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Relaxion (during inflation)

[Graham, Kaplan, Rajendran (2015)]

V(H,¢) = (A* = gAo) |H* + N[H[* — cgh’¢ — A| | cos 2
v Jo

13 (¢)

o4

1y >0= (H)=0
only linear slope

Eric Madge Gravitational Wave Echo of Relaxion Trapping


https://arxiv.org/abs/1504.07551

Relaxion (during inflation)
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backreaction wiggles appear
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Relaxion (during inflation) (raham, Kepon, Rendan (2015
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relaxion trapped shortly after
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Relaxion (after reheating)

[Graham, Kaplan, Rajendran (2015)]

V(H,¢) = (A* = gAg) [H? + A H|* = cgh’o — A

u2(6)

L

3. thermal corrections restore (H) = 0
relaxion starts rolling again
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Relaxion (after reheating)

[Graham, Kaplan, Rajendran (2015)]
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. thermal corrections restore (H) =0

V(H,¢) = (A* = gAo) [HI* + M |H|' — cgh® - Aﬁr'vg' }i
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relaxion starts rolling again

EWPT occurs = (H) # 0 again
relaxion oscillates around minimum @
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Relaxion (after reheating)

[Graham, Kaplan, Rajendran (2015)]
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Relaxion coupled to dark
photon can produce gravity

waves in phase 3.

3. thermal corrections restore (H) = 0
relaxion starts rolling again

4. EWPT occurs = (H) # 0 again
relaxion oscillates around minimum @
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Relaxion and dark photon evolution

e relaxion coupled to dark photon X: £ D —TTX%XWX"“’

Ay rx (X XM)
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* relaxion reaches terminal velocity when %(XX> ~ A
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Relaxion and dark photon evolution

e relaxion coupled to dark photon X: £ D —’"—XQXWX’“’
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* relaxion reaches terminal velocity when 7 (X X) ~ Aj:
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® exponential production of some dark photon modes:
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Relaxion and dark photon evolution

e relaxion coupled to dark photon X: £ D —%‘%XWX’“”

, ALy (XXM
—  $a3HG b X )
f¢ f¢> 4a4

* relaxion reaches terminal velocity when 7% (X X) ~ A{,:
) ¢H
o _cH ¢ ~ O(10 — 100)
fo  rx

® exponential production of some dark photon modes:

TXWT)) Xa(r, k) =0
¢

X (r, k) + (k2 — Mk

® anisotropic stress in dark photon energy-momentum tensor sources GWs
— stochastic GW background
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Gravitational wave spectra

® peak frequency:

® peak amplitude:
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Gravitational wave spectra
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Parameter space
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TBBN ~ 10 MeV 5 T < Vg ~ 170 GeV

ra ~o
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Relaxion dark matter

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

displaced relaxion oscillates
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—> ultra-light dark matter
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Conclusion

Relaxion coupled to dark photon can produce gravitational waves:

k
fpeak X gTra 5 QE?/E\]/ X

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 pHz observatories
such as pAres

if the relaxion is not DM, we obtain constraints from NANOGrav
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Thank you for your attention!

Eric Madge Gravitational Wave Echo of Relaxion Trapping



