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ABSTRACT 
Multichannel observations or reobservations of all DB white dwarfs accessible from Palomar Observatory, 

reduced and calibrated with the AB79 program of Oke and Gunn, have been compared by least squares fitting 
procedures with energy distributions calculated from new model atmospheres with He:H = 105 and reduced 
metal content He:C = 106. The surface gravities and temperatures derived reveal for the first time a definitive 
cooling sequence for the DB stars, with a narrow mass distribution comparable to that of the DA white 
dwarfs. The mass range, 0.55 +0.10 M0, almost coincides with the range derived for DA, DC, and C2 stars 
and therefore suggests that the progenitors for all these stars are the same. 

Spectroscopic distance determinations and comparison with cooling ages demonstrate that DB stars 
account for about one-tenth of the total white dwarf birthrate. Attempts to calibrate calculated Strömgren 
colors with multichannel scans reveal that the observational scatter of Strömgren photometry is too large to 
allow reliable g and Teff determinations for individual DB stars. 
Subject headings : spectrophotometry — stars : atmospheres — stars : white dwarfs 

I. INTRODUCTION 

After more than a decade of work on degenerate stars with 
helium-rich atmospheres, the origin and nature of the DB 
white dwarfs are still unexplained. In his review article Liebert 
(1980) gives some reasons why the atmospheric and stellar 
parameters for helium-atmosphere degenerates are not nearly 
as well determined as those for the “ normal ” DA white dwarfs 
with hydrogen-rich atmospheres. These mainly concern the 
larger difficulties and uncertainties in the theoretical treatment 
of the model atmospheres, some of which were in the process of 
being overcome when Liebert’s review was written. 

DB stars are much less numerous than DA stars in space and 
thus are on the average considerably fainter, which makes 
high-quality observations more difficult. With the closest DB 
at a distance of about 40 pc, visual magnitudes are generally 
beyond 14 mag. In contrast to the DA stars, there are only very 
few DBs with even uncertain trigonometric parallaxes or dis- 
tances determined from companions or cluster membership 
(see Koester, Schulz, and Wegner 1981). 

Spectra are in general of low resolution, which, when com- 
bined with the fact that the theoretical sensitivity of line prof- 
iles on atmospheric parameters—especially surface gravity—is 
much smaller than in the DA case, explains why their analysis 
has up to now not produced reliable results. Thus the impor- 
tant question remained open as to whether the DB masses 
differ systematically from those of the DA stars, i.e., if DB and 
DA stars have fundamentally different progenitors (see Weide- 
mann 1975). Johnson colors are completely useless—ull DBs 
cluster at about (-0.95), (-0.10) in the (U-B)-(B-V) 
diagram—and Strömgren photometry is likewise so insensitive 
to Tff and g that in view of the observational and calibration 
uncertainties, neither individual nor mean atmospheric par- 
ameters can be determined with confidence (see Koester, 
Schulz, and Wegner 1981). 

Multichannel spectrophotometry (MGSP) developed and 
carried out at the Palomar 5 m telescope by Oke (1974) and 
Greenstein (1976) provided new data, but a first analysis as 
presented by Greenstein (1976) based on monochromatic 
MCSP color indices and Shipman model fluxes (Shipman 
1979) proved disappointing, with large scatter in the (U-B)- 
(G — R) diagram, and no possibility of model fits. He has 
recently added new MCSP data and rediscussed the fits to the 
models (Greenstein 1984). 

A serious handicap consisted of the fact that for some DB 
stars information was rather incomplete, with only MCSP 
data, Strömgren photometry, or spectra available. Thus cali- 
bration of Strömgren photometry with the help of MCSP 
data^—in the way it was done by Schulz (1978) for the DA 
stars—was impossible. Because of this situation, one of us 
(J. B. O.) agreed to observe or reobserve all northern DB stars 
with the Palomar telescope. After the program was carried out 
in 1979 and 1980, the new MCSP data were first evaluated 
according to the Schulz (1977) method (which uses broad-band 
colors instead of monochromatic color indices and which has 
been shown to be superior in the DA case; Koester, Schulz, 
and Weidemann 1979), by one of us (V. W.). Comparison with 
Koester model predictions revealed for the first time a clear, 
narrow-# temperature sequence, if only for the data from five of 
the seven observing nights. We thus decided to evaluate the 
MCSP data at Kiel with computerized complete least squares 
fits. The results are presented in this paper. Temperatures and 
gravities are now so well determined that spectroscopic dis- 
tances, birthrates, average masses, and a mass distribution can 
be calculated. In § II we give the observations, § III describes 
the model atmospheres and procedures of evaluation, § IV 
gives the results, including the derived properties of the DB 
stars, § V deals with the Strömgren photometry and cali- 
bration, and in § VI we discuss and summarize the results. 
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DB WHITE DWARFS 277 

