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Abstract
Stars like company. They are mostly formed in clusters and their lives are often altered by the
presence of one or more companions. Interaction processes between components may lead to
complex outcomes like Algols, blue stragglers, chemically altered stars, type Ia supernovae,
as well as progenitors of gravitational wave sources, to cite a few. Observational astronomy
has entered the era of big data, and thanks to large surveys like spatial missions Kepler, TESS,
Gaia, and ground-based spectroscopic surveys like RAVE, Gaia-ESO, APOGEE, LAMOST,
GALAH (to name a few) the field is going through a true revolution, as illustrated by the recent
detection of stellar black holes and neutron stars as companions of massive but also low-mass
stars. In this review, I will present why it is important to care about stellar multiples, what are
the main large surveys in which many binaries are harvested, and finally present some features
related to the largest catalogue of astrometric, spectroscopic and eclipsing binaries provided by
the Non-Single Star catalogue of Gaia, which is, to date, the largest homogeneous catalogue of
stellar binaries.

Keywords: binary stars, stellar multiplicity, spectroscopic binaries, eclipsing binaries, astro-
metric binaries

1. Introduction
Most stars form in binaries and hierarchies, in clusters and associations rather than in iso-

lation (Duchêne and Kraus, 2013). Almost all massive stars have stellar companions (Sana
et al., 2012): the multiplicity fraction for O-type main sequence was recently revised to be
94± 14% while the mean number of companions per early-type star reaches 2.1± 0.3 (Moe
and Di Stefano, 2017) meaning that most massive stars are part of stellar triples. Neverthe-
less, the early-type stars (OBA spectral types) represent less than 1% of all the galactic stars
(Ledrew, 2001) and probe only recent local history, impeding galactic archaeology. For long-
lived late-type stars, the multiplicity fraction is estimated to be 40–60%, coming from various
samples of the Solar Neighborhood (e .g., Abt and Levy, 1976; Duquennoy and Mayor, 1991;
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Figure 1: Mobile diagram of the stellar septuple 65 UMa with the high-
est degree of hierachical levels (5) known so far in a 5+2 architecture.
The black components have unknown spectral types. Component C of
2.01M⊙ could be itself a spectroscopic binary making this system a po-
tential stellar octuple. That is why the follow-up of component C is of
very high interest while being challenging (separation of 3.9 arcsec).
‘k’ stands for ky.

Raghavan et al., 2010; Tokovinin, 2014; Fuhrmann et al., 2017; Moe and Di Stefano, 2017;
Reylé et al., 2021) during the last 50 years (Table 1). But the recent analysis of the 10 pc sam-
ple, rather complete and based on Gaia data (Reylé et al., 2021), reduces this fraction to 28%,
meaning a mean number of companions of 0.51, significantly lower than the 0.61 value from
Raghavan et al. (2010). At the stellar low-mass end, Winters et al. (2019) published a complete
census of the red dwarfs (M spectral type) in the 25 pc sample, with a multiplicity fraction of
27% marking the lower limit of stellar multiplicity, but in tension with the fraction provided
by Moe and Di Stefano (2017) and Fuhrmann et al. (2017). To be complete, we also mention
the recent analyses of wide binaries in the 200 pc and the 1 kpc samples, based on successive
Gaia releases containing the widest bound systems (up to 0.25 pc, El-Badry et al. 2021a). Sta-
ble stellar systems are hierarchical in nature and the highest-order systems known can include
seven components in five hierarchical levels like 65 UMa, see Fig. 1. The Castor system, one
of the first physical binary which has been shown to be gravitationaly bound (Herschel, 1803)
is actually a sextuplet made of two binaries orbiting each other with a more distant binary, i.e. a
(2+2)+2 architecture, where 3D orbits have been only very recently fully characterised thanks
to a combination of spectrometry, photometry and interferometry (Torres et al., 2022). We warn
the reader that the present review is unavoidably biased, and does not pretend to be exhaustive
regarding the many aspects of stellar multiplicity.
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2. Why Do We Care about Stellar Multiples?
Besides the evidence, given in the introduction, on how common binaries and multiples

are, stellar multiples are detected through a large variety of observational techniques that probe
different period regimes. In this review we will mainly focus on astrometric (AB), spectroscopic
(SB) and eclipsing (EB) binaries. We do care about stellar multiples because they allow us to
(i) benchmark single stars, understand stellar (ii) formation and (iii) evolution.

