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Atom interferometry




Consider a 2-level atom
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Consider a 2-level atom
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Consider a 2-level atom

Photon Absorption: ToWw 2 Excited State
|
>|
Mom. kick > :
|
O Ground State
7\ .
Stimulated Emission: /q/—\\ > v Excited State
) |
i >
|
Mom. kick > >
|
)4
@

Ground State




Rabi oscillations

“Beam-splitter” pulse:
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Interferometer sequence
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Image atom fringes
and measure phase
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Leading order phase depends
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What are we sensitive to?




What can we measure”?

OMZ = k9T2
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Atom cloud
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Gravitational
waves

GW strain modifies laser propagation
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Dark matter




A lot of parameter space!

Mass
zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV 30Mg
-t ! r r . e . . 1 |
~r T 11T 1T 1T 1T ‘*“ " "1 7 "1 'I"Y"Iul
A
0+ ;
]
Spin ;¢
2+ ?
|




A lot of parameter space!
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A lot of parameter space!
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A classical ULDM fie

PeV  30M,

MeV GeV TeV

keV
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Ultralight mass means a high occupation number
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Atoms in a scalar ULDM field

photor} coupling electron coupling
Z
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Two sensitivity
channels L

Interrogation
time
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transition
frequency
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What about spin-27?
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Massive graviton dark matter



Massive gravity field theory
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Express as irreducible fields:
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Massive gravity field theory

Let’s consider a massive spin-2 ultra-light field SOIUJ/

Express as irreducible fields:
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Three normalised fields
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Three classical oscillating fields...

Tensor gpzj t X Z ©0 )\623 kt) COS(CUtt — kt )

Vector Z AO )\@ COS(CUUt — k X)

scalar (¢, X) = T cos(wst — kg - X)



Three classical oscillating fields...

Tensor gpw t X Z L0 )\CZTZJ kt) COS(th — kt )

Sum over polarlsatlons

Vector Z AO )\ COS((,U,Ut — k X)

scalar (¢, X) = T cos(wst — kg - X)



... each contributing to the local dark matter
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.. each contributing to the local dark matter
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Coupling to matter
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Symmetric Standard Model operator
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Coupling to matter

Tensor Vector Scalar
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Coupling to matter

Tensor Vector Scalar
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Tensor modes

coupling const.

Field theory picture:

\ stress-energy tensor
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Linearised gravity picture:

Bends space-time just

like gravitational waves!



Scalar mode

Field theory picture:
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What can we measure”?

OMZ = k9T2

Atom-light
interactions

Gravitational field

Time
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What can we measure”?

L 2
oMz =,kgl!
Atom—llght Gravitational field
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Scalar Background
mode noise

Time

Tensor
modes
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Projected detection limits Frequency [Hz]
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Projected detection Iim

Leading constraints on tensor mode
come from *fifth force’ experiments
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Projected detection limits
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Projected detection limits Frequency [H2

107 10°

Consider the tensor and scalar
couplings independently in the Lorentz
violating case.
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Advantages of networking!

AION plans to network with MAGIS-100 to
enhance sensitivity in ULDM/GW searches.
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Advantages of networking!

AION plans to network with MAGIS-100 to
enhance sensitivity in ULDM/GW searches.

0ii(t,x) = @O,Aeg‘] (k) cos(wit — k¢ - x)

Distinguish dark matter models through
directional dependence.
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Progress towards a global network!

MAGIS-100
Ve

Stanford
10m tower

Terrestrial very-long baseline atom interferometry workshop summary: arXiv: 2310.08183
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Summary

AION is an upcoming atom interferometer experiment, using quantum
sensors for detecting ultralight dark matter and gravitational waves — in the
‘mid-band’ between LISA and LIGO.

Spin-2 ULDM can be probed by gravitational wave detectors — however,
atom interferometers can detect it through two different channels without
altering any of the experimental design!

A global network of atom interferometers will enhance these searches
further, probing the directional dependence of the field.
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LMT pulses

Additional pulses
enhance sensitivity
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Phase shifts
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Spin-1 dark matter

a ‘dark’ electric field

B-L coupling, which generates
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M. Abe et al. arXiv: 2104.02835
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Seismic and
atmospheric 5p
pressure

Seismic noise:
L. Badurina et al. arXiv: 2211.01854

lllllllll
LN ]
L]
&

Atmospheric

Atmospheric noise:
J. Carlton et al. In progress

temperature
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GGN vs Multi-gradiometry
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The AION-10 Experiment

University of Oxford, Beecroft Building
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UNIVERSITY OF

% OXFORD (gecas

The AION-10 Experiment
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The AION-10 Experiment



Anthropogenic and synanthropic noise

Side-on view Top-down view

Many potential sources of noise

surround the detector: ‘ L J
Large anthropogenic sources ° o
People walking on the stairs/in the foyer 0o ® o 0
Traffic on the road outside

@

Lift moving next to the tower

Small synanthropic sources
Random animal transients (RATS)

- 9

Beecroft building, University of Oxford £g

J. Carlton, C. McCabe
Phys.Rev.D (108, 123004); arXiv: 2308.10731 [astro-ph.CO]



Anthropogenic and synanthropic noise

ULDM mass [eV]
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J. Carlton, C. McCabe
Phys.Rev.D (108, 123004); arXiv: 2308.10731 [astro-ph.CO]
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AION-10 sensitivity projections
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