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A local formula of binding energy for heavy and superheavy nuclei has very recently been proposed [Dong
and Ren, Phys. Rev. C 72, 064331 (2005)]. In this paper, the limit of the predictive ability of this local formula
is investigated. It is found that the neutron-proton correlations should be considered when higher precision is
required. On the one hand, we introduce a new term |N − Z − 50|/A, and on the other hand we consider the
different strengths of proton-proton, neutron-neutron, and neutron-proton pairing correlations. For the first time,
the standard deviation

√
σ 2 of the binding energies for 117 nuclei with Z � 90 and N � 140 is reduced to

0.105 MeV. The α decay energies Qα and half-lives Tα of nuclei with Z = 102–118 are reproduced quite well.
The proton drip line of superheavy elements from Md (Z = 101) to Ds (Z = 110) are predicted.
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I. INTRODUCTION

To measure and calculate accurately the ground-state
nuclear binding energies (or masses) are important goals
of nuclear physicists [1–22]. At present, the synthesis of
superheavy nuclei is a hot point in nuclear physics [23–35].
How to calculate accurately and predict reliably the binding
energies of the known and unknown superheavy nuclei are
important problems. Before the experiments are performed
it is necessary to estimate the product cross section of the
unknown nucleus by use of nuclear reaction models, where
the binding energies are important input parameters. The
binding energies also play important roles in the identification
of newly synthesized nuclei. It is because up to now most
newly synthesized superheavy nuclei are α emitters, only
few nuclei mainly decay by spontaneous fission [23–35].
For example, among the 34 superheavy nuclei discovered at
Dubna [29], 23 nuclei only decay by α emitting, five nuclei
only decay by spontaneous fission. In this mass region the
α decay half-life is very sensitive to the α decay energy
which is nothing but the difference between the binding
energies of the parent, daughter, and α particle. Therefore,
an accurate formula of binding energy for superheavy nuclei
is very useful. To meet this requirement we proposed a
local formula of binding energy for heavy and superheavy
nuclei with Z � 90 and N � 140 in a recent paper [36].
In this local formula the shell effects near N = 152 were
described by analytical expressions. The experimental binding
energies of 117 nuclei with Z � 90 and N � 140 [36,37] were
reproduced with the average and standard deviations 0.118 and
0.150 MeV, respectively. It is strongly hoped that the experi-
mental binding energies can be calculated without deviation,
namely the average and standard deviations are both reduced
to zero. But it is impossible because of the complexity of the
nuclear many-body problem. Though the zero deviation can
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not be reached at present, it is also interesting to investigate
the limit of the predictive ability of this local binding energy
formula. In other words, our purpose is to see whether there
are still spaces to improve this formula.

II. NUMERICAL ANALYSIS AND DISCUSSIONS

In order to improve the local formula of binding en-
ergy for heavy and superheavy nuclei, it is natural to see
whether there are systematic deviations between theoretical
binding energies by the local formula proposed in Ref. [36]
and the experimental ones [37]. After detailed analysis we
find two characters of the deviations between experimental
and theoretical binding energies: (i) the odd-even staggering
exists in the deviations for many isotopic chains, especially for
odd-Z ones [see Fig. 1(a)]; and (ii) a peak at N − Z = 50 is
found when we plot the deviations against the neutron excess
N − Z [see Fig.2(a)].

Since there are systematic deviations between experimental
and theoretical binding energies, it is possible to improve
the local formula by removing these systematic deviations.
The differences between theory and experiment often indicate
new phenomenon in physics. So it is helpful to analyze the
possible reasons of these systematic deviations before detailed
calculations are performed. For this purpose, let us see the
formula previously proposed in Ref. [36]:

B(Z,A) = av A − as A2/3 − ac Z2 A−1/3

− aa

(
A

2
− Z

)2

A−1 + apδA−1/2

+ a6|A − 252| /A − a7|N − 152|/N. (1)

