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DR3 treats binary stars as such for the first time

A large fraction of stars live in binary or multiple systems.

For DR1, DR2, and eDR3, the data processing has treated the Gaia measurements as if 
they corresponded to a single source.

In contrast, DR3 contains various flavours of “non-single star” (NSS) solutions 
• Discovery of multiple systems
• Kepler’s law -> component masses and the nature of the companion
• Eclipsing systems -> component sizes, luminosities, etc.
• Orbital configuration ->  dynamical state and interactions with environment

Paper: Gaia Collaboration, Arenou, et al., 2022, A&A: Gaia Data Release 3: Stellar 
multiplicity, a teaser for the hidden treasure

Processing papers: Damerdji at al. 2022; Gosset et al. 2022; Halbwachs et al. 2022; 
Holl et al. 2022; Siopis et al. 2022
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Gaia DR3 binaries are (almost) everywhere
A&A proofs: manuscript no. DPACP-100

Fig. 4. Gaia H-R diagram, uncorrected for extinction, for all NSS solutions with a relative parallax error better than 20%. No selection is done on
the photometric quality. The colour scale represents the square root of the relative density of stars. Top: Astrometric binaries, (a): all Orbital*
solutions plus AstroSpectroSB1, (b): Acceleration solutions, (c): VIMF; Bottom: Spectroscopic binaries with (d): SB* orbits and (e):
NonLinearSpectro, (f): eclipsing binaries.

2.3. Output filtering

Once the first processing results were analysed, it appeared that
the cleaning of the input list had still left a very large fraction of
spurious solutions. This is why it was decided to keep the most
significant solutions for Gaia DR3: a general filter was applied to
keep those with goodness of fit smaller than 50 and significance
> 5 (> 2 for OrbitalTargetedSearch*). The significance is
computed as the S/N ratio of the semi-major axis for astromet-
ric orbits, (a0/�a0 ), on the S/N ratio of the acceleration module
for acceleration solutions, and of the semi-amplitude for spectro-
scopic binaries, (K1/�K1 ). Supplementary filtering was applied
during the processing or at post-processing level as described
for the various models below.

Astrometric binaries, acceleration solutions: One could
naively hope that the estimated accelerations would allow to de-

tect binaries of intermediate period and provide some useful in-
formation about the binary, e.g. the minimum mass producing
the given acceleration on the primary. The situation appears ac-
tually more complex. The acceleration values themselves are not
discussed, and it can be seen that these solutions improve the
baseline solution, e.g. looking at a slightly thinner giant branch
for an HRD produced using the parallaxes from the acceleration
solution, compared to those from the main catalogue. What is at
stake is the interpretation of the acceleration term.

What happens is the combination of two e↵ects. The first
one originates from the organisation of the NSS processing: ac-
celeration solutions were attempted before any other solutions,
and kept if significant enough with a reasonable GoF. The (un-
wanted) e↵ect is that some solutions which could have received
a full orbit parametrisation were not attempted and appear in the
NSS catalogue with an acceleration solution instead. The sec-
ond e↵ect is that an acceleration term can be significant even for

Article number, page 6 of 60

Credits: ESA/Gaia/DPAC, Nathalie Bauchet;     Gaia Collaboration, Arenou et al. 2022
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There are plenty of spectroscopic and eclipsing 
binaries in DR3

~ 185 000 spectroscopic binaries 
from radial-velocity variations

~45 times more orbits than in the 
SB9 Catalogue

Credits: ESA/Gaia/DPAC, Gaia Collaboration, Arenou et al. 2022

Gaia Collaboration et al.: Gaia DR3 – Stellar multiplicity

Fig. 20. The e - P diagram for SB1s along the main sequence, filtered according to significance factors larger than 10, 20 or 40 (from left to right),
and for di↵erent (GBP,0 � GRP,0) spans (top to bottom). Note how the long-period tail gets more populated when the significance is allowed to
be smaller (left panels), since long-period orbits have smaller K1 on average, and hence smaller significances K1/�K1 . But at the same time the
populated region becomes almost rectangular (top left panel), which appears quite unusual. There is a drop in the number of systems at P = 0.5 y
due to insu�cient sampling at this specific period. The color codes for the FLAME radius estimate.

