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Abstract.  Short period double degenerate white dwarf (WD) binaries with periods
of less than ~1 day are considered to be one of the likely progenitors of type Ia super-
novae. These binaries have undergone a period of common envelope evolution. If the
core ignites helium before the envelope is ejected, then a hot subdwarf remains prior
to contracting into a WD. Here we present a comparison of two very rare systems that
contain two hot subdwarfs in short period orbits. We provide a quantitative spectro-
scopic analysis of the systems using synthetic spectra from state-of-the-art non-LTE
models to constrain the atmospheric parameters of the stars. We also use these models
to determine the radial velocities, and thus calculate dynamical masses for the stars in
each system.

1. Introduction

Double degenerate systems with short enough orbits and high enough system masses
are candidates for type Ia supernovae (SN Ia), via the proposed double degenerate
merger channel (Webbink 1984). Double degenerates will spiral inwards due to the
emission of gravitational waves, but for this to occur in a Hubble lifetime requires pe-
riods of less than ~1 day. There are ~100 double WD binaries (Brown et al. 2017), as
well as ~50 known WD-hot subdwarf binaries (Kupfer et al. 2015) with such periods;
however, there are only a few double hot subdwarf systems (Ahmad et al. 2004; Lisker
et al. 2004). Of these double degenerates, only a handful are of sufficient mass to be
considered SN Ia candidate systems. Hot subdwarfs are the stripped cores of red giants,
usually surrounded by a thin H-layer. They are either core or shell burning, and when
this ceases they will contract towards the WD cooling curve. Many hot subdwarfs are
found in binary systems, suggesting that they lost their envelope through interactions
with the secondary star. It has also been suggested that single hot subdwarfs are the
product of the merger of two He-core WDs (Webbink 1984). Hot subdwarfs have of-
ten been found with WD or low mass stellar companions, but rarely with another hot
subdwarf. A double hot subdwarf system provides constraints on the binary evolution
channels of these objects. Eclipsing binaries and binaries with known inclination are
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especially useful, as they allow us to determine the masses and radii of each component
for characterising the system.

Santander-Garcia et al. 2015 identified a potential double hot subdwarf system
within Hen 2-428, a known planetary nebula. The system is not eclipsing but does
show high amplitude sinusoidal variation due to the over contact nature of the cen-
tral stars. Santander-Garcia et al. 2015 determined masses from the light curve fitting
which suggested the system is a SN Ia progenitor. However, the analysis of the spectra
of Hen 2-428 (Finch et al. 2018; Reindl et al. 2018; Finch et al. 2019) suggests lower
masses, insufficient to produce a SN Ia.

In the following sections we summarise our spectroscopic analysis of Hen 2-428.
We also present the preliminary analysis of a new eclipsing hot subdwarf binary sys-
tem, SDSS J135713.14-065913.7 (SDSS 1357-0659), and then discuss how the initial
analysis of this system compares to Hen 2-428.
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Figure 1.  GTC spectrum (grey) of Hen 2-428 showing the best fitting model over-
laid (red). Four He 1 lines (black) were used for the fitting.

2. Overview of Hen 2-428

Fig. 1 shows a GTC/OSIRIS spectrum of Hen 2-428. We identify four He 1 lines (4200,
4542, 4686 and 5412 A), each a superposition of two photospheric absorption features,
one from each star. There are also many nebula emission lines, some of which are
contaminating the hydrogen Balmer series.

We employ the Tiibingen Model Atmospheres Package (tmap: Werner et al. 2003,
Rauch and Deetjen 2003, Werner et al. 2012) to create non-LTE model atmospheres as
described in Reindl et al. 2018 and Finch et al. 2019. When fitting the model spectra
to observations, we use a chi square minimisation code, xspec (Arnaud 1996), with
necessary conversions to allow compatibility with optical spectra (Dobbie et al. 2004).
First the radial velocity of each component was found, then the flux contribution, Tef,
log g and log (nyge /ny) were constrained simultaneously.
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Figure 2.  Left: Radial velocity curves from one of the stars, for 4686 A and
5412 A (black and red, respectively). Right: Light curve data from Santander-Garcia
et al. 2015 fitted using MoRro.

We provide spectroscopic parameters from the fitting of one of the available spec-
tra, which had good S/N and where the absorption lines were well separated by radial
velocity. The best fit model and spectrum are shown in Fig. 1, where model parameters
are 49.7 +7.0kK, log g of 5.0 + 0.3 and helium abundance (nge /ngy) of 0.08 for the first
star. For the second star the parameters constrained are 45.4 + 7.6 kK, log g of 4.7 +0.2
and helium abundance of 0.09. Flux contributions are 48.7% and 51.3% respectively.
The built-in error analysis function sTEPPAR was used to constrain the 1o errors.

