KU LEUVEN

Essential steps towards a |
nuclear clock:
measurements of the
radiative decay of 42°MTh
In solid-state hosts

Yens Killian Elskens

EuNPC 2025



Context

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

|deal two-level system for a nuclear clock

Challenge: dominating IC decay 2297 ¢

Populating the isomer through the B-decay of
223Ac within the context of a large-bandgap
crystal

229mTh

8.338 eV
Results from 2021 ISOLDE beam time led to

laser excitation in CaF, (PTB)and LiSrAlF

(UCLA), and even excitation with a frequency
comb (JILA)

229Th
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Forcing the radiative decay with large-bandgap
crystals
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Forcing the radiative decay with large-bandgap
crystals
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Main objectives

ﬂ% Performing vacuum-ultraviolet spectroscopy on %2°"Th to...
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ﬂ\é VUV spectroscopy of the isomer at ISOLDE

Populate the isomer by implanting an A=229 beam in our crystals
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ﬂ% VUV spectroscopy of the isomer at ISOLDE
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Studying the time behaviour of the VUV signal
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[7] T. Hiraki et al. Controlling ?°Th isomeric state population in a VUV transparent crystal, Nature, 2024
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Quenching mechanism: opening up the IC
channel?
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Quenching mechanism: opening up the IC
channel?
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Describing the quenching mechanism in CaF,
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O 2025: a emitters also quench the signal
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O 2025: effect annealing on quenching
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Conclusion

We performed vacuum-ultraviolet spectroscopy on %2°"Th to
measure the time behaviour of the radiative decay.

We investigate a quenching mechanism of the radiative decay,
which can be ...

a-induced

B-induced

Temperature enhanced
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Back up
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Q: Is the ‘quenching’ actually a dead-time issue?

229Rg Time behaviour of background counts in MgF;
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Which crystals have the highest radiative-decay
- fraction?

)
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‘Quenching’ of the halflife

VUV spectroscopy at Spring-8 by X-ray pumping the
isomer t1/2

Q) =

Flux-dependent ‘quenching’ of the observed halflife

™ 80 T T 1T T T T T T 17 T T T R R |
. . - L I [
(a) isomer production (b) isomer decay <} | [No quench (QF=1) ]
5 70 | | without X-ray beam =
e - ] @ : :
- = o 60 i
s I l |~ N g
o 60 F ' ER 5
o { ____________ = g 40 ‘u:)
X e 1 8 5
g 40 ERE &
e 4 5
o)) ,."- E w 20
‘m 20 \ ‘ = >
é curve with Tl(;rzj =Tz S
. E 0
_ 0Ff =
1] = —_
S 20 1 8 20
B , SS——— S S = = 0 : ]
& _20 * _E g -20 0 1 1 1 |: 1 1 1 ‘ 1 1 1 I il 1 Il I Il 1 1 I .
400 600 800 1000 1200 £ O 200 400 600 800 1000 1200 1400 1600 0 20 40 60 80 100
irradiation time (s) Elapsed time after beam off (s) flux x 100 (s1)

19 [7] T. Hiraki et al. Controlling 22°Th isomeric state population in a VUV transparent crystal, 2024 Instituut voor Kern- en Stralingsfysica KU LEUVEN




Overview: ratio of the cross sections

10 -

sl ¢

;

CaF2 350

CaF2 bulk

Crystal

LiSrAIF6

MgF2

Consider relative contributions to
Cherenkov background from Ac
and Ra.in bulk crystals

Crystal Cherenkov Ac
Cherenkov Ra

CaF, 0.66
LiSrAIF, 0.33
MgF, 0.41

Totally different from fitted quenching
cross sections ratios
— Suggests quenching is B-induced
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