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1. Introduction

The binary systems composed of a Be star and a neutron stdN$Bgpe systems) form the
most numerous class of X-ray binaries (XRBs) in our Galaxy.

At present, 123 such systems are known in the Galaxy and tigelMaic Clouds (which is al-
most a half of the total number of the known NS XRBs). Othessits of XRBs are less numerous:
we know 90 X-ray bursters (which are also NS XRBs) and 50 Xgalgars not associated with
a Be type companion (which form still other classes of NS XRB&of these NSs are associated
with a supergiant type companion and 14 with a low mass companin addition, we know 58
black hole candidate (BHC) systems (among them 23 confirmédytems). However, not a
single BHC binary containing a Be type component (Be/BH hihaas found so far.

This disparity (123 Be/NS type systems out of 262 known NS XRB. not a single Be/BH
type system among 58 known BH XRBSs) is indeed striking. Leatatg, that if we consider XRBs
which do not contain a Be component, then the ratio of NSs te BH 2:1 (139:58). However, if
we consider XRBs with a Be component, then the ratio of NSsHe Becomes 123:0!

This disparity called the attention of the researchersadiydor some time. Zhang et al. (2004)
noted that, according to the stellar population syntheSRS) calculations by Podsiadlowski et
al. (2003), BH binaries are formed predominantly with rigily short orbital periodsRon, <
10 days). If this is the case, then, according to Zhang ehal excretion disc truncation mechanism
(Artymowicz & Lubow, 1994) might be so efficient, that the estton rate is very low and the
system remains dormant (and therefore invisible) for atratb¢he time. One should note, however,
that Podsiadlowski et al. considered, essentially, BHesgstwith Roche lobe filling secondaries,
which definitely is not the case of Be XRBs. Therefore, theguits are not relevant for the case of
Be/BH XRBs.

We carried out the calculations of stellar population sgatb to investigate the case of the
apparently missing population of Be/BH XRBs using the Staick code described by Belazski,
Kalogera & Bulik (2002) and Belczski et al. (2008).

2. Properties of Be XRBs

Be/NS XRB systems consist of a NS orbiting a Be type star otheravide (orbital periods in
the range of- 10 to~ 300 days), frequently excentric, orbit. NS has a strong retigfield and,
in vast majority of cases, is observed as an X-ray pulsah(tki¢ spin periods in the range of 34
ms to about 1400 s). The surface of the Be component is logattdbelow its Roche lobe and the
mass accretion on a NS is occuring through the interactianN$ with the excretion disc around
Be component. The fact that Be star is much smaller than ith&€be is a distinct property of
Be XRBs. In almost all other types of XRBs, the optical comgrtralways fills or almost fills its
Roche lobe (even if the accreted matter is supplied by thesyin

X-Ray emission (with a few exceptions) has distinctly tiansnature with rather short active
phases separated by much longer quiescent intervals (agflaghaviour). There are two types
of flares, which are classified as Type | outbursts (smallerragularly repeating) and Type I
outbursts (larger and irregular). Type | bursts are obskivaystems with highly eccentric orbits.
They occur close to periastron passages of NS. They aretiggped intervals~ Py, Type |l
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bursts may occur at any orbital phase. They are correlatddtiaé disruption of the excretion disc
around Be star (as observed imHine). They repeat on time scale of the dynamical evolutibn o
the excretion disc+{ few to few tens of years). This recurrence time scale is gdiganuch longer
than the orbital period.

It is well known now that Be/NS systems contain two quasiH&san ( Viag | /Vorb < 1072)
discs: excretion disc around Be star and accretion discndroeutron star. Both discs are tem-
porary: excretion disc disperses and refills on time scalésw to few tens of years (dynamical
evolution of the disc, formerly known as the "activity of a Bar"), while accretion disc disperses
and refills on time scales weeks to months (which is related to the orbital motion onareetric
orbit and, on some occasions, also to the major instalilifehe other disc). Accretion disc might
be absent over a longer period of time years), if the other disc is very weak or absent. The
X-ray emission of Be/X-ray binaries is controlled by the wngal gate mechanism, which, in
turn, is operated both by the periastron passages (Typetishand by the dynamical evolution of
the excretion disc (both types of bursts). This mechanigpta@s the transient nature of the X-ray
emission.

