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Detection of companions of nearby stars from Gaia 
EDR3 proper motions using the differential Proper 
Motion Anomaly (PMa) between:

1. The long-term proper motion computed from the 
Hipparcos and Gaia positions (baseline 2016.0 - 
1991.25 = 24.75 years)

2. The short-term Gaia (E)DR3 proper motions 
(epoch 2016.0, average over 34 months)
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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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A long-period 
planet for 
Proxima ?

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

Period 11 days Period 5.2 years



�vtan =0.44± 0.51 m s�1
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ε Eridani

GP hyperparameters in addition to the Keplerian parameters for
a single planet and a white noise term σj. The hyperparameters
for the quasiperiodic kernel are the amplitude of the covariance
function (h); the period of the correlated noise (θ, in this case
trained on the rotation period of the star); the characteristic
decay timescale of the correlation (λ, a proxy for the typical
spot lifetime); and the coherence scale (w, sometimes called the
structure parameter) (Grunblatt et al. 2015; López-Morales
et al. 2016).

We applied a Gaussian prior to the rotation period of
θ=11.45±2.0 days, based on the periodicity observed in the
RV residuals to the two-Keplerian fit, but sufficiently wide to
allow the model flexibility. The covariance amplitudes h for
each instrument were constrained with a Jeffrey’s prior
truncated at 0.1 and 100m s 1� . We imposed a uniform prior
of 0–1 yr on the exponential decay timescale parameter λ. We
chose a Gaussian prior for w of 0.5±0.05, following López-
Morales et al. (2016).

The results of our GP analysis provide constraints on the hyp-
erparameters, indicating that the rotation period is 11.64 0.24

0.33
�
� days

and the exponential decay timescale is 49 11
15
�
� days. The amplitude

parameters for each instrument ranged from 0.0 to 13.4m s 1� , and
were highest for the earliest Lick RV data. For some of the data
sets, the cadence of the observations likely reduced their sensitivity

to correlated noise on the rotation timescale, resulting in GP
amplitudes consistent with zero. For other instruments, notably the
HIRES and APF data, the white noise jitter term σj was
significantly reduced in the GP model, compared with the standard
RV solution.
However, when comparing the derived properties of the

planet, we find that the GP analysis has no noticeable effect on
the planet’s orbital parameters. The period, RV semi-
amplitude, eccentricity, time of conjunction, and argument of
periastron constraints from the GP regression analysis all agree
within 1σ with the values derived from the traditional one-
planet fit. We therefore conclude that the rotationally
modulated noise does not significantly affect the planet’s
orbital parameters.
We additionally performed a one-planet fit using GP

regression to model the 3 yr stellar activity cycle. For this test
case, we used a periodic GP kernel because each data set covers
only a relatively few cycles of the stellar activity cycle. Unlike
activity signatures at the stellar rotation period, we do not
expect to see significant decay or decorrelation of the 3 yr cycle
over the time span of our data set. This periodic GP model had
hyperparameters describing the periodicity (θ), amplitude (h),
and structure parameter (w), but no exponential decay. This
analysis is somewhat akin to our two-Keplerian fit, but allows
more flexibility to fit the noise than a Keplerian. For this model,

Figure 6. Time series and phase-folded radial velocity curves from all data sets are plotted. The maximum probability single-Keplerian model from RadVel is
overplotted, as are the binned data (red). The plotted error bars include the internal rms derived from the RV code, as well as the fitted stellar and instrumental jitter
parameter σj for each instrument.
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P=7.4 years
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Gaia DR3 NSS exoplanet detection

• Astrometric wobble of the star due to its 8 MJ companion (Sozetti+ 2006; 
Stassun+ 2017; Li+ 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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DR2 PMa S/N = 3.6

EDR3 PMa S/N = 2.3

https://www.cosmos.esa.int/web/gaia/iow_20220131


Short and long orbital periods 
Gaia DR3 NSS orbits & PMa

Gaia Collaboration, Arenou et al. 2022, A&A, in press
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PMa secondary mass @5au histogram



Combined PMa + common proper motion

Stellar mass limit

Planetary mass limit



Overall statistics for Hipparcos stars
P. Kervella et al.: Stellar and substellar companions from Gaia EDR3

Table 2. Number of stars with PMa, CPM and RUWE> 1.4 binarity
signals in the Hipparcos catalog.

