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Abstract. We present the results of population number synthesis calculations on young starbursts in regions of solar metallicity (Z=0.02), using a Monte Carlo simulation of bursts containing 1000 stellar objects. They clearly show that one has
to account for interacting binaries to get a correct image of
these regions. Independently of all sorts of distributions such as
initial mass function (IMF) or mass ratio distribution, interacting binary evolution makes starbursts look younger than they
really are. What happens is that after some time, the area of
the main sequence (MS) above the actual turnoff point of the
Hertzsprung-Russell Diagram (HRD) gets crowded with accretion stars, which are part of the end product of mass transfer
in close binaries. Shortly after their appearance, these accretion
stars (blue Stragglers) begin to dominate the O star population in
a starburst, proceeding to the moment where they are the only
ones left (since at that particular stage, all the O type single
stars and binary O type primaries have disappeared). As a consequence, if it is assumed that the entire population are single
stars, or that the features of the starburst are solely due to single star evolution, the resulting age estimation of the starburst
is wrong, i.e. the starburst may be considerably older than it
appears.
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1. Introduction
The massive star content in young starburst regions has been
the subject of numerous studies (see a.o. Leitherer 1996 for
a review). Most studies only account for the effect of single
star evolution. A first attempt to include interacting binaries
was published by Vanbeveren et al. (1997a). It was concluded
that binaries play an essential role. This has been criticized by
Cerviño et al. (1996) and Shaerer & Vacca (1996). They concluded that interacting binary evolution cannot play a significant
role, according to the following argument. In a burst, interaction between binary components occurs for the first time only
after about 5 Myr since the start of star formation (in Sect. 2 we
will critically examine the assumptions behind this proposition).
Using results of evolutionary synthesis (Leitherer & Heckman

1995), they estimated the ages of a large number of starburst
regions (e.g. Wolf-Rayet galaxies) and found that the majority of them are younger than 5 Myr, consequently eliminating
interacting binaries as important contributors to the stellar population in these objects. The ages were determined using results
which follow from models (e.g. Leitherer & Heckman 1995)
that do NOT account for interacting binaries. This means that
a conclusion concerning interacting binaries was drawn, using
calculations where only single stars were considered. Therefore the question could, and as we will try to show, should be
raised, as to how much binaries affect the age determination of
young starbursts. The following simplified example illustrates
what could happen. Assume that at a certain moment, 70 single
stars with an average mass of 30 M and 30 case B close binaries with average component masses of 30 M + 20 M are
formed. In this way, we eliminate the influence of all kinds of
distributions like IMF etc., but take a binary frequency corresponding to observations (Garmany et al. 1980). The first O star
phase due to the unevolved single and binary stars lasts about
5 Myr. After 6 Myr roughly, the original 30 M stars cross the
Hertzsprung gap. At this stage the binaries interact, each producing a system very similar to V444 Cyg, which is classified as
a WN5 + O6V system. The situation now is that the only O type
stars we have are the 30 O6V stars, since the single stars have
all evolved away from the main sequence. Since the expected
O lifetime of a O6V star is about 2 to 3 Myr, an observer who
only accounts for the effects of single stars will interpret the
starburst as being younger than about 3 Myr, while in reality it
is older than 6 Myr. Even though this is a very simple picture,
the calculations including all the necessary details confirm that
interacting binaries make starburst regions look younger than
they really are (if of course, the binary frequency is not negligible). In Sect. 2 we briefly discuss the features of the massive
binary evolution model that are relevant to this study. Sect. 3
deals with the various distributions and parameters that are involved in the problem, as well as with the used evolutionary
tracks. Finally, our results are presented in Sect. 4.

2. The evolution model of massive binaries: a brief summary
The detailed description of the evolution of all sorts of massive
binaries (Mprim > 8 M - 10 M ) can be found in Vanbeveren
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et al. (1997b). Here, we summarize briefly those aspects which
are of importance to this study.
2.1. Luminous Blue Variables (LBV’s)
Stars with mass larger than about 40 M are thought to be
subject to very large stellar wind (SW) mass losses at the end
of core hydrogen burning or at the beginning of hydrogen shell
burning. If the mass loss rate is large enough, it might keep the
star from traveling to the red part of the HRD and, for not too
small binary periods, prevent it from filling its Roche lobe in
the process. In our code, we simply assumed that primaries (the
most massive and fastest evolving component in a binary) with
mass larger than 40 M do not transfer mass to their companion
for any binary period, but continue to evolve as a single star.
