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part I: μHz

part II: GHz



Current SGWB constraints
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Binary resonance: a brief history
discussed by Misner, Thorne, and Wheeler. . .

. . . but that was 50 years ago!

investigated more recently by Lam Hui et al, PRD (2013),

similar ideas used to search for dark matter by Blas et al, PRL (2017)

time for a closer look?
alexander.jenkins@kcl.ac.uk Detecting GWs with binary resonance EPS-HEP, 26 July 2021 6 / 13dblas@ifae.es COSMO21dblas@ifae.es GWverse, LISBON 21dblas@ifae.es CERN 08/21dblas@ifae.es

A way forward: binary resonance

GWs cause oscillations between

orbiting bodies

resonant for frequencies f = n/P,

where P is the period

imprints on the orbit accumulate

over time

alexander.jenkins@kcl.ac.uk Detecting GWs with binary resonance EPS-HEP, 26 July 2021 4 / 13



Orbital elements

period P, eccentricity e:

size and shape of orbit

inlination I, ascending node ◆:

orientation in space

pericentre Ê,
mean anomaly at epoch Á:

radial and angular phases

x̂ ŷ

ẑ

◆

!

 

I
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Osculating orbits 

for generic acceleration:



Osculating orbits 

for generic acceleration:



But the effect is stochastic… Fokker-Planck approach

stochastic 
deterministic  

we move from dynamics of the variable to dynamics of the distribution W(X)



Our new approach

D(1)
i

D(2)
ij

track distribution function W (X , t) of

orbital elements X = (P, e, I ,◆, Ê, Á)

evolves through Fokker-Planck eqn.

ˆW
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= ≠ ˆ

ˆXi

1
D
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i W

2
+

ˆ

ˆXi

ˆ

ˆXj
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drift and di�usion coe�cients

D
(1)

i (X) = Vi(X) +
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n=1

An,i(X)œgw(n/P)

D
(2)

ij (X) =
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n=1

Bn,ij(X)œgw(n/P)
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Fokker-Planck averaged over orbits

(averaged over orbits) 



Two binary probes

timing of binary pulsars

(pulsar animation credit: Michael Kramer)

lunar and satellite laser ranging

(image credit: NASA)
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timing of binary pulsars

(pulsar animation credit: Michael Kramer)

lunar and satellite laser ranging

(image credit: NASA)
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Our forecast constraints
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Signals in the µµµHz band
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Summary and outlook

binary resonance can probe a unique GW frequency band

we have developed a powerful new formalism

unique constraints on phase transitions (and more)

plenty more work to do! more signals, more systems, plus running on real data

thanks for listening!
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Searching for GWs with light
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by
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where
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µ �) ⌘
.

(2.46)
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is
allowed

as
long
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the

Jacobian
of the

integral is
essentially

one
[10].

Sim
ilarly, we

can
also
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the

other fields: h
µ⌫ , �, and

�̄.

Now
let us explain

how
the field
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can

sim
plify

the Lagrangian. Consider the

following
field
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gravitational field
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�⌫
+
a
2 h

µ⌫ h
��
i
+
· · ·

.

(2.48)

Inserting
this into
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↵ h �� , which

is part of the
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illus-

tration
gives

h
µ⌫ @ µ

h ⌫↵
@
↵ h ��
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Figure
3: Field

redefinition
for the

triple
graviton

vertex.

Thus, the
field
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generates an

expansion
of the

triple
graviton

vertex
as shown

in
Fig. 3, giving

two
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contributions
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the
quadruple

graviton
vertex

with
the

two
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eters
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1 , a

2 ).
So, by

choosing
a
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value
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these
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cancel

som
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of the

contributions to
the

quadruple
graviton

vertex
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the
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Lagrangian.

For our fields, we use the m
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expansions which

are relevant to
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What are we looking for?
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How does this happen?

Mechanical-coupling  
(shaking the walls)

Cavities
EM-coupling
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MAGO design from CERN (gr-qc/0502054)
we are revisiting it…

! !2 = ! � !1
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other designs for cavities for GW detection 

 are also possible (e.g. GWs coupled to phonons, magnons,… )
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i) choice of frame

LIF at order
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Rµ⌫⇢�(h) = Rµ⌫⇢�(h
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ωr ∼ λ−1 ∼ L−1

Some details



Some (VERY IMPORTANT) details

and it can be resummed for a GW!!
A. Berlin, DB, R. T. D’Agnolo, S. Ellis, R. Harnik, 

Y. Kahn, J. Schütte-Engel 

LIF at all order in hµ⌫ Marzlin, 94



+ it’s directional and not degenerate with axions 
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Crucial question: what sources above kHz?

?
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PBH inspirals 

Superradiance 

Exotic objects 

…

Standard Model:

Stochastic

BSM:

Thermal plasma fluctuations 

Ghiglieri & Laine (2015) 

Ghiglieri et al (2020) 

Ringwald et al (2020)

Inflation 

Phase transitions 

Cosmic Strings 

…

Coherent

The Gravitational Soundscape at high frequencies

3 Aggarwal et al, 2011.12414

Ringwald et al, 2011.04731 

SMASH model full spectrumGWs from PBHs (rates 1/year)



Conclusions (part II)

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

‘ADMX’ like
 Heterodyne

As in any GR calculation: subtleties in working with a consistent gauge

 TT gauge needs to be converted to laboratory frame
 The laboratory frame may need all orders in (Rx) ⇠ O((!L))

 In the laboratory frame, there is sensitivity to ALL directions! (also longitudinal)

 Stay tuned for the connection to real world… (noise estimates + prospects)


