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Abstrac t . I describe the current status of our understanding of 
DBV white dwarf structure via asteroseismology, with an emphasis 
on what we learned through Whole Earth Telescope data. 
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1. Introduction 

The D B white dwarfs are still something of a mystery, in spite 
of many years of study. They comprise the majority of the 20 % or 
so of non-DA white dwarfs, and have effective temperatures between 
11 000 K and 30 000 K. The hottest DBs define the cool end of the 
so called "DB gap" that lies between 30 000 K and 45 000 K; in this 
region, no helium atmosphere white dwarf is known. The existence of 
this gap presents a great puzzle concerning the origin and evolution 
of helium atmosphere white dwarfs. Asteroseismology of the D B V 
stars as a class will tell us what DBs just below the red edge of 
the DB gap are like. This, coupled with structural understanding 
of the pulsating PG 1159 stars, the interacting binary white dwarfs 
(IBWDs), and white dwarf evolution calculations should fill in the 
gaps of our knowledge about the DB white dwarfs and their origins. 

Asteroseismology will give us total stellar mass and the helium 
layer mass determinations of the DB white dwarfs, which will help 
us decide what their progenitors are. Weidemann (1990) describes 
the most recent mean mass determinations for the DB white dwarfs, 
and they are consistent with the mean mass of the DA white dwarfs 
determined by Bergeron, Saffer Sz Liebert (1992). However, there 
are no published studies done since the mid-1980's; the mean mass 
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determination desperately needs to be redone with current models 
and observations. There are several theoretical and observational 
limits for the helium layer mass. First, the lack of helium fusion 
implies that the helium layer mass cannot be more than ~ 1 0 - 2 M+. 
Pelletier et al. (1986) compare evolutionary diffusion models to ob-
servations of helium atmosphere white dwarfs "polluted" with carbon 
(the DQ white dwarfs). They duplicate the observed carbon abun-
dances when the helium layer mass in their models is about 1 0 - 4 M*. 
Bradley & Winget (1994) compare periods from theoretical models 
of DB white dwarfs to WET observations of GD 358 and derive a 
helium layer mass of 1.5 x 10 - 6 M*. However, Dehner & Kawaler 
(1995) show that the total amount of helium may be greater than 
the amount which Bradley &; Winget derive. 

2. Meet the D B V stars 

General remarks 

Our understanding of the DBV stars is affected by a brightness 
disparity which basically divides GD 358 from all the other DBVs. 
GD 358 is by far the brightest DBV star (mj = 13.6), and is the best 
understood - in a relative sense - as a result. The next brightest DBV 
star is over two magnitudes fainter, meaning we would need 2.5 m 
telescopes to get the same signal-to-noise temporal spectroscopy, as-
suming everything else is equal. This presents a real problem for the 
W E T in resolving the modal structure of the other DBV stars, and 
we are at a crossroads with the 1995 May run, with PG 1351+489 
as the primary target. We obtained the largest telescopes possible in 
the northern hemisphere for this faint DBV; if we cannot get satis-
factory results here, then we may have to wait until we obtain more 
sensitivity from our instruments or we can piece together a network 
of telescopes 2 to 4 meters in diameter. 

The stars 

Having said this, let's take a closer look at the known members 
of the DBV class and see what they have in common. 

K U V 0 5 1 3 4 + 2 6 1 : Discovered by Grauer et al. (1989), it only 
has the discovery runs available. It is clearly multiperiodic, the pe-
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riods fall between 420 s and 770 s, and the dominant period (upon 
discovery) is near 700 s. 

C B S 114: Discovered by Claver & Winget (1989), this star 
also has only the discovery data available. The dominant period is 
around 650 s, with power present from about 300 s to over 700 s. At 
magnitude 17, CBS 114 also has the present distinction of being the 
faintest DBV star. 

P G 1115+158: This star was a WET target during Spring of 
1992, but the Fourier transform (FT) refused to stabilize, defeating 
the longitudinal coverage capabilities of the WET. As a result, we do 
not have a proven mode identification, but Clemens et al. (1991) did 
the best they could with the data. Their analysis suggests several 
modes are present, which could be a set of semi-consecutive £ = 1 
modes. Bradley (1993) assumed this identification to be correct, and 
derived a seismological mass near 0.62 MQ and a helium layer mass 
of 10~4 M^ or less. Long term monitoring from a single site might 
tell us if the mode structure is inherently unstable, or if the fine 
structure splitting is near 12 d - 1 or almost exactly 1 d - 1 . 