In this formula the average pairing energy is described by
apδA−1/2, δ = 1 for even-Z and even-N (even-even) nuclei,
δ = −1 for odd-Z and odd-N nuclei (odd-odd), 0 for odd-A
nuclei. The coefficient zero for both even-odd (even-Z and
odd-N ) and odd-even (odd-Z and even-N ) nuclei means that
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FIG. 1. The deviations between experimental and theoretical
binding energies for odd-Z isotopic chains ranging from Pa (Z = 91)
to Es (Z = 99) as the function of neutron number N . The upper
part (a) shows the results from the previous local binding energy
formula, and the lower part (b) shows the ones from the improved
formula.

the average strengths of the neutron-neutron (nn) and proton-
proton (pp) pairing are considered to be equal, and that the
correlations between protons and neutrons (np) and perhaps
other few-body correlations (e.g., α correlation) are ignored.
Actually, the neutron-proton correlations play important roles
in nuclear structure, and have been investigated extensively
[38–42]. The α decay of medium and heavy nuclei and (d,6Li)
α transfer reactions [43,44] can be regarded as direct evi-
dences of α correlation [45]. Particularly, up to now it has been

FIG. 2. The deviations between experimental and theoretical
binding energies for 117 nuclei with Z � 90 and N � 140 as the
function of the neutron excess N − Z. The upper part (a) shows the
results from the previous local binding energy formula, and the lower
part (b) shows the ones from the improved formula.

found that α decay is the main decay mode in the superheavy
region with only few exceptions [23–35]. So it is worthwhile
to treat these correlations more carefully. In Ref. [45] the α

correlation was discussed by introducing an additional term
δ(α) into the pairing energy for even-even nuclei. In this work
we extend this method by considering the different strengths
of neutron-neutron, proton-proton, and neutron-proton pairing
correlations.

In order to describe the additional binding energies of
nuclei near the line N − Z = 50, we introduce a new term
|N − Z − 50|/A into the local formula. This term is similar to
the Wigner term which was introduced into the mass formula
by Myers and Swiatecki [1]. They found that for lighter
nuclei with N = Z there were additional binding energies,
which can be expressed by EW = VW exp [−λ|N − Z|/A].
Very recently, this term was also included into the Hartree-
Fock mass formulas [5,6], but the parameters were different
from the ones suggested by Myers and Swiatecki [1]. Then
Goriely et al. [7] proposed a new form of the Wigner term
EW = VW exp[−λ(N−Z

A
)2] + V ′

W |N − Z|exp[−( A
A0

)2]. These
forms of the Wigner term [5–7] are all highly localized and
contribute mainly to lighter nuclei with N ∼ Z. For example,
for N = Z nuclei the Wigner corrections are about 2 ∼ 3 MeV
for all of these mass formulas, whereas for heavy nuclei, such
as 250Fm, these terms are all negligible. It is because the Wigner
term comes from the np correlations [38]. For the nuclei
with N = Z the protons and neutrons fill the same orbits,
and hence the overlaps of neutron and proton wave functions
are large. Very recently, the neutron-proton correlations in
a large number of nuclei spanning the whole nuclear chart
have been investigated [40–42]. It has been found that the
neutron-proton correlations are not negligible for heavy nuclei,
such as Fm and No isotopes [40]. It can be expected that
the neutron-proton correlations in the heavy and superheavy
nuclei can be described empirically by a new form. The peak
of the deviations between experimental and theoretical binding
energies near N − Z = 50 implies additional binding energies
for nuclei near the line N − Z − 50 = 0. Since the last
neutron(s) and proton(s) occupy different shell model orbits,
the overlaps of proton and neutron wave functions will be
small. Consequently, the strengths of np correlations in heavy
and superheavy nuclei will be weaker than the ones in light
nuclei.

