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I. Introduction

Superheavy elements (SHE) are the elements which exist

only due to the shell structure of the nuclei of their atoms.

Almost all calculations of this structure, done by various

methods, indicate that these are the elements with the

atomic number Z5 104, i.e., the transactinide elements.

Chemical studies of these elements have already quite a rich

tradition. These studies constitute a continuation of the

research of D I Menedeleev on the Periodic Table of Ele-

ments. This continuation is important and fascinating as it

extends the studies of the Periodic Table to an exotic region

of very heavy elements, where large relativistic effects

appear and significantly modify the properties of the ele-

ments.

There is a close relationship between chemical and

physical studies of SHE. As these elements have not been

found in nature (and one, generally, does not know if they

may exist in the Earth), before chemical studies, they have

to be produced artificially in a laboratory. And this is done

by physical methods (nuclear reactions). Thus, chemical

research depends on the physical studies. But also vice versa,

chemical studies are very helpful to the physical ones, e.g.,

they supply us with one of the methods of the identification

of the atomic number of an element synthesized by physical

methods. Hence, the studies of SHE is the field of the joint

research of physicists and chemists, experimentalists and

theoreticians. Only common efforts of these four groups of

researchers are effective and lead to a fast progress of our

knowledge in this field.

Physical studies of superheavy nuclei (SHN) constitute

presently a large branch of nuclear physics. Both expe-

rimental and theoretical reserch is being done. More than

80 superheavy nuclei of 14 superheavy elements with

Z=104 ± 118 (with the only exception of Z=117) have

been already synthesized. Many properties of these nuclei,

such as mode of a decay (mainly a decay and spontaneous

fission), decay energy, half-life, cross section for their syn-

thesis and other, have been already learned. This knowledge

allow one to improve or construct new theoretical models

which, in turn, allow deeper understanding of experimental

results and prediction for SHN not yet observed or for new

properties of SHN already seen.

Experimental studies of SHN have been described in

many papers (e.g., Refs 1 ± 16, a large number of which are

reviews). The objective of this article is to give a short

review of theoretical studies of SHN illustrated by examples

of the results of these studies.

II. Theoretical methods

Mainly two approaches are used in the theoretical descrip-

tion of nuclei. One, traditional, is a macroscopic ±micro-

scopic (macro ±micro) approach (e.g., Refs 17 ± 21), the

other, more recent, comprises purely microscopic, self-

consistent methods. Both remain within the approach of

the mean nuclear field.
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In the macro ±micro method, the energy (mass), E, of a

nucleus at a given deformation (bl) is composed of two

parts,

E�bl� � E~�bl� � dEsh�bl�, (1)

where E~�bl� is the macroscopic and dEsh�bl� is the micro-

scopic part of the energy. The macroscopic part, which

smoothly depends on the proton Z and neutron N numbers,

does not include effects of the shell structure of a nucleus. It

is usually described by such models as the liquid-drop one

(e.g., Refs 22 and 23) or the Yukawa ± plus-exponential

model.24 The microscopic part describes shell effects. This

is usually based on a realistic single-particle nuclear poten-

tial (most often the Woods ± Saxon potential 25 and is

constructed from the single-particle energy spectra by the

Strutinski procedure.26, 27

The self-consistent methods use calculations of the

Hartree ± Fock type with effective density-dependent inter-

actions of the zero-range (Skyrme) type (e.g., see Refs 28

and 29) or of the finite-range (Gogny) type (e.g., Refs 30

and 31). The relativistic mean field approach 32 ± 34 inten-

sively used in recent years for the description of nuclear

properties also belongs to purely microscopic methods. The

self-consistent calculations are more complex and time-

consuming than the macro ±micro ones. Illustrations of

the results obtained within both of these approaches and a

comparison between them may be found in a number of

papers (e.g., Refs 35 and 36). In this paper, we will mainly

use the macro ±micro approach for the illustration of the

description of heavy and superheavy nuclei.

