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ABSTRACT

Context. Post-common-envelope binaries (PCEBs) consisting of a white dwarf (WD) and a main-sequence secondary star are ideal
systems to constrain models of common-envelope (CE) evolution. Until very recently, observed samples of PCEBs have been too
small to fully explore this potential, however the recently identified large and relatively homogenous sample of PCEBs from the Sloan
Digital Sky Survey (SDSS) has significantly changed this situation.

Aims. We here analyze the orbital period distributions of PCEBs containing He- and C/O-core WDs separately and investigate whether
the orbital period of PCEBs is related to the masses of their stellar components.

Methods. We performed standard statistical tests to compare the orbital period distributions and to determine the confidence levels of
possible relations.

Results. The orbital periods of PCEBs containing He-core WDs are significantly shorter than those of PCEBs containing C/O-core
WDs. While the He-core PCEB orbital period distribution has a median value of P, ~ 0.28 d, the median orbital period for PCEBs
containing C/O-core WDs is Py, ~ 0.57 d. We also find that systems containing more massive secondaries have longer post-CE orbital
periods, in contradiction to recent predictions.

Conclusions. Our observational results provide new constraints on theories of CE evolution. However we suggest future binary

population models to take selection effects into account that still affect the current observed PCEB sample.
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1. Introduction

Since the discovery of large samples of close compact bina-
ries (Kraft 1964), the formation of these systems has been in-
tensively discussed. Based on the first rough sketches provided
by Paczynski (1976), the picture that most close-compact-binary
stars form through common-envelope (CE) evolution has been
established. Once the more massive star in the initial binary sys-
tem expands on the first giant branch (FGB) or on the asymp-
totic giant branch (AGB), it eventually fills its Roche lobe, and
dynamically unstable mass transfer to the less massive compo-
nent leads to the formation of a gaseous envelope around the
core of the giant and the companion. This envelope is expelled
by the dissipation of orbital energy (see e.g. Webbink 2008, for
a recent review). CE evolution terminates the mass growth of
the core of the giant and therefore mass transfer initiated when
the primary was on the FGB produces post-common-envelope
binaries (PCEBs) containing low-mass (Myg < 0.5 My) He-
core white dwarfs (WDs), while mass transfer starting with the
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primary on the AGB produces PCEBs containing more massive
(Myq 2 0.5 My) C/O-core WDs.

Despite some recent progress, simulations of CE evolution
still fail to follow the complete spiral-in and envelope ejection
processes (e.g. Taam & Ricker 2010, and references therein).
However, a relation between the final and the initial orbital pa-
rameters can be obtained from a simple parametrized energy
equation (e.g. Webbink 1984; Iben & Livio 1993). A large sam-
ple of PCEBs with known stellar masses and orbital periods
covering the entire parameter space, combined with any rela-
tion between the binary and/or stellar parameters of PCEBs that
can be identified (e.g. a relation between the orbital period and
one of the masses), might therefore provide crucial information
for the energy budget of CE evolution. The potential of PCEBs
to constrain current models of CE evolution was realized early
by Ritter (1986) and in more detail later by, e.g., Schreiber &
Ginsicke (2003), Nelemans & Tout (2005), and Davis et al.
(2010). However, the PCEB samples analyzed by these au-
thors were not homogeneous and also heavily affected by

L3, page 1 of 4


http://dx.doi.org/10.1051/0004-6361/201117803
http://www.aanda.org
http://www.edpsciences.org

A&A 536,13 (2011)

observational biases, which made any investigation of possible
relations between the stellar masses and the orbital period a fu-
tile exercise.

Over the past five years, we performed the first large-scale
survey of PCEBs among white-dwarf/main-sequence (WDMS)
binaries identified by the Sloan Digital Sky Survey (SDSS,
Abazajian et al. 2009). Given that the orbital period and both
stellar masses can be measured relatively easily, the large and
more homogeneous sample of SDSS PCEBs now available al-
lows us for the first time to test for possible dependencies of the
orbital period of PCEBs on the stellar masses. In particular, we
can separate the sample according to the evolutionary state of
the WD progenitor at the onset of common envelope evolution,
which provides additional observational constraints for binary
population models.

