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1. Who is doing long baseline atom interferometry?

2. What is an atom interferometer?

3. How can they search for new physics?
ÅMid-band gravitational waves

ÅUltra light dark matter

4. Challenges
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10m detector 
@ Oxford

100m 
detector site 
@ Boulby?
@ CERN?

Atom Interferometer 
Observatory Network
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AION Project т UK
- 10m, 100m and 1000m vertical baselines 

(planned)
- Ultralight dark matter
- Gravitational waves

MIGA - France
- 200m horizontal baseline 

(under construction)
- Gravitational waves

MAGIS-100 т USA
- Vertical 100m baseline (under construction)
- Ultralight dark matter
- Gravitational waves

VLBAI - Germany
- 10m tower (operational)
- Tests of quantum 

mechanics
- Universality of free-fall

ZAIGA - China
- 240m (under construction)
- 1000m (planned)
- Gravitational waves
- Tests of quantum mechanics
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See also:  Abdalla, A., et al. Terrestrial Very-Long-
Baseline Atom Interferometry: summary of the 
second workshop. EPJ Quantum Technol. 12, 42 
(2025)

See also: Abend, Sven, et al. "Terrestrial very-long-
baseline atom interferometry: Workshop summary." 
AVS quantum science 6.2 (2024).30/10/2025 DRD5 2025 5



Cambridge  July 2022

Birmingham July 2022

Imperial July 2022

Oxford September 2022

RAL October 2022
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Ultracold atoms

Above: Strontium atoms in a magneto-optical trap

Expansion under gravity -> temperature measurement:
 T = 812(43) nK

Right: Atoms loaded into a dipole trap in preparation for 
interferometry

tŀǎŀǘŜƳōƻǳΣ 9Φ ώΧϐ CFAB et al. (2024). AVS Quantum Science, 6(1)30/10/2025
DRD5 2025 7



Atom interferometry
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Each interferometer 
measures
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Image credit: Alex 
Sugarbaker PhD thesis, 
Kasevich group, Stanford



Atom interferometry

‰ ‰ ‰ ‰

‰
ρ

ᴐ
ὒ Ὁ Ὠὸ

ᴼ 
Ὠȿ‪ἃ

Ὠὸ

ὭὉ

ᴐ
ȿ‪ἃ 

Imperfect overlap of 
wavepackets Phase of laser 

imprinted during 
pulses

Classical Lagrangian for 
movement in a 

gravitational field in a 
rotating frame

30/10/2025 DRD5 2025 9

Energy of optical 
transition

=> Interferometers are 
clocks!



30/10/2025 DRD5 2025 10

2016  
https://www.ligo.caltech.edu
/image/ligo20160211a

Gravitational waves

Known sources

ÅCompact Binary Inspiral
e.g. merging black holes

ÅContinuous Gravitational Waves
e.g. spinning neutron stars

ÅStochastic backgrounds
E.g. big bang relics

Theoretical

ÅExotic compact objects
Å e.g. compact boson stars

ÅVacuum phase transitions
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Gravitational waves

L
Gravitational waves cause a 
change in length

The phase of light is used 
as a proxy for length
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Å2 (or more) separate atom 
interferometers

ÅDirect measurement of 
changes in the flight time 
of light pulses

ÅSingle arm => No phase 
noise from laser (=> 
requires long lifetime as T 
increases)

ÅThink of this as two freefall 
atomic clocks
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T=

 (L + ŭL)/c

T = L/c
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Sensitivity function
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Differential 
sensitivity

With no gravitational 
waves,
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Differential 
sensitivity

With gravitational 
waves, L fluctuates 
during the 
interferometer 
sequence:
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Differential interferometry
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~80% 
contrast

61.89 deg 
phase shift
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DOI:10.48550/arXiv.2504.09158
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Ultralight dark matter

Clowe , D., Bradaľ, M., Gonzalez, A. H., Markevitch , 

M., Randall, S. W., Jones, C., & Zaritsky, D. (2006).

The Astrophysical Journal , 648(2), L109ðL113.
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Ultralight dark matter

DM 

induced 

changes

Dark matter 

coupling
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Derevianko, A., & Pospelov, M. (2014). 

Nature Physics, 10(12), 933ς936. 
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20Differential 
sensitivity:

Dark matter

With dark matter:
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ULDM sensitivity
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10 m

100 m

2 km

40,000 km

Increasing 
sensitivity

&
Increasing cost

!Lhb /ƻƭƭŀōƻǊŀǘƛƻƴ ό.ŀŘǳǊƛƴŀΣ ΧΣ W9 Ŝǘ ŀƭύΥ ŀǊ·ƛǾΥмфммΦммтррΤ .ŀŘǳǊƛƴŀΣ .ǳŎƘƳǳŜƭƭŜǊΣ W9Σ 
Lewicki, McCabe & Vaskonen: arXiv:2108.02468

MICROSCOPE

MICROSCOPE
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Other tests

ÅEinstein Equivalence Principle tests

Asenbaum, Peter, et al. "Atom-interferometric test of the equivalence principle 
ŀǘ ǘƘŜ млҍ мн ƭŜǾŜƭΦϦ Physical Review Letters 125.19 (2020): 191101.

ÅGravitational Aharonov-Bohm effect

Chris Overstreetet al. Observation of a gravitational Aharonov-Bohm 
effect.Science375,226-229(2022).DOI:10.1126/science.abl7152
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How do we 
get there?

More atoms

Longer flight

Large momentum 
transfer

More resolution

More scale

High flux
Efficient cooling
Continuous loading

Low temperatures
Atom optics

Low temperatures
Laser frequency stability
Pulse wavefront quality

Squeezed states
Interleaved interferometers

Longer baselines
Scalable engineering
Centralized infrastructure



24

Badurina, L., et al. (2020). Journal of Cosmology and Astroparticle Physics, 2020(5).

How do we get there?
The technology
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How do we get there?
The instrument

Å10m prototype
Åin Oxford

ÅPreliminary design completed

ÅFinal designs underway

Å100m system ς options being investigated:
ÅLHC point 4 access shaft in CERN

ÅBoulby Underground Laboratory mine shaft

Å1km system
ÅInternational proto-collaboration memorandum of understanding in progress

!ōŜƴŘΣ {ΦΣ ώΧϐ CFAB et al. (2024). AVS Quantum Science, 6(2), 102.
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Engineered design for 10m tower available on 
arXiv:

DOI:10.48550/arXiv.2508.03491 

ÅMechanical stability

ÅMagnetic field control

ÅVacuum design

ÅOptics delivery

ÅDetection

ÅConstruction plan

ÅΧŀƴŘ ƳƻǊŜ
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https://arxiv.org/abs/2508.03491

