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From atomic to nuclear clocks
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A novel quantum sensor

E~8eV
.
o ' . 229mTh jsomer
°
E=0eV

229Th ground state

Atomic clock: electron Nuclear clock: nucleon transition
EM force EM force + nuclear forces

(7) for a review: Thirolf et al., 2019 Journ. Phys. B: At. Mol. Opt. Phys. 52 203001 and references therein
(8) Fuchs et al. ArXiv 2407.15924
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— up to 107 times more sensitive than optical clock comparisons

oscillatory ultralight dark matter (QCD coupling)

— up to 102 more sensitive than atomic clock comparisons




A novel quantum sensor
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Decay mode:

The role of the chemical environment
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(9) Dessovic. et al., 2014 J. Phys. Condens. Matter 26 10
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Decay mode:

The role of the chemical environment
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) ] 233 229Th
Populating the isomer
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- a decay
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What about the radiative decay?

(10) Verlinde, M. et al. Phys. Rev. C 100, 024315 (2019).
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Populating the isomer

energy (keV)

(10) Verlinde, M. et al. Phys. Rev. C 100, 024315 (2019).
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What about the radiative decay?

- 22Ac B-decay + solid-state host9
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233U 229Th 229Ac

Populating the isomer
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(10) Verlinde, M. et al. Phys. Rev. C 100, 024315 (2019).
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Vacuume-ultraviolet spectroscopy
at ISOLDE




Vacuum-ultraviolet spectroscopy at ISOLDE

: : LR
ISOLDE beamline and accelerator complex sketches: CERN
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Vacuum-ultraviolet spectroscopy at ISOLDE
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Vacuum-ultraviolet spectroscopy at ISOLDE
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Background induced by radiation:

Cherenkov photon emission
— Continuous spectrum

Observed spectral shape:
Cherenkov spectrum + instruments and crystal bandpass
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Half-life
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Excitation energy
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Conclusion and Outlook




Conclusion

This work®2;

* Demonstration of the feasability of the solid-state approach

* New energy value to facilitate laser excitation

» Establishing a_robust system for material testing using implanted radioactive ion beams

New measurement campaignstz13
» Testing of the radiative decay fraction in candidate materials
* Better understanding of quenching effects
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