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Radioactive molecules offer a unique window into our
study of nuclei and fundamental interactions )

Fundamental Symmetries Nuclear Force
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Why radioactive molecules?
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Why radioactive molecules?
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How to look for new physics? ]

Deviations from Standard Model Unknown properties of the
predictions Standard Model
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does not predict

A discovery that the Standard Model ]
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[ Why radioactive molecules? ]
Nuclear

Molecule
~ F(Z9)/(E - E)
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[ Why radioactive molecules? ]
Nuclear

Molecule
~ F(Z9)/(E - E°)
ThO: E~ 80 GV/cm ONUC’ Fatom/mo’-
o \/ TN
z_IEeff Nuclear spin /=0
Th+
eEDM Fmol.
[ACME, Nature 562, 355 (2018)] N _
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Why radioactive molecules? ]
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Why radioactive molecules? ]

Nuclear Molecule
~ ZaAbﬁﬁ/(E E ) ~ F(ZC)/(E e'Ee)
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Why radioactive molecules? ]

Nuclear Molecule
~ ZaAbﬁ ﬁ /(E -E N) ~ F(Z°)/(E ¢-E®)
/ nuclear
levels
protons nuclear Nucl atom/mol
nuclear deformation
mass
[ Radioactive molecules => Best of all words! ]
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[ Recent Results (RaF) ]

[Garcia Ruiz, Berger et al. Nature 581, 396 (2020)]
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[ Recent Results (RaF) ]

“Hot” molecules can be super cool!
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Spectroscopy of molecules with
unstable nuclei

Pinning down the energy transitions of radium monofluoride, and eventually other short-lived molecules,
could reveal the ways they are influenced by the properties of heavy radioactive nuclei.
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Molecular experiments hope to reveal
new physics

Detecting extremely short-lived radium fluoride can explore standard

model’s limits
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Recent Results (RaF)

New opportunities for nuclear structure studies
of the heaviest elements (e.g. ThO, PaO,...)

[Udrescu et al. Phys. Rev. Lett. 127, 033001 (2021)]
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What’s next?




[ A single molecule in a Penning trap ]

Hpy ~ F(Z¢) /(E, ¢—E.¢)
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Atoms: (E,-E.) ~1 eV & 2

Molecules: (E,-E.) ~10-°eV 20wt

[Phys Rev Lett 120, 142501 (2018)]
[Phys. Rev. Lett. 119, 223201 (2017)] no_
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[ A single molecule in a Penning trap ]

Hpy ~ F(Z¢) /(E, ¢—E.¢)

e- e- e- e- e- e-
7o X
Atoms: (E,-E.) ~1eV &

Molecules: (E,-E.) ~10-°eV 20 wt

[Phys Rev Lett 120, 142501 (2018)]
[Phys. Rev. Lett. 119, 223201 (2017)] no_
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[ A single molecule in a Penning trap ]

In collaboration with K. Blaum (MPIK), D. Demille (U Chicago),
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Designer Molecules for Fundamental-Symmetry Tests

— RaOH" and RaOCH * [Fan et al. Phys. Rev. Lett. 126, 023002 (2021)]
[Yu & Hutzler Phys. Rev. Lett. 126, 023003 (2021)]

— RaAg: Assembling molecules from cold atoms [Fleig & Demille]
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Radloactlve molecules
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