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Abstract Theoretical x-decay half-lives of the heaviest nuclei are calculated using the experimental Q«

value. The barriers in the quasi-molecular shape path is determined within a Generalized Liquid Drop Model

(GLDM) and the WKB approximation is used. The results are compared with calculations using the Density-
Dependent M3Y (DDMB3Y) effective interaction and the Viola-Seaborg-Sobiczewski (VSS) formulae. The
calculations provide consistent estimates for the half-lives of the « decay chains of these superheavy elements.

The experimental data stand between the GLDM calculations and VSS ones in the most time.
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1 Introduction

The possibility to synthesize superheavy elements
by cold or warm fusion reactions™™ * using radioac-
tive ion beams has renewed interest in investigating
the fusion barriers. The main observed decay mode of
these heaviest systems is the o emission, and an accu-
rate description of the « decay is required. The pure
Coulomb barrier sharply peaked at the touching point
alone does not allow to determine correctly the fusion
cross sections and the partialoe decay half-lives. In
the fusion path, the nucleon-nucleon forces act before
the formation of a neck between the two quasispher-
ical colliding ions and a proximity energy term must
be added in the usual development of the liquid-drop
model”. Tt is highly probable that the a decay takes
place also in this fusion-like deformation valley where
the one-body shape keeps quasi-spherical ends while
the transition between one and two-body configura-
tions corresponds to two spherical nuclei in contact.
Consequently, the proximity energy term plays also a
main role to correctly describe the o decay barrier.
The generalized liquid drop model (GLDM) which in-
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cludes such a proximity energy term has allowed to
describe the fusion', fission!®, light nucleus [ and o
emission ® processes. The formation and alpha de-
cay of superheavy elements have been investigated!”
in taking into account the experimental @, value or
the value provided by the Thomas-Fermi model™®.

This paper is organized in the following way. The
theoretical « decay lifetimes from different models
and detailed discussions are given in Sect. 2. We re-
serve our summary in Sect. 3.

2 Numerical calculations and discus-
sions

The GLDM energy is widely explained in Ref.[11]
and not recalled here. The half-life of the parent
nucleus decaying via o emission is calculated using
the WKB barrier penetration probability. The « de-
cay half-lives of the recently produced heaviest nu-
clei calculated with the GLDM using the experimen-
tal @, value and without considering the rotational
contribution are presented in Table 1. The results
agree reasonably with the experimental data indicat-
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ing that the GLDM taking account the proximity ef-
fects, the mass asymmetry, and an accurate nuclear
radius is sufficient to reproduce the o decay potential
barriers when the experimental @, value is known.
The results obtained with the DDM3Y interaction
agree with the experimental data as the GLDM pre-
dictions and largely better than the VSS calculations.
This shows that a double folding potential obtained
using M3Y!"? effective interaction supplemented by a
zero-range potential for the single-nucleon exchange
is very appropriate because its microscopic nature in-

cludes many nuclear features, in particular a potential
energy surface is inherently embedded in this descrip-
tion. This double agreement shows that the experi-
For
most nuclei the predictions of the VSS model largely
overestimate the half lives.

The half live of 2°*118 is slightly underestimated
in the three theoretical calculations possibly due to
the neutron submagic number N =176. In Ref.[13],
it is also pointed out that for oblate deformed chain
of Z =112, the shell closure appears at N =176.

mental data themselves seem to be consistent.

