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ABSTRACT

Aims. We aim to determine the theoretical instability strips of white dwarfs with diverse H and He content in their atmospheres, from
a solar composition to a H-depleted atmosphere. Pulsators with mixed H-He atmospheres are indeed known to exist, and these are
the white dwarfs in cataclysmic accreting systems of the GW Lib type. We thus also aim to determine the range of periods of excited
pulsation modes, and to qualitatively compare these to the observed periods in GW Lib white dwarf pulsators.
Methods. In the first full nonadiabatic stability analysis of pulsators of this kind, we applied a time-dependent convection treatment
and an energy leakage argument to compute, for cooling models of white dwarfs with various masses and envelope compositions, the
location of the blue and the red edges, as well as the properties of pulsation modes.
Results. We find that our derived instability strips form a true continuum in the log g-Teff plane and that their individual location
depends uniquely on the assumed atmospheric composition, from the solar composition models at low effective temperatures to the
H-depleted models at much higher temperatures. Taking into account our previous results from the ZZ Ceti (pure H atmosphere)
and V777 Her (pure He atmosphere) white dwarf pulsators, this implies that all of these instability domains are connected via the
same fundamental driving mechanism. Applying our results to the case of white dwarf pulsators of the GW Lib type, we find that our
theoretical instability strips can qualitatively account for all of the known cases. The computed range of periods of excited modes also
compares qualitatively very well to the observed ones.
Conclusions. The GW Lib pulsators are very similar in nature to ZZ Ceti and V777 Her white dwarfs. It is the diverse chemical
compositions in their atmosphere and envelope that defines their specific pulsation properties. Beyond GW Lib pulsators, white
dwarfs can sometimes exhibit mixed H-He atmospheres, such as in the recently found proto-He white dwarf pulsators. Our results
open the way towards quantitative asteroseismology of these various kinds of white dwarfs.
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1. Introduction

The cooling sequence of the Hertzsprung-Russell (HR) diagram
harbors various and distinct families of pulsating white dwarfs,
showing multiperiodic luminosity variations generally caused
by g-mode oscillations (see, e.g., Fontaine & Brassard 2008,
for a detailed review). Among these, the V777 Her or DBV
(He-atmosphere) pulsating white dwarfs tightly group around
Teff ∼ 25 000 K, while the ZZ Ceti or DAV (H-atmosphere) stars
are significantly cooler pulsating white dwarfs in the HR dia-
gram, clustering around Teff ∼ 12 000 K. The driving mecha-
nism for oscillations in ZZ Ceti and V777 Her white dwarfs is
conceptually the same: the stars are in a phase of their cooling
sequence where hydrogen (ZZ Ceti) or helium (V777 Her) in the
outer envelope recombines, leading to a huge increase in the en-
velope opacity. This in turn strangles the flow of radiation, and
finally causes pulsational instabilities in the form of g-mode os-
cillations (see, e.g., Winget et al. 1982; Winget 1982).

Huge progress has been made recently in determining the
boundaries of both the empirical and the theoretical instability
strips of ZZ Ceti white dwarfs. On the observational side, the
detailed mapping of the instability strip has been a long-term

objective pursued by the Montréal group, starting with Bergeron
et al. (1995), with the latest results reported by Gianninas et al.
(2011, 2014). These efforts have led to the most reliable deter-
mination of the empirical strip currently available. In addition,
pulsations in low and extremely low-mass DA white dwarfs have
been found recently (Hermes et al. 2013, and references therein).
These new pulsators are significantly less compact and cooler
than the more usual ZZ Ceti stars, but they have H-dominated
atmospheres (Gianninas et al. 2014) and form a natural exten-
sion of this family (Van Grootel et al. 2013).