This means that the first binaries that interact will be those with
a primary of mass 40 M . Since for the most part, this happens
after the hydrogen burning lifetime of the primary, the first signs
of binary interaction in a starburst will occur only after about 5
Myr!
2.2. Case A and Br binaries with primary mass ≤ 40 M
Interacting binaries are divided into case A, Br, Bc and C systems, depending on the evolutionary state of the mass losing
primary at the start of mass transfer. In case A and case Br
systems (which are systems with periods typically lying in the
range 1 to the order of 1000 days, depending on the primary
mass), the mass transfer occurs during core hydrogen burning
and early hydrogen shell burning respectively. The secondary
may accrete some or all the matter that is lost by the primary.
From this point on, the secondary is referred to as an accretion
star. It looks younger, rejuvenated as it is due to the addition of
new material and the subsequent growth of its convective core.
At the end of mass transfer, it will have assumed a bluer and
more luminous position in the HRD than at the start of mass
transfer. It is precisely this feature that makes interacting binaries worth considering, and which leads to the crucial role that
they may play in the age determination of starbursts. The value
of the fraction β of the mass lost by the primary that is actually
accreted by the secondary is still a matter of debate. The binaries
with very low initial mass ratio (=q) (smaller than about 0.2, and
also some of the systems with 0.2<q<0.4) are not expected to
survive as binaries but will merge instead (see Sect. 2.5.). For the
other case A and Br systems, mass transfer occurs on the thermal time scale of the mass losing component. If the thermal time
scales of both components are significantly different from each
other, as is the case for low q binaries, the secondary will expand
rapidly and a contact phase begins. This may be accompanied by
mass loss from the system. The limiting q between binaries that
go into contact and those of which the secondary (probably) accretes everything (β=1: conservative RLOF) lies somewhere in
the range 0.4 - 0.6 (Kippenhahn & Meyer-Hofmeister 1977) (see
also Pols et al. 1991 for a more detailed justification). We used
the value of 0.4 in our code, but the results are not affected by
this choice. From comparisons between predicted distributions

of the mass ratio of galactic WR+OB systems and the observed
one (Vanbeveren et al. 1997b), it seems likely that mass transfer
in the more massive close binaries (primary mass larger than
about 20 M and q > 0.4) proceeds in a quasi-conservative
way. We will present the results using the following formalism:
β = 0 when q<0.2, β = βmax (5q − 1) when 0.2≤q<0.4 and
β = βmax when q>0.4. In Sect. 4 we will show the influence
of βmax by considering 2 values; 0.5 and 1.
2.3. Case Bc and C binaries
In case Bc and case C systems (periods roughly in the range
1000 to 2000 days) mass transfer begins during late hydrogen
shell burning and helium shell burning respectively. The primary
has developed a convective envelope before the moment mass
transfer starts. The reaction of these stars to mass loss is to expand, which enhances the mass loss rate and makes it become a
dynamical time scale process (Paczynski & Sienkiewicz 1972).
The secondary finds it impossible to accrete all this transferred
matter on such a short time and as a consequence a common
envelope forms. In our code, we assumed that the secondary
does not accrete any matter, but instead continues to evolve like
a single star. Anticipating the results, we can say that these binaries will not make an important contribution to the population,
since they are very rare (see Fig. 1 in Vanbeveren et al. 1997a).
2.4. Non-interacting binaries
For systems with periods larger than those associated with case
C binaries (thus periods larger than about 2000 days), the components are simply too far away from each other for the primary
to fill its Roche lobe at some stage during its evolution. It is obvious that we will treat the components of these systems as single
stars as well.
2.5. Binaries with low initial mass ratio
There is a class of interacting binaries (with primary mass
smaller than 40 M ) that is an exception to the rules outlined
above. These are systems with initial mass ratio less than about
0.2 (Sparks & Stecher 1974, Paczynski 1976). The classical
Roche model does not apply anymore for these binaries. As the
primary grows during its evolution, the secondary is dragged
into its atmosphere. What the end product of this “merging”
process may be is still uncertain. In our code, we just ignored
the subsequent evolution of these systems, as it does not critically affect the main conclusion of the present paper.
2.6. Effect of primary supernova
A small asymmetry in the supernova explosion is sufficient to
give the remaining neutron star a non-negligible push or kick,
which is translated into a so called “kick velocity”. Taking the
pulsar velocity distribution obtained by Lyne & Lorimer (1994)
as representative for the kick velocity distribution during a supernova event, we get an average kick velocity of about 450
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Fig. 1. The evolution between 4 and 11 Myr of a starburst which lasted 1 Myr, with an IMF ∝ M −2.7 and a flat Φ(q). the binary frequency was
taken to be 80% and βmax =1.