II. OBSERVATIONS 
The observations were carried out with the multichannel 

spectrophotometer at the Palomar 5 m telescope (see Oke 
1974) with a resolution of 80 Â/160 Â. The list comprised all 
DB stars accessible from the location; 35 stars were observed 
on seven nights (191, 192, 193, 194, 196, 197, 198; correspond- 
ing to 1979 October 25, 27, 28, and 29, 1980 January 26, Feb- 
ruary 25, and July 16, respectively). The scans were calibrated 
by reference to standard sdG stars (BD + 17°4708, HD 19445, 
HD 84937, and BD -b26°2606) on the absolute scale AB79 
(Oke and Gunn 1983), which differs from Hayes and Latham 
( 1975) by small amounts of the order of A((7 — B) = —0.01, A(G 
— R)= +0.03, depending on the standards which were used 
on an individual night. The quality of the individual measure- 
ments varies; low-quality scans are sometimes caused by mal- 
functions in individual channels, sometimes by bad observing 
conditions. The least squares analysis (below) reveals this as 
well as direct inspection. Examples of scans are given in 
Figure 1. 

The scan of G242-63, which turned out to be a DC (with 
Te(i< 10,000 K) rather than a DB star, gives some impression 
of the remaining uncertainties. Where systematic effects were 
detected, the channels were omitted in the least squares fit 
procedure (see below). Besides G242-63 (WD 0038 + 73), three 
further stars did not belong to the DB category: LB 378A 
(0855 + 60), a cooler object, probably C2, as revealed by SIT 
spectra; GD 323 (1302 + 59), a hot DAB, with hydrogen lines 
(see also Liebert and Wesemael 1983); and G227-5 (1728 + 56), 

a peculiarly hot-looking star (18,000 K) without He i but 
numerous C i lines. 

One other object, the peculiar DB emission binary G61-29 
(1303 + 18), was also excluded from further analysis. The 
remaining 30 DB stars are listed in Table 1, which contains the 
pertinent parameters, along with WD coordinate [McCook- 
Sion Catalog 1977], designation, Greenstein number, visual 
magnitude, and night of observation. 

III. MODEL ATMOSPHERES AND METHOD OF EVALUATION 

The calculation of model atmospheres followed the pro- 
cedures described elsewhere (Koester 1980), with slight modifi- 
cations and extensions. Numerical methods were improved, 
which resulted especially in a better definition of the tem- 
perature stratification in the outermost layers. However, this 
influences only the cores of the strongest lines. 

The He/H ratio was kept at 105, since at 104, the value 
preferred by Wickramasinghe (1979, 1983) and Wick- 
ramasinghe and Reid (1983), the Lya line would appear too 
strong to be compatible with IUE observations. 

The metal abundances were changed in view of the results of 
the analysis of the cooler helium-rich atmosphere DC and C2 
stars (Koester, Weidemann, and Zeidler-K. T. 1982) to C/ 
He = 10“6 instead of metals/He = 1.5 x 10~5. Even this is 
probably too high a carbon abundance since IUE spectra do 
not show C i or C ii lines (Wickramasinghe 1983). However, we 
checked and found that a further reduction of the carbon abun- 
dance does not change the energy distribution in the visible, 
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Fig. 1.—Examples of multichannel observations: G242-63 (DC, Teff = 9600 K, night 191), LDS 749B (DB, 13,000 K, night 192), GD 378 (DB, 16,000 K, night 
193), GD 303 (DB, 17,000 K, night 196), GD 358 (25,000 K, night 198). The ticks on the vertical scale are 1 mag apart. On the lower scale, individual measuring 
points (two belonging to each channel) are marked for the discussion in § III. 
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DB WHITE DWARFS 279 

and thus the analysis is carried out with the C/He ratio given 
above. 

The model grid has been extended to cover the range 
12,000 < Teff < 40,000 K and log g from 7.0 to 8.5. For the 
calculation of synthetic spectra, some additional He i lines 
below 4000 Â have been taken into account, which were not 
included previously. The approximation to the Stark broaden- 
ing theory (Griem 1974) has been improved, leading to changes 
in the line profiles especially of 24026 and 24388. The profile of 
the blend 24388 + 24472 is now in much better agreement with 
observations. UBV and Strömgren colors as well as mono- 
chromatic Greenstein indices and absolute visual magnitudes 
are presented in Table 2. 

The Schulz broad-band colors R13 and R48, replacing the 

Greenstein indices (U — B) and (G — R), are defined by average 
flux ratios in the wavelength intervals 1, 3, 4, 8: 223300-3700, 
4200-4600, 4600-5200, and 6800-7200 Â, respectively; i.e., 
Rik = — 2.5(log <F>f — log <F>fe). Compare Koester, Schulz, 
and Weidemann (1979), where the definition should be cor- 
rected to 

mi = — 2.5 log FAd2/(2f + 1 — 2*) 

Calculated and observed values are plotted in the Rl3-R48 
diagram of Figure 2. 

