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GWs (essentials)

Perturbations of space-time
travelling as waves of frequency f

Characterised by 2 polarizations h +x (dimensionless)

c =1

hy x ~ hgcos (2 f(t — z) + @)
GWs carry energy. They have energy density

1 : :
= h2 h2 >
Pe 167G < + T

pe = 1.2 x 10" M Mpc ™
~ keV /cm?




0 Taxonomy of GWs

transient persistent

continuous waves

phase
modelled

pulsars

" stochastic backgrounds

phase
unmodelled

supernovae

phase transitions ng ( f)



GWS soundscape today
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GWs soundscape today
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UHFGWs -> Laboratory searches

GWs interact with every source of energy-momentum!

In the laboratory

Interaction G\Ws with light

Interaction G\Ws with matter external dofs

Interaction GWs with spin or other internal dofs

we have a lot to learn from DM searches!



GWS and EM fields Raffelt Stodolsky 87

GWs + EM field -> EM field W

1 Y o UV
L=V=g(R+FuF") > S Aujlg(h) + 00"  Fu Fag + O(h)

P~

1
jhe = —0p (thW + hE For — tha5>

analogy with axions + =M field -> EM fielo (Safdi's talk)

aF F Q. W
O(F*)



Connection to axions

GW .. don '.

This already sets the scale of the GW we want to measure:

—

for resonant production (for constant B) /lgw ~ L

waves of (a priori) laboratory size
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LISA Sources

Amaro-Seoane et al. 1 702.00786
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Very different picture comparing to EM spectrum

Coherent NWW\/WV\/V\/\/\/\/\/VWW
X

Stochastic # W

Primordial plasma

thermal fluctuations Q

Ghiglieri et al JHEP 07 (2020) 092
Ringwald et al JCAP 03 (2021) 054

standard
physics

Inflation
Vs Phase transitions, Q Light PBHB Q
NEw pnysICS Cosmic strings Ultra-light DM

Close encounters of BHs Exotic objects



Sources of UHFGW: spoiler!

SMASH model full spectrum GWs from PBHs (rates |/year)
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Sources of UHFGW: spoiler!

SMASH model full spectrum GWs from PBHs (rates |/year)

Franciolini et al 2205.02153
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Searching for GWs with light

GW

| 4 1 . (8 N %4
L=+—g(R+F, F')D §A“gﬂg(h) + P, Fas + O(h?)

1 .
jhe = =05 (§hF“5 + hi) PP — tha5>



Cavity modes excitation

1
jhe = —0p (§hF“5 + hP PO — thaﬁ>

E(x,t) = Z E,. (x,t)+ E;,(x,1)

solenoidal irrotational
E,.(x,t) =esn(t)Egy(x)
Ein<m7 t) — ezn<t)Ezn(m)
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‘'source’ (here we want to maximise. It is also directional)



From axions to GWs

Duetal 2018

iINndeed: ADMX sensitivity
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A very exploratory field...
we still need to deeply think what’s better for the future

do we move to something else ‘2

And now
for something
completely different...




LIGO lesson

A very exploratory field...
we still need to deeply think what’s better for the future

Rainer Weiss, ca. 1972 LIGO concept
Weiss 1972

(V. GRAVITATION RESEARCH)

For continuous gravitational waves, the minimum detectable gravitational wave

metric spectral density is then

2 4 n =4x10‘33
3

= Hz
£7(em)




Recycling axion experiments |

MeChanICa‘_COup“ng MAGO design from .CERN (gr-qc/0502054)
(shaking the walls) Berlin, DB et al 2303.01518

oumped mode

tO ur
" GW +EM->EM
A (R ) .
JVV boundaries move:

mode MIXing

dynamical Casimir? W2 = w1 w signal mode



MAGO set-up

(Microwave Apparatus for Gravitational Waves Observation)




searched for many years (Weber bars)

a solid affected by a external source (e.qg. x direction)

0“u ., 0%u
b <6’t2 o 0x2> - de(t’f)’

INn terms of eigenmodes:

U_(X, t> — Up (t)up (X)



w(x, t) = w,(t)u,(x) GWs exciting solids

W 1 .
p Q Up T Wplp = zwg ‘/;av "mech hoe
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KT
J — 4J 3 *1 .7
mech = 173 / d°xU;"x
Veav Vshell / Vinern

this rings the solid (Welber bars)
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MAGO set-up: read-out from mode mixing

mixing

modes are not orthogonal in AV

Psig X h?l—,x 1., wh_w'?n>
Q2, (lwn — wm| < wm/Qm)  ON-resonance

W B
(mech. ) : ~(mech. ) : P, x { ( 2 2 (|wh wm‘ > Wm/Qm) off-resonance
Qm ™~ 106



EStiI I lates A.Berlin, DB, R.T. D’Agnolo, S. Ellis, R. Harnik,

Y. Kahn, J. Schiitte-Engel, M.Wentze 2303.01518
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A word on sources GW coupling to spin

Dirac equation in GR  iy%ek (9, — ', —ieA,) Y = ma |,
NR [Imit
Hiot = —pB (2020 + Qza) Ba Z Sngz) - Z Jijg(i) | S’(j)

| | ' 9 .
Linear in GW Qi; O 35¢jhkz x" !
=0

hH" Sz

O(FH)




® SRF cavities are a mature technology to look for GWs at GHz either

# Coupling to photons in a cavity

hH*Y A
R ADMX ke W = Wy,

O(F") Heterodyne  wo = WgTt W1

B Ringing the cavity and generating mode mixing

Heterodyne
PN Sv Casimir?
Wi Wo = W I W

* Reach of hy ~ 10~2° possible (100 kHz-GHz), though far from known signals



Outlook

A very exploratory field...
we still need to deeply think what’s better for this endeavour

Rainer Weiss, ca. 1972 LIGO concept
Weiss 1972
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(V. GRAVITATION RESEARCH)
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For continuous gravitational waves, the minimum detectable gravitational wave

metric spectral density is then

5
’ Ax”(f) -33 _
h-(f) S 4‘) Anf a~ w Hz 1.

=
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Response

ho ~ 1072
106 Signal and Noise PSDs: Scanning 106 Signal and Noise PSDs: Non-Scanning
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