According to above discussions, the improved local formula
of binding energy reads

B(Z,A) = av A − as A2/3 − acZ
2A−1/3 − aa

(
A

2
− Z

)2

A−1

+ ap A−1/2 + a6|A − 252|/A − a7|N − 152|/N

+ a8|N − Z − 50| /A. (2)

Using the improved version of the binding energy formula we
make the best fit to the 117 nuclei with Z � 90 and N � 140
[37], which are the same as the ones used in the previous
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work [36]. The best fit parameters are


av = 15.8032 MeV
as = 17.8147 MeV
ac = 0.71478 MeV
aa = 97.6619 MeV
a6 = 5.33 MeV
a7 = 21.0 MeV
a8 = −15.25 MeV

The coefficients of the pairing energy are

ap =




12.66 MeV, even-even nuclei
3.0 MeV, even-odd nuclei
0 MeV, odd-even nuclei
−8.0 MeV, odd-odd nuclei

(3)

One can see that the pairing energy for even-odd nuclei is
slightly larger than that for odd-even nuclei. It means that
the average proton-proton pairing energy is larger than that
of the neutron-neutron pairing. This agrees with the fact as
has been pointed out by Bohr and Mottelson [46]. The larger
magnitude of pairing energy for even-even nuclei than that
of odd-odd ones indicates the existence of α correlation. The
negative value of the eighth term means that the nuclei with
the neutron excess N − Z = 50 have extra binding energies
compared with the nuclei far away from this line.

The average deviation of the binding energies for the
117 nuclei with Z � 90 and N � 140 calculated from the
improved formula with above parameters is

〈σ 〉 =
117∑
i=1

∣∣Bi
exp. − Bi

cal.

∣∣/ 117 = 0.086 MeV, (4)

and the standard deviation is

√
σ 2 =

[
117∑
i=1

(
Bi

exp. − Bi
cal.

)2
/

117

]1/2

= 0.105 MeV. (5)

That is to say, the precision is improved by a factor of about
one-third compared with the previous average and standard
deviations 0.118 and 0.150 MeV [36]. In order to see clearly
the improvement of the present results compared with the
previous work we show the deviations between experimental
and theoretical binding energies by these two formulas in
Figs. 1 and 2. In these figures, the upper parts show the results
from the previous formula, and the lower parts show the results
from the improved version of the formula. One can see clearly
that almost all deviations are less than 0.2 MeV. Especially,
the odd-even effects and the peak at N − Z = 50 are both
removed [see Figs. 1(b) and 2(b)].

Since the binding energies can be calculated very accu-
rately, one can expect that the experimental single- and two
nucleon- separation energies and α decay energies can be
reproduced well, and that the values of unknown nuclei in
this region can be predicted reliably. At first, we will show
the α decay energies of superheavy nuclei. It is because up
to now α decay is found to be the main decay mode in the
superheavy region with only few exceptions [29]. The detailed
results for even-Z and odd-Z isotopic chains are shown in
Figs. 3 and 4, respectively. From these figures one can see

FIG. 3. The α decay energies of even-Z isotopic chains ranging
from Fm (Z = 100) to Hs (Z = 108) obtained from the improved
local binding energy formula.

that the α decay energies can be reproduced very well with
only few exceptions. For the N = 155 isotones 256Md, 257No,
and 258Lr the deviations between experimental and theoretical
values are a little larger. But for other three N = 155 isotones
255Fm, 260Db, and 262Bh theoretical results agree well with
experimental ones. There are two possible interpretations of
the larger deviations for N = 155 isotones 256Md, 257No, and
258Lr. One is the Z-dependence of the shell gap at N = 152,
and the other is the different ground-state configuration of
256Md, 257No, and 258Lr from that of lighter N = 155 isotones
253Cf and 255Fm. Very recently, Makii et al. [47] have reported
the in-beam γ -ray spectroscopy of 245,246Pu. They found
that the N = 152 shell gap was reduced considerably for
Pu isotopes [47]. From Fig. 3 one can see that the α decay
energies for No (Z = 102) isotopes near N = 152 change
more sharply than both Fm (Z = 100) and Rf (Z = 104)
isotopes. But the α decay energies for Fm and Rf isotopes
are reproduced very well. So we can not draw firm conclusion
about the Z-dependence of the N = 152 shell gap in these
isotopic chains. On the other hand, the discontinuity of the
deviations along a isotopic chain may indicate the sharp change
of the single-particle levels. Very recently, Asai et al. [48]
have established the single-particle states of 257No, and found
that its ground-state configuration is different from that of
lighter even-Z N = 155 isotones 253Cf and 255Fm. In the shell
model, the single-particle energy is a function of the quantum
numbers of its orbit. The sharp change of the level density

FIG. 4. The same as Fig. 3 but for odd-Z isotopic chains ranging
from Md (Z = 101) to Mt (Z = 109).