Although the wavelength intervals were originally chosen to 
provide a ^-sensitive index for the DA stars, they turned out to 

TABLE 2 
Johnson and Strömgren Colors and Greenstein Multichannel Indices 

Johnson Strömgren MC 

(Teff/1000)/log g B— V U-B b-y u — b U-B G'-R' G-R U-V 

12/7.0. 
14/7.0. 
16/7.0. 
18/7.0. 
20/7.0. 
22/7.0. 
24/7.0. 
26/7.0. 
28/7.0. 
30/7.0. 
35/7.0. 
40/7.0. 

12/7.5. 
14/7.5. 
16/7.5. 
18/7.5. 
20/7.5. 
22/7.5. 
24/7.5. 
26/7.5. 
28/7.5. 
30/7.5. 
35/7.5. 
40/7.5. 

12/8.0. 
14/8.0. 
16/8.0. 
18/8.0. 
20/8.0. 
22/8.0. 
24/8.0. 
26/8.0. 
28/8.0. 
30/8.0. 
35/8.0. 
40/8.0. 

12/8.5. 
14/8.5. 
16/8.5. 
18/8.5. 
20/8.5. 
22/8.5. 
24/8.5. 
26/8.5. 
28/8.5. 
30/8.5. 
35/8.5. 
40/8.5. 

0.010 
-0.034 
-0.049 
-0.050 
-0.057 
-0.073 
-0.093 
-0.113 
-0.134 
-0.152 
-0.188 
-0.216 

0.009 
-0.034 
-0.050 
-0.049 
-0.052 
-0.063 
-0.080 
-0.099 
-0.118 
-0.137 
-0.177 
-0.206 

0.007 
-0.036 
-0.054 
-0.053 
-0.053 
-0.059 
-0.072 
-0.089 
-0.107 
-0.124 
-0.165 
-0.197 

0.004 
-0.039 
-0.060 
-0.060 
-0.058 
-0.062 
-0.071 
-0.085 
-0.100 
-0.116 
-0.155 
-0.189 

-0.888 
-0.924 
-0.922 
-0.906 
-0.913 
-0.931 
-0.953 
-0.975 
-1.001 
-1.025 
-1.080 
-1.214 

-0.891 
-0.935 
-0.949 
-0.937 
-0.946 
-0.956 
-0.976 
-0.993 
-1.011 
-1.032 
-1.084 
-1.127 

-0.895 
-0.946 
-0.968 
-0.972 
-0.976 
-0.989 
-0.998 
-1.019 
-1.033 
-1.048 
-1.092 
-1.134 

-0.898 
-0.954 
-0.986 
-0.999 
-1.006 
-1.019 
-1.028 
-1.040 
-1.058 
-1.071 
-1.106 
-1.144 

10.86 
10.48 
10.19 
9.96 
9.84 
9.73 
9.60 
9.49 
9.39 
9.28 
9.03 
8.79 

11.33 
10.96 
10.67 
10.44 
10.29 
10.20 
10.08 
9.97 
9.86 
9.76 
9.51 
9.28 

11.94 
11.56 
11.27 
11.05 
10.88 
10.79 
10.69 
10.58 
10.47 
10.37 
10.13 
9.89 

12.68 
12.31 
12.02 
11.79 
11.61 
11.50 
11.42 
11.32 
11.22 
11.12 
10.89 
10.66 

0.057 
0.012 

-0.002 
-0.008 
-0.014 
-0.024 
-0.040 
-0.054 
-0.067 
-0.078 
-0.098 
-0.114 

0.058 
0.023 
0.003 

-0.001 
-0.002 
-0.010 
-0.022 
-0.037 
-0.052 
-0.064 
-0.088 
-0.106 

0.056 
0.023 
0.007 
0.006 
0.007 
0.003 

-0.006 
-0.019 
-0.033 
-0.047 
-0.074 
-0.095 

0.055 
0.023 
0.008 
0.009 
0.014 
0.014 
0.007 

-0.003 
-0.016 
-0.029 
-0.059 
-0.082 

0.083 
0.031 
0.044 
0.073 
0.062 
0.034 
0.001 

-0.035 
-0.075 
-0.113 
-0.202 
-0.270 

0.077 
0.013 

-0.001 
0.023 
0.013 

-0.004 
-0.034 
-0.061 
-0.090 
-0.123 
-0.206 
-0.273 

0.071 
-0.003 
-0.033 
-0.031 
-0.034 
-0.052 
-0.070 
-0.100 
-0.123 
-0.146 
-0.217 
-0.282 

0.066 
-0.016 
-0.060 
-0.074 
-0.083 
-0.099 
-0.114 
-0.133 
-0.159 
-0.180 
-0.236 
-0.295 

0.015 
0.028 
0.098 
0.161 
0.153 
0.135 
0.110 
0.087 
0.050 
0.019 

-0.068 
-0.131 

0.006 
0.002 
0.041 
0.113 
0.111 
0.095 
0.071 
0.054 
0.034 
0.009 

-0.069 
-0.134 

-0.004 
-0.023 

0.002 
0.048 
0.068 
0.051 
0.035 
0.011 

-0.005 
-0.021 
-0.082 
-0.145 

-0.012 
-0.042 
-0.033 
-0.007 

0.016 
0.010 

-0.007 
-0.023 
-0.045 
-0.060 
-0.106 
-0.160 

-0.402 
-0.509 
-0.594 
-0.642 
-0.657 
-0.677 
-0.706 
-0.729 
-0.746 
-0.760 
-0.790 
-0.818 