Fig. 21. The period - radius diagram for all SB1 solutions falling along the RGB/AGB, according to the criterion (5), and with a radius available
from radius_flame. The dashed lines correspond to the threshold periods expressed by Eq. 7 forM1 = 1.3M� andM2 = 1.0M� (red dashed
line) and M1 = 1.3M� and M2 = 0.2M� (cyan dashed line). Left (a): unfiltered, 44 706 SB1 solutions (among which 3 056 unphysical, i.e.,
below the cyan dashed line); middle (b): filtered by significance K1/�K1 > 20, 27 404 solutions are rejected and 17 302 are kept (among which 214
unphysical); right (c): filtered by significance > 40, 37 850 solutions are rejected and 6 856 are kept (among which 21 unphysical).

6.2.2. e - P, P - f (M) diagrams

Figure 22 presents the e - P diagram for the same set of SB1
solutions (left panel) as shown on Fig. 21a, as compared to as-
trometric binaries along the RGB/AGB (right panel). The di↵er-
ence between the period range covered by SB1 and astrometric
solutions is striking. Since most astrometric orbits have periods
longer than about 200 d, they clearly satisfy the criterion ex-
pressed by the dashed line on Fig. 21 and do not overfill their
Roche lobe, contrarily to the short-period SB1 solutions.

Figure 23a is similar to Fig. 22 but replacing eccentricities by
mass functions, and revealing again two populations of SB1 so-
lutions, the short-period ones being characterized by very small
mass functions f (M). The origin of this population of short-
period SB1 solutions among RGB/AGB stars clearly needs clar-
ification. In the following, we show that they are associated with

poorly defined solutions. It appears indeed that almost all un-
physical SB1 solutions may be eliminated by using the same
purely observational criterion as used in Sect. 6.1, and based on
the value of the significance of the SB1 solution (available in Ta-
ble nss_two_body_orbit from the Gaia archive), i.e. K1/�K1 , K1
being the semi-amplitude of the first component.

Almost no outlier remains in the P � R (Fig. 21c) and P -
f (M) (Fig. 23c) diagrams when that significance exceeds 40,
a few outliers remain when it exceeds 20 but many more solu-
tions are kept, as may be seen from Table 4. That table shows
that the gradual disappearance of unphysical SB1 solutions as
the significance increases corresponds to a real filtering out of
unphysical solutions since the fraction of remaining unphysical
solutions truly diminishes as the significance increases (passing
from 6.8% in the absence of any filtering to 0.3% when the sig-
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Fig. 20. The e - P diagram for SB1s along the main sequence, filtered according to significance factors larger than 10, 20 or 40 (from left to right),
and for di↵erent (GBP,0 � GRP,0) spans (top to bottom). Note how the long-period tail gets more populated when the significance is allowed to
be smaller (left panels), since long-period orbits have smaller K1 on average, and hence smaller significances K1/�K1 . But at the same time the
populated region becomes almost rectangular (top left panel), which appears quite unusual. There is a drop in the number of systems at P = 0.5 y
due to insu�cient sampling at this specific period. The color codes for the FLAME radius estimate.

Fig. 21. The period - radius diagram for all SB1 solutions falling along the RGB/AGB, according to the criterion (5), and with a radius available
from radius_flame. The dashed lines correspond to the threshold periods expressed by Eq. 7 forM1 = 1.3M� andM2 = 1.0M� (red dashed
line) and M1 = 1.3M� and M2 = 0.2M� (cyan dashed line). Left (a): unfiltered, 44 706 SB1 solutions (among which 3 056 unphysical, i.e.,
below the cyan dashed line); middle (b): filtered by significance K1/�K1 > 20, 27 404 solutions are rejected and 17 302 are kept (among which 214
unphysical); right (c): filtered by significance > 40, 37 850 solutions are rejected and 6 856 are kept (among which 21 unphysical).

6.2.2. e - P, P - f (M) diagrams

Figure 22 presents the e - P diagram for the same set of SB1
solutions (left panel) as shown on Fig. 21a, as compared to as-
trometric binaries along the RGB/AGB (right panel). The di↵er-
ence between the period range covered by SB1 and astrometric
solutions is striking. Since most astrometric orbits have periods
longer than about 200 d, they clearly satisfy the criterion ex-
pressed by the dashed line on Fig. 21 and do not overfill their
Roche lobe, contrarily to the short-period SB1 solutions.