III. Role of the shell structure in the stability
of heaviest nuclei

The shell structure is important for all nuclei. Its role for the

heaviest ones is, however, essential because these nuclei

would not exist without this structure,37 as already men-

tioned in the Introduction. In this Section, we will illustrate

this role in a number of properties of heavy and superheavy

nuclei.

The effects of the shell structure of real nuclei may be

estimated by comparing measured properties of these nuclei

with those calculated within macroscopic models, in which

the nuclei have no shell structure. Figure 1 taken from

Ref. 37 illustrates the shell effects in masses of heaviest

nuclei. The effect is the difference between the experimental

value of mass and the value calculated within a model that

does not include the shell structure (e.g., liquid-drop

model). One can see that the shell effect, (Mexp7M~), is

negative (i.e., it stabilizes the nuclei) and decreases

(increases in its absolute value) with increasing atomic

number Z, down to about 75 MeV for the heaviest even ±

even nuclei 260Sg (Z=106) and 264Hs (Z=108) known at

the time when early studies of shell effects in the properties

of heaviest nuclei were performed. The effect of the known

deformed shell at the neutron number N=152 is clearly

seen in the results for Cf, Fm and No (Z=102) isotopes.

Similarly clear and large shell effects were found in other

important properties of heaviest nuclei, such as the a-decay
energy (Qa) and half-life (Ta) or the height of the fission

barrier (Bf).37

An especially large effect, up to 15 orders of magnitude,

appears in the spontaneous-fission half-life (Tsf). This is

because this quantity is especially sensitive to the shell

structure of a nucleus. The effect is illustrated in Fig. 2.37

The Figure shows the experimental and theoretical values of

the logaritm of Tsf. The theoretical values are calculated by

a macroscopic (Yukawa ± plus-exponential 24) model, which

does not include any shell structure of a nucleus. Thus, the

difference between the two values is just the shell effect in

the spontaneous-fission half-life Tsf. One can see that the

effect delays the fission process in all considered nuclei,

except only few lightest ones (isotopes of uranium). The

delay increases from few orders (plutonium isotopes) to

about 15 orders of magnitude for the nucleus 260106 (260Sg),

which has the largest Z among the even ± even nuclei with

measured Tsf. For such a heavy nucleus like 260106, with Tsf

of the order of few milliseconds, this extension makes up

practically the whole half-life of these nuclei. In other

words, they would not exist without shell effects, as already

mentioned above.

The mechanism by which practically the whole half-life

of a very heavy nucleus is made up by shell effects is

illustrated in Fig. 3. The figure illustrates the spontaneous-

fission barrier of the nucleus 264108 (264Hs), i.e., the depend-

ence of the ground-state energy of this nucleus on its

quadrupole-deformation parameter b2. For each b2, the

energy is minimized with respect to the hexadecapole-

deformation parameter b4. The total fission barrier includ-

ing shell effects, is shown by curve 1 and its smooth part

(obtained by the Yukawa ± plus-exponential model 24) is

represented by curve 2. The smooth barrier (curve 3)
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obtained by another macroscopic model [liquid drop, LD

(Ref. 22)] is also shown (curve 3), for comparison. One can

see that a significant height (about 6 MeV) of the fission

barrier is obtained only after the inclusion of shell effects.

Without them, no fission barrier (see curves 2, 3) appears.

IV. Calculated shell correction

After the realization that the effects of the shell structure are

so large and depend strongly on the proton and neutron

numbers (i.e., on the composition of a nucleus), it was

important to calculate them for a large region of heaviest

nuclei. This should give the idea of which nuclei are

characterized by the largest shell effects. Such a calculation

has been reported (Fig. 4).38 The Figure shows a contour

map of the shell correction (Esh) to the ground-state energy

(or mass) of nuclei in a large region of nuclides with proton

number Z=82 ± 120 and neutron number N=126 ± 190.

