formulas and Q, values becomes extremely important. So it
is necessary to test the accuracies of Q, values from different
methods and the predictive abilities of the empirical formulas.
This constitutes the motivation of this article.

Nowadays, the study of superheavy nuclei (SHN) is an
interesting and popular subject in nuclear physics [57-65].
Studies suggest that «-decay is one of the most important decay
modes for SHN and has become a powerful tool to identify
new elements via the observation of a-decay chains [57-65].
In recent decades many superheavy elements or isotopes have
been synthesized by hot, warm, and cold fusion reactions.
Meanwhile, a lot of experimental data on the Q, values
and «-decay half-lives of SHN have been measured [57-65],
which can be therefore used to examine the Q, accuracies
and the empirical formulas’ predictive abilities from different
methods. In addition, we know that the mass of an atomic
nucleus is one of the basic quantities, which plays important
roles not only in various aspects of nuclear physics but also in
astrophysics [66]. Very recently, the predictive power of many
nuclear mass models has been studied by comparing with the
existing experimental data of nuclear masses [67]. However,
for most SHN their masses are not yet measured. Thus the
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experimental Q, values of SHN provide us a testing ground
for various nuclear mass models. In this article we calculate
the Q, values and «-decay half-lives of SHN with Z > 100
by using various approaches. By comparison between the
calculated values and experimental data, we try to find the
most accurate methods to calculate Q, values and the most
reliable empirical formulas to compute a-decay half-lives.
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. THEORETICAL FRAMEWORK
A. Methods of extracting Q, values

To calculate the Q, values of heavy nuclei and SHN
with a high precision, two simple fitting formulas have been
proposed based on the local liquid drop model [25,26], which
are expressed as
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In Egs. (2) and (3), the parameters (a,b,c,d,e) and (ay, . .. ,ag)
are fitted by the experimental Q, values with (Z > 90, N >
140) and (Z > 92, N > 140), respectively [25,26]. The Q,
values in these mass regions are well reproduced by the two
formulas.

In recent years many nuclear mass models, such as
macroscopic-microscopic models [27-33], microscopic mod-
els based on the mean-field concept [34—40], and other kinds
of models [41-45], have been developed with rms deviations
from several hundred keV to a few MeV with respect to all
known nuclear masses. In nuclear mass models that include
Eq. (1), the Q,, values can be obtained.

(@)

B. Empirical formulas for determining «z-decay half-lives

Analytic formulas, such as the Royer formula [8], Viola-
Seaborg-Sobiczewski (VSS) formula [14,15], Sobiczewski-
Parkhomenko (SP) formula [16,17], Ni-Ren-Dong-Xu
(NRDX) formula [18], Horoi formula [19], and Santhosh
formula [20] are usually used to evaluate and predict the
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a-decay half-lives. These formulas are written as follows:

log,o Ti2(Royer) = a + bA'°Z'? + cz Q% (4)
logyo T1/2(VSS) = (aZ + b)), * +cZ+d+h, (5)
log,o Ti2(SP) = aZ(Qy — E)™'? + bZ +c, (6)
log,o T1/2(NRDX) = a\/iuZsZ4Q,'?

+ b ZyZa)'* + ¢, (7)

logo T12(Horoi) = (a1 * + b1)[(ZaZa) 0, = 7]
+ (a2 + by), )
10g,, Ti2(Santhosh) = a Q7% + by + ¢, 9)

where T/, is the calculated o partial half-life measured in
seconds and Q, is measured in MeV. Z, Z,, and Z, are
the proton numbers of the parent nucleus, residual daughter
nucleus, and « particle, respectively. u = Ay Aq/(Aq + Ag)
is the reduced mass. A, and A, denote the mass numbers
of the « particle and residual daughter nucleus. In the VSS
formula the parameter h represents the hindrances associated
with the unpaired nucleons. The parameter E; in Eq. (6)
represents the average excitation energy of a state of the
daughter nucleus to which the o decay goes, which is also
in MeV. In Eq. (9) na = (Aq — Ay)/A denotes the mass
asymmetry. These parameters (a, b, c, d, h, E;, a1, as, by,
by, x, y) are determined by fitting to experimental half-lives of
a decay. These parameters can be found in relevant references
[8,14-20].

