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ABSTRACT

Hot subdwarf B stars (sdBs) in close binary systems are assumed to be formed via common envelope ejection. According to theoretical
models, the amount of energy and angular momentum deposited in the common envelope scales with the mass of the companion. That
low mass companions near or below the core hydrogen-burning limit are able to trigger the ejection of this envelope is well known. The
currently known systems have very short periods �0.1–0.3 d. Here we report the discovery of a low mass companion (M2 > 0.14 M�)
orbiting the sdB star and central star of a planetary nebula EGB 5 with an orbital period of 16.5 d at a minimum separation of 23 R�.
Its long period is only just consistent with the energy balance prescription of the common envelope. The marked difference between
the short and long period systems will provide strong constraints on the common envelope phase, in particular if the masses of the
sdB stars can be measured accurately. Due to selection effects, the fraction of sdBs with low mass companions and similar or longer
periods may be quite high. Low mass stellar and substellar companions may therefore play a significant role for the still unclear
formation of hot subdwarf stars. Furthermore, the nebula around EGB 5 may be the remnant of the ejected common envelope making
this binary a unique system to study this short und poorly understood phase of binary evolution.
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1. Introduction

The ESO SN Ia Progenitor Survey (SPY) was developed to iden-
tify double degenerate progenitor candidates to SN Ia. More than
1000 white dwarfs (WDs) and pre-WDs were checked for radial
velocity (RV) variations using high resolution spectra obtained
with the UVES instrument at the ESO-VLT (e.g. Napiwotzki
et al. 2003). Results for nine binaries discovered in the SPY sur-
vey were presented in Papers I–V (Napiwotzki et al. 2001, 2002;
Karl et al. 2003; Nelemans et al. 2005; Geier et al. 2010a).

Subluminous B stars, which are also known as hot sudwarf
stars, display the same spectral characteristics as main-sequence
stars of spectral type B, but are much less luminous. They are as-
sumed to be core helium-burning stars with very thin hydrogen
envelopes and masses around 0.5 M� (Heber 1986). The forma-
tion of these objects is still unclear. Different formation channels
have been discussed (see Han et al. 2002, 2003). It is found that
a large fraction of sdB stars are members of short period bina-
ries (Maxted et. al 2001; Napiwotzki et al. 2004a). For these

� Based on observations at the Paranal Observatory of the European
Southern Observatory for programmes No. 167.H-0407(A) and 71.D-
0383(A). Based on observations collected at the Centro Astronómico
Hispano Alemán (CAHA) at Calar Alto, operated jointly by the Max-
Planck Institut für Astronomie and the Instituto de Astrofísica de
Andalucía (CSIC). Some of the data used in this work were obtained at
the William Herschel Telescope (WHT) operated by the Isaac Newton
Group of Telescopes (ING).

systems, common envelope (CE) ejection is the most probable
formation channel (Paczyński 1976). In this scenario, two main-
sequence stars of different masses evolve in a binary system.
The heavier one will reach the red giant phase first and fill its
Roche lobe. If the mass transfer to the companion is dynamically
unstable, a common envelope is formed. Owing to gravitational
drag, the two stellar cores lose orbital energy, which is deposited
within the envelope and leads to a shortening of the binary period
(e.g. Ricker & Taam 2008). Eventually the common envelope
is ejected and a close binary system is formed, which contains
a core helium-burning sdB and a main-sequence companion. If
the second star reaches the red giant branch, another common
envelope phase is possible and can lead to a close binary with a
white dwarf companion and an sdB.

EGB 5 was discovered to be the blue central star of a faint
elliptical planetary nebula (PN G 211.9+22.6) by Ellis et al.
(1984). Méndez et al. (1988a) derived the atmospheric parame-
ters of this star by fitting model spectra. The resulting parameters
Teff = 42 000 ± 5000 K and log g = 5.8 ± 0.2 were neither con-
sistent with canonical post-asymptotic giant branch (post-AGB)
evolutionary tracks nor the parameters of all other known cen-
tral stars of planetary nebulae (CSPN, Drilling & Schönberner
1985). Méndez et al. (1988a) recognized that these parameters
are typical of a hot subdwarf star rather than a post-AGB ob-
ject and speculated that this is a close binary that experienced
non-conservative mass exchange during the first giant phase.
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Fig. 1. Radial velocities of the subdwarf primary measured from spectra
obtained with UVES (rectangles), ISIS (upward triangles), and TWIN
(diamonds) plotted against orbital phase (P = 16.537 d). The residuals
are plotted below.

