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Abstract. We combine our close binary population humbe& number of them can be found in the minisurvey of Dahlem et

synthesis code with the formation mechanism of X-radiatic. (1998). Typical X-ray luminosities range betwekri® and

in young supernova remnants and in high mass X-ray binari@é}' erg/s (see also Della Ceca et al. 1997,1999). The X-ray

to predict the hard X-ray luminosity emitted by starbursts. Wapectrum in most of them may reflect the presence of high mass

demonstrate that the impact of interacting binaries is substa@ray binaries (HMXB) and/or energetic isolated young pulsars

tial. Therefore, observations of hard X-rays with energies larggoung supernova remnants = YSNR), although the contribu-

than 2 keV of starburst regions may highlight the importand¢®n of low luminosity AGN may be very significant as well

of close binary evolution in understanding properties of actiyBtak et al. 1997,1999).

starformation regions. The prototype WR galaxy Henize 2-10 has been detected by
ASCAinthe [2-10] keV band (Ohyama & Taniguchi 1999). The

Key words: stars: binaries: close — ISM: supernova remnantsabsorption corrected X-ray luminosity in this passband is about

galaxies: starburst — galaxies: stellar content — X-rays: stars103? erg/s and the spectrum is relatively hard gB.9 keV). It

is concluded that HMXBs and YSNRs have to be presentin the

starburst. The WR galaxy | Zw 18 is, similarly as Henize 2-10,

a blue compact dwarf galaxy but with a very low metallicity

1. Introduction (Z = 0.0005). It has not been observed by ASCA but it was

The discovery of emission line galaxies in the early seventii§técted by ROSAT (Stevens & Strickland 1998a,1998b). Most

(Sargent & Searle 1970; Searle et al. 1973) started a new ergfiff® WR galaxies detected by ROSAT have a soft thermal X-

population synthesis studies: the evolution of young and m&8Y SPectrum with kT~ 0.4 - 1 keV,which is consistent with
sive starbursts. In a few million years, massive stars evolve ifto/0UNg Starburst model whose X-ray emission comes from
WR stars, i.e. after a few million years massive starbursts stifPerbubbles. However, the spectrum of | Zw 18 is significantly
showing WR features. Conti (1991) was the firstto introduce tharder & 2 keV) and this may indicate an origin other tha_n
WR galaxynomenclature and listed 37 candidates. This nurfidPerbubbles. The 30 Doradus complex in the LMC contains
ber has increased up to about 130 (Schaerer et al. 1999). The_luminous star cluster R 136. Within the cluster, there are
oretical population synthesis models of starbursts have bebhO3 type stars (Massey & Hunter 1998). The latter authors
calculated by Mass-Hesse & Kunth (1991), Leitherer & Heclg_oncluded frqm this that the cluster is very young (1-2 million
man (1995), Leitherer et al. (1995), Meynet (1995), consideriP@ars)' Inthe field of R 136, 2 (hard) X-ray sources were detected
single stars only. Binaries were included by Vanbeveren et &Y Wang (1995) and the author proposes a binary nature for
(1997), Schaerer & Vacca (1998), Vanbeveren et al.(1998 ?X—radlatlon. If thgse sources belong to Fhe cluster, we will
Van Bever & Vanbeveren (1998), Van Bever et al. (1999), Mad€monstrate that this may further constrain the cluster's age
Hesse & Cervino (1999). Obviously, their influence depends Bﬂd the importance of binaries in starbursts. Using a population

the adopted binary frequency in starbursts and this is still a maynthesis code with arealistic fraction of binaries, it is the scope

ter of debate. A way out may be to observe features which &€ Present paper to study the predicted hard X-rays emitted

due to binaries only. A population of massive binaries evolv@¥ YSNRs and HMXBs in a starburst.

