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Symmetry-odd moments as a test of the Standard Model

The Standard Model Is incomplete Benchmarks of Beyond-the-Standard-Model theories
with the electron EDM
* e.g. baryon asymmetry, strong CP problem experimentally excluded
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https://cfp.physics.northwestern.edu/gabrielse-group/acme-electron-edm.html

RaF Is a highly promising system!

The spectra of RaF are highly sensitive to symmetry-

Heavy & deformed nucleus violating nuclear and electronic moments
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Enhanced symmetry-violating Signatures of P, T-violating moments are
~103 times stronger than in atoms!

nuclear moments in Ra
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@ Preliminary molecular

calculations \ @

Preparatory spectroscopy to

r understand the molecule \

Ultra-high-precision

Highly accurate and precise experimental technigues
molecular theory /

Precision tests of the
SM with molecules
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RaF @ CRIS (2018)
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1.00 Experiment

Excited electronic states 3. - >imulation
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Powerful benchmark of precision molecular
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Compare excitation energies with
Fock-space relativistic coupled cluster theory
FS-RCCSD
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Isotope shifts
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Recent theoretical work on the
topic from CRIS accepted at PRX
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High-resolution spectroscopy: laser cooling

75 GHz

* Rotational structure |
' Nature, 581(7809), 396, 2020

PRL 127(3), 033001, 2021
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Laser-cooling scheme

S.M. Udrescu, S.G. Wilkins, et al., In preparation (2022)
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Wilkins, Udrescu, Athanasakis-

Hyperfl ne Stru Ctu re Of 225Ra|: Kaklamanakis et al., in preparation (2022)

Bohr-Weisskopf effect in 22°Ra through yo
the laser spectroscopy of ??°RaF /¢ Q //
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Theoretical uncertainty (J. Chem. Phys., 153(11), 114114, 2020)
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Summary and next steps

Molecules are promising for searches for new physics!

Preparatory spectroscopy needed for all molecules

CRIS can provide that! First experiments on RaF

Excited electronic states — impressively accurate theory

|sotope shifts to benchmark theory of nucleus-electron overlap

Laser-cooling scheme

Benchmark of calculated hyperfine factors and Bohr-Weisskopf effect
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Test hfs model: AcF-22719, scan 4919

—|_ —— Spectroscopy channel
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Observed frequency - transition frequency

First spectra in AcFk
Gathered as we speak

First discovered electronic transition in AcF
Within less than 30 /cm from prediction
AcF sensitive to the nuclear Schiff moment
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