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Abstract. This paper first reviews specific classes of stars which are the outcome of binary
evolution, putting emphasis on some recent results, not necessarily related to Gaia research:
Algols, blue stragglers, barium stars and related families (barium dwarfs and giants, carbon
dwarfs, subgiant CH and giant CH, CEMP-s, S stars without Tc), post-RGB stars, sdB stars,
and (asymmetric) planetary nebulae. We then describe some of the assets that Gaia data offer to
the binary-star researcher, stressing as well the pitfalls awaiting on the road, using as a specific
example the placement of barium stars in the Hertzsprung-Russell diagram. In particular, we
evaluate the usefulness of the Gaia DR2 RUWE (‘renormalised unit-weight error’) parameter
in the context of identifying astrometric binaries.
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1. Introduction

Starting from the solution of the Algol para-
dox in terms of a specific stage in the evolu-
tion of binary systems with mass-ratio reversal
due to strong mass exchange (see |Paczynski
1971, and references therein), the impact of
binaries on stellar evolution has since been
an ever-growing field with many surprises.
Another among the early-identified major im-
pacts of duplicity on stellar evolution is the
creation of blue stragglers in the final stage of
an Algol-like binary evolution (McCreal|1964;
Paczynski|[1971; [Webbinkl [1985)). Since these
major findings, binary systems have been iden-
tified to impact stellar evolution in several
other circumstances, those being reviewed here
all deal with binary systems involving low-
and intermediate-mass stars. For massive sys-
tems, we refer to [Sana et al.l (2012) and ref-
erences therein. Very extensive reviews on the

same topic, covering the full stellar mass range,
may be found in|Eggleton| (2011)), De Marco &
Izzard (2017), and |[Beccari & Boffinl (2019).

In Sect. Pl we briefly review specific
classes of stars which are the outcome of bi-
nary evolution, putting emphasis on some re-
cent results, not necessarily related to Gaia re-
search. In Sect.[3] we describe some of the as-
sets that Gaia data offer to the binary-star re-
searcher, stressing as well the pitfalls await-
ing on the road, using as an example the study
of [Escorza et al.l (2017, 2019allb) locating bar-
ium stars in the Hertzsprung-Russell diagram
(HRD).

2. Classes of stars requiring duplicity
2.1. Algols

A binary is considered an Algol when the semi-
detached system shows the typical characteris-
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Fig.1. A schematic view of the mass-transfer
scenario responsible for the formation of barium
stars, labelled ‘Polluted Main Sequence star’ and
‘Polluted Red Giant star’ in the figure.

tics as mentioned by Peters(2001), i.e., the less
massive donor fills its Roche lobe, the more
massive gainer does not fill its Roche lobe and
is still on the main sequence (usually of spec-
tral types B-A) and the donor is the cooler,
fainter and larger star (usually a cool F-K gi-
ant star). Their orbital periods are usually short
(from several hours to tens of days; Giuricim
etal:|[1983). Despite the fact that mass trans-
fer occurs via Roche-lobe overflow (RLOF),
which is generally considered to be conser-
vative (i.e., with no mass lost from the sys-
tem), it has been shown that the RLOF lead-
ing to Algol systems must be non-conservative
(with angular momentum being lost by the sys-
tem) to comply with observations of mass ra-
tios (e.g., Refsdal-et-al 1974; Massevitech-&
Yungelson 975,
et=al=2606, 200 However, theexact-mech=
anism driving this systemic mass loss is still
under debate (see e.g., Deschamps-et-al-2013;
2015, and references ‘thercin)—Nonctheless,
schamps—et—al., (2015) and Mayer et al.
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2016) present-observational signatures-clearly
demonstrating that the mass transfer is non
conservative, leaving behind extended circum-
stellar envelopes which have been imaged
with the Wide-field Infrared Survey Explorer
(WISE) satellite (Wright et al. 2010) and which
even show interaction with the—circumstellar
medium in the form of bow shocks.
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2.2. Blue stragglers