into a population of high mass X-ray binaries. Since high mass

X-ray binaries emit hard X-rays<2 keV), it may prove useful 5 Tpe population synthesis model

to observe the hard X-ray spectrum of starbursts and to compare

with theoretical prediction. Many emission line galaxies wef@opulation number synthesis (PNS) models for massive stars
detected as [2-10] keV X-ray emitters by the Advanced Satellitéth a realistic frequency of massive close binaries have been

for Cosmology and Astrophysiscs (ASCA; Tanaka et al. 1994pnstructed by different groups (Dewey & Cordes 1987; Meurs
& Van den Heuvel 1989; Pols et al. 1991; Pols & Marinus 1994;
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1996; Jorgensen et al. 1997; Dalton & Sarazin 1995a,1998ese smaller mass loss rates, the evolutionary calculations that
Portegies Zwart & Verbunt 1996). The overall physics of thare used in our PNS code rely on them. We like to repeat here
binary evolutionary scenario is similar in all models. The maitwo PNS ingredients that are of particular importance for the
difference between our code and others concerns the treatnresults of the present paper:
of the effect of the supernova explosion of one of the compo- e As a consequence of an asymmetrical SN explosion, a
nents of a massive binary on the orbital parameters of the latteutron star remnant receives a kick velocigy.y. When a
and the stellar evolutionary results that are used. To follow tB& explosion occurs in a binary, the direction and magnitude
evolution of young starbursts and to estimate the X-radiatiof the kick obviously affect the binary parameters. Our PNS
from YSNRs and HMXBs, it is essential that the most recenbde includes a detailed binary SN model and we usga v
computations are implemented whereas the evolution of malstribution which relies on the study of Lorimer et al. (1997).
gainers must be followed in detail. Our PNS model uses an ex- ¢ When the final CO-core masses at the end of CHeB are
tended library of stellar evolutionary calculations (Vanbeverdimked to the post-CHeB evolutionary calculations of Timmes
et al. 1998a,1998b,1998c) in which we adopt the most recenial. (1996) (see also Fryer 1999), it follows that
stellar wind mass loss rate formalisms. Especially the rates dur- All single stars (resp. primaries of interacting close bina-
ing the luminous blue variable (LBV) phase, during the redes) with initial mass> 25 M, (resp. 40M,) finally collapse
supergiant (RSG) phase and during the WR phase affect itodorm a black hole.
critical way the results of population synthesis. To illustrate: These mass limits are used in our PNS calculations. Note
when a massive star has lost most of its hydrogen rich lay&®wvever, that if stellar wind mass loss rates depend on the
(either due to LBV stellar wind, due to RSG stellar wind, or duetallicity as predicted by the radiatively driven wind theory
to mass loss phases which are typical for binaries, e.g. Ro¢Kedritzki et al. 1987), the mass limits may be smaller in low
lobe overflow = RLOF, the common envelope process andfoetallicity environments.
the spiral-in process), and becomes a blue hydrogen poor coreln our PNS computations, we do not account for the effects
helium burning (CHeB) star, it can be classified as a WR star amial binary parameters of a possible supernova explosion prior
thus, to calculate its evolution, WR-like mass loss rates musttoethe black hole formation. This may not be correct. The low
used. mass X-ray binary GRO J1655-40 (Nova Scorpii 1994) consists