2.1. Benchmarking

The mass of a star is the most fundamental parameter for its structure (e.g., convective and
radiative zones), its evolution (i.e., dictates which nuclear reactions are taking place), and its
final fate as white dwarf (WD), neutron star (NS) or black hole (BH). The stellar objects that
provide the most precise and accurate masses (lower than 2%) are spectroscopic binaries with
two visible components that show eclipses (SB2+EB) because they are the least-model depen-
dent (Serenelli et al., 2021). They represent cornerstones on which single star evolutionary
models are anchored (e.g., Paczyński, 1970; Iben and Renzini, 1984; Kippenhahn et al., 2013).
They can also be used as benchmarks to calibrate the mass-luminosity, mass-radius and other
associated scales for main-sequence stars (Eker et al., 2018; Moya et al., 2018).

2.2. Stellar formation

Our current view of stellar formation relies on elementary formation mechanisms sum-
marised, e.g., in Offner et al. (2023). Stars form by hierarchical collapse of giant molecu-
lar clouds caused by the Galactic spiral-arms structure and colliding flows in the interstellar
medium (Vázquez-Semadeni et al., 2019). The increase of the density of the gas produces a
decrease of the Jeans mass that leads to fragmentation in cascade (hierarchical fragmentation,
Bodenheimer 1978) which stops when the gas becomes optically thick and heats adiabatically,
increasing the Jeans mass as a consequence. The protostars form at the smallest scales of the
cascade. Gravitational dynamics implies that small scales collapse faster than large ones. At
each scale, gas infalls from the upper scale, shrinking the orbits of the newly formed systems.
Tokovinin and Moe (2020) showed with simple prescriptions that most close binaries and com-
pact hierarchical triples are indeed formed by disc fragmentation followed by accretion-driven
inward migration. In overall, the inside-out formation in which inner pairs form first seems to
be the main scenario to explain the formation of triples and 3+1 quadruples although dynamical
interactions (captures, disruptions and collisions) can make the outside-in formation possible,
for instance to setup the 2+2 quadruples, at least partially (Tokovinin, 2021).

2.3. Stellar evolution

The fate of stellar binaries, as the building blocks of high-order systems, is mainly driven by
the masses of the components and their separations. Observationally, binaries are categorised in
three groups, following the General Catalogue of Variable Stars (Samus’ et al., 2017): detached,
semi-detached and contact binaries. Detached binaries are made of well separated components
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(a > 10 au) that are supposed to not have interacted in the past (which is not always the case).
The semi-detached and contact binaries are generally (very) close binaries (a < 10 au) which
are currently interacting by means of mass transfer between the components or lost from the
system. These binaries are laboratories for studying stellar physics of tidal effects, mass and
orbital angular momentum transfers and/or losses (e.g., Han et al., 2020). Such building blocks
are then used to understand the evolution of higher-order systems (Toonen et al., 2020).

Binarity in low-mass stars impacts the individual evolution of the components to create a
rich zoo of stellar families (e.g., De Marco and Izzard, 2017). Ba stars, CH and carbon-enhanced
metal poor (CEMP) stars are classes of chemically-peculiar evolved stars with enhancements
in carbon and heavy elements (like barium). These peculiarities originate from binaries that
experienced mass transfer in the past, leaving a chemical imprint in the form of an excess of
carbon, nitrogen, s-process and/or r-process elements. Such stars are called ‘extrinsic’. A cor-
relation between orbital period and [s/Fe] was never clearly observed in CEMP stars, contrary
to their relatives at higher metallicity (Ba and CH stars, Jorissen et al. 2019, although not so
clear). Metallicity, which modulates the s-process efficiency, may play an important role in
that respect (Karinkuzhi et al., 2021). In addition, the most metal-poor stars are challenging
to characterise because their low metal content produces less lines, and transitions are affected
by strong non-LTE effects (e.g., Ezzeddine et al., 2017) that lead to large uncertainties in their
astrophysical parameters and abundances. Progresses in determining accurate atomic data are
mandatory to obtain precise abundances (e.g., Merle et al., 2011), especially for iron-peak and
heavy elements.

