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Landscape of GW detectors: today to 2040
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Landscape of GW detectors: today to 2045
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Landscape of GW detectors: today to 2045

MicroHz (1tHz) is a band particularly rich in new signals
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microHz to LISA band

guaranteed signal by the corner?

2301.13854 Ellis et al
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What’s this PTA signal®

2308.08546 Ellis et al
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microHz to LISA band

Full of new pysics
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Another PBH signal: scalar-Induced GWs
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Our proposal for tHz band: binary resonance!

DB, A. Jenkins, 2107.04061, 2107.04063
J. Foster, DB et al., arXiv: 2504.15334 [astro-ph.CO]

Foster, DB et al., arXiv:2504.16988 [gr-qcC]
X. Xue, DB, et al. to appear



Our proposal for 1Hz band: binary resonance!

oYl gravitational waves aftect gravitationally bound systems

” DB, A. Jenkins, 2107.04061, 2107.04063
J. Foster, DB et al., arXiv: 2504.15334 [astro-ph.CO]
Foster, DB et al., arXiv:2504.16988 [gr-qcC]
X. Xue, DB, et al. ??
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h ~ cos(27 ft)
r ~ ecos(2nt/P)
possible resonances at f=n/P

uHz
Newtonian Potential
~ few days
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Response of the system

Foster, DB et al., arXiv: 2504.15334 [astro-ph.CO]
Foster, DB et al., arXiv:2504.16988 [gr-qcC]
Xue, DB, et al. to appear

— Keplerian, e =0.75, Large P
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—Resonant responses: for the uHz band, P from days to months (Moon)
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Our estimates from 2025 for 2035

Foster, DB et al., arXiv: 2504.15334 [astro-ph.CO]
Foster, DB et a., arXiv:2504.16988 [gr-qc]
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* MMS: if they were tracked at levels at which LAGEOS is tracked + idealized data analysis



Our estimates from 2025 for 2035

Foster, DB et al., arXiv: 2504.15334 [astro-ph.CO]
Foster, DB et a., arXiv:2504.16988 [gr-qc]

Frequency [Hz]

* MMS: if they were tracked at levels at which LAGEOS is tracked + idealized data analysis
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Country Name Email Institution
Spain Diego Blas (Lead) dblas @ifae.es IFAE/ICREA
Spain José C. Rodriguez jcrodriguez @transportes.gob.es  IGN

Spain Jorge M. Camalich jcamalich@iac.es IAC

Belgium  Bruno Bertrand bruno.bertrand @observatory.be = ROB

Belgium  Sebastien Le Maistre  sebastien.lemaistre @oma.be ROB/UCLouvain
France Julien Chabé Julien.CHABE @geoazur.unice.fr OCA/GeoAzur
France Clément Courde courde @ geoazur.unice.fr CNRS/Geoazur
France Aurelien Hees aurelien.hees @obspm.ir LTE-Paris Obs.
France Nicola Tamanini nicola.tamanini @12it.in2p3.1r L2IT-CNRS
Germany Michael Hatner michael.haefner @bkg.bund.de BKG/AAGO
Germany Albert Roura albert.roura.dlr @ gmail.com DLR

Italy Giada Bargiacchi Giada.Bargiacchi @Inf.infn.it LNF-INFN
Italy Nicolo Burzilla nicolo.burzilla@Inf.infn.it LNF-INFN
Italy Marco Cinelli marco.cinelli@inaf.it IAPS-INAF
Italy Simone Dell’Agnello  simone.dellagnello @Inf.infn.it LNF-INFN
Italy David Lucchesi david.lucchesi @inatf.it IAPS-INAF
Italy Dario Vetrano d.vetrano @Inf.infn.it LNF-INFN
Romania Laurentiu Caramete  lcaramete @ spacescience.ro I. Space Science
UK Alexander C. Jenkins acj46@cam.ac.uk U. Cambridge
USA Joshua W. Foster jwioster @tnal.gov U. Wisconsin




@- GUEST Orbits

Orbits at 79 | Perigee altitude | Apogee altitude | AOP | RAAN | e L Period
Orb1 / Orb2 6926 km 86700 km 270V | 097220° | 0.75 | 75Y/50Y | 33.8 h