Woosley et al. (1993) followed the evolution up to Fe-coref a black hole candidate with a mass$ + 2 M, whereas the
collapse of massive stars who have lost all their hydrogen doptical component is an F3-F8 IV/III star with mass2.35+
ing hydrogen shell burning and became hydrogen poor at &5 M, (Shahbaz et al. 1999). It was shown by Israelian et
beginning of CHeB (a situation typical for primaries in closal. (1999) that O, Mg, Si and S are significantly overabundant
binaries that lose their mass by RLOF). During CHeB the stéih the atmosphere of the optical component. This is considered
lar wind mass loss rate formalism of Langer (1989) was usad evidence that a supernova explosion occurred prior to BH
for WR stars. These evolutionary computations predict that &rmation and that supernova ejecta were captured by the F star.
massive primaries end their life with a mass between\Z5 To simulate the evolution of a starburst, we proceed as fol-
and 5M. However, some X-ray binaries have a very massivews. Given a large number of stars (we have chasen0®
black hole component, e.g. Cyg X-1 has a black hole compmassive objects, an object being either a single star with initial
nent with a mass- 10 M, (Gies & Bolton 1986). If the mass mass between 10/, and 100M, or a binary with primary
is confirmed, it is incompatible with the previous WR mass logsass between 10/, and 100M), we use a Monte-Carlo
formalism. New hydrodynamical analysis of WR atmospheresethod to simulate the population, given a binary frequency at
point towards much lower stellar wind mass loss rates. The WiRth, an initial mass function which is assumed to be similar
mass loss rates listed by Hamann & Koesterke (1998) ardoasingle stars and for primaries of binaries, a mass ratio and
factor of 4 smaller than those predicted by the formalism pEriod distribution of binaries. When a binary component or
Langer (1989). Including line-blanketing and clumping, Hilliesingle star ends its life as a neutron star and thus a supernova
& Miller (1999) analyzed the WC5 star HD 165763 and desxplosion occurs, again using a Monte-Carlo method, our PNS
rive Log(L/Le) = 5.3 andLog M = —4.8 (M in M /yr). code also decides upon thgy. (magnitude and direction) and
Schmutz (1997) obtaindadg L = 5.7 andlog M = —4.5 for the magnetic field B according to their respective distributions.
the hydrogenless WN5 star HD 50896. The mass loss rate @he distribution of the direction of the kick is assumed to be
rived for the binary V444 Cyg from the orbital period increasisotropic. Details of the PNS model and the adopted distribu-
yields a valudog M ~ —5 (Underhill et al. 1990). The lumi- tion functions have been discussed by Vanbeveren et al. (1998a)
nosity of the WR component isog(L/Lg) = 5. and by Van Bever & Vanbeveren (1998).

Vanbeveren et al. (1998a,1998b) investigated the conse-
quences of a WR mass loss formalism that fits the three obser-
vations listed abovel{og M = Log(L/Ls) — 10). Compared
to the results of Woosley et al. (1993), the pre-Fe-core collapse ) .
masses are significantly larger and the existence of HMXBs liRe The population of hard X-ray emitters

Cyg X-1 can be explained in a straightforward way. Althougth young starbursts, hard X-radiation with energies larger than
it is clear that much more observations are needed to confipiReV are produced mainly by YSNRs and HMXBs.
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3.1. YSNRs 3.2. HMXBs

YSNRs radiate a synchrotron X-ray spectrum that can be madsing a Monte-Carlo simulation, our PNS model predicts the
eled by a Raymond-Smith model with atemperatured@keV population of OB type stars with a compact companion (cc) re-
(Della Ceca et al. 1999; Ohyama & Taniguchi 1999). The fosulting from a population of massive stars with a realistic frac-
mation of X-rays from young single pulsars has been outlinéidn of close binaries. For each OB+cc system that is formed,
in classical papers like Goldreich & Julian (1969), Goldreicive know its period, the mass and spectral type of the OB com-
et al. (1971), Rees & Gunn (1974). The pulsar loses rotatioqanents, whether the cc is a neutron star or a black hole. The

energy at a rate subsequent evolution of the OB-type star is followed in de-
. . tail. When an OB+cc binary survives the spiral-in process and
E =100, (1) aWR+ccis formed, the evolution of the WR star is followed

_ . . till the end of CHeB using the appropriate stellar wind mass
(I = the moment of inertia of the neutron stér.the angular rl[g)SS rate formalism. An OB/WR + cc binary becomes a HMXB

velocity) in the form of electromagnetic waves and intheforWh n part of the matter lost by th tical component is ir q
of a relativistic wind containing a toroidal magnetic field. Part €n part of the matter 1ost by the optical component s trappe

of this energy is radiated as X-rays, i.e. gravitationally by the cc. The X-ray energy is essentially the
T loss of gravitational energy of this matter. However, to obtain

