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Abstract Studies on some superheavy nuclei are performed. The o« decay energies are calculated by an

improved local binding energy formula, and the o decay half-lives are calculated by the Viola-Seaborg formula.
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1 Introduction

The research of superheavy nuclei is a hot point of
nuclear physics from both experimental and theoreti-
cal point of view!" ¥, The elements with Z=110-112
have been discovered GSI in Germany!® by the cold
fusion reaction using 2°®Pb and 2°°Bi targets. Then
the hot fusion reactions with *®Ca-projectiles are used
at Dubna to synthesize the elements from Z=114 to
Z=118". The element Z=113 has also been syn-
thesized at RIKEN in Japan®. In 2000, GAN et
al. successfully synthesized a new isotope 2°Db"% in
Lanzhou, and then they discovered the new isotope
265BLM 12 gt the same facility. Theoretical studies
play important roles on the rapid progress in exper-
iments. Before the experiments are performed it is
necessary to estimate the production cross sections of
superheavy nuclei by some nuclear reaction models,
where the binding energies are important input pa-
rameters. The binding energies and/or « decay ener-
gies also paly important roles in identifying the newly
synthesized nuclei. It is because « decay is found, at
least up to now, to be one of the main decay modes
in the superheavy region. Therefore, to calculate re-
liably the binding energies and the « decay half-lives
is useful for experiments. Very recently, we proposed
a local binding energy formula for heavy and super-
heavy nuclei with Z > 90 and N > 140", Then we
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improved this formula!'® by including the different
strengths of the pairing correlation among different
nucleons, such as pp, nn, and np correlations. The
macroscopic-microscopic model '™
culate the binding energies of superheavy nuclei. The

is also used to cal-

« decay half-life is another important quantity of su-
perheavy nucleus which is very sensitive to the « de-
cay energy. The relationship between the o decay en-
ergy and half-life can be well described by the Viola-
Seaborg formula*®. In 2005, we renewed the param-
eters of this formula!’® by considering some newly
measured data. A more microscopic model about «
decay half-life is the cluster model. This model has
been proposed by Xu and Ren® ¥ to investigate
o decay half-lives extensively. For simplicity, in this
paper we play emphasis on the local binding energy
formula and the Viola-Seaborg formula.

This paper is organized as follows. Section 2 is the
outline of the local binding energy formula and the
Viola-Seaborg formula. Numerical results are shown
and discussed in Section 3. A summary is given in
Section 4.

2 Theoretical models

Before the numerical results are presented, it is
necessary to outline the theoretical models we used
for the consistency of this paper. In 2005, in order
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to reproduce the existing experimental binding ener-
gies of heavy and superheavy nuclei, and to predict
reliably the binding energies of unknown superheavy
nuclei, we proposed a local binding energy formula for

heavy and superheavy region. The formula is written

as follows!™”

B(Z,A) = a, A—a, AY? —a, Z2 A7V/° —
A

aa(E—Z)2A’1+aP5A’1/2+

ag|A—252|/ A—a;|[N—152|/ N, (1)
where two terms are added to describe the shell ef-
fects at N = 152. The binding energies and the o
decay energies of heavy and superheavy nuclei can be
reproduced very well. Then an improved version of
this formula™® was proposed by considering the dif-
ferent strengths of proton-proton, neutron-neutron,
and proton-neutron pairing correlations, and by in-

troducing a new term to describe the proton-neutron
correlations near the Fermi level. The formula reads

B(Z,A) = a, A—a,A*? —a 2 A7V/3 —
A
aa(g—Z)QAfl—i-apA*l/Q—i-
ag|A—252| / A—a;|N —152|/ N+
ag|N —Z —50|/ A. (2)
The parameters of this formula are obtained by fit-
ting the binding energies of 117 nuclei with Z > 90

and N > 140. The best fit parameters are shown as
follows:

a, =15.8032 MeV
as=17.8147 MeV
a.=0.71478 MeV
a,=97.6619 MeV
ag =5.33 MeV
a;=21.0 MeV
ag =—15.25 MeV

and the coeflicients of the pairing energy are

12.66 MeV, even —evennuclei

3.0 MeV, even—oddnuclei
ap = : (3)
0 MeV, odd — evennuclei

—8.0 MeV, odd— oddnuclei

The standard and the average deviations of the bind-
ing energies for the 117 nuclei by this improved for-
mula are, respectively,