-0.400 
-0.501 
-0.580 
-0.633 
-0.653 
-0:661 
-0.684 
-0.711 
-0.735 
-0.752 
-0.784 
-0.812 

-0.400 
-0.492 
-0.571 
-0.618 
-0.649 
-0.654 
-0.669 
-0.690 
-0.714 
-0.735 
-0.773 
-0.803 

-0.405 
-0.492 
-0.562 
-0.607 
-0.637 
-0.653 
-0.657 
-0.675 
-0.695 
-0.716 
-0.758 
-0.791 

-0.343 
-0.436 
-0.505 
-0.538 
-0.552 
-0.571 
-0.600 
-0.623 
-0.643 
-0.660 
-0.693 
-0.723 

-0.342 
-0.427 
-0.492 
-0.528 
-0.543 
-0.553 
-0.575 
-0.602 
-0.626 
-0.645 
-0.683 
-0.714 

-0.343 
-0.423 
-0.481 
-0.515 
-0.536 
-0.542 
-0.557 
-0.579 
-0.603 
-0.626 
-0.668 
-0.702 

-0.346 
-0.422 
-0.477 
-0.506 
-0.526 
-0.538 
-0.545 
-0.563 
-0.583 
-0.605 
-0.651 
-0.687 

-0.131 
-0.194 
-0.177 
-0.139 
-0.158 
-0.191 
-0.241 
-0.286 
-0.339 
-0.383 
-0.494 
-0.579 

-0.139 
-0.213 
-0.223 
-0.177 
-0.189 
-0.214 
-0.255 
-0.295 
-0.337 
-0.378 
-0.485 
-0.573 

-0.149 
-0.233 
-0.254 
-0.232 
-0.226 
-0.247 
-0.275 
-0.317 
-0.353 
-0.387 
-0.483 
-0.572 

-0.157 
-0.250 
-0.287 
-0.281 
-0.271 
-0.284 
-0.306 
-0.336 
-0.374 
-0.407 
-0.490 
-0.573 
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Fig. 2.—Ri3-RA8 diagram [broad-band MC (U — B)/(G — R) colors, see text] of DB stars. Closed circles are observations from nights 191, 192,193,194, 198, while 
open circles are for nights 196, 197. Plotted on AB79 calibrations (Oke and Gunn 1983). Stars are identified with running numbers from Table 1. Solid lines are 
constant log g from theoretical models (8.5, 8.0,7.5, 7.0 from top). Broken lines are constant Teff(40,000-12,000 K), identified by numbers in a larger type size. 

be also usable in the DB case. The choice avoids the ranges 
which are more uncertain because of calibration (2/13700-4200) 
or multichannel resolution changes. The advantage of using 
broad-band colors lies in the fact that the averages taken tend 
to smooth out statistical scatter of individual scanner points. 
This has been demonstrated in the DA case by Koester, Schulz, 
and Weidemann (1979) and is also evident here by the large 
reduction of scatter in Figure 2 compared with the (U-B)- 
{G — R) diagrams of Greenstein (1976) and Koester (1979). 
However, it is also evident from Figure 2 that the observing 
conditions play a major role: whereas the location of the stars 
observed on nights 191-194, which were completely clear, form 
a sequence which follows roughly the theoretical expectation, 
the points obtained for stars observed during nights 196 and 
197, which were subject to fog and thin cloud conditions, differ 
systematically in colors by 0.05-0.10 mag and should be given 
very low weight. This happens because the wavelength depen- 
dence of the extinction law changes under these conditions and 
varies with the amount of cloud cover. 

In fitting the multichannel observations to the model atmo- 
spheres, one must allow for the fact that some points are not 
determined as accurately as others either because of absolute 
calibration uncertainties and sharp atmospheric extinction fea- 
tures, or because some channels in the instrument are consis- 
tently not as stable as others. Defining set I to consist of all 44 
points shortward of 7740 Â corresponding to channels 2-23, 
set II is derived as follows. Points 9-13 are deleted because they 
deviate systematically from the models because of absolute 
calibration uncertainties in the neighborhood of the H and K 
lines of Ca n. Points 38, 43, and 44 are influenced by the 
atmospheric A and B bands and are dropped. Points 33-36 
and 39-40 are deleted because they correspond to three chan- 
nels which are somewhat unstable. Set III omits, in addition, 
channel 13 (points 23 and 24) and channel 5 (points 7 and 8), 

which are known tp misbehave occasionally. The final least 
squares fits are based on sets II and III. 