On the theoretical front, the introduction of a time-dependent
convection (TDC) treatment allowed us to precisely reproduce
the blue edge of the ZZ Ceti instability strip, as well as to ar-
rive at a correct understanding of the onset and development of
pulsational instabilities at that blue edge as functions of cooling
(Van Grootel et al. 2012). For the red edge, whose theoretical
determination has remained elusive over the years (Van Grootel
et al. 2012, and references therein), we recently resurrected the
idea of energy leakage of the oscillation modes through the at-
mosphere (Hansen et al. 1985). According to this theory, the red
edge occurs when the thermal timescale in the driving region (lo-
cated at the base of the H convection zone) becomes equal to the
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critical period beyond which gravity modes cease to exist. Using
these approaches (TDC and the energy leakage argument), we
found that our theoretical ZZ Ceti instability strip accounts re-
markably well for the boundaries of the empirical strip, includ-
ing the low-gravity, low-temperature regime where the new low-
and extremely low-mass pulsators are found (Van Grootel et al.
2013).

The V777 Her white dwarfs have received, in compari-
son, less attention over the years and are much less numerous
than their ZZ Ceti counterparts. There are two reasons for this
scarcity: first, they are significantly hotter and cool more quickly
than ZZ Ceti stars; second, the fraction of DB stars drops to less
than 20% of all the white dwarfs in the range of effective temper-
ature where the DB pulsators are found (Bergeron et al. 2011).
The spectroscopic determination of the empirical boundaries of
the V777 Her instability strip still strongly relies on the work
of Beauchamp et al. (1999), who carried out a systematic and
consistent investigation of the time-averaged class properties of
the pulsating DB white dwarfs. One difficulty that arises is the
sensitivity of effective temperature and surface gravity determi-
nations to spectroscopically undetectable (in the optical domain)
small traces of H that may be present in the He-dominated atmo-
spheres. This has been most recently discussed by Bergeron et al.
(2011) who have also provided the most up-to-date view of the
DBV instability strip.

On the theoretical front, Dupret et al. (2008) introduced a
TDC treatment to pulsate, in a more realistic way than before,
cooling models of DB white dwarfs with a pure He envelope
(see also Quirion et al. 2008)1. They were able to find a credible
blue edge compared to the empirical one (given the uncertain-
ties mentioned above on Teff/log g determinations for DB stars),
as well as a credible red edge. Contrary to ZZ Ceti white dwarfs,
the theoretical DB red edge obtained with TDC satisfactorily re-
produces the empirical one, provided the turbulent pressure vari-
ations δPturb is enhanced by a factor of 4. It is not yet clear why
this is so (Dupret et al. 2008; Quirion et al. 2008). The period in-
terval of the unstable g-modes predicted by these computations
is also broader than what is observed, leaving room for improve-
ment. The energy leakage argument also remains to be tested in
pulsating DB models.

Pulsations in white dwarfs belonging to cataclysmic systems
are also known to exist. Indeed, the discovery of nonradial pul-
sations in the white dwarf component of the cataclysmic binary
GW Librae was reported by Warner & van Zyl (1998). Since
then, a dozen more systems of this type, called pulsators of
GW Lib type after the prototype, have been uncovered and in-
tensively studied (see, e.g., Szkody et al. 2010, and references
therein). Given the close binary nature of these systems, it has
remained difficult to characterize the individual pulsating white
dwarfs through standard spectroscopy. In particular, no direct in-
formation is available from spectroscopy on the surface gravity
and on the atmospheric chemical composition. Although, in the
latter case, it should reflect that of the donor component, i.e.,
anywhere from a solar mixture to a highly enriched He com-
position if the donor is well evolved. On the other hand, reliable
estimates of the effective temperature have been derived, indicat-
ing that GW Lib pulsators occupy a significantly wider domain
in effective temperature than the V777 Her or ZZ Ceti stars do,
while overlapping the latter.

1 It is this especially adapted treatment that was also used later by
Van Grootel et al. (2012, 2013) to study pulsations in the presence of
convection for the ZZ Ceti stars.