Among the early-identified major impacts of
duplicity on stellar evolution is the recogni-
tion that blue stragglers (McCrea 1064) result
from an Algol-like binary evolution (Paczynski
1971;] Webhink [1985)| The recent develop-
ments in that field involve the search for
chemical signatures of pollution, in the form
of enhanced carbon or heavy elements pro-
duced by the s-process of nucleosynthesis
(Kéappeler et al. 2011)]as in barium and related
stars (Sect. 2.3)] The pollution was caused
by mass transfer originating from a low- or
intermediate-mass star at the asymptotic giant
branch (AGB) stage of its evolution, in a sim-
ilar way as that causing the barium-star syn-
drome (e.g., Boftin & Jorissen 1|988; Mlohamed
& Podsiadlowski P012;]and Fig. 1] The as-
sociation of blue stragglers with such a mass-
transfer episode was first proposed by Preston
& Sneden (20007 for field blue metal-poor
(BMP) stars. However, despite the larger than
usual binary frequency observed among those
BMP stars, in favour of their blue-straggler
mass-transfer origin, no clear barium-star case
was found. The more recent study of blue
stragglers in the open cluster NGC 6819 by
Mithimanet—al—(2615)] was more successful
in that respect, as several barium stars were
indeed found among them. However, the sit-
uation regarding binarity is confusing: blue-
straggler barium stars do not show evidence of
binarity and conversely. The reason for this de-
viation from the usual mass-transfer paradigm
is unclear so far. The old open cluster NGC 188
has been shown to contain blue stragglers with
WD companions (Gesnell-et-al.—2014.-2015;
Subramaniam-et-al. 2016}, which are ideal tar-
gets to clarify the conditions of occurrence

of the barium syndrome (on that issue, see
also Merle et al _2014; Jorissen et al._2019),
Incidentally, Gosneltet-al (26t 5-provide or=
bital elements for T6 NGC-185biue stragglers,
whose location in the eccentricity — period di-
agram 1is strikingly similar to that of the post-
AGB systems (panels (h) and (i) in Fig. 2 and
Qomen et al. 2018), thus confirming the n‘@?s-
transfer-origin of the blue stragglers.
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Fig. 2. A compendium of eccentricity — period diagrams for post-mass-transfer binaries: (a) Strong barium
stars (large filled squares; with orbital data from Van der Swaelmen et al.|2017 land Jorissen et al. 2019),
along with the comparison sample of (mostly) pre-mass-transfer binaries (G and K giants in open clusters
from Mermilliod et al.|2007] small open circles). The lower-right hatched area corresponds to an avoidance
zone (see e.g.,Jorissen et al.|2019] for a discussion); (b) Mild barium stars, small open squares, with data as
for (a); (c) Strong and mild barium stars altogether; (d) dwarf and subgiant barium and CH stars, with data
from [McClure| (1997) and Escorza et al.|(2019a) (open triangles), and a few dwarf CEMP-s stars (crossed
open triangles) from [Sneden et al.| (2003) and Dearborn et al.|(1986]. Systems falling in the avoidance
region likely have inaccurate orbits. Some dwarf CEMP-s and carbon stars, not represented on the figure,
may have orbital periods as short as a few days (Green et al. 2019] and references therein); (e) S stars (open
triangles), with data as for (a); (f) sdB binaries (filled circles), with data from Deca et al. (2012), Vos et al.
(20T12)), Barlow et al.](2012), and [Vos et al.|(Z019); (g) CH, CH-like, and CEMP-s stars (crosses), with data
from [McClure & Woodsworth]| (I990), Sperauskas et al.|(2016), Hansen et al-](2016), and Jorissen et al.
(20T16); (h) post-AGB (open pentagons) and RV Tau (filled pentagons), with data from Oomen et al. (2Z018)
and [ManicK et al.] (2019); (i) NGC 188 blue stragglers (large open circles), with data from Gosnell et al.
(2015). There are two more binaries with periods around 5 d, which are not displayed.
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2.3. Barium stars and related families

Barium stars and their relatives (barium
dwarfs, carbon dwarfsl, subgiant CH and giant
CH, CEMP-s, S stars without Tc) are the pro-
totypical examples of post-mass-transfer bi-
naries, where mass transfer left its chemical
imprint in the form of excess carbon and s-
process elements. A dynamical signature exists
as well in the form of a flatter eccentricity —
period diagram, and this effect may be readily
identified by comparing barium stars with nor-
mal K giants in panel (a) of Fig. [2] (see also
Fig. 1 of [Escorza et al.[2019b)).