Finally, many astrophysical observations could result from past mergers events occuring in
higher-order systems. The supegiant Betelgeuse could be an outcome of a past merger event
(Chatzopoulos et al., 2020) to explain its high spin. The XIXth century giant eruption in η Cari-
nae was suspected to be the result of a merger event in a triple system (Portegies Zwart and van
den Heuvel, 2016). R carbon stars could result from a merger of a red giant with a He white
dwarf (McClure, 1997; Izzard et al., 2007). Ba stars could arise from pollution of an AGB star
to an inner binary that ultimately merges (Gao et al., 2023). Most close binaries, including con-
tact binaries, are thought to be formed in triples that undergo Kozai-Lidov oscillations with tidal
friction (Bataille et al., 2018). Stellar hierarchies that evolved differently from simple binaries
can also form more exotic systems like blue stragglers (e.g., Geller et al., 2013) or type Ia su-
pernovae through sequence of merger events (Merle et al., 2022). On another side, hierarchical
systems can cause false positives in the search of exoplanets (Santerne et al., 2013). It is also
probable that we can see stellar mergers through transient events like (luminous) red novae,
e.g., the 2002 eruption in V838 Mon (Kamiński et al., 2021) that probably originated from a
merger in a triple or higher-order system. Indeed, the increase of luminosity over a short time
scale is a sign of accretion through mergers. More dramatic outcomes arise when more massive
components interact, as recently revealed by the detection of gravitational waves produced by
the merger of neutron stars and black holes (Abbott et al., 2016, 2017).
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3. Multiple Stars in the Era of Massive Surveys
The observational astronomy has entered the era of big data with (i) large spatial-based

photometric surveys mainly devoted to the detection of exoplanets, and (ii) large ground-based
spectroscopic surveys mainly devoted to the Galactic archaeology. While such surveys were
not generally thought to optimise binary detection, such large and homogeneous samples have
triggered systematic hunting of binaries and higher multiples to produce many catalogues (more
or less complete) of thousands binaries. Here we present a non-exhaustive list of photometric
and spectroscopic catalogues of binaries, and finally focus on the spectroscopically unresolved
cases.

3.1. Photometric surveys

Modelling the light curve of an EB provides the sum of the fractional radii relative to the
semi-major axis, (R1 +R2)/a, the ratio of effective temperatures, the period, the eccentricity,
and the orbital inclination. Since the nineties, several ground- and space-based massive photo-
metric surveys have monitored a large part of the sky.

• The Optical Gravitational Lens Experiment (OGLE, Udalski et al., 1992): since 1992,
this Polish survey in the direction of the Galactic Bulge and the Magellanic Clouds has
detected 425 000 EB and 25 000 ellipsoidal variables (Wyrzykowski et al., 2003; Graczyk
et al., 2011; Soszyński et al., 2016). The orbital period distribution ranges from 0.05 d
(75 min) to over 2600 d (7 years) with the bulk of the distribution below 1 d. About 150
doubly EB, i.e. quadruple systems, were also reported (Zasche et al., 2019).

• The Kepler mission (Koch et al., 2010): a monitoring of 150 000 main-sequence stars with
a field of view in Cygnus, Lyra and Draco constellations with 3 000 EB (Kirk et al., 2016;
Yücel and Bakış, 2022) showing an excess at 0.25 d for contact binaries (Kobulnicky
et al., 2022) and a broader peak at 2–3 d, and even 100 doubly EB (Kostov et al., 2022).

• The Transiting Exoplanet Survey Satellite (TESS, Ricker et al., 2015): a monitoring of
∼ 200000 bright stars covering 85% of the sky with 5 000 EB (Prša et al., 2022; Howard
et al., 2022) peaking at 0.25 d for contact binaries and around 3 d for the other, and 15 000
ellipsoidal candidates with P < 5 d (Green et al., 2023).

• The All-Sky Automated Survey for Supernovae (ASAS-SN, Kochanek et al., 2017): this
survey aims at observing one million variable sources over the sky down to magnitude
17, and 33 000 EB (Christy et al., 2022; Rowan et al., 2023) in the range [0.3, 100] d have
been detected.

• The Vista Variables in the Viá Láctea ESO near-IR Galactic survey (VVV, Minniti et al.,
2010): this survey covers one billion Galactic stars with 33 globular clusters and 350 open
clusters among which 187 000 EB and 18 000 contact EB have been identified using a
hierarchical classifier (Molnar et al., 2022).
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Such surveys have boosted the development of asteroseismology (Kurtz, 2022) including
in binary stars and led to various spectacular discoveries of pulsators like heartbeat stars which
are pulsating variables in eccentric orbits where resonances are induced between dynamic tides
at periastron and the free oscillation modes in the stars (Welsh et al., 2011); pulsating white
dwarfs in EB (Parsons et al., 2020); or led to the precise characterization of masses, chemical
composition and ages of binaries like α Cen (e.g., Thévenin et al., 2002). Higher-order systems
in EB, like compact hierarchical triples, are reviewed by Borkovits (2022). The first doubly EB
were reported by Zasche et al. (2022), and many more are now uncovered (Kostov et al., 2022)
from TESS.