The least squares fitting method used is exactly the same as 
described in Koester, Schulz, and Weidemann (1979). The 
observations are the N individual scan points (with N ranging 
from 25 to 29 for the two sets discussed above) which are 
compared with theoretical “ scans ” constructed from the syn- 
thetic spectra using wavelength points and channel widths 
identical to those of the observations. 

The final solution of Teff and log g is defified by the 
minimum of %2, with 

where e¿ are the individual residuals between observed scan 
and theory, and are the standard deviations of the observa- 
tions, assumed to be 0.02 mag for all channels. 

In order to justify the procedure, a few examples are given in 
Table 3, in which the stars are ordered according to quality as 
judged by inspection of the observed scatter. 

For the results in Table 1, in each case the solution corre- 
sponding to the lowest x2 was taken and indicated by the set 
number. In cases where the results in 7¡ff and log g did not 
change in going from set II to III, set III was disregarded. Set 
III is adopted primarily for the data of nights 196 and 197. 

Uncertainties for the chosen effective temperatures and 
surface gravities are derived as in Koester, Schulz, and Weide- 
mann(1979). 

IV. RESULTS 

The numerical results of the procedure outlined in § III are 
given in Table 1 and displayed in Figure 3. 

Table 1 lists in order: WD number, McCook and Sion (1977) 
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TABLE 3 
Least Squares Fit Solution for DB Scans 

X2 of Final Solution 
Star V Night Set I Set II Set III Scatter 

L1573-31     14.5 193 3.18 1.02 1.00 small 
LDS 749B   14.7 192 2.90 0.73 0.68 small 
GD 358   14.0 198 2.81 1.42 1.58 small 
GD 554    16.7 192 3.72 1.42 1.47 small 
GD 303   14.6 196 4.42 0.96 0.83 small 
GD 124    15.8 196 5.76 2.47 2.29 large 
GD 190   14.6 197 265a 391a 0.97 ch. 13 off 
Ton 573   15.9 197 3.97 2.49 0.88 ch. 5 off 
G256-18   14.8 197 240a 354a 0.84 ch. 5 + 13 off 

Number of points     44 29 25 
a These large values occur because the formal solution includes very large errors in 

channel 13. These disappear when channel 13 is removed in set III. 

designation, name, EG or Greenstein number, visual magni- 
tude, observing-night number, effective temperature ^eff i 
surface gravity log g, mass and radius (derived with the mass- 
radius relation of Hamada and Salpeter 1961 for C interior 
composition), with uncertainties in parentheses, set number 
(see § III), and distance. 

Results in brackets are unreliable, either because of no clear 
solution for the minimum finding procedure or because of sets 
of poor quality. Figure 3 plots the results (the stars are identi- 
fied by the numbers in the first column of Table 1). Figure 4 
shows the corresponding mass distribution. The mass range is 
0.525 ± 0.12 M0 for all (25) stars, or 0.55 + 0.10 M0 if the 
uncertain objects (in brackets) are omitted. 

With the spectroscopic distances of Table 1, we obtain the 
space distribution shown in Table 4. This diagram 
(Weidemann 1967; Sion and Liebert 1977) demonstrates com- 
pleteness out to 15 mag. It remains essentially unchanged 
if instead of individual values of log g, a constant value of 8 is 
assumed for the spectroscopic distance determination. The cor- 
responding space density is 1.5 x 10~5 DB white dwarfs per 
pc3 out to m — M = 3.5 (or 50 pc) or 10“5 DBs per pc3 (out to 
m — M = 4.5, or 80 pc). 

The closest DB star, GD 408, is at d = 40 pc. The space 
densities must be corrected for (a) incompleteness in the ensem- 
ble, and {b) neglect of DBs south of <5 = —20°. Twelve out of a 
total of 21 cataloged DBs with ô > —20° and mv < 15 mag are 
included in our final ensemble. Therefore, the correction factor 

for incompleteness should be ~2. The southern sky fraction 
amounts to 33% of the sphere, corresponding to a further 
correction factor of DBs of 1.5, so that the total space densities 
of DBs should be 4.5 x 10-5 DBs per pc3. This corresponds, 
with a cooling age of 2 x 108 yr down to 12,000 K (Koester 
1972), to a DB birthrate of 2.2 x 10“13 DBs per pc3 yr-1, 
which is about one-tenth of the total white dwarf birthrate 
(2 x 10~12 WDs per pc3 yr-1, Weidemann 1977). This has to 
be compared with earlier estimates of the DB fraction by 
Greenstein (1969), who found in his sample of blue GD stars 
17% DBs, and by Weidemann (1979), who rediscussed the 
material and estimated the DB fraction to be between 10% and 
15%. For the cooler helium-rich DC and C2 stars Weidemann 
derived—with larger uncertainties—a birthrate amounting to 
12% of the total, thus not contradicting the simplest assump- 
tion that all DC and C2 stars are cooled-down DBs. Compari- 
sons of observed luminosity distributions, on the other hand, 
by Sion and Liebert (1977) and Sion (1979) (see also Greenstein 
1984) show that helium-rich degenerates become relatively 
more numerous for fainter absolute magnitudes. This has been 
taken as observational support for the hypothesis that a 
changeover occurs from DA to non-DA atmospheres, caused 
by convective mixing of thin hydrogen surface layers (Koester 
1976; Vauclair and Reisse 1977). For a more comprehensive 
discussion see Liebert (1980). The smaller DB birthrate derived 
above thus strengthens this hypothesis but clearly more work 
is necessary in order to settle the question. Difficulties arise not 