Thanks to a very long-lasting radial-
velocity monitoring (Jorissen et al. |2019;
Escorza et al.[2019a)), the upper limit of the pe-
riod distributions has now been reached for gi-
ant barium stars with strong chemical anoma-
lies (the so-called ‘strong barium stars’) and S
stars, and it amounts to about 1 — 3 x 103 d, or
30 — 100 yr. This first-hand collection of 132
post-mass-transfer systems with available or-
bital elements (105 giant and 27 dwarf and sub-
giant barium stars) has been used to derive the
mass distributions of barium stars (see Sect.3))
and of their white-dwarf (WD) companions
(Jorissen et al.12019; |Escorza et al.[2019b)). The
latter spans the range 0.55 — 0.85 My, as ex-
pected for CO WDs, with a few more massive
candidates (up to 1 M), the latter thus point-
ing towards initial AGB masses below 5 Mg,
just compatible with current expectations for
AGB s-process nucleosynthesis (Cristallo et al.
2015; |Karakas & Lugaro|2016).

2.4. Leaving the red-giant branch
prematurely: Post-RGB, sdB and
He WD stars

Mass transfer from a red-giant branch (RGB)
donor star, and the subsequent premature end
of the evolution of that RGB star, lead to stel-
lar families specifically requiring binary inter-
action like subdwarf B (sdB) stars (e.g.,Vos et

! Although very few orbital elements are avail-
able for dwarf carbon stars, there is ample evi-
dence that they host a very large fraction of bina-
ries, as shown by e.g., Whitehouse et al.[(2018)) and
Roulston et al.l(2019).
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al.[2019) and He WDs (e.g., Merle et al.|l2014;
Siess et al.|2014). Subdwarf B stars are core-
helium-burning stars with a very thin hydrogen
envelope (My < 0.02 My), and a mass close to
the core-helium-flash mass (~ 0.47 My; [Heber
2016).

This evolutionary path differs from that
leading to Algols sketched in Sect. 2.1l in that
the mass donor is now a RGB star with a deep
convective envelope. In such circumstances,
when the mass ratio (donor/gainer) is larger
than some critical value g, < 1 (see (Chen &
Hanl2008| for details), as it is initially, RLOF
mass transfer is dynamically unstable and may
lead to common-envelope evolution, leading
to dramatic orbital shrinkage and even coales-
cence (Webbink|[1984)). Since many sdB stars
with long orbital periods (in the range 500 —
1500 d) are now known (see [Vos et al.|[2019,
and panel (f) in Fig. @), they must result in-
stead from stable RLOF, which implies that the
mass ratio must be smaller than g.(< 1) at the
onset of RLOF (Chen & Hanl2008)). The situa-
tion is even more complex when the post-mass-
transfer eccentricity turns out to be non-zero,
since RLOF is known to circularise the orbits.
Nevertheless, non-zero eccentricities are often
encountered among sdB binaries (see panel (f)
in Fig.[2). An evolutionary path matching these
constraints was found by [Siess et al.|(2014)), in
the specific case of the KO IV + He-WD sys-
tem IP Eri (Merle et al.|[2014)), with P = 1071 d
and e = 0.25. The only solution to form a He
WD and preserve some eccentricity in a long-
period system is to remove mass from the giant
while keeping it well inside its Roche radius so
that the circularising tidal effects remain weak.
One possibility to meet these requirements is to
boost the wind mass-loss rate on the RGB as
proposed by [Tout & Eggleton| (1988) through
the so-called ‘Companion-reinforced attrition
process’ (CRAP). [Siess et al.l (2014) solution
requires as well that the initial mass ratio of
the system be just above unity (namely 1.5 +
1.45 Mg, in the case of IP Eri).

A new member has recently been added
to the family of binary systems leaving the
RGB, with the discovery by |[Kamath et al.
(2014 2015, 2016)) in the Magellanic Clouds
of the so-called ‘post-RGB stars’, by analogy
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to the well-known ‘post-AGB stars’ (see [Van
Winckel|2003, for a review). As for their post-
AGB analogs, the binary post-RGB stars are
enshrouded in a dusty disc. Gaia now offers the
possibility to find such systems in our Galaxy.

