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Outline

« Gravitational waves and detectors
« Stochastic Gravitational Waves Backgrounds (SGWB).
* The low frequency SGWB
— Pulsar Timing Arrays
— Astrometry
» Present and future of GW astrometry
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e 2014: First direct detection of a binary BH merger by
LIGO-Virgo (m ~ 30 M,,,, f ~ 100Hz, d ~ 400 Mpc)
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terrestrial gravitational
wave interferometers

« ~2035: Space based (LISA) ,
and future ground based The network of ground based detectors
instruments (ET, CE...)

LISA, the planned space-based interferometer
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GW interferometry: f = uHz

Pulsar Timing Array and
astrometry probe the nHz band
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Frequency band of the gravitational wave sources and detectors
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GW interferometry: f =2 uHz

Pulsar Timing Array and
astrometry probe the nHz band

Many expected sources of nHz
gravitational waves

(supermassive BHs, phase
transitions, ultralight DM...)
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Frequency band of the gravitational wave sources and detectors

Ultralight Dark Matter
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template for the GW signal Planar Amplitude Polarization

Stochastic search: superposition
of many weak independent
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Planar Amplitude Polarization

WA tensors
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« Coherent search: a deterministic
template for the GW signal

« Stochastic search: superposition
of many weak independent
signals hap(t, T)
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«  GW amplitude promoted to a
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 Power spectrum
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 Redshift measurement
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 Redshift measurement
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» Correlated signals (GW passing
throung many pulsar locations)

[David Champion, MPIRA]
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 Redshift measurement
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 Redshift measurement
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Redshift measurement
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« Light traveling through GWs:
geodesics aberrated

* The apparent position of objects
In the sky varies in time
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« Light traveling through GWs:
geodesics aberrated

* The apparent position of objects
In the sky varies in time
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« Light traveling through GWs:
geodesics aberrated

* The apparent position of objects
In the sky varies in time

on;(t) = = | ———nin® — nigk hjk(t)

« E.g. Quadrupolar
pattern from a single
GW along the z-axis

[Golat & Contaldi 2022]
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e Launched in 2013

« Observation of 10° sources with astrometric
precision of 10-100 pas.

« Each source is observed 80 times (5-year
nominal mission) —10°-10-7 Hz window.

« Extension to 8-10 years.
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London

e Launched in 2013

« Observation of 10° sources with astrometric
precision of 10-100 pas.

« Each source is observed 80 times (5-year
nominal mission) —10°-10-7 Hz window.

« Extension to 8-10 years.

*  Qg,<102 constraint on the stochastic GW
background (cf. Qg,,~102 from PTA)
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Oort Cloud
~10° small-sized objects in the solar system, i
~106% already known. Main Belt

Closer (L<< Agy) but fainter
(apparent magnitude m > 9)

Kuiper Belt
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~10° small-sized objects in the solar system, i
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~10° small-sized objects in the solar system,

~106 already known.
Closer (L<< Agy) but fainter
(apparent magnitude m > 9)

Angular correlation functions
(like HD)
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LSST coming soon! (high accuracy,

good cadence, widefield)

[GM & Contaldi 2024]

Solar system GW Astrometry

Main Belt

Vera C. Rubin (LSST)
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Oort Cloud

« ~10° small-sized objects in the solar system, i

~106° already known. Main Belt
« Closer (L<< Agy) but fainter o v . -

(apparent magnitude m > 9) e
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* Angular correlation functions g0
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« LSST coming soon! (high accuracy,
good cadence, widefield)

» Forecast detectability of the GW
background
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* Measuring absolute angles is difficult -> differential angular measurements R
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* Measuring absolute angles is difficult -> differential angular measurements R
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[GM et al. in prep]
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« Astrometry + PTA: independent and richer datasets

Astrometric deflections Timing residuals
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[Golat & Contaldi, 2022] [GM et al. in prep]
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Summary

PTA shows evidence of a nHz GW signal.

Astrometry as a probe of GWs is maturing.

Astrometry + PTA (& solar + extrasolar astrometry) to mitigate sistematics.
Data (optical surveys) is there, so use it

Even more to come...
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