One should add that the excretion discs are not a mystery amg.nin recent years, the
outflowing viscous discs were used to describe the circdlastmatter around Be stars known
earlier as "an envelope of a Be star" (Okazaki, 1997; Pdr®99; Negueruela and Okazaki, 2001).
The modeling with the help of the viscous excretion discseapgd to be by far more succesful
in describing the circumstellar matter, than earlier deions in terms of "equatorial winds",
"expanding envelopes" or "ejected shells". In particuthe viscous disc models were able to
explain the very low outflow velocities (the observed uppeits are, at most, few km/sec) and,
also, to explain the (so called) V/R variability, observadBie stars. The viscous excretion discs
are very similar to the, well known, viscous accretion disscept for the changed sign of the
rate of the mass flow. Some aspects of these modelings (sapgie matter with the sufficient
angular momentum to the inner edge of the disc, interactidheostellar radiation with the matter
of the disc) are not fully solved yet, but the general piciarguite convincing. The viscosity in the
excretion discs is usually assumed (similarly as for acmmetiscs) in the form ofr-viscosity. The
discs are almost Keplerian (rotationally supported) wigicplains the very low values of the radial
component of velocity. Nearly Keplerian discs (both inflogriand outflowing) were, since a long
time, known to undergo a global one-armed oscillation iniita (Kato, 1983). This instability
(progressing density waves) provide a very successfulaagtion of V/R variability, observed
both in isolated Be stars and in members of Be/X-ray systdrhis phenomenon manifests itself
in the form of quasi-cyclical changes of the ratio of thesitbs of the V(iolet) peak to the R(ed)
peak in the double profile emission lines. This variabilibegt seen for the # line) includes
phases, when only one peak is visible. The time scales ofubsigycles range from months to
years or decades. The theoretical line profiles calculaiethé discs with the asymmetric matter
distribution (due to progressing density waves) were fotmbe in a good agreement with the
observed profiles (Okazaki, 1996; Hummel and Hanuschik719®so the theoretical time scales
calculated for the one-armed oscillation instability agravith the observed time scales of V/R
variability (Negueruela et al., 2001). The one-armed inifitg leads, finally, to the disruption of
the disc and ejection of the matter from its outer rim. Thiemqdmenon is responsible for Type Il
bursts. Therefore, these time scales describe also theeace of Type Il bursts.
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3. Definition of a Be XRB for the purpose of SPS calculations

The most characteristic observational property of Be st@tinguishing them from other B
stars is the presence of excretion discs producing the cieaistic emission lines. The underlying
cause of the presence of this disc is, in turn, rapid rotatiorthe context of XRBs, the presence
of an excretion disc is crucial, because it permits the ikt efficient accretion on the compact
companion, even in the case of large orbital separatioms. Hot clear how Be stars achieved their
fast rotation (although different hypothesis like rapithtan at birth or spin-up due to binary mass
transfer are advanced; see e.g. McSwain & Gies, 2005). Batdn of Be stars among all B stars
is similar for single stars and for those in binary systenme(quarter to one third).
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Figure 1: The expected numbers of Be/NS (blue line) and Be/BH (red loiearies as functions of the
assumed minimal mass of a Be component.

For the purpose of our calculations, we we assumed, for &ityplthat one quarter of all B
stars are always Be stars and that these stars are alwaysreffitass donors, independently of
the size of the binary orbit (as is, in fact, observed in BedRBs). Therefore, according to our
definition, a Be XRB is a system composed of a compact objeStdi\BH) and a main sequence
B star (and we apply a factor 0.25 to the number of such systenaccount for the fact that not
every B star is a Be star).

4. Preliminary Results

Fig. 1 shows that, when we count the total expected numbdBeMNS and Be/BH binaries,
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these numbers should be, roughly comparable. The estimadsdes of observed Be stars cover
the range from~ 2.3 M, (Lejeune & Schaerer, 2001) t& 25 M., (McSwain & Gies, 2005).
Therefore, if we assume 3Mas a reasonable lower limit for the mass of a Be component,ttiee
Be/NS systems should outnumber Be/BH systems only by arfattbout 2.5.