 Optimized for:
 Science: large period and eccentricity

 End of life: these orbits reenter after the mission life-time (10yr +20yr extended phase)
* Visibility from the ground stations: not too high, geometric visibility optimized

GUEST-1-All-Mission Visibility circles by station class
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Payload and visibility

] 0 CCRI1/CCR2 | single OCS CCRI1 (v,)/ CCR2 (v,) | # CCR1/CCR2 OCS range
86 cm | 1 inch /2 inches 0.1 Mm? / 16.5 Mm?” 561/189 1.6-48.6 Mm”
70 cm | 1 1inch/ 2 inches 0.1 Mm? / 16.5 Mm? 366/124 1.0-31.8 Mm?
HERL Max. AItitude vs OCS on HEO target HERL 50mJ Laser UPGRADE -Max. Altitude vs OCS on HEO target
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@' Sensitivity: way to go
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Standard Analysis: Arcs method. Fit a best orbit + signal every 7 days (~6 orbits).
Derived for geodesy



@' Sensitivity: way to go

2p

Ay(Y) = -FA)  Data: set of points of time of travel of 2 ways laser
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Standard Analysis: Arcs method. Fit a best orbit + signal every 7 days (~6 orbits).
' Derived for geodesy

Global Analysis: Fit a more global orbit model + signal




N (9(

C e
0 \\311{:'

Gravity/Earth/C[4][4]
Gravity/Earth/C[9][2]
Gravity/Earth/S[5][2]
Gravity/Earth/S[9][4]

Solar Pressure/GUEST1 11/SCALE
Solar Pressure/GUEST1_39/SCALE
Solar Pressure/GUEST1_67/SCALE
Solar Pressure/GUEST1_95/SCALE
Solar Pressure/GUEST1 123/SCALE
Solar Pressure/GUEST1_151/SCALE
Solar Pressure/GUEST1 179/SCALE
Solar Pressure/GUEST1_207/SCALE
Solar Pressure/GUEST1_235/SCALE
Solar Pressure/GUEST1_263/SCALE
Solar Pressure/GUEST1_291/SCALE
Solar Pressure/GUEST1_319/SCALE
Solar Pressure/GUEST1 347/SCALE
Solar Pressure/GUEST1_375/SCALE
Solar Pressure/GUEST1 _403/SCALE
Solar Pressure/GUEST1 _431/SCALE
Solar Pressure/GUEST1_459/SCALE
Solar Pressure/GUEST1_487/SCALE
Solar Pressure/GUEST1 _515/SCALE
Solar Pressure/GUEST2_21/SCALE
Solar Pressure/GUEST2_49/SCALE
Solar Pressure/GUEST2_77/SCALE
Solar Pressure/GUEST2_105/SCALE
Solar Pressure/GUEST2_133/SCALE
Solar Pressure/GUEST2_161/SCALE
Solar Pressure/GUEST2_189/SCALE
Solar Pressure/GUEST2_217/SCALE
Solar Pressure/GUEST2_245/SCALE
Solar Pressure/GUEST2_273/SCALE
Solar Pressure/GUEST2_301/SCALE
Solar Pressure/GUEST2_ 329/SCALE
Solar Pressure/GUEST2_ 357/SCALE
Solar Pressure/GUEST2_385/SCALE
Solar Pressure/GUEST2_413/SCALE
Solar Pressure/GUEST2_441/SCALE
Solar Pressure/GUEST2_469/SCALE
Solar Pressure/GUEST2_497/SCALE

D

CRERLR
B

Q)

Q)

D

Q)

D

Q)

D

3
Q)

N\

MR
D

Q)

3
3.