To our knowledge, no detailed nonadiabatic studies have
ever been carried out for the GW Lib pulsators. Only the paper
of Arras et al. (2006) actually addressed the question of pulsa-
tional instabilities in GW Lib white dwarfs, but using a semi-
analytic argument that boils down to a necessary condition for
mode driving in white dwarfs. However, it is important to real-
ize that this so-called thermal timescale argument, which states
that pulsation modes may be driven if their periods are compa-
rable to the local thermal timescale at the base of the convection
zone, is not a sufficient condition. It allows for rough estimates
of the location of the blue edge of a potential instability strip,
but can say nothing about the reality of such a strip and about
the range of periods and actual modes being excited in a stel-
lar model. In short, the approach needs to be validated through
detailed nonadiabatic studies, which cannot be avoided if one
wants to fully exploit the potential of stellar pulsation theory.
We note that Arras et al. (2006) made excellent use of the ther-
mal timescale approach, emphasizing, in particular, how the blue
edge could depend on the chemical composition and the surface
gravity for GW Lib instability strips. At the same time, and quite
correctly, they warned in their conclusion section that their ap-
proach needs to be validated through full nonadiabatic pulsation
calculations. We followed that path in the present work.

We aim to determine by full nonadiabatic computations the
theoretical instability strips of white dwarfs with diverse H and
He content in their atmospheres, from a solar composition to
a H-depleted atmosphere. We present our cooling white dwarf
models and stability analysis tools (e.g., TDC treatment and en-
ergy leakage argument) in Sect. 2. Section 3 is devoted to the
resulting theoretical instability strips, while Sect. 4 presents the
computed ranges of the excited modes we obtained. These two
sections have a special emphasis on the relation to the observed
properties of pulsating white dwarfs in GW Lib systems. We dis-
cuss our results and finally conclude in Sect. 5.

2. Theoretical tools
2.1. Cooling white dwarf models

In this study, we used evolutionary models computed with the
white dwarf stellar code briefly presented in Fontaine et al.
(2001) and continuously updated since then. For the present
needs, i.e., for a nonadiabatic survey, it is more than sufficient
to consider simplified evolutionary models since the nonadia-
batic physics is concentrated in the envelope. Hence, to save
considerable computing time, we constructed simplified mod-
els made of a pure C core surrounded by an envelope with
a fractional mass log q = log (1 − M(r)/M∗) = −4.5 of di-
verse compositions. Eight envelope compositions were consid-
ered, from solar (X = 0.70, Y = 0.28; X and Y being the
fractional mass of H and He respectively) to a H-less mixture
(X = 0.00, Y = 0.98). Each of the chosen compositions con-
tains metals in the solar proportions, with Z = 0.02. For each of
the eight envelope compositions considered, we computed four
distinct evolutionary sequences characterized by a total mass of
0.3, 0.6, 0.9, and 1.2 M�. Each of the 32 evolutionary tracks
covers a very wide range of effective temperature, from above
60 000 K down to about 1000 K, more than enough to cover the
empirical V777 Her and ZZ Ceti instability strips, and for the
effective temperatures of the known pulsating white dwarfs in
GW Lib systems.

We note that the particular choices of model parameters
such as the core composition, the actual location of the base of
the thick envelope, or the detailed composition profile between
the core and the envelope do not affect in any significant way
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Fig. 1. Structure of the envelope of a representative 0.6 M� model, for eight different envelope chemical compositions ranging from solar (upper
left quadrant of upper panel) to a H-less mixture (lower right figure of lower panel). The boundaries of the outer convection zone(s) are indicated
by heavy dots. The three dotted curves in each plot correspond to a Rosseland optical depth of 0.1, 1.0, and 10.0, from top to bottom. The boundaries
of the instability strip for each case considered are indicated by blue and red vertical dotted lines.

the nonadiabatic physics associated with the driving mechanism.
These choices do influence the period spectrum, but not the
range of excited periods or the efficiency of driving. An explicit
demonstration of this property has been presented in Sect. 3.2
of Van Grootel et al. (2013) in the context of the recently-
discovered DA pulsators with extremely low masses. On the
other hand, the stability analysis depends critically on how con-
vection is handled in the equilibrium white dwarf models. In the
present work, we adopted the ML2/α = 1.0 flavor for mixing-
length theory, which was found to best match the empirical data
for ZZ Ceti stars (Van Grootel et al. 2013). Furthermore, we in-
cluded a detailed treatment of the feedback of convection on the
structure of the envelope (see Van Grootel et al. 2012 for a recent
discussion of this important point, their Fig. 5 in particular).