Later Schubert et al. rederived a set of new coefficients for
the Royer formula, the VSS formula, and the SP formula by
using the reliable data of the «-standard nuclei [68]. The three
formulas with the new sets of coefficients were renamed the
Rm, VSm, and SPm formulas. Note that there are two versions
for the VSm formula and the SPm formula: they are (VSml,
VSm?2) and (SPm1, SPm2), respectively. For the case of VSm?2,
the & factor was merged into the parameter d [68]. These new
values of the coefficients for even-even (e—e), even-odd (e—o0),
odd-even (o—e), and odd-odd (o—o) nuclei are listed in the
Table II of Ref. [68].

In addition to the simple analytic formulas mentioned
above, some semi-empirical relationships including micro-
scopic effects, such as the universal (UNIV) curve [69], and
a semi-empirical formula based on fission theory (SemFIS)
[69], were proposed by Poenaru et al. The UNIV formula for
e-e nuclei is written as

logo Ti/2(s) = —log g P + cee- (10)

In Eq. (10) the penetrability P of an external part of the barrier,
having separation distance at the touching configuration R, =
R, = R; + R, as the first turning point and the second one
defined by €*Z,Z, /R, = Q,, may be found analytically as

P = 0.22873(uZyZo Rp)'"?
x [arccos A/1 — m], (11

where r = R,/Ry, R, =12249%(A° 4+ AY?), and R, =
14399874 Z / Qu.

—logo

064301-2



SYSTEMATIC STUDY OF «-DECAY ENERGIES AND ...

The additive constant of Eq. (10) ¢, = log;(,Sy — log,ov +
log,,(In2). Here S, and v represent the preformation probabil-
ity of the « particle at the nuclear surface and the frequency of
assaults on the barrier per second, respectively. c,. = —20.325
by the following two approximations: S, = 0.0180302 and
v = 10229 =1 For e-o, o-e, and 0-0 nuclei c,, is replaced
by Ceo = Cee + Neoy Coe = Coe + Mo, aNd Cop = Cee + Mo, TE-
spectively, where h,,, h,., and h,, are the mean values of the
hindrance factors in these groups of nuclides. These values can
be found from Ref. [69].

For the SemFIS formula is expressed as

log,o T1/2(s) = 0.43429K s x (x,y) — 20.446 + H',  (12)
where
Ks = 2.52956Z4[Aq /(A Q)]
x [arccos /7 — m] 13)

and r = 0.4230,(1.5874 + A}/ Z,.
The numerical coefficient x(x,y), close to unity, is a
second-order polynomial:

Xx(x,y) = By +x(By +xBy) + y(B3 + yBs) + xyBs. (14)

The B;(i = 1,2, ...,6) parameters are obtained by fitting the
data of e-e « emitters. The reduced variables x and y are
defined as

x=(N —N;)/(Niz1 —N;), N; <N < Ny, (15)
y=(Z-2)/(Zixn—Z), Zi<Z < Zig,
with N; =...,51,83,127,185,229, ..., Z;=...,29,51,

83,127, ...; hence for the region of SHN x = (N — 127)/
(185—127), y = (Z — 83)/(127—83). In formula (12) H/ is a
hindrance factor which takes different values for e-e, e-0, o-€,
and o0-o nuclei [69].

In Ref. [69] the parameters of UNIV and SemFIS formulas
are obtained by fitting the experimental o emitter data of two
regions of the nuclear chart. One region is 493 « emitters with
Z = 52-118; another one is 142 transuranium nuclei including
superheavies (Z = 92-118). In this article the formulas from
Z = 52-118 nuclei are named the UNIV1 and SemFIS1
formulas. The formulas from Z = 92-118 nuclei are named
the UNIV2 and SemFIS2 formulas.

