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Relaxion (during inflation)

V (H,φ) =
(
Λ2 − gΛφ

)
︸ ︷︷ ︸

µ2
H(φ)

|H|2 + λ |H|4 − cgΛ3φ− Λ4
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1. µ2
H > 0 =⇒ 〈H〉 = 0

only linear slope

2. µ2
H < 0 =⇒ 〈H〉 6= 0

backreaction wiggles appear

relaxion trapped shortly after
µ2
H crosses 0

=⇒ 〈H〉 ∼ vH � Λ

[Graham, Kaplan, Rajendran (2015)]
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Relaxion (after reheating)

V (H,φ) =
(
Λ2 − gΛφ

)
︸ ︷︷ ︸
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|H|2 + λ |H|4 − cgΛ3φ− Λ4
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3. thermal corrections restore 〈H〉 = 0
relaxion starts rolling again

4. EWPT occurs =⇒ 〈H〉 6= 0 again
relaxion oscillates around minimum

Relaxion coupled to dark
photon can produce gravity

waves in phase 3.

[Graham, Kaplan, Rajendran (2015)]
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Relaxion and dark photon evolution
• relaxion coupled to dark photon X: L ⊃ − rX

4
φ
fφ
XµνX̃

µν

=⇒ φ̈+ 3Hφ̇− Λ4
br
fφ

+ rX
fφ

〈X̃µνX
µν〉

4 a4 = 0

• relaxion reaches terminal velocity when rX
4a4 〈X̃X〉 ∼ Λ4

br:
φ̇

fφ
= ξH

rX
ξ ∼ O(10− 100)

• exponential production of some dark photon modes:

X ′′λ(τ, k) +
(
k2 − λ krXφ

′(τ)
fφ

)
Xλ(τ, k) = 0

• anisotropic stress in dark photon energy-momentum tensor sources GWs
=⇒ stochastic GW background

tpp tra

φ̇
∼
t

φ̇ ∼ t−1
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Gravitational wave spectra
• peak frequency: fpeak ∼ 2

kXpeak
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Parameter space

fpeak ∝ ξ Tra h2Ωpeak
GW ∝ ξ−2 m−12

φ (sin θhφ)12 Λ−8 T−8
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Relaxion dark matter

displaced relaxion oscillates =⇒ ultra-light dark matter [Banerjee, Kim, Perez (2018)]
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Conclusion

• Relaxion coupled to dark photon can produce gravitational waves:

fpeak ∝ ξTra , Ωpeak
GW ∝

m4
φf

4
φ

ξ2T 8
ra

• SKA will be able to probe a part of the relaxion dark matter parameter space

• large portion of the parameter space will be accessible to µHz observatories
such as µAres

• if the relaxion is not DM, we obtain constraints from NANOGrav

Thank you for your attention!
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