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Contour map of spontaneous fission half-life 
Tsf for superheavy nuclei. The squares dénote 
isotopes produced in cold fusion reactions, the 
circles those produced in hot fusion reactions. 
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New isotopes of 
éléments 104, 106 and 
108 - highly stable 
superheavy nuclei 

In April 1993, as part of a joint 
Dubna-Livermore experiment at the 
Flerov Laboratory of Nuclear Reac
tions, new heavy isotopes of élé
ments 104 and 106 were synthesized 
- 2 6 2 104 , 2 6 5 106 and 2 6 6 106. 

Compared with the known even-
even isotopes of éléments 104 and 
106, the new nuclei are characterized 
by their extraordinary high résistance 
to spontaneous fission. This is a 
direct proof of the macro-microscopic 
theory prédictions in its version 
calculated by A.Sobiczewski et al. 
regarding a substantial increase in 
the half-lives of heavy nuclei near 
deformed shells with atomic number 
(Z) 108 and neutron number (N) 162. 

In previous years, the heaviest 
éléments up Z=109 were synthesized 
in cold fusion reactions of the 'magie' 
nuclei lead-208 or bismuth-209 with 
ions of titanium-50, chromium-54, 
and iron-58. The résultant compound 
nuclei with excitation énergies 
between 18 and 20 MeV decay 
through the émission of one or two 
neutrons and gamma rays. 

In contrast, the synthesis of new 
nuclides used a "hot" fusion reaction 
of curium-248 and neon-22 nuclei, 
producing a compound nucleus 
2 7 0 106 with an excitation energy of 
45-50 MeV. It decays to its ground 
state through the émission of 4 or 5 
neutrons. 

Isotopes of éléments 104 and 106 
in thèse reactions are produced with 
approximately equal rates, but the 
excess of neutrons in the combina-
tion of curium-248 and neon-22 

penetrate the région of a sharp 
increase of spontaneous fission half-
life close to the top of the island of 
stability of the superheavy éléments. 

Following this approach, the same 
collaboration at Dubna recently 
looked at the synthesis of isotopes of 
élément 108. The radioactive proper-
ties of thèse isotopes test the effect 
of the closed proton shell at this 
atomic number. 

Of ail possible target-ion combina-
tions, the fusion of uranium-238 and 
sulphur-36, leading to the production 
of a compound nucleus 2 7 4 108 seems 
to be the most promising. After the 
émission of four neutrons and 
gamma-rays the evaporation residue 
2 7 0 108 appears to be just on the peak 
of stability at Z=108 and N=162. 

Unfortunately, because of a large 
consumption of the rare and expen
sive isotope sulphur-36 (0.015% of 
the natural content of sulphur) by the 
ion source, the experiments were 
using an ion beam of enriched 
isotope sulphur-34 which led to the 

production of a compound nucleus 
2 7 2 108. The experiments were com-
pleted by the synthesis of the isotope 
2 6 7 108 - the heaviest nuclide in the 
nuclear table. 

A rotating target of uranium-238 
with thickness 0.5 mg/cm 2 was 
irradiated with an ion beam of 185 
MeV sulphur-34 at an intensity of 
about 10 1 3pps. The recoil nuclei 
moving in the beam direction were 
separated from beam particles and 
products of incomplète fusion reac
tions by Dubna's gas-filled kinematic 
separator. The time-of-flight from the 
target to the focal plane of the sepa
rator was one microsecond. 

The detector block consisted of two 
parts: a time-of-flight counter directly 
preceding 12-strip position-sensitive 
silicon detectors with a total area of 
about 60 cm 2 . Recoil nuclei, after 
passing through the gas counter, 
were implanted in the sensitive layer 
of a strip detector. As well as the 
signal energy, the spatial location of 
the implanted nucleus on the surface 
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Decay properties of the isotope 267108 - the 

heaviest nuclide in the nuclear table - pro

duced by the fusion of sulphur-34 on uranium-

238. 

of the detectors (the strip number 
and the position versus length) was 
measured. 

Then the decay properties of the 
nucleus were examined: the sequen-
tial émission of particles with the 
measurement of alpha-particle 
émission time and energy. This 
method, used for the first time at the 
GSI (Darmstadt) Laboratory, can 
retrace ail genetic decays from the 
new unknown nuclides to their known 
daughter nuclei. 

The beam dose of 1.7 x 10 1 9 pro
duced three alpha-alpha correlated 
events for which the energy and 
émission time of alpha-particles 
produced by the nucleus 2 6 7 108 were 
measured. 

AH isotopes of élément 108 with 
N=156,157 and 159 undergo such 
alpha-decay. Their half-lives increase 
with the number of neutrons as 
expected from the calculated values 
of nuclear masses. 

The reaction rate (cross-section) for 
the production of this nucleus by 
uranium-sulphur fusion is about 2 pb. 
This is approximately 5-10 times 
slower than the cold fusion of lead-

208 and iron-58 producing the 
nucleus 2 6 5 108. 

On the scale of thèse new élé
ments, this is a noticeable but not too 
strong a différence. Of much greater 
interest is that the expected strong 
decrease in the survival probability of 
evaporation residues due to the 
required cascade émission of five 
neutrons (instead of one neutron in 
cold fusion) is compensated to a 
great extent by lifting strong dynamic 
limitations for the fusion of more 
symmetric combinations like lead-
208 and iron-58. 

Hot fusion reactions open the way 
to the synthesis of heavier éléments. 
The Dubna-Livermore collaboration 
is attempting an experiment on the 
synthesis of a heavy isotope of 
élément 110 from sulphur-34 and 
plutonium-244. Daughter nuclei from 
the alpha-decay of evaporation 
residues of 2 7 3 2 7 4 1 10 will be isotopes 
of élément 108, at the top of the 
already known island of stability of 
superheavy deformed nuclei. 

The expérimental investigation of 

The gas-filled separator used at the Joint 
Institute for Nuclear Research, Dubna, for 
work on superheavy nuclei. 

properties of nuclei near closed 
deformed shells not only tests the 
main thesis of the macro-microscopic 
theory, but also increases its prédic
tive power with respect to the proper
ties of still heavier nuclides in the 
région of spherical shells with Z near 
114 and N around 184. 

Elément 108 has been given the 
name hassium (Hs) by its discover-
ers (November 1992, page 27). 

Yuri Oganessian 
Laboratory of Nuclear Reactions, 
Joint Institute for Nuclear Research, 
Dubna 

Standard Model 
masses 

The initial évidence for the sixth 
('top') quark from the CDF experi
ment at Fermilab's Tevatron proton-
antiproton collider (June, page 1, and 
this issue, page 1) is focusing inter
est on the unusual mass patterns of 
the Standard Model particles. 

The Standard Model (June, page 4) 
contains three pairs of quarks and 
three electrically-charged leptons 
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