2. The sample

The SDSS has identified large samples of WDMS binaries,
and the follow-up project performed by us provides the largest
and most homogeneous sample of PCEBs currently available
(Nebot Gémez-Moran et al. 2011). Potential biases affecting
the SDSS PCEB sample have been analyzed with respect to the
WD mass distribution (Rebassa-Mansergas et al. 2011) and the
orbital period distribution (Nebot Gomez-Moran et al. 2011).
The first study concludes that there is a weak bias towards de-
tecting PCEBs containing low-mass WDs, which does not affect
the conclusions of this paper, while the second concludes that
there are no significant selection effects at work related to the
orbital period distribution. In contrast, both the pre-SDSS sam-
ple of PCEBs and the SDSS PCEB sample are heavily biased
against systems containing early-type secondaries (Schreiber &
Ginsicke 2003; Rebassa-Mansergas et al. 2010; Schreiber et al.
2010).

The sample of PCEBs analyzed here consists of the
62 PCEBs listed in Table 3 of Zorotovic et al. (2011), and it con-
tains 37 new SDSS systems and 25 previously known PCEBs
from the literature with accurately measured parameters. The
aim of this paper is to provide observational constraints on
CE evolution. In what follows we therefore use the binary pa-
rameters the systems had just after the CE was expelled, as given
by Zorotovic et al. (2011).

3. Orbital period and WD core composition

The PCEBs in our sample were separated according to the evo-
lutionary state of the primary at the onset of CE evolution de-
rived as in Zorotovic et al. (2011). Progenitors of He-core WDs
filled their Roche lobe on the FGB, while PCEBs containing
C/O-core WDs descend from systems that started unstable mass
transfer when the primary was on the AGB. This results in
Myq < 0.5 M for He-core primaries and Myq > 0.5 M for
C/O-core primaries. The top panels of Fig. 1 show the distribu-
tion of post-CE orbital periods for the 62 PCEBs in our sam-
ple. Systems with C/O-core WDs and with He-core WDs are
shown in gray in the left and right panels, respectively, while the
black histograms represent the entire PCEB population. When
inspecting the figure it becomes evident that systems containing
He-core WDs emerged from the CE phase with systematically
shorter orbital periods than PCEBs containing C/O-core WDs.
The two peaks in the observed distributions have median values
of Py, ~ 0.28d and Py, ~ 0.57 d. The cumulative distributions
of both samples are shown in the bottom panel and, according to
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Fig. 1. Top: distribution of orbital periods that the PCEBs in our sam-
ple had just after the CE phase. Systems with C/O-core WDs (left) and
He-core WDs (right) are shown in gray, while black distributions rep-
resent the entire PCEB population. Bottom: the cumulative distribution
of post-CE periods of PCEBs containing He-core (gray) and C/O-core
WDs (black). The corresponding KS probability is less than 5 x 1073,
and we conclude that the two samples are not drawn from the same
parent distribution.

a Kolmogorov-Smirnov (KS) test, are different with a confidence
level 0f 99.995%.

4. Orbital period versus WD mass

Apart from the evolutionary state of the WD progenitor at the on-
set of mass transfer, the post-CE orbital period could also sim-
ply depend on the mass of the WD. To check this we show in
Fig. 2 the post-CE orbital periods of our PCEBs as a function of
WD mass. Performing an F-test between a linear fit and the null
hypothesis (no correlation) for systems containing He-core and
C/O-core WDs!, respectively, results in false-rejection probabil-
ities of the null hypothesis (p-values) of p = 0.35 and p = 0.79.
This implies that we cannot reject the null hypothesis; i.e., an
additional term in the fit is not necessary. As a result, within nei-
ther the He-core WD nor the C/O-core WD subsample do we
find statistical evidence of an increase in orbital period with pri-
mary mass. We therefore conclude that the difference between
the distributions of PCEBs containing He-core and C/O-core
WDs shown in Fig. 1 is not the result of a continuous increase in
the post-CE period with the mass of the WD.

