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ABSTRACT

Using high-cadence observations from the Zwicky Transient Facility at low Galactic latitudes, we have
discovered a new class of pulsating, hot, compact stars. We have found four candidates, exhibiting blue
colors (g—r < —0.1mag), pulsation amplitudes of > 5%, and pulsation periods of 200—475sec. Fourier
transforms of the lightcurves show only one dominant frequency. Phase-resolved spectroscopy for three
objects reveals significant radial velocity, Teg and log(g) variations over the pulsation cycle, consistent
with large amplitude radial oscillations. The mean Tex and log(g) for these stars are consistent with
hot subdwarf B (sdB) effective temperatures and surface gravities. We calculate evolutionary tracks
using MESA and adiabatic pulsations using GYRE for low-mass helium-core pre-white dwarfs and low
mass helium-burning stars. Comparison of low-order radial oscillation mode periods with the observed
pulsation periods show better agreement with the pre-white dwarf models. Therefore, we suggest that
these new pulsators and Blue Large-Amplitude Pulsators (BLAPs) could be members of the same class
of pulsators, composed of young = 0.25 — 0.35 Mg helium-core pre-white dwarfs.

arXiv:1906.00979v1 [astro-ph.GA] 3Jun 2019

Keywords: asteroseismology — stars: oscillations (including pulsations) — stars: variables: general —
(stars:) white dwarfs

1. INTRODUCTION

Subdwarf B stars (sdBs) are hot stars of spectral type B with luminosities below the main sequence. The formation
mechanisms and evolution of sdBs is still debated, although most sdBs are thought to be helium (He)-burning stars
with masses ~ 0.5 Mg and thin hydrogen envelopes (Heber 1986, 2009, 2016). Amongst the sdB stars, two types
of multi-periodic pulsators have been discovered, both with generally milli-mag amplitudes up to occasionally a few
percent (Dstensen et al. 2010). On the hotter side (Teq2, 28,000K) are the V361 Hya stars which are pressure mode
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(p-mode) pulsators with typical periods of a few minutes (Kilkenny et al. 1997). On the cooler side (Tog< 28,000K)
are the V1093 Her stars which are gravity mode (g-mode) pulsators with periods of 45 min to 2 hours (Green et al.
2003). Only a few sdB pulsators with a dominant radial mode are known, including Balloon 090100001 and CS 1246,
which show photometric amplitudes of up to 6% (Oreiro et al. 2004; Barlow et al. 2010). Even before their discovery,
the variability of sdBs was predicted to be caused by non-radial pulsation modes (Charpinet et al. 1996) driven by the
opacity bump due to partial ionization of iron (Charpinet et al. 1997; Fontaine et al. 2003).

A new class of pulsating hot stars known as Blue Large-Amplitude Pulsators (BLAPs) was discovered by
Pietrukowicz et al. (2017). BLAPs show similar effective temperatures (Teg) as the sdBs but lower surface gravi-
ties (log(g)) and are an order of magnitude more luminous at L ~ 10% — 10 L with pulsation periods between
20-40 minutes. Given their unusual location on the HR diagram, it has been proposed that BLAPs are low-mass
(M =~ 0.3Mg ) helium-core pre-white dwarfs (pre-WDs). Cdrsico et al. (2018) and Romero et al. (2018) showed that
their pulsation periods can be explained by high-order non-radial g-modes or, in the case of the shortest periods,
also by low-order radial modes. When including effects of radiative levitation of iron-group elements, Byrne & Jeffery
(2018) found that the fundamental radial mode can be excited in a 0.31 Mg low-mass He-core pre-white dwarfs with
Terr 28,000K, comparable to those of the BLAPs. Additionally, Maxted et al. (2013, 2014) and Gianninas et al.
(2016) reported the discovery of p-mode pulsations with periods in the range a2 320 — 750sec in extremely low-mass
He-core pre-WDs (pre-ELMVs). Jeffery & Saio (2013), Cérsico et al. (2016) and Istrate et al. (2017) found that the
observed modes are consistent with theoretical predictions of p-mode pulsations in mixed-atmosphere He-core pre-WDs
driven by the classical k-mechanism operating in the partial helium ionization zones.