Figure 1 presents some details of the outer envelopes of eight
cooling models of the same total mass of 0.6 M�, but with eight
different envelope chemical compositions, ranging from solar to
a H-less mixture. The atmospheric layers are mapped through
the use of the three dotted curves in each plot, corresponding

to a Rosseland optical depth of 0.1, 1.0, and 10.0. The bound-
aries of the outer convection zone(s) are indicated by heavy
dots. We note the complex double structure associated with HeII
and HI−HeI ionization zones. With cooling, these distinct con-
vection zones merge together through pressure effects in white
dwarfs. This point is of some importance because envelope mod-
els based on an ideal gas equation of state (such as those used
by Arras et al. 2006, for example) would retain, to much lower
effective temperatures than shown here, these two separate con-
vection zones and influence the details of the driving process.

2.2. Stability analysis tools

We used the same approach as in Van Grootel et al. (2013) for
the stability analysis of the 32 evolutionary sequences with di-
verse envelope compositions. We thus employed a version of the
MAD nonadiabatic pulsation code (Dupret 2002) that includes
a TDC treatment for pulsations in presence of convection. We
refer to Van Grootel et al. (2012) for the technical details of the
adaptation of the TDC treatment to the white dwarf models; the
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Fig. 2. Left panel: details of the structure of the outer layers of a representative evolving 0.6 M� white dwarf with a solar composition in the
envelope. The ordinate gives the fractional mass depth in logarithmic units. On this scale, the center of the star is at log q = 0; only the envelope
layers are depicted here. The small dots define “isocontours” of opacity, and some are labelled by their value of log κ. The small filled circles
indicate the boundaries of the superficial convection zones that develop due to He and H recombination. It should be pointed out that the top of
the convection zones always resides in the photospheric layers, while the base sinks deeper into the star as it cools, until degenerate conduction
takes over in the cooler, more evolved phases. The vertical dashed lines indicate the blue and red edges obtained with our TDC treatment with
ML2/α = 1.0. Right panel: similar to left panel, but the small dots now define isocontours of the local convective turnover timescale log τc

expressed in seconds. The boundaries of the convection zones are well defined in this plot, so the small filled circles used in the left panel are not
necessary.

basic theory, along with the latest improvements, can be found in
Grigahcène et al. (2005). In a nutshell, the TDC recipe included
in MAD is developed within the framework of mixing-length
theory, and the stability of the solution is studied by a linear
perturbative method. The treatment of convection is local, for
consistency with the white dwarf models. The adopted expres-
sion for the perturbation of the mixing length l = αHp (Hp is the
pressure scale height) is

δl
l
=

1
1 + (στc)2

δHp

Hp
, (1)

where σ is the pulsational frequency and τc the convective
turnover timescale. We retrieve the two limiting cases δl/l →
δHp/Hp when στc � 1 (instantaneous adaptation of convec-
tion) and δl/l → 0 when στc � 1 (frozen convection). Both
for the ZZ Ceti and V777 Her models, the convective turnover
timescale is much smaller than the pulsation periods of inter-
est at the blue edge (reducing TDC to instantaneous adaptation
of convection), while as the star cools the convective turnover
timescale become on the order of the pulsation periods, requiring
a full TDC treatment like ours (Van Grootel et al. 2012; Dupret
et al. 2008; Quirion et al. 2008).