3.2. Spectroscopic surveys

Modelling the radial velocity (RV) curve of an SB2 yields the mass ratio of the components
q = M2/M1, the period, the eccentricity, the RV semi-amplitudes, the centre-of-mass velocity
and the projected semi-major axes. If only one spectrum is visible, it is not possible to recover
the mass ratio and only the mass function is available which depends on the inclination that can
be provided either by eclipses or by astrometry/interferometry. Since the new millenium, many
ground-based massive spectroscopic surveys have monitored a large part of the sky:

• The RAdial Velocity Experiment (RAVE, Steinmetz et al., 2006): a survey that observed
half a million stars in the Southern hemisphere at R = 7500 in the Ca II triplet region.
About 120 SB2 (Matijevič et al., 2010) and 4 000 SB1 (Birko et al., 2019) were detected.

• The Gaia-ESO Survey (GES, Gilmore et al., 2022; Randich et al., 2022) which targets
100 000 stars in the Southern hemisphere at medium resolution (R ∼ 18000) and 10 000
stars at high resolution (R = 48000) among which ∼ 1000 SB1, SB2, SB3 and SB4
(Merle et al., 2017, 2020) and Van der Swaelmen et al. (in prep.) were identified.

• The Apache Point Observatory Galactic Evolution Experiment (APOGEE, Majewski
et al., 2017): this Northern hemisphere IR survey at R ∼ 22500 provides a large har-
vest of SB among the 150 000 stars observed including 100 SB2 (Fernandez et al., 2017),
2 500 unresolved SB2 (El-Badry et al., 2018b), 20 000 SB1 (Price-Whelan et al., 2020),
7 300 SB2, 800 SB3 and 20 SB4 (Kounkel et al., 2021)

• The Galactic Archaeology with HERMES (GALAH, De Silva et al., 2015): targets half
a million stars in the Southern sky with R ∼ 28000, currently 13 000 SB2 (Traven et al.,
2020) have been detected.

• The Large sky Area Multi-Object fibre Spectroscopic Telescope (LAMOST, Zhao et al.,
2012): this Northern survey is, with the 10th release, approaching 10 millions stars with
low and medium resolution. 256 000 SB1 or variable candidates (Qian et al., 2019),
2 200 SB2 (Zhang et al., 2022), 3 100 SB2, 130 SB3 (Li et al., 2021), 2 500 (Kovalev
et al., 2022) have been identified.
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Figure 2: (left) Orbital ‘ballet’ of the four components with respect
of the centre-of-mass of the spectroscopic quadruple HD 74438 from
Merle et al. (2022). The four components are spatially unresolved
but positions on sky can be deduced from spectroscopic and astromet-
ric/interferometric observations. The AB, CD and AB-CD pairs have
orbital periods of 20.6 d, 4.4 d and 5.7 y. We assume ascending node
arguments equal to zero for the two inner orbits and a value of 274◦ for
the outer orbit. For readability, the semi-major axes of the two inner
orbits are magnified by a factor of two. (right) RV semi-amplitude as
a function of the orbital period for simulated SB1 with masses of the
primaries at 0.5 (red) and 2.0 (blue) M⊙ with a mass ratio q = 0.3 and
eccentricities in the range [0, 0.8]. The inclination on the sky is taken at
68◦.

The Survey of Surveys (SoS, Tsantaki et al., 2022) have recently combined the above
surveys and Gaia DR2, providing the largest ever compilation of homogenised radial ve-
locities for the Milky Way, which included about 10% of binaries over the 11 million stars
(flag_binary = 1). Despite these impressive growing numbers, we stress that only a small
fraction of a few hundreds to thousands of these detections have orbital solutions yet. Most
of them are SB candidates which will require follow-up monitoring to complete their orbital
phases.

An illustrative example is provided by a spectroscopic quadruple (SB4, see left panel of
Fig. 2), first identified in GES (Merle et al., 2017) for which monitoring observations have been
obtained with high resolution spectrographs (HRS at the Southern African Large telescope and
HERCULES at University of Canterbury Mount-John Observatory). These monitoring allows
to characterise the 2+2 architecture and the orbital parameters of the two inner and outer orbits
(Merle et al., 2022) except the mutual inclinations for which interferometric observations would
be required.