One can see that Esh has three minima in this region. The

first one, which is the deepest (Esh=714.3 MeV), is

obtained for the doubly magic spherical nucleus 208Pb. The

second one (Esh=77.2 MeV) appears at the nucleus
270108162, which is predicted 39, 40 to be a doubly magic

deformed nucleus. The third minimum with the same

depth (Esh=77.2 MeV) as the second one is obtained for

the nucleus 296114182, which is close to the nucleus 298114184
predicted 41 ± 43 to be a doubly magic spherical nucleus, the

next one to the last experimentally known double-magic

208Pb. Besides these three minima, there appears a rather

wide plateau around the nucleus 252Fm, which, although

having a smaller (in absolute value) shell correction

(Esh=75.2 MeV) than the nucleus 270108 (270Hs), may be

considered as a nucleus with closed deformed subshells.39, 40

One can also see in Fig. 4 that some of the already

synthesized nuclei profit by 6 ± 7 MeV in their binding

energy from the shell correction. Without this profit they

could not exist, as already discussed above.

The appearance of the region of nuclei around the

second minimum (deformed superheavy nuclei) constitutes

probably the main change in our view of stability of heaviest

nuclei in the whole history of SHE. Before this, it was

believed for a long time that spherical superheavy nuclei

predicted to be situated around the third minimum would

constitute an island, separated from the usual peninsula of

relatively long-lived nuclei by an `ocean' of full instability.

After the appearance of deformed superheavy nuclei, how-

ever, the peninsula is expected to be extended, to include

also the spherical superheavy nuclei. This is qualitatively

illustrated in Fig. 5 taken from Ref. 44.

It may be useful to note that the shell correction given in

Fig. 4 is the global one. It is defined as the total gain in

energy of a nucleus due to its shell structure. Thus, it is the

difference

E glob
sh :E�b 0

l� ÿ E~�0�, (2)

where E�b 0
l� is the energy of the nucleus at its equilibrium

deformation (b 0
l� in the case when the nucleus has the shell

structure, while E~�0� is its energy in the case of no shell

structure. In the latter case (e.g., within the liquid-drop

model of the nucleus), the equilibrium deformation is zero.

Thus, generally, the global shell correction is the difference

between energies of a nucleus at different deformations of it.

Due to this, it differs from the local shell correction

dEsh�bl�, which, according to Eqn (1), is given by
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Figure 3. Total fission barrier (1) and its macroscopic part obtained

by Yukawa ± plus-exponential (2) and by the liquid-drop (3) models,

for the nucleus 264108.37
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dEsh�bl�:E�bl� ÿ E~�bl�. (3)

For the equilibrium deformation, the difference between

the two is

E glob
sh �b 0

l� ÿ dEsh�b 0
l� � E~�b 0

l� ÿ E~�0�, (4)

i.e., it is the deformation energy of the macroscopic part of

the energy of a nucleus. For heavy nuclei, which are close to

instability in the macroscopic models and their macroscopic

energy is flat as a function of deformation (see Fig. 3), this

difference is small. For spherical nuclei (in particular super-

heavy ones) it is simply zero.

To compare these both kinds of the shell correction used

in literature, we show in Fig. 6 (see Ref. 45) a contour map

of the local shell correction. Comparing Fig. 6 with Fig. 4,

one can see that the local shell correction is larger by about

2 MeV (in the absolute value) than the global one at the

centre of the deformed SHN. For the centre of the spherical

SHN (not shown in Fig. 6), both shell corrections are the

same, as already stated above.

V. Illustration of the shell structure

The shell structure of a nucleus is seen in its single-particle

spectrum. This is just inhomogeneity of the spectrum, the

appearance of shells (regions of a larger density of the

single-particle energy levels) separated by energy gaps.