P G 1351+489: A Spring 1995 WET run proves this star has 
other periods besides the ones at 489 s and 333 s found by Winget 
et al. (1987). This data set is under analysis, so it is too early to tell 
what the mode identification and seismological structure are. 

P G 1456+103: This star is the first DBV discovered by Grauer 
et al. (1988). It has similar photometric properties to KUV 05134. I 
believe we will find it has a similar effective temperature and internal 
structure to KUV 05134 and GD 358. 

G D 358: The subject of WET runs in May 1990 and May 
1994, this star has a mass of 0.58 MQ and a helium layer mass of 
2 x 1 0 - 6 M^, given the presently favored temperature of 25 000-
26 000 K (Beauchamp et al. 1995 and Provencal et al. 1995). This 
mass determination is lower than given by Bradley & Winget (1994) 
because the effective temperature is hotter now. More about this 
star later. 

P G 1654+160: Not an official WET target yet, but several 
large glass data sets are available. They show the period of the 
dominant peak varies with time, as do the amplitudes. This star 
also has a red dwarf companion about 3" away, which could be a 
physical companion. If true, this star would not be a descendant of 
the IBWDs. 

E C 20058—5234: The newest - and only in the southern hemi-
sphere - DBV. This star has a number of short periods, and none 
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is over 300 s. All the other DBVs have all their periods longer than 
300 s, making EC 20058 an interesting complement. If we believe 
the tempera ture scaling of Clemens (1994) for the DAV stars, and 
apply it here, it would suggest that this star is the hottest DBV. 
Hopefully, an HST spectra will be available soon to tell us if this is 
the case. 

3. The D B V stars according to GD 358 

In par t because GD 358 is a bright large ampli tude DBV, the 
May 1990 W E T run revealed a wealth of pulsation modes (Winget et 
al. 1994), and the resultant seismological fit is the basis of our seismo-
logical understanding of the DBV stars. The da ta set is sufficiently 
rich tha t it forms the basis of several dissertations and Master 's de-
gree projects. 

The effective temperature of GD 358 recently got updated; ac-
cording to Beauchamp et al. (1995) it is, 25 300 ± 300 K and 
log g = 7.85. Bradley & Winget (1994) indicated their mass determi-
nat ion was temperature dependent. I did some additional modeling 
and find the mass is closer to 0.58 MQ and the helium layer mass is 
essentially unchanged. Other values, such as the seismological paral-
lax also changed; the best parallax distance is now about 45 pc, and 
log <7 = 7.95. Provencal et al. (1995) find a slightly hotter tempera-
ture of ~ 27 000 K. Depending on the carbon mass fraction in the 
core, I will probably be able to obtain decent fits for models between 
0.58 and 0.55 M Q . 

Winget et al. (1994) found asymmetries in the fine s t ruc ture 
splitting. In all cases, the prograde mode splitting was larger, typ-
ically by 0.2 to 0.5 //Hz. Montgomery (1995) explored this idea 
in more detail by expanding on the work of Jones et al. (1989). 
Montgomery finds that a global magnetic field will not replicate the 
observed mode-to-mode asymmetries in detail. Either the simplified 
magnetic field geometries he uses are inadequate, or a magnetic field 
is not responsible for the frequency splitting asymmetries. 

Two groups attacked the GD 358 progenitor problem. First , 
Dehner & Kawaler (1995) considered the possibility tha t GD 358 
evolved from a PG 1159 spectral type progenitor. They took 
Kawaler & Bradley's (1994) H e / C / O chemical composition profile 
for P G 1159-035 and let diffusion act. By 25 000 K, the profile 
had a pure helium surface, a main He/C transit ion zone at about 
1.5 x 1 0 - 6 M* - as inferred by seismology - and a second H e / C 
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t ransi t ion zone down near 4 x 1 0 - 3 JW*. The total mass of helium 
in Dehner & Kawaler's model is about 1 0 - 3 ' 5 M*, just what Pel-
letier et al. (1986) found for the helium layer mass of the DQ white 
dwarfs. If diffusion can make the composition profile relax to nearly 
what one expects f rom diffusive equilibrium in the carbon "tail" ex-
tending towards the surface, then we have the suggestive possibility 
tha t P G 1159 stars evolve into something like GD 358, which then 
becomes a DQ star by about 12 000 K. The only problem with this 
picture is the requirement tha t the PG 1159 stars have enough hy-
drogen present to make it tu rn into a DA star for the journey through 
the DB gap. The amount of hydrogen tha t can be present is small, 
because the star has to convectively mix the hydrogen into the he-
lium layer at around 30 000 K for the star to become a DB. Further 
evolutionary calculations tha t track the diffusion and mixing of hy-
drogen should tell us if this picture for DB white dwarf evolution is 
correct. 