5. Orbital period versus secondary mass

The measured stellar masses and orbital periods imply an or-
bital separation for each PCEB via Kepler’s third law. For the
relatively narrow range of WD and secondary star masses in our

! 'We test the two groups separately because otherwise the dependency
on the core composition would affect the test. However, if there was a
general trend, one would still see the same tendency in both groups.
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Fig. 2. Post-CE orbital period versus WD mass for the PCEBs in our
sample. Filled circles represent systems with He-core WDs and open
circles systems containing CO-core WDs. The errors in the WD masses
are shown as gray dotted lines. The solid and dashed lines correspond
to the best linear fit for systems containing He-core and C/O-core WDs,
respectively.
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Fig. 3. Post-CE orbital period (fop) and binary separation (bottom) as
a function of secondary mass for the sample of 62 PCEBs. Symbols
are the same as in Fig. 2. The solid and dashed lines correspond to
the best linear fit for the 62 systems and for the 60 systems with
0.08 My, < M, < 1.0M, (excluding the PCEBs with the highest
and lowest secondary masses), respectively, while the gray line corre-
sponds to the CV birthline based on the mass-radius relation given in
Rebassa-Mansergas et al. (2007).

sample, this translates into a tight relation between orbital pe-
riod and orbital separation. To test whether the orbital period (or
the orbital separation) is related to the mass of the secondary, we
show in Fig. 3 the post-CE orbital period (top) and binary separa-
tion (bottom) as a function of secondary star mass. Apparently,
systems containing high-mass secondaries tend to have longer
orbital periods and larger separations. This trend is partly caused
by the CV birthline (gray line) which, however, can not explain
the absence of systems with low-mass secondaries and long pe-
riods. According to an F-test, the p-values in the top panel are
p = 0.03 for all the systems and p = 0.10in case the two extreme
systems (WD 0137-3457 and IK Peg) are excluded, while in the
bottom panel we obtain p = 0.02 and p = 0.07, respectively.
This means that there is a high probability of a real correlation,
which is further supported by the only system in the sample with
a massive secondary (IK Peg) lying very close to the linear trend
identified using only PCEBs that contain less massive secon-
daries. However, as mentioned in Sect. 2, although representing
a large step forward, the present PCEB sample is still heavily
biased against massive companions, and the possible implica-
tions of this bias need to be carefully taken into account before
drawing conclusions concerning CE evolution.
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Fig. 4. Distribution of secondary star masses. As in Fig. 1 systems con-
taining C/O-core WDs (left) and He-core WDs (right) are shown in
gray, while black distributions represent the entire PCEB population.
A x? test provides Q(x?) = 0.59 which implies that our data does not
contain indications for the two distributions in gray to be drawn from
different parent distributions.

6. Discussion

In the previous sections we have shown that the orbital periods
of PCEBs are systematically shorter for systems containing He-
core WDs, are otherwise not correlated to the WD mass, and
increase with the mass of the secondary star. To demonstrate that
the two identified relations are independent, we show in Fig. 4
the distribution of secondary star masses for the whole sample
of 62 PCEBs and for systems containing C/O-core or He-core
WDs only (left and right panels). There seems to be no tendency
toward having more massive secondaries in PCEBs with C/O-
core WDs. Performing a y? test> we find Q(y?) = 0.59, which
increases to Q(?) = 0.63 if we exclude the two extreme systems
with M, < 0.08 My or M, > 1.0 My. We therefore conclude
that the significant difference between the post-CE orbital period
distributions of PCEBs with He-core and C/O-core WDs (Fig. 1)
and the increase in orbital period with secondary mass (Fig. 3)
are independently present in our data.