Since large shell corrections to energy (mass) of a

nucleus are related to large energy gaps in the single-particle

spectra, it is interesting to consider the single-particle

spectra of the nuclei 208Pb, 270Hs, and 298114, for which

the three minima of the shell correction Esh are shown in

Fig. 4. These spectra for protons and neutrons are shown in

Figs 7 and 8.46 One can see (Fig. 7) large energy gaps at

Z=82 (in the spectrum of 208Pb), at Z=108 (in 270Hs),

and at Z=114 (in 298114). In the spectrum of 270Hs, a low

density of the levels extends from Z=106 to Z=110. For

neutrons (Fig. 8), apart from the large energy gap obtained

at N=162 in the spectrum of 270Hs, a smaller gap at

N=152 is also seen. All these factors are reflected in the

shell correction to the energy Esh shown in Fig. 4.
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calculated at the equilibrium point of the considered nuclei.45
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Here and in Fig. 8, the spectroscopic symbol for orbital angular

momentum (l ) and total spin (multiplied by two, 2j ) are given at
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VI. Illustration of the results on the properties
of heaviest nuclei

In this Section, we will illustrate some theoretical results for

the properties of heavy and superheavy nuclei. The results

have been mainly obtained within a macroscopic ±micro-

scopic approach.

1. Nuclear shapes
To find the equilibrium shape of a nucleus, one minimizes

its energy in the deformation parameters bl. The shapes of

heaviest nuclei are found to be axially symmetric.47 Thus,

they can be described by the usual deformation parameters

bl, appearing in the following expression for nuclear radius

(in the intrinsic frame of reference) in terms of spherical

harmonics Yl0(#),

R�#� � R0�bm�
�
1�

X
l

blYl0�#�
�
, (5)

where the dependence of R0 on bm is determined by the

volume-conservation condition.

A macro ±micro analysis of the equilibrium deforma-

tions has shown 48 that it is sufficient to consider the multi-

polarities up to l=8. The contribution of l=9 and 10 is

already negligible. The odd multipolarities l=3, 5 and 7

contribute only to the deformations of light isotopes of

elements around radium.48 Thus, the 4-dimensional defor-

mation space {bl}, l=2, 4, 6 and 8 has been found to be

sufficient for almost all nuclei in the considered region of

heaviest nuclei, in which we are usually interested, in

particular for all superheavy nuclei.38

The shapes of the nuclei are illustrated in Fig. 9.49 The

symmetry axes (Oz) of the nuclei have the horizontal

orientation in the Figure. One can see that the shapes vary

quite significantly with Z and N. Some of the nuclei are

thicker in their equatorial plane, some are thinner (necking),

some (Z>120) show a tendency to be oblate. Numerical

values of the equilibrium deformations b 0
l were

reported.50, 51

2. Masses and aa-decay energies
Mass is a basic property of a nucleus and it should be

described as accurately as possible. Figure 10 shows the

difference between the calculated and experimental masses

of nuclei with Z=84 ± 108.50 A large, seven-dimensional

deformation space {b 0
l}, l=2, 3, ... , 8, has been used in

the calculations. So large space is used, because the consid-

ered region of nuclei covers relatively light nuclei (starting

from polonium, Z=84) for which the odd-multipolarity

deformations, l=3, 5, 7, play a role, as has been men-

tioned above. One can see that the discrepancy between the

calculated mass Mth and the experimental one Mexp is

roughly contained within the range of about �0.5 MeV.

The calculated masses show a very good isotopic depend-

ence. This is especially well seen in the long chain of masses

of well deformed plutonium nuclei. From masses of Cm, Cf

and Fm, one can see that the effect of the deformed shell at

N=152 on the mass is well reproduced. One cannot say,

however, if this is also the case for a stronger deformed shell

at N=162 predicted by theory, because the masses of

nuclei with N around 162 are not yet measured.

