LOW ENERGY PROBES

Manifestations of the TeV scale in tabletop experiments
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* [sotope shift spectroscopy  Many-body theory

« Higgs physics « Afomic and nuclear structure
 Light (pseudo-) scalars « Searches for “new physics” in

atomic spectra
« Novel atomic and nuclear clocks



T
THE ZEITGEIST

First time for low-energy at Les Houches

Recognises new approaches are needed for BSM
Very connected to questions of particle physics

Complementary to collider experiments and astronomy

Exploits and contributes to new technologies in quantum sensing and
metrology

Big investment is being made worldwide, including at CERN



COLLIDERS VS LOW ENERGY

Colliders:
few experiments, very many experimentalists, lots of data, many theorists

Low energy:
many experiments, few experimentalists, clean data, few theorists
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Complementary: LHC, EDM, cosmology

CP violation in Higgs sector?
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Complementary: LHC, EDM, cosmology

CP violation in Higgs sector?
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EXPLOIT HIGH PRECISION

« Consider some perturbation acting on an eV-scale phenomenon
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A TeV-scale phenomenon might manifest at the 12 decimal place.

« Atomic and molecular spectroscopy is very precise.
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THE MOST ACCURATELY
MEASURED QUANTITY IN PHYSICS

* The most accurately measured numbers in physics are ratios of atomic clock
transition frequencies:

o Vau/Vigs = 1.052871833148990438 (55)

(NIST; fractional uncertainty 5.2 x 10-17)

Rosenband et al. Science 319, 1808 (2008) 3Lange et al. PRL 126 011102 (2021)
2Nemitz et al. Nat. Photonics 10, 258 (2016)
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* The most accurately measured numbers in physics are ratios of atomic clock

transition frequencies:
* Var/ Vg = 1.052871833148990438 (55) ]

(NIST; fractional uncertainty 5.2 x 10-17)

* Wp/Vvs, = 1.207507039343337749 (55) ?
(RIKEN; fractional uncertainty 4.6 x 10-"/)

o vea/ve, = 0.932829404530965376 (32) 3

(PTB; fractional uncertainty 3.4 x 10-17)

« These are sensitive to everything, but we cannot calculate the spectrum

below around 1% accuracy.
« SO what can we do with these?¢

Rosenband et al. Science 319, 1808 (2008) 3Lange et al. PRL 126 011102 (2021)
2Nemitz et al. Nat. Photonics 10, 258 (2016)
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EXPLOIT HIGH PRECISION

 Differential measurements can exploit this sensitivity, e.g.
« Parity and CP violation, neutron and electron EDMs
« Searches for violation of local Lorentz invariance (LLI)
Variations of fundamental constants (a, )
Axions and axion-like particles
Searches for fifth forces and new force carriers
Hadronic physics can be sensitively probed via the nuclear interactions



EXPLOIT NEW TECHNOLOGIES

« Exofic systems for exotic physics
* Muonic atoms
« Highly-charged ions
« Geonium
« Cavities
* Nuclear clocks
* Rydberg states
« Antimatter spectroscopy
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LIGHT SCALAR
DARK MATTER

From Snowmass white paper

Coupling

de
Ly = K2 FypyFI




BIG OPPORTUNITY AT LES HOUCHES

« We have experts here on low-energy experiments and calculations

« Example possibilities
« Parity violation in highly charged ions
« New EDM searches

« Exotic systems for BSM searches: muonic atoms, nuclear clocks, Rydberg states,
bound antimatter

* Bring your ideas and see how they might manifest at low energy!



