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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
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supernovae
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Soundscape of GWs today
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Soundscape of GWs today

10° 104 10* 10° 107" A [kpc] 30 cm
107 rmas | | Ne | R0
T
10_7 - — CMB (Hon)1 . 1 0—23 - LAB _
d(In f)$ ' .

1 ()_9 Kite et al., MNR o as GA,, 4396 LVK erﬁ%ﬂ 1 0_25 : -
LVK PRD 104, 022004 (2021) = '

10" 2107 -
Lasky et al PRX 6,01 1035 (2016) |
13 PTA23 results —2&

10718 CMB 10731} -
Clarke et al. JCAP 10 (2020) 002 '

10~/ 10—33

1074 10~ " 10~ 107> 1 10° 109

J [HZ]



Future soundscape (maybe 2040)?
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Future soundscape (maybe 2040)?
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Future soundscape (maybe 2040)?

Too large for PTA

fN/LHZ‘/

A~ 10" km ~ 1072 kpc

'10 10—5

Too large for human interf ?
f[HZ]



Possible backgrounds & ideas at (tHz: a rich bana
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Backgrounds from fundamental physics
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Possible backgrounds & ideas at (/Hz: a rich band
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The pAres detection landscape
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Fedderke et al 2112.11431

Transmitter/
receiver

Transmitter/
receiver

Atomic
clock

Asteroid radius: 8.0km. Asteroid mass: 5.4 x 10'® kg. Baseline: 1 AU.
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e.g. Moore et al 1707.06239
Mihaylov et al. 1804.00660
Klioner 1710.11474

Garcia-Bellido et al. 2104.04778

Fedderke et al 2204.07677

) Future astrometry?

Monitoring many stars (GAIA or better)

Stellar interferometry

We evaluate the potential for gravitational-wave (GW) detection in the frequency band from
10nHz to 1 uHz using extremely high-precision astrometry ofja small number of stars

at characteristic strains aroundf(hc ~ 1077 x (uHz/ fow). The astrometric angular precision required
to see these sources is A ~ h. after integrating tor a time 1" ~ 1/ fow. We show that jitter in the

photometric center of WD of this type due to starspots is bounded to be small enough to permit
this high-precision, small-N approach. We discuss possible noise arising from stellar reflex motion
induced by orbiting objects and show how it can be mitigated. The only plausible technology
able_to _achieve the requisite astrometric precision is a space-based stellar interferometer. Such

with few-meter-scale collecting dishes and baselines of O(100km) is sufficient to
achieve the target precision. This collector size is broadly in line with the collectors proposed for



https://arxiv.org/abs/2204.07677

Iv) Atomic interferometry in space: AEDGE

Abou El-Neaj et al 1908.00802
Badurina et al 2108.02468 (AION) Graham et al 1206.0818 (MAGIS)

40000 km

States
eunited




The most optimistic future...
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The most optimistic future... vs 2038
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|s this all we can do In this band?



|s this all we can do in this band?

And now

for something
completely different...

f ~ pHz

few days




Absorption of GWs by binaries  f ~ nHz

few days

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

17 ) 1k
A A
Newtonian potential ~ +- - e GW
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Better characterised for its 6 Newtonian constants of motion

o period P, eccentricity e:
size and shape of orbit

o inlination /, ascending node (/.
orientation In space

o pericentre w,
mean anomaly at epoch «:
radial and angular phases




Absorption of GWs by binaries

® for generic perturbation:
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Absorption of GWs by binaries

® for generic perturbation:
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i GM - (5ik1};kjrj deterministic
7o 2

' . stochastic
Xi(X? t> — Vz(X) T Fi(X, t)

we move from dynamics of the variable to dynamics of the distribution W(X)
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Blas&Jenkins Phys.Rev.Lett. 128 (2022) 10, 101103

o track distribution function W(X, t) of
orbital elements X = (P, e, [, {2, w,¢)

o evolves through Fokker-Planck eqn.

oW 0 o 0
ot 0X; (D7wW) - OX: OX; (D5 W)

o drift and diffusion coefficients
(averaged over orbits)

DM(X) = Vi(X) + il Ap (X)) 2(n/P)

P& (X) = i By (X) 2n(n/ P)



Our approach to the problem

Blas&Jenkins Phys.Rev.Lett. 128 (2022) 10, 101103

o track distribution function W(X, t) of

D orbital elements X = (P, e, [, {2, w,¢)
\ o evolves through Fokker-Planck eqn.
N oW _ 9 0 9 (@
— D’ W) - D" W
“‘\\ Ot 6’X,-( ’ ) OX; axj( j )
' , o drift and diffusion coefficients

(averaged over orbits)

\\\ P00 = Vi) + 3 X[/ P)
———e D) = X By (X {2/ P)




lunar and satellite laser ranging
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Our estimates (solid: today; dashed 2038)
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(2038 line requires replacing the mirrors
...may/will happen before 2030!)

Possible backgrounds
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Our estimates (solid: today; dashed 2038)
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uHz GWs

“ The puHz band is very rich for astrophysical and cosmological sources

® [here are iIdeas of how to access Iit, though most of them are futuristic

The resonant absorption of GWs by binaries (LLR/SLR/pulsars) may
give a handle at level (in 2038)

Qg > 4.8 x 1077 f = 0.85 uHz Qpw >83x 1077  f=0.15mHz

Future plans: use LLR, SLR, pulsar data (w/ SYRTE, SCF_Lab,
MPIfRA, Nanograv people...): we need/welcome new hands.
FiInd other resonant effects (many possible, which frequencies?)
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Power-law sensitivity vs. monochromatic sensitivity

lunar laser ranging, e ~ 0.055 pulsar timing (J1638-4725), e ~ 0.955
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Detecting GWs with binary resonance CERN 08/21 13/13



Solar system bounds
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o four parameters:

» temperature T,
» strength o

» rate §/H,
» bubble-wall velocity v,

o peak frequency

f. ~19uH
IHRZ X T00 Gy v




Complementarity of probes for FOPT

—— Lunar laser ranging
—— Satellite laser ranging
— Einstein Telescope

— LISA

—— Square Kilometre Array

——  Net (CMB and BBN)

log B/H*

log(T%/GeV) logyy log B/ H,