Figure 23a is similar to Fig. 22 but replacing eccentricities by
mass functions, and revealing again two populations of SB1 so-
lutions, the short-period ones being characterized by very small
mass functions f (M). The origin of this population of short-
period SB1 solutions among RGB/AGB stars clearly needs clar-
ification. In the following, we show that they are associated with

poorly defined solutions. It appears indeed that almost all un-
physical SB1 solutions may be eliminated by using the same
purely observational criterion as used in Sect. 6.1, and based on
the value of the significance of the SB1 solution (available in Ta-
ble nss_two_body_orbit from the Gaia archive), i.e. K1/�K1 , K1
being the semi-amplitude of the first component.

Almost no outlier remains in the P � R (Fig. 21c) and P -
f (M) (Fig. 23c) diagrams when that significance exceeds 40,
a few outliers remain when it exceeds 20 but many more solu-
tions are kept, as may be seen from Table 4. That table shows
that the gradual disappearance of unphysical SB1 solutions as
the significance increases corresponds to a real filtering out of
unphysical solutions since the fraction of remaining unphysical
solutions truly diminishes as the significance increases (passing
from 6.8% in the absence of any filtering to 0.3% when the sig-
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~ 87 000 eclipsing binaries with 
orbital solutions from photometric 
variations

Example: Rare binaries where the 
companion is a young bloated  
white dwarf (EL CVn)
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DR3 contains the first uniform and large-scale 
census of astrometric binaries

~169 000 astrometric orbit solutions, most 
correspond to unresolved “astrometric 
binaries”. 

The literature compilation (Washington 
Double Star Catalogue, WDS, “orb6”) 
contains ~3400 orbits, of which most are 
resolved “visual binaries”.

DR3 contains 50 times as many orbits as 
WDS and 300 times as many “astrometric 
binaries”.

540 literature orbits

169,000 DR3 orbits
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Gaia discovers many white dwarf companions

Combined analyses of stellar and orbital 
parameters lead to companion-mass 
estimates.

The peak in the companion mass 
distribution corresponds to the typical 
value of field white dwarfs, e.g. Sirius-
type systems.

A few dozen of double-degenerate white 
dwarf binaries were identified as well.

Credits: ESA/Gaia/DPAC, Gaia Collaboration, Arenou et al. 2022

A&A proofs: manuscript no. DPACP-100

Fig. 35. Class-III CMD. Black points - Orbital and AstroSpectro, for
reference. Red points are AMRF class-III. The yellow star is Gaia DR3
5136025521527939072.
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Fig. 36. A histogram of the companion masses for compact object can-
didates, up to a mass of 2.1M�.

cantly to the brightness of the system in the Gaia bands. How-
ever, if hot enough, there may be a measurable excess at shorter
wavelengths. In addition, the secondary mass will lie between
⇡ 0.4 � 1.4M�, where the Chandrasekhar limit defines the up-
per bound.

Binaries with WD components might also be detected astro-
metrically or as eclipsing binaries. Therefore, we have assem-

Fig. 37. e - P diagram. Black points - Orbital and AstroSpectro,
for reference. Red points are AMRF class-III. Yellow star is the Gaia
DR3 5136025521527939072.

bled an initial list of potential candidate binary systems with
WD components from the non-single stars, selected for all these
possibilities, using the following nss_solution_type keywords:
AstroSpectroSB1, SB1C, SB1, Orbital, OrbitalAlternative,
Eclipsing*, OrbitalTargetedSearch. E↵ectively, this is all
non-single star systems except for SB2 binaries. We did not ap-
ply any quality selection criteria except to reject any objects with
G greater than 20. This selection yielded a total of 355 524 non-
single stars for further analysis. The AMRF sample, based on
AstroSpectroSB1 and Orbital solutions alone, is a subset of
these candidates for which we have good estimates of the com-
ponent masses.

