
EWASS 2019 – 25 June –  Lyon, France 

The mass-ratio distribution of spectroscopic 
binaries along the main-sequence
Henri M.J. Boffin (ESO) 
Dimitri Pourbaix (ULB)

An update of Boffin & Pourbaix 2017 
 using Gaia DR2



The mass-ratio distribution of spectroscopic binaries along the main-sequenceHenri Boffin

Multiplicity is function of Primary Mass, MA
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Raghavan+ 10 
(see also Clark+ 11) 

Mass of primary, MA

But is this the full 
story? 

What about stars that 
are secondaries? 
 

provides an important contribution, but it is clear from the
relative numbers in Table 6 that the survey cannot be complete
in both the 0.80–0.89Me and 0.90–0.99Me mass bins. This
has to do with the main-sequence Teff=5300K cutoff
effective temperature, which corresponds to masses of
0.70Me to 1.10Me for metal-poor and metal-rich stars,
respectively.

There are three K-type stars with masses in the 1.00–1.09Me
mass bin, but they are not included in Figure 12 because of their
low effective temperatures Teff<5300K. These are the triple
systems HD 139341/23 and HD 203985, and the single star
HD 13579. HD 139341/23 is the most metal-rich of them at
[Fe/H]=+0.44, followed by HD 203985 at [Fe/H]=+0.36,
and HD 13579 at [Fe/H]= +0.34.

In the 0.90–0.99Me mass bin are located 11 metal-rich K
dwarfs11 with +0.00�[Fe/H]�+0.33 and Teff<5300K,
but as the bin number in Table 6 also implies, at least some 20
or 30 more metal-poor stars must also be lacking in this mass
bin. Therefore, and in terms of the primary masses, we can
conclude that starting with the 1.00–1.10Me mass bin, the
survey is essentially complete, whereas in the 0.90–0.99Me
mass bin a considerable fraction of stars is lacking, and
hence the points in the leftmost bin in Figure 12 are less
representative.

In the final two columns of Table 6 we restrict the census to
stars in the mass range 0.90�M�1.70Me, i.e., approxi-
mately to all F- and G-type stars. Here, the comparison of the
all-sky survey with the northern sample confirms the previously
found imbalance of the stellar multiplicities, with the southern
hemisphere being the much less explored (cf. Chini et al.
2014). With respect to the more complete northern sample of F-
and G-type stars in the final column of Table 6, our census
results in 57.6% non-single stars and 21.0% higher level
systems. We note that by inclusion of the massive
(M�0.90Me) but cool (Teff<5300K) metal-rich K dwarfs
discussed above, these numbers would change to 58.4% non-
single stars and 21.3% higher level systems.

4.2. PopulationII and Intermediate-disk Stars

For the old stars of the Galaxy we cannot provide a similar
diagram as Figure 12, the reason being that except for blue
stragglers, the stars above approximately one solar mass have
all turned into stellar remnants, as we can infer from Table 7.
This also applies to the somewhat younger intermediate-disk
stars that are set out in Table 8. For the latter, and contrary to
the census in Raghavan et al. (2010), we agree with Heintz
(1986) in considering HD 135204 a doubtful case for a binary.
In particular, a close system with equal components, as
repeatedly stated for HD 135204 in the literature, immediately
leads to implausible positions below the main sequence. For
ρCrB, in turn, we follow Reffert & Quirrenbach (2011), who
find its companion to be of stellar mass, although this result is
not without more recent dispute in Fulton et al. (2016). For the
PopulationII stars, advances in comparison to the multiplicities
in Raghavan et al. (2010) include HD 18757 (Bouchy
et al. 2016), HD 165401 (Chini et al. 2014), and 85 Peg
(Jefferies & Christou 1993; Griffin 2004), which are all triple
systems, whereas HD 68017 is now a confirmed binary (Crepp
et al. 2012).12 Furthermore, two F-type blue straggler stars,
HR 3220 and HR 4657, were not included in Raghavan et al.
(2010) because of their too blue colors, and finally, the
evidence for HD 159062 to harbor a white dwarf companion
will be discussed in a forthcoming contribution (K. Fuhrmann
et al. 2017, in preparation).
While the small numbers of PopulationII (N=22) and

intermediate-disk stars (N=9) in Tables 7 and 8 certainly
cannot provide a solid basis for their multiplicities, some
provisional findings appear worthwhile to report, however. To
this end, we group in Figure 13 the two subsets of old-disk stars
together and compare their relative fractions of single, binaries,
and multiples to the 104 PopulationI stars with subsolar masses
of Table 6. Interestingly, the old-disk stars display higher
multiplicities throughout, and we may conjecture that this may
be due to their somewhat different metallicities. However, this is
not observed for the metal-rich and metal-poor PopulationI stars
(cf. Fuhrmann 2011, Figure 17), which in turn considerably
overlap in abundance with the PopulationII and intermediate-
disk stars. It would then appear more likely that the higher
multiplicities of the old stars, if confirmed, reflect the star
formation products in a violent environment, as was very likely
the case of the early Milky Way. We stress again that in
Figure 13 we can only refer to a small set of 31 ancient sources,
but with an average stellar mass :á ñ =M M0.88 it is quite
remarkable that only 11 of them appear to be single.
Comparative multiplicities for the PopulationI stars in Figure 12
are not achieved before :á ñ =M M1.40 .
Provided that star formation in starburst environments leads

to higher stellar multiplicities, this would mean that dynamical
interactions in the early star clusters and orbital evolution at
later stages must be comparatively more important. If at least
two-thirds of the ancient G-type stars are indeed non-single,
and given their long timescale of evolution, it is perhaps no
surprise to find a significant fraction of mass-transfer systems,
blue straggler stars, and white dwarf companions, as we have

Figure 12. Multiplicities of the survey PopulationI stars as a function of their
primary masses. The percentages of single, binary, and higher level systems are
presented as a running mean of bin width 0.20Me with the number of stars per
bin as indicated in the legend. Average projected rotational velocities á ñv isin
are depicted with the blue shading. Except for the highest mass bins—which
are mostly subject to Poisson noise (denoted by error bars) and high rotational
velocities—there is a steady decline of the single-star fraction as a function
of mass.

