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Abstract

The 229Th nucleus possesses the unique feature of being excited to an extremely
low-energy isomeric state, 229mTh of about 8 eV situated on the border between
nuclear and atomic physics. The 22" Th isomer appears to be an appropriate
candidate for the elaboration of nuclear clock and a relevant probe for testing
fundamental properties of matter such as possible temporal variations of physi-
cal constants and presence of weakly interacting particles—dark matter. This role
of 229" Th poses a challenge to nuclear, atomic, laser, solid-state physics and
even chemistry to explore all necessary conditions for the relevant applications.
From nuclear structure aspect the understanding of the formation mechanism
with the energy and radiative-decay properties of the isomer appears of a cru-
cial importance. A key circumstance in this aspect is that being a member of the
light actinide mass region 22°Th exhibits pronounced reflection-asymmetric (oc-
tupole) shape properties which together with the underlying intrinsic structure
determine specific conditions for the isomer formation. It will be shown within
a core-plus-particle model framework that the isomer may stem from a very fine
interplay between collective axial quadrupole-octupole (pear-shape) modes and
single-particle motion which determines its energy and electromagnetic prop-
erties [1,2,3]. Within a microscopic self-consistent Skyrme-Hartree-Fock plus
BCS approach it will be shown that together with the pear-shape deformation
also the pairing interaction plays a crucial role in the 22*Th formation [4].
It will be shown that by appropriate determination of the pairing strength one
can obtain the 22" Th energy into a sub keV range allowing for a consistent
theoretical assessment of the isomer-transition sensitivity to possible temporal
variation of the fine-structure constant. The more general application of the the-
ory to 229" Th as a probe for fundamental constants and detection of dark matter
constituents will be discussed.
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