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Gravitational waves in linearized gravity

Abstract: Many large-scale phenomena in our Universe, such as gravitational waves, are challenging to reproduce in laboratory settings. However, parallels
with condensed matter systems can provide alternative routes for experimental accessibility. Here we show how spin nematic phases provide a low-energy
avenue for accessing the physics of linearized gravity, and in particular that their Goldstone modes are relativistically-dispersing massless spin-2 excitations,
analogous to gravitational waves. Finally, we suggest a route to experimental observation.

References

Context

Mapping to a strain-like basis for 

𝑄 𝑟 =෍

𝑎,𝑏

𝑄𝑎𝑏 (𝑟)

Microscopic model realization and experimental proposal

[1] T. Bravo, et al, EPJ Quant. Tech. 2,.3 (2015); C. Sabín et al EPJ Quant. Tech. 3, 8 (2016).

[2] S. Nakatsuji, et al, Science 309, 1697 (2005).

[3] A. Imambekov, M. Lukin, and E. Demler, Physical Review A, 68, 063602 (2003).

[4] K. Remund et al, Phys. Rev. Research 4, 033106 (2022).

[5] I. Carusotto and E. J. Mueller, Journal of Physics B: Atomic, Molecular and Optical Physics 37, 
S115 (2004); P. Kunkel, et al, Physical Review Letters 123, 063603 (2019).

[6] L. Chojnacki, R. Pohle, H. Yan, Y. Akagi, N. Shannon (In preparation); L. Chojnacki, H. Yan, N. 
Shannon (In preparation)

Ex. Proposed gravitational 
wave detector in BEC [1]• Development of QFT simulators within

condensed matter and quantum fluids
communities is attracting much interest.

• Currently no accessible realizations of spin-2
(quadrupolar) waves akin to gravitational
waves.

• We here propose an avenue to realizing an
analogue of spin-2 gravitational waves in
condensed matter systems.

In transverse-traceless gauge, we see

Gravitational wave polarizations for a wave propagating 
along z

Effective field theory for linearized gravity
Weak field limit (linearized gravity)

2 Dynamically non-trivial, relativistically dispersing, spin-2 modes

“Gravitational waves” in a spin nematic

Conclusions

We have identified

• A one-to-one correspondence between Goldstone modes of a ferroquadrupolar ordered spin 
nematic and gravitational waves in linearized gravity.

• The SU(3) exchange model as a microscopic model to realize these waves in condensed matter.

• A route to their experimental production and observation using 23Na spinor condensates.

Microscopic model for  ferroquadrupolar spin nematic, 
with candidate realizations in QLC materials [2] and cold atoms [3]

Effective low energy field theory

Gravitational action in curved space-time

2 Linearly dispersing
Goldstone bosons
Spin-2 modes

Simulating the FQ phase using method in [4]

We can therefore identify

Dictionary for excitations
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Imaging beam
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Dynamics only occurs 
in spatial components

Ferroquadrupolar wave polarizations for a ground state 
ordered along z

Coordinate transformations act like the gauge freedom

Imaging quadrupolar waves in cold atoms using methods in [5]

Quantum spin nematic order parameter
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Mapping to a nematic basis for 
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