The favored o decay, where the orbital angular momen-
tum taken by the o particle is / = 0, can be analyzed by
the empirical formulas mentioned above. However, for the
unfavored case, the / dependence should be taken into account.
New expressions including the /-dependent terms have been
recently proposed [22,23,70-73] and the dependence on the
excitation energy has been studied [53-55,70,73-75]. The
formulas for evaluating the unfavored ground state to ground
state transitions proposed by Denisov [22] and Royer [23] are
written as follows:

log, T1/2(Denisov) = a + b(A — 4)1/6Z1/2
+¢ZQ;'? +dli + )20t AVS
+el(—D' — 1], (16)
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log,o Ti/2(Royer10) = a + bA'/6 7!/
+¢ZQ,'? +dANZI(L+ DV Q!
+eA[l — (—=D. (17)

The parameters (a,b,c,d,e) in Egs. (16) and (17) were obtained
by fitting the experimental data for half-lives in 344 o emitters
[22,23]. It is known that the ground-state spins and parities of
e-e nuclei are 0™, For the e-o, 0-¢, and 0-o SHN the spins and
parities of parent and daughter nuclei are unknown. Therefore,
usually the / contribution is not considered in the calculations.
With [ = 0 the form of Eq. (16) is changed as

log,o T1/2(Denisov) = a + b(A — 4)/°Z'? + cz Q2.
(18)

Equation (17) is the same as Eq. (4) except for the fitting
parameters. To distinguish the difference between the two
formulas, Eq. (17) is called the Royerl0 formula in this
article. In addition, the coefficients in the Denisov formula
were recalculated by Royer [23]. Thus the Denisov formula
with the coefficients of Refs. [22] and [23] are renamed the
Densiov1 formula and the Densiov2 formula, respectively.

III. RESULTS AND DISCUSSIONS

We have extracted the Q, values of the 121 SHN with
Z > 100 using Eqgs. (2) and (3) and the nuclear masses.
These nuclear masses are from different models, which include
the finite-range droplet model (FRDM) [27]; the finite-range
liquid-drop model (FRLDM) [27]; the newest Weizsacker-
Skyrme (WS) model [31]; the simple nuclear mass formula
(SNMF) proposed recently by Bhagwat [32]; the extended
Bethe-Weizsacker (EBW) formula [33]; the Hartree-Fock-
Bogoliubov mean-field model with the BSk28 and BSk29
Skyrme interactions (HFB28, HFB29) [34] and with the
D1S Gogny force (GHFB) [35]; the extended Thomas-Fermi
plus Strutinsky integral (ETFSI) method [37]; the extended
Thomas-Fermi approach based on the Skyrme energy density
functional (ETFSEDF) [38]; the Duflo-Zuker (DZ) model
[41,42]; the Kourra-Tachibaba-Uno-Yamada (KTUY) formula
[43]; and the infinite nuclear matter model (INMM) [44].
Note that the newest WS model was called the WS4 model in
Ref. [31]. In calculations of the Q, values with the DZ model,
the masses of DZ10 [41], optimized DZ10 [41], DZ19 [42],
DZ28 [41], DZ31 [42], and DZ33 [42] are used. Here 10, 19,
28, 31, and 33 denote the numbers of the fitting parameters.
To show the global deviation between the experimental and
calculated Q, values, the average deviation and standard
deviation are calculated by the expressions

1 121

7= Z |0l (expt.) — Qi (cal.)

i=1

, 19)

121

i i 2
= Z[Qa(expt.)llea(cal.)]' 20)

i=1

The calculated values of the average deviation o and

standard deviation v/o2 for the 121 SHN Q, values from 20
different models are listed in Table I. From Table I, one can see

064301-3



Y. Z. WANG, S. J. WANG, Z. Y. HOU, AND J. Z. GU

TABLEI Theo and v/ o2 values of Q, obtained from 20 different
models. These experimental Q,, values are taken from [57-65,76-89].