11 These are 54 Psc, HD 17382, HD 18143, HD 21175, HR 1925, HD 52698,
HD 72760, HR 5553, 12 Oph, HD 200968, and HD 221354.

12 With reference to the very recent Gaia DR1 release, we note that HR 3578,
a likely spectroscopic binary previously reported in Nordström et al. (2004),
now also displays a Hipparcos/Gaia discrepancy (DQ) value of the same
magnitude as the Population II star HD 18757, where Bouchy et al. (2016)
most recently found a brown dwarf companion; accordingly, we are inclined to
count HR 3578 as a binary in Table 7.
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454 stars within 25 pc; F6-K3 SpT 
Roughly flat distribution for q E [ 0.2 – 0.95 ] 
Deficiency of low-mass companions 
Excess of twins (?) 

Raghavan+ 10 

What about mass ratio distribution?
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Binary formation mechanisms?  
e.g. random pairing, f(q) constant 

Evolution of binary systems? e.g. 
twins population?  

Does f(q) depend on MA?
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SB9 : 9th spectroscopic binary catalogue
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2926 systems: 1948 SB1; 978 SB2 

Cross-correlated Gaia DR2 with the SB9 
catalogue to select all binary systems 
containing a main sequence primary, for 
which σω < ω / 10. 
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SB9 sample
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Cross-correlated Gaia DR2 with the SB9 
catalogue to select all binary systems 
containing a main sequence primary, for 
which σω < ω / 10. 

Used ω , G, Bp-Rp and Ag to create 
CMD diagram 

SB1:   1948 systems 
1143 with Ag 

1067 with σω < ω / 10 
738 on MS 

SB2:   978 systems 
567 with Ag 

534 with σω < ω / 10 
488 on MS  
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Importance of Extinction - SB1
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Importance of Extinction - SB2
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K

G
F

A

B

K
         
G
        
F
        
A
         
B       

M = 0.74 ± 0.06 M⦿ 
M = 0.95 ±- 0.05 M⦿ 
M = 1.18 ± 0.08 M⦿ 
M = 1.81 ± 0.28 M⦿ 
M = 3.82 ± 1.18 M⦿

Final sample 
Only Main-sequence stars

SB1: 738 systems SB2: 488 systems
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SB9 sample
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Cross-correlated Gaia DR2 with the SB9 
catalogue to select all binary systems 
containing a main sequence primary, for 
which σω < ω / 10. 

Used G, Bp-Rp and Ag to create CMD 
diagram 

Interpolate BASTI tracks to get masses 
of primary 

K
         
G
        
F
        
A
         
B       

 SB1              SB2 
116 (101)    41 (26) 
117 (103)    67 (34) 
99 (84)        65 (23) 
131 (91)    151 (64) 
275 (200)  164 (97)
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Spectroscopic binaries: mass ratio
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SB2: q is given
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Spectroscopic binaries: mass ratio
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Observables

Boffin+ 92, Mazeh & Goldberg 92

SB2: q is given 

SB1:

Use Gaia to get MA 

MA: Mass primary
MB: Mass secondary
i: unknown inclination

Can get q=MB/MA as a function of MA

As we can assume i  is randomly distributed, one can determine the distribution of f(q) 
with the Lucy-Richardson algorithm
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Mass ratio distribution
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Mass transfer systems?
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Circular orbits 
could be result of 
• Normal tidal 

evolution 
• Mass transfer 

processes 
(hidden WDs)
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Mass ratio distribution
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Mass ratio distribution
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Flat distribution with 
possible excess of twins
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Effect of orbital period
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383 
410

80 
316

P < 50 d P > 50 d

cf. also Halbwachs+ 03
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Gaia DR2 - MRD as fn of primary mass
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Mcomp~0.15-0.7 Mcomp~0.33 Mcomp~0.2-0.6

Mcomp~0.63 Mcomp~0.8
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Mcomp~0.15-0.7 Mcomp~0.33 Mcomp~0.2-0.6

Mcomp~0.63 Mcomp~0.8

Gaia DR2 - MRD as fn of primary mass
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There are many low-mass stars hidden 
within SB1 systems!
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Multiplicity is function of Primary Mass, MA
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Raghavan+ 10 
(see also Clark+ 11) 

Mass of primary, MA

Majority of solar-like 
stars are in binaries! 

Binarity of G, K, M 
stars may be similar 
and above 50%

See also Whitworth & Lomax 15
Boffin & Pourbaix 17
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Summary
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• By cross-correlating SB9 catalogue with Gaia DR2, we determined the 
mass ratio distribution as a function of the primary mass: mostly uniform, 
with some trend from most massive stars to less massive ones 

• The excess of twins seems related to A stars only and to short period 
systems 

• There are many low-mass stars as secondaries and their binary fraction is 
therefore higher than generally thought 

• This will provide hints on star formation. 
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Thank you 