In the search for WD companions, we use the AMRF data
to restrict the mass range of compact objects to lie below the
1.4M� Chandrasekhar limit. Applying this criterion yields 676
objects which are shown in green in Fig. 38 and compared to the
locus of the GCNS (grey data points). The secondary mass alone
cannot be used to definitively determine that these are WD com-
ponents, as F, G, K and the earliest M main sequence stars also
occupy this mass range. However, several factors indicate that
these objects are highly likely to be Sirius-type binaries. Any
unresolved main sequence binaries should appear to be over lu-
minous. Evolution on the main sequence and the range of pos-
sible luminosity combinations may prevent a clear separation of
binaries and isolated stars, but unresolved main sequence bina-
ries should appear as SB2 systems in the non-single star Gaia
catalogue. Finally, as noted above, the mass distribution for the
secondaries in these unresolved astrometric binaries has a strong
peak at 0.55-0.6M�, corresponding to the known peak of the
mass distribution of field WDs (Fig. 36). This is in contrast to
the smooth mass distribution expected for main sequence stars.

While the vast majority of selected objects lie on the main
sequence, as shown in Fig. 38, there are 39 objects that match
WD colours and magnitudes, indicating a WD primary, shown
in Fig. 39. The majority of these objects lie above the main con-
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centration of the isolated white dwarfs. Therefore, these systems
are highly likely to be double degenerates, where the brightness
of two unresolved combines to yield an apparent excess in lumi-
nosity.

Fig. 38. H-R diagram of the candidate non-single stars with WD com-
ponents with a secondary mass solution below the Chandrasekhar limit
(< 1.4M�, green data points). These are compared with the locus of
stars in the GCNS (grey data points).

Fig. 39. WD with orbital solutions (green points, corrected from extinc-
tion) overplotted on the Gaia DR3 low extinction HRD. Most of the
points lie above the hydrogren sequence. The red dots and WD 0141-
675 (orange square) are discussed Sect. 8.8.

As discussed above, when we know the secondary mass and
the binary is not revealed as an SB2 system, we can be very
confident that the secondary is a WD and, therefore, the binary
a Sirius-type system. However, it is likely that there are many
more Sirius-type systems in the non-SB2 sample. An unresolved
binary system can be revealed by a flux excess in a waveband
where the contribution from the primary star is expected to be
weak. A number of Sirius-type binary discoveries have been
made by detecting the WD in the EUV or UV wavebands. The
GALEX mission surveyed most of the sky in two broad FUV
and NUV bands. Cross-correlating the GALEX data base with
the Gaia DR3 non-SB2 binaries will potentially reveal the Sirius-
type systems with a hot WD component. This is illustrated by
applying this to the astrometric binaries in the sample. Fig. 40
and Fig. 41 show the G vs GBP – GRP H-R diagram for the cross-
match of the GALEX GR6+7 AIS catalogue with this sample
for NUV and FUV bands respectively. The small grey data points
are the GCNS stars in each figure while the coloured symbols are
the NUV (Fig. 40) and FUV detections (Fig. 41), colour-coded
by the absolute NUV or FUV magnitude, as indicated in the side
bar. These magnitude ranges can be compared to the typical val-
ues for white dwarfs in the optical colour/absolute magnitude
diagram, as indicated in Fig. 39. The absolute NUV magnitude
correlates well with the GBP – GRP colour, an indicator of the
temperature of the primary star. However, a few systems show a
strong NUV excess for the systems with cooler main sequence
primaries, indicated by red to yellow colours compared to green
to blue in that region of the diagram. Hence, the integrated NUV
flux is not generally a good indicator of the presence of the white
dwarf. In contrast, there is little, if any, correlation between the
absolute FUV magnitude and GBP – GRP colour, indicating that
the FUV is a better discriminator than the NUV, the measured
magnitudes potentially providing an estimate of the WD tem-
perature. However, this can only be applied to the relatively few
stars that are su�ciently hot to have a measurable FUV flux. We
note that the FUV magnitude is a not a completely unique indica-
tor of the presence of a WD, as coronally active main sequence
stars can also generate an enhancement in the total FUV flux
through the strong C iv (154.8nm & 155.0nm) and He ii (164nm)
emission lines.

We also cross-matched the full Gaia DR3 non-SB2 binaries
with the GALEX GR6+7 AIS catalogue. The results are shown
in Fig. 42, with 29 000 stars of the list of 355 000 objects hav-
ing a GALEX FUV counterpart. The FUV detections in the WD
region of the H-R diagram provide an indication of the range of
FUV absolute magnitudes, between ⇡ 8 � 20, that correspond
to WDs. Many of the FUV counterparts in Fig. 42 have simi-
lar magnitudes, but without further information it is not possible
to categorically identify these as WDs and rule out alternative
explanations for the FUV flux.