Another possibility is that at least some DBV stars are descen-
dants of the IBWDs. Nit ta (1996) is constructing "hybrid" DB mod-
els tha t have a hot envelope surrounding a cooler core in an effort 
to mimic the coalesced product of an IB WD. Nit ta will compare 
the pulsation properties of these models with the results of Bradley, 
Winget & Wood (1993) to determine the observable consequences. 
Assuming there is a difference in the predicted pulsation properties, 
we should be able to see if any DBV white dwarfs could have been 
sired by AM CVn systems. In this vein, PG 1654+160 could be an 
impor tant test object; if the red dwarf is a physical companion, then 
we would know it did not descend from an IB WD. If there is any dif-
ference between PG 1654's structure and the other DBV stars, this 
would provide circumstantial evidence that the oddball has some 
other progenitor, possibly an IBWD. 

4. R a t i n g t h e D B V stars as W E T t a r g e t s 

Here, I consider the desirability of the DBV stars as W E T tar-
gets. All of these stars are multiperiodic, even with single-site da ta , 
which makes them desirable from a seismological s tandpoint . How-
ever, except for GD 358, they are all magnitude 15.8 and below, 
which makes it difficult for us to get decent signal-to-noise da t a on 
them. This is a strike against the DBV stars and strong incentive 
to t ry and upgrade the W E T instruments to reach fainter objects. 
In Table 1, I briefly list the pros and cons of each DBV as a W E T 
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target; in three cases, the star already has W E T observations and I 
list this as a con, with the idea that we need to analyze the existing 
data before re-observing it. 

Table 1. Ratings of the WET targets 

Name Pro Con 

KUV 0513+261 Multimode Companion at 15", 
no Teff 

CBS 114 Very faint, no Tefj 

PG 1115+158 Equatorial, has Teff XCOV 7, unstable FT 

PG 1351+489 Unique(?) mode structure, Observed May 1995, 
has Teff (XCOV 12) 

PG 1456+103 Mod. amplitude, 
has Teff 

GD 358 Bright, 
has seismological data 

XCOV 5 s and 10 

PG 1654+160 Equatorial, has Teff M4 dwarf at 3", 
fairly rich field 

EC 20058-5234 Fairly bright, 
has low overtones 

Southern Dec., 
no Teff 

Note: all have multiperiodic behavior as a "pro" and faintness (except 
for GD 358) as a "con". 

Having said all this, I suggest EC 20058-5234 as the next DBV 
target for the WET. It will be very interesting to compare its struc-
ture with that of GD 358 to see if there is a fundamental structural 
difference or if EC 20058's effective temperature is so high that it is 
too close to the blue edge for long period modes to be excited, yet. By 
coincidence, the W E T conclave picked EC 20058 as a target for the 
Fall 1996 W E T run. I can't recommend looking at any other DBV 
stars with the W E T until we see what PG 1351+489 tells us. If we 
can extract sufficient seismological information from this star, then 
we have some hope of getting useful information out of PG 1456+103 
or PG1654+160, and either would make a promising candidate. I 
would give the nod to PG 1654+160, because the red dwarf compan-
ion - if physically associated - would rule out an AM CVn system 
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being the progenitor. A comparison of PG 1654+160 to the other 
DBV stars may tell us if there is any seismological evidence for more 
than one class of progenitor for the DBV stars. 

5. Rampant speculations and future directions 

While it is possible that most or all of the cooler (Teff < 
20 000 K) DA white dwarfs are the spawn of hydrogen-rich plan-
etary nebula nuclei, the picture is less certain for the DBV and DB 
white dwarfs. There are at least two possible progenitors of DB white 
dwarfs: the PG 1159 stars and the interacting binary white dwarfs. 
Dehner & Kawaler (1995) show the seismological helium profile of 
PG 1159-035 can evolve into something similar to what Bradley & 
Winget (1994) derive for GD 358, but they require two additional 
calculations before they can rest their case. First, they need add a 
small amount of hydrogen to the PG 1159-035 profile and show that 
the model will be a DA white dwarf in the DB gap, and then change 
to a DB white dwarf near 30 000 K. Pelletier et al. (1986) shows 
the helium layer mass should be about 10 - 3 ' 5 M* in order to explain 
the "carbon pollution" trace abundances seen in helium rich white 
dwarfs below 15 000 K. If the Dehner & Kawaler calculations can be 
extended down to 12 000 K or below, they should be able to show 
the total helium layer mass of GD 358 is really about 10~3 '5 M+, 
consistent with the value of Pelletier et al. (1986). Doing this will 
remove the objection that the helium layer mass of GD 358 is too 
thin for the atmosphere to remain helium-rich below 15 000 K. 

