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Context

229Th has an isomer that lies low enough to
probe with a laser

|Ideal two-level system for a nuclear clock

Challenge: dominating IC decay

Populating the isomer through the B-decay of

o 220mTh
229Ac within the context of a large-bandgap
crystal

_ 8.338 eV
Results from 2021 ISOLDE beam time led to
laser excitation in CaF, (PTB) and LiSrAlF, 20T

(UCLA), and even excitation with a frequency
comb (JILA)
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On-line VUV spectroscopy of the iIsomer at LAl
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2023 campaign goals

1 " Study the effect of the implanted crystal
5 e on the radiative decay fraction

Study the time behaviour of the radiative
decay in different crystalline environments
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Decay fractions In different crystals
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[5] S. Pineda et al. Radiative decay of the 22°™Th nuclear clock isomer in different host materials, 2024

101 ]

=

j=]
=]
1

-1000 -750 =500 -250 0 250 500 750 1000
Motor position + 10 000

(] [}

L]

LiSrAlIFg  CaF; 350 MgF; bulk CaF; 850 a-Sio; AIN

Instituut voor Kern- en Stralingsfysica

KU LEUVEN




Studying the time behaviour of the VUV signal
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Studying the isomer’s time behaviour
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‘Quenching’ of the halflife

VUV spectroscopy at Spring-8 by X-ray pumping the

Isomer
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Quenching of the halflife: CaF, thin film

Make gquenching depend linearly on activities
of Ra and Ac
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Halflife of 488 + 48 (stat.) s (very
preliminary) seems to correspond with results
from PTB (436 + 10 s), Spring-8 (447 + 25 s)
and JILA (444 + 3 s)

Doesn’t describe MgF, well. Probably
needs a ‘population quenching’ on top of
the halflife quenching.
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Conclusions and outlook

Determined relative radiative decay fractions in Environmental-dependent ‘quenching’ mechanism
different crystals observed.
CaF,, MgF,, LiSrAlF,, AIN, SiO, Describes time behaviour in CaF,, not in MgF,

More crystals: Understanding

: LiCaAlF,, SrF,, ‘quenching’:
Beam time 2025 ThF,, AL,O,, BaLiF ®- and T-

dependence
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Back up
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DFT calculations for SiO,, by UCLA

DFT calculations for crystalline SiO,, (experiment =
amorphous)

2 structures modeled:
1. Th substitutes Si
2. Th and two O's are added as interstitial defect

Structure 2
b d 12 J

Empty Th states emerge within the band gap for both
structures
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Q: Is the ‘quenching’ actually a dead-time issue?

229RA Time behaviour of background counts in MgF,
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