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LIGO Hanford (USA)

Virgo (Europe)

Detection of gravitational waves

LISA (NASA)

KAGRA (Japan)
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Virgo (Europe)

Could we create ever detectable gravitational waves 

in a lab?
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A back of the envelope calculation…

C. Misner, K. Thorne, J. Wheeler “Gravitation” 

Gravitational wave output of a uniform rod rotating about its centre

Given that For a steel beam with
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Can we find an analogue for gravitational waves in the context of magnetism?
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The metric and linearized gravity

Metric of distance in 3D space Metric of distances in space-time

leilee.chojnacki@oist.jp



11

The metric and linearized gravity

Metric of distance in 3D space Metric of distances in space-time

Flat spacetime

leilee.chojnacki@oist.jp



12

The metric and linearized gravity

Metric of distance in 3D space Metric of distances in space-time

Flat spacetime

Curved spacetime and

leilee.chojnacki@oist.jp



13

The metric and linearized gravity
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Tensor field theory for linearized gravity

In harmonic gauge

Effective field theory for linearized gravity

Weak field limit (linearized gravity)
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Dynamics only occurs in spatial components
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Tensor field theory for linearized gravity

In harmonic gauge

Effective field theory for linearized gravity

Weak field limit (linearized gravity)

Effect of the gravitational polarizations

with wave solutions ω𝑡 = 0 ω𝑡 = π/2 ω𝑡 = π ω𝑡 = 3π/2 ω𝑡 = 2π
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A microscopic model with tensor order

On site dipolar DoF

𝑚𝑧

𝑚𝑥
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Order parameter space:  𝑺𝟐
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A microscopic model with tensor order

On site quadrupolar DoF

On site dipolar DoF
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Hydrodynamic limit of ferroquadrupolar (spin nematic) phase
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Hydrodynamic limit of ferroquadrupolar (spin nematic) phase

Linearized vacuum action for gravity
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“Gravitational waves” in the quadrupolar excitations of a quantum magnet

Annihilation of topological defects Dissipation in the quadrupole channel

Dynamical simulation of a nematic ordered phase (ferroquadrupolar) on 2D triangular lattice.

𝑄 𝑟 = 𝑄𝑎𝑏
∗ (𝑟)𝑄𝑎𝑏 (𝑟)𝑄 𝑟 = 𝑄𝑎𝑏

∗ (𝑟)𝑄𝑎𝑏 (𝑟)



• From analysis of low energy field theory, we can build dictionaries 
ex. for electromagnetism to the Heisenberg antiferromagnet

• In the linear low energy limit, the excitations of linearized gravity 
are in 1 to 1 correspondence with ferroquadrupolar waves
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Thanks to the TQM unit!
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And thank you for your attention!
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How to build low energy field theories for condensed matter systems

In the limit

Effective description of 
low energy ordered phase

Ex. La2CuO4 Antiferromagnetic ordered phase

R.Coldea et al. Phys. Rev. Lett. 86.5377 (2001)

I. A. Zaliznyak.and J. M. Tranquada, “Neutron 
Scattering and Its Application to Strongly Correlated 
Systems”, (2014)
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Ordered phases of O(3) magnets

Most general vector field theory to Gaussian order 

Consider microscopic O(3) Heisenberg model

And with equations of motion

More info see ex.:
H. Watanabe, H. Maruyama, 
Phys. Rev. Lett. 108, 251602 (2012)

Phases on non-frustrated geometries

Ferromagnet
Magnetization

Antiferromagnet
Staggered Magnetization
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Example: ordered phases of O(3) magnets

Case 1: The ferromagnet 

Equations of motion to linear order

Hydrodynamic limit ⟹
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Example: ordered phases of O(3) magnets

Equations of motion to linear order

Case 2: The antiferromagnet 

Sublattice A

Sublattice B

In the hydrodynamic limit

Define 
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Field theories for ordered phases of O(3) magnets

Without Lorentz invariance
Ferromagnet 

Lorentz invariant
Antiferromagnet

Equations of motion to linear order Equations of motion to linear order

Effective Lagrangian density Effective Lagrangian density

Dispersion relation Dispersion relation

Hydrodynamic limit
Hydrodynamic limit
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Heisenberg antiferromagnet

Electromagnetism in vacuum

with

with
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A convenient ground state description

On site quadrupolar DoF

or

On site dipolar DoF

Time reversal invariant basis
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Quadrupole waves in ferroquadrupolar phase

2 Goldstone bosons (real)
correspond to tensor
Quadrupolar modes

Ground state

Fluctuating ground state

Mapping of polarizations to strain-like components of 

Full description of quadrupolar fluctuations

in the small fluctuation limit



𝑄 𝑟 =෍

𝑎,𝑏

𝑄𝑎𝑏 (𝑟)
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Equivalence of quadrupolar waves in Nematic order and Linearized Gravity

Mapping to strain-like components of 

animation by R. Hurt, Caltech/JPL, LIGO (2015)

https://www.ligo-india.in/outreach/detecting-gravitational-waves/
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Mapping to a strain-like form of 

SU(3) transformation on the FQ excitations

Using a subset of the Gell-Mann matrices

And defining

We can express transformation as

https://www.ligo-india.in/outreach/
detecting-gravitational-waves/