Teff /1000 
Fig. 3—Effective temperature and surface gravity of DB stars (cf. Table 1). Closed circles are nights 191, 192, 193, 194, and 198, while open circles are nights 196 

and 197. Brackets indicate uncertain results. 
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Fig. 4.—Relative mass distribution, M{g), for DB stars. The broken lines 
are for the total ensemble of 25 stars. The solid lines are for the ensemble of 20 
stars with reliable results. 
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only from the general scarcity of the statistical material at 
fainter magnitudes but also from the fact that it is not yet 
possible to distinguish between hydrogen- and helium- 
dominated atmospheres for the coolest degenerates. 

V. STRÖMGREN PHOTOMETRY 

Integrating over the sensitivity function of the Strömgren 
filters and using the transformation constants of Schulz (1978), 
“ Strömgren colors ” have been computed from the scans and 
compared with the observed colors (see Koester, Schulz, and 
Wegner 1981; Wegner 1983). If the transformation is correct, 
the resulting points should scatter around a line with a 45° 

TABLE 4 
Space Distribution of DB White 

Dwarfs 

m — M 
Mv 2 3 4 5 6 

10.5   0 1 4 I 2 1 
11.5   0 7 I 8 1 1 

slope going through the origin. For h — y (Fig. 5, left) such a 
correlation is not visible; for w — h (Fig. 5, right) a correlation 
with shifted zero point seems to be present. 

If the slopes of the transformations are fixed at unity, a 
formal computation of the zero points gives the corrections of 
Table 5, leading to the final transformation equations between 
theoretical flux distribution and the Strömgren system : 

b — y = (b — y)0 + 0.883 , 

u — b = (u — h)0 + 1.238 . (2) 

The colors with subscript 0 are the values computed from the 
models, e.g., 

-2.5 x Log ,3) 

with the sensitivity functions Sb and Sy (Olson 1974). However, 

TABLE 5 
Corrections to Strömgren Color 

Transformations 
for DB White Dwarfs 

Scan — Observed <A> a N 

b-y  0.058 0.034 16 
u-b  -0.014 0.025 16 

^_o 
-.05- 

I 
-Q 

.00- o / / / 
/ 

.00 -.05 
(b-y), Scan 

_L _L -.05 .00 
(u-b) 

.05 

Scan 

-Q 

.00 -Q I 
ZJ 

Fig. 5.—Calibration of Strömgren colors b — y (left) and u — b (right). Open circles from Wegner (1979, 1983), crosses from Graham (1972), and plus signs from 
Koester and Weidemann (1982). 
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the diagram (Fig. 5, left) for b — y demonstrates that the range 
of observed values is about 3 times as large as that computed 
from the scans. The only explanation we can find is that the 
observational errors are obviously larger than assumed by the 
observers. Probably they are as large as the whole intrinsic 
spread for DB stars in the range 12,000-25,000 K, log g = 1.5- 
8.5, rendering the Strömgren colors of very limited value for a 
determination of atmospheric parameters, as already con- 
cluded by Koester, Schulz, and Wegner (1981). 

VI. DISCUSSION AND SUMMARY 

With the results of § IV, the average mass, the mass distribu- 
tion, and the temperatures of the DB stars appear finally to be 
well determined. However, before we draw further conclusions, 
we have to assess the reliability of the results. First, concerning 
the dependence on absolute calibration : One of us (V. W.) has 
used the Schulz method (i.e., plotted the data in a R13-R48 
diagram) also for the Hayes-Latham (1975) calibration. The 
correction vectors depend on the standard stars used in an 
individual night and are given in Figure 6. The positions thus 
corrected are given in Figure 6. It appears that the expected 
cooling sequence with constant g is not fitted as well by the 
points in Figure 6 as by those in Figure 2. Thus, AB79 appears 
superior to the Hayes-Latham calibration. In this context we 
refer to the discussion by Greenstein (1982), who considered 
the possibility that the AB79 scale might be slightly too red. 
One of us (V. W.) also calculated the R13-R48 distribution for 
older MCSP data on DB stars obtained at different occasions 
(J. L. Greenstein, private communication; Oke 1974): the scat- 
tering appears so large that no cooling sequence was discern- 
ible. We are thus forced to the conclusion that the clearer 
appearance of the DB cooling sequence is the result of three 

combined factors: homogeneous observing conditions and 
reduction procedures, evaluation method (Schulz indices, or 
least squares analysis), and a better calibration (AB79). 