Although the PG 1159 star - DB white dwarf link is the best 
studied, some DB white dwarfs should be descendants of IBWD sys-
tems, based on circumstantial evidence. As the name implies, the 
IBWD stars are already white dwarfs, there is no evidence for hydro-
gen in either star, the mass gaining star has an effective temperature 
at or above the red edge of the "DB gap", and the total mass of the 
two stars is less than the Chandrasekhar mass ( ~ 1.4 MQ). All of 
these facts suggest that the IBWD stars should give rise to at least 
some DB white dwarfs, and possibly some DBV stars as well. Al-
though there is no a priori reason to expect the structure of a DBV 
star with a PG 1159 star progenitor to be the same as a DBV star 
with an IBWD progenitor, only seismology has the chance to peer 
underneath the surface and find the potential thermal and structural 
clues. Our best hope here is to assume the IBWD descendants will 
become DBV stars; once we have seismologically determined struc-
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tures for the DBV stars as a class, we can look to see if the s t ructure 
of a few DBVs is systematically different f rom the rest. Unfortu-
nately, this process depends on several assumptions, and I don' t see 
a quick and easy way to settle the progenitor issue. 

I mentioned speculations earlier; here, I wish to suggest some 
ideas of what we will find for the DBV stars once the requisite ob-
servations and calculations are done. First , I believe tha t the mean 
period - effective temperature correlation, which Clemens (1994) 
found for the DAV white dwarfs, is real, and fur ther , I believe we 
will find it also applies to the DBV stars as well. Supposing this to be 
the case, I predict we will find that EC 20058-5234 is the hottest of 
the DBV stars, followed by PG 1351+489. From the available da ta , 
P G 1115+158 has the longest mean period of all the DBV stars, so 
I suggest it is the coolest. GD 358 and the remaining DBVs all have 
roughly the same mean period, so they probably all have about the 
same effective temperature. Except for EC 20058 and P G 1351, all 
of the DBVs with enough observations have significant ampli tude 
variations with time for their main pulsation modes. If we accept 
the ordering of effective temperature given above, then the different 
ampli tude variation behavior is probably telling something about 
mode selection. Tha t is, as the partial ionization zone deepens, it 
becomes more able to shuffle pulsation energy from one mode to the 
other. Quantifying this behavior requires long term monitoring f rom 
a single site, which suffers f rom the vagaries of the weather and lunar 
phases. An examination of some GD 358 observations I took in 1992 
suggest tha t significant amplitude changes occur on timescales of a 
month or less. I also looked into preliminary seismological analyses 
of other DBV stars. For the moment, I only ask "are models, simi-
lar to what I used to fit the GD 358 pulsation spectrum, consistent 
with the pulsation spectra of other DBVs?". For the DBV stars with 
enough data , the answer seems to be "yes". However, I must cau-
tion tha t while this structure may be consistent with the available 
observations, I have not yet done the work to rule out other possi-
ble fits. This will require a systematic exploration of a grid of DB 
models along with observational da ta of sufficient quality to allow 
unambiguous mode identification. I am sticking my neck out on all 
of these speculations, but at least they provide start ing points for 
fu tu re work. 

Finally, there are some needs we can address which will add 
much to our understanding of DBV stars. At present, our effective 
tempera ture determinations are uncertain by 2000-3000 K, which 
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means we cannot tell if there is even an instability strip for the DBVs. 
UV spectra from HST, along with the new model atmospheres of 
Beauchamp et al. (1995) and Provencal et al. (1995) should go a 
long way towards solving this problem. In addition to locating the 
instability strip, we will also be able to determine the red edge of 
the DB gap and determine how the DBA stars fit in the convective 
mixing picture for the onset of DB white dwarfs. If we can get 
the UV spectra, it would be valuable to determine the atmospheric 
parameters of the DB stars as a class to see if their mean mass is 
the same as for the DAs or not. While this probably won't settle 
the progenitor issue, it would shed light on homogeneity of the white 
dwarf formation process. Finally, determining the structure of all 
the DBV white dwarfs is critical. It will tell us if GD 358 is a freak; 
give us the mean mass of the DBV white dwarfs for comparison to 
the DAs and the nonpulsating DBs; and constrain the properties of 
DB progenitors. 
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