2.5. Axisymmetric planetary nebulae

Planetary nebulae (PNe) were traditionally
considered to represent the final evolutionary
stage of all stars in the mass range ~ 0.7
to 8 M. Recent evidence seems however to
contradict this picture. In particular, it has be-
come clear that PNe display a wide range of
striking morphologies which cannot be under-
stood in the framework of a single-star sce-
nario, pointing instead towards a binary evo-
lution in a majority of systems. A good sum-
mary of our current understanding of the im-
portance of binarity in the formation and shap-
ing of PNe is presented by Jones & Boffin
(2017), and references therein. Major advances
in that field are the following. First, many PNe
(especially axisymmetric ones) actually seem
to be the outcome of common-envelope evo-
lution (Webbink!|1984), with the central stars
of those PNe (CSPN) being short-period bina-
ries (with periods ranging from a few hours to
a few days). However, PNe do not only harbour
short-period binaries, since an increasing num-
ber of PNe are now found to host long-period
binaries as well (Van_Winckel et al. 2014;
Jones et al.|2017)), which cannot be the result of
common envelope evolution. Second, several
(binary) CSPN exhibit chemical signatures of
mass transfer, in the form of enhanced carbon
(like for the central star of PN G054.2-03.4 —
“The Necklace’ — which reveals a dC spectrum;
Miszalski et al.l2013b)) and/or s-process ele-
ments (Bond et al.|2003; [Miszalski et al.[2012]
2013a)), similar to the barium stars described
in Sect. 2.3l These PNe tend to present an
apparent ring-like morphology, which is most
likely the outcome of the mass-transfer episode
— probably by wind — that led to the pollu-
tion of the cool secondary star in carbon and
s-process elements. At least some of these, like
HD 112313 (CSPN in LoTr5), are indeed both
long-period binaries and enriched in s-process
elements (Van Winckel et al. 2014} [Thevenin
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& Jasniewicz|1997), as required by the barium-
star paradigm described above. But on the con-
trary, the KIII component of the central binary
in LoTrl1, despite showing a rapid rotation sig-
nalling that it is harboured by a post-mass-
transfer system, does not show s-process en-
richment. This illustrates once more that some
other conditions need to be met to produce a
barium star in a binary system (Tyndall et al.
2013; Merle et al.l2016% Jorissen et al.l2019).

3. In the Gaia era: assets and pitfalls

Gaia will offer many assets to the binary-star
researcher, but there are as well pitfalls along
the road, and we review both in this section,
using as an example the study of [Escorza et
all (2017, 12019alb)) locating barium stars in the
Hertzsprung-Russell diagram (HRD).

3.1. Location in the Hertzsprung-Russell
diagram

The specific problems arising when trying to
locate stars in the HRD were reviewed by
Babusiaux (Gaia Collaboration et al. 2018)),
so that we provide here just a basic summary.
First, if the goal is to derive masses, the stars
have to be located in a (s, log L/Ly) diagram
(as opposed to a colour — absolute-magnitude
diagram) in order to compare their loca-
tion with evolutionary tracks computed from
stellar-evolution codes. The effective temper-
ature must then be derived from usual spectro-
scopic or photometric methods. As an exam-
ple of the latter, [Escorza et al.| (2017)) matched
observed spectral energy distributions (SEDs)
with reddened synthetic SEDs (obtained from
MARCS models; |Gustafsson et al. [2008)),
knowing that there is a strong correlation be-
tween reddening Ep_y and T.g. Therefore, it
was necessary to either fix Teg to its value
obtained from spectroscopy (as in Fig. 3), or
as in [Escorza et al.| (2017), to constrain Ep_y
by the extinction map of |Gontcharov| (2012).
The extinction is part of Gaia DR2, but as
Fig. 3| reveals, Gaia DR2 A values are sig-
nificantly different from those obtained by fit-
ting the SED with T fixed at its spectroscopic
value.
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Fig. 3. Comparison of the reddening obtained from
Gaia DR2 and from SED fitting with T fixed from
spectroscopy, for those dwarf barium stars from
Table 3 of [Escorza et al.| (2019a) with Ag available
in Gaia DR2.

Luminosity may be derived by combining
any apparent magnitude and the corresponding
bolometric correction (derived by integrating
the best-matching synthetic SED) with the dis-
tance modulus. The distance may be derived by
inverting the parallax if its relative error does
not exceed 10%; if it does, Bayesian distance
estimates must be used instead (e.g., [Bailer-
Jones et al.|2018)) to avoid the biases in the dis-
tances that would result from a simple parallax
inversion (Bailer-Jones/20155 |Luri et al.[2018]).

