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Outline

•Operating principles of atom interferometers.

•Detecting frame dragging effect in the small-
scale regime.

•Future prospects.
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•S-Source

•L-Laser

•D-Detector
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Atom interferometers and 
gravitational waves

Source: Y.-J. Wang, X.-Y. Lu, C.-G. Qin et al. Classical and Quantum Gravity, Vol. 38, No. 14. (2021)
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Schwarzschild metric corrections

L ~ 10m, T ~ 1s, k ~
2π

780𝑛𝑚

Source: S. Dimopoulos, P. W. Graham, J. M. Hoganet
et al. Phys. Rev. D, Vol. 78, No. 042003. (2008)
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Schwarzschild metric corrections
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Current Accuracy: |𝛿ф| ~ 10−4rad

Leading NG: |𝛿ф| ~ 3·108rad

Leading SR: |𝛿ф| ~ 4·101rad

Leading GR: |𝛿ф| ~ 2·10−1rad



Probing the small-scale regime

Source: A. Bertoldi, G. Lamporesi, L. Cacciapuoti et al. The
European Physical Journal D - Atomic, Molecular, Optical and 
Plasma Physics, Vol. 40, 271–279. (2006)



Probing the small-scale regime

Absolute error in the measurement of 
the gravitational constant:

𝛿G ~ 5·10−16𝑚3𝑘𝑔−1𝑠−2

Source: A. Bertoldi, G. Lamporesi, L. Cacciapuoti et al. The
European Physical Journal D - Atomic, Molecular, Optical and 
Plasma Physics, Vol. 40, 271–279. (2006)
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How to calculate the 
phase shift?

Constant Constant 𝛿ф𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 ~ω



Probing the small-scale regime of GR

Cylinders: R ~ 3m, W ~ 0.2m,
ρ ~8·103kg·𝑚−3, ω ~ 2·102 rad·𝑠−1
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Probing the small-scale regime of GR

Cylinders: R ~ 3m, W ~ 0.2m,
ρ ~8·103kg·𝑚−3, ω ~ 2·102 rad·𝑠−1

Interferometer: L ~ 10m, T ~ 1s, k ~
2π

780𝑛𝑚

Current Accuracy: |𝛿ф| ~ 10−4rad

Predicted Phase Shift: |𝛿ф| ~ 10−10rad



What comes 
next?

Source: L. Badurina, E.
Bentine, D. Blas et al. Journal 
of Cosmology and 
Astroparticle Physics, Vol.
2020, No. 5. (2020)
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What comes 
next?

Predicted Phase Shift: |𝛿ф| ~ 10−7rad
Source: L. Badurina, E.
Bentine, D. Blas et al. Journal 
of Cosmology and 
Astroparticle Physics, Vol.
2020, No. 5. (2020)



Key takeaway:

•The techniques of atom interferometry could also 
provide a viable way of probing the frame 
dragging effect in the small-scale regime.



The end
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