064310-3



TIEKUANG DONG AND ZHONGZHOU REN PHYSICAL REVIEW C 77, 064310 (2008)

near the Fermi surface will bring up discontinue change of
the binding energy. However, due to the lack of experimental
data of the single-particle configurations in this region, we
can not give conclusion about the large deviations for the
N = 155 isotones yet. The discrepancy between experiment
and theory motivates more detailed studies in this region from
both experimental and theoretical points of view in the near
future. We believe that this problem can be clarified with the
accumulation of experimental data in the future.

Besides α decay energies, we are also interested in
the single-proton separation energies Sp of the proton-rich
superheavy nuclei. The purpose is to predict the proton drip
line of the elements with relatively smaller proton number in
the superheavy region (e.g., Z = 101–110). It is because for
these isotopic chains the proton drip line can be reached more
easily before long. Since the odd-even staggering in binding
energies have been removed by considering the different
strengths of pairing correlations, it is expected that the proton
drip line of the elements from Md (Z = 101) to Ds (Z = 110)
can be predicted reliably. It can provide useful references
for experimental physicists in planning experiments. The
single-proton separation energies of isotopic chains ranging
from Md to Ds are shown in Fig. 5. The zero values represent
the proton drip line of these isotopic chains. From this figure
one can see that the proton drip line nuclei are, respec-
tively, 240Md139,

237No135,
246Lr143,

242Rf138,
252Db147,

248Sg142,
258Bh151,

254Hs146,
264Mt155, and 260Ds150. According to our

prediction, the newly synthesized isotope 260Bh [32] is very
close to the proton drip line.

Another important quantity in the identification of newly
synthesized superheavy nuclei is α decay half-life. Very
recently, α decay half-lives have been investigated by various
methods (see for example Refs. [49–53]). A simple but widely
used formula of α decay half-life is the Viola-Seaborg formula
[54,55]. The Viola-Seaborg formula plays an important role in
the identification of newly synthesized elements [29]. Here we

FIG. 5. The single-proton separation energies Sp for isotopic
chains ranging from Md (Z = 101) to Ds (Z = 110) calculated from
the improved local binding energy formula. The zero points of Sp

show the proton drip line of these isotopic chains.

TABLE I. Theoretical and experimental α decay energies
(in MeV) and half-lives (in seconds) for even-Z nuclei (Z =
102–108) with the neutron number near N = 152. Theoretical
α decay energies are used to calculate the half-lives [Tα(Cal)] by
the Viola-Seaborg formula [55].

Nucl. Qα(Cal) Qα(Exp) Tα(Cal) Tα(Exp) Ref.

250No 8.801 0.636
251No 8.643 15.3 0.916 [37]
252No 8.493 8.550 5.84 ≈3.64 [37]
253No 8.290 8.421 0.21 × 103

254No 8.096 8.226 0.122 × 103 0.567 × 102 [37]
255No 8.164 8.442 0.557 × 103 0.305 × 103 [37]
256No 8.238 8.581 40.1 ≈2.91 [37]
257No 8.066 8.466 0.121 × 104