Lisker et al. (2005) derived more accurate atmospheric pa-
rameters of EGB 5 from high resolution spectra obtained in
the course of the SPY survey, which are perfectly consistent
with a core helium-burning sdB star (Teff = 34 000 ± 400 K,
log g = 5.85 ± 0.05, log y = −2.77 ± 0.04).

Only one CSPN candidate with similar parameters is known
so far (PHL 932, Méndez et al. 1988b; Napiwotzki 1999; Lisker
et al. 2005). Whether this star has a close companion remains
disputed, because several searches for RV variations yielded in-
consistent results (Wade 2001; de Marco et al. 2004; Afşar &
Bond 2005). It is therefore unclear whether this star experienced
a common envelope phase. Furthermore, Frew et al. (2010) con-
vincingly demonstrated that the nebula around PHL 932 is not a
planetary nebula, but rather a Strömgren sphere.

Here we report the discovery of a close companion to EGB 5.

2. Orbital parameters

EGB 5 was observed twice in the course of the SPY project with
the high resolution echelle spectrograph UVES at the ESO-VLT.
Follow-up high resolution spectra were obtained with UVES,
medium resolution spectra were taken with the ISIS spectro-
graph at the WHT, and the TWIN spectrograph mounted at
the CAHA 3.5 m telescope. The RVs were measured by fitting
a set of mathematical functions (Gaussians, Lorentzians, and
polynoms) to the hydrogen Balmer and helium lines using the
FITSB2 routine (Napiwotzki et al. 2004b). Errors were calcu-
lated with a bootstrapping algorithm. The RV measurements are
given in Table 1.

To determine the orbital parameters and estimate the signifi-
cance of the solution, sine curves were fitted to 43 RV data points
using a χ2-minimising method (SVD). The χ2 against orbital pe-
riod is given in Fig. 2. Two peaks are present at P � 16.53 d and
P � 25.39 d with the former one being the most probable solu-
tion. We performed Monte Carlo simulations (10 000 iterations)

Fig. 2. In this power spectrum − log χ2 of the best sine fits is plotted
against the orbital periods. The dotted horizontal line marks the 1σ con-
fidence limit, the dashed the 3σ, and the solid line the 6σ limit.

to estimate the significance of the solution. For each simulation,
a randomised set of RVs was drawn from Gaussian distributions
with central values and widths corresponding to the RV measure-
ments and the analysis repeated. In 82% of the trials, the most
likely solution was fitted, the next best solution being chosen in
12% of the iterations.

Since the RV variation in EGB 5 is very small, we used
FITSB2 to perform a simultaneous fit of Keplerian orbits to all
169 lines in the 43 spectra covering different orbital phases, i.e.,
all available information is combined into the parameter deter-
mination procedure. Motivated by the discovery of eccentric or-
bits in close sdB binaries (Edelmann et al. 2005; Napiwotzki
et al., in prep.), we did not restrict our fitting to circular orbits.
The best-fit orbital solution is shown in Table 2. The errors were
determined by bootstrapping and the reduced χ2 of the best-fit
solution is 0.97. For comparison, a sine curve was fitted to the
single RV points in the way described in Geier et al. (2011), and
our derived orbital parameters (P = 16.532 d, γ = 68.8 km s−1,
K = 16.1 km s−1) are consistent with the results given in Table 2.

We are reluctant to claim orbital eccentricity in the case
of EGB 5 despite the formal eccentricity being found to be
0.098 ± 0.048. An F-test indicates a borderline significance of
87% compared to a circular solution. Systematic errors intro-
duced by combining datasets taken with different instruments
can easily mimic small eccentricities. High-resolution, time-
resolved spectroscopy with a better coverage of the whole orbit
would be necessary to solve this issue. Since the formal eccen-
tricity is low, it does not significantly affect the derived minimum
companion mass.

