
19
8 

6A
pJ

. 
. .

30
4.

 .
35

 6P
 

The Astrophysical Journal, 304:356-364,1986 May 1 
© 1986. The American Astronomical Society. All rights reserved. Printed in U.S.A. 

AN X-RAY SURVEY OF HOT WHITE DWARF STARS: EVIDENCE FOR A rc(He)/n(H) VERSUS 
Teff CORRELATION 

R. Petre 
Laboratory for High Energy Astrophysics, NASA/Goddard Space Flight Center 

H. L. Shipman 
Physics Department, University of Delaware 

AND 
C. R. Cañizares 

Department of Physics and Center for Space Research, Massachusetts Institute of Technology 
Received 1985 August 2; accepted 1985 October 22 

ABSTRACT 

We report on observations of 13 white dwarf and subdwarf stars using the Einstein Observatory High 
Resolution Imager. Included are stars of classes DA, DB, DAV, sDO, and sDB, with optically determined 
effective temperatures in the range 1-6 x 104 K. We detected X-ray emission from two of the 13: the very hot 
(55,000 K) DAI star WD 2309 + 105 ( = EG 233), with a count rate one-fifth that of HZ 43, and the relatively 
cool (26,000 K) DA3 star WD 1052 — 273 ( = GD 125). We use the effective temperatures determined from 
ultraviolet and optical observations to place limits on the He content of the white dwarf photospheres, pre- 
suming that trace photospheric He is the missing opacity source which quenches the thermal X-rays in these 
stars. When we combine our results with those available from the literature we find evidence for a correlation 
between Teff and rc(He)/n(H), in which HZ 43 is a conspicuous exception to the general trend. Both this correl- 
ation and the exceptional behavior of HZ 43 are qualitatively accounted for by a radiative acceleration model, 
in which the rate of upward movement of the He is a function of temperature and surface gravity. 
Subject headings: stars: white dwarfs — X-rays: sources 

I. INTRODUCTION 
When HZ 43 and Sirius B were found to be X-ray sources 

(Mewe et al 1975a, b; Hearn et al. 1976; Margon et al. 1976), 
there was considerable optimism that white dwarf stars might 
be an abundant class of soft X-ray sources. As was first sug- 
gested by Shipman (1976; Auer and Shipman 1977), the X-ray 
emission from these objects is likely to come from the deep 
layers of the photospheres of these stars, if metals and helium 
are depleted from the stellar atmosphere. The most recent esti- 
mate of the space density of hot white dwarfs has suggested 
that there are 50 or more hot (T > 4 x 104 K) white dwarfs 
within 100 pc of the Sun that should have been visible to the 
Einstein imaging instruments (Kahn et al. 1984). But one of the 
more disappointing results from the Einstein Observatory is its 
lack of detection of X-ray emission from a substantial number 
of white dwarf stars, either known or previously undiscovered, 
although several additional objects have been detected (see, 
e.g., Kahn et al. 1984). This paper, which parallels the similar 
investigation of Kahn et al, analyzes the data sample from the 
MIT Einstein survey of white dwarf stars and attempts to 
explain the paucity of bright white dwarf stars in the Einstein 
data base. It turns out that HZ 43 and Sirius B are perhaps a 
bit unusual among hot DA white dwarf stars in that their He 
abundances are quite low (less than a few times 10“5). 

The three published surveys of white dwarf stars made by 
Einstein have so far only yielded six confirmed white dwarf 
X-ray sources. Vaiana et al. (1981), in their extensive stellar 
survey, reported that they had measured a total of 34 upper 
bounds on X-ray emission and listed 15. They listed two detec- 
tions, both of which were Sirius B and HZ 43, discovered prior 
to Einstein. The second survey, by Fontaine, Montmerle, and 
Michaud (1982), yielded upper limits for nine DB white dwarf 

stars, with luminosity limits ranging from 2 x 1028 to 
8 x 1028 ergs s-1 (0.1-5.0 keV), and a 2 <7 signal from the star 
GD 205, which was not regarded as real. The third set of 
observations, reported by Kahn et al. (1984), was an amalgam 
of several Guest Investigator programs, and resulted in the 
detection of four new sources (EG 187, EG 288, EG 289, and 
the serendipitous source LB 1663). 

We report here on a fourth survey, in which a search for 
X-ray emission from 13 white dwarf stars of various varieties 
yielded 11 upper limits, one source at the HRI detection 
threshold, and one extremely bright source which has a count 
rate about one-fifth that of HZ 43 and an X-ray (0.065- 
4.5 keV) luminosity of ~ 1 x 1031 ergs s-1. This object has 
thus far escaped discovery in the X-ray band despite two all- 
sky, soft X-ray surveys which were sensitive enough to detect it. 
Using techniques similar to those used by Kahn et al. (1984), 
we have analyzed the X-ray flux from various stars in our 
sample to determine photospheric He/H ratios. 

