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Abstract.  Wewill examine the properties of binary systemswhich have Roche lobe
ling secondariesand white dwarf primaries aswell as systemswhere the secondary
is only partially lling its Roche lobe. We will also discussobsenational properties
such asellipsoidal variations, light reprocessingand radial velocity measuremers of
the closebinary systemsBPM 71214,EC 13471 1258 and GD 245. The properties
of BPM 71214and EC 13471 1258show that these systemsmay be pre-cataclysmic
variables just prior to the onset of masstransfer or they may be hibernating novae.
GD 245is a pre-cataclysmic variable.
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1. Intro duction

Short-period binaries containing a white dwarf primary and a low-
mass main-sequencesecondary are the outcome of common ernvelope
ewlution (Paczynski, 1976, and referencestherein). They are also the
progenitors to cataclysmic variables, systemswhere the secondaryis
transferring massonto the white dwarf. Screiber & Gansidke (2003)
have recenly published a list of 30 well obsened post-common erve-
lope binaries and determined their ewlutionary status. We will discuss
three of these systems. Two of these systems (BPM 71214 and EC
13471 1258) show the secondarystar lling its Roche lobe but with

no obsenable masstransfer. Spectroscopicand photometric studies of
BPM 71214 were carried out by Kawka et al. (2002) and Kawka &

Vennes(2003). Similar studies of EC 13471 1258 were preseried by
Kawka et al. (2002) and O'Donoghue et al. (2003). The properties of
the third systemGD 245, suggeststhat the secondary lls in over 40%
of the volume of its Roche lobe (Schmidt et al., 1995).

2. Roche lobe lling secondary stars

Ellipsoidal variations are obsened when the secondaryis distorted by
the gravitational eld of the primary. BPM 71214and EC 13471 1258

p;<‘ Cc 2004 Kluwer Academic Publishers. Printed in the Netherlands.

kawka.tex; 28/11/2004; 0:14; p.1



2 Kawka & Vennes

Table |. Parameters for BPM 71214and EC 13471 1258

Parameter BPM 71214" EC 13471 1258

Orbital period 0:201626 0:000004days 0:15074 0:00004days

WD mass 0:77 0:06 M 0:77 0:04M
WD temperature 17200 1000K 14085 100K
Secondary mass 0:54 M 0:55 011 M
Secondary radius 0:56 R 0:44R
Inclination 30 2 74 2

@ Kawka et al. (2002) ° Kawka & Vennes(2003)

both display ellipsoidal variations. Kawka et al. (2002) and Kawka
& Vennes (2003) preseried spectroscopic and photometric obsena-
tions that suggestedthat the secondarystars of BPM 71214and EC
13471 1258are just under lling their Roche lobe.

2.1. BPM 71214

The parametersof BPM 71214are summarizedin Table |. The orbital
parameters were determined from spectroscopicobsenations as cited,
and the secondarystar propertieswereconstrainedby comparing model
light curvesto R and | photometry.

SinceH emissionis likely to trace an orbit that is inferior to the
orbit traced by the true certer of the secondarymassif the secondaryis
irradiated by the hot white dwarf, the radial velocities were remeasured
by cross-correlatingthe absorption featuresin the range 6240to 6540
A against the M2 dwarf GL 250B using FXCOR in IRAF. Absorption
features are more likely to trace the certer of massof the secondary
The velocities were phasedwith the orbital period to obtain a secondary
velocity semi-amplitude of Kgec = 1162 2:5km's 1.

2.2. EC 13471 1258

The parametersof EC 13471 1258 are summarizedin Table I, where
the secondarymassis signi cantly largerthan the mass(0:41 0:09M )
that O'Donoghue et al. (2003) obtained. The secondarymassand in-
clination in Table | werecalculated using K sec = 245 6 km's 1, white
dwarf mass,orbital period and the duration of the eclipse(15:4 1.0
min) as inputs into an iterative code where an initial estimate of the
inclination i = 80 wasmade. The radius of the red dwarf wasassumed
to be the Roche lobe radius, which was chedked against the radius
obtained from the FWHM of H (Kawka et al., 2002).
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Figure 1. Photometry of EC 13471 1258in R and B showing ellipsoidal variations
and the eclipse. The light curvesare compared to model light curves(black line).

