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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
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pe = 1.2 x 10" M Mpc ™
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GWs (typologies)

Short duration | Long duration
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bound for primordial GWs

LVK PRD 104, 022004 (202 N

-20 -15 -10 -5 O
1072 107" 107" 10 1 10° fpg



GWs searches ca. 2036
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GWs searches ca. 2036

Merging supermassive black holes

r

Merging stellar-mass black holes
in other galaxies
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GWs searches ca. 2036: gaps

ACMB "\FIRAS = PTA
N
K AN -

MIND THE GAP MIND THE GAP

N\

BAW
' III.II

MIND THE GAP

K

MIND THE GAP

1072 10°"™ 1070 107



GWs searches ca. 2036: gaps

PTA
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1908.11391 [astro-ph.IM]
Sesana et al.

Astrophysical backgrounds

The pAres detection landscape
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Backgrounds from fundamental physics
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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)

Perturbing Gravitational Wave
Blas-+Jenkins, 2107.04061, 2107.04063

h ~ cos(27 ft)
r ~ ecos(2nt/P)
possible resonances at f=n/P

uHz
Newtonian Potential
~ few days
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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

B for generic perturbation:

or = r(F,7 +J—‘90 —I—feﬁ) *

. 3P%y [ esinyF, |
P — |
2n |14 ecosy o>
5 — P’)’ P")’S.Fg
- 3Pe  2me(1+ecost))?’
P~ cos 0F,
- 2n(1 4+ ecosp)?’
~ tanf .
I,
~ sinl
o P~° [ (2 + ecos) sinhFy cos YF,
- 2ne | (1+ecost)? 1+ ecosy
P~+*F, .
¢ = v y(cos I2 + &),

n(1 + ecos)?

— cos I§),



Absorption of GWs by binaries
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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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few days

lunar and satellite laser ranging
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Pulse phase (periods})

timing of binary pulsars
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Our estimates from 2021 for 2038
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SKA ~--- SLR(2038) — LVK 1 mimickers
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MSPs (2038)

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

Satellites Earth based (P~hours)

Lunar laser ranging (P~month)

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

Murphy 1309.6294

- = =~ We may see the signal of PTAs!!!

Possible backgrounds



There’s more information in the data

(work in progress: Foster, Blas, Bourguin, Foster, Hees, Herrero, Jenkins)



(work in progress: Foster, Blas, Bourguin, Foster, Hees, Herrero, Jenkins)




Sensitivity By ECCENtriCITY

(work in progress: Foster, Blas, Bourguin, Foster, Hees, Herrero, Jenkins)
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We were too pessimistic!

New ideas for the Moon
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Current data, no degeneracies



@ the orbital models are complex: degeneracies!



V Plunar
1 2

Caveats

Third body: OK, shifts the frequencies
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cherry picking the GW: full degeneracy
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Libration

_SB—A Gm.
2 C r3

-

sin(29) = 0 f

First study to appear with Lizalde and Giménez

we can generate enough libration to be detectable....



Kuiper Belt
30-50 AU

Saturn

Jupiter

Uranus

Neptune

Other systems

Any gravitationally bound system can test this

g, GM gl
- = 8 Sy
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GWs searches ca. 2036: gaps
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Ultralight dark matter

We are sensitive to oscillating gravitational potentials

If dark matter can be treated as a classical field (it happens for m <K 10_9mp)

1T ] (oni—
[ — > (8M¢)2 _ m2¢2 ¢, ~ o UWI=kX) in 4 yirialized halo
Umax 5 5 . o
O X / d3v eV /90wt TIMUT ifs 4 (o @ X ¢ cos(mt + f)
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distribution: oo ~ 10 3¢ inthe MW w, = m(1 v?)
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Lo} P = §m2¢2 also oscillates 5(13]\7




Gravitational wave detection
through their absorption by binaries

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

The resonant absorption of GWs by binaries may give a handle

BlassJenkins Phys RevLett. 128 (2022) 10, 101103 (I[N 2038, from LLR)

Qo >4.8x 1077 f=085uH Qpw > 8.3 x 1072
gwW / HELZ W — f =0.15mHz

guaranteed physics casel!ll
2025: the use of time of arrival makes it even more sensitive!

Futu re: f////ﬂ COmp‘ete data aﬂalyS|S (work in progress: Foster, Blas, Bourguin, Foster, Hees, Herrero, Jenkins)

W other systems (libration, Oort,...)
@esa % mini-F: dedicated mission with large P and e
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