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Introduction

first laser excitation of
229mTh in crystals:

Ca F2: Tiedau etal., PRL 132 (2024)
f = 2020.409(7) THz

| LISFA|F6 Elwell etal., PRL 133 (2024)
f = 2020.4073(5) THz

credit: TU Wien/PTB
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Ultralight Dark Matter
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“— » behaves like classical field
(N X3~ 2 (mo) P >1 = mpy S 1eV
m
p oscillates coherently (Tcoh ~ % ~ 108 osciIIations)
¢+ 3Ho+m?¢? =0 — o(t) ~ a~% cos(mt + 6)
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Nuclear-Coupled Dark Matter
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Nuclear-Coupled Dark Matter
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Excitation Spectrum
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Excitation Spectrum
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Excitation Spectrum

PMT counts

—100

total counts w/DM

Bl subtracted counts w/ DM

—80 —60 —40

total counts w/o DM
[T subtracted counts w/o DM

—20 0 20 40 60 80 100
detuning [GHz|

5/ 10

# excited nuclei




Lineshape Fit to Tiedau et al.

fit to excitation data at fixed wpy
to constrain 4 fpu

p wpy !l < 1: linear drift between scans

0- .
dfom S ThT oTL — uncertainty
WbM
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Lineshape Fit to Tiedau et al. ---- analytic ]
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Bounds on Variations of Aqcp
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Scalar Dark Matter Bounds
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Axion Dark Matter Bounds
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Conclusion

p ULDM can induce oscillations in fundamental constants
p quantum clocks can be used to probe ULDM
p nuclear transitions can be used to probe ULDM even before proper clock operation

p current technology can already probe new parameter space
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Thank you for your attention!
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Excitation Lineshape Model

o . probability for nucleus
excitation probability excited at 1/ to decay
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