It is of interest to compare the accuracies of description

of masses of the heaviest nuclei attained within various

approaches. Figures 11 and 12 (Ref. 52) show the differ-

ences Mth7Mexp where the theoretical value was deter-

mined using a semi-empirical (SE), two macro ±micro

(Heaviest Nuclei, HN, and Thomas ± Fermi, TF) and purely

microscopic (Harthree ± Fock, HF) approaches. The semi-

empirical description 53 uses a shell model with 15 adjust-

able parameters specially adapted to describe the masses of

nuclei with proton numbers located between the known

magic number Z=82 and the assumed one Z=126 and

with neutron numbers contained between the known magic

number N=126 and the assumed one N=184. The mac-

ro ±micro approximation HN (Ref. 54) is the same model

that was used to calculate the masses of Fig. 10. The TF

theory is of the macro ±micro model in which the macro-

scopic part of mass was obtained with the use of the

Thomas ± Fermi approximation.55 Finally, the microscopic

model HF (Hartree ± Fock ± BCS approach 56) in which a

10-parameter Skyrme effective interaction has been used to

obtain the mean field and a 4-parameter d-function has been

taken to describe the pairing interaction. Experimental

masses used in Figs 10 ± 12 have been taken from Ref. 57.

One can see in Fig. 11 that the discrepancy between the

theoretical and experimental masses is roughly contained

within �0.5 MeV for three of the considered models. Only

for the HF approach, it is larger, up to about 1 MeV. The

best agreement is obtained for the SE and HN approaches.

To make a quantitative comparison of the discussed

approaches for a large number of heavy nuclei, the root-

mean-square deivations of masses were calculated for

238 nuclei (having reliably determined experimental

masses 57) from the region of heaviest nuclei with Z5 84

and N5 126. The rms deviations of the masses (in keV)

calculated within the SE, HN, TF, FRLDM, and HF

models from the experimental masses are given below.52

Model SE HN TF FRLDM HF

DM /keV 145 370 482 705 705

In addition to the four discussed models, the Finite-

Range Liquid Drop Model (FRLDM) 58 was also included

for comparison. This is a macro ±micro model, like the HN

and TF models. One can see that the smallest deviations
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Figure 9. Shapes of nuclei plotted for a wide region of Z (82 ± 130)

and N (126 ± 190).49
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were obtained for the SE and HN models. This is probably

due to special adaptation of them to description of heaviest

nuclei, while the others are adapted to describe masses of all

nuclides.

The a-decay energies directly related to masses are

described with a similar accuracy.59

3. Fission barriers
A study of the (static) fission-barrier height (B st

f ) of heaviest

nuclei is motivated by the importance of this value in

calculations of cross sections s for the synthesis of these

nuclei (e.g., see Refs 60 ± 72). The height B st
f is a decisive

quantity in the competition between neutron evaporation

and fission of a compound nucleus during its cooling. A

large sensitivity of s to B st
f enhances the need for accurate

calculations of B st
f . For example, a change in B st

f by 1 MeV

may result in a change of s by about one order of magnitude

or even more.64 The basic role in the calculations of B st
f is

played by the deformation space used. Up to the present,

the height B st
f has been mostly studied in the case of axial

symmetry of a nucleus (e.g., Refs 73 ± 78). Studies taking

into account non-axial degrees of freedom were less fre-

quent (e.g., 47, 79 and 80).

Here we will illustrate recent results obtained for the

barriers B st
f for heavy and superheavy nuclei, stressing the

importance of non-axial deformations taken into account in

the calculations of this quantity.

First, consider an example of the static fission barrier

obtained in the case of the axial symmetry of a nucleus.

