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

Too large for PTA
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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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Voyage 2050 White Pcper

Unveiling the @rowtatmnal Universe
at u-Hz Frequencies
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Voyage 2050 White Paper Summary of multimessenger and multiband science goals:

identify the characteristic signatures of inspiralling MBHBs, providing the key to search

for them in millions of AGN spectra and lightcurves;

e investigate the interplay between gravity, matter, and light in the dynamical spacetime
of inspiralling /merging MBHBs;

e establish the connection between MBHBs and their hosts;

e provide a unique sample of standard sirens out to z 2 5;

e fullv characterize the MBHB population at low frequencv. in connection with PTAs.

Unveiling the Gravitational Universe °
- at u-Hz Frequencies

Summary of Milky Way science goals:

e understand common envelope physics via detection of mixed (CO + MS star) binaries
and the distribution of DWD at f < 10~4 Hz;

| e physics of contact and over-contact binaries via joint GW + EM detection;
R | e characterization of BHB, NSB and BH-NS population in the Galaxy, synergies with

Universita degli Studi di Milano-Bicocca

alberto.sesana@unimib.it . PTA.S and SKA;
v o 5 Cin e | e unveil the dvnamics of stars and COs around SgrA*.

a sako
Observatoire de |
natalia.korsakova@oca.eu

Summary of cosmology and cosmography science goals:

e investigate a vast region of the allowed parameter space of QCD phase transitions;

e explore beyond standard physics by searching for an EW phase transition;

e explore first order phase transitions in the hidden sector;

e probe the geometry of the Universe, constraining deviations from ACDM out to z = 10

by means of @(10°) MBHB standard sirens.

Summary of General relativity and beyond science goals:

e probe DM substructures and the Universe expansion via strong GW lensing;
e detect non-linear GW memory with high SNR from merging MBHBs;
e improve sensitivity to graviton mass and other deviations from GR by more than two

orders of magnitude with respect to LISA.

Summary of MBH science goals:

e probe the emergence of the high-redshift quasars;

establish the relative importance of accretion vs mergers in growing MBHs;
disentangle seed formation models at the high-mass end of the seed spectrum;

probe the population of inspiralling MBHs in low-redshift dwarf galaxies;

pin down the physics of MBHB dynamics, including stellar hardening, gaseous drag,
triplets, and multiplets MBH interactions;

e probe the formation and dynamics of IMBHs in galactic nuclei.




Fedderke et al 2112.11431
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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

Atomic interferometry in space: AEDGE

Abou El-Neaj et al 1908.00802

Graham et al 1206.0818 (MAGIS)
Badurina et al 2108.02468 (AION)

40000 km

States
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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”? No!

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
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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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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)
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lunar and satellite laser ranging

)
D
O
O
—
Q.
>
T

\Jy — SN \

1, f\/ __‘ r 3 ‘—, __,. .w_/\ \/
\ %/ _. '\J ! —

| ,—_ <—. _—, ,—_ .—; ‘_ ¥

! I XAA A

| | __ )

!

OO X XXX
XYY XYY
WAL R LYY LY
.:,___;:_‘_ ( _.,.__ \ ,

Pulse phase (periods})

timing of binary pulsars




Our estimates (solid: today; dashed 2038)
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Blas&Jenkins Phys.Rev.Lett. 128 (2022) 10, 101103

Satellites (P~hours)
Envelope of pulsars (P~hours - 100 days)

Lunar laser ranging (P~month)

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

Possible backgrounds



Combining binary pulsar bounds
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Our estimates (solid: today; dashed 2038)
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Our estimates (solid: today; dashed 2038)
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...may/will happen before 2030!)

Murphy 1309.6294

in 2050
Q<3x107° at f~ pHz

Possible backgrounds



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,



Our estimates (solid: today; dashed: 2038)

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

et Satellites (P~hours)

Envelope of pulsars (P~hours - 100 days)

Lunar laser ranging (P~month)

(2038 line requires replacing the mirrors
...may/will happen before 2030!)
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After nHz, 1 HZz?

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

® [here are Ideas of how to access it, 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?)



Characteristic strain
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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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