3.2. Binary-star parallaxes

The DR2 parallaxes were derived with a
single-star (5-parameter astrometric) model (as
will be the early DR3 parallaxes), thus not al-
lowing for any binary motion. What are the
consequences of this inconsistency on the par-
allax accuracy for binary systems? How trust-
ful are the Gaia DR2 parallaxes for the pur-
pose of deriving the luminosity of the primary-
star component in a binary system? In the re-
mainder of this section, we will demonstrate
that the answer to this question is fortunately
positive: except in a few cases (mostly concen-
trated around orbital periods close to 1 yr), the
Gaia DR2 parallaxes derived for binary sys-
tems with a single-star model are correct to
within 10 to 20%.

Jorissen: Impact of binaries on stellar evolution
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Fig.4. The RUWE parameter is proportional to
the symbol size in this DR2 parallax — orbital pe-
riod plane, for the barium stars studied by [Van
der Swaelmen et al.| (2017)), [Escorza et al.| (2017,
2019alb), and Jorissen et al.| (2019), all of them be-
ing spectroscopic binaries. The largest circle corre-
sponds to HD 34654 with RUWE = 9.5.

Gaia DR2 contains several statistical indi-
cators that can be used to assess the quality
and reliability of the astrometric solution. One
such indicator is the astrometric chi-square,
or equivalently the unit weight error (UWE),
which is the square root of the reduced chi-
square. The usefulness of the UWE parame-
ter is however severely hampered by its strong
sensitivity to magnitude and colour. This sensi-
tivity can be eliminated by a re-normalisation
process, using tables providing average UWE
values across the colour — magnitude plane
(Lindegren|2018)). The re-normalised UWE (or
RUWE) is a more reliable and informative
goodness-of-fit statistic which allows to evalu-
ate the quality of the astrometric solution better
than for example the astrometric excess noise
or astrometric chi-square. This recent addition
to Gaia DR2 is available as a separate table
next to the main Gaia DR2 table, both be-
ing easily accessible through the TOPCAT util-
ity (http://www.starlink.ac.uk/topcat) and its
Table Access Protocol (TAP) query (select
Gaia DR2). RUWE values smaller than about
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Fig.5. Same as Fig.[4 for the spectroscopic bi-
naries from the SB9 catalogue. The largest cir-
cles correspond to RUWE > 15. The circled plus
(@) symbols correspond to DMSA/O entries (i.e.,
HIPPARCOS orbital astrometric binaries) in the
Double and Multiple Star Annex of the Hipparcos
Catalogue (ESAI[1997), the circled cross (®) to
DMSA/X (i.e., stochastic) solutions, and the filled
circles to DMSA/G (i.e., acceleration) solutions.

1.4 flag good astrometric solutions (Lindegren
2018).

Figure [4 shows the RUWE values in the
parallax — orbital period plane, for the bar-
ium stars studied by Van der Swaelmen et all
(2017), [Escorza—et-al. (2017, 120194\b), and
Jorissen et all (2019). It is very clear that the
RUWE parameter is a good indicator of bi-
narity in Gaia DR2, at least for parallaxes in
excess of a few mas and for orbital periods
shorter than about 1500 d. Given the known
sensitivity of Gaia data to the brightness (and
colours) of the targets (see e.g., [Lindegren
2018), we stress however that this statement is
based on the analysis of binary systems whose
primary component has a visual magnitude in
the range ~ 6 to ~ 10, and cannot at this stage
be safely extrapolated outside this range (see
also the discussion by'Peurbaix'2019).

A similar plot for the larger sample of
binary stars extracted from The ninth cata-
logue of spectroscopic binary orbits (SBY;