Table 1. Comparison between experimental « decay half-lives and results obtained with the GLDM, the
DDMS3Y effective interaction and the VSS formulae for the heaviest nuclei.
parent nuclei Expt. Expt. DDM3Y GLDM VSS
Z A Q/MeV Ty/2 Ty /2 Ty /2 Ty/2
118 294 11.81+0.06 1.8775% ms 0.667523 ms 0.15105% ms 0.64702% ms
116 293 10.67£0.06 53762 ms 206729 ms 22.8172%22 ms 1258557 ms
116 292 10.80£0.07 18745 ms 39179 ms 10457352 ms 49170 ms
116 291 10.8940.07 6.373%% ms 60.4730-2 ms 6.357355 ms 336471731 ms
116 290 11.00+0.08 15725 ms 134777 ms 3.471152 ms 15.2790 ms
+1.4 +1.8 +0.25 +13.1
114 289 9.96+0.06 27702 3.871% 0.521925 5 26.713% s
0.3 0.3 0. 0.56
114 288 10.09£0.07 0.87032 s 0.671037 s 0.22%002 s 0.9870-50 s
114 287 10.16£0.06 0.517018 s 1131052 s 0.1670:0% s 7.24758% s
0.0 0. 0. 0.08
114 286 10.35+£0.06 0.16705% s 0.14%05¢ 5 0.05105% s 0.1970-0% s
112 285 9.2940.06 34757 s 75 5% s 13.22772 5 5927523 ¢
112 283 9.67+0.06 40733 s 59729 s 0.957028 5 41.37399 s
110 279 9.8440.06 0.1875: 8;’; s 0.4ojg‘}§ 5 o.osjg‘gg 5 2.92%03. s
+0.2 +0.7 +0.1 +5
108 275 9.44+0.07 0.157027 s 1.0970.73 s 0.271918 s 8.98752% s
106 271 8.65+£0.08 2. 4+4 1o min 1. OJrO g min 0. 33+8 1 min 8. 6+§ o min
Table 2. Comparison between experimental « decay half-lives and results obtained with the GLDM, the
DDMS3Y effective interaction and the VSS formulae for the heaviest odd-Z nuclei.
parent  Expt. Ref.[23]  Expt. DDM3Y GLDM GLDM VSS VSS
nuclei  Q/MeV  Q/MeV Ty, T1/2(Qex) T1/2(Qex) T1/2(Qauai)  Tiy2(Qex) T1/2(QAudi)
288115 10.61 (6) 87 119 ms 409 ms 94.7735 % ms 9977582 ms
284113 10.15 (6)  10.25 0487058 s 1.557072s 043702 s 0.23s 413719 s 219
280111 9.87 (6)  9.98 3.6 713 s 1.979-2 0.69703% s 0.34s 570720 s 2.79s
276109 9.85 (6)  9.80 072087 s 0.4570%s 0.19705% s 0.26s 144758 s 199
272107 9.15 (6)  9.30 9.8MTs 101757 s 5127319 s 1.89s 33.8T17% s 11.91s
287115 10.74 (9) 3271% ms 49 ms 46.07331 ms 2077 53% ms
283113 10.26 (9)  10.60 1001329 ms 20167354 ms  222F7% ms  27.1 ms 9371789 s 116.7 ms
279111 10.52(16)  10.45 17018% ms  9.671%% ms 12472%% ms  18.8 ms 453773 tms  68.8 ms
275109 10.48 (9)  10.12 97145 ms 27571 %ms 40775 ms 352 ms 137728 ms  119.5 ms
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Most of the theoretical half lives using GLDM are
slightly smaller than the experimental data. A reason
is perhaps that the rotation of the nuclei is neglected
in the present calculations. The additional centrifu-
gal energy contributed to the barrier can reduce the
tunnelling probability and increases the half lives. A
second reason is that the shell effects and pairing cor-
relation are not explicitly included in the alpha decay
barrier, in spite of their global inclusion in the decay
energy Q.

The o decay half-lives of the recently produced
odd-Z heaviest nuclei calculated with the three ap-
proaches and using the experimental @), values and
without considering the rotational contribution are
presented in Table 2. The @, values given in Ref.[14]
are obtained by extrapolation. Within the GLDM
the quantitative agreement with experimental data
is visible. The experimental half-lives are reproduced
well in six cases (%115, 284113, 272107, 287115, 283113,
275109) out of nine nuclei along the decay chains of
288115 and 2*7115. Two results ( 2°111, 276109) are
underestimated about four to five times possibly be-
cause the centrifugal barrier required for the spin-
parity conservation could not be taken into account
due to non availability of the spin-parities of the decay
chain nuclei. On the whole, the results agree well with
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