117
Vo> => (B, — B, )*/117]"/*=0.105 MeV,(4)

i=1

and
117

() =3 |BL,

The Viola-Seaborg formula is a simple but widely
used formula in identifying the newly synthesized nu-
clei. The Viola-Seaborg formula was proposed by Vi-
ola and Seaborg!®
as a generalization of the Geiger-Nuttall law. The
formula reads

log, 0 Tu=(aZ+b)Q"*+(cZ+d)+hig. (6)

—Bi,|/117 = 0.086 MeV. (5)

in 1966. This formula can be seen

Very recently, we renewed the parameters of this
formulal’” by considering some new data of « decay
energies and half-lives in the 2003 nuclear data table
compiled by Audi et al.?". The parameters we ob-
tained are a = 1.64062, b = —8.54399, ¢ = —0.19430,
d=—33.9054, and

0 , Z even , N even

0.8937 , Z even , N odd
hlog - . (7)
0.5720 , Z odd , N even

0.9380, Z odd , N odd
3 Numerical results and discussions

With the above formulas we calculate the « de-
cay energies and half-lives for heavy and superheavy
Considering the limit of the length of this
paper we will only give the results of proton-rich nu-
clei from Z=102 to Z=109. Table 1 shows the «
decay energies and half-lives from No to Rf, and Ta-
ble 2 shows the results from Db to Mt. From these
tables one can see that the o decay energies can be
reproduced very well. Most of the deviations between
theoretical and experimental « decay energies are less
than 0.2 MeV. For only three nuclei ?**No, *"No, and
281 r the deviations are slightly larger than 0.3 MeV.
It is interesting to note that two of these three nuclei
are N = 155 isotones. Very recently, Asai et al.*
have reported that the ground-state configuration of
#7No is different from that of lighter N = 155 iso-
tones 5*Cf and ?*Fm. According to the single parti-
cle nuclear shell model, the total energy of a nucleus
is the sum of the single particle energies of nucle-
ons, and the single-particle energies are determined
by the quantum numbers of their orbits. When the

nuclei.

valence nucleon occupies a new orbital the energy
level may change sharply. Hence, the « decay energy
will change sharply, since the « decay energy is the
difference between the binding energies of the parent,
the daughter, and the « particle. However, for other
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Table 1. Theoretical and experimental « decay energies (in MeV) and half-lives (in second) for nuclei from
Z=102 to Z=104 with the neutron number near N=152. Theoretical « decay energies are used to calculate
the half-lives (T« (Cal)) by the Viola-Seaborg formula.

Nucl. Qu«(Cal) Qa(Exp) T«(Cal) T« (Exp) Ref.
251No 8.643 15.3 0.916 [24]
252No 8.493 8.550 5.84 ~3.64 [24]
253No 8.290 8.421 0.21x 103
254No 8.096 8.226 0.122 x 103 0.567 x 102 [24]
255No 8.164 8.442 0.557 x 103 0.305 x 103 [24]
256No 8.238 8.581 40.1 ~2.91 [24]
257No 8.066 8.466 0.121 x 10*

253 1r 8.912 8.937 2.50 0.644 [24]
254y 8.713 23.7 17.105 [24]
2551y 8.521 41.4 25.882 [25]
256 ¢ 8.595 55.5 31.765 [24]
2571y 8.714 10.1 ~0.646 [24]
258 Ly 8.545 8.900 80.3 4.1 ~ 4.32 [24]
2591y 8.383 1.160 x 102 7.949 [24]
253Rf 9.522 0.202 ~0.26 x 107! [24]
254Rf 9.336 0.855x 1071

255Rf 9.140 9.058 2.47 3.154 [25]
256Rf 8.952 8.930 1.14 2.016 [24]
257Rf 9.071 9.044 3.95 5.34/4.43 [26]
258Rf 9.195 0.219 0.923 x 101 [24]
259Rf 9.028 5.30 3.04 [24]

Table 2. Same as Table 1 but for nuclei from Z=105 to Z=109.