L, = nE 0<n<l1, 2) X-rays, it is essential that an accretion disc is formed (Shapiro
& Lightman 1976) and/or a very strong magnetic field is present
Seward & Wang (1988) usetinsteinobservations to measure(Langer & Rappaport 1982). The former condition is particu-
the X-ray luminosityL,, in the band @ - 4 keV ofpulsars and larly important when the ccis a black hole which cannot support
their associated nebulae. They considered pulsars whose ratmagnetic field. In this case, a Keplerian disc is formed when
tional period P and its derivative are known and concluded thae specific angular momentum of the accreted matter exceeds
n ~ 0.01 - 0.03. We will use 0.03 but it must be realized thake specific angular momentum of the matter in the last stable
the X-ray luminosity of SNRs predicted by population numbedrbit in the disk Rx ~ 3 times the Schwarzschild radius). The
synthesis scales linearly with The energy rate as a function oflatter condition is fulfilled when (e.g. Iben et al. 1995a)
time is calculated using the following relation between the mag-

netic field B of the neutron star, its period and period derivativc;_]'2 NY SR\ /MG
/P =(-3) () (i) @
B=32-10"VPP (Gauss), @) A A R M.,

(with P in s andP dimensionless). The relation holds for §R and M are resp. the radius and mass of the optical component,
standard neutron star if the torque that causes the spin dowA is the semi major axis)/.. is the mass of the compact star).
due to dipole radiation only (pulsar breaking imde= 3). Al- To calculate the X-radiation of an OB/WR+cc, we first check
though observations of the Crab pulsar and PSR 1509-58 semmdition (4) and we distinguish the following subclasses.
to indicate slightly smaller values (Manchester et al. 1985), the ¢ HMXB;: the OB type star is a core hydrogen burning
foregoing relation is more than sufficient for PNS calculation6CHB) star with mass larger than about 20, losing mass

To estimate the X-radiation produced by SNRs by meanstof stellar wind at moderate rates. The X-rays are due to the ac-
a PNS code we thus need to know the distribution of B and theetion of mass of the stellar wind by the compact star. We use
distribution of initial spin period of neutron stars. The distributhe description of Davidson & Ostriker (1973) combined with
tion of B appears to be Gaussian in log B, with averagk2.5 a typical radiatively driven stellar wind model of the OB star
(B in Gauss) and standard deviatien0.3 (Bhattacharya et al. (Kudritzki 1987). We will illustrate in Sect. 4 that the contribu-
1992). However, nothing much can be said about the initial sgion of this class of HMXBs to the total predicted X-radiation
period of neutron stars. The present day spin period distritaf-a starburst is small due to the fact that in most cases the mass
tion and the B distribution are consistent with the conclusiaccretion rate onto the compact object is small.
that most of the neutron stars are born with a pekio@.1 s. ¢ HMXB;: the OB type star fills its critical Roche lobe while
All pulsars that are still embedded in the SN nebula (and whidhis a CHB star. The subsequent evolution is governed by the
are thus very young) have a pulse period larger than 0.01 s. ¥géral-in process. Due to the fact that the OB star evolves on the
will calculate our PNS model assuming that all pulsars are bamaclear timescale, the system may be visible as a bright X-ray
with the same spin periofly ranging from 0.001 - 0.1 s. Sincesource in a phase of beginning spiral-in (Savonije 1979,1983).
the total rotational energy of a pulsar is proportionaPto?, it We adopt as a (simple) model that all the systems in our sim-
can be suspected that the result may depenBy,oin our PNS ulation that enter such a phase radiate at the critical Eddington
code, we apply the foregoing formalism to all single and binatyminosity and the timescale of this phase (as function of sys-
pulsars, also to those who became single after disruption of teen period and mass of the optical star) is estimated from the
progenitor binary due to the supernova explosion. When, aftero papers of Savonije.
the supernova explosion, the pulsar remains attached to the OBe HMXB;: the OB type star is a hydrogen shell burning
component, X-rays are produced by the process described inghpergiant with a strong stellar wind. In this case, the X-ray
next subsection. luminosity is close to the critical Eddington value. For simplic-
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ity, we use the latter value. The time scale of this X-ray phagestill very uncertain. New observations with CHANDRA and
depends on: XMM will provide more accurate measurements of the hard
component in these galaxies, which should allow us to discrim-
fhate on the relative number of HMXBs with BH-candidates
and HMXBs with neutron stars.

