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SALT has been used to obtain a significant number of observations of hot subdwarfs and
hydrogen-deficient stars. The greatest challenge is posed by the helium-rich subdwarfs, of which
many have exotic surface compositions and for which an evolutionary origin is urgently sought.
A second strand has been the study of pulsating subdwarf B stars, with emphasis on the detection
of surface motion in an effort to use geometric methods to measure the stellar radius. Other hot
evolved stars including the hydrogen-deficient binary DY Cen have also been observed. We report
on progress.
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1. Introduction

The processes of destruction which dismantle stars as they age are just as important as those
associated with star formation for understanding the evolution of the cosmos. They are clearly
a function of mass, composition and duplicity, but also involve a lot of physics which needs to
be better understoood. The outputs lead to the final mass function, the mass and composition
of reprocessed material, rates and types of supernovae, the compact-object population, double-
degenerate mergers, and much more. They can be explored by observing highly-evolved stars using
pulsations, binaries and surface chemistries. The diversity of the hot star zoo tells us that the ways
to break a star far outnumber the ways to make one, and helps us explore diverse phenomena such
as the formation of common-envelopes around close binary stars, the opacity of stellar material and
the physics of radiatively-driven diffusion.

Armagh Observatory has been using the Southern African Large Telescope (SALT) in stud-
ies of hot subdwarfs, both normal (§ 2) and helium-rich (§ 3), in order to explore their pulsation,
binary properties and their chemically peculiar surfaces. A particular goal has been to obtain high-
precision spectroscopy of pulsating hot subdwarfs and of a related object, the pulsating extreme
helium star BX Cir (§ 4). Opportunities to explore the orbits of other hydrogen-deficient systems
have also been pursued (§ 5).

2. Normal sdB stars

In terms of internal structure, normal subdwarf B (sdB) stars may be thought of as extreme
horizontal-branch stars; that is, they are core helium-burning stars of approximately half a so-
lar mass with a very low-mass hydrogen envelope [1]. They have diverse origins, being found
mostly in binaries ranging from short-period systems containing M dwarfs or white dwarfs, to
long-period systems containing F and G dwarfs, and also sometimes found singly [2]. Their
surfaces are helium-poor, gravitational settling and radiative levitation causes the helium to sink
or, equivalently, the hydrogen to float [3]. Amongst other elements, those with atomic number
Z < 20 generally show sub-solar abundances (except for nitrogen), whilst those with Z > 20 show
super-solar abundances (except for iron) [4]. Again, these patterns can be explained in terms of
radiatively-driven diffusion. A crucial aid to the interpretation of these stars is the presence, in
some cases, of multi-periodic p- and g-mode pulsations, with periods in the range of 100–600 s [5]
and 3000–6000 s respectively [6].

These pulsations provide data for asteroseismological investigations of the internal structure
[7]. Potentially they can also provide data for more direct measurements of stellar dimensions,
specifically the radius. If the total radial displacement (δR) and the relative amplitude of the angular
diameter variation (δθ/⟨θ⟩) can be measured for a given radial mode, then the radius follows from

R = δR⟨θ⟩/δθ . (2.1)

The former can be deduced by integrating the radial velocity, whilst the latter may be deduced
by combining the variation in effective temperature and total flux. Although less straightforward,
a similar approach allows the radius to be deduced for low-degree non-radial models. At least
two observables are necessary. High-time and high-spectral resolution spectroscopy is required to
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Table 1: Observing log for SALT-RSS investigations of pulsating sdB stars.

Star Period Range Date Grating n× texp Accepted
PG 2303+019 128 – 145 s 2012 Jun 30 0900 106×10s No

2012 Jul 30 0900 220×10s Yes – colours
2012 Oct 13 2300 185×20s No – velocities
2012 Oct 31 0900 98×10s Yes – colours

2M 0415+0154 144 – 149 s 2012 Dec 02 3000 102×10s No
2012 Dec 25 3000 148×10s No
2012 Dec 26 3000 105×10s Yes – noisy

V4640 Sgr 137 – 159 s 2013 Apr 23 3000 180×13s Yes – velocities
2013 Apr 25 0900 342×13s Yes – colours

measure radial velocity amplitudes of a few km s−1 or less, from which δR can be established.
The amplitudes of light and colour variations are also required in order to establish the variation
in θ . Since p-mode pulsations in sdB stars have short periods, the relatively short observing runs
possible with the SALT Robert Stobie Spectrograph (RSS) have been used in attempts to measure
both radial velocity and colour variations.

Observations were attempted through 2012/13 for three stars, V4640 Sgr, PG 2303+019 and
2M 0415+0154. These stars were chosen for having a dominant p-mode pulsation [8, 9, 10]. Table
1 shows the number of spectra and exposure time used for each observing run, the range of p-mode
oscillations known, and whether the observations were accepted. Low- and medium-resolution
gratings were used in efforts to obtain the amplitudes of the dominant mode in both colour and
radial velocity, respectively. Observing conditions generally conspired against the project. In other
cases, the S/N was substantially lower than anticipated for an 11-m telescope; efforts to extract
meaningful results continue.

