Laser-driven Mossbauer spectroscopy for nuclear clock
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Lunar Silicon Cavity: time & length standard for space
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Quantum system scaling
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Laser-based Mossbauer spectroscopy for nuclear clock

Tiedau ... Peik, PRL 132,182501 (2024).
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Need: Narrowline extreme ultraviolet light
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Table-top coherent VUV / XUV radiation
Hétznomici S Seeratitiomitlita &raingltl Rpuiss —atid4edorgteymgramsb

10 ns

Time domain U

. AJM . ,Jl N n ,\l AAM (L

Frequency domain
/
W7 g W1 13 W5 W17 W9




2 decades of development for XUV frequency comb
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Comb parallelism — high resolution, broad bandwidth
Zhang ... Thirolf, Schumm, Ye, Nature 633, 63 (Sept. 5, 2024).
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229Th:CaF, : system parameters
Zhang ... Thirolf, Schumm, Ye, Nature 633, 63 (Sept. 5, 2024).
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Doping configuration in Th:CaF2
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Temperature dependent line frequency
Higgins ... Schumm, Ye, Phys. Rev. Lett. 134, 113801 (2025).
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223Th:CaF, : Frequency reproducibility (independent of doping)

Ooi ... Schumm, Ye, Nature 650, 72 (2026).
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Line-center & linewidth — “napkin” model

Line center: (Zhang et al. Nature (2024))
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Linewidth of 22°Th:CaF, — “napkin” model
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“napkin” model for doping configuration
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Nuclear structure to probe new physics beyond standard model
Beeks ... Schumm, Ye, Safronova, Nature Comm. 16, 9147 (2025).
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Probe of new physics

Arakawa et al., Nature Comm. (2026)
Variation of a or QCD scale upsets cancellation between Coulomb & QCD —> Enhanced sensitivity to new physics
Coupling of scalar DM to quark masses (left) and gluons (right).
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Precision sensing for fundamental physics
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CW laser spectroscopy of 22°Th

Morawetz et al., arXiv.2604.16640 (2026)
First cw laser absorption spectroscopy: Peik & Schumm collaboration
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CW laser at 148 nm: 967 nW (JILA, May 29, 2026)

AN Ak < IPG Photonics: high x'?) QPM crystal (VUV transparency to 130 nm)
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Vasilyev, Moskalev, Ooi, Mirov ... Ye, Photonics West, January 2026, Paper 13877-61
Ooi, Vasilyey, ..., Mirov, Ye, CLEO Post-deadline paper, May 17-21, 2026
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Future of nuclear clocks

New 148 nm VUV laser
(1 pW CW)

* Next-generation compact, fieldable optical clock
229Th:CaF2 crystal e Coherent control of the nucleus

~1015 229Th nucleil e Fundamental physics






A NIST video on nuclear clock
(Sean Kelley, Gabe Popkin, Jose Garcia, Ben Stein, Jun Ye)
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Linewidth of 22°Th:CaF, — “napkin” model
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JILA ThF, thin film-based nuclear transition
Zhang, von der Wense, ..., Ye, Derevianko, Hudson, Nature 636, 603 (2024).
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Probe of new physics
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Linewidth of the %22°Th transitions - model
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New opportunities with a 22°™Th nuclear clock

Accurate nuclear-based optical clock
> @

Quality factor Q~10%°
Resistent to external perturbations

101 potential clock accuracy
E. Peik et al., Europhys. Lett. 61, 181 (2003)

~

C. J. Campbell et al., Phys. Rev. Lett. 108, 120802 (2012)

~

Solid-state optical clock

Decoupled from electronic states
Good statistics for high performance
Portable clock

W.G. Rellergert et al., Phys. Rev. Lett. 104, 200802 (2010)

G A Kazakov et al., New J. Phys. 14, 083019 (2012)
P Dessovic et al J. Phys.: Condens. Matter 26 (2014)
L. v.d.Wense et al., Eur. Phys. J. D 74, 146 (2020)
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Sensitive probe for fundamental physics \
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temporal variation of
fundamental constants
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P, Fadeev et al., Phys. Rev. A 102, 052833 (2020)
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Fit FWHM with 01, & oV, uncorrelated model
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