253Rf 9.522 0.202 ≈0.26 × 10−1 [37]
254Rf 9.336 0.855 × 10−1

255Rf 9.140 9.058 2.47 3.154 [56]
256Rf 8.952 8.930 1.14 2.016 [37]
257Rf 9.071 9.044 3.95 5.34/4.43 [57]
258Rf 9.195 0.219 0.923 × 10−1 [37]
259Rf 9.028 5.30 3.04 [37]
260Rf 8.870 2.04
261Rf 8.702 8.650 53.2
258Sg 9.867 0.139 × 10−1 >0.165 × 10−1 [37]
259Sg 9.991 9.830 0.509 × 10−1 0.644 [37]
260Sg 10.121 9.920 0.301 × 10−2 0.95 × 10−2 [37]
261Sg 9.961 0.611 × 10−1 ≈0.23 [37]
262Sg 9.810 0.197 × 10−1 >0.364 × 10−1 [37]
263Sg 9.648 0.428 1.0 ∼ 1.43 [37]
264Hs 10.721 10.591 0.411 × 10−3 ≈1.08 × 10−3 [37]
265Hs 10.566 10.590 0.769 × 10−2 ≈0.21 × 10−2 [37]
266Hs 10.418 10.336 0.228 × 10−2 0.23 × 10−2 [25]
267Hs 10.260 0.451 × 10−1 0.32 × 10−1 [37]

use the Viola-Seaborg formula with the parameters proposed
recently [55] to calculate the α decay half-lives using the
theoretical α decay energies. The calculated and experimental
α decay energies (Qα) and partial half-lives (Tα) of even-Z
isotopes with neutron number near N = 152 are listed in
Table I. In this table, the experimental half-lives of 255Rf,
257Rf, and 266Hs are taken from Refs. [56,57], and [25],
respectively. From this table one can see again that most of
the theoretical α decay energies are very close to experimental
ones. Seven of these 15 experimental α decay energies
are reproduced within 0.1 MeV. The largest deviation is
0.4 MeV for the N = 155 isotone 257No. The possible reasons
of the large deviation has been discussed in the above. With
these theoretical α decay energies the α decay half-lives are
reproduced very well by the Viola-Seaborg formula [55].
17 of the 21 experimental half-lives are reproduced within
a factor of 1–4. Only for three nuclei 251No, 256No, and 259Sg,
the ratios between experimental and theoretical half-lives are
slightly larger than 10. The α decay half-life of 253Rf is
reproduced with a factor of 7.7. The largest value of Tcal./Texp.

is 16.7 for 251No. The calculated and experimental α decay
half-lives for odd-Z nuclei from 253Lr to 267Mt are listed in
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TABLE II. The same as Table I but for odd-Z nuclei (Z =
103–109).

Nucl. Qα(Cal) Qα(Exp) Tα (Cal) Tα(Exp) Ref.

253Lr 8.912 8.937 2.50 0.644 [37]
254Lr 8.713 23.7 17.105 [37]
255Lr 8.521 41.4 25.882 [56]
256Lr 8.595 55.5 31.765 [37]
257Lr 8.714 10.1 ≈0.646 [37]
258Lr 8.545 8.900 80.3 4.1 ∼ 4.32 [37]
259Lr 8.383 1.160 × 102 7.949 [37]
256Db 9.550 0.408 2.5 [58]
257Db 9.407 9.230 0.443 1.53 ∼ 1.63 [37]
258Db 9.529 0.465 7.03 [37]
259Db 9.655 9.620 0.903 × 10−1 0.51 [37]
260Db 9.494 9.380 0.585 1.52 ∼ 1.68 [37]
261Db 9.337 0.699 1.8 ∼ 2.20 [37]
258Bh 10.446 0.819 × 10−2

259Bh 10.309 0.777 × 10−2

260Bh 10.437 10.364 0.863 × 10−2 0.35 × 10−1 [32]
261Bh 10.568 10.560 0.177 × 10−2 0.137 × 10−1 [37]
262Bh 10.412 10.300 0.994 × 10−2

263Bh 10.263 0.101 × 10−1

264Mt 11.306 0.315 × 10−3

265Mt 11.162 0.286 × 10−3

266Mt 11.010 10.996 0.149 × 10−2

267Mt 10.864 0.141 × 10−2

Table II. In this table, the experimental half-lives of 255Lr
and 256Db are taken from Refs. [56] and [58], respectively.
The experimental α decay energy and half-life of the newly
synthesized nucleus 260Bh are taken from Ref. [32]. The α

decay energy is deduced from the kinetic energy of α particle
Eα by using the standard relation [59]: Qα = [Ap/(Ap −
4)]Eα + (65.3 Z