Next, we have to consider the problem of the quality of the 
model atmospheres. During the progress of this work, the 
model atmospheres were changed from those of Koester (1980). 
The earlier analysis outlined in § III yielded results somewhat 
different from the later analysis. The grid points in the R13-R48 
diagram changed, for example, for log g = 8.0 from (R13, 
tf48) = (-0.540, -1.117) to (-0.526, -1.108) for 12,000 K, 
and from (-0.755, - 1.350) to (-0.704, - 1.370) for 30,000 K. 
Thus, in the earlier analysis, the average g-value came out 
smaller, log g æ 7.5, and the hotter stars, PG 175-39 and GD 
358, were assigned improbably smaller-than-average values of 
log g ^ 12. It is thus apparent that minor changes in the calcu- 
lated flux distribution, caused by a factor 15 reduction of 
metals (including C), suffice to influence the final results con- 
siderably. This being the case, one might of course revise the 
argument. How trustworthy are our derived values if the 
results depend so strongly on the models? Although a final 
statement cannot be made at this time, the total picture arising 
out of this investigation lends support to the conviction that 
model atmospheres for DB stars are finally converging. It has 
been a long process. Bues’s (1970) first models were purely 
radiative, while Wickramasinghe (1972) included convection 
with He/H = 104 and metals/He = 10-2. Shipman (1972) 
chose no hydrogen and solar abundances or no metals for his 
models but did not really consider the ^-dependence. Wick- 
ramasinghe (1979) adopted He/H = 104 and metals/ 
He = 1.5 x 10-4 (10-2 solar), whereas Koester (1980) selected 
models with He/H = 105 and metals/He = 1.5 x 10-5. Need- 
less to say, computing techniques and programs have also been 

FIG. 6—R13-R48 diagram of DB stars, plotted on the Hayes-Latham (1975) calibration. Lines on top indicate the size of the shift from the AB79 to the 
Hayes-Latham position depending on the standards used on individual nights (cf. text and Fig. 2). The theoretical grid is identical to that in Fig. 2. 
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improved during the last decade. The surprisingly low upper 
limits put on C, O, and metal abundances for DC and C2 stars, 
of which some are probably cooled-down DB stars, has finally 
determined the selection of the present set of abundances. 

However, it must be cautioned that this convergence of 
model atmospheres is a first approximation in view of the fact 
that the cooler helium-rich atmospheres of DC and C2 (and 
DF) stars exhibit a range of values, and thus we might also 
expect a range of C and metal abundances for the DB stars. 
This is evident in the case of GD 40 (Shipman and Greenstein 
1983), which definitely has higher metal abundances than used 
here, as well as in the case of the strange “ DB ” G227-5 (cf. § II). 
If Koester’s hypothesis of a carbon/helium transition layer rea- 
ching outward to the He convection zone is the correct expla- 
nation of C/He ratios of 10~6 or 10-7 at T < 10,000 K 
(Koester, Weidemann, and Zeidler-K. T. 1982), one should in 
general expect even smaller C abundances in the hotter DB 
range, in which convection does not reach deep enough to 
enrich the atmospheric layers with diffused carbon. This is in 
line with the observed fact that in the few DBs accessible to 
IUE (Wickramasinghe 1983; Koester, Vauclair, and Weide- 
mann 1984) no C i or C n absorption lines are visible in the UV 
although theory predicts this even for C/He = 10-6. Thus as 
far as C and metals are concerned, pure helium atmospheres 
are indeed a good approximation. However, the hydrogen 
content is not negligible, and H/He = 10-4, 10"5, or zero does 
make a difference for the DB stars. Again, the fact that some 
DBAs are known, e.g., G200-39 (Liebert et al 1979) and prob- 
ably the “DB” GD 323, originally included in our example, 
should serve as a warning against generalizations. 

In summary, we feel that the model atmospheres used in this 
investigation are better than those which have been used in the 
past, and that therefore the results derived for the DB stars 
appear more reliable. 

It has been demonstrated in § V that Strömgren photometry 
is not accurate enough to be of value for the Teff/log g determi- 
nation in individual cases. The same holds, at present, unfor- 
tunately for information contained in the line spectra. 
Although one of us (J. B. O.) has obtained SIT spectra for all 
the objects in Table 1, and equivalent widths have been mea- 
sured and calculated, e.g., for He i 24471, comparison with 
model predictions showed so large a scatter that we did not 
include the data in this investigation. Comparison with syn- 
thetic spectra, still hampered partly by uncertainties in 
broadening theories, thus was left for future work, especially 
since an investigation evaluating line spectra has recently been 
published by Koester, Schulz, and Wegner (1981). Their study, 
however, is interesting from another point of view. Since it was 
based on the older set of Koester’s models, it is not surprising 
that the mean mass they derived, 0.44 M0, is smaller than that 
from this paper. However, the mass derived from the radius, 
which is calculated from the less model-sensitive temperature, 
in the six cases of DBs with known distances, came out larger, 
0.54 M0, and thus agrees much better with the result obtained 
in this paper. 