3. Helium-rich sdO/B stars

Some 90% of all hot subdwarfs have surfaces where the helium abundance is either normal
or, in the case of sdB stars, substantially below normal. However some 10% have surfaces which
are either partially or extremely hydrogen-deficient. For convenience, these can be roughly di-
vided between extreme He-rich sdO/B stars with surface helium-to-hydrogen ratios nHe/nH > 4
(or fractional helium abundance nHe > 80%) and intermediate He-rich sdO/B stars with surface
helium-to-hydrogen ratios 4 > nHe/nH > 0.25 (0.8 > nHe > 0.2%).

The extreme He-rich subdwarfs may be further divided into carbon- and nitrogen-rich sub-
groups. The majority are apparently single, and thus an origin in a double helium-white dwarf
merger is plausible [11]. One, PG 1544+488, is a double extreme helium subdwarf; a very finely
tuned binary precursor is required to establish two helium cores following a common-envelope
ejection episode [12, 13]. One question is whether any other such systems exist?

The intermediate He-rich subdwarfs are considerably more diverse. CD−20◦1123 is a known
binary [14]. More extraordinarily, three have quite extreme (4 dex) overabundances of exotic el-
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ements (zirconium, germanium, yttrium, strontium, and lead) on their surfaces [15, 14], whilst
another three show similarly large excesses of iron-group elements [16].

SALT has been used to explore both groups of He-rich subdwarfs in an effort to (1) identify
and characterize additional binaries and (2) pursue abundance studies of intermediate He-rich sdBs.

Figure 1: Coadded SALT RSS spectrum of the intermediate helium-rich subdwarf HE 0111–1526.

From previous observations, the He-rich sdOB star HE 0111–1526 had been identified as a
potential binary. Follow-up RSS observations were obtained in 2012/13, giving radial-velocity
measurements with a full amplitude of 40 km s−1 and a mean error of ≈ 5 km s−1. Owing to the
distribution of eight observations over some 10 months, it has proved impossible to deduce a unique
period, although the data suggest it should be no longer than a few days.

Ströer et al. [17] reported the extreme He-sdO star HE 0301–3039 to be a double He-sdO on
the basis of two VLT-UVES spectra obtained as part of the Supernova Progenitor Survey [18]. At-
tempts to obtain repeat observations at sufficiently high-resolution and signal-to-noise with SALT-
RSS in 2011/12 have so far proved unsuccessful. Again, RSS throughput at the time of observation
was lower than expected.

4. Extreme helium stars

During 2015, we have embarked on an ambitious programme to use SALT-HRS to carry out
a high-time and high-spectral resolution study of the helium star BX Cir, which has a pulsation
period of 2.5 hours [19], very similar to that of V652 Her [20]. Recent observations of the latter
have demonstrated the presence of a shock at minimum radius, and differential expansion and
contraction of the observable photosphere around the pulsation cycle [21]. Although the pulsation
cycle is long compared with most SALT observing windows, BX Cir has a declination of −66◦,
where SALT has a single continuous visibility window lasting over six hours. Observations with
the SALT High Resolution Spectrograph (HRS) for the 2015 season have concluded, with 24×1h
blocks completed. The data comprise some 275 individual spectra with excellent phase distribution.
Reduction and analysis are in progress.

5. Hydrogen-deficient binaries

One of the first hydrogen-deficient stars to be discovered was the bright A-type supergiant
υ Sgr, which has an orbital period of 120 d [22]. Approximately five other hydrogen-deficient
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binaries are known. Only one, KS Per, has a well-established period (360 d) [23, 24]. V1037 Sco
has a reported period of 52.1 d, and an eccentric orbit [25]. The orbital periods of V426 Car and
BI Lyn are unknown. DY Cen, previously reputed to be a hot RCrB star, is apparently a carbon-rich
hydrogen-deficient binary in a highly eccentric orbit of period 39.7 d [26]. Only in the case of
BI Lyn is the secondary star identifiable in the visible spectrum. The surface of DY Cen is heating
at a rate of 250 K y−1. Most of these hydrogen-deficient binaries show pulsations and variable
emission, the latter uncorrelated (so far) with either the orbital period or the pulsations. Mass
estimates suggest some may be potential SN Ib progenitors [27, 28].

Figure 2: Coadded SALT RSS spectrum of the hydrogen-deficient binary V1037 Sco.

SALT-RSS and SALT-HRS observations have been attempted to address various questions
regarding the orbital periods and related emission of V1037 Sco, V426 Car and DY Cen. At the time
of writing, the HRS data have still to be reduced. The RSS velocities for DY Cen and V1037 Sco
have proved impossible to interpret. A major problem encounterd in these early observations, but
only realised during subsequent data analysis, is that the RSS calibration lamp has insufficient
well-exposed lines in the blue to regularly allow a secure wavelength calibration.

6. Conclusion

SALT has offered the potential to make significant progress in understanding the late stages
of stellar evolution from synoptic studies of pulsating and binary stars. As a consequence of lower
than expected efficiency in RSS, a sub-optimal distribution of observing windows, and poor calibra-
tion images, many of those goals await realisation. The HRS data look promising, but substantial
work has still to be done on the data-reduction side. It is imperative that SALT invest resources in
developing robust data-reduction pipelines in order to exploit its full potential.
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