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Abstract

The nucleus of 229Th has attracted great interest in recent years as a candidate
for a nuclear clock with outstanding properties [1, 2]. This is related to its low
excitation energy of 8.36 eV and its exceptionally long lifetime of a few 103

s. In this talk, we investigate theoretically driving and quenching schemes that
support the development of a nuclear clock.

Motivated by recent advances in VUV laser technology [3], the first part of
this talk is devoted to the photoexcitation of the nuclear isomer using structured
light [kir1]. We focus on spatial and temporal excitation patterns induced by
Bessel and higher-order Gaussian modes for the magnetic dipole channel of the
nuclear transition. Nuclear excitation in both solid-state targets and single ions
is investigated, and the differences to plane wave driving are highlighted.

In the second part, we investigate laser-assisted internal conversion (IC) and
electronic bridge (EB) schemes in the large band gap crystal 229Th:LiSrAlF6.
Doping-induced symmetry breaking within the pristine crystal leads to the emer-
gence of electronic defect states around the 229Th nucleus that can facilitate pro-
cesses like EB and IC [5, 6]. We find that targeted laser-assisted EB and IC
schemes for nuclear deexcitation prove to be significantly more efficient than
spontaneous nuclear decay. This offers promising prospects for the operation of
a solid-state clock.
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