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km/s. There have been suggestions that this average could be
substantially lower. However, our main statement that starbursts
could be ‘rejuvenated’ by the presence of interacting binaries
is not affected by this choice. Recently though, Lorimer et al.
(1997) made a thorough study of the kinematic properties of
pulsars, concluding that the average kick velocity should be approximately 500 km/s. This large value has the consequence that
most systems will not survive the supernova as a binary (Vanbeveren et al. 1997 and De Donder et al. 1997), but instead,
the newly acquired kinetic energy of the neutron star proves to
be larger than its potential energy and the binary system is disrupted, leaving two isolated objects. This leads to stars which
are single in appearance, but which have had a binary past, and
possibly an interacting binary past. In other words, they could
be accretion stars! An aspect that was not yet included in the
calculations by Vanbeveren et al. (1997a) was the formation of
black holes. The difference between a black hole and a neutron
star in this context, is that we assume that no supernova (and
thus no kick) is associated with the formation of the former
object. This assumption follows from the trend that black hole
binary candidates exhibit, to have lower spatial velocities than
would be expected if they had received kick velocities at birth
(Podsiadlowski et al. 1996). Theoretical considerations as well,
seem to indicate that a large fraction - if not all - of the mass
is swallowed by the newly formed black hole, instead of being
ejected during a supernova explosion (Burrows 1987). As far
as the limiting mass for black hole formation is concerned, we
make use of the binary system consisting of the X-ray pulsar
4U 1223-62 and its optical companion Wray 977. Brown et al.
(1996) traced back the evolution of this system and concluded
that the progenitor of the pulsar must have had a mass of at least
36 M (see also Wijers 1996). Black holes must thus be formed
from more massive binary components and we assume, in fair
agreement with theory, a limiting mass of 40 M for black hole
formation.
3. The evolutionary synthesis model
In order to perform evolutionary synthesis of a stellar aggregate,
one needs:
– an evolution model for binaries
– an evolution model for single stars
– the lifetimes of single stars and binary components during
their different evolutionary phases
– parameter distributions for objects at birth
– a binary frequency
For the accretion star tracks and associated lifetimes we used
the evolutionary calculations made by the Brussels group (see
the reviews of Vanbeveren 1991, 1994, 1996 and references
therein). The single star data were taken from Schaller et al.
(1992). Vanbeveren (1982) concluded that it is probable that
the IMF of primaries is different from that of single stars. But
since no estimates exist on how different they may be, we decided to adopt the same relation for both of them: IMF ∝ M −2.7
(Scalo 1986) (with a lower limit of 8 M and an upper limit of

100 M ). To investigate the influence of this distribution on the
results, we made some calculations with other powers as well.
The shape of the initial mass ratio distribution Φ(q) of massive close binaries is still a matter of debate. Hogeveen (1991)
proposes a distribution which favors low q; Φ(q) ∝ q −2 when
q>0.3 and flat elsewhere. Garmany (1980) however suggests
Φ(q) ∝ q 1/2 . Even a flat distribution belongs to the possibilities. Accordingly, we accounted for every one of them in our
study. The period distribution for massive binaries was taken to
be the same as the one proposed by Popova et al. (1982) and
Abt (1983) for other binaries: Π(P) ∝ 1/P (with a lower limit of
1 day and an upper limit of 10 years). The most crucial parameters in the problem are the binary frequency, and the interacting
binary frequency. Garmany et al. (1980) stated that about 33%
of all O type stars in the solar neighborhood are primaries of unevolved close binaries with q>0.2 and P<100 days. However,
to avoid RLOF of the primary, massive binaries need to have
much larger periods than that; roughly P > 1000 to 2000 days!
So we expect the interacting binary frequency among massive
stars in the solar neighborhood to be higher than 0.33. In fact,
if one tries to reproduce this observational percentage with our
detailed binary evolution model described in Vanbeveren et al.
(1997b), the interacting binary frequency of the initial population must be of the order of 0.5 to 0.6 (depending somewhat on
the distributions used). In our calculations, given the IMF and
Φ(q), we used the binary frequency which is necessary to reproduce the observational result of Garmany et al.. In doing so,
we assume that the binary frequency in starburst regions with
solar metallicity is the same as in the solar neighborhood.