Model 7 (MeV) Vo2 (MeV)
Formula 2 [25] 0.224 0.317
Formula 3 [26] 0.209 0.273
FRDM [27] 0.303 0.420
FRLDM [27] 0.296 0.388
WS4 [31] 0.177 0.219
SNMF [32] 0.395 0.530
EBW [33] 0.912 1.105
HFB28 [34] 0.393 0.538
HFB29 [34] 0.370 0.505
GHFB [35] 0.457 0.617
ETFSI [37] 0.443 0.519
ETFSEDF [38] 0.731 0.813
DZ10 [41] 0.595 0.737
Optimized DZ10 [42] 0.587 0.732
DZ19 [42] 0.535 0.651
DZ28 [41] 0.494 0.658
DZ31 [41] 0.743 0.902
DZ33 [42] 0.728 0.878
KTUY [43] 0.286 0.352
INMM [44] 0.534 0.758

that different models generate different o and Vo2 values. This
indicates that the extracted Q, values are dependent strongly
on the models. In addition, it is seen that the WS4 model
has the smallest & and /o2 values, which indicates that it
is the most accurate model to reproduce the experimental
Q. values of the SHN. To see the deviation between the
experimental and calculated Q,, values more clearly, the values
of Qfx(expt.) — Qfx(cal.) as functions of the neutron number N
for different models are plotted in Fig. 1. From Fig. 1 it is
seen that the deviation from the WS4 model is the smallest by
comparing the Q! (expt.) — Q! (cal.) distributions for different
models, which is consistent with the calculated results in
Table I. Although the WS model is a semi-empirical one, it
is proposed by combining the advantages of the macroscopic-
microscopic model and the Skyrme energy density functional.
In the process of determining the model parameters, many
important physical features, such as the mirror nuclei effect due
to isospin symmetry, the Wigner-like effect from the symmetry
between valence protons and valence neutrons, the corrections
for pairing effects, and the triaxial deformation, are considered
so that the experimental nuclear masses can be reproduced
precisely [30]. Especially for the recent WS4 model, by taking
into account the surface diffuseness correction for unstable
nuclei, its accuracy is further improved [31]. The rms deviation
with respect to the 2353 known masses falls to 298 keV,
crossing the 0.3 MeV accuracy threshold for the first time
within the mean-field approximation. For formulas (2) and
(3), it is seen in Table I that they produce smaller ¢ and
Vo2, which suggests that the two formulas can be used to
make a prediction for the O, values of the SHN with good
accuracy, although they are not the most accurate models.
By comparing the values of o and Vo? given by the two

PHYSICAL REVIEW C 92, 064301 (2015)

formulas, it is found that formula 3 works better than formula
2 due to introducing more fitting parameters. Regarding the
accuracy of the description of nuclear masses, it is well known
that the FRDM is better than the FRLDM [27]. However, the
evaluations in Table I suggest that the accuracy of the FRDLM
is better than that of the FRDM in the Q, predictions of the
SHN. For the SNMF model, Ref. [32] claimed that the model
yields an rms deviation of 266 keV from 2353 known nuclear
masses. As far as we know it could be the most accurate model
to predict nuclear masses. However, our calculated values of &
and v/o2 in Table I and the Q! (expt.) — Qg(cal.) distributions
in Fig. 1 show that the SNMEF is not the best model to estimate
the O, values of the SHN. Because of the complexity of
the structures of the SHN, it is difficult to reliably describe
the fluctuating part of the ground-state energy by the simple
parametrization approach. These facts tell us that the nuclear
mass models that have strong predictive power may not give the
Q. values of the SHN precisely. As can be seen from Table I
and Fig. 1, for the microscopic models the best accuracy for
Q. values of the SHN is obtained by the HFB29 model. By
comparing to the accuracy of the HFB28 model it is found that
the predictive power of HFB29 is further improved. For other
kinds of models, which are referred to as the DZ, KTUY, and
INMM models in this article, from Table I and Fig. 1 we know
easily that the smallest deviation is from the KTUY model. In
addition, we can see that the optimized DZ10 model improves
the accuracy compared to the DZ10 model by fitting the latest
experimental data from Ref. [76].