1. the period of the HMXB which fixes the onset of the spiral-i
phase and
2. the details of the spiral-in process itself,

7t;titHc?bwously, it must be of the order of the thermal tlmescahs_ Results and discussion

e HMXB,: B emission line X-ray binaries. The optical stalVe define astandard starburstas an instantaneous burst of
is unevolved with spectral type between O9Ve and B2Ve, i 10° massive objects, the IMF of single stars and of primaries
some cases subgiants, and their mass range betwkknahd of binaries follows a Salpeter slope, a flat binary mass ratio dis-
~ 20 M. Be stars show two mass loss modes: a weak péibution, a binary period distribution that is flat in the log, the
sistent stellar wind which is responsible for a weak (persistent);.;, distribution isy2-like with an average of 450 km/s and the
X-ray emission with luminosities of aboi®32-1034 erg/s, and rotational period at birth of neutron stas = 0.01 s. The total
equatorial mass ejection which occur at completely erratic ibinary frequency (orbital period up to 10 years) at birth is 80%.
tervals (presumably due to some combination of rotation aAg expected and confirmed by our computations, the HMXB
non-radial oscillations). During such outbursts, the X-ray lumélass never contribute significantly to the total X-ray luminosity
nosity may increase up t?37-10® erg/s. Since the physics ofof a starburst; we will not consider them further. The PNS model
the outbursts is still poorly understood, it is difficult to makeredicts the existence of WR+cc binaries of whom the majority
any estimate of the X-radiation of a starburst once the HMXBse WR+black hole candidates. WR stars have a hydrostatic ra-
are dominated by OB + cc binaries for which the OB star madaus of the order of a solar radius and therefore, from condition
is smaller than about 207/,. (4), it can readily be checked that most of these binaries will be-

e HMXB;: the optical component is a WR star. We use @eome hard X-ray emitters when their orbital period P is smaller
similar formalism as ford M X B;’s but with a typical WR than about 0.4 days. In this case, the black hole is imbedded
stellar wind. WR wind rates are significantly larger than OBeep into the stellar wind of the WR star and a large fraction
rates. To estimate the X-radiation produced by WR+cc binarief,the X-rays are absorbed (typically, the X-ray luminosity is
it is therefore very important to account for the absorption of Xeduced by a factor 1000 or more). The X-ray absorption in the
rays by the stellar wind of the WR star itself. The latter depentiéR wind in WR+neutron star binaries is obviously similar as
on the orbital phase of a WR+cc binary and on the details of tieWR+black hole systems. Furthermore, a WR+neutron star
WR atmosphere. We use the procedure outlined by Vanbevebémary that survived the previous spiral-in phase, must have had
et al. (1998b) and, to obtain an average value, for all WR+acOB+neutron star progenitor with very large period (see also
binaries predicted by our PNS model we calculate the effect\dnbeveren et al. 1998c). As a consequence, if a neutron star
the absorption of X-rays at orbital phasg2. is formed as a rapid rotator, it may still be a rapid rotator when

The observed X-ray spectrum of most of the HMXBs witthe OB star turns into a WR star. This rotation may prevent
a neutron star companion can be compared with the radiatioraotretion and X-rays are not produced. Therefore,
a thermal plasma with kB 15 keV (Nagase 1989). Compared WR+cc binaries hardly contribute to the overall X-ray lu-
to HMXBs with a neutron star, the X-ray spectrum of blackninosity of a starburst.
hole candidates may be significantly softer or may contain a Note that this is consistent with the observational fact that
soft component (Tanaka & Lewin 1994). The cc in Cyg X-8vithin the Solar neighbourhood WR stars are absent among the
is probably a black hole (Schmutz et al. 1996) whereas duriagtical components of the HMXBs. Cyg X-3 may be an excep-
the high state of the X-ray emission, its X-ray spectrum cdion, however, as argued by Mitra (1996) and by Vanbeveren et
be described by a bremsstrahlungspectrum with=k# keV al. (1998b), the mass loser is probably not a normal population
(Vanbeveren et al. 1998b). As a consequence, we can expastR star. Therefore, similar to the HMXB, HMXB;s will
that not be discussed any longer.