Section II of this paper discusses the observations. 
Section III discusses the procedure used to model the HRI 
count rate from the hot DA stars, describing the model atmo- 
spheres, which are different from the ones used by Kahn et al, 
and focusing on the issue of the calibration of the HRI at 
energies less than 200 eV. Section IV presents the results of 
comparing these models with the data, and § V discusses the 
significance of these results in the context of similar results on 
other DA stars. 

II. OBSERVATIONS 

The 13 stars comprising our sample represent portions of 
two separate Einstein observing programs, neither of which 
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had been completed at the time the Observatory ceased oper- 
ation (1981 April). These programs involved searches for X-ray 
emission from “ hot white dwarfs,” 10 of which were observed, 
and from optically rapidly varying white dwarf stars (ZZ Ceti 
stars), of which three were observed. Table 1 identifies the 13 
stars and lists their T,« and spectral type. As can be seen in 
Table 1, the objects classed as “hot white dwarfs” are actually 
a rather heterogeneous sample, both in temperature (1 
x 104 < Teff < 6 x 104 K) and spectral type. The collection 

includes one DB and five DA white dwarfs. Additionally it 
includes four stars which are actually subdwarfs (three sDO 
and one sDB). While the hot DA stars are a priori the most 
likely candidates for the detection of X-rays from their photo- 
spheres, it is worth observing representatives of all classes of 
collapsed stars: it is always possible that some other mecha- 
nism might be responsible for the production of X-ray emission 
from these stars (e.g., coronal emission from the DB star or the 
ZZ Ceti stars). 

All of the observations were carried out using the Einstein 
High Resolution Imager (HRI), whose properties are described 
in Giacconi et al. (1979). Because the HRI energy response 
extended to lower energies than did that of usually more sensi- 
tive Imaging Proportional Counter (IPC), the two detectors 
had comparable sensitivity to the extremely soft spectra associ- 
ated with photospheric emission from white dwarf stars with 
Teff < 105 K. Because the spectra of these stars are so soft and 
the sensitivity of the HRI was strongly energy dependent at 
energies below 200 eV, extreme care must be exercised when 
interpreting a positive detection of a white dwarf star. We will 
address the uncertainties in the HRI calibration at these ener- 
gies in § lllb. 

The right half of Table 1 summarizes the X-ray observations. 
Listed in various columns are the HRI exposure time in 
seconds and the number of counts necessary in a 12" x 12" 
pixel (which defines a detection cell for a point source) for a 

positive detection. This threshold has been chosen 
(automatically by the point source detection routine) such that 
on average one false source (i.e., statistical fluctuation of the 
background) will be detected per field. This threshold corre- 
sponds to between 4 and 5 <r above background. 

In all but two instances, no source was detected at the target 
location. For the 11 nondetections we have listed in Table 1 
the upper limit (4 <j) on the count rate from the source, the 
quotient of the detection threshold divided by the exposure 
time. The typical upper limit is 3 x 10“3 HRI counts s-1. 
These count rate upper limits have been converted into the flux 
upper limits listed in Table 1. The upper limits for the DB, 
sDO, sDB, and ZZ Ceti stars were estimated in a straightfor- 
ward but conservative fashion by assuming that the expected 
photon distribution in the HRI from a white dwarf star will be 
narrow (AE æ 100 eV) and centered upon 100 eV. Assumption 
of a wider effective bandpass or a larger effective energy would 
yield smaller flux limits. For the five DA stars with Teff > 2 
x 104 K, fluxes and upper limits were inferred by folding the 
model atmospheres described below through the HRI response 
function. 

The single white dwarf star from which a strong positive flux 
was detected is WD 2309+105 (EG 233). A total of 1660 
counts were detected from WD 2309 + 105 in 2620 s, yielding a 
count rate of 0.68 counts s_1 and a flux in the HRI band 
(effectively 0.065-1.0 keV for white dwarf stars) of 5.5 x 10“12 

ergs cm“2 s-1. Given the optically inferred parameters listed 
below in Table 3, there is no possibility whatsoever that the 
detected count rate could be a consequence of UV contami- 
nation (see § lllb). The only brighter isolated white dwarf in 
the X-ray band is HZ 43, whose HRI count rate was a factor of 
5 higher (Vaiana et al. 1981). The star WD 2309+ 105 is there- 
fore the brightest X-ray white dwarf discovered by Einstein. An 
interesting observational aspect of this source is its escape from 
prior detection, despite its soft X-ray flux. Remarkably, it was 