The reason for the observed large disparity becomes ohvidven we look at Fig. 2. Accord-
ing to our calculations, the distribution of the orbital jpels is completely different for Be/NS and
Be/BH systems. Within the orbital period range where Be XREsfound £ 10 to~ 300 days),
Be systems are formed predominantly with a NS component.ratieof the expected number of
Be/NS systems to the expected number of Be/BH systems ishioorbital period range, larger
than 50. The systems with a BH component are formed predantymaith much longer orbital
periods. Such systems are very difficult to detect, both dugety long orbital periods and due
to, probably, very low luminosities (the accretion at suatgé orbital separations must be very
inefficient).
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Figure 2: The expected distributions of orbital periods of Be/NSt(fefnel) and Be/BH (right panel) binary
systems. Red lines correspond to the minimum mass of a Beamwenpequal 3 M and the blue lines to
the minimum mass equal 8 M

We should stress, that the results presented above are emylykeliminary results. We plan
to carry out further calculations. In particular, we shall to explain the physical reasons for so
different orbital periods distributions for the systemshailSs and with BHs.

We should also stress that, while our results provide a nfajor explaining the observed
disparity in the numbers of Be/NS and Be/BH systems, thishitig not the only factor. Another
possible factor may be related to the previous evolution Bé astar. If, indeed, a B star must be a
member of a binary system and undergo a mass transfer intorbecome a Be star, then one can
imagine that the systems composed of a Be star and a rejaldgsd massive companion (which
collapses to a NS) remain bound, while those composed of taBarsd a relatively more massive
companion (which collapses to a BH) are disrupted in thegg®of supernova explosion.



Missing Population of Be+BH X-Ray Binaries Janusz Zibtkowski

Acknowledgments

This work was partially supported by the polish MNiSW gramMi203065933 (2007-2010).

References

[1] P. Artymowicz & S.H. LubowDynamics of binary-disk interaction. 1: Resonances ank dap
sizesApJ421(1994) 651

[2] K. Belczynski, V. Kalogera & T. Bulik,Binary Population Synthesis: Methods, Normalization, and
SurprisesApJ572(2002) 407 st r o- ph/ 0102229].

[3] K. Belczynski, V. Kalogera, F.A. Rasio, R.E. Taam, A. Zezas, T. Bulid, Maccarone & N. lvanova,
Compact Object Modeling with the StarTrack Population Bgais CodeApJ Supp(2008) in press,
[astro-ph/051181].

[4] W. Hummel & R.W. Hanuschikl-ine formation in Be star envelopes. Il. Disk oscillatipA&A 320
(1997) 852

[5] S. Kato,Low-frequency, one-armed oscillations of Keplerian gasatisksPASJ35 (1983) 249

[6] T.Lejeune & D. SchaereDatabase of Geneva stellar evolution tracks and isochrof&#\ 366
(2001) 538

[71 M.V. McSwain & D.R. Gies,The Evolutionary Status of Be Stars: Results from a Photaergtudy
of Southern Open Cluster&pJ Suppll61(2005) 118

[8] I. Negueruela & A.T. Okazaki, A.T.The Be/X-ray transient 4U 0115+63/V635 Cas: |. A consistent
mode] A&A 369(2001) 108 ast r o- ph/ 0011407].

[9] I. Negueruela, A.T. Okazaki, J. Fabregat, M.J. Coe, Unihi& T. Tomov,The Be/X-ray transient
4U 0115+63/V635 Cas: Il. Outburst mechanisrA&A 369(2001) 117 st r o- ph/ 0101208].

[10] A.T. OkazakiEmission-Line Profiles from Be-Star Envelopes with m=1WRédtion PatternsPASJ
48(1996) 305

[11] A.T. Okazaki,Viscous Transonic Outflow in Equatorial Discs of Be Stard he Interactions of Stars
with Their Environmenteds. L.V. Toth, M. Kun & L. Szabados, Konkoly Observatorydapest,
(1997) 407

[12] Ph. Podsiadlowski, S. Rappaport & Z. H&m the formation and evolution of black hole binaries
MNRAS341(2003) 385

[13] J.M. PorterOn outflowing viscous disc models for Be st#&A 348(1999) 512
[14] F. Zhang, X.-D. Li & Z.-R. WangWhere Are the Be/Black Hole Binarieg$J603(2004) 663



