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The Sun is single…
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…but most stars aren’t
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The brightest star in the night sky is a binary

The presence of Sirius B was first 
detected by observing the wobble in 
the motion of Sirius A  
…an Astrometric Binary

A1V + DA2 
P=50 yr
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Among the closest ones …
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Among the closest ones …Luhman-16

Boffin+ 14 
Bedin+ 17

Binary Brown dwarfs 
2 pc away 
separation ~ 3 au

Crossfield+ 14
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Another famous multiple

Starry night - Van Gogh
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Another famous multiple

Starry night - Van GoghAlcor & Mizar 

Lifespan star  
or "jumyouboshi" ( ) 

Married couple in  
Indian astronomy
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Another famous multiple

3 binaries 
forming  
a sextuple 
system

Spectroscopic binary 
P~6 months

Alcor A & B
Mizar A: a & b

Mizar B: a & b

Adapted from de Mink 12

P=20.5 d
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Algol (The Daemon)

Primary: B8 V, 3.7 M8 
Secondary: K2 IV, 0.8 M8
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Algol (The Daemon)

The more evolved star  
is the less massive! 

Algol paradox! 

Mass Transfer!

Primary: B8 V, 3.7 M8 
Secondary: K2 IV, 0.8 M8
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Another extreme: Eta Carinae

▪ LBV 120 M8 + 30 M8 
companion 

▪ Eccentric system 

▪ P = 5.5 years 

▪ Undergo outburst 

▪ The next Supernova in our 
Galaxy?
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SDSSJ010657.39-100003.3 

Detached binary 

P = 39.1 min 

2 WDs  

A = 0.32 R8 

Will merge in 37 Myr to 
become a sdB star

Kilic+ 11
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HM Cancri

Two white dwarfs 

One is transferring mass to the 
other! 

Orbital period 321 seconds! 

Distance between stars:  
 <100 000 km 

Orbital velocity > 106 km/h 

Masses: 0.27 and 0.55 M8

Roelofs+ 10
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Multiplicity is function of primary mass, MA

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 0.80–0.89Me and 0.90–0.99Me mass bins. This
has to do with the main-sequence Teff=5300K cutoff
effective temperature, which corresponds to masses of
0.70Me to 1.10Me for metal-poor and metal-rich stars,
respectively.

There are three K-type stars with masses in the 1.00–1.09Me
mass bin, but they are not included in Figure 12 because of their
low effective temperatures Teff<5300K. 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 0.90–0.99Me mass bin are located 11 metal-rich K
dwarfs11 with +0.00�[Fe/H]�+0.33 and Teff<5300K,
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 1.00–1.10Me mass bin, the
survey is essentially complete, whereas in the 0.90–0.99Me
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<5300K) metal-rich K dwarfs
discussed above, these numbers would change to 58.4% non-
single stars and 21.3% higher level systems.

4.2. PopulationII 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
PopulationII 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 PopulationII (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 PopulationI 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 PopulationI stars
(cf. Fuhrmann 2011, Figure 17), which in turn considerably
overlap in abundance with the PopulationII 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 PopulationI 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 PopulationI 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 0.20Me 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.

19

The Astrophysical Journal, 836:139 (23pp), 2017 February 10 Fuhrmann et al.

Fuhrmann + 17



The impact of binaries on stellar evolution – Introduction 17

What about the mass ratio distribution?

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 
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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SB
9 sample: Mass ratio distribution

Flat distribution 
cf Raghavan+ 10

Boffin & Pourbaix 17

Excess of twins?

Continuous distribution?
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Multiplicity is function of primary mass, MA

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

Ackerl, Clarke, 
Kroupa, Moe, Winters
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Period distribution

Duquennoy & Mayor 91 
Halbwachs+ 10

Log-Normal 
distribution from 1 day 
to 10 million years 

<log Pdays> = 4.8 

σlog P = 2.3

F7-K dwarfs
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Close Binaries

e–log P diag., mixing
Beck
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Close binaries

Detached 
systems

PRGs,  symbiotic 
stars, novae, SN Ia 
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Wind accretion

Flow structure depends on the 
ratio of the wind velocity with 
respect to orbital speed.   

Flows very different: from Bondi-
Hoyle type (but with asymmetry) 
to very complex ones.

vw = 0.03 vw = 0.10

vw = 1.35 vw = 3.78 Nagae+ 04
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Wind accretion with an AGB

•In AGB stars binaries of interest, the wind speed is smaller or comparable to the 
orbital velocity 

•vw = 5–15 km/s  < vorb = 20–30 km/s 

•Not a Bondi-Hoyle (even modified) type flow 

•Coriolis and centrifugal forces play a vital role 

•Wind acceleration mechanism 

3D SPH Simulations ; γ=1.5 

Boffin+ 94, Theuns+ 96
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AGB star: R Scl

a = 60 AU 
P = 350 years (!) 
M1+M2 = 2 M8 
M1 suffered a thermal pulse 
event about 1800 years 
ago that lasted for about 
200 years
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Carbon star 
AFL 3068

Theuns &
 Jorissen  93
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Barium stars

~1% of all G- and K-type giants which present overabundances of 
nucleosynthesis s-process (e.g., Ba) elements on their surface. 