TABLE 1 
HRI Observations of White Dwarf and Subdwarf Stars 

Designation 

WD EG Other Name 
Spectral 

Type3 

rr b ieff 
(103 K) 

HRI Exposure 
Time 

(s) 

Threshold 
(counts per 

12 x 12 pixel) 

Count 
Ratec 

(1(T3 s“1) References 

Hot White Dwarfs 

1036 + 433 
1052 + 273 
1134 + 300 
1321 + 363 
1542+182 
1936 + 327 
2240-045 
2309+105 
2313-021 
2317-054 

71 
221 
184 

193 
226 
229 
233 
157 
158 

Feige 34 
GD 125 
GD 140 
HZ 44 
GD 190 
GD 222 
PHL 380 
GD 246 
Feige 108 
Feige 110 

sDO 
DA3 
DA3 

sDO 
DB3 
DAI 
DAI 
DAI 

sDB 
sDO 

>50 
26 
20 
38 
23 
50 
37 + 5 
55 ± 5 
28 
40 

1457 
2180 
1781 
1642 
3384 
1908 
2089 
2621 
1630 
2681 

5.03 
5.55 
5.14 
5.37 
7.41 
5.30 
5.37 
9.87 
4.93 
6.10 

<3.5 
2.3 

<2.9 
<3.3 
<2.2 
<2.8 
<2.6 
680.0 
<3.0 
<2.4 

<2.9 
5.4 

<15.0 
<2.7 
<1.8 
<9.0 
<5.3 
55.0 

<2.5 
<1.9 

3, 4 

6, 7 

Rapidly Varying White Dwarfs (ZZ Ceti Stars) 

0417 + 361 
0921 + 354 
2326 + 049 

34 
65 

195 

G38-29 
G117-B15A 
G29-38 

DAV5 
DAV4 
DAV4 

19.6 
12.5 
11.9 

1999 
1835 
1513 

5.93 
5.24 
5.72 

<3.0 
<2.9 
<3.8 

2.5 
<2.4 
<3.1 

2, 3 
2, 3, 9 
2, 3, 9 

3 Spectral type based on Sion et al. 1983 convention. 
b If not taken from references, inferred using formulae in Shipman 1919a. 
c Upper limits are threshold counts per exposure time ; > 4 cr. 
d Flux upper limit calculations described in text ; fluxes in units of 10 _ 13 ergs cm ~ 2 s “1. 
References.—(1) Greenstein and Sargent 1974. (2) McCook and Sion 1983. (3) Greenstein 1984. (4) Greenstein 1976. (5) Schulz and Wegner 1981. 

(6) Finley, Basri, and Bowyer 1984. (7) Holberg 1984. (8) Heber et al. 1982. (9) Shipman 1979«. 
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not detected by either of the two most sensitive soft X-ray 
all-sky surveys, SÁS 3 (Marshall 1982) and HE AO 1 A-2 
(Nugent et al 1983), even though its flux was well above the 
source detection threshold of both instruments. Interestingly, 
both surveys appear to suffer from a lack of exposure in the 
region containing WD 2309 + 105. 

In contrast to WD 2309 + 105, the other white dwarf star 
detected, WD 1052 + 273 (GD 125), was barely detected with 
the HRI. Only 5 counts were recorded in 2180 s in the pixel 
containing the optical position of the star, a number that is 
actually smaller than the detection threshold for the observa- 
tion of 5.5 counts. However, the probability that a fluctuation 
at this level (~4 o) would occur in a specific pixel, which 
happens to contain the intended target, is proportional to the 
inverse of the number of independent detection cells in the 
image, approximately 10 ~4. With such a low significance 
detection of a relatively cool (2.6 x 104 K) star, we must con- 
sider the possibility that the HRI is detecting only UV 
photons. With d = 40 pc, equation (1) of § Illh suggests that 
the UV flux is less than 0.01 times the threshold count rate, and 
that the detected photons are therefore X-rays. Nevertheless, 
we will adopt the conservative viewpoint that the detection of 
WD 1052 + 273 is marginal; if we consider the positive detec- 
tion to be instead an upper limit, the conclusions we reach 
below are not seriously affected. 