Figure 13 shows such a barrier for the superheavy nucleus
278112 (Ref. 81). One can see that a rather high barrier is

obtained for this very heavy nucleus, which is entirely

created by effects of the shell structure in the energy of

this nucleus. Without this structure (see macroscopic part of

the energy, curve 1), no barrier is obtained (see Fig. 3,

similarly to curves 2 and 3 for a lighter nucleus). The largest

shell correction to the macroscopic part of the energy

(about 6 MeV) was obtained at the (deformed) equilibrium

point, smaller values (about 1.8 MeV) were found for the

first saddle point and the smallest values (about 0.5 MeV)

were found for the second saddle point. Significant shell

corrections at the saddle points (appearing as energy max-

ima in Fig. 13) are worthy of notice as these corrections are

quite often neglected in various estimates of the static

fission barriers of superheavy nuclei. In the Figure, the

dependence of the energy of the nucleus on the deformation

b2 is plotted. However, at each value of b2, the energy is

minimized in the b4, b6 and b8 degrees of freedom. The

barrier height Bf is the difference between the energy at the

highest saddle point and that at the equilibrium point. Thus,

Bf depends on the two different configurations of a nucleus:

the saddle-point configuration and the equilibrium one.

Figure 14 (see Ref. 82) gives a contour map of B ax
f

calculated for a large region of nuclei in the case of the

axially symmetric shapes. One can see that the largest height

B ax
f (about 8.5 MeV), is obtained in the region of nuclei

with Z& 99 and N& 152. This is connected, to a large

extent, with a large shell correction in the ground state of

these nuclei (mainly due to the deformed subshell closure at

N=152, see, e.g., Ref. 45). Another region of a large B ax
f

(about 7 MeV) is obtained for the nuclei with Z& 116 and

N& 180. In this region, the large Bf is again due to a large

shell correction in the ground state of these nuclei, which is

connected here with the spherical shell closure at N=184

(e.g., see Ref. 45). Relatively small Bf are obtained in the

region of the neutron number N& 168.

The influence of non-axial shapes of a nucleus on the

barrier height B st
f has been studied in a number of papers

(e.g., see Refs 83 ± 87). Figure 15 illustrates this influence

for the nucleus 250Cf (Ref. 83). Here, the 5-dimensional

deformation space is used. This is specified by the following

expression for the nuclear radius [R(y,j)] (taken in the

intrinsic frame of reference) in terms of spherical harmonics

(Ylm)

R�y;f� � R0

�
1� b2

�
cos gY20 �

1���
2
p sin gY22

�� (6)

�b4Y40 � b6Y60 � b8Y80

�
,

where g:g2 is the Bohr quadrupole non-axiality parame-

ter, and the dependence of R0 on the deformation parame-

ters is determined by the volume-conservation condition. In

the Figure, the potential energy minimized in b4, b6, b8 is

projected on the plane (b2 cos g, b2 sin g). One can see that

the inclusion of non-axial shapes decreases the potential

0.0 0.2 0.4 0.6 0.8 b2
78

76

74

72

0

2

E /MeV

2

1

Figure 13. Static spontaneous-fission barrier calculated for the nucleus
278112166 taking into account only macroscopic (1) and total (2)

energy.81
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energy at the saddle point by 1.7 MeV. As non-axial shapes

do not decrease the potential energy at the equilibrium

point, they decrease the barrier height Bf by the same

amount of 1.7 MeV. Only after the inclusion of this

decrease, the calculated barrier height Bf becomes close to

the measured value (5.6� 0.3) MeV.88 The mechanism by

which the quadrupole non-axiality decreases the barrier

height Bf has been studied.89

A contour map of the reduction dBg2
f of the barrier

height Bf due to the non-axial deformation g2 is given in

Fig. 16. As for all nuclei we investigated, the equilibrium

deformation is axially symmetric, the reduction dBg2
f is the

reduction of the energy at the saddle point. One can see that

the map of Fig. 16 is rather complex. This is characteristic

of effects related to the shell structure of nuclei, which

changes rather fast from one nucleus to another. The largest

reduction of the barrier height dBg2
f is about 2 MeV and

appears in two regions of the nuclei: one for nuclei with

Z& 100 and N& 158 and the other with Z& 122 and

N& 180.

Finally, Fig. 17 shows the barrier height after the

inclusion of the effect of g2:

B
g2
f = B ax

f + dB g2
f .