7/5
p − 80.0 Z

2/5
p ) × 10−6 MeV, where Zp and

Ap are the proton and mass numbers of the α emitter,
respectively. From the measured α particle energy Eα =
10.16 MeV [32], we obtain its α decay energy Qα =
10.364 MeV, which is very close to the theoretical value
10.437 MeV (see Table II). Our result is also close to the
value 10.470 MeV estimated by Audi et al. [37]. Except for
the N = 155 isotone 258Lr, the α decay energies are reproduced
within 0.2 MeV. Five of these nine experimental α decay
energies are reproduced within 0.1 MeV. The largest deviation
is 0.355 MeV for the N = 155 isotone 258Lr. The α decay
half-lives of these odd-Z nuclei are also reproduced well.
For 257,258,259Lr and 258Db, the ratios between experimental
and theoretical half-lives are slightly larger than 10. On the
whole, the α decay half-lives of nuclei from No (Z = 102)
to Mt (Z = 109) isotopes can be predicted quite accurately
by combining the improved binding energy formula with the
Viola-Seaborg formula [55].

Through the above discussions one can see that the α decay
energies and half-lives for nuclei with Z = 102–109 can be
reproduced very well. In the next we will test the validity of
the improved local binding energy formula in a larger range of
mass number. Very recently, 34 new superheavy nuclei with
Z = 104–118 have been discovered at Dubna [26–29]. These

FIG. 6. Deviations between theoretical and experimental α decay
energies for 162 nuclei with Z � 90 and N � 140. Experimental data
are taken from Refs. [29,37].

nuclei provide good groundwork to test the validity of the
improved binding energy formula. The deviations between
theoretical and experimental α decay energies for 162 nuclei
with Z � 90 and N � 140 are shown in Fig. 6. Among these
162 experimental α decay energies, 27 data are taken from
Ref. [29]. From this figure one can see that for most nuclei
the α decay energies can be reproduced within 0.2 MeV.
Especially, one can see clearly that there is a valley near N =
164 in the deviations between theoretical and experimental α

decay energies. The systematic deviations mean that N = 162
is a magic number which has been discussed in many works
(see for example Refs. [30,50]). From the above discussions
one can see that α decay energies can be used to calculate
α decay half-lives by combining with the Viola-Seaborg
formula. Now we will take α decay half-lives for newly
discovered superheavy nuclei ranging from Z = 110 to Z =
118 [29] as examples to test the predictive ability of our
improved binding energy formula. The numerical results are
shown in Table III. From this table one can see that the
α decay half-lives can be reproduced quite well. Seventeen
of the twenty experimental half-lives are reproduced within
a factor of 10. Especially, for 279Rg, 291116, and 293116
theoretical α decay half-lives are almost equal to experimental
ones. For only three nuclei 278Rg, 286114, and 288114 the
deviations between experimental and theoretical results are a
little larger. The largest value of the ratio between experimental
and theoretical half-lives Texp./Tcal. is about 50 for 286114. It
is well known that the production cross sections for nuclei
heavier than Ds (Z = 110) are very small. For some nuclei only
one or two events have been observed [29]. Consequently the
experimental error bars of α decay half-lives are a little larger.
Therefore, the average deviation by a factor of about 10 is
satisfactory. It means that the improved version of the local
binding energy formula is also valid for nuclei heavier than Ds
(Z = 110).

III. SUMMARY

In summary, we improve the local formula of binding
energy for heavy and superheavy nuclei. After detailed
analysis we find two characters in the deviations between
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TABLE III. Experimental and theoretical α decay energies
(in MeV) and half-lives for superheavy nuclei with Z = 110–118.
Experimental data are taken from Ref. [29]. The theoretical half-lives
are calculated by the Viola-Seaborg formula [55].

