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LISA, the planned space-based interferometer

• ~ 2035: Space based (LISA) 

and future ground based 

instruments (ET, CE…)
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Low frequency gravitational waves

Frequency band of the gravitational wave sources and detectors

• GW interferometry: f ≥ uHz

• Pulsar Timing Array and 

astrometry probe the nHz band

• Many expected sources of nHz 

gravitational waves 

(supermassive BHs, phase 

transitions, ultralight DM…)

SMBH binary inspiral Ultralight Dark Matter

1st order phase transitions
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Coherent and stochastic searches

• Coherent search: a deterministic 

template for the GW signal

• Stochastic search: superposition 

of many weak independent 

signals

• GW amplitude promoted to a 

stochastic gaussian variable

• Power spectrum
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Pulsar Timing Array

• Redshift measurement

• Correlated signals (GW passing 

throung many pulsar locations)

[David Champion, MPIRA]
NANOGrav, 2023
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GW Astrometry

• Light traveling through GWs: 

geodesics aberrated

• The apparent position of objects 

in the sky varies in time

• E.g. Quadrupolar 

pattern from a single 

GW along the z-axis
[Golat & Contaldi 2022] 
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Ast romet ric deflect ions
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FIG. 1. Realisat ions of ast romet ric deflect ion (at t ime t) and t iming residual (at t ime t + ⌧) responses to an SGWB of

cosmological origin (with spect ral index β = 0) and ⌦gw (f 0 = 50Hz) = 10− 8 produced using the HEALPix package. The t ime
lag ⌧= 43weeks between the maps has been chosen to emphasise the cross-correlat ion.

how the di↵erent correlat ions are sourced by the parity
of the underlying GW polarisat ions which are analogous
to their CMB counterparts.

For example, using Eqs. (61a)–(61d), we can easily in-
fer which uniquesignatures in theoverlap reduct ion func-
t ionswould beproduced by a chiral GW background with
parity-violat ing modes CT B

` and CE B
` .

The spect ra CE E
` and CB B

` were calculated in [27] for
tensorial, vectorial and scalar polarisat ions using the for-
malism int roduced by O’Beirne and Cornish [30]. In fact ,
all spect ra can be calculated as simple scaling laws in
mult ipole ` a priori.

For tensorial polarisat ions, power spect ra will be zero
for mult ipoles lower than a quadrupole, leaving

CT T
` ≥ 2 = 2⇡ 2N `

2, (62)

CT E
`≥ 2 =

4⇡
p

`(` + 1)
2N `

2, (63)

CE E
`≥ 2 = CB B

`≥ 2 =
8⇡

`(` + 1)
2N `

2 . (64)

Not ice that the angular spect ra do not contain any in-
format ion about the SGWB amplitude but only on the
anisot ropic correlat ion induced by the observables. The
overall normalisat ion of the correlat ion pat terns is pro-
vided by the spect ral density Sh (f ) in Eq. (8) (see Ap-
pendix A).

It is easy to check (see Table I in Appendix C) that
Eq. (64) is the same as the C` presented in Mihaylov
et al. [27] up to a factor of two.10 They also possess the
same `-scaling as in the case of monochromat ic waves.
As discussed in Roebber and Holder [24] for PTAs, this

10 T his factor is just a convent ion. In M ihaylov et al. [27] t hey use

Γ i j = Γ +
i j + Γ ⇥i j while we use average Γ i j = (Γ +

i j + Γ ⇥i j )/ 2.

is to be expected. Also note that unlike in the case of
monochromat ic waves, the parity-violat ing modes CT B

`

and CE B
` vanish.

For completeness, we also include the remaining, non-
Einsteinian polarisat ions. For the vectorial longitudinal
polarisat ions, we have

CT T
`≥ 1 = 2⇡

✓

1−
8

9
δ̀ 1

◆

1N `
2, (65)

CT E
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p
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10

9
δ̀ 1

◆

1N `
2, (66)

CE E
` = CB B

` =
2⇡

`(` + 1)

✓

1−
8

9
δ̀ 1

◆

1N `
2, (67)

for the scalar t ransverse mode we have

CT T
` = ⇡

✓
δ̀ 1

9
+ δ̀ 0

◆

, (68)

CT E
` =

2⇡
p

`(` + 1)

δ̀ 1

9
, (69)

CE E
` =

4⇡

`(` + 1)

δ̀ 1

9
, (70)

and for scalar longitudinal mode we have

CE E
` =

2⇡

`(` + 1)

✓

1−
8

9
δ̀ 1

◆

. (71)

For the longitudinal polarisat ion in the distant star limit ,
closed-forms of Γzz (⇥) and Γz✓(⇥) do not exist [26, 41].11

For this reason, there is no CT T
` or CT E

` . In the more

11 We believe this is why the method in M ihaylov et al. [27],

O’Beirne and Cornish [30] t o obtain CE E
`

for the longi tudinal

polarisat ion fails.
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precision of 10-100 μas.

• Each source is observed 80 times (5-year 

nominal mission) —10-9-10-7 Hz window. 

• Extension to 8-10 years.

• ΩGW<10-2 constraint on the stochastic GW 

background (cf. ΩGW~10-8 from PTA)
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• ~109 small-sized objects in the solar system, 

~106 already known.

• Closer (L<< λGW) but fainter

      (apparent magnitude m > 9)

• Angular correlation functions 

(like HD)

• LSST coming soon! (high accuracy, 

good cadence, widefield)

Vera C. Rubin (LSST)

• Forecast detectability of the GW 

background
[GM & Contaldi 2024] 

[GM & Contaldi 2024] 
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Other astrometric techniques

• Astrometry + PTA: independent and richer datasets

• Measuring absolute angles is difficult -> differential angular measurements

[Crosta et al. 2024]

[GM et al. in prep]

• Cross-correlating differential 

measurements

[Golat & Contaldi, 2022] 
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• 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…

Summary
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