The right panel of Fig. 2 shows that this particular behav-
ior of the convective turnover timescale is also at work in mod-
els with an intermediate H–He envelope composition, at least
in the cooler evolutionary phases associated with g-mode insta-
bilities. Given that the lowest radial order (k = 1) g-mode cor-
responds to a period on the order of 100 s in a representative
10 000−15 000 K, 0.6 M� white dwarf, the described behavior
is well illustrated in that plot. We also note that the convec-
tion zone associated with HeII partial ionization at high effective
temperatures is characterized by convective turnover timescales
comparable to or longer than the reference period. No pulsa-
tional instabilities are found at these high temperatures, however.
To complement this, the left panel of Fig. 2 shows a similar plot,

but emphasizing the opacity profiles in the same evolutionary
models. Because of the simultaneous presence of H and He, the
opacity shows an intricate pattern due to the different partial ion-
ization zones. This plot should be compared to Figs. 2 and 3 of
Van Grootel et al. (2012) for the case of pure H envelopes.

Despite the inclusion of a TDC approach in our white dwarf
investigations, the determination of the red edge has remained
elusive. For the ZZ Ceti stars, the predicted red edge from
our nonadiabatic calculations is much cooler than the empiri-
cal value, typically by thousands of degrees (Van Grootel et al.
2012). As briefly mentioned in the Introduction, and in contrast,
a credible red edge for the V777 Her stars has been found in such
computations. However, this was achieved at the price of postu-
lating a turbulent pressure variations δPturb enhanced by a factor
of 4 (Dupret et al. 2008; Quirion et al. 2008). It is still unclear
how this can be physically justified. Furthermore, the DB mod-
els that have been used in these studies do not include convective
feedback on the atmospheric structure, which shifts inwards the
whole of the superficial convection zone. The impact of such a
feedback is to move the full instability strip towards higher ef-
fective temperatures, possibly degrading the agreement with the
empirical strip. The importance of the shift remains to be quan-
tified for these DB pulsators.

In the present work, which includes convective feedback, we
adopt the approach proposed by Van Grootel et al. (2013) to esti-
mate the location of the red edge for each of the instability strips
that we uncovered. This is based on the energy leakage argu-
ment referred to above according to which the red edge occurs
when the thermal timescale in the driving region becomes larger
than the critical period beyond which g-mode oscillations cease
to exist. As mentioned in the Introduction, such a hypothesis ac-
counts remarkably well for the red edge of the empirical strip
of ZZ Ceti white dwarfs (Van Grootel et al. 2013), and this is
our main justification for using the method again in the present
context.
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Fig. 3. Predicted GW Lib instability strips for models with envelope compositions ranging from solar (upper left figure of upper panel) to a H-less
mixture (lower right figure of lower panel). The dotted vertical lines correspond to the effective temperature for each of the 11 pulsating white
dwarfs of the GW Lib type listed in Table 6 of Szkody et al. (2010).

3. Theoretical instability strips

We computed with the MAD code (in the ML2/α = 1.0 ver-
sion) the properties of the g-mode oscillations for all models
belonging to our 32 evolutionary sequences. We also applied
the criterion τth 	 Pcrit to these models to evaluate the red
edge. Figure 3 presents the main results of our stability analy-
sis, here for g-mode oscillations with � = 1. The fact that we
used only four distinct evolutionary sequences of different mass
(0.3, 0.6, 0.9, and 1.2 M�) for a given envelope composition
leads to a somewhat coarse covering in the logg direction as
can be seen in the plots. Each blue or red edge is defined in
terms of only four points corresponding to these four different
masses, but this was deemed sufficient in the present context. For
a solar envelope composition, the instability strip is relatively
narrow and the red edge slope is slightly more pronounced than
the blue one, making the strip narrower towards lower masses.
Qualitatively, this behavior is quite similar to that of the ZZ Ceti
(pure H atmosphere) instability strip (Van Grootel et al. 2013).