In this letter, we report the discovery of a new class of high-amplitude (0.05 — 0.2mag) pulsating sdB stars
that show amplitudes similar to BLAPs, but spectral properties and pulsation periods similar to sdB p-mode
pulsators (Teg~ 32,000K; pulsation periods 200 — 475sec). We discovered four candidates of this new class;
ZTF J071329.02—152125.2 (hereafter high-gravity-BLAP-1), ZTF J184521.40—254437.5 (hereafter high-gravity-BLAP-
2), ZTF J191306.79—120544.6 (hereafter high-gravity-BLAP-3) and ZTF J182815.884+122530.5 (hereafter high-gravity-
BLAP-4). We suggest that these new pulsators (high-gravity-BLAPs) and BLAPs could be members of the same class
of pulsators, composed of young ~ 0.3 Mg He-core pre-WDs evolving through the sdB region of the Teg-log(g) diagram.
However, we show that we cannot exclude the inference that these new pulsators are low-mass He-shell burning stars
with masses =~ 0.46 M, , which have evolved off the extreme horizontal branch.

2. OBSERVATIONS

As part of the Zwicky Transient Facility (ZTF), the Palomar 48-inch (P48) telescope images the sky every clear
night. Our four objects were discovered as part of a dedicated high-cadence survey at low Galactic latitudes with ZTF
(Bellm et al. 2019a; Graham et al. 2019). During that dedicated survey we either observed one field or alternated
between two adjacent fields continuously for a1.5-3hours on two to three consecutive nights in the ZTF-r band
(Bellm et al. 2019b). Image processing of ZTF data is described in full detail in Masci et al. (2019). The ZTF
lightcurves of our candidates have ~200-400 epochs observed over 2-3 nights in the ZTF-r band.

Additionally, 1.5 hrs of high-cadence observations in the g and r-bands using an exposure of 5 sec were conducted for
high-gravity-BLAP-3, using the Palomar 200-inch telescope with the high-speed photometer CHIMERA (Harding et al.
2016). For the same object, we also obtained g-band observations using the 2m telescopes of the Las Cumbres
Observatories (LCO; Brown et al. 2013) at Siding Spring Observatory. We obtained a total of 130 exposures of g-band
images, using an exposure time of 20sec. For high-gravity-BLAP-1, we also obtained additional 220 g-band epochs
with 8 sec exposures.

Phase-resolved spectroscopy for three candidates were obtained using the KeckI Telescope and the blue arm of the
Low Resolution Imaging Spectrometer (LRIS; McCarthy et al. 1998) using a low resolution mode (R ~ 1000). To
resolve the pulsation modes, we adopted a 20sec exposure time for high-gravity-BLAP-1 and a 45 sec exposure time
for high-gravity-BLAP-2and high-gravity-BLAP-3. We used 4 x 4 binning to reduce the large readout time to 27 sec.
We obtained a total of 75 spectra for high-gravity-BLAP-1, 45 spectra for high-gravity-BLAP-2 and 26 spectra for
high-gravity-BLAP-3. Data reduction was performed with the Lpipe pipeline! (Perley 2019). For high-gravity-BLAP-4
we obtained two spectra using the Double-Beam Spectrograph (DBSP; Oke & Gunn 1982) mounted on the Palomar

1 http://WWW.astro.caltech.edu/aperley/programs/lpipe.html
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Table 1. Photometric properties of the high-gravity-BLAPs

Object RA (J2000) Dec (J2000) g® g—r

b
h .min sec AZTF-r r
(t: ) (¢

(mag) (mag) (mmag) (sec)

high-gravity-BLAP-1 ~ 07:13:29.02 —15:21:25.2 16.53 —0.11 53.9+2.5 200.20 4+ 0.02
high-gravity-BLAP-2  18:45:21.40 —25:44:37.5 1894 —0.09 147.7+55 363.16+0.02
high-gravity-BLAP-3  19:13:06.79  —12:05:44.6 1757 —0.13 129.1+3.3 438.83 +0.01
high-gravity-BLAP-4  18:28:15.88  +12:25:30.5 17.28 —0.14 120.9+2.7 475.48 +0.02

@ taken from the Pan-STARRS release 1 (PS1) survey (Chambers et al. 2016)
b amplitude in ZTF-r from the ZTF lightcurves
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Figure 1. Top: Binned and phase-folded ZTF lightcurve against pulsation phase, Second from top: Radial velocities
against pulsation phase with a single harmonic fit (solid red curve), Third from top: T.g against pulsation phase with a single
harmonic fit (solid red curve), Bottom: log(g) against pulsation phase with the single harmonic fit (solid red curve) and the
prediction from the fit to the radial velocities (dashed blue curve). The left panel shows the results for high-gravity-BLAP-1,
the middle panel for high-gravity-BLAP-2, and the right panel for high-gravity-BLAP-3. Two pulsation cycles are plotted for
better visualization.

