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Advancing atomic clocks
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Number scaling

Atomic clocks Mossbauer spectroscopy
(coherent) (incoherent = coherent)

Single Hg* ion (NIST)

Doppler-free transition through
motional state control:
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Bring coherence to Mdssbauer spectroscopy

Source Absorber

57CO

\ "’Fe I=5/2 o7 Fe

Mossbauer spectroscopy
nuclear transitions

keV!

Theinternational journal of science /17 February 2022

Theinternational journal of science /5 September 2024

Gravitational red shift measured wit nature SR T Bothwell et al., Nature 602 420 (2022)

C. Zhang et al., Nature 633, 63 (2024).

PHYSICAL REVIE

SEEING
RED

LETTERS B A nuclear-atomic connection Submilimetre
N redshift withinan
atomicclock
VoLumE 4 APRIL 1, 1960

.
po -
APPARENT WEIGHT OF PHOTONS* :

R. V. Pound and G. A. Rebka, Jr. e
Lyman Laboratory of Physics, Harvard University, Cambridge, Mas<sslb|i ¥ precnse nuclear
(Received March 9, 1960) - clocksbecomea
practical reality P




Build a nuclear clock ?

E. Peik and C. Tamm, Europhys. Lett. 61, 181 (2003)
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229mMTh excitation

Until last year...
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2 decades of development for XUV frequency comb

Femtosecond enhancement cavity
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XUV frequency comb spectroscopy
Cing06z, Yost ... Ye, Nature 482, 68 (2012).
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Solid-state host: 22°Th:CaF,

Thorsten Schumm Kjeld Beeks
W.G. Rellergert et al., Phys. Rev. Lett. 104, 200802 (2010)

G A Kazakov et al., New J. Phys. 14, 083019 (2012)

Dimensions 1.8x1.4x0.7 mm
Doping concentration 4x10%8/cm3

Transmission @150 nm 45%




Parallel scan of comb lines: precision + speed
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High resolution line-shape and decay lifetime
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Connecting 2°™Th isomeric frequency to 8/Sr atomic clock
Zhang ... Thirolf, Schumm, Ye, Nature 633, 63 (Sept. 5, 2024).
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Normalized count rate [arb]

Quantum state resolved nuclear electric quadrupoles
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Understanding of the quadrupole splitting
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New insight to nuclear structure
Beeks ... Ye, Safronova, Schumm, arXiv:2407.17300 (2024).
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PHYSICAL REVIEW VOLUME 121, NUMBER 4 FEBRUARY 15, 1961

Liquid-Drop Nuclear Model with High Angular Momentum*

ROBERT BERINGER AND W. J. KNOx
Department of Physics, Yale University, New Haven, Conneclicul

(Received October 10, 1960)

The equilibrium shapes of rotating liquid drops are calculated in the spheroidal approximation. The
solutions are prolate forms for high angular momenta such as are produced in compound nuclei resulting
from heavy-ion bombardments. This is thought to account for the angular and energy distributions observed

in heavy-ion-induced fission and light-particle evaporation.



Sensitivity to new physics beyond standard model
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Temperature shift = crystal structure
Higgins ... Schumm, Ye, arXiv:2409.11590 (2024).
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Temperature shift = crystal structure
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Vapor deposition for future solid-state nuclear clocks
Zhang ... Alexandrova, Derevianko, Hudson, Ye, Nature, in press (2024), arXiv:2410.01753
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Nuclear quantum optics
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