Method Number of stars Fraction

Full catalog 117 955 100%
PMa S/N > 3 37 347 32%
CPM bound candidates 12 914 11%
RUWE> 1.4 25 067 21%
PMa or CPM 37 347 32%
PMa or CPM or RUWE 50 720 43%

(S/N = 3.2). This indicates the presence of an additional close-
in companion, possibly a low-mass red dwarf (M < 0.4 M�)
orbiting within 50 au of the primary. This PMa signal cannot
be explained by the resolved CPM companion, whose mass is
insu�cient.

5.1.2. ↵Aur (Capella)

We confirmed the two bound CPM companions GJ 195 AB of
the nearby giant star ↵Aur (Capella, HIP 24608, HD 34029;
d = 13 pc), with estimated masses of 0.53 and 0.57 M�. These
companions, located at a projected separation of 9.5 kau from
Capella A, were discovered by Furuhjelm (1914). As the primary
Capella A is itself an equal mass binary (Weber & Strassmeier
2011; Huby et al. 2013), the system is therefore at least a quadru-
ple. The very wide unbound CPM companion 50 Per proposed
by Shaya & Olling (2011) located at a projected separation of
5.4 pc is outside of the 1 pc search limit of our survey.

5.1.3. ↵ Leo (Regulus)

Next, ↵Leo A (HIP 49669) is known to be a close spectro-
scopic binary (Gies et al. 2008) whose companion ↵Leo Ab
was recently characterized by Gies et al. (2020) as a 0.3 M� pre-
white dwarf. The main component A is a very-fast-rotating star
that is seen almost equator-on (McAlister et al. 2005). We con-
firmed that it has two additional bound candidate companions:
Gaia EDR3 3880785530720066176 (hereafter ↵Leo B) and
Gaia EDR3 3880785530720066304 (↵Leo C), which are known
to be co-moving with component A since the 19th century
(Burnham 1891). They are a pair of relatively low-mass stars
that are most likely gravitationally bound together and located at
a projected separation of 4,300 au from ↵Leo A (Fig. 13).

The position angle of ↵Leo B with respect to A has slightly
evolved from 305.1� at epoch 1781.84 (as measured by Her-
schel) to 307.47� at epoch 2016.0. The photometric estimate
of the mass of B is around 0.63 M�, corresponding to a K7V
spectral type (Pecaut et al. 2012; Pecaut & Mamajek 2013). It is
only this component that has been identified as bound to Regu-
lus AB, with a very high total score of 0.99. The estimation of
the mass of C is complicated as the photometry is scarce, but
being 3.5 magnitudes fainter than component B in the G band,
it is likely an M4V red dwarf with a mass around 0.2 M�. This
component was not identified by our search algorithm as bound
to Regulus AB as its relative velocity of 2.8 km s�1, caused by
the orbital motion of the BC pair, is higher than the escape
velocity. It is possible to take advantage of the Gaia EDR3 par-
allaxes of components B ($[B] = 41.310 ± 0.031 mas) and C
($[C] = 41.242 ± 0.067 mas) to refine the Hipparcos parallax
of ↵Leo A ($Hip[A] = 41.130 ± 0.350 mas).