200-inch telescope. Each spectrum covered two pulsation cycles in the low resolution mode (R ~ 1500). The data
were reduced using a custom PyRAF-based pipeline ?(Bellm & Sesar 2016).

3. RESULTS

All objects were initially discovered as periodic objects with blue colors and periods below ~10min in a period
search on the low Galactic latitude, high-cadence ZTF data, using the GPU implementation of the conditional entropy
algorithm (Graham et al. 2013). All four objects stood out as short-period blue objects with photometric amplitudes
larger than a few percent. The periods were refined using the Gatspy module for time series analysis that implements
the Lomb-Scargle periodogram®(Lomb 1976; Scargle 1982; VanderPlas & Ivezi¢ 2015) and allows different filter bands
to be used in one fit. For high-gravity-BLAP-2 and high-gravity-BLAP-4 we only have the ZTF lightcurve whereas

2 https://github.com/ebellm /pyraf-dbsp
3 http://dx.doi.org/10.5281/zenodo.14833
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high-gravity-BLAP-4

Phase

Figure 2. Binned and phase-folded ZTF lightcurve against pulsation phase for high-gravity-BLAP-4. Two pulsation cycles are
plotted for better visualization. Phase-resolved spectroscopy was not obtained for this pulsator.

for high-gravity-BLAP-3 we combine the ZTF data with the LCO and Chimera data, and for high-gravity-BLAP-
1we combine ZTF data with LCO photometry. We find pulsation periods of 200.20 + 0.02sec, 363.16 £ 0.02 sec,
438.83+0.01sec and 475.48 +0.02sec for high-gravity-BLAP-1, high-gravity-BLAP-2, high-gravity-BLAP-3 and high-
gravity-BLAP-4respectively (see Table 1). The photometric amplitude (Azp_.) was derived from a Fourier analysis
to the ZTF-r band lightcurve using the Period04 module*(Lenz & Breger 2005). The phase-folded ZTF lightcurves
are shown in Figs. 1 and 2.

The individual LRIS spectra of the three corresponding stars have relatively low signal-to-noise ratio (S/N) due to the
short exposure time. To increase the S/N, the spectra were folded on the pulsation period into ten phase bins for high-
gravity-BLAP-1, and six phase-bins for high-gravity-BLAP-2and high-gravity-BLAP-3, respectively. We co-added
individual spectra observed at the same pulsation phase. This increased the S/N per phase bin to &~ 30—40. The FITSB2
routine (Napiwotzki et al. 2004) was used to measure radial velocities. Lorentzian and Gaussian functions were fitted
to the individual Balmer lines, excluding the H, line due to its blend with the interstellar Ca-H line. To obtain Teg,
log(g), and the helium abundance (log[y] = log[nue/nu]), we fit a grid of metal-line-blanketed, local-thermodynamical
equilibrium (LTE) atmospheres with solar metallicity (Heber et al. 2000) and LTE models with enhanced metal-line
blanketing and 10xsolar metallicity (O’Toole & Heber 2006) to the individual phase-folded spectra. The spectral
resolution of ~ 1000 is insufficient to resolve metal lines; hence, we cannot measure the metallicty of these objects.
We do not detect helium lines in the individual phase-folded spectra. Therefore, each spectrum was velocity corrected
and co-added to increase the S/N and reveal weak helium features. We fit Teg, log(g), and helium abundance in
the co-added spectra and kept the helium abundance fixed to the obtained value for each phase-bin, finding low
helium abundances for all three stars with phase-resolved spectra; log(y) = —2.1 + 0.2 for high-gravity-BLAP-1,
log(y) = —2.2 £ 0.3 for high-gravity-BLAP-2 and log(y) = —2.0 & 0.2 for high-gravity-BLAP-3 (see Table2).