Nucl. Qu«(Cal) Q«(Exp) T«(Cal) T« (Exp) Ref.
256Dhb 9.550 0.408 2.5 [27]
257Db 9.407 9.230 0.443 1.53 ~ 1.63 [24]
258Dhb 9.529 0.465 7.03 [24]
259Dhb 9.655 9.620 0.903 x 101 0.51 [24]
260ph 9.494 9.380 0.585 1.52 ~ 1.68 [24]
261Db 9.337 0.699 1.8 ~ 2.20 [24]
25850 9.867 0.139x 1071 >0.165x 101 [24]
2593g 9.991 9.830 0.509 x 10! 0.644 [24]
2605g 10.121 9.920 0.301x 1072 0.95x 10~2 [24]
2615g 9.961 0.611x 107! ~0.23 [24]
2625¢ 9.810 0.197x 1071 >0.364 x 1071 [24]
2635g 9.648 0.428 1.0 ~ 1.43 [24]
260Bh 10.437 10.364 0.863 x 1072 0.35x 1071 [28]
261Bh 10.568 10.560 0.177x 1072 0.137x 107! [24]
262Bh 10.412 10.300 0.994 x 1072
264115 10.721 10.591 0.411x 1073 ~1.08x 1073 [24]
26515 10.566 10.590 0.769 x 1072 ~0.21x 1072 [24]
266115 10.418 10.336 0.228 x 1072 0.23x 1072 [1]
267Hs 10.260 0.451x 101 0.32x 1071 [24]
26401t 11.306 0.315x 1073
265 Mt 11.162 0.286 x 1073
266\t 11.010 10.996 0.149 x 10~2

2670\, 10.864 0.141 x 102
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two N = 155 isotones, 2°°Db and 262Bh, the devia-
tions are very small. The ground-state configurations
for other N =155 isotones and neighboring nuclei are
useful for clarifying this problem. Another possible
interpretation is the Z-dependence of the N = 152
shell gap. Very recently, the result of the in-beam -
ray spectroscopy of 245246Pyu has been measured®”.
It is found that the N =152 shell gap was very small
for Pu isotopes®™ compared with neighboring nuclei.
But for Rf, Db, Sg, and Bh isotopes near N = 154, the
o decay energies are reproduced very well. Therefore,
we can not draw firm conclusion about the discon-
tinue change of the o decay energies near N = 155.
The systematic deviations between experiment and
theory mean that detailed studies in this region from
both experimental and theoretical points of view are
needed.

Now let’s compare the experimental and theoret-
ical o decay half-lives. From Tables 1 and 2, one can
see that the calculated « decay half-lives are very
close to experimental ones. On the whole, experi-
mental half-lives can be reproduced within a factor
of 4. For only few nuclei the deviations are slightly
larger than a factor of 10. The largest value of the
ratio between theoretical and experimental half-life is
18.6 for 2°8Lr.

It is interesting to note that the « energy and
half-life of the newly discovered nucleus °°Bh are re-
produced quite well by combining the improved bind-

ing energy formula with the Viola-Seaborg formula.
The o decay energy of this nucleus is obtained by
the relation™: Q« = [A4,/(A, —4)]Ew +(65.327/% —
80.0 Z2/°)x10~°MeV, where Z,, and A, are the proton
and mass numbers of the parent nucleus, respectively.
By this formula we obtain the « decay energy of this
nucleus @, = 10.364 MeV, from the measured kinetic
energy of the « particle £,=10.16 MeV. The devia-
tion between the theoretical and experimental value
is 0.073 MeV. Please note that our result is also close
to the estimated value 10.470 MeV by Audi et al.. It
means that the improved binding energy formula has
a strong predictive ability.

4 Summary

In summary, we calculate the « decay energies
and half-lives of heavy and superheavy nuclei from No
(Z=102) to Mt (Z=109) by combining the improved
binding energy formula with the Viola-Seaborg for-
mula. Good agreements are achieved. The possible
reasons for the discontinue change of o decay energy
near N = 155 are discussed. The « decay energy
and half-life of the newly synthesized nucleus 2°Bh
are reproduced very well. The good agreement be-
tween the formulas and experiment shows that the
improved binding energy formula is useful for the fu-
ture research of superheavy region.
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