A more detailed modelling of the predicted primary and WD
fluxes across the expected range of temperatures should be able
to refine the discriminatory power of this approach to select-
ing Sirius-type systems, but that is beyond the scope of this
Gaia DR3 companion paper.

7.3. A binary with a dormant neutron star with an

AstroSpectroSB1 orbit?

Only a few tens of dynamically confirmed Galactic stellar black
holes (BH) and neutron stars (NS) are known to reside in binary
systems. They are discovered either by their X-ray emission, fu-
eled by mass transfer from their non-compact stellar companions
(e.g., Fabian et al. 1989; Remillard & McClintock 2006; Orosz

Article number, page 33 of 60
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Gaia discovers a dormant neutron star (candidate)

Several spectroscopic orbits imply companions 
that are much dimmer but more massive than 
the primary star.

These companions can be neutron stars or even 
black holes.

Example: Gaia DR3 5136025521527939072; 
orbit detected both in radial velocity and 
astrometry; Period 546 d with inferred 
component masses of 1.2 M⨀ + 1.5 M⨀

Credits: ESA/Gaia/DPAC, Gaia Collaboration, Arenou et al. 2022 Phase
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DR3 contains exoplanet (re-)discoveries
Photometry: 
first Gaia discoveries of transiting Gaia-1b & Gaia-2b (Panahi 
et al. 2022), several re-discoveries, and many candidates

Radial velocity: 
DR3 contains many candidates with some re-discoveries (e.g. 
WASP-18b) 

Astrometry:
• Gaia astrometry unrivalled by other instruments 

-> a unique windows for discovery
• Astrometric orbits of known exoplanets, e.g. HD 81040 b
• Tens of new exoplanet candidates
• Confirmation usually necessitates additional analyses 

and/or data that are not part of DR3

List maintained at 
https://www.cosmos.esa.int/web/gaia/exoplanets

Credits: ESA/Gaia/DPAC, Gaia Collaboration, Arenou et al. 2022
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Astrometric orbit of HD 81040 
hosting  a 8 MJup planet

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

https://www.cosmos.esa.int/web/gaia/exoplanets
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Gaia starts harvesting exoplanet orbits

Gaia discovery space
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Gaia discovery space

Gaia starts harvesting exoplanet orbits

DR3 substellar-
companion candidates 

from astrometry
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Gaia discovers new exoplanet candidates

Credits: ESA/Gaia/DPAC, Gaia Collaboration, Arenou et al. 2022; Holl et al. 2022

A&A proofs: manuscript no. output

Fig. 13. Same as Fig. 12 but for Gl 876 i.e. Gaia DR3 2603090003484152064 (G = 8.88 mag, P = 61.36 ± 0.22 day, e = 0.16 ± 0.15, $ =
213.79 ± 0.07 mas).

Fig. 14. Same as Fig. 12 but for WD0141-279 i.e. Gaia DR3 4698424845771339520 (G = 13.70 mag, P = 33.65 ± 0.05 day, e = 0.20 ± 0.15,
$ = 102.87 ± 0.01 mas).

RV data it was removed from our publication list, thus making
this validation step part of the filtering process (see Sect. 5.2.2).

While this step of the validation procedures was performed
quite carefully, it is not entirely free from pitfalls. For exam-
ple, a small number of sources with good matches between
the fitted and literature P values where not flagged as ’Val-
idated’, and are still listed in Table A.2 with solution type
‘OrbitalTargetedSearch’. These include two known RV planet

hosts, HR 810 (Gaia DR3 4745373133284418816) and HD
142 (Gaia DR3 4976894960284258048), as well as Gaia DR3
2133476355197071616 (Kepler-16 AB). The latter source hosts
the first circumbinary planet detected by the Kepler mission,
with P = 105 d (Doyle et al. 2011; Triaud et al. 2022b). In
this case Gaia detects a companion with P = 41 d and an al-
most edge-on orbit, which is in fact the low-mass stellar com-
panion Kepler 16 B eclipsing Kepler-16 A. In a few cases, in-

Article number, page 16 of 29

A super-Jupiter orbiting the 
nearby metal-polluted 

white dwarf WD 0141-675 

Holl et al.: Gaia DR3 astrometric orbit determination with MCMC and Genetic Algorithms

Fig. 15. Same as Fig. 12 but for HD 40503 i.e. Gaia DR3 2884087104955208064 (G = 8.97 mag, P = 826.53 ± 49.89 day, e = 0.07 ± 0.10,
$ = 25.49 ± 0.01 mas).

