


Consider a 2-level atom
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Consider a 2-level atom
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Consider a 2-level atom
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Rabi oscillations
Rabi oscillations

“Beam-splitter” pulse:
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Mach-Zehnder
interferometer

Image atom fringes
and measure phase

Apnrz = kgT?

Leading order phase depends
on gravitational acceleration



Atom interferometry for fundamental physics

John Carlton
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Hanford, Washington (H1)

Gravity just like LIGO

GWs change path length just
as in laser interferometers!
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A new way to detect ultra-light dark matter

PeV  30M,

MeV GeV TeV

keV
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Scalar example
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Badurina et al. arxiv: 2109.10965



A new way to detect ultra-light dark matter

photon coupling

4e2 FHVFHV - d;ne mewelbe

|
electron coupling

de
LD Lsm HLy Ly D o(t,x)\/ArGn [

ULDM field causes small oscillations in
electron mass and fine-structure constant

me(t,%) = me |1+ dy, /ATG N (1, %)
a(t,x) ~ « [1 + de\/ATG N O (8, x)]

Changes atomic transition energy and
can be seen in phase measurements!

I/// 7
0
'/”I;/'l V!

2,
)
0l

(7

2
”,

Ay
[~
——

Wy
Il...

l

l','

Badurina et al. arxiv: 2109.10965 10




The AION-10 Experiment

University of Oxford, Beecroft Building
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ULDM signals in a busy environment

VS [rad/yHz]

Mask signals from moving
objects near the detector
to recover a ULDM spike!
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