With increasing He abundance, both the blue and the red edge
move towards higher effective temperatures, although at a dif-
ferent pace. Furthermore, the blue edge gets initially warmer
at a faster pace for the low-mass models. In the limit of H-less
(X = 0.00, Y = 0.98) envelopes, the instability strip has become
significantly hotter and wider than for a solar or pure-H enve-
lope. Furthermore, the blue and red edges have approximately
the same slope. This behavior is now very similar to the theoret-
ical instability strip of DB (pure He atmosphere) white dwarfs
(Dupret et al. 2008; Quirion et al. 2008).

We note that the exploratory results of Arras et al. (2006),
which are based on the thermal timescale argument discussed
in the Introduction, are approximately in line with our detailed
nonadiabatic results. In particular, the migration of the blue edge
at higher effective temperatures with increasing He abundance
and the dependency of the surface gravity have been well de-
scribed in the approach of Arras et al. (2006), at least at the qual-
itative level. There are differences though, such as the fact that
our detailed calculations do not reveal the existence of a regime
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Fig. 4. Predicted ranges of excited dipole (� = 1) g-modes for representative models near the red edge of the instability strips from 1.2 M� (lower
left and shorter periods) to 0.3 M� (upper right and larger periods). The bigger the dot, the more unstable the mode.

in which two distinct instability strips could exist for a given en-
velope composition. This is an example of the limitations of the
predicting power of the thermal timescale argument, which re-
mains, as noted above, a necessary but not sufficient condition
for driving.

For comparison purposes, we also plot in Fig. 3 the values
of the effective temperature for each of the 11 pulsating white
dwarfs of the GW Lib type listed in Table 6 of Szkody et al.
(2010) in the form of vertical dotted lines. Taking into account
the uncertainties on these estimates (provided in that table), and
allowing for variations in the envelope composition from one
star to another (which is difficult to determine spectroscopically
given the binary nature of these objects), we can qualitatively ac-
count for all of the known cases. Diverse envelope compositions
seem possible, although our results exclude the most extreme
H-poor (X < 0.10) envelopes, at least for the white dwarf pul-
sators discussed in Szkody et al. (2010). Figure 3 also suggests
that the coolest GW Lib pulsators are likely low-mass objects.
Finally, as already suggested by Arras et al. (2006), the different
atmospheric He content from one object to another provides a

natural explanation as to why white dwarfs in cataclysmic bina-
ries of the GW Lib type do not show pulsations in the same range
of effective temperature. In addition, the narrowness of the insta-
bility strip, especially for the H-rich models, is in line with the
suggestion that heating (cooling) due to variable accretion can
move a star in and out of a given strip, thus leading to phases of
pulsational activity (quiescence) in a given GW Lib star (Szkody
et al. 2010).

We show in Fig. 1 the instability strips of our 0.6 M� mod-
els for the eight different envelope chemical compositions. In a
way similar to that found for the ZZ Ceti and V777 Her stars,
pulsational instabilities start to develop when the base of the
main convection zone sinks significantly with decreasing effec-
tive temperature (Dupret et al. 2008; Van Grootel et al. 2012).

4. Range of excited modes

Figure 4 shows our predicted ranges of excited dipole (� = 1)
g-modes for representative models inside each of the instabil-
ity strips, but near the red edge. For each envelope composition
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illustrated, we present the range of excited periods for a massive
1.2 M� model near the red edge (lower left and shorter peri-
ods on average) as well as for the other masses considered in
our evolutionary calculations, including a less massive 0.3 M�
model near the red edge (upper right and larger periods than av-
erage). Each dot represents an excited dipole mode, and the size
of the dot is a logarithmic measure of the imaginary part of the
complex frequency. The bigger the dot, the more unstable the
mode. Figure 4 illustrates explicit predictions as to the range of
excited periods in GW Lib pulsators.

As an example, if we adopt a value of 15 200 K for the ef-
fective temperature of the pulsating white dwarf component in
GW Lib itself (Szkody et al. 2010), a mass of about 0.84 M�
according to van Spaandonk et al. (2010), the dominant modes
with periods of 230, 370, and 650 s (van Zyl et al. 2004) can eas-
ily be accounted for at the qualitative level if the donor is rather
He-rich.

