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ABC of Weak Measurement
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Island of stability
W HRE JuNRE)

This article is written to share the basic knowledge on the “island of stability” , which is predicted to
exist in the northeasternmost end of the nuclear chart. Nuclear physics and related science of the nuclei
in the frontier of high atomic and mass numbers are briefly overviewed.

Superheavy elements (SHE), i.e. elements with atomic numbers larger than 103, can exist owing
essentially to the shell stabilization. Although the fission barrier of the liquid drop model disappears in
heavy nuclei, it can be restored by the shell effect. The existence and stability of superheavy elements
are thus closely related to the strength of shell effect. Various decay modes exist in SHE region, and
total half-life is derived from the partial half-lives of alpha/beta decays and spontaneous fission. Island
of stability is a term describing the region of heavy nuclei with long fission half-lives due to the doubly-
magic nature at Z 114 and N 184 [1]. The location of the island and half-lives of those nuclei are not easy
to predict. As they are remarkably sensitive to the ground state energy (mass), theoretical predictions
vary widely. The proton magic number is predicted to be 114, 120 or 126. In this region, three single
particle levels of 2fs /5, 3p3/2 and 3p; /o exist. Their energy spacing depends on the theoretical models,
which causes the difficulty in predicting the location of the island and size of it. Macroscopic-microscopic
models predict the doubly magic nucleus to be 29§Fl;g4. It should be noted that the shell correction
energy is predicted to be largest around 737 Mcige [2] and that the nucleus with the longest half-life is
around 2272 Ds gy 14 (probably in the order of 10-100 years [3]). The latter shift from the doubly
magic nucleus is due to relatively short alpha-decay half-lives in high-Z nuclei. Nuclei in the island of
stability are expected to be spherical, while they start to deform where the mass number is smaller than

280. In this relatively light region, deformed superheavy nuclei can be found. They are stabilized by
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arrangement of single particle levels due to prolate deformation. As a consequence, relatively large level
gaps are expected to emerge at Z=100 and 108 and at N= 152 and 162. On the other hand, experimental
information on the deformation in this region is rather scarce [4].

Naive questions related to the structure of SHE are: where is the center of island of stability? How
large is the island? How quickly the spherical/deformation transition occurs? Will deformation largely
affect the magicity? What can be found beyond the island of stability? Can we expect the existence
of next island? New structure such as bubble and toroidal nuclei can be found? What would be the
collective motion of such nuclei? New view or type of fission can be established where Coulomb and
nuclear forces compete?

As mentioned above, the stability of SHE essentially originates from the shell structure. Investigation
of shell structure in SHE region is crucially important in understanding the nature of double magicity
in heavy system where Coulomb force is strong. The knowledge obtained in this region is needed not
only for finding the doubly magic nucleus following 2°®Pb but also for predicting the limit of existence
of elements and nuclei. In the study of shell structure, information of energy spacing and order of
single particle levels and deformation parameters are important. They have been obtained mainly via
alpha-gamma, isomer-gamma and in-beam gamma spectroscopy in relatively lighter region. Recently,
such spectroscopy has been applied to Z=106 nucleus 25tSg and even to Z=115 at GSI and LBL [5].
If production rate of such nuclei can be increased, good spectroscopic information can be obtained in
SHE region. Experimental information available even at present is the alpha-decay energy, which can
be one of the signs of shell closure. While it changes drastically at Z=82 and N=126, such clear sign of
shell closure cannot be seen in Z 114 [6]. This may be due to that proton magicity is lost where N is
different from 184. Since proton magicity may not be occupied only by 114 but also be shared by 120
and 126 due to adjacent subshells, the magicity may not be so prominent at 114. In addition, if N is far
different from the magic number of 184, neutrons may act to deform the nucleus even if protons try to
hold the spherical shape. Such interpretation on the alpha-decay energy has not been confirmed yet due
to the lack of good spectroscopic information. In heavy nuclei, concept of magic number may need to
be modified due to the effects above, and we may think of “magic combination” of Z and N (magicity
appears only near the doubly magic nucleus) or “magic region” (magicity distributed among multiple
adjacent subshells at Z=114, 120 and 126). Another feature is an expected shell closure in deformed
nuclei at Z=100 and 108 and Z=152 and 162, which has very clear sign in the alpha-decay energy. There
are still numerous mysteries left to be solved in SHE region.

Shell structure is not the only target of interest. SHE includes variety of nuclear physics and scientific
richness. One of the challenges in the modern nuclear physics is the description of the dynamics of mas-
sive compound nucleus. Both production and fission of heavy nuclei are the large-amplitude collective
motion. One of interesting points in the fusion reaction is the mechanism of the dissipation of relative
motion energy into internal energy. It has been long anticipated that “friction” occurs when the heavy
nuclei collide. On the other hand, we have not yet understood the nature of it. For the description of
large-amplitude collective motion, development of time-dependent Hartree-Fock model and refinement
of Langevin approach are ongoing. Fission is also a key issue. Especially in SHE region, where Coulomb

force effects start to compete with nuclear force, there may be some interesting feature. For the produc-
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tion of new SHE and new isotopes close to the island of nuclei, we currently need a breakthrough. Cold
fusion and *8Ca-induced hot fusion have let us synthesize SHE up to Z=118. To go further, especially to
the direction of the island of stability (less neutron-deficient direction), use of RI-induced fusion, charged
particle emission channel or multi-nucleon transfer reaction, could be a key. There exists strong need in
fundamental studies of fusion/transfer reaction mechanism, development of new experimental techniques
and dedicated devices.

SHE might be produced also in universe not only by accelerators. If the large amount of SHE are
produced in neutron star merger by rapid neutron capture process, it may affect abundance of nuclei
with A 130 due to spontaneous fission. Fission recycling in nucleosynthesis is one of the important issues
that SHE is related.

The biggest feature of SHE is its high-Z number, which produces an extremely strong Coulomb field.
Science related to such strong field is one of the directions that we can access through SHE as a doorway
or as a playground. In the atomic system of SHE, electrons in the inner orbitals move fast, and these
orbitals shrink due to the relativistic effect. This reduces the shielding effect and leads to the expansion
of the outer electron orbitals, which results in a change of chemical properties. The calculation of electron
orbitals is based on the quantum electrodynamics (QED). Strength of some QED effects is proportional
to the several powers of Z. CP-violation could also be enhanced and become easier to observe in such a
strong field. Study of SHE would allow us to access the unique physics and chemistry under the presence
of the strong Coulomb field.

Significance of SHE research can be summarized as follows: search for limit of existence, shell structure
of heavy system which has unique features, dynamics of massive compound nucleus, driving force for
reaction studies, possible effects on nucleosynthesis through fission recycling, science in strong Coulomb
field such as relativistic effects on electron orbital and chemical properties related. In a more general
sense, potential significance of SHE can be its strong Coulomb field, where crossover of the physics of 1st
and higher powers could be seen. The strong field enhances various effects such as relativity of electrons
and CP-violation. In addition to the nuclear physics in the high-Z and high-A frontier, SHE can also

serve as a doorway to such general science.
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Clusterization and deformation of multi-A hypernuclei within rel-

ativistic mean-field model
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