5.1.4. ↵ UMa (Dubhe)

Then, ↵UMa (HIP 54061) is a very bright (mV = 1.8) spectro-
scopic binary system. We detect the presence of a very low-mass
dwarf companion (Gaia EDR3 862234033499968640; m ⇡
0.1 M�) at a projected separation of 550 au (Fig. 13). The total
score Ptot = 0.602 of this star is however close to the limit we
adopted for bound candidates (Sect. 3.4.3). Due to the additional
uncertainty on the systemic PM of the primary induced by its
binarity, the gravitational link should be considered uncertain.

5.1.5. ✏ Boo

We identified a candidate brown dwarf CPM companion (Gaia

EDR3 1279752168030730496) to the A0V+K0II-III binary
✏ Boo (HIP 72105; Fig. 13), at a projected separation of
4.9 kau (Fig. 13). An additional CPM companion (Gaia EDR3
1267607615425592448, 2MASS J14454000+2615167) with a
very low relative tangential velocity of �vtan = 0.1 ± 0.2 km s�1

is also identified at a much wider separation of 186 kau. Thus,
✏ Boo may, in fact, be a quadruple system.

5.1.6. ✏ PsA

The emission-line dwarf ✏ PsA (HIP 111954, HD 214748) of
spectral type B8Ve is a fast-rotating star (Cochetti et al. 2019)
that exhibits both a significant PMa signal (S/N = 12.7) and
a bound CPM candidate companion. The PMa is visible in
Fig. 13 as a di↵erence between the long-term Hipparcos-Gaia

PM vector (light green) and the short term Hipparcos and
Gaia EDR3 PM vectors. The resolved companion ✏ PsA B is
likely a low-mass red dwarf (mB ⇡ 0.23 M�), whose tangen-
tial velocity di↵erence is only �vtan = 0.37 ± 0.60 km s�1 with
respect to ✏ PsA A. This projected velocity is well below the
escape velocity at the projected separation of 11.7 kau (vesc ⇡
0.95 km s�1), considering a mass of 6 M� for the primary. The
observed PMa signal of the main component A cannot be caused
by the resolved companion B; rather, the signal indicates the
presence of a third component in the system orbiting close to
the primary. As shown in Fig. 14, the companion is possibly a
solar mass star orbiting between ⇡6 to 30 au from the primary.
Alternatively, it could also be a more massive star orbiting at
a larger separation. The position angle of the Gaia EDR3 tan-
gential velocity anomaly is PA = 263.8 ± 2.7 deg for a norm
of �vtan,G3 = 3.6 ± 0.3 km s�1 (S/N = 12.7). The PA coincides
modulo 180� with the position angle of the gaseous equatorial
disk of the Be star, which was found by Cochetti et al. (2019)
to be PA = 67� (with a high inclination of i = 73� on the line
of sight). This indicates that the stellar mass close-in companion
is possibly orbiting in the same plane as the disk. The PMa is
also significant from the Hipparcos catalog (S/N = 3.9), with a
position angle of 285.9± 9 deg and a tangential velocity residual
of �vtan,H = 2.6 ± 0.7 km s�1.

5.1.7. L2 Puppis

This semi-regular pulsating red giant star L2 Puppis (HIP 34922,
HD 56096) exhibits a significant PMa signal in Gaia EDR3
(S/N = 4.0) as well as in DR2 (S/N = 3.6). However, the
interpretation of this signal in terms of the presence of a mas-
sive companion is not pertinent. The first reason is that the
inhomogeneities present on the surface of giant and supergiant
evolved stars (caused by their very large convective cells) a↵ect
the position of the photocenter, therefore adding noise to the
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Conclusion
• 43% of the 117,000 Hipparcos stars exhibit at least one 

signature of binarity (PMa, RUWE, CPM)


• Many low mass companion signatures in PMa, including of 
planetary mass


• Tangential velocity anomaly accuracy: Δvtan ~ 0.26 m/s/pc with 
the (E)DR3


• The DR3 includes a wonderful catalog of non-single stars !

https://www.cosmos.esa.int/web/gaia/dr3-papers

https://www.cosmos.esa.int/web/gaia/dr3-papers

