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Issues with the Standard Model |||||-

Where is the antimatter? Why hasn't significant CP violation been observed in the strong force? What is the
origin of dark matter and energy?
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Additional sources of T-/CP-violation could solve discrepancy!
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Why molecules? Ui

Huge internal electric fields of molecules improve ability to sense symmetry-conserving and symmetry-violating
electromagnetic leptonic and hadronic properties.
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ACME Collaboration, Nature 562 355-360 (2018), T. Roussy et al., Science 381 46-50 (2023)
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Path to high-precision studies Ui

Molecular structures are more complex compared to atoms and must be comprehensively understood by
[

theory and experiment to extract new physics information in the future.
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Why radioactive molecules? UiTe

Possible to engineer an extreme sensitivity to symmetry-violating effects that far exceeds systems used for
current state-of-the-art measurements.
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Why radium

monofluoride?

Laser-cooled and/or -trapped radium monofluoride, and other molecules containing octupole-deformed nuclei,
have distinct and unique discovery potential for fundamental symmetry violation in the hadronic sector.
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2018 experiment |||'-

Additional complexity of molecules is compounded by high temperature of radioactive ion beams
necessitating highly sensitive experimental techniques — CRIS.
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First measurements of RaF |||||-

Initial data strongly support theoretical predictions that RaF is laser-coolable!
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Nuclear charge radii from molecules i1’

Large isotopic effects due to radium nuclear charge radius already observed at this limited resolution offering
opportunities to study nuclear radii of elements which are challenging to deliver in atomic form.
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Path to high-precision studies Ui
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2021 high-resolution campaign U

New developments in laser system boosted signal-to-background by >10 and resolution by >1000.
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High-resolution ’°RaF Ui

Analogous transition in **°Ra* - 7s S, , — 7p *P°, , measured in trap - 1 peak.
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High-resolution #’°RaF

AN, , <X ?3*transition comprehensively characterized in **°RaF allowing for precise determination of
spectroscopic constants - thousands of peaks.
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*?RaF laser-cooling scheme Iir

RaF looks to be the most diagonal molecule to be investigated so far requiring fewer lasers to scatter more
photons than CaF!
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Path to high-precision studies

19th September 2024

Spectroscopy of radioactive molecules - Shane Wilkins

15



Laser-cooled RaX

Project to cool RaF and RaOH underway in collaboration with FRIB, Harvard, CalTech.
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High-resolution ?°RaF

19th September 2024
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225RaF further complicates picture as every rotational state is split due to hyperfine structure of 2*°Ra (I=1/2).
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225RaF nuclear magnetization |I|II-

First observation of Bohr-Weisskopf effect in a molecule! Only possible with improved precision in experiment
and theory.
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225RaF nuclear magnetization |I|II-

First observation of Bohr-Weisskopf effect in a molecule! Only possible with improved precision in experiment
and theory.
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Path to high-precision studies
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Cold, slow radioactive molecules U

Technical developments to improve precision by a factor of >1000 underway while maintaining ultra-high
sensitivity!
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Cold, slow radioactive molecules U

Simulations, design and assembly of setup underway.
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Cold, slow radioactive molecules

Simulations, design and assembly of setup underway.
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H
Unlocking new observables I i I 1

Precision studies of cold, radioactive molecules will enable the investigation of poorly constrained or
completely unknown phenomena in atomic nuclei.
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Conclusion i

Hmol = He+ Hvib+ Hrot+'"+ ths+ HPV+ HPTV
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