3. Atmospheric parameters

The atmospheric parameters of EGB 5 were determined by fit-
ting LTE models with enhanced UV metal line blanketing to
the coadded high S/N UVES spectrum. Using models with solar
metallicity, the Balmer lines and the He ii line at 4686 Å cannot
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Table 1. Radial velocities of EGB 5.

Mid-HJD-2 450 000 RV [km s−1] Instrument

2008.58634 69.1 ± 0.5 UVES
2033.54169 65.6 ± 0.9
2716.50684 55.9 ± 0.7
2716.55553 55.6 ± 0.5
2716.63020 55.6 ± 0.7
2717.57133 58.7 ± 0.6
2717.65759 58.4 ± 0.5
2718.57307 64.0 ± 0.5
2718.63521 64.2 ± 0.5
2719.49370 71.0 ± 0.6
2719.65305 70.6 ± 0.5
2328.35974 81.0 ± 1.5 TWIN
2329.30317 79.6 ± 2.1
2329.44255 82.0 ± 1.9
2329.52035 77.1 ± 1.6
2330.33790 73.1 ± 1.9
2330.38145 71.4 ± 1.9
2330.39448 68.9 ± 2.6
2330.43186 77.1 ± 2.2
2331.35629 60.7 ± 3.2
2331.40692 63.1 ± 2.3
2331.43920 61.3 ± 2.2
2331.48586 66.0 ± 2.0
2332.34960 60.1 ± 3.8
2332.38591 57.1 ± 2.4
2332.42981 50.7 ± 2.9
2662.47992 62.3 ± 4.5 ISIS
2662.48416 67.9 ± 4.5
2662.48781 67.3 ± 5.2
2662.49147 61.1 ± 6.4
2662.49513 63.3 ± 4.4
2662.57002 61.5 ± 4.4
2662.69661 66.5 ± 6.5
2662.70027 64.2 ± 3.9
2663.45598 57.4 ± 3.5
2663.45964 60.2 ± 3.3
2664.56672 54.8 ± 5.0
2664.59451 47.7 ± 4.5
2664.65670 48.4 ± 5.6
2665.46532 62.9 ± 7.1
2665.54901 44.3 ± 12.1
2665.61243 53.4 ± 4.7
2665.65533 47.1 ± 5.9

be fitted simultaneously. We choose ten times solar metallicity
models to mimic strong UV line blanketing. This is motivated
by the strong enrichment of heavy elements produced by radia-
tive levitation in sdB stars with similar parameters (O’Toole &
Heber 2006; Geier et al. 2007). The atmospheric parameters (see
Table 2) are similar to the ones derived by Lisker et al. (2005).

4. Nature of the unseen companion

Adopting the canonical sdB mass of 0.47 M�, the minimum
mass of the unseen companion (0.14 M�) is consistent with ei-
ther a late main-sequence star of spectral type M or a low-mass
white dwarf. Since no spectral features of the companion are
visible in the optical spectra, a main-sequence companion with a
mass higher than �0.45 M� can be excluded (Lisker et al. 2005).
A white dwarf companion of similar or more mass would require
the binary inclination to be lower than 24◦. Assuming randomly
distributed inclinations, the probability for such a low inclination
in the case of EGB 5 is less than 9%.

Table 2. Binary parameters of EGB 5.

Orbital parameters

T0 [HJD] 2 452 719.457 ± 0.055
P 16.537 ± 0.003 d
γ 68.5 ± 0.7 km s−1

K 16.1 ± 0.8 km s−1

e 0.098 ± 0.048
Ω 102 ± 59◦
f (M) 0.0072 ± 0.0011 M�
Atmospheric parameters
Teff 34500 ± 500 K
log g 5.85 ± 0.05
log y −2.9 ± 0.09
Derived binary parameters
M1 (adopted) 0.47 M�
R1 0.13 R�
M2,min 0.14 M�
amin 23 R�

Owing to its long orbital period it is rather unlikely that the
system is eclipsing or that it shows other detectable features (e.g.
reflection effects) in its light curve. It is therefore not possible
to constrain the nature of the companion further. The low mass
indicates that it is either a late M dwarf or a low mass WD with
a He core.

