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Sources & Sinks of E & L
Interaction - tidal

- thermodynamic
- mass transfer

Free mass! (for light)
More detailed classification
Extra motion

Harder to model

Time-evolving
Exotic systems

Uncertain dynamics
Higher dimensional fit
Bias on velocity and parallax
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What we see, 
What we hope for

DR2 - 22 months 
(e)DR3 - 34 months
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q =
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MA
, l =
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LA

rM =
q

1 + q
r, rL =

l
1 + l

r

Δ =
rM − rL

r
=

q − l
(1 + q)(1 + l)

Lower resolution 
(Larger distance)

Gaia sees a single 
source, with 
combined properties
Located at the centre 
of light, orbiting the 
centre of mass

Gaia’s PSF >> Gaia’s astrometric error



Earth’s motion System’s motion Binary motion

+ +

Same system, with different 
period (and semi-major axis)



1 year

10 days

30 year

3 yearSame system, with different 
period (and semi-major axis)
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Fit for Position, Parallax & Proper 
Motion (5 parameters)

& Error!

Unit Weight Error - UWEBelokurov, Penoyre et al. 2020



Gaia 
Astrometry Fit for Position, Parallax & Proper 

Motion (5 parameters)

& Error!

Unit Weight Error - UWE

UWEpred = 1 + ( δθ
σast )

2

δθ ∝ Δϖ a
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Gaia 
Astrometry

UWEpred = 1 + ( δθ
σast )

2

δθ ∝ Δϖ a
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δθ* ∝ N2
orbΔϖ a for Norb < 1
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Kervella et al 2021Penoyre et al 2022 (in prep.)
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Conclusions 
Astrometric binaries are already visible in 
their thousands, perhaps millions, with Gaia

More & better data is coming over the 
second half of the Gaia mission

Binaries fundamentally change the 
behaviour of stellar populations

tracks and fits 
from 
astromet.py: 
https://github.com/zpenoyre/astromet.py
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Malhan et al 2022





Binaries

Hwang et al. 2021

Eccentricity
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Changing 
astrometry
eDR3 released 
in Dec 2020
Essentially same 
data as DR2, but 
half as long 
again

Penoyre et al 2021 (submitted)

tracks and fits 
from 
astromet.py: 
https://github.com/zpenoyre/astromet.py



Penoyre et al 2020

UWE  
works! 

Remember - 
UWE~1 for a 
single star, >>1 
for some binaries

Simulating binaries (DR2)

Strong function 
of period!



Resolve longer 
period systems

Changing 
astrometry

Less random 
noise

UWE 
increases!

Can also calculate 
Proper Motion 
Anomaly (PMA) 
between DR2 and 
eDR3

Penoyre et al 2021



δθ = ϖ a Δ(q, l) β(θv, ϕv, e)

Δ(q, l) =
|q − l |

(1 + q)(1 + l)

β(θv, ϕv, e) = 1 −
sin2 θv

2
− e2 3 + sin2 θv(cos2 ϕv − 2)

4

Penoyre et al 2021

l =
LB

LA

Penoyre et al 2022 (in prep.)

q =
MB

MA

Penoyre et al 2020

UWEpred = 1 + ( δθ
σast )

2