One can see that two regions of nuclei with the largest

B
g2
f appear: one with Z& 98 and N& 148 (*6.5 MeV) and

the other with Z& 115 and N& 180 (*6.0 MeV). The

smallest barriers are obtained for nuclei with N& 168.

4. Half-lives
Mainly two decay modes govern the stability of heaviest

nuclei: a decay and spontaneous fission. Half-lives corre-

sponding to these modes are shortly discussed here.

a. aa-Decay

Alpha-decay half-lives are usually calculated with the use of

phenomenological formulae (e.g., see Refs 90 ± 93). A sim-

ple 7-parameter formula of Viola and Seaborg 90 has been

used most frequently for a long time (e.g., Refs 39, 94 ± 99).

Recently, an even simpler, 5-parameter formula has been

proposed.100 The formula reads

log10T
ph
a �Z;N� � aZ�Qa�Z;N� ÿ E�i�1=2 � bZ� c; (7)

where the parameters are a=1.5372, b=70.1607,

c=736.573; and the parameter E�i (average excitation

energy of a state of the daughter nucleus, to which a-decay
goes) is

E�i � 0, if Z, N are even;

E�i � E�p � 0:113 MeV, if Z is odd, N is even;

E�i � E�n � 0:171 MeV, if Z is even, N is odd;

E�i � E�p � E�n, Z, N are odd;

The above values of the five parameters a, b, c, Ep and

En have been obtained by adjustment of them to expe-

rimental values of Ta (Ref. 101) with the use of experimen-

tal values of Qa.102 Here, 61 even ± even, 45 odd ± even,
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Figure 15. Contour map of the potential energy (MeV) of the nucleus
250Cf taking into account the nonaxial shapes.

The position of the saddle point is marked by the symbol `+' when

axial symmetry of the nucleus is assumed, and by the symbol `6', when

non-axiality is taken into account. Numbers in parentheses specify the

values of the energy at these points.83
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55 even ± odd and 40 odd ± odd nuclei (i.e., altogether 201

nuclei) with Z=84 ± 111 and N=128 ± 161 for which both

values Qa and Ta had been measured were used. For fitting

details, see Ref. 100.

b. Spontaneous fission

Spontaneous fission is a complex process. Even a detailed

knowledge of the potential energy of a nucleus, i.e., of the

dependence of this energy on various kinds of the deforma-

tion of a nucleus, is not sufficient. Additionally, a detailed

knowledge of the mass parameters, i.e., the inertia of a

nucleus against various kinds of the deformation, is needed.

Only with these, a realistic description of the spontaneous

fission of nuclei may be obtained.103

Figure 18 shows an example of half-lives calculated for

isotopes of darmstadtium (Ds, Z=110).104 The calcula-

tions are done for both decay modes of heaviest nuclei: a
decay (curve 1) and spontaneous fission (dots 2), and the

results are compared with experimental values. The latter

were taken from Ref. 105 for 267110, Ref. 106 for 269110,

Ref. 107 for 271110, and Ref. 108 for 273110. One can see

that the calculations correctly predicted the proper values of

the half-lives and the mode of decay, i.e, the fact that the

nuclei really undergo a decay and not fission.

VII. Conclusion

In a conclusion one can say that the studies of superheavy

nuclei carried out for 43 years provided a lot of knowledge

about them. More than 80 nuclides have been synthesized,

in spite of the extremely small cross section for this process.

Such properties as the decay mode, decay energy, half-life,

cross section for the synthesis, have been learned. A number

of these properties have been properly described and pre-

dicted by the theory before measuring them, indicating that

we understand, to a large extent, the structure of these

extreme nuclei, especially their shell structure.

Due to a big progress in the effectiveness of the exper-

imental setups used in these studies, more and more subtle

data is reached, in particular the spectroscopic data (e.g.,

see Refs 109 ± 111). This data is of a special value for

theoreticians as it supplies them with subtle tests for

theoretical models used in the description of superheavy

nuclei.
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