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P. Kervella et al.: Companions of nearby stars from Gaia DR2

Fig. 12. Positions of the components of the binary star HD 173740+HD
173739 (M3V+M3.5V) at the Hipparcos and GDR2 epochs. Ths sym-
bols are the same as in Fig. 11.

Fig. 13. Positions of the components of the binary star HD 79210+HD
79211 (M3V+M3.5V) at the Hipparcos and GDR2 epochs. Ths sym-
bols are the same as in Fig. 11.

6.2. Proxima

Our nearest stellar neighbor Proxima Centauri (GJ551, V645
Cen, ↵ Cen C) is a very low mass red dwarf of spectral type
M5.5V. It hosts the nearest exoplanet, Proxima b (Anglada-
Escudé et al. 2016), a telluric mass planet with a very short or-
bital period (11.2 d) and orbital distance (0.05 au) that place it
inside the habitable zone of its parent star. The search for transit-
ing exoplanet signals have been unsuccessful up to now (Blank
et al. 2018). Proxima is an active star, with frequent flares, that
were detected over a broad range of wavelengths (MacGregor
et al. 2018; Howard et al. 2018).

6.2.1. Maximum possible orbital radius

We here consider the triple system ↵Cen AB + Proxima as
equivalent to a binary, due to the very large semi-major axis of
Proxima’s orbit (aProx = 8.7 kau; Kervella et al. 2017) compared
to that of the ↵Cen AB system (aAB = 23.5 au; Kervella et al.
2016b). The eccentricity of Proxima’s orbit is e = 0.50 and the
mass ratio of the system is q = mProx/(mA+mB+mProx) = 0.056.
Holman & Wiegert (1999) established the range of stable orbits
for planets orbiting in binary systems, and for the parameters of
Proxima’s orbit, they predict a maximum stable orbital radius for
planets orbiting Proxima of rmax = 0.20 aProx = 1.7 kau. In the
following, we adopt this limit to estimate the range of possible
companions orbiting Proxima.

6.2.2. Companion mass sensitivity

The fast PM of Proxima coupled with the high accuracy of the
position measurements by Hip2 and GDR2 results in an extraor-
dinary accuracy of the PM vector coordinates: its norm is es-
timated to µHG = 3859.110 ± 0.069 mas a�1 (at GDR2 epoch)
which corresponds to an SNR of 5.6⇥104. Subtracting the long-
term PM from the GDR2 vector, we measure a tangential veloc-
ity anomaly of �vtan,G2 = 2.7 ± 1.5 m s�1 at GDR2 epoch (Ta-
ble 2) significant at a 1.8� level. The accuracy on the tangential
velocity anomaly is limited by the precision of the GDR2 PM
vector, which will improve in the future data releases.

In addition to the Hip2 and GDR2 catalogs, we also tested
the PM vector obtained by Benedict et al. (1999) for the pres-
ence of a PMa. We find a very large signal at a level of SNR of
�FGS = 19, but the reliability of the PM vector coordinates of
Proxima is uncertain as the FGS measurement is based on dif-
ferential astrometry with background stars, whose PM vectors
are themselves unknown. We note that the parallax of Proxima
$FGS = 768.7 ± 0.3 mas determined by Benedict et al. (1999)
is in perfect agreement with the GDR2 value ($G2 = 768.53 ±
0.22 mas). The ground-based parallax of$L14 = 768.1±1.0 mas
measured by Lurie et al. (2014) is also perfectly consistent with
the GDR2. Mesa et al. (2017) established mass and radius lim-
its to companions of Proxima from adaptive optics imaging with
the SPHERE instrument, setting a maximum mass of a planet or-
biting beyond 2 au from the star to 4 MJ . Based on ground based
astrometric measurements, Lurie et al. (2014) set the maximum
mass of possible companions of Proxima to 2 MJ at 0.8 au and
1 MJ at 2.6 au. Closer to Proxima, Endl & Kürster (2008) set
very low mass limits using the radial velocity technique, of 4 M�
at r = 0.1 au and 15 M� = 0.05 MJ at r = 1 au. This limit was
further decreased with the detection of the mb sin i = 1.3 M�
Proxima b (Anglada-Escudé et al. 2016).

The possible (m2, r) combinations (with m2 the compan-
ion mass and r its orbital radius) corresponding to the detected
GDR2 tangential velocity anomaly �vtan,G2 are presented in
Fig. 14 in green color. The possible domain of (m2, r) com-
binations delineated by Endl & Kürster (2008) is represented
as the shaded pink area. Taking into account the radial veloc-
ity and Gaia astrometry limits, we exclude at a 1� level the
presence of a planet with a mass m2 > 0.2 MJ at r < 10 au
(Porb < 100 years). Wide companions between 10 and 50 au
(Porb = 100 � 1000 years) with masses m2 > 0.4 MJ are also
excluded. Considering the maximum permitted orbital radius of
rmax = 1.7 kau, we exclude the presence of any planet more mas-
sive than m2 = 2.5 MJ orbiting around Proxima. These stringent
constraints on the presence of planets around Proxima empha-
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Figure 3: Upper panels. Radial velocity curves of Proxima b and of the candidate planet Prox-
ima c, phase folded to the orbital periods listed in Table 1. The red curves represent the best-fit
orbital solutions, and the red points are phase-binned RV values. Lower panels. Distributions
of the number of measurements along the planets’ orbits.
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Gaia DR2 permet 
d’estimer la 
masse de 
Proxima c: 

7 à 17 MTerre

Et même sa 
position sur le ciel !


Les mesures Gaia 
EDR3 permettront 

de préciser ces 
résultats

Kervella et al. 2020, A&A, 635, L14
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𝜷 Pictoris b

Credit: ESO / A.-M. Lagrange



Et beaucoup d’autres 
travaux !
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Compagnons de Céphéides
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Des compagnons d’étoiles pulsantes RR Lyrae OV And 
CS Del 
V0893 Her 
RR Leo 
SS Oct 
EY Oph 
V0487 Sco

Kervella et al. 2019, A&A, 623, A117
Une grande nouveauté !



Conclusion
• 30% des 6500 étoiles du catalogue Hipparcos à moins de 50 parsecs 

présentent une anomalie de mouvement propre à plus de 3 𝜎


• Un grand nombre de signatures de compagnons de faible masse, y compris 
de masses planétaires (Proxima, β Pic…) et autour de naines blanches


• Plus de 80% des Céphéides sont dans des systèmes multiples, et environ 
20% des étoiles RR Lyrae 


• La précision de mesure de l’anomalie de vitesse tangentielle avec la DR2 
est de Δvtan~1 m/s/pc. Le catalogue EDR3 permettra d’aller encore plus loin 
en précision et sensibilité !


