Constraints on
ultralight scalars
and axions using
atomic clocks

Nathaniel Sherrill

University of Sussex

SUSY 2023
based on arXiv:2302.04565




Ultralight bosons

Integer-spin fields with very small masses

107 eV<m<1leV



Ultralight bosons

Integer-spin fields with very small masses

107 eV<m<1leV

Interesting for several reasons, e.g.

O Dark energy (quintessence)
O Dark matter (coherent oscillators)



Ultralight bosons

Integer-spin fields with very small masses

107 eV<m<1leV

Interesting for several reasons, e.g.

O Dark energy (quintessence) my, =~ 1077 eV

O Dark matter (coherent oscillators)
0 107 eV <m, <1072 eV
]

- } 107?eV<Sm<S1eV



Ultralight bosons

Integer-spin fields with very small masses

107 eV<m<1leV

Interesting for several reasons, e.g.

O Dark energy (quintessence) my, =~ 1077 eV

O Dark matter (coherent oscillators)
0 107 eV <m, <1072 eV
]
- } 107?eV<Sm<S1eV

O Experiments: because such wide range of masses can be probed with current technology!



Ultralight bosons

Integer-spin fields with very small masses

107 eV<m<1leV

Interesting for several reasons, e.g.

O Dark energy (quintessence) my, =~ 1077 eV

O Dark matter (coherent oscillators)
o _QCD axion 107 eV <m, <1072 eV
]
T ————s } 107*eV<SmS1eV

0| Experiments: because such wide range of masses can be probed with current technology!



Ultralight bosons

Integer-spin fields with very small masses

107 eV<m<1leV

Interesting for several reasons, e.g.

O Dark energy (quintessence) my, =~ 1077 eV

O Dark matter (coherent oscillators)
o _QCD axjon 107 eV <m, <1072 eV
a| scalars & axion-like particles -
g dark ] P e 1007“eVSm<S1eV

0| Experiments: because such wide range of masses can be probed with current technology!

This talk: search for ultralight bosons by measuring “variations” of fundamental constants
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Ultralight DM

constraints behaviour
< UmlighbooneDM = |
N 10—22 eV ~ 1 eV Sun-Earth system i galactic disk

@>, y

AxAp ~ 1 n-/lgB > 1

ULDM = macroscopic coherently oscillating field

Pom = Ppm(Ro) ~ 0.3 GeV/em?
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Dark matter constraints
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Dark matter constraints
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*Constraints on electron/gluon and quark/gluon parameters also studied (see paper)
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Recap and conclusions

Ultralight bosons cover a wide range of well-motivated new physics

O Lots of recent theory activity (ULDM, ALPs, ...)
O Experimental capabilities rapidly increasing (c.f. “quantum sensors”)

New constraints from NPL data

@ Model-independent constraints from instabilities of Yb™, Sr, and Cs clocks
@ New constraints on scalar and axion-like ULDM

Excellent outlook

O Longer datasets give access to lighter masses (T ~ 1/f ~ 1/m)
O New clocks with larger K factors = drive exclusion regions downward



