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GWs (essentials)
Perturbations of space-time


travelling as waves of frequency  f
Characterised by 2 polarizations  (dimensionless) h+,×

GWs carry energy. They have energy density
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Taxonomy of GWsA taxonomy of GW signals
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binarias compactas  

BH binaries

supernovae

pulsars
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h(t)

phase transitions 

An example signal: cosmological phase transitions

key prediction of many particle physics

models

four parameters:

I temperature Tú
I strength –
I rate —/Hú
I bubble-wall velocity vw

peak frequency

fú ¥ 19 µHz ◊ Tú

100 GeV

—/Hú

vw
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PTA

LVK

Neff

GWs landscape today
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Possible backgrounds at Hz: a rich bandμ
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Evidence of signal at nHz

since 2023 

Few sources? 
Stochastic? 

Primordial Universe?

Should extend to low freqs!
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The μAres detection landscape

SKA

μAres

LISA

~1000 inspiralling SMBHBsout to z~10

Hundreds of merging MBHBsout to z~20

SgrA*+0.05M☉ 106 yr to merger

~100k Galactic DWDs

>1k extragalactic BHBs

SgrA*+10M☉ 108 yr to merger
~100 Galactic BHBs

Galactic binaries GWB
Cosmological MBHB GWB

108M☉+104M☉ IMRI @z=7
107M☉+104M☉ IMRI @z=7

107M☉+103M☉ IMRI @z=1
3×105M☉+10M☉ EMRI @z=1

Figure 1: µAres sky-averaged sensitivity curve (thick black curve; dashed: instrument only; solid: including astrophysical
foregrounds), compared to LISA (thin solid black curve) and SKA (solid black line at the top left). Sources in the SKA portion
of the figure include individual signals from a population of MBHBs (pale violet), resulting in an unresolved GWB (jagged
blue line) on top of which the loudest sources can be individually resolved (dark blue triangles). The vast diversity of µAres
sources is described by the labels in the figure. For all Galactic sources (including DWDs, BHBs, and objects orbiting SgrA⇤),
the frequency drift during the observing time has been assumed to be negligible. We thus plot h

p
n, where n is the number of

cycles completed over the mission lifetime, assumed to be 10 years. In this case, the signal-to-noise ratio (SNR) of the source
is given by the height of its marker over the sensitivity curve. Extragalactic sources (including BHBs, MBHBs, EMRIs, and
IMRIs) generally drift in frequency over the observation time. We thus plot the standard hc = h(f2/ḟ). In this case, the SNR
of the source is given by the area enclosed in between the source track and the sensitivity curve. In both cases, when multiple
harmonics are present, SNR summation in quadrature applies.

3

Review of sources
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Backgrounds from fundamental physics
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Absorption of GWs by binaries

Influence of a GW on a binary system (e.g. non-relativistic)
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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Intuitive idea (from ‘60s)

GWNewtonian potential

r̈i +
GM

r3
ri = �ik

1

2
ḧkjr

j

ri

f ⇠ µHz

few days



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 Absorption of GWs by binaries

Better characterised for its 6 Newtonian constants of motion

r̈i +
GM

r3
ri = �ik

1

2
ḧkjr

j



for generic perturbation:

Absorption of GWs by binaries

Notice resonance effects
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for generic perturbation:

Absorption of GWs by binaries

Notice resonance effects
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Confirming with simulations
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(work in progress: Blas, Bourguin, Foster, Hees, Herrero, Jenkins)
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f ⇠ µHz

few days
Summary results for SLR and LLR



Our estimates from 2021 for 2038
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Possible backgrounds

Our estimates from 2021 for 2038
Blas&Jenkins Phys.Rev.Lett. 128 (2022) 10, 101103 

Murphy 1309.6294

(2038 line requires replacing the mirrors 
…may/will happen before 2030!)

in 2050
We may see the signal of PTAs!!!

Satellites Earth based LAGEOS (P~hours)



New results (to appear)



Joshua Foster (Fermilab) | Detecting Gravitational Waves with Binary Resonances

COMPARISON WITH PRIOR RESULTS
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(not using all the orbital info)



New developments (using all the orbital info)

all the information of the orbit (not only secular effects) 

O(1000) better sensitivity  

We need large P, e and good orbital data 
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Better SLR at the Moon??
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Possible backgrounds

Our estimates from 2021 for 2038
Blas&Jenkins Phys.Rev.Lett. 128 (2022) 10, 101103 

Murphy 1309.6294

(2038 line requires replacing the mirrors 
…may/will happen before 2030!)

We may achieve LISA-like sensitivity!!!
With more satellites, we cover the band
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More eccentric ->
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Example for SLR in Moon orbits
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Are we seeing GWs??

Benefit of several orbits
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Out of resonance?
More data from several orbits



Detecting gravitational waves  
with SLR 

 The Hz band is very rich for astrophysical and cosmological sourcesμ

 The resonant absorption of GWs by satellites may give a handle 



We are looking forward 
to collaboration 
with SLR/GNSS 
colleagues!