when the HMXB population in a starburst is dominated by Fig. 1 illustrates the time variation of the X-ray luminosity
black hole candidates, the emitted X-ray spectrum may be sigeur standard starburst. Fig. 2 (resp. Fig. 3) is as Fig. 1 but with
nificantly softer than when it is dominated by neutron star caan average p.,. = 150 km/s (resp. binary frequency = 10%). In
didates. Fig. 4 we compare the time variation of the X-ray luminosity of

Interestingly, the X-ray spectrum of the emission line galaxie YSNRs of the standard starburst with that of a model that
ies and of the WR galaxy Henize 2-10 discussed in the introdwassumes an initial neutron star rotation periodpf 0.001 s.
tion seem to be harder than predicted by YSNRs but softer thAle decided to show total X-ray luminosities and did not con-
spectra of HMXBs with a neutron star component. This magider particular passbands. All X-ray luminosities are escaping
indicate that, if HMXBs are responsible for at least part of thé-ray luminosities, i.e. they have intrinsic absorption included
X-radiation in these starburst regions, black hole HMXBs atmit no corrections for other absorption in the host galaxy or in
the most likely candidates. Due to the limited signal-to-noighe Milky Way. The stochastic character of the figures is due to
spectra obtained by ROSAT and ASCA, the latter suggestithe fact that, although the total number of stars in the burst is



466 J. Van Bever & D. Vanbeveren: Hard X-rays emitted by starbursts

33+ LogLx (erg/s/Msun) 33 + Log Lx (erg/s/Msun)

24

31 +

31+

30 +

30 +

29 +

29 + + + + + + + + + i 28

Age (Myr) Age(Myr)

Fig. 1. X-ray luminosity (per unit stellar mass) as a function of timé&ig. 3. Same as Fig. 1 but for a total binary frequency at birth of 10%.
for our standard starburst (see text). The curves are labelled in the

following way: 1) HMXB;, 2) HMXB, with neutron star component, 36 1 Log Lx (erg/s/Msun)

3) HMXB-, with black hole component, 4) HMXBwith neutron star
component, 5) HMXB with black hole component, 6) YSNRs, 7) the,, |
sum of all contributions.
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Fig. 4. X-ray luminaosity (per unit stellar mass of the starburst) of YS-
7 NRs in the case they are born with a rotation period of 0.01 s (dashed
line) and in the case they are born with a rotation period of 0.001 s (full
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Fig. 2. Same as Fig. 1 but for an average kick velocity of neutron stajg decided to show the time variation of the X-radiation of a
at birth of 150 km/s. starburst only up to 10 million years (Figs. 1-4). We conclude:
e When X-rays with energies larger than 2 keV are observed

in a starburst, massive close binary evolution has played an
large, the number of bright YSNRs and/or HMXBs at a certaimportant role in the evolution of the burst.
epoch is always of the order of a few. The luminosities are given e When, initially, a significant fraction of all massive stars
divided by the total mass of massive stars in the burst. This totak starburst are components of binaries, the observable X-ray
mass equals 29.6 million solar masses (resp. 22.2 million) faunase (energies larger than 2 keV) of a starburst starts after 3-4
the standard starburst (resp. for a starburst with a 10% binanillion years, i.e.
frequency). Since the results scale linearly with this total mass, When X-rays are observed in a starburst with energies larger
they can easily be adapted for a burst with a different numbertb&in 2 keV, the burst is at least 3-4 million years old.
massive objects. After about 10 to 15 million years, a significant e The YSNRs contribute to the total X-ray luminosity of a
fraction of the OB+cc class are systems with an OB type sttarburst only when most of the neutron stars are born with a
mass smaller than 20/, and therefore a significant fractionrotation period< 0.01 s.
of the HMXBs may be Be X-ray binaries. This is illustrated e During the first 8 to 9 million years, the hard X-ray lumi-
in Figs. 5, through 10 where we show the time variation of theosity of starbursts comes from YSNRs and from HMXBs with
number of O type stars, WR stars, YSNRs, and the brightesblack hole component. This means that the X-ray spectrum
HMXBs for a standard starburst (we count all OB+cc binariaxf the starburst will be characterized by a 12 keV compo-
with Mop < 20 M, among the HMXBs, but remember that nent due to YSNRs and a somewhat harder component due to
only a fraction of them will be real Be X-ray binaries). The unblack hole HMXBs. Notice however that our estimated number
known physics of the Be phenomenon is also the reason wdffHMXBs with a black hole component must be considered as
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Fig. 10. The number of OB+cc binaries with % < 20 M as a
function of time in the standard starburst. A fraction of them will be
an upper limit since we did not account for possible effects oiible as Be X-ray binaries.