6.1. He versus C/O core

After we exclude a continuous increase in the orbital period with
WD mass and taking into account that the secondary mass distri-
butions are similar for systems containing He-core and C/O-core
WDs, the different post-CE orbital period distributions shown
in Fig. 1 must be related to the different evolutionary stages of
the primary at the onset of the unstable mass transfer that initi-
ated the CE evolution. We see straightforward explanations for
this result. First, the progenitors of C/O-core WDs started mass
transfer on the AGB and must have exceeded their maximum
radius on the FGB, which implies a larger initial orbital separa-
tion. Second, the binding energy parameter A is greater for stars
on the AGB (at least for low- and intermediate-mass primaries,
see Dewi & Tauris 2000), which implies less binding energy of
the envelope. This effect would be even stronger if a fraction of

2 Weuse a y? test instead of a KS test here because most of the systems

in our sample have discrete values for the secondary mass (based on
their observed spectral types). The apparent gap in the distributions at
M, ~ 0.3 M,, is not real but a consequence of the discrete values.
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the internal energy, like recombination, helps to expel the en-
velope. This energy becomes comparable to the lower gravita-
tional energy in more extended envelopes, and therefore its rela-
tive contribution in reducing the binding energy of the envelope
(increasing A) is greater.

6.2. CE evolution and the secondary mass

Recently, de Marco et al. (2011) have reconstructed the CE evo-
lution of a sample of PCEBs and predicted a dependency of the
CE efficiency acg on the mass ratio, leading to a larger final
separation for those PCEBs containing lower mass secondary
stars. The PCEBs in our sample show exactly the opposite. As
our sample is not significantly biased, neither against low-mass
secondaries nor long orbital periods, we can exclude the exis-
tence of a large currently unidentified population of PCEBs with
low-mass (M6-M9) secondaries and long orbital periods (large
binary separations, see Nebot Gémez-Moran et al. 2011 for de-
tails on the orbital period distribution of SDSS PCEBs). This
is in clear contrast to the relation proposed by de Marco et al.
(2011).

A possible explanation for the observed relation between the
final orbital period (binary separation) and the companion mass
(Fig. 3) is that systems with massive secondaries have more ini-
tial orbital energy available, and therefore a smaller fraction of
this energy is enough to unbind the envelope. However, this in-
terpretation is far too simple because the average initial condi-
tions may also depend on the secondary mass. In addition, the
relation itself, certainly present in the available data, should be
regarded with some suspicion because the currently available
sample of PCEBs only covers a relatively narrow range of sec-
ondary star masses. More PCEBs with high-mass secondaries
are needed to confirm the trend.

The PCEBs in our sample are consistent with a constant
value of the CE efficiency, but each system can be reconstructed
using a relatively broad range of values for acg (Zorotovic et al.
2010), which implies a wide range of possible initial configura-
tions for each system. We therefore suggest that an even larger
and more homogeneous sample is required to evaluate possible
dependencies of acg on the binary parameters using reconstruc-
tion algorithms.

7. Conclusion

The orbital period distribution of PCEBs containing He-core
primaries peaks at a significantly shorter orbital period (P ~
0.28d) than the one for systems containing C/O-core WDs
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(Pory ~ 0.57d), which is not the result of a continuous increase
in orbital period with WD mass. In contrast to recent predic-
tions, we find that the post-CE binary separation increases with
the mass of the secondary star. Even though the PCEB sam-
ple is still heavily affected by selection effects against detecting
PCEBs containing high-mass secondaries, the relations identi-
fied here may be able to constrain the energy budget of CE evo-
lution if combined with binary-population-synthesis models that
incorporate observational selection effects that are as detailed as
possible and that take the different possible combinations of ini-
tial conditions and CE efficiencies into account.

On the observational side, we highly encourage to search for
PCEBs containing high-mass secondaries, which is needed to
evaluate possible dependencies of acg on the binary parameters
based on reconstruction algorithms.
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