Pourbaix—ct-al' '2004) has been presented in
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Fig.[§. Clearly, for this large sample as well,
the largest RUWE values correspond to bi-
nary systems which fall in the region where
the astrometric binary motion is best detectable
by the Gaia DR2 data (namely, with paral-
lax wpry ® 10 mas and P < 1000 d). Since
the time span of Gaia DR2 (668 d) is simi-
lar to that of Hipparcos (about 1000 dj”ESA
1997), it is possible to compare Gaia DR2
RUWE diagnostic with those provided by the
Double and Multiple Star Annex (DMSA) of
the Hipparcos Catalogue in terms of astromet-
ric orbit (DMSA/O), accelerated proper motion
(DMSA/G) or stochastic solution (DMSA/X).
This is performed on Fig.[§, which clearly
shows that basically all stars with large RUWE
values were flagged as well by Hipparcos as
either DMSA/O or DMSA/X. There is thus no
reason to believe that some extra noise source
contaminates the RUWE value apart from the
binary motion. The DR2 RUWE parameter
may not however serve as an efficient diagnos-
tic to unravel binary systems, since for orbital
periods larger than about ~ 1000 d, the or-
bital motion causes accelerated proper-motion
solutions (DMSA/G in Hipparcos; filled cir-
cles in Fig[3), and the RUWE parameter loses
most of its efficiency in detecting those binary
systems. The situation is similar at small par-
allaxes or short orbital periods. Incidentally,
Fig.[8 shows another possible diagnostic to
flag binary stars, advocated by D. Boubett’ (al-
though in a more sophisticated version, includ-
ing an estimate of the instrumental error) and
based on the ‘radial-velocity error’ (actually
standard deviation rather than ‘error’) as pro-
vided by Gaia DR2. Although that diagnostic
offers a good detection efficiency for systems
with orbital periods up to 1000 d (Figk6), its
efficiency obviously decreases as well at longer
periods.

Coming back to the RUWE parameter, by
definition, large RUWE values indicate that the
astrometric single-star solution is inadequate.
But does this necessarily mean that the parallax
is inaccurate? As we now show, the answer to
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Fig. 7. Comparison of the parallaxes obtained with
single-star (5-parameter) and acceptable binary-
star (12-parameter) solutions (tilted squares and
horizontal red squares, respectively) for the spec-
troscopic_binaries from the SB9 catalogue (from
2005, reprocessing the Hipparcos
Intermediate Astrometric Data). The symbol size is
proporti[g]nal to the Gaia DR2 RUWE parameter, as
in Figs."4 and"5.
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that question is in fact negative in most cases,.
To inyestigate this question, data fromJamcart
et—at. (20605) may be used. These authors
have reprocessed the Hipparcos Intermediate
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Table 1. Parallaxes for systems with orbital pe-
riods closest to 1 yr among those reprocessed
by-Jancartetal.£2065). Columns labelled ws_,
and @,_, designate Hipparcos parallaxes ob-
tained with a single-star (‘5-parameter’) model
and a binary-star (‘12-parameter’) model (not
published in the original paper).

HIP P ws_p, (HIP) @5 RUWE
(d) (mas) (mas) DR2
2865 399.6 4.6+0.8 27+24 28
26291 381.7 4.1+09 109+5.8 2.0

100738 377.6 60+09 134+12.1 3.0

Astrometric Data (IAD) with a binary solution
(along the guidelines discussed by Pourbaix &
Jorissein 2000, but with a more efficient statisti-
cal filtering) for all binary systems listed in the
SB9 catalogue at the time, and kept the binary
solution if it satisfies several quality checks.
For those retained binary solutions (which con-
stitute the sample plotted in Fig15), it is then
possible to compare the parallaxes obtained
with the single-star (‘5-parameter’) and with
the binary-star (‘12-parameter’) solutions (data
not originally published by Jancart et al. 2005),
and see by how much they differ, as shown on
Fig[V. The same data are presented in a slightly
different way in FiglB. It is clear that the sys-
tems with the largest RUWE values are by no
means those with the largest shifts between the
S-parameter and 12-parameter parallaxes. Not
only are large shifts found for systems with or-
bital periods close to 1 yr, but the parallax ob-
tained with the binary model is very uncertain
(TableDl). This is because the parallactic and
orbital signals both vary on a 1 yr time scale,
and cannot be disentangled.

Pourbaix (2019) has made a similar com-
parison between ws_, and w@>-, parallaxes,
while searching for astrometric binaries in a
random sample of 103 stars using pre-DR3
(AGIS 3.1) data. The difficulty of finding re-
liable solutions for systems with periods close
to 1 yr is again illustrated by the gap observed
on the right panel of Pourbaix’s Fig. 3. A new
behaviour, not seen in the re-processing of the
Hipparcos TAD discussed above, is the rising
trend of the w@,_p/@s_, ratio at small par-
allaxes (middle panel of Fig. 3 in Pourbaix
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parallax (HIP single) / parallax (HIP bin)

Fig.8. Same as Fig. [ but for ws_,/wirp
(Hipparcos) as a function of orbital period P. The
vertical dashed line marks P = 1 yr.