Detailed radial velocity analysis for Hen 2-428 can be found in Reindl et al. 2018
and Finch et al. 2019, so here we briefly summarise. Radial velocities were found by
fitting the synthetic spectra to all four He it lines, to just the 4686 A line, and to just the
5412 A line. Of the individual lines, the latter has a greater radial velocity amplitude
and thus produces higher dynamical masses. Fig. 2 illustrates this amplitude difference.
A cause for this is yet to be definitively shown. The dynamical masses, as taken from
an analysis of all available lines, are 0.51 £ 0.11 Mg and 0.51 +0.10 M.

Fig. 2 also shows the light curve fitting, using the data from Santander-Garcia et
al. 2015 and the code moro (Drechsel et al. 1995). Temperatures from the spectral
analysis, which are ~16kK greater than those given in Santander-Garcia et al. 2015,
are used as initial parameters. The figure shows that higher temperature, and lower
mass, objects can fit the light curve data equally well.

3. Analysis of SDSS 1357-0659

We subsequently identified a hot subdwarf binary system which is eclipsing (Braker et
al. in prep). The eclipse depths are similar with little evidence of sinusoidal variability
(Fig. 3), suggesting similar mass stars with similar temperatures. One component had
been previously identified as a hot subdwarf (Baxter et al. 2014), suggesting this is
potentially the first known eclipsing double hot subdwarf system.

17 VLT/FORS?2 observations were obtained of the system, covering two 2.5 hr or-
bits, from which we identified spectral features from both components (Fig. 4). Double
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Figure 3. CHIMERA light curves from two bands overlaid for comparison.

lined, photospheric absorption features from the hydrogen Balmer series (H/ through
to H9) as well as two He1 lines (4026 and 4471 A) and three He 1 lines (4200, 4542
and 4686 10\) are visible. We also identify a Ca line at 3933 A, which is likely contam-
ination from the ISM.
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Figure 4.  FORS2 spectrum of SDSS 1357-0659 showing the best fitting model
overlaid (red).

Again, we use TMAP to model the system, however we use a modified range of
surface gravities, 4.50 - 7.00 in 0.25 dex steps. First we found the radial velocity of
each component, then the flux contribution, T.g, log g and log (ng. /ny) simultaneously.

The best fit model and spectrum are shown in Fig. 4. Model parameters are
47.2 +2.8KkK, logg of 543 £0.15 and helium abundance (np./ng) of 0.097 for the
first star, and 48.3 +3.2kK, log g of 5.97 +0.20 and helium abundance of 0.072 for
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the second star. Flux contributions are 54% and 46% respectively. The built-in error
analysis function sTEPPAR was used to constrain the 1o errors.

Our synthetic spectra were used to produce radial velocity curves for the stars in
the system using all available lines. The amplitudes found were 187.5+5.2kms~! and
181.7 +10.0km s™!, with corresponding masses of 0.27 + 0.05 Mg, and 0.28 + 0.02 Mo,
respectively.

4. Comparison

We have analysed Hen 2-428 and SDSS 1357-0659, and can now compare these sys-
tems. We note the similarities between the temperatures and helium abundances of each
system. This is to be expected given both systems contain stars which are hot enough
to display photospheric He 11 lines. The surface gravities of SDSS 1357-0659 are higher
than for Hen 2-428, suggesting stars with either higher mass or smaller radii for the
eclipsing system. The differences in the dynamical masses of each system are striking.
For Hen 2-428 masses of 0.51 +£0.11 Mg and 0.51 +0.10 My were concluded from the
radial velocity curves. Meanwhile, the stars in the eclipsing system are 0.27 + 0.05 Mg
and 0.28 +£0.02 M. Therefore, these stars must have smaller radii than the stars in
Hen 2-428 in order to produce higher surface gravities.
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Figure 5.  Temperature against surface gravity plots Left: showing parameters of
the stars in the eclipsing system against tracks from Althaus et al. 2013 and Hall et
al. 2013 in green and blue respectively; Right: showing parameters for Hen 2-428
with tracks from Miller Bertolami 2016, Hall et al. 2013 and Dorman et al. 1993 in
red, blue and magenta respectively.

Fig. 5 shows the spectral parameters plotted in the T.g-log g plane for each system
against relevant evolutionary tracks. We must be cautious when applying these tracks to
the Hen 2-428 stars, as they are in over-contact, for which the tracks were not designed.
The evolution tracks indicate that the stars in Hen 2-428 could be AGB-manqué stars,
whilst the dynamical masses do not allow us to distinguish whether one (or both) stars
are post-AGB (red) or post-RGB (blue dashed) stars. Potentially, one of them could be a
post-EHB (magenta) star. Meanwhile, SDSS 1357-0659 appears most likely to consist
of low mass stars undergoing hydrogen flashes (green), thus receiving an increase in
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temperature for that part of its evolution. However, this evolutionary stage is very short
lived, around 10 yrs (Istrate et al. 2016). To find two hot subdwarfs in the same system
at almost the exact same point on the evolutionary track is hence highly unlikely.

5. Conclusions

We summarise the results from the first spectral analysis of Hen 2-428, and present the
initial analysis of the first eclipsing double hot subdwarf. Further work is needed on
Hen 2-428 in order to discover the cause of line dependent radial velocity amplitudes.
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