All three objects show significant radial velocity, Teg and log(g) variations across the pulsation period. A single
harmonic sine-curve was fitted to the radial velocities, effective temperatures and surface gravities as shown in Fig. 1.
The results from the fit are presented in Table 2. Additionally, the log(g) amplitude was predicted from the measured
velocities by calculating the time-derivative of the velocity fit following equation 1 with ARy, being the radial velocity

amplitude, w = 27’7 and ¢ the pulsation phase:

log (9) = (log (9)) + ARyw cos (wt + ¢) (1)

The predicted amplitude is consistent with the the observed log(g) amplitude. We find radial velocity amplitudes
of 22.54+3.0kms ™", 50.0 £ 7.0kms~ ' and 43.3 £ 6.5 km s~ ! for high-gravity-BLAP-1, high-gravity-BLAP-2 and high-
gravity-BLAP-3, respectively.

Because our spectra for high-gravity-BLAP-4 are not phase-resolved, we can only measure the average (Teg), (log(g))
and log(y), by co-adding the DBSP spectra to reach a S/Na2 40 — 50. Using the same LTE models, we find parameters
consistent with an sdB star and a helium abundance log(y) = —2.4 + 0.4. The average (Teg) is similar amongst all
systems, whereas the average (log(g)) decreases with increasing pulsation period. An overview of the spectroscopic
results using the solar-metallicity as well as the 10xsolar-metallicity models, is presented in Table 2.

4 https://www.univie.ac.at/tops/Period04/
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Table 2. Spectroscopic properties of the high-gravity-BLAPs
Object ARy (Tesr) A Teg (log(g)) Alog(g) Aa log(y)
(kms™1) (K) (K) (cms™2)

high-gravity-BLAP-1 (sol) 22.5+3.0 340004500 11504300 5.70+0.05 0.08=+0.02 85300+ 17500 —2.1+0.2
high-gravity-BLAP-1(10xsol) 22.5 +£3.0 33400+ 500 1300+300 5.63+0.05 0.08+0.02 72600+ 16800 —2.140.2
high-gravity-BLAP-2 (sol) 50.0 £ 7.0 314004+600 20004400 5.41+0.06 0.18£0.03 99800 £ 20800 —2.2+0.3
high-gravity-BLAP-2 (10xsol) 50.0 £7.0 31600+ 600 2300+400 5.36+0.06 0.18+0.03 87700+ 19700 —2.240.3
high-gravity-BLAP-3 (sol) 43.3£6.5 316004600 1800+ 400 5.334+0.05 0.14£0.03 66800+ 18200 —2.0£0.2
high-gravity-BLAP-3 (10xsol) 43.3 £6.5 31800+ 600 2100+400 5.29+0.05 0.13+£0.03 57700+ 17900 —2.0+0.2
high-gravity-BLAP-4 (sol) - 31700 £ 500 - 5.31 £0.05 - - —244+04
high-gravity-BLAP-4 (10xsol) - 32000 £ 500 - 5.27 £0.05 - - —244+04

4. DISCUSSION
4.1. Absolute magnitude of high-gravity-BLAP-1

We estimate the absolute magnitude of the objects, using the distances from the Gaia DR2 parallaxes
(Gaia Collaboration et al. 2018). For parallax measurements with fractional parallax errors o /w less than about
0.1 —0.2, the distance estimates are nearly independent of the choice of prior and can be calculated with d = w~"'. For
larger fractional errors, the estimated distance depends heavily on how well the prior reflects the true distribution of
distances for the population of sources (e.g. Bailer-Jones et al. 2018 and references therein). As we have little knowl-
edge of the true distribution of distances for the population of this class of pulsators, we present only the absolute
magnitude for high-gravity-BLAP-1, which is the only system with a fractional error < 0.2. The observations reported
in Gaia DR2 for high-gravity-BLAP-1are @ = 0.7113 +0.0854 arcsec and a Gaia G-band magnitude G = 16.54. Using
d =™, we find a distance d = 1.417)12 kpc which results in an absolute magnitude of MG =58=+0.3.

There is substantial reddening towards high-gravity-BLAP-1 of around &~ 1 — 1.2mag (Green et al. 2018). Hence
the absolute magnitude of high-gravity-BLAP-1is around M = 6.8 — 7. The typical absolute magnitude for hot
subdwarfs are 7 < M S 1 (Geier et al. 2019). Therefore, we conclude that high-gravity-BLAP-1 falls on the faint
end of the hot subdwarf regime.