177



3.3. The unresolved cases

Unresolved SB are SB with two or more components contributing to the stellar flux of
the multiple system but where the components are not resolvable by the spectrograph, either
because the RV of the components are, by chance, overimposed at the epoch of the observation,
or because the orbital period is long enough to have RV amplitudes smaller or of the order of
the resolution of the spectrograph. For a spectrograph with a resolving power of 20 000, this
corresponds to an RV amplitude smaller or equal to the instrumental broadening of 15 km s−1.
That is why higher the resolving power of the spectrograph is, longer the periods it can detect.
According to the log-normal distribution of late-type stars binaries (e.g., Raghavan et al., 2010))
the main reservoir of binaries peak at a period of about 270 y. This translates to RV semi-
amplitudes between 1 and 2 km s−1 for a binary made of late-type primaries in the range [0.5,
2.0] M⊙ with a mass-ratio of 0.3 (right panel of Fig. 2), which would need to have a spectrograph
with a resolving power of 150 000–300 000, which is not yet within the capabilities of the
today’s massive multi-objects spectroscopic surveys.

Such unresolved binaries, despite the lack of sensitivity to the Doppler shift of the compo-
nents, can nevertheless be identified and characterised. The proof-of-concept has been devel-
oped by El-Badry et al. (2018a) and tested on APOGEE, LAMOST and GALAH-like spectra
using binary against single star synthetic spectra and showing that temperature biases as large as
300 K can be obtain when a SB is treated as a single star. Using a supervised machine-learning
machinery called The Payne (Ting et al., 2019) and adapted for binaries, El-Badry et al. (2018b)
successfully identified more than 3 000 unresolved SB in APOGEE.

While such an approach is more efficient in the infra-red where the flux ratios are larger
than in the visible and in the ultra-violet, it is nowadays desirable to apply systematically this
kind of method to unravel many SB hidden in their long-period orbits. An illustrative exam-
ple in the visible (Fig. 3) is performed around the Mg I b triplet where the SB2 model (red)
better reproduces the wings of the Mg lines compared to the best single star model (in blue).
The method will be heavily sensitive to the signal-to-noise ratio because the secondary will be
detectable only if its contribution to the total flux is larger than the noise.

4. The Gaia Revolution
The Gaia ESA mission (Perryman et al., 2001) is the first massive survey that simul-

taneously combined astrometric, photometric and spectroscopic detection techniques. The
Gaia DR3 (Gaia Collaboration et al., 2023b) indeed provides a new quantitive leap in
the study of binaries and multiples with the publication of the Non-Single Star catalogue
(NSS, Gaia Collaboration et al., 2023a) which contains the largest homogeneous sample
of about 800 000 binaries including 87 000 eclipsing ones, 277 000 spectroscopic ones and
508 000 astrometric ones. Complete orbital parameters are available for a large subset
of them (nss_two_body_orbit), while partial and tentative solutions complete the sample
(nss_acceleration_astro and nss_non_linear_spectro). We also note that, indepen-
dently of the NSS catalogue, the variability catalogue vari_eclipsing_binary provides more
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Figure 3: Simulation at a resolving power of 47 000 of an unresolved
SB2 around the Mg I b triplet with S/N = 100 (black dots) fitted with
(i) a single star model in blue, (ii) a binary star model in red. The contri-
butions of the two components are also shown in light red. The residuals
are shown around 1.1. The residuals of the single model show signifi-
cant dispersion compared to the binary model suggesting that such un-
resolved SB2 can be uncovered when the companion has a flux higher
than the noise level, i.e. a few percent in this example.

than two million EB with detections and partial orbital solutions. By combining different meth-
ods, the DR3 also provides the estimation of masses for 195 000 primaries and 29 000 secon-
daries (https://doi.org/10.17876/gaia/dr.3/56).