We note that the search for the magic numbers of the SHN
has been an interesting subject [25,26,76]. With the Q,, values
the magic numbers can be deduced. Because the most accurate
Q. values are from the WS4 model, it is helpful to predict the
magic numbers by the WS4 Q, values. The Q, values of
Z = 110-120 isotopes obtained from the WS4 model versus
N are shown in Fig. 2. From Fig. 2 one can see that, for the Z =
110-114 isotopes, N = 162 and 184 are the submagic number
and magic number, respectively. However, for the isotopes of
Z = 116 and 118 the submagic number at N = 162 is replaced
by N = 178. Meanwhile, the closed shell effect of at N = 184
is weakened alot. For the Z = 120 isotopes, the O, minimums
are located at N = 178 and 184, respectively. Furthermore,
the closed shell effect of N = 184 is stronger than that of
N =178.

Next we will discuss the a-decay half-lives of the SHN by
various analytic formulas. We have performed the calculations
on the a-decay half-lives of the 99 SHN with Z > 100 by the
Royer, VSS, SP, NRDX, Horoi, Santhosh, UNIV1, UNIV2,
SemFIS1, SemFIS2, Rm, VSml, VSm2, SPml, SPm2,
Royer10, Denisov1, and Denisov2 formulas by inputting the
experimental Q, values. Note that in the calculations using the
Denisov 1 formula, the Set I parameters in Ref. [22] are used.
Usually the ratio between the experimental a-decay half-life
and calculated one is applied to analyze the accuracy degree
of models, whose decimal logarithm form is written as

expt.
Tl /2

2 @21
T1/21‘

log,y R = logy,
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FIG. 1. (Color online) The deviations between experimental and calculated Q,, values as functions of the neutron number N for 20 different

models.

Regarding Eq. (21), usually one thinks that if the log;, R value
is within a factor of 1.0, the calculated half-lives will be in
agreement with the experimental data. Recently Ref. [17]
introduced the factor of average discrepancy § to describe
the predictive ability of the «-decay half-life formulas. The
average discrepancy 8 is defined as

| Tlc/azl.
0810 expt.
Tl /2

. (22)

_ 1
S=5 2

i=1

1 1 1 i
160 168 176 184 192
N

FIG. 2. (Color online) The Q, values of Z = 110-120 isotopes
as a function of N for WS4 model.

By using Eq. (22) the § form is changed as

N
- 1
b= ; llog o R (23)

Equation (23) tells us that the smaller § is, the better the formula
is. With Eq. (23) the § values of the 18 different analytic
formulas can be obtained, which are listed in Table II. For ease
of discussion, the number of parameters for each formula is
also listed in Table II. In addition, to see the deviation between
the experimental half-lives and calculated ones more clearly,
the log,, R values as functions of N for the 18 different analytic
formulas are shown in Fig. 3. From Table II and Fig. 3, one
can see that the SemFIS2 formula has the smallest § value and
the log,, R values constrained within a factor of 1.0 are more
than other kinds of formulas. This indicates that the SemFIS2
formula is the best one to predict the «-decay half-lives of the
SHN. This is because the fitting parameters in this formula are
from the experimental data of « decay of transuranium nuclei
including SHN (Z = 92-118). For this reason the accuracy
degrees of UNIV2 and SemFIS2 formulas are improved a
lot by comparisons to the UNIV1 and SemFIS1 formulas.
Besides this, the experimental half-lives are well reproduced
by the UNIV2 formula although the fewest parameters are
contained. In addition to the UNIV2 and SemFIS2 formulas,
other kinds of formulas are widely used to calculate the «-
decay half-lives in the whole nuclear chart. For other kinds
of formulas as can be seen from Table II we find that the
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TABLE II. The parameter numbers and the § values of a-decay
half-lives from 18 different analytic formulas. These experimental
a-decay half-lives are taken from [57-65,76-89].