4.2. Pulsation modes

Fig. 1 shows that the periodic variations in log(g) are explained by the time-derivative of the velocity. The radius
changes are a less dominant term for affecting log(g), consistent with the assumed radial mode as we show later. This
implies that the atmosphere has time to adjust to the instantaneous acceleration throughout the radial pulsation cycle.
Given that the sound crossing time at the photosphere (¢s/g & 10 sec) is noticeably less than the period, this appears
likely. The large photometric amplitude, as well as the observed velocity and surface gravity shift, suggest that the
observed pulsation modes are radial modes. Figure 7 in Byrne & Jeffery (2018) shows that unstable radial modes
driven by the x-mechanism due to the iron opacity bump are predicted for stars with our measured parameter when
including radiative levitation. Our own initial non-adiabatic calculations agree with that result. We also find unstable
radial modes consistent with the measured frequencies due to the iron x-mechanism (work in preparation).

The family of hot subdwarf pulsators (including our pulsators, BLAPs, and sdB g-mode/p-mode pulsators) likely
all pulsate due to k-mechanism excitation associated with the iron opacity bump (Romero et al. 2018). We note that
this same mechanism excites pulsation in 3-Cepheids (main sequence p-mode pulsators) and slowly pulsating B-type
stars (SPBs, main sequence g mode pulsators). A similar family of pulsators are those driven by the x-mechanism
of partial helium ionization, which includes Cepheids, RR Lyrae, d-Scuti, DBV stars, and pre-ELMVs (see review
by Gautschy & Saio 1995). Our high-gravity BLAPs and the previously known BLAPs are similar to high-amplitude
6-Scuti and RR Lyrae stars, in the sense that they exhibit high-amplitude, low-order radial pulsation modes. The
difference is that our pulsators are associated with the iron-driving instability strip and lie below the main sequence
rather than above it.

4.3. Nature of the stars
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Figure 3. Teg-log(g) diagram with evolutionary tracks of low-mass He-core pre-WDs as well as low-mass He-burning stars with
hydrogen envelopes of 0.5, 2.0, and 4.0 x 1073 Mg . The color coding of the tracks corresponds to the period of the fundamental
radial oscillation mode. The inset shows a zoom-in around the location of high-gravity-BLAP-2 bounded by the black rectangle.
Overplotted are the BLAPs and our stars color coded with the observed period as well as the p-mode and g-mode sdB pulsators
and the two known radial mode sdB pulsators: Balloon 090100001 and CS 1246.

Cérsico et al. (2018), Romero et al. (2018) and Byrne & Jeffery (2018) proposed that the BLAPs are hot pre-helium
WDs that are evolving and contracting toward the WD cooling strip, with masses approximately in the range 0.3 —0.35
Mg . To test whether the BLAPs and the new pulsators may be related, we have constructed He-core pre-WD models
using the MESA stellar evolution code (Paxton et al. 2011, 2013, 2015, 2018), release version 10398. We construct our
MESA models using an initially 1.0 Mg, star that ascends the red-giant branch (RGB), building a helium core. Once
the helium core reaches a specified mass, we strip all but 0.01 M of the hydrogen envelope. Residual hydrogen shell
burning then governs the timescale for evolution as the star contracts and evolves toward hotter Tcg as seen in the
resulting tracks in Fig.3. For 0.28 — 0.29 Mg proto-WD models, it takes ~ 1 Myr to contract from log(g) of 5.25 to
5.75. We also include adiabatic pulsation calculations using GYRE (Townsend & Teitler 2013) to evaluate the periods
for the fundamental and first overtone radial pulsation modes at each step along these tracks.

For comparison, we also computed tracks that include period calculations from MESA models of 0.462 M, low-mass
He-burning stars with three different hydrogen envelope masses: 0.5, 2.0, and 4.0 x 1072 M. As shown in Fig. 3, all
four of the new objects reside in locations where their fundamental mode periods are reasonably consistent with the
observed periods for both of the scenarios. However, the inset of Fig.3 shows a narrower region in Teg-log(g) space
near high-gravity-BLAP-2, with a color scale centered on the measured period of 363 sec. The two lines in this region
highlight that the expected fundamental radial mode period of a 0.28 M, He-core pre-WD is detectably different
than that of a 0.464 Mg, post He-core burning star at the same Teg-log(g).

