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Abstract. Using the "Scenario Machine" we study the number and 
physical properties of binary Be stars with white dwarfs taking into ac­
count cooling of the compact object and discuss the formation of such 
systems. According to our calculations the number of binary systems 
containing a Be star paired with a white dwarf in our galaxy is very large 
- 46% of all Be stars formed as a result of binary evolution must have a 
white dwarf as companion. These white dwarfs should be very hot with 
a surface temperature lying in the range from 30,000 to 60,000 K. 

1. Introduction 

Be stars in Be/X-ray binaries turn out to cover a very limited range in spec­
tral type, namely between 09 and B2. This is due to the fact that only the 
more massive systems can produce a neutron star. However, evolutionary cal­
culations show that the less massive systems will produce a rapidly rotating Be 
star, which may be of later spectral type than B2, and a white dwarf. In this 
paper we make a population computation of the abundance of Be/WD binaries, 
calculate their expected observational characteristics and discuss their influence 
on observational appearances of white dwarfs in binary system with a Be star. 
We also discuss a possible way of detection of a white dwarf in such a system. 

2. The problem of white dwarf cooling 

The dominant source of luminosity of a white dwarf is the consumption of ther­
mal energy of the ions stored in the stellar interior. The theory of cooling of 
single white dwarfs (Kaplan 1950; Mestel 1952) predicts the connection between 
the luminosity of the white dwarf and its age, which is confirmed well by obser­
vational data. Without going into detail of the theory we give simply the basic 
formula obtained by us for the dependence of the luminosity of the white dwarf 
on time, L{t): 

L(t) - 1.82 x 10 VZXZ{1 + XH) {h72xl0ioXz{1 + XH)^
+Ti,o ) (1) 

where fi is the mean atomic weight, fiz is the number of nucleons per electron, 
M is the white dwarf mass, xz is the fraction of heavy elements (all elements 
other than H and He), x# is the fraction of H, r is the cooling time of a white 
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Figure 1. The expected distribution of the number of Be/WD bina­
ries over different physical properties 

dwarf with core temperature between To and T (in years), T7 = T x 10- 7 , 
A is the atomic weight. It is commonly taken that in the envelope of white 
dwarfs xz = 0.1, XH = 0, then, pz = 2, fi = 1.38, fi/[fi2

zxz(l + £//)] = 3.45. 
Evidently if we know the initial temperature of the core then we can calculate 
the temperature at the surface of the white dwarf, Teg, for any moment of time. 

3. The population synthesis of binary Be stars paired with white 
dwarfs and their physical properties 

The calculations have been made using the "Scenario Machine" (a numerical 
code that models the evolution of large ensembles of binary systems; Lipunov 
et al. 1996). 

The existence of white dwarf companions of Be stars is of significant im­
portance from an evolutionary standpoint since they must have evolved from 
massive progenitors, perhaps close to the maximum mass for white dwarf pro­
genitor stars, and they are likely themselves to be much more massive than the 
mean for white dwarfs in general (0.57 M©, Finley, Koester & Basri 1997). Re­
ally, the presence of a component of spectral class B provides a good reason to 
think that the white dwarf progenitor star was massive enough to evolve faster 
and leave the main sequence and, then, collapse into a white dwarf. The spec­
tral type of the normal star in these binaries gives a lower limit for the mass of 
the white dwarf progenitor. It is evident that the maximum of the distribution 
of the number of Be/WD binaries over masses with a degenerate companion in 
distinction to similar distributions for single white dwarfs and their analogs in 
low-mass binary systems must shift to larger values of the mass. The expected 
distribution of the number of Be/WD binaries over masses of the compact ob­
ject is shown in Fig. 1. The peak of the distribution is at the value 1.1 M© and 
hence the previous assumption is true. 

The expected distribution of the number of Be/WD binaries over the surface 
temperatures of white dwarfs is shown in Fig. 1. The initial temperature of the 
core for the calculations is equal to 5 x 107 K by recognizing that the maximum 
value of the surface temperature of a white dwarf obtained from observations 
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Figure 2. A possible evolutionary track leading to Be/WD binary 
formation 

is equal to 70,000 — 80,000 K. Based on our calculations we conclude that 
most of the white dwarfs paired with Be stars must be very hot with surface 
temperatures lying in the range from 30,000 to 60,000 K. This can be explained 
from the fact that white dwarfs in such systems have no time to cool down in 
the time of the Be star evolution. 

A possible evolutionary track leading to Be/WD binary formation is shown 
in Fig. 2. We use the following notation for the particular evolutionary stages of 
the components: MS = a main sequence star inside its Roche lobe (RL); a MS-
star accreting matter during the first mass transfer is considered to be a rapidly 
rotating Be-star if its mass is more than 10 M©; RLO = a MS or post-MS star 
filling its Roche lobe and transferring matter onto the companion; RLO(fast) = 
Roche lobe overflow on a thermal timescale; RLO(slow) = slow (evolutionary 
driven) phase of mass transfer; Hot core = a naked star core left after mass 
exchange - after its cooling the white dwarf forms; WD = white dwarf. 

The distribution of the number of Be stars paired with white dwarfs over 
orbital periods is shown in Fig. 1. It is seen that such systems have no orbital 
periods more than one year, that is, all these binaries are close enough. 

4. Discussion 

According to our calculations the number of binary systems containing a Be 
star paired with a white dwarf is very large — 46% of all Be stars formed as a 
result of binary evolution must have a white dwarf as a companion (see Fig. 3). 
However, so far no such system have been identified. Our calculations show 
that all white dwarfs in systems with Be stars must be very hot (see Fig. 1). 
Could the presence of a white dwarf be established by the detection of its EUV 
continuum shortward of the Be star's continuum turnover at 1000A? 

Apart from the fact that a white dwarf paired with a Be star must be 
very hot, accretion of matter can occur onto the white dwarf. It is known that 
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the X-ray observations of cataclysmic variables which contain a white dwarf 
accreting matter from a companion, have shown that the emitted spectrum has 
a blackbody component with a temperature corresponding to about 40 eV and 
a higher energy component with kT about a few keV. The bulk of the emission 
energy is in the blackbody component with the higher energy component having 
an energy less by factor 30 to 300. 

From our calculations it follows that the entire orbit of white dwarf is em­
bedded in the dense circumstellar envelope of the primary star. The extreme-
ultraviolet and soft X-ray photons are absorbed by the gas in the envelope of 
the Be star in which the white dwarf is embedded. 

Figure 3. The fractions of binary systems containing Be stars with 
different companions 

Thus, the suggestion about the detection of white dwarfs paired with Be 
stars by the detection of its extremely UV continuum shortward of the Be star's 
continuum turnover at 1000A, where the primary star ceases to give the domi­
nant contribution to the emission, is of little use in practice. All extremely UV 
and soft X-ray photons of white dwarfs are absorbed by the Be star envelope. 
However, the suggestion above is applicable to a binary Be/WD system during 
a period without a Be star disc-like envelope. 
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