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What the fuzz?

Ultra-light dark matter is a field with m� 1 eV
The potential is dominated by the mass term 2V = m2φ2

It “begins” once H . m: the misalignment mechanism
Spin 0. L = (∂φ)2/2−m2φ2/2

Spin 1. L = −F 2/4 + m2A2/2

Spin 2. L = MEM −m2(M ·M −M2)/2The spin-2 Mij field is the one we will work with
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The cosmology
Dynamics: M̈ij + 3HṀij + m2Mij = 0

1. This EOM gives Mij ∼ a−3/2 cos(mt)
2. The energy density is ρ ∼ M̂2m2a−3 + . . . = ρDM
3. The pressure looks like P ∼ M̂2m2a−3 [cos(2mt) + . . .]εij
4. Upon averaging over H/m� 1 the cos(2mt) goes to zero
5. So on cosmic time scales T µ

ν ∼ (a−3, 0, 0, 0)
The spin-2 field is special:

Sint[g ,Mij ,Ψ] := − α
2MP

∫ d4x
√−gMijT

ijΨ
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The oscillations
The dark matter field is described by

Mij (t) = √2ρDM
m

cos (mt + Υ)εij (r)

from which one finds the curvature perturbations
hij (t) = α

MPMij (t) = α
√

2ρDM
mMP cos (mt + Υ)εij (x)

This looks like a continuous gravitational wave
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Continuous Gravitational Waves


 PersistentThe coherence time is tcoh := 4π/mv2 = 2/fv2 ∼ 106/f

, Quasi-monochromaticThe frequency is the same within λdB := 2π/mv = 1/fv ∼ 103/f

� Continuous waves can be detected at much smaller sentitivityThanks to a longer integration time and h0 ∝ T−1/2obs ∼ T−1/4obs T−1/4chunk
� The overall magnitude scales as 1/m thanks to αC.f. the 1/m2 for spin-0 and spin-1 (without fifth forces)
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Results
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In real life: spin-1 fifth force
Lint = εeJµAµ

© LIGO, Virgo, KAGRA, 2021 for spin-2: work in progress!



Summary

Dark Matter remains a mystery in cosmologyUltra-light dark matter is a especially interesting candidateSpin-2 ULDM is special because the action is unique and non-negotiableThe metric perturbations look like a continuous gravitational waveThe main feature is an inverse linear scaling with mass/frequencyWe are sensitive to α ∼ 10−6 or less with HLV at m ∼ 10−13 eVWe will be sensitive to α ∼ 10−8 or less with LISA at m ∼ 10−17 eV

Armaleo, López Nacir, FU arXiv:2012.13997 [astro-ph.CO] — JCAP (2021)
...and work in progress (with Armaleo, D’Antonio, Depasse, López-Nacir, Miller, Piccinni, Palomba, Rella)
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Armaleo, López Nacir, FU arXiv:2012.13997 [astro-ph.CO] — JCAP (2021)
...and work in progress (with Armaleo, D’Antonio, Depasse, López-Nacir, Miller, Piccinni, Palomba, Rella)
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