We have also calculated f = w/wqyn for each model, with w being the pulsation frequency, and w?lyn = GM/R? the
stellar dynamical frequency. We find typical values of f = 3.6 for the fundamental mode in low-mass He-core pre-WDs
and f =~ 3.65 — 3.8 and f = 4.95 — 5.2 for the fundamental mode and the first overtone respectively in He-burning star
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models. Since the value of f for the fundamental mode is nearly the same for He-core pre-WDs and He-burning stars,
the fundamental mode periods satisfy PuyewnD/Pe—star & Wdyn He—star/Wdyn HewD- At a given value of log(g), this
means that Pyewn/Pae—star = (MHeWD/MHe_Star)l/‘l, consistent with the contrast seen in the inset of Fig.3. This
also allows us to calculate the radii and masses of the stars, assuming that (log(g)) corresponds to the real log(g) of
each star:

10log(9)) 2
R=—5— (2)

w

lo 2 3(lo, 4
o — 10(log(9)) R _ 103(logl9)) f . )
G Guw?

Using these equations and f = 3.6 we find masses of M = 0.19 + 0.05 Mg (0.12 £ 0.04 Mg, ; 10xsolar), M = 0.24 +
0.07Mg (0.17£0.06 Mg ; 10xsolar), M = 0.29 £ 0.08 M, (0.22+0.06 Mg ; 10xsolar) and M = 0.35+0.09 Mg (0.27 +
0.07Mg ; 10xsolar) for high-gravity-BLAP-1, high-gravity-BLAP-2, high-gravity-BLAP-3 and high-gravity-BLAP-4
respectively. The corresponding radii are R = 0.10 = 0.02 R (0.09 & 0.01 R ; 10xsolar), R = 0.16 + 0.02R (0.14 +
0.02Rg ; 10xsolar), R =0.194+0.02Rg (0.18 £0.02R¢ ; 10xsolar) and R = 0.22+0.03Rg, (0.20 £ 0.03 R ; 10xsolar)
for high-gravity-BLAP-1, high-gravity-BLAP-2, high-gravity-BLAP-3 and high-gravity-BLAP-4 respectively. These
masses favor the low-mass He-core pre-WDs models over the more massive post He-core burning models.

5. CONCLUSIONS

We have found a new class of radial mode pulsators (high-gravity-BLAPs) with Teg ~ 30,000K that are consistent
with ~ 0.25 — 0.3Mg low-mass He-core pre-WDs transiting the newly identified instability strip (Byrne & Jeffery
2018; Romero et al. 2018) associated with the iron opacity bump when metals are enhanced from radiative levitation.
With this identification, these objects are less massive analogs of the BLAPs (Pietrukowicz et al. 2017) which were
also identified as He-core pre-WDs (Byrne & Jeffery 2018; Romero et al. 2018). Though these new pulsators can
potentially be explained by low-mass He-shell burning stars which have evolved off the extreme horizontal branch,
the predicted periods from the MESA/GYRE models provide a better match with the He-core pre-WD models. In
addition, our spectroscopic discovery of the radial velocity, log(g) and Teg changes associated with the high-gravity-
BLAPs enables a more secure placement of these objects in the HR Diagram. More detailed asteroseismic modeling
will better constrain the masses and evolutionary states of these pulsators.

Low mass He-core pre-WDs must be formed through binary interactions (e.g. Marsh et al. 1995). High-gravity-
BLAP-1 and high-gravity-BLAP-3 have high enough S/N in their individual spectra to measure radial velocities. In
both systems, we do not find evidence for an additional radial velocity shift at (AV > 25kms~!) after pre-whitening
their pulsation-induced radial velocity changes. Therefore, we can only conclude that neither is in a compact binary
with an orbital period shorter than a few hours with a M > 0.1 M companion.

If the high-gravity-BLAPs are low mass He-core pre-WDs, we might be able to detect a period evolution in the
pulsations (P, see also Calcaferro et al. 2017). Low-mass WDs evolve from a surface gravity of 5.25 to 5.75 and a
pulsation period of ~ 500 sec to ~ 200 sec in only ~ 1 Myrs. This results in a substantial period drift of Pr1012g57!
which might be detectable after a few years monitoring. He-burning stars evolve at almost constant pulsation periods
and hence are not expected to show a significant period drift, so it may be possible to confirm or rule out the He-burning
evolutionary scenario by monitoring the rate of period change, even over a relatively short baseline.

Should these newly found objects instead be more massive stars that have just completed their core He-burning, we
would expect an excess of pulsators at higher log(g) near the sdB branch. If instead, both the high-gravity-BLAPs
and BLAPs are He-core pre-WDs, we expect to discover more pulsators at log(g)~ 5.0 with periods between 10-20 min
linking the two groups. This will become more apparent as the survey progresses and the sample of high-gravity-BLAPs
grows.
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