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There are no known astrophysical objects that are small and
dense enough to produce gravitational waves beyond 10 kHz
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High-frequency gravitational waves
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Challenges and opportunities of gravitational-wave
searches at MHz to GHz frequencies

- Preheating
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- Phase transitions
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Axion Dark Matter

¥ Solution to the strong CP problem Peccei, Quinn 1977

¥ Excellent dark matter candidate Weinberg, Wilczek 1978
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Axion Dark Matter
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The (Inverse) Gertsenhstein Effect

SOVIET PHYSICS JETP VOLUME 14, NUMBER 1 JANUARY, 1962

WAVE RESONANCE OF LIGHT AND GRAVITIONAL WAVES

M. E. GERTSENSHTEIN
Submitted to JETP editor July 29, 1960
J. Exptl. Theoret. Phys. (U.S.S.R.) 41, 113-114 (July, 1961)

The energy of gravitational waves excited during the propagation of light in a constant mag-
netic or electric field is estimated.

$ hy,= 1696B&A,  $ Ay,= # B&h,

(The same equation holds for +instead of Ypolarization)
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The (Inverse) Gertsenhstein Effect

Upper limits on the amplitude of ultra-high-frequency

: ; gravitational waves from graviton to photon conversion
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Cosmic magnetic !lelds
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Evidence from TeV Blazars
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Largely unexplored with upcoming advances in radio
astronomy probing it in the near future.

Puzzling signal by EDGES. (Experiment to Detect the Global
Epoch of Reionization Signature)



Upper bounds on stochastic gravitational waves



Gravitational-\Wave versus
AXxion electrodynamics



An example

AXion
electrodynamics

Gravitational wave
electrodynamics

Axion-Photon conversion

Gertsenshtein e ! ect




AXxlion electrodynamics

In the presence of an external electromagnetic ! eld,
axions act as a source term to Maxwell's equations, &F " =]y = &(Ga aF")
e! ectively inducing an electromagnetic current.
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AXxlion electrodynamics

h! loscopes b ! sed on lumped-element detectors
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Effective currents

AXions
a <\N\N\J\N
M,
=# %ga!! aF.,F"
() E=#() P
() B=0
(% E = #&B

(% B=&E+ (% M + &P

P = ga!! aB’ M = ga!! ak

McAllister et al, 1803.07755
Tobar et al, 1809.01654
Ouellet et al, 1809.10709



Effective currents

AXxions Gravitational waves
d \N\N\J\N
_________ 4 1 "H#
< S+ | de/#g(#ZF--#F )
/‘/1/144/[/
1 .
= # Zga!! aF.,F" Oy = )ug + oy |h"#| 11
() E=#() P
() B=0
(% E=#&B

(% B=&E+ (% M + &P

P=dumaB, M=gyak P = # hyE M= # hyB

McAllister et al, 1803.07755 (in the TT gauge)

Tobar et al, 1809.01654
Ouellet et al, 1809.10709 Domcke, CGC, Rodd, 2202.00695



AXion Gravitational wave
electrodynamics electrodynamics

An example Axion-Photon conversion Gertsenshtein e ! ect

E! ective current
Pi:#hijEj MI:#hIJBJ

Je = (#() P.(% M + &P) (In the TT gauge)
Domcke, CGC, Rodd, 2202.00695




Gravitational wave electrodynamics

| d*XE} ) &jefs

It resonates when the GW g+ Sng g2 etz _vcal
n 2

frequency matches one of @ ) |, dx |E,

the eigenmode frequencies Eigenmodes E(GD =, &(DEX)

n
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Subtleties due to g ! uge "ixing (TT vs detector fr ! me g! uge)

¥inthe TT frame, the description of rigid bodies becomes unintuitive, as their
coordinates are deformed by a passing GW due to the motion of the

coordinate system. This is crucial to implement boundary conditions. & !Vca\ydg)(Eﬁ ) &jefﬂ
¥1n the proper detector frame the coordinate system is de ! ned by rigid rulers ( &tz +—&+ &r%) &) = # 2
and closely matches the intuitive description of an Earth-based laboratory, Qn !V dsx ‘En‘

cav

with the GW acting as a Newtonian force.
¥ Confusion in the literature due to this ( see e.g. 2012.12189) Eigenmodes E(X,t)=, &()EX)

n



AXion Gravitational wave
electrodynamics electrodynamics

An example Axion-Photon conversion Gertsenshtein e ! ect

E! ective current

i, = (#() P.(% M + &P




Gravitational wave electrodynamics

Domcke, CGC, Rodd, 2202.00695



Gravitational wave electrodynamics
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Gravitational wave electrodynamics
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Gravitational wave electrodynamics
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Gravitational wave electrodynamics

oHtiat
g = &“Baf °RIN(1 + a/R)s,.

Domcke, CGC, Rodd, 2202.00695



Gravitational wave electrodynamics

Figure-8
pickup loop

Up-to-date estimate of PBH in binaries
and their expected merger rate accounting
for the local overdensity in the Milky Way

See also 2205.02153 by Franciolini, A. Maharana, and F. Muia, Domcke, CGC, Rodd, 2202.00695



AXion Gravitational wave
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QCD axion

Benchmark "om ' +/(om
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Conclusions

The Gertsenshtein e! ect during the dark ages
provides a powerful way to probe gravitational waves
In the MHz-GHz range from distortions of the
Rayleigh-Jeans CMB tall.

| provide a formulation of GW electrodynamics which
demonstrates that low-mass axion haloscopes are
also UHF-GW telescopes.

A number of distinct experimental proposals have

coalesced on a strain sensitivity of 107 %for MHz
GWs, a level that is still orders of magnitude away
from any signal of the early Universe. Whether we can
hope to probe such strain sensitivities remains to be
determined.



Cosmic magnetic !lelds

1
@%a(t)

-Bi()B;(x)/ = APk -y Ik Pa(K) # 1%ckiPag(K)y

The adiabatic evolution of the magnetic ! eld due to

Durrer, Neronov, 2013 . . .
cosmic expansion is determined by the scale factor.

1 1 1
-BZ/ = dkaP K) = dlog. BZ average magnetic ! e
O P S e
52 5 8% . 2%
wnere B2 —rgaPe( )
1 BZ

the coherence length




Osclllations after the formation of the CMB

&l = \/ e’n,/
$ + &2 A = # B&h P! T
\ pl) | | The plasma frequency acts as an e #ective mass term
$ h = 1696B&A Sosc’ 4&/ &fﬂ

Although cosmic magnetic !elds are not expected to be
0 2d 2 perfectly homogeneous, coherent oscillations take place In
3 = 2%:B $C)SC highly homogeneous patches.
o 5%

$osc= 4&/(1 + z)ZXe(z)&él ! 1pc

Domcke, CGC 2021

Zini -Saga it/
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Up-to-date estimate of PBH in binaries
and their expected merger rate accounting
for the local overdensity in the Milky Way

Merger rates

See also 2205.02153 by Franciolini, A. Maharana, and F. Muia,