The secondarymasswas recalculated by replacing K s¢c = 245 km
s T with Kgec = 266 5 km s ! (O'Donoghue et al., 2003) to obtain
Mgec = 0:42 0:09 M , which is consistert with O'Donoghue et al.
andi = 76 2 which is consistert with the earlier calculation. Kawka
et al. (2002) usedthe H emissionline to obtain their K g = 241 8
km s 1, where as O'Donoghue et al. (2003) used absorption features
of the secondary Howewer, H emissionis likely to favor an orbit that
is inferior to the true certer of massof the secondary Therefore, the
radial velocities wereremeasuredusing absorption featuresin the range
of 6240to 6540 A against the spectra of GL 190 (M3.5) and GL 250B
(M2) which resulted in Kggc = 246 12km s ! and Kgec = 251 12
km s 1, respectively. Thesevaluesare still marginally lower than those
of O'Donoghue et al. Therefore, the massof the secondaryis probably
between0:41 M and 0:55M

Figure 1 shaws the R and B photometry compared to synthetic
light curves which were computed using the Wilson-Devinney (WD)
code (Wilson, 1979;Wilson, 1990). The xed inputs into the code were
the parametersin Table | and the eclipseduration of 15.4minutes. The
binary wasassumedo bedetached, with black-body sourcespectra and
no spots presen on either star. The radius of the secondarywas varied
until the amplitude of the ellipsoidal variations was satis ed, then the
e ectiv e temperature of the secondarystar was varied until the depth
of the eclipsewas satis ed. First, the R light curve was tted, for which
Te = 2790K and Rgec = 0:44 R provided the best t. These were
then adopted to the B light curve, but Te = 2980K was required.
Te = 2900 150K is only an estimate since a black-body spectrum
doesnot represen a M-dwarf spectrum well.
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Synthetic light curveswerealsocalculatedfor M gec = 0:42M , how-
ever similar valuesof secondaryradius and temperature were required.
Note, that if the secondarymassis decreasedthen the separation must
also decreaseand therefore the massof the secondaryhaslittle e ect
on the resulting light-curve unlessstrict mass-radiusrelations are kept.

The orbital parametersof these systemsindicate that they are pre-
cataclysmic variables just prior to the onset of masstransfer or they
may be hibernating novae (Shara et al., 1986).

3. Pre-cataclysmic variable stars

Most of the known white dwarf plus dMe binaries are not closeenough
for the secondaryto be detectably distorted by the primary white
dwarf. Therefore, ellipsoidal variations are not going to be obsened
in these systems,however someof these systemsmay be variable as a
result of light reprocessinglrradiation of the secondarystar is obsened
if the binary componenrs are closeenoughand the white dwarf is hot
enoughto producea su cien t amount of EUV/FUV  ux.

GD 245 is an example of such a system. Schmidt et al. (1995)
obtained spectroscopic and photometric obsenations of GD 245 and
determined the system parameters. They found the orbital period to
be 4.17 hours, with Myp = 048 M and T, = 22170 130K, anda
massratio of 0.46. They also obsened photometric variations in U, B
and V, and variations in the H equivalert width, which are the result
of the secondarybeing irradiated by the white dwarf.

These parameters indicate that the secondary main-sequencestar
lIs in over 40% of the volume of its Roche lobe. The secondaryis not
close enoughto the primary to be detectably distorted by the white
dwarf, and accordingto (Schreiber & Gansike, 2003), the binary has
completedonly 2% of its post-commonenvelope binary life-time, and
it will comeinto corntact within a Hubble time.
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