Formula Number of parameters 8

Royer [8] 12 0.673
VSS [14,15] 7 0.534
SP[16,17] 6 0.529
NRDX [18] 7 0.518
Horoi [19] 6 0.812
Santhosh [20] 3 0.764
UNIV1 [69] 4 0.722
UNIV2 [69] 4 0.546
SemFI1 [69] 12 0.574
SemFI2 [69] 12 0.505
Rm [68] 12 0.762
VSml [68] 7 0.575
VSm2 [68] 16 1.797
SPm1 [68] 6 0.797
SPm2 [68] 15 2.474
Royer10 [23] 12 0.568
Denisov1 [22] 12 0.578
Denisov?2 [23] 12 0.537

VSS, SP, NRDX, SemFIS1, VSr_nl, Royer10, Denisovl, and
Densiov2 formulas give smaller § values, which shows that to
some extent these formulas can be used to predict the o-decay

PHYSICAL REVIEW C 92, 064301 (2015)

half-lives of the SHN. Among these formulas, the VSS, SP,
and NRDX formulas including the fewest parameters have the
best predicted abilities. In Ref. [68] the Rm, VSm, and SPm
formulas were tested against the experimental half-lives of
235 nuclei. It was found that these new formulas work well.
However, when tested against the superheavy elements and
the medium-mass « emitters, the predicted abilities of the Rm
and m2 formulas are worse than those of the old formulas,
which is consistent to the results of Table II. As can be seen
from Table II and Fig. 3, we know that not only the accuracy
degree of the m2 formulas is less than the one of the ml
formulas but also the m2 formulas are the worst ones to predict
the a-decay half-lives of the SHN, although more parameters
are included. In addition, the Royer, Royer10, Denisov1, and
Denisov2 formulas are all 12-parameter ones. According to
the comparisons between them, we know that the predictive
powers of the Royer10 and Denisov2 formulas are better than
those of the Royer and Denisov1 formulas, respectively.

By the analysis and discussions on the Q, values and
a-decay half-lives of the SHN from various models, we find
that the most accurate model to reproduce the experimental
Q, values and the most reliable formulas to estimate the
a-decay half-lives are the WS4 model and the SemFIS2
formula, respectively. In addition, the UNIV2 formula with
the fewest parameters and the VSS, SP, and NRDX formulas
with fewer parameters have high predictive abilities. With the
five formulas, by inputting the WS4 Q,, values, the a-decay
half-lives with the Z = 110-120 isotopes are calculated, and

FIG. 3. (Color online) The values of log,, R as functions of N for 18 different analytic formulas.
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FIG. 4. (Color online) The predicted decimal logarithm of «-
decay half-lives of the Z = 110-120 isotopes as functions of N for
the SemFIS2, VSS, SP, NRDX, and UNIV2 formulas.

their decimal logarithm values as functions of N are plotted in
Fig. 4. According to these predictions shown in Fig. 4, some
information on the magic numbers of SHN can be observed,
which is the same as the conclusion extracted from Fig. 2.
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IV. CONCLUSIONS

In this article the Q, values and «-decay half-lives of the
SHN with Z > 100 have been calculated by using 20 models
and 18 empirical formulas, respectively. By comparisons
between the calculated results and experimental data, it is
shown that (i) the WS4 mass model is the most accurate
one to reproduce the experimental Q, values of the SHN;
(ii) although some nuclear mass models, such as FRDM and
SNMEF, have higher accuracy to reproduce the measured nu-
clear masses, they may not describe the Q,, values of the SHN
precisely; (iii) because the parameters in the SemFIS2 formula
are from the experimental o emitter data of transuranium
nuclei including SHN (Z = 92-118), it is the best one to
predict the a-decay half-lives of the SHN; (iv) the UNIV2
formula with fewest parameters and the VSS, SP, and NRDX
formulas with fewer parameters work well in prediction of
the SHN «-decay half-lives. Finally, the a-decay half-lives of
Z = 110-120 are predicted within the SemFIS2, VSS, SP,
NRDX, and UNIV2 formulas by inputting the Q, values
extracted from the WS4 mass model. By analyzing the WS4
Q. values and the predicted a-decay half-lives of this region
within the above mentioned five formulas, it is found that
in the Z = 110-114 isotopes 162 and 184 are the neutron
submagic number and neutron magic number, respectively.
However, regarding the Z = 116-120 isotopes the possibility
of the submagic number effect at N = 178 becomes evident,
and should receive attention by researchers.
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