Since then, also Ba dwarfs, extrinsic S stars,  
CH-giants and dwarfs, CEMP-s, etc.

Barium stars
G- and K-type giants which present overabundances of s-process (e.g., Ba) 
elements on their surface.

1
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SDSSJ010657.39-100003.3 

There	is	a	
whole	family:	
peculiar	red	
giants

Master	thesis	done	in	1987		
30th	anniversary!	

O. Pols
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Barium stars

Confirmation of model: 
Period of Ba stars are  
longer than those of 
normal giants 

But eccentricity? 

And can we really avoid RLOF? 

Jorissen & Boffin 92

Kamath, Escorza, Karinkuzhi, 
Pols, Whitehouse
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NGC 188 blue stragglers

Same properties as Barium stars! 
These are also post-mass transfer stars, the result of wind mass 
transfer from an AGB that is now a white dwarf

Mathieu & Geller 2009

Ferraro, Mapelli, Mathieu, 
Ramirez-Tannus, Yakut
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Symbiotic Stars

a cool red giant and a small 
hot companion seem to live 
in general harmony 

Oxpeckers eat the parasites off of large animals like this African buffalo. But they're also parasites 
themselves, keeping wounds open and picking at scabs. 
Natphotos/Digital Vision/Getty Images 
howstuffworks.com

Nature of Mass Transfer?

http://www.gettyimages.com/
http://howstuffworks.com
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Symbiotic stars

Using VLTI data, symbiotic stars can be divided into two categories based 
on the nature of the components:

(a) a lobe-filling giant and a A-F 
main sequence star 

(b) a white dwarf or subdwarf and a 
red giant losing mass in a stellar wind

Boffin+ 14

Chen, Griffin, Pala, 
Saladino, Sokoloski
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The Symbiotic Star 17 Lep

P = 260 days 
Resolve both components 
No RLOF 

No model can explain such system! 

Precursor of post-AGB stars?
Blind+ 11

Kamath, van Winckel
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Close binaries

Semi-detached 
systems

CVs, Algols
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Roche lobe 
overflow if  
a ~ 1.3 au; P ~ 1 yr 

a ~ 0.13 au; P ~ 12 d 

a ~ 2-3 R8; P ~ 5-6 h 

a ~ 0.25 R8; P ~ 30 min

Different kind of 
systems → a Zoo!
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Roche lobe overflow

▪ If Rcirc > R*, a disc forms, and 
sometimes jets 

▪ This is the case when accretor is WD 
(CV), NS (LMXB), BH (HMXB) 

▪ Or even a MS if system is wide (e.g. 
symbiotic star) 

▪ If MS and short period, then direct 
impact (Algol)

Chaty, Dervisoglu, Garofali
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Close binaries

sdB, Bin. CSPNe
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Common envelope

Bulik 07, Nature

The 
Butterfly 
Nebula 

Paczynski 76
C

re
di

t: 
N

A
SA

/E
SA

/H
ub

bl
e



The impact of binaries on stellar evolution – Introduction 39

Planetary Nebulae

Jones & Boffin 17, Nature Astronomy

Textbooks need most likely to be rewritten!
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Binary Central – Stars of PNe  

Boffin et al., Science, 2012 
ESO press release 1244

Jones, Sowicka

Fleming 1
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Cataclysmic variables

Contains a main sequence star filling its 
Roche lobe and a white dwarf 

Orbital period ~ few hours 
Separation ~ 1 solar radius 

Angular momentum evolution: 
- magnetic fields 
- gravitational waves 

May lead to mergersMark Garlick, http://www.space-art.co.uk/

Kaminski, Pala
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Massive stars interact!

ESO/M. Kornmesser/S.E. de Mink

H. Sana et al. Science 2012;337:444-446 

Alecian, 
Goetberg, Langer, 
Ohlmann, Rauw, 

Sana
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Luminous blue variables

Smith & Tombleson 15

HR Car is a binary! 

Boffin+ 16, 17

Kashi, Pakull, 
Sanchez Bermudez, 

Smith
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Exploding events

Hallakoun, Patat, 
Pritchett, Ruiter, Tanvir

Ivanova+ 13
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At Various Scales

Ivanova+ 13

Chaty, 
Garofali, 
Pallanca
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Neutron stars, black holes,  
gravitational waves…

© Tauris 16

Klencki, 
Nelemans, Neijssel
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And there is also….

Stellar evolution 

Chemical composition 

Chemical evolution of galaxies 

Population synthesis 

Large surveys 

… 

Badenes, 
Eldridge, Eyer, Kroupa, 

Lucatello, Nowlavi, Salaris, 
Starkenburg 

R. Diehl 10
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As well as….

No less than 98 posters! 
Don’t miss them during the week, 
and the 2 poster sessions. 

R. Diehl 10
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Welcome 
to 

ImBaSE17!