It should be mentioned here that Shipman (1979) concluded 
that the mean radius for He-rich stars was not significantly 
different from that for the H-rich stars. Yet his sample included 
only three DB stars but many (24) cooler DC, C2, DF, and DG 
degenerates, for which parallaxes or distances were known. For 
17 DC and C2 stars the new model atmospheres of Koester, 
Weidemann, and Zeidler-K. T. (1982) yielded <M> = 0.55 
M0, compared with <M> = 0.58 M0 for the DAs (Koester, 

Schulz, and Weidemann 1979), thereby confirming Shipman’s 
conclusion. But this cannot be taken as strong support for the 
DB result since, as discussed above (§ IV), the connection 
between DB and DC and C2 stars is not yet safely established. 

With the proviso mentioned above we finally add that Wick- 
ramasinghe and Reid (1983) arrive at <M> = 0.58 M0 by 
analysis of high-resolution line spectra for seven DB stars. For 
the three objects common to their survey and ours, LDS 749B, 
GD 40, and L930-80, their results compare with ours (in 
parentheses) as Teff = 13,500 ± 500 (13,150 ± 190), log g = 
8.3 ± 0.3 (7.86 ± 0.4); Teff = 14,250 ± 750 (13,730 ± 200), 
log gf = 8.2 ± 0.3 (7.85 ±0.3); and Teff = 15,550 ± 500 
(15,540 ± 260), log £ = 8.3 ± 0.3 (8.14 ± 0.18). 

As far as the temperatures are concerned, the scale appears 
now to be much better established. Since temperature is a deci- 
sive parameter for the occurrence of nonradial g-mode varia- 
bility, and since GD 358, the first pulsating DB star discovered 
(Winget et al 1982), is included in our ensemble, it is interesting 
that our result, Teff = 25,000 K, is comparatively high com- 
pared with theoretical estimates for the location of the insta- 
bility strip (~ 19,000 K; Winget et al 1982). IUE observations, 
on the other hand, predict a somewhat higher temperature 
(~ 28,000 K; Koester, Weidemann, and Vauclair 1983). The 
IUE UV flux calibration, however, especially for high tem- 
peratures, may not be accurate enough to allow a negative 
judgment on our scale. 

For the cooler DBs our temperatures agree well with those 
derived from IUE fluxes by Wickramasinghe (1983). For LDS 
749B he derived Teff = 13,200 ± 400 K from the UV flux dis- 
tribution, whereas our scale gives 13,150 ± 190 K from MCSP 
data. In this connection we must also mention a recent paper 
by Fontaine, Montmerle, and Michaud (1982) in which essen- 
tially negative results of X-ray observations of 10 DB stars with 
the Einstein Observatory are discussed. The temperatures listed 
in their Table 1 are in general above 30,000 K and appear 
systematically too high—first, since they were derived from 
(G-R)-Teff relations based on older models and, second, since 
they used (G — R) or even more doubtful transformations from 
(B — V) and (b — y) to (G — R). Our newly derived temperatures 
are extremely different, in general about 10,000 K lower. In 
view of this fact the upper limits derived from the negative 
X-ray observations and conclusions about GD 205 as a poten- 
tial X-ray source have to be completely revised. 

In summary, the evidence has now become much stronger 
that DB and DA white dwarfs have similar masses and radii 
and that the differences in their atmospheric composition must 
be traced back to minor differences in the progenitor evolution. 
Especially the hypothesis that all DB stars are formed by 
merging of close binaries of the type of HZ 9 or GD 61-29, a 
possibility considered by Nather, Robinson, and Stover (1979) 
(see also Liebert 1980), must be ruled out. In comparing mean 
masses of DB and DA stars one should keep in mind, however, 
that a change in the absolute calibration from the Hayes- 
Latham to the AB79 program will also affect the DA results 
(Koester, Schulz, and Weidemann 1979) in the direction of 
somewhat higher average DA masses. Again, the masses 
derived from radii will probably be less affected, but this must 
and will be checked in a forthcoming investigation. What we 
can say now with some confidence is that the average mass of 
DB stars is <M> = 0.55 ± 0.03 M©, and thus it falls into the 
typical range for final products of single-star evolution toward 
the white dwarf stage (Weidemann and Koester 1983). If DB 
characteristics are produced by a late thermal pulse of a He- 
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shell in nuclei of planetary nebulae (like Abell 30 and Abell 78; 
see Iben et al. 1983) or by (neglected) parameters like rotation 
and/or magnetic fields (Weidemann 1975), which influence the 
mass loss history, the final outcome even for equal progenitor 
masses remains uncertain. 

Part of this work was carried out when one of us (V. W.) was 

a Guest Investigator at the California Institute of Technology, 
whose hospitality is gratefully acknowledged. We also want to 
thank Professor Jesse L. Greenstein for kindly providing 
earlier MCSP data. This work was supported in part by the 
National Aeronautics and Space Administration through 
grant NGL 05-002-134 to J. B. Oke. 
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