Fig. 16. Same as Fig. 12 but for 2MASS J08053189+4812330 i.e. Gaia DR3 933054951834436352 (G = 20.01 mag, P = 735.91 ± 22.99 day,
e = 0.42 ± 0.23, $ = 43.77 ± 0.71 mas).

consistencies between literature RV data and the Gaia solutions
were overlooked. Two such examples are those corresponding
to Gaia DR3 1748596020745038208 (WASP-2) and Gaia DR3
5656896924435896832 (HATS-26, TOI-574). The two known
companions are hot Jupiters with orbital periods of 2.1 d (Collier
Cameron et al. 2007; Knutson et al. 2014) and 3.3 d (Espinoza
et al. 2016), respectively. The Gaia solutions have P = 38 d and
P = 193 d, respectively. No additional RV trends or modulations

are detected for WASP-2 and HATS-26, indicating that the Gaia
detections might be spurious.

6.3.3. Other literature solutions

Among literature solutions obtained with techniques other than
astrometry and RVs, we report in Table A.2 the good agree-
ment between the Gaia period and that obtained by Mur-

Article number, page 17 of 29

Super-Jupiters around the 
main-sequence stars HIP

66074 and HIP 28193 

Substellar companions to 
the young stars HD 3221 
and 2MASS J02192210-

3925225
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There is more substellar science candy in DR3

Credits: ESA/Gaia/DPAC, Gaia Collaboration, Arenou et al. 2022; Holl et al. 2022

Holl et al.: Gaia DR3 astrometric orbit determination with MCMC and Genetic Algorithms

Fig. 12. Astrometric orbit of HD 114762 i.e. Gaia DR3 3937211745905473024 (left bottom panel) as determined by Gaia (G = 7.15 mag,
P = 83.74 ± 0.12 day, e = 0.32 ± 0.04, $ = 25.36 ± 0.04 mas). North is up and East is left. The sky-projected orbit model about the system
barycentre marked with an "x" is shown in grey and astrometric measurements and normal-points after subtraction of parallax and proper motion
are shown in grey and black, respectively. Only one-dimensional ("along-scan") astrometry was used, therefore the shown o↵sets are projected
along Gaia’s instantaneous scan angle, whose orientation is also indicated by the error-bars. The star’s modelled parallax and proper motion is
shown in the top-left panel by the solid curve, where open circles indicate the times when the star crossed the Gaia field-of-view. The arrow
indicates the direction of motion. The top-right panel shows the normal points after subtraction of the parallax and proper motion as a function
of time. The middle-right and bottom-right panel shows the post-fit residual normal-points and individual CCD-transit data, respectively. Normal-
points are computed at every field-of-view transit of the star from the ⇠9 individual CCD transits and are only used for visualisation, whereas the
data processing uses individual CCD-transit data.

these large number of spurious solutions were mostly filtered
out by our aggressive filter criteria described in Sect. 5, at the
cost of removing potentially good solution and thus overall low
completeness.

The adopted solution filtering procedure did not include
constraints on the mass function. A few percent of unrealisti-
cally large values of f (M) primarily with short orbital periods
(P . 100 days) is still present. As further discussed in Gaia Col-
laboration, Arenou, et al. (2022), these are likely to be spurious,
and therefore the level of contamination of the ‘OrbitalAlterna-
tive’ solutions is probably around 5%. In Gaia Collaboration,
Arenou, et al. (2022) (see Sect. 5.1) a recipe is provided for ef-
fectively excluding such spurious orbits based on constraints of
the parallax significance as a function of the orbital period of the
solution.

The identification of likely spurious solutions in the ‘Orbital-
TargetedSearch’ sample, and corresponding estimate of the de-
gree of contamination, was performed as part of the validation
analysis, and is described in the following sections.

6.3. Validation

Validation includes comparison with available literature ra-
dial velocity or astrometry data, as well as Gaia radial veloc-
ity solutions. These were used to grant certain candidate or-
bits the status of ‘Validated’, identified by this su�x to their
nss_solution_type.