5. Discussion and conclusion

We have presented in this paper the theoretical instability strips
of white dwarf models having diverse H and He content in their
atmospheres, from a solar composition to a H-depleted atmo-
sphere. We applied the same stability analysis tools as in our pre-
vious investigations, namely the TDC treatment and the energy
leakage argument, in order to derive the location of the blue and
the red edges of the instability strip in the log g–Teff diagram. We
find that the shape and location of the instability strip depends
strongly on the assumed envelope composition. With increasing
He content the strip moves towards higher effective temperatures
and broadens as well, with the blue edge moving faster than the
red edge. Furthermore, the widening of the strip is initially (low
values of Y) faster in low-mass models. The instability strip of
white dwarfs with atmospheres of solar composition is qualita-
tively very similar to the ZZ Ceti strip (Van Grootel et al. 2013),
while the instability strip of H-depleted atmosphere white dwarfs
qualitatively behaves as the V777 Her strip computed for pure
He atmospheres (Dupret et al. 2008; Quirion et al. 2008). This
strongly suggests that DAV and DBV instability strips are indeed
connected, with a continuum of pulsation modes that are excited
by a convective driving mechanism related to the H–He recom-
bination in the stellar envelope.

Pulsating white dwarfs with mixed H-He atmospheres are
known to exist, and these are the GW Lib stars (pulsating
white dwarfs that accrete material from a solar composition or
He-enriched donor in a cataclysmic system). The exact envelope
composition and surface gravity of these white dwarfs in cata-
clysmic binaries are difficult to derive, but good estimates of the
effective temperature have been obtained for 11 pulsators of the
GW Lib type so far (Szkody et al. 2010). Taking into account
the uncertainties on these estimates, and allowing for variations
in the envelope composition from one star to another, our the-
oretical instability strips can qualitatively account for all of the
known cases. We also computed the range of excited pulsation
modes for representative models of diverse masses, qualitatively
accounting for the periods observed in these objects. In the case
of GW Lib itself, for which the white dwarf mass was measured
through gravitational redshift of a resolved absorption feature
(van Spaandonk et al. 2010), the dominant modes can easily be
accounted for at the qualitative level if the donor is rather He-
rich. This exercise may be repeated with other pulsators when
mass determinations become available.

It is also well known that DB white dwarfs often show
small, but nonnegligible traces of H in their atmospheres

(Voss et al. 2007; Bergeron et al. 2011). As shown here, the ex-
act H-He content has a strong impact on the determination of
the instability strip and on the range of excited periods. This de-
serves more attention in a future reevaluation of the V777 Her
instability domain. White dwarfs with mixed H–He atmospheres
also exist in the very low-mass regime (Gianninas et al. 2014),
and these are the He-core white dwarf components of binary sys-
tems emerging from common envelope evolution. So far, pul-
sations have been discovered in a handful of cooling low-mass
white dwarfs (Hermes et al. 2013), but the known pulsators are
all H-dominated (DA) stars and fall in the extended ZZ Ceti strip
(Van Grootel et al. 2013; Gianninas et al. 2014). However, the
jury is still out on the possibility that low-mass cooling white
dwarfs having a He-enriched atmosphere and envelope may also
pulsate at higher effective temperatures, as theoretically pre-
dicted here. In addition, the recent discovery of pulsations in
pre-low-mass white dwarfs (i.e., belonging to the contraction
phase as opposed to the cooling phase) with apparently mixed
H-He atmospheres (Maxted et al. 2013, 2014) strongly suggests
that calculations similar to the ones considered in this paper are
of interest. Our results pave the way towards quantitative aster-
oseismology of these mixed-atmosphere white dwarf pulsators.
Asteroseismology can indeed shed light on the internal struc-
ture, composition, origin, and evolution of various kinds of white
dwarfs, as best exemplified by the recent asteroseismic determi-
nation of the bulk core composition and envelope layering for
the ZZ Ceti star Ross 548 (Giammichele et al. 2014).
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