Nucl. Qα(Cal) Qα(Exp) Tα (Cal) Tα(Exp)

279Ds 9.627 9.84 ± 0.06 10.6 s 2.0+0.5
−0.4 s

278Rg 10.399 10.85 ± 0.08 0.195 s 4.2+7.5
−1.7 ms

279Rg 10.248 10.52 ± 0.16 0.208 s 170+810
−80 ms

280Rg 10.090 9.87 ± 0.06 1.28 s 3.6+4.3
−1.3 s

283112 10.250 9.67 ± 0.06 0.894 s 3.8+1.2
−0.7 s

285112 9.941 9.28 ± 0.05 6.25 s 29+13
−7 s

282113 11.008 10.78 ± 0.04 23.9 ms 73+134
−29 ms

283113 10.861 10.26 ± 0.09 23.5 ms 100+490
−45 ms

284113 10.706 10.15 ± 0.06 0.133 s 0.48+0.58
−0.17 s

286114 11.020 10.33 ± 0.06 5.14 ms 0.26+0.08
−0.04 s

287114 10.866 10.16 ± 0.06 96.7 ms 0.48+0.16
−0.09 s

288114 10.719 10.08 ± 0.06 28.9 ms 0.8+0.27
−0.16 s

289114 10.563 9.96 ± 0.05 0.569 s 2.6+1.2
−0.7 s

287115 11.467 10.74 ± 0.09 3.28 ms 32+155
−14 ms

288115 11.315 10.61 ± 0.06 17.2 ms 87+105
−30 ms

290116 11.625 11.00 ± 0.08 0.735 ms 7.1+3.2
−1.7 ms

291116 11.474 10.89 ± 0.07 12.9 ms 18+22
−6 ms

292116 11.330 10.80 ± 0.07 3.61 ms 18+16
−6 ms

293116 11.177 10.69 ± 0.06 65.9 ms 61+57
−20 ms

294118 12.223 11.81 ± 0.06 0.125 ms 0.89+1.07
−0.31 ms

experimental and theoretical binding energies. One is the
odd-even staggering in many isotopic chains, and the other is
the extra binding energies for the nuclei near the line N − Z =
50. The underlying physics of these two characters are both
related to the neutron-proton correlations. Correspondingly,
we consider the different strengths of pairing correlations,
such as proton-proton, neutron-neutron, neutron-proton cor-
relations, and introduce a new term |N − Z − 50|/A into the
local formula. Through the best fit we obtain a new set of
parameters. By use of this improved local formula of binding
energy the standard deviation for the 117 nuclei with Z � 90
and N � 140 can be reduced to 0.105 MeV. The precision

is improved by a factor of about 1/3 compared with the
previous formula [36]. The odd-even staggering and the peak
near N − Z = 50 in the deviations between experimental and
theoretical binding energies are both removed. Most of the
experimental α decay energies for superheavy nuclei ranging
from 243Fm to 266Mt (Z = 100–109) are reproduced accurately
by this new formula. The possible reasons of the slightly
larger deviations for the N = 155 isotones 256Md, 257No,
and 258Lr are discussed. The discrepancy between theory
and experiment shows the necessity of detailed studies for
these nuclei. The proton drip line of superheavy elements
ranging from Md (Z = 101) to Ds (Z = 110) are predicted.
By combining this local binding energy formula with the
Viola-Seaborg formula, we calculate the α decay half-lives
of the nuclei ranging from 250No to 267Mt (Z = 102–109).
In general, the half-lives of these nuclei can be reproduced
quite well. For few nuclei the ratios between theoretical and
experimental half-lives are slightly larger than 10. Particularly,
the α decay energy and half-life of the newly synthesized
nucleus 260Bh are reproduced very well. It means that the
improved formula has a strong predictive ability for the nuclei
with the neutron number near N = 152. The proton drip line
of elements ranging from Md (Z = 101) to Ds (Z = 110)
are predicted. In addition, the α decay energies and half-lives
for superheavy nuclei with 110 � Z � 118 are calculated and
compared with experimental data. The systematic deviations
between theoretical and experimental α decay energies show
that N = 162 is a magic number. On the whole, the half-lives
of these nuclei can be reproduced within a factor of 10. It
means that the improved binding energy formula is also valid
for superheavy nuclei beyond Ds (Z = 110).
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P. Cagarda, S. Ćwiok, B. Kindler, J. Kojouharova, B. Lommel,
R. Mann, G. Münzenberg, A. G. Popeko, S. Saro, H. J. Schött,
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