2019). For reasons unexplained so far, this in-
crease is however limited to the period range
400 - 600 d (see the location of blue triangles
in Fig. P). Figure P]displays the same data, but
in the parallax — period plane, and moreover
adds to the pre-DR3 sample the barium stars
studied by [Escorza et al.] (2017] 2Z019alb) and
Jorissen et al.| (2019). This comparison offers
a new way to test the reliability of the DR2
parallaxes of barium stars used in the afore-
mentioned studies. Again, it appears clearly
that only few barium stars are at risk of hav-
ing unreliable DR2 parallaxes (as stressed in
the original papers, those are CD —64°4333,
HD 24035, and HD 209621 with periods of
386 d, 378 d, and 407 d, respectively). Most of
the barium stars actually fall in the region not
yet explored by the Gaia pre-DR3 data (since
the associated time span is only about 800 d).
In that region of long orbital periods, the unre-
solved binary motion would show up as an ac-
celeration solution, as it was shown by Fig. ]
and acceleration- or binary-model parallaxes
are not very different from single-star paral-
laxes, as can be seen by locating the DMSA/G
solutions from Fig. [5|(filled circles) in Fig. f
To conclude this section, it may thus be as-
serted that the use of DR2 parallaxes to locate
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Fig. 9. Properties of the astrometric binaries found
in a random sample of 10° stars using pre-DR3
(AGIS 3.1) data (see also Fig. 3 of Pourbaix 2019),
in the parallax — period plane, with colors and sym-
bols referring to the @,_,/@s_, ratio, as follows:
green circles: < 1.5, blue triangles pointing up-
wards: 1.5 — 2.0, red triangles pointing downwards:
> 2. Barium stars studied by Van _der Swaelmen
gt al.|(2017), Escorza et al.|(2017) 2019a.b), and
Jorissen et al. |(2019) are represented as black stars.

binary systems in the HRD, as done by Escorza
etal.(2017]2019a)b) and Jorissen et al. [2019),
is fully justified, except when the orbital period
falls in the range 330 — 400 d for any value of
the parallax, or in the range 400 — 600 d for
parallaxes smaller than 1 mas.

3.3. Masses

We conclude this review of the pitfalls involved
in deriving stellar masses from the location in
the HRD by the problems specific to evolu-
tionary tracks. First, their location in the HRD
is very sensitive to metallicity (e.g., Fig. 8 of
est should have their metallicity known before-
hand. It appears for instance that, in the region
occupied by the He clump, the [Fe/H] = —0.5
track of a 2.0 M, star covers the same region as
the [Fe/H] = O track of a 3.0 M, star, leading
to a strong degeneracy in the mass determina-
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Fig. 10. The various subclasses of barium stars (namely, dwarf Ba stars, dwarf CH stars, CH subgiants, and
giant Ba stars; left panel: [Fe/H] = —0.50, right panel: [Fe/H] = —0.25) falling in the dwarf and subgiant
regions of the HRD (fromlEscorza et all 20194), revealing the need for a spectral re-classification of the

members of these families.

tion of a given star, which can only be lifted by
knowing its metallicity.

Second, in some regions of the HRD,
tracks of different masses and evolutionary
stages (with the same metallicity) pass close
to each other. In those cases, the choice of the
most probable track may be done using argu-
ments based on the evolutionary time spanned
in a given neighbourhood of the star of interest,
as described by'Esecorza-ctal. (2617).

In terms of assets, Fig.% shows the loca-
tion of various members of the subclasses of
barium stars (namely, dwarf Ba stars, dwarf
CH stars, CH subgiants, and giant Ba stars)
falling in the.dwarf and subgiant regions of the
HRD (from Escorzaetat.2019a), and reveals
the need for a spectral re-classification of the
members of these families. Indeed, CH sub-
giants and barium dwarfs are mixed together
in the dwarf region of the HRD, and there
seems to be no need for calling them differ-
ently. Moreover, several barium stars, previ-
ously classified among the classical (giant) bar-
ium stars, turn out to be closer to subgiants in
fact.

Finally, when it comes to the derivation of
individual companion masses from orbital ele-
ments, the above procedure (which yields the
mass of the visible component of the binary

system) must be complemented by the knowl-
edge of the orbital inclination i. This should
await the release of the astrometric orbital ele-
ments in Gaia DR3, which will render obsolete
the various tricks used so far to circumvent the

unavailability of i, as described b
al L(ON0104 b) and (D071

ail. \zZurra, \ZU1

v-Escorza-et

Y Ao COT

9).
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