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Atom interferometry




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

“Beam-splitter” pulse:
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Interferometer sequence
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Leading order phase depends
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What are we sensitive to?




What can we measure”?
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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!
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A lot of parameter space!
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A lot of parameter space!
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A classical ULDM fie
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Atoms in a scalar ULDM field

photor} coupling electron coupling
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Two sensitivity
channels L
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What about spin-27?
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Massive gravity field theory
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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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Coupling to light and matter
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Symmetric Standard Model operator
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Coupling to light and matter

Tensor Vector Scalar
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Coupling to light and matter

Tensor Vector Scalar

Ling = QSSO'UJVOW/ > /{tgpijogj + RUSOOiO(?)}i - /‘33900008

‘ Non-relativistic limit ‘
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Coupling to light and matter

Tensor Vector Scalar

Ling = liquOWOW m—> /itSOUOt + Ky O, + k5" OF

‘ Non-relativistic limit ‘
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In all theories Only in Lorentz violating theories!
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Coupling to light and matter

Tensor modes

Bends space-ti
like gravitatio




to light and matter
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What can we measure”?

OMZ = k9T2

Atom-light
interactions

Gravitational field

Time

34




What can we measure”?
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Projected detection limits

10m, 100m and 1km example

atom interferometers

|Isotope|L [m]|T [s]| n |[Ar [m]| S, [Hz"'] |

87Sr 10 |0.74|1000f 5 10°°
°Sr | 100 | 1.4 [1000| 90 107
®’Sr | 1000 | 1.4 [1000| 980 [0.09 x 10~
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Projected detection limits rrequency [T
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Leading constraints on tensor mode
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Projected detection limits

Leading constraints on tensor mode
come from *fifth force’ experiments
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Projected detection Iir]21its

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.

gp;l;-T(t, X) = Z wagef‘j(kt) cos(wit — ki - x)
2

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 and other couplings.
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Backup




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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Probe with a dual-species interferometer

M. Abe et al. arXiv: 2104.02835
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AION-10 sensitivity projections
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