4. Results: synthesized HRDs
We made Monte Carlo simulations of the evolution of starbursts
of solar metallicity. We follow them by synthesizing HRDs for
different epochs after the start of the starburst phase, and by
keeping track of the number of the types of objects which are of
relevance to our main statement. To count as a starburst, the star
formation phase should be smaller than the lifetimes of the highest mass stars, here chosen to be stars of 100 M . Typically, this
gives star formation phases of the order of 106 yrs or less. We
used the obvious value of 1 Myr throughout our calculations, as
this does not turn out to be a crucial parameter in the problem.
We will consider bursts of 1000 objects (single and binary). Note
however, that for instance in so called Wolf-Rayet galaxies, the
number of massive stars formed during such a starburst phase
could be orders of magnitude larger than the one used here. But
our value suffices to exhibit the effect of interacting binaries
that we are trying to describe. Fig. 1 and 2 respectively show
the evolution of a starburst with an IMF ∝ M −2.7 , a flat Φ(q)
and with βmax =1 and 0.5, between 4 Myr and 11 Myr after the
start of the starburst phase. The early stages of the evolution of
the starburst (0 Myr ≤ t < 5 Myr) are completely dominated
by single star evolution. At this point, the first - albeit timid signs of the presence of interacting binaries become visible by
the appearance of accretion stars (open dots). From now on, the
influence of interacting binaries becomes stronger and stronger
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Fig. 2. Same as Fig. 1 but with βmax =0.5.
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Fig. 3. Same as Fig. 1 but only taking 33% binaries. They all have q>0.2 and a period less than 100 days.
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and they slowly overtake the single stars in contributing to the O
star population. After some 7 Myr the upper part of the HRD is
being completely controlled by accretion stars. This can also be
seen from the number of O stars due to RLOF compared to the
total number, as we compute these on every picture. To decide
whether a star is an O star we used the calibration of Humphreys
& Mc Elroy (1984). One notices that after about 7 Myr the entire
O star population consists of accretion stars only! This is a fascinating situation, since, if a starburst is observed in such a phase,
it exhibits O stars which, if believed to be single, will be given
ages younger than about 5 Myr, while in reality the starburst is
older than 7 Myr. Another interesting feature is the number of O
stars that are former members of binaries but single at present,
due to the supernova explosion of the original primary which
disrupted the system. It appears that at the stage where the accretion stars dominate, they account - on average - for some 60%
of the O star population, for βmax =1 as well as for βmax =0.5.
So more than half of the accretion O stars are expected to be
isolated stars, but remember that RLOF is responsible for their
present evolutionary state. In Fig. 3 we present the same calculations, but this time we only took 33% binaries, which all had
q > 0.2 and P < 100 days. In other words, we just accounted
for those systems that are actually observed in reality. As one
can see, the overall features are identical to the former results.
Accretion stars still become the dominant and eventually only
suppliers of O type stars in a starburst. Using all kinds of combinations of IMF and Φ(q) distributions does not change that fact
either. The foregoing arguments seem to indicate strongly, that
one needs to consider the influence of interacting binaries when
studying a starburst region before making conclusions based on
single star evolution only. However, the calculations we have
made and the statements we have put forward so far are, strictly
speaking, only applicable to environments whose metallicity is
comparable to that of the solar neighborhood. When trying to
reproduce the Wolf-Rayet star populations in the Magellanic
Clouds (which both have a lower metallicity than the Galaxy)
by taking account of single and binary stars, Vanbeveren (1995)
concluded that it is probable that the binary frequency (and thus
the interacting binary frequency as well) should be lower there
compared to that of the Galaxy. As a matter of fact, there are
signs that the binary frequency for massive stars is a increasing
function of metallicity, reaching interacting binary frequencies
as low as 8.5% for the SMC. If this is true, then it is quite clear
that for very low metallicity environments the few accretion
stars that are present will not be able to generate much confusion about the evolutionary state of the starburst, and that single
star evolution will pretty much remain the dominant contributor
to the O star population there.
5. Conclusions
In this paper we have made calculations on the evolution of the
massive star population in starburst regions of solar metallicity taking account of single as well as binary stars. It is shown
that single star evolution dominates the O star population in the
early stages but that interacting binaries (by way of accretion
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stars) start taking over after about 5 to 6 million years, eventually becoming the only suppliers of O stars after about 7 million
years. Attention is drawn to the fact that a non-negligible fraction of those accretion O stars (≈60%) will be seen as isolated
stars due to the supernova explosion of their former companions which disrupted the binary system. The consequence of all
this is that the starburst will be given an age that is too young
compared to its actual evolutionary state when only single star
evolution is considered. A final important remark is that it may
be possible for the binary frequency to be a increasing function of metallicity, leading to the suspicion that for very low
metallicity environments the above-mentioned effect may be
significantly reduced.
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