a supernova explosion prior to black hole formation (see also
Sect. 2).

e A starburst is expected to show a hard X-ray component e When the disruption probability of a binary due to the
with KT > 15 keV due to the appearance of HMXBs with a netsupernova explosion of the primary decreases, the contribution
tron star component after about 8-9 million years. The spectrdlY SNRs to the total X-ray luminosity of a starburst becomes
region> 10 keV will be dominated by these HMXBs. smaller during the first 7-8 million years. This is due to the
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Age(Myn) starburst models that fit the observations of the starburst galaxy He2-
Fig. 12. The number of bright X-ray binaries as a function of time fo\lo (see text). The bottom figure shows the total luminosity (thick line

a standard starburst that originally had10* massive objects. corre.spond.s to starbur;t L .thm line to starburs.t 2) gnd In the top figure
we distinguish the contribution to the X-ray luminosity of HMXBs and

of YSNRs, i.e. curve 1 (resp. 2) describes the HMXBs (resp. YSNRs) of
fact that single stars with mass larger than about\25 do starburst 2 and curve 3 (resp. 4) describes the HMXBs (resp. YSNRs)
not produce YSNRs but collapse to form a black hole, wherefsstarburst 1.
the formation of a single pulsar out of a binary becomes less
probable.

e Up to about 7 million years, the X-rays coming from YSshown for a starburst which initially had 10 times more massive
NRs are due to pulsars whose progenitors were binary coblpjects). As can be noticed, few HMXBs are expected as a func-
ponents, which became single pulsars after disruption of tthen of time. The figure also illustrates the following statement:
binary due to the supernova explosion. This means that when Even when interacting binaries play an essential role in the
there are no massive binaries in a starburst, hard X-rays wetfplution of a starburst, a WR galaxy does not always contain
luminosities> 103° erg/s are expected only after 7-8 millionHMXBs.
years. In this case YSNRs are the only agents, and therefore thee Depending on the physics of the Be phenomenon, a star-
X-ray spectrum should be rather soft (kT2 keV, typical for burst galaxy can be classified as a HMXB galaxy up to an age
YSNRs). This means that of 50-70 million years, i.e. long after the disappearence of WR

When a starburst younger than approximately 7 milliognd O features, a starburst may still emit hard X-rays formed in
years emits hard X-rays, interacting massive close binaries mtYIXBs.
have been present initially in the burst.

e The theoretically predicted number of WR stars, O ty, S .
stars, HMXBs and YSNRs obviously depends linearly on t?ngé Application: the WR galaxy Henize 2-10
total number of massive stars that are initially present in tAHable 1 summarizes the data, relevant for the present study, of
burst. Figs. 11 and 12 illustrate the variation of the number tife WR galaxy He2-10. We consider starburst models with a
WR stars, O type stars and HMXBs for a standard starburstrirassive binary frequency at birth = 80% and 10%. The number
which only3 - 10* massive objects are initially present (this canf massive objects at birth is varied so that we obtain the correct
be compared to Figs.5 through 8 where the time variationnismber of WR and O type stars at the moment at which EVY[H
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Table 1. Observational data of the WR galaxy He2-10, from Ohyanfaoldreich P., Pacini F., Rees M.J., 1971, Comm. Astrophys. Space