4.1. The Hertzsprung–Russell diagram

The Hertzsprung-Russell diagram already benefited from the precision, accuracy, and ho-
mogeneity of both astrometry and photometry from Gaia DR2 (Gaia Collaboration et al., 2018b,
2019) allowing detailed studies of the various Milky Way stellar populations and stellar evolu-
tionary phases. In particular, the 100 pc sample clearly reveals a spread above the sequence
of normal stars (Gaia Collaboration et al., 2018a, their Fig. 8) and white dwarfs (Rebassa-
Mansergas et al., 2021, their Fig. 1) that reaches −0.75 mag corresponding to a sequence of
equal-mass binaries which are photometrically unresolved. Such unresolved populations of bi-
naries are well illustrated in the Gaia Catalogue of Nearby Stars (GCNS, Gaia Collaboration
et al., 2021, their Fig. 32). For the Hyades, the closest open cluster located at 47 pc, the authors
estimate a binary fraction of 34% for stars with masses in the range [0.2, 1.4] M⊙. At the end
of stellar evolution, we can mention short-period, post-common envelope binaries including a
white-dwarf and (i) a main sequence companion which are progenitors of normal cataclysmic
variables (CV) as classical/dwarf novae or other polars like AM Her; or (ii) an evolved com-
panion (evolved CV) which are progenitors of extremely low-mass WD, double white dwarfs,
or AM CVn systems (El-Badry et al., 2021b; Ren et al., 2023).
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Figure 4: Gaia DR3 orbital distribution of NSS targets sorted by
their astrometric (AB), spectroscopic (SB) or photometric (EB) detec-
tion method. The numbers in each category are given. The SB cover
the largest number of period decades (about four) while EB and AB
cover, respectively, the short periods (below 10 d) and the longer peri-
ods (above 100 d). Note the bump around 10 d for the SB orbital period
distribution.

4.2. The orbital period distribution

The binaries characterised in Gaia DR3 are those for which an orbital solution has been
derived from the 34 months (2.8 years) of data collection. The SB, AB and EB reach the limit-
ing G magnitudes of ∼ 13, 16 and 19, respectively. The distribution of their orbital periods are
displayed on Fig. 4. EB and AB probe very different period regimes (90% of the distribution
ranging from 0.3 to 3.4 d and 207 to 1090 d, respectively). On the contrary, SB cover the widest
range from 0.3 to 1452 d (1.5 to 1091 d for 90% of the distribution) except when restricted to
SB2, that have periods lower than 100 d (with 50% of them having periods lower than 6 d).
In addition, 33 000 systems have a combined astrometric+spectroscopic solution covering the
same period range as AB. 155 systems also have eclipsing+spectroscopic solutions with a mag-
nitude range from 9 to 13. The lack of AB around logP = 2.5 (i.e., systems with period of
one year) is related to the difficulty to decouple the orbital motion from the parallactic effect.
For EB, the peak at ∼ 0.5 d corresponds to contact binaries, when both stars fill their respec-
tive Roche lobe. The gradual drop-off at the right tail of the EB distribution is mainly due to
geometrical effects that decrease the probability of the eclipses at longer periods. Rowan et al.
2023 show that the eclipse probability for main sequence stars follow a P−2/3 law.

Concerning the 187 000 binaries identified as SB alone, about 3% are SB2 (5 400 systems)
and about 0.5% (950 systems) have a circular orbit. The shape of the SB orbital distribution
shows a bump located just below 10 d and a peak at 1000 d. The latter peak is an observa-
tional bias because the log-normal distribution of all binaries (Raghavan et al., 2010, peaking
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at logP ∼ 5, i.e., ∼ 270 years) is truncated by the 2.8 years timespan of the Gaia DR3. The
bump below 10 d is more complicated to explain and does not seem to be the result of an ob-
servational bias. Indeed, it is also clearly visible on the orbital distribution of the 4 000 SB of
The 9th Catalogue of Spectroscopic Binary Orbits (SB9, Pourbaix et al., 2004, their Fig. 3), but
not discussed. In the Multiple Star Catalogue (MSC, Tokovinin, 2018), an overdensity of inner
binaries in triples is also reported around 10 d but assumed to be a possible selection effect.
Using LAMOST and GALAH data, Bashi et al. (2022) have produced a clean selection of DR3
SB1 where the peak at 10 d is well visible in the most significant sample. Physical models
have been developed to explain such a bump, involving early stages of star formation with disc
fragmentation and migration (e.g., Tokovinin and Moe, 2020). Some other scenarios involved
effects occurring at later stages like tidal effects in binaries with main-sequence stars (e.g., Witte
and Savonije, 2002), outcome of common-envelope evolution (e.g., Podsiadlowski, 2014), sec-
ular evolution through Kozai-Lidov cycles and tidal friction implying a distant companion (e.g.,
Fabrycky and Tremaine, 2007; Bataille et al., 2018). The latter scenario is also supported by the
stellar triples found by comparing Gaia NSS astrometric acceleration and SB solutions (Gaia
Collaboration et al., 2023a), and the ones found by cross-matching with the catalogue of wide
binaries (El-Badry et al., 2021a), which all show a peak between 5 and 10 d (see Figs. 52, 53,
and 54 in Gaia Collaboration et al. 2023a).

