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Overview

» |dentification of stellar and substellar companions from
Hipparcos - Gaiaproper motion anomaly

* Proxima Centauri and other nearby stars: Gaia and radial
velocity constraints on exoplanet properties

o GRAVITY astrometry andradial velocities: the g Pictoris system
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Binary star

Hipparcos

Proper motion anomaly




e Sensitivity in companion mass:

m» mi \/m1 ( A,u[mas a‘l]

— — Vl — 1
wlmasau']

VT G

G

X 4740.470)

Gaia DR2 Gaia (E)DRS3

1 1

o(Apgz) = 234 pasa™ o(Apgs) = 56 pasa™

1 1

O'(A’Utan,(}z) = 1.1 IIlS_1 pC U(Avtan,GiB) = 0.26 ms_l pc

U(mg au)mleG = 40 Mg pC_l U(mg au)mle@ = 10 Mg Pc_l

 The sensitivity of the PMa technique decreases with the distance to the target



PMa sensitivity curve

Solar mass star at d =1 pc with Aviys = 0.26 m s~
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Proxima d (5 days) f

Proxima b (11 days)

Proxima c (5.2 years)

Proxima b Candidate Proxima c

A long-period planet
orbiting Proxima
Centauri ?

0.6 0.8 . : 0.2 0.4 0.6 0.8

Damasso et al. 2020, Science Advances, 6, 3



Proxima Centauri

Radial velocities incl. grav. redshift and acceleration of +0.45 m/s/a:
RV measur. 2012.554 -22204 (32) m/s (Kervella+ 2017)

Parallaxes:

Hip2 1991.250 771.640 (2.600) mas (observed)

Hip2 calc 1991.250 767.757 (0.056) mas (derived from Gailia plx)
GDR2 2015.500 768.529 (0.220) mas (observed)

EDR3 ZP -0.022 mas Plx err inflation: 1.127
EDR3 2016.000 768.089 (0.056) mas (observed)

GDR3 to Hip light travel time correction = +0.670 d (115.9 au)

Measured PM vector in ICRS frame:

Hip2 1991.250 -3775.750 ( 1.630) +765.540 ( 2.010) mas/a
GDR2 2015.500 -3781.411 ( 0.101) +769.804 ( 0.208) mas/a
EDR3 spin -0.036 +0.016 mas/a
EDR3 2016.000 -3781.705 ( 0.031) +769.449 ( 0.051) mas/a (spin corrected)

Computed (ualpha,udelta) mean angular PM vector in ICRS frame:
H2G2 2015.500 -3781.629 ( 0.049) +769.421 ( 0.054) mas/a
H2G3 2016.000 -3781.683 ( 0.034) +769.518 ( 0.046) mas/a

Computed diff. PM vector in ICRS frame:

GDR2-H2G2 2015.500 +0.218 ( 0.112) +0.384 ( 0.215) mas/a = (+1.9,+1.8) sig

GDR3-H2G3 2016.000 ~0.022 ( 0.046) ~0.069 ( 0.069) mas/a = (-0.5,-1.0) sig

2D transverse velocity residual G2-H2G2 @] +1.34 ( 0.69), +2.37 ( 1.33) ] m/s
Transverse velocity residual norm G2-H2G2 : 2.72 ( 1.50) m/s SNR: 1.82
2D transverse velocity residual G3-H2G3 :] -0.14 ( 0.28), -0.42 ( 0.42) ] m/s

Transverse velocity residual norm G3-H2G3 : 0.44 ( 0.51) m/s SNR: 0.87
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Dec (J2000)
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Gaia DR3 NSS exoplanet detection

Astrometric orbit of HD81040 HD 81040
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e Astrometric wobble of the star due to its ~ 8 My companion (Sozzetti et al.
20006; Stassun et al. 2017; Li et al. 2021) on a ~ 1000 days orbit.

https://www.cosmos.esa.int/web/gaia/iow 20220131



https://www.cosmos.esa.int/web/gaia/iow_20220131
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Orbital velocity anomaly: example of 61 Cyg AB
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Number of stars
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my (Mjup)

Combined PMa + common proper motion limits

103 103 5
: m;=0.10 My, d=10.0 pc : m;=1.00 My, d=10.0 pc
107 - / 102 -
101 E ~ 101 5
' S
S 100 -
10—1 -
10_2 L L L L L L L L L L L L L 10_2 L L | L L L L L L L L L L L
101 10° 101 10° 103 104 10° 10°1 10° 101t 10 103 104 10°

Orbital radius (au) Orbital radius (au)



Number of stars

RUWE as an indicator of binarity
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Overall statistics for Hipparcos stars

Method Number of stars Fraction
Full catalog 117955 100%
PMa S /N > 3 37 347 32%
CPM bound candidates 12914 11%
RUWE > 1.4 25067 21%
PMa or CPM 37347 32%

PMa or CPM or RUWE 50720 43%
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B Pictoris from Hip2 after b subtraction
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p Pictoris and GRAVITY

« Discovery: g Pictoris b by direct imaging
(Lagrange et al. 2008, A&A, 493, L21) and
p Pictoris ¢ by radial velocity (Lagrange

et al. 2019, Nature Astronomy, 3, 11395).

e GRAVITY observations:

 f Pictoris b was directly detected

(GRAVITY Collaboration, Nowak et al.
2020, A&A 633, A110).

« f Pictoris ¢ was directly detected with

GRAVITY (Nowak et al. 2020, A&A,
642, L2) and from its perturbation to

the astrometric orbit of planet b
(Lacour et al. 2021, A&A 654, L2).
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* Astrometric accuracy of GRAVITY position ~ 70 pas
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Perturbation of g Pic b
by planet c

« The orbital trajectory of g Pic b is affected
by the presence of planet c

* This perturbation at a level of only ~1 mas is
detected from the GRAVITY astrometry of
planet b

e The mass of ¢ (8.9 + 0.8 Mjup) is better
constrained than that of b (11.9 + 3.0 Mjup).
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Summary

e 43% of the 117,000 Hipparcos stars exhibit at least one signature of binarity
PMa, RUWE, CPM), with many low mass companion signatures. Tangential
velocity anomaly accuracy: Avian ~ 0.26 m/s/pc with the (E)DRS. |
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e The PMa approaChis very complementary dfthe DR3 non-single star (NSS)
catalog for long orbital periods (> 1000 days).

e GRAVITY (soon GRAVITY+) enable high precision differential astrometry and
spectroscopy of exoplanets.