and Taniguchi (1999), Contini et al. (1999). Phys. 3, 185

Hamann W.-R., Koesterke L., 1998, A&A 335, 1003
z 0.008 Hillier D.J., Miller D.L., 1999, ApJ 519, 354
EW(H5) [j’a\] 2343 Iben I. Jr., Tutukov A.V., Yungelson L.R., 1995a, ApJS 100, 217
number of WN 1100 =+ 500 Iben I. Jr., Tutukov A.V., Yungelson L.R., 1995b, ApJS 100, 233
number of WC > 250 Israelian G., Rebolo R., Basri G., Casares J., Martin E.L., 1999, Nat
L, [2-10keV]  1.15-10%° 401, 142
KT [keV] ~ 4 Jorgensen H., Lipunov V.M., Panchenko |.E., Postnov K.A., Prokhorov

M.E., 1997, ApJ 486, 110
Kudritzki R.P., Pauldrach A., Puls J., 1987, A&A 173, 293
~ 23A. The EWI[H;s] is calculated as outlined by Van BeverlLanger N., 1989, A&A 210, 93
et al. (1999). This resulted into two possibilities that fit theanger S.H., Rappaport S., 1982, ApJ 257, 733
observations of He2-10, i.e. a burst that initially contairis. ~ Leitherer C., Heckman T.M., 1995, ApJS 96, 9
104 (resp.3 - 105) massive objects and a binary frequency df_ezltherer C., Robert C., Heckman T.M., 1995, ApJS 99, 173
80% (resp. 10%) = starburst 1 (resp. starburst 2). Starbur{'&gno" V:M., Postnov K.A., Prokhorov M.E., 1996, AZA 310, 489

. imer D.R., Bailes M., Harrison P.A., 1997, MNRAS 289, 592
(resp. starburst 2) fits He2-10 at an age of about 11 Myr (resqmognchester R.H., Durdin J.M., Newton L.M., 1985, Nat 313, 374

Myr). The [2-10 keV] X-ray luminosity is shown in Fig._ 13 for p\jass-Hesse J. M. Kunth D., 1991, AGAS 88, 399
the two models. For the YSNRs (resp. the HMXBs with a Bliyass-Hesse J.M., Cervino M., 1999, In: 193) van der Hucht K.A.,
component and the HMXBs with a neutron star component) we Koenigsberger G., Eenens P.R.J. (eds.) WR Phenomena in Massive
use a Bremsstrahlungspectrum with & 2 keV (resp. 8 keV Stars and Starburst Galaxies (IAU Symp. Astronomical Society of
and 15 keV) to calculate the,[2-10 keV]. Although we still the Pacific, 550
have to account for considerable uncertainties, observatioltlssey P., Hunter, D.A. 1998, ApJ 493, 180
and theoretical, starburst 1 gives the best total fit. We therefdfgynet G., 1995, A&A 298, 767
conclude that Meurs E.J., van den Heuvel E.P.J., 1989, A&A 226, 88

It is very hard (impossible?) to explain the WR and O staf!ra A-, 1996, MNRAS 280, 953
numbers and the X-ray data of the WR galaxy He2-10 withdif92se I, 1989, PASJ 41, 1

L . - N yama Y., TaniguchiY., 1999, In: K.A. van der Hucht K.A., Koenigs-
considering the influence on starburst evolution of a significan berger G., Eenens P.R.J. (eds.) WR Phenomena in Massive Stars
population of interacting massive close binaries. N el '

) T and Starburst Galaxies (IAU Symp. 193) Astronomical Society of
It is clear that when the spectral resolution in the keV the Pacific, p. 523

hard X-ray band willimprove and when it will become possibleois O.R., Cdt J., Waters L.B.F.M., Heise J., 1991, A&A 241, 419
to observe individual point sources in a starburst we will brepls O.R., Marinus M., 1994, A&A 288, 475
able to decide upon the influence of binaries on the evolutiondls O.R., Marinus M., 1996, A&A 300, 179

active massive star forming regions. Ptak A., Serlemitsos P., Yagoob T., Mushotsky R., Tsuru T., 1997, AJ
113, 1286
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