4.3. Binaries including a quiet compact object

About ∼ 350 compact stellar remnants are identified in X-ray binaries, i.e., with high X-ray
luminosities, where a neutron star (NS, e.g., Sco X-1, Sandage et al. 1966) or a black hole (BH,
e.g., Cyg X-1, Miller-Jones et al. 2021) accretes gas from a companion through mass-transfer
processes like Roche-lobe overflow or stellar winds (Chaty, 2022).

The recent discoveries of binary candidates including quiescent compact companions like
NS (Mazeh et al., 2022; Escorza et al., 2023) or stellar BH (Shenar et al., 2022), have open the
lanes to hunt such candidates in a more systematic way (e.g., Mahy et al. 2022; Shahaf et al.
2023), allowing the detailed investigations of the stellar graveyard of the Milky Way and its
surroundings. This happened after the BH police (https://www.eso.org/public/news/eso2210/)
discarded several claims of such detections of binaries with radio-quiet compact objects. For
instance, thanks to the infrared spectro-interferometry, Frost et al. (2022) rejected for HR 6819
the model of a hierarchical triple with an inner binary harbouring a dormant BH.

Very recently, the first Gaia binaries hosting quiet BH, and coined Gaia BH1 and BH2, have
been convincingly identified (El-Badry et al., 2023b,a), albeit the authors still considered them
as candidates. Gaia BH1 is the first confirmed Sun-like star orbiting a black hole (El-Badry
et al., 2023b), and Gaia BH2 is a red giant orbiting a black hole (El-Badry et al., 2023a), which
make them both the widest systems that include a BH (186 d and 1280 d) but most importantly,
the two BH closest to our Solar System (0.5 and 1.2 kpc).
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5. Conclusion
We are living in an exciting era where astronomers are not limited any more by the quantity,

the quality and the homogeneity of the data. But this should not prevent us to forget about the
founding works of our elders, and in addition to the massive photometric and spectroscopic sur-
veys presented in Sections 3.1 and 3.2 which often host their own databases, it is also important
to acknowledge the huge efforts performed to maintain ancillary databases of binary stars:

• The Washington Double Star catalogue (WDS, Mason et al., 2001) maintained by the US
Naval Observatory since 1964 is the largest database of visual/astrometric/interferometric
binaries and multiples including more than 155 000 systems;

• The Binary star DataBase (BDB, Kovaleva et al., 2015) hosted since 2008 by the Russian
Academy of Science was originally developed at the BesanÃ§¸ on Observatory in 1995
in collaboration with D. Pourbaix who laid the first computing foundations, provides the
most comprehensive information about all types of binaries and contains about 120 000
systems;

• The General Catalogue of Variable Stars (GCVS 5.1, Samus’ et al., 2017) hosted by
the Russian Academy of Science and NASA which includes cataclysmic variables, EB
systems and variable X-ray sources;

• The Ninth Catalogue of Spectroscopic Binary Orbits (SB9, Pourbaix et al., 2004) hosted
at ULB since 2000 and founded more than a century ago by Campbell and Curtis (1905),
contains more than 4 000 SB (2 800 SB1 and 1 200 SB2) in the last update by D. Pourbaix
in 2021-03-02;

• The Multiple Star Catalogue (MSC, Tokovinin, 2018) hosted at NOIRLab and containing
more than 5 000 stellar triples and higher-order systems (including septuplets) in the last
release (2023-02-07);

• The Detached Eclipsing Binary Catalogue (DEBCat, Southworth, 2015) hosted at Keele
University and containing more than 320 well-characterised systems.

