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A taxonomy of GW signals
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Stochastic gravitational-wave background (SGWB)

incoherent, persistent GW signal
faint/numerous sources
astrophysical and cosmological
GW density parameter:

ΩGW(f ) = 1
ρcrit

dρGW

d(ln f )
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Current SGWB constraints
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Future SGWB constraints
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Future SGWB constraints
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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
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Orbital elements

period P, eccentricity e:
size and shape of orbit
inlination I, ascending node �:
orientation in space
pericentre ω,
mean anomaly at epoch ε:
radial and angular phases

x̂ ŷ

ẑ

�

ω

ψ

I
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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?
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Our new approach

D
(1)
i

D
(2)
ij

track distribution function W (X , t) of
orbital elements X = (P, e, I ,�, ω, ε)
evolves through Fokker-Planck eqn.

∂W
∂t = − ∂

∂Xi

(
D(1)

i W
)

+ ∂

∂Xi

∂

∂Xj

(
D(2)

ij W
)

drift and diffusion coefficients

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

∞∑
n=1
An,i(X)Ωgw(n/P)

D(2)
ij (X) =

∞∑
n=1
Bn,ij(X)Ωgw(n/P)
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Two binary probes

timing of binary pulsars

(pulsar animation credit: Michael Kramer)

lunar and satellite laser ranging

(image credit: NASA)

alexander.jenkins@kcl.ac.uk Detecting GWs with binary resonance EPS-HEP, 26 July 2021 8 / 13



Our forecast constraints
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Signals in the µµµHz band
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An example signal: cosmological phase transitions

key prediction of many particle physics
models
four parameters:

I temperature T∗
I strength α
I rate β/H∗
I bubble-wall velocity vw

peak frequency

f∗ ≈ 19 µHz× T∗
100GeV

β/H∗
vw
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Phase transition constraints
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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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Characteristic strain
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Combining binary pulsar bounds
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Power-law sensitivity vs. monochromatic sensitivity

lunar laser ranging, e ≈ 0.055
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Covariance matrix over time

25

50

75

C
P
P
/n

s2

−2

−1

0

C
P
e
/(

10
−

1
3
n

s)

0

0.5

1

C
ee
/1

0−
2
6

0C
P
I

0C
eI

0

2

4

C
I
I
/(

10
−

4
µ

as
2
)

0

C
P
�

0C
e�

−1

0

1

C
I
�
/(

10
−

4
µ

as
2
)

0

0.5

1

C
�
�
/(

10
−

3
µ

as
2
)

−40

−20

0

C
P
ω
/n

s/
µ

as

0

1

2

3

C
eω
/(

10
−

1
3
µ

as
)

−1

0

1

C
I
ω
/(

10
−

4
µ

as
2
)

−0.5C
�
ω
/µ

as
2

0

25

50

C
ω
ω
/µ

as
2

0 500 1000

t/yr

0

50

100

C
P
ε
/n

s/
µ

as

0 500 1000

t/yr

−2.5

−5

C
eε
/(

10
−

1
3
µ

as
)

0 500 1000

t/yr

0C
I
ε

0 500 1000

t/yr

0C
�
ε

0 500 1000

t/yr

−50

−100

C
ω
ε
/µ

as
2

0 500 1000

t/yr

0

100

200

C
εε
/µ

as
2

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



Solar system bounds
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