6.3.1. Literature astrometric solutions

In the ‘OrbitalTargetedSearch’ category, literature astrometric
orbits for two targets were available: DE0823�49 (Gaia DR3
5514929155583865216, Sahlmann et al. 2013) and 2M0805+48
(Gaia DR3 933054951834436352, Sahlmann et al. 2020) both
being consistent with the Gaia orbit and thus leading to their
‘Validated’ su�x. They are listed in Appendix A.

6.3.2. Literature radial velocity solutions

When available, literature radial velocity data was used to vet
the full subset of candidate companions with M̃c < 120 MJ (i.e.,
assuming 1 M� host) and a subset with M̃c > 120 MJ in the ‘Or-
bitalTargetedSearch’ candidate set. When the orbital parameters
(typically the period and eccentricity) between the RV solution
and the Gaia solution were found to be consistent, it resulted in
the ‘Validated’ su�x, all of which are listed in Appendix A.

For several sources the RV reference parameters are not
given, this is to indicate that the RV data alone was not enough to
validate the orbit on its own (e.g. there were multiple significant
peaks in the RV periodogram). In those cases we validated the
target if the RV data was consistent after constraining the period
of the keplerian to the Gaia orbital period.

If no literature RV solution was found the source was kept
without additional su�x in the name, i.e., it stayed a candidate.
When an astrometric orbit was found to be incompatible with
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HD 114762 B: first substellar companion candidate 
around a solar-type star (Latham et al. 1989).
Gaia DR3 orbit firmly establishes this as a stellar binary.

Gmag=7

Holl et al.: Gaia DR3 astrometric orbit determination with MCMC and Genetic Algorithms

Fig. 15. Same as Fig. 12 but for HD 40503 i.e. Gaia DR3 2884087104955208064 (G = 8.97 mag, P = 826.53 ± 49.89 day, e = 0.07 ± 0.10,
$ = 25.49 ± 0.01 mas).

Fig. 16. Same as Fig. 12 but for 2MASS J08053189+4812330 i.e. Gaia DR3 933054951834436352 (G = 20.01 mag, P = 735.91 ± 22.99 day,
e = 0.42 ± 0.23, $ = 43.77 ± 0.71 mas).

consistencies between literature RV data and the Gaia solutions
were overlooked. Two such examples are those corresponding
to Gaia DR3 1748596020745038208 (WASP-2) and Gaia DR3
5656896924435896832 (HATS-26, TOI-574). The two known
companions are hot Jupiters with orbital periods of 2.1 d (Collier
Cameron et al. 2007; Knutson et al. 2014) and 3.3 d (Espinoza
et al. 2016), respectively. The Gaia solutions have P = 38 d and
P = 193 d, respectively. No additional RV trends or modulations

are detected for WASP-2 and HATS-26, indicating that the Gaia
detections might be spurious.

6.3.3. Other literature solutions

Among literature solutions obtained with techniques other than
astrometry and RVs, we report in Table A.2 the good agree-
ment between the Gaia period and that obtained by Mur-
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Orbits and masses of brown dwarf binaries, 
e.g. 2M0805 (L4+T5).
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Conclusion: Gaia DR3 is awesome! 
Several products and many results omitted for sake of time, e.g. 
• Accelerations in astrometry and radial velocity -> binaries with long periods
• Catalog of masses (gaiadr3.binary_masses), including model-independent masses

Reminder: the epoch astrometry, photometry, spectroscopy is generally not part of DR3

The Gaia collaboration DR3 publications are shallow explorations of selected topics. They 
are potential entry points and inspirations for more thorough analyses.

Many exciting non-single star discoveries need to be confirmed and most remain to be 
made. This is a community effort. An enormous new dataset for the study of non-single 
stars is now just one archive query away.  

Thank you    
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Conclusion: Gaia DR3 is awesome! 
Several products and and many results omitted for sake of time, e.g. 
• Accelerations in astrometry and radial velocity -> binaries with long periods
• Catalog of masses (gaiadr3.binary_masses), including model-independent masses

Reminder: the epoch astrometry, photometry, spectroscopy is generally not part of DR3

The Gaia consortium merely scratches the surface of the scientific content of DR3 and our 
DR3 publications are shallow explorations of selected topics. They are potential entry points 
and inspirations for more thorough analyses.

Many exciting non-single star discoveries need to be confirmed and most remain to be 
made. This is a community effort. An enormous new dataset for the study of non-single 
stars is now just one archive query away. 

Thank you    