Obviously, this list is far from being complete, and many additional binary catalogues can be
found on the VizieR catalogue service (Ochsenbein et al., 2000) by querying, in the ‘Astron-
omy’ field: Binaries:eclipsing, Binaries:spectroscopic and Binaries:cataclysmic
which return 350+, 790 and 300+ catalogues, respectively (not all of them being relevant,
though).
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S., Rüdiger, A., Ruggi, P., Rutins, G., Ryan, K., Sachdev, S., Sadecki, T., Sadeghian, L.,
Sakellariadou, M., Salconi, L., Saleem, M., Salemi, F., Samajdar, A., Sammut, L., Sampson,
L. M., Sanchez, E. J., Sanchez, L. E., Sanchis-Gual, N., Sandberg, V., Sanders, J. R., Sasso-
las, B., Sathyaprakash, B. S., Saulson, P. R., Sauter, O., Savage, R. L., Sawadsky, A., Schale,
P., Scheel, M., Scheuer, J., Schmidt, J., Schmidt, P., Schnabel, R., Schofield, R. M. S., Schön-
beck, A., Schreiber, E., Schuette, D., Schulte, B. W., Schutz, B. F., Schwalbe, S. G., Scott,
J., Scott, S. M., Seidel, E., Sellers, D., Sengupta, A. S., Sentenac, D., Sequino, V., Sergeev,
A., Shaddock, D. A., Shaffer, T. J., Shah, A. A., Shahriar, M. S., Shaner, M. B., Shao, L.,
Shapiro, B., Shawhan, P., Sheperd, A., Shoemaker, D. H., Shoemaker, D. M., Siellez, K.,
Siemens, X., Sieniawska, M., Sigg, D., Silva, A. D., Singer, L. P., Singh, A., Singhal, A.,
Sintes, A. M., Slagmolen, B. J. J., Smith, B., Smith, J. R., Smith, R. J. E., Somala, S., Son,
E. J., Sonnenberg, J. A., Sorazu, B., Sorrentino, F., Souradeep, T., Spencer, A. P., Srivastava,
A. K., Staats, K., Staley, A., Steinke, M., Steinlechner, J., Steinlechner, S., Steinmeyer, D.,
Stevenson, S. P., Stone, R., Stops, D. J., Strain, K. A., Stratta, G., Strigin, S. E., Strunk, A.,
Sturani, R., Stuver, A. L., Summerscales, T. Z., Sun, L., Sunil, S., Suresh, J., Sutton, P. J.,
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Szymański, M. K., Toonen, S., Udalski, A., Ulaczyk, K., Vink, J. S. and Wrona, M. (2022)
An X-ray-quiet black hole born with a negligible kick in a massive binary within the Large
Magellanic Cloud. NatAs, 6, 1085–1092. https://doi.org/10.1038/s41550-022-01730-y.
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and Cagaš, P. (2019) Doubly eclipsing systems. A&A, 630, A128. https://doi.org/10.1051/
0004-6361/201936328.

Zhang, B., Jing, Y.-J., Yang, F., Wan, J.-C., Ji, X., Fu, J.-N., Liu, C., Zhang, X.-B., Luo, F.,
Tian, H., Zhou, Y.-T., Wang, J.-X., Guo, Y.-J., Zong, W., Xiong, J.-P. and Li, J. (2022)
The spectroscopic binaries from the LAMOST medium-resolution survey. I. Searching for
double-lined spectroscopic binaries with a convolutional neural network. ApJS, 258(2), 26.
https://doi.org/10.3847/1538-4365/ac42d1.

Zhao, G., Zhao, Y.-H., Chu, Y.-Q., Jing, Y.-P. and Deng, L.-C. (2012) LAMOST spectral survey
— An overview. RAA, 12(7), 723–734. https://doi.org/10.1088/1674-4527/12/7/002.

214

https://doi.org/10.1093/mnras/stz2736
https://doi.org/10.1088/0067-0049/197/1/4
https://doi.org/10.3847/1538-3881/ab05dc
https://doi.org/10.3847/1538-3881/ab05dc
https://doi.org/10.1051/0004-6361:20020155
https://doi.org/10.1051/0004-6361:20020155
https://doi.org/10.48550/arXiv.astro-ph/0304458
https://doi.org/10.48550/arXiv.astro-ph/0304458
https://doi.org/10.1093/mnras/stac1361
https://doi.org/10.1051/0004-6361/202142771
https://doi.org/10.1051/0004-6361/201936328
https://doi.org/10.1051/0004-6361/201936328
https://doi.org/10.3847/1538-4365/ac42d1
https://doi.org/10.1088/1674-4527/12/7/002

	Introduction
	Why Do We Care about Stellar Multiples?
	Benchmarking
	Stellar formation
	Stellar evolution

	Multiple Stars in the Era of Massive Surveys
	Photometric surveys
	Spectroscopic surveys
	The unresolved cases

	The Gaia Revolution
	The Hertzsprung–Russell diagram
	The orbital period distribution
	Binaries including a quiet compact object

	Conclusion