For the most likely companion mass range of 0.14−0.45 M�,
the separation between sdB and companion is constrained to
be 23−27 R�. All relevant measurements and parameters of the
EGB 5 system are summarized in Table 2.

5. Discussion

EGB 5 has the second longest period of all known sdBs in
close binary systems. Morales-Rueda et al. (2003) discov-
ered three binaries with periods near or exceeding 10 d and
unseen companions (PG 0850+170, 27.815 d; PG 1619+522,
15.3578 d; PG 1110+294, 9.4152 d). In all these cases, the de-
rived minimum companion masses exceed 0.45 M� consistent
with WD companions. The low minimum companion mass of
EGB 5 is therefore rather unusual.

Close binaries with sdB primaries and M dwarf companions
have been discovered by means of variations in their light curves
caused by light originating in the heated surface of the cool com-
panion and often accompanied by eclipses (see e.g. For et al.
2010; Østensen et al. 2010). The orbital periods of these bina-
ries are very short (�0.1−0.3 d), because these so-called reflec-
tion effects can only be detected in such cases. The longest pe-
riod systems, where a reflection effect was detected, is the binary
JL 82 (0.7371 d, Edelmann et al. 2005; Koen 2009; Geier et al.
2010b).

With an orbital period of 16.537 days, EGB 5 would have by
far the longest period of all sdB+dM binaries known. The M-
dwarf companion must have been engulfed by the giant progeni-
tor of the sdB star and the common envelope ejected. According
to theoretical models, the change in orbital energy must be at
least as large as the binding energy of the giant (see Paczynski
1976; Han et al. 2002, 2003). Detailed models of giants at the
tip of the red-giant branch that will form sdB stars after the
common envelope are given in Hu et al. (2007). For a 1 M�
progenitor, even a low mass companion of 0.14 M� in princi-
ple could eject the envelope, at least if the thermal energy of the
envelope can be used. For more massive companions, the enve-
lope could even be ejected without the thermal energy. However,
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in any case it implies that the efficiency of the common envelope
(α) is high. Assuming that the efficiency is a universal parame-
ter, this means that the much closer HW Vir binaries should have
formed from more massive sdB progenitors and thus should have
lower masses (see Hu et al. 2007, Fig. 3) than EGB 5. In con-
trast, the masses of most sdB primaries in HW Vir systems con-
strained by observations seem to be close to the canonical value.
However, we point out that reliable mass determinations in such
systems are still hampered by severe issues (see e.g. For et al.
2010; Østensen et al. 2010). de Marco et al. (2011) suggested
that low mass companions may have higher common envelope
efficiencies, possibly because of their longer in-spiral timescales.

While close binary sdB+dM systems of HW Vir type are
easy to find from their characteristic light curves, it is much
harder to discover these systems in wider orbits and at lower in-
clination. Were the companion of EGB 5 to be an M dwarf, these
systems might be very common and that �10% of all known
sdB binaries are of HW Vir type just a selection effect. Barlow
et al. (2010) found a sinusoidal variation in the O–C-diagram of
the pulsating sdB CS 1246, which is most likely caused by a low
mass companion in a 14.1 d orbit very similar to EGB 5.

The period distribution of sdBs with confirmed WD com-
panions is much wider (Morales-Rueda et al. 2003; Geier et al.
2010b), but the combination of low mass and long period make
EGB 5 peculiar. All known detached double-degenerate systems
with very low-mass WDs have much shorter periods (Steinfadt
et al. 2010, and references therein), which may again be caused
by selection effects.

Furthermore, EGB 5 may be the first very young post-
CE system, where the ejected envelope is still visible (Méndez
et al. 1988a) and may provide direct evidence of this sdB for-
mation channel. This would make this binary a unique system to
study this short and poorly understood phase of binary evolution.

PHL 932 has been regarded as a similar object. However,
evidence that it has a close companion is not compelling. In
addition, Frew et al. (2010) showed that the nebulous structure
around PHL 932 is not a planetary nebula, but rather a Strömgren
sphere created by the hot sdB in the surrounding interstellar
medium. Since EGB 5 is located at relatively low Galactic lat-
itude (+22.6◦) this possibility should be seriously investigated.
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