Yo
X% %ﬁ %ﬂ% N
{&ﬁl\g\\@\% Fe P e AR AANANAN AN AN AN AR NN N AN AN AN AN AN AN NN
AR NAG R

Q)

(RO 96@
N\ \\\

N\

DN

Y RYRY TR i 3919
LEREREGNE OB
60%@%"%€m» oA, XD > b u@@@&@ N o5

"V 90520,00; V2,332,000,
\3?@@@@@@@@@@@@@@@@@0@0&0&0@0@@0@0&0@0@0@0@0&0&0@0&0@0&0@0&0&@0&@0@0@@@0

R A R R R A A A A R R A R R R R A A A R R R R R R R R R AL AL AL LR
RO R OB A RO B RO G
DR\ PR PR PR

\ \
ARSI SR O SO SO SO SO SO O SO SR O SO S O SR SO S O SR O S O R O DA RSSO DR SN RO A RO R O A

)

AR A A A A A A A A A A A A A A o A A A A S A A A A A S A A A A A A A S A A A A S A A S A A A S A AT AT AT AT SN
(Q Q(QQQQQ(Q(QgQ(QQQQQQQQQ«\Q(Q(Q838<Q<Q(Q<Q<Q§Q<Q<Q<Q<Q(Q<Q(Q(Q(Q(Q(Q(Q«\Q(Q(Q(Q(sz(q(q<Q<Q<Q<Q<Q«\Q«\Q<Q<Q<Q<Q(Qéz(q(q«\q(q(qu«\q

N\ (Q/(%(Q/(@‘Q/@Q/@Q/Q/Q/@Q/Q/?/Q/Q/Q/Q/Q/Q/@@Q/Q/Q/Q/Q/Q/Q/Q/Q/Q/@Q/Q/Q/Q/Q/Q/Q/Q/Q/@00@@@@@@@@@@@@@@@Q/Q/Q/Q/Q/Q/Q/Q/
AAARERIR(R(R

DR <
AN\ AN\ NN NN\ AN\ A\ N\ NN\ N\ \ O\ O\ O\ O\ D\ \ D\ O\ D\ O\ D\ 2\ N2\ \ 0\ \ 0\ \ o\ \ 0\ \ 0\ O\ 0\ \ o\ o\ D\ o\ D\ o\ 2\ 0\ 0\ 0\ 0\ 2\ o\ D\ o\ D\ o\ o\ o\o\o
LR PR P P P PP PP PP P P P PP PP e PP e P P PP P PP PP PP e PP e PP PP e PP PP e e P PP e P P PP e P e e Pe e P Pe Ped



Sensitivity: way to go
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GUEST 10 years sensitivity (one orbit)
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guaranteed Physics by the corner (PTA signal at muHz)

reasonable idea for muHz for ESA F Class / NASA SMEX 150 M€

possible new Physics
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@.

B Builld a proto-collaboration: we are at LISA 20 years ago. But now we know
a lot as a community. Be my GUEST!

https://arxiv.org/abs/2607.18390

Study arcs vs (more) global fit

Realistic merger with arcs / more global (waterfall plot changes dramatically )

More physics cases (EMRIs) / multi band

Decorrelation with 2 or more orbits
Further ways to improve the orbit determination (ML?)
Data analysis of LAGEOS data and Moon data (in progress)

Data distribution and parameter determination

* K Kk Kk Kk X K K

Injection / null channels”
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GUEST: more on orbits and data
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| Voyage 2050 White Paper Summary of multimessenger and multiband science goals:
Unveiling the Growtotlonol Universe °
' \ at u-Hz Frequencies

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 frequencyv. in connection with PTAs.

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;
st o e characterization of BHB, NSB and BH-NS population in the Galaxy, synergies with

alberto.sesana@unimib.it | PTA.S and SKA;

Ntl

Cosevators e e _ e unveil the dvnamics of stars and COs around SgrA*.

tl k a@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.
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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 pHz using extremely high-precision astrometry offa small number of stars

at characteristic strains around(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

Badurina et al 2108.02468 (AION)
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Our proposal: binary resonance!
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gravitational waves affect gravitationally bound systems
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Analytical results
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Analytical results

— Foster, DB et al., arXiv: 2504.15334 [astro-ph.CO]
— (P > €, / ) Q, W, € ) ngtz DB Zt Z ;;(iiX2504.16988 [gerl—sq::(]) ’
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Stochastic backgrounds
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