The flux upper limits on many of these stars are not particu- 
larly informative. The upper limit on WD 1542+ 182, the lone 
DB star, is comparable with those obtained by Fontaine, 
Montmerle, and Michaud (1982) for 10 DB stars, using the 
IPC. The opacity of helium to X-rays precludes a search for 
photospheric X-ray emission from these stars, but the tem- 
perature range in which coronal X-ray emission might be gen- 
erated by DB stars includes WD 1542 + 18 (Fontaine, 
Montmerle, and Michaud 1982). The three ZZ Ceti stars 
observed, G38 —29, G29 —38, and G117 —B15A, have tem- 
peratures between 1.0 x 104 K and 1.2 x 104 K. Although 
these stars are too cool to emit a photospheric X-ray flux 
detectable by Einstein, the temperature range in which they lie 
is exactly that in which DA stars might possess coronae (Böhm 
1979). We thus place the first, however unrestrictive, upper 
limits on the X-ray flux from coronae of DA stars. Moreover, 
we can rule out the existence of any unexpected mechanism for 
strong X-ray emission from these stars. The possibility of some 
such mechanism is suggested by the unusual behavior of these 
stars, specifically their rapid optical brightness fluctuations 
usually ascribed to nonradial oscillation modes (Robinson 
1979). Finally, the B and O subdwarf stars are the least likely 
candidates of all for X-ray emission. Optical and UV spectra 
reveal evidence of metals in their atmospheres; as in DB stars, 
X-rays generated in the deeper layers of the photosphere will 
be photoelectrically absorbed before they escape. 

We will devote the remainder of this paper to the only realis- 
tic candidates for detectable photospheric X-ray emission, the 
five hot (Teff > 2 x 104 K) DA stars. We compare the observed 
X-ray count rates from these stars with what is expected based 
on models of white dwarf atmospheres and on stellar param- 
eters inferred from published optical and UV results. Before 
doing so (§ IV), we first describe the models (§ Ilia), and, since 
our modeling is critically dependent on the spectral response 
function of the HRÍ for energies less than 200 eV, we discuss 
the reliability of the HRI calibration and possible sources of 
contamination (§ Illh). 

III. SPECTRAL MODELING 

Because the HRI possessed no intrinsic spectral resolution it 
provides for a point source a single datum, a count rate (or 
upper limit), integrated over the HRI bandpass (nominally 0.1- 
4.0 keV). Since we thus have at most a single degree of freedom 
when performing spectral modeling, any physical interpreta- 
tion of our observations must be strongly dependent on the 
validity of both certain assumptions (e.g., that we are using 
correct spectral model) and source parameters derived from 
measurements in other bands (e.g. Our ability to make 
correct inferences also obviously depends on how reliably the 
HRI spectral response function is known. We must combine all 
this information into a model and then compare the count rate 
so predicted with what is observed to determine whether a 
given model adequately describes the data. We will assume 
that the X-ray emission observed (or expected) from the hot 
DA white dwarf stars is photospheric in origin and describe the 
calculations used to model such emission. 

a) The Model Atmospheres 
The model atmospheres used here were calculated using the 

ATLAS model atmosphere program (Kurucz 1970). There are 
some minor differences between the assumptions used in these 
models and in the Wesemael models used in Kahn et al. (1984); 
the major difference is that they were calculated using a com- 
pletely different computer program. The composition of the 
atmosphere is pure hydrogen with trace helium added. The 
addition of these small quantities of helium does not affect the 
opacity at wavelengths longward of 504 Â, where most of the 
flux comes out, and so the temperature stratification at each 
value of ^eff is determined by converging a pure hydrogen 
model to flux constancy. Hydrogen line blanketing was 
included for Teff <6 x 104 K; at the highest model tem- 
perature considered in this grid, 5 x 104 K, the inclusion of 
line blanketing makes a very small difference (3% in the value 
of the Eddington flux Hv, even in the X-ray region where the 
atmosphere is pure scattering) in the emergent flux. The models 
did allow for non-LTE effects in the continuum. Line tran- 
sitions were assumed to be in detailed balance. As has been 
stated by previous authors (Wesemael et al 1980), the effects of 
departures from LTE on continuum fluxes are negligible. 

The model atmospheres used here all had log (g) = 8. X-ray 
fluxes for a log (g) = 1 unblanketed model with Teff = 5 x 104 

K were somewhat less than the corresponding log (g) = 8 
model by factors ranging from 15% (at 2 x 1016 Hz = 80 eV) 
to 4.5 (at 4 x 1016 Hz = 160 eV). However, the flux at 
4 x 1016 Hz is two orders of magnitude lower than that at 
2 x 1016 Hz, and so the X-ray counting rate will change by 
only 20% for an order of magnitude change in g. 

There is considerable debate in the literature about the 
acceptable range of white dwarf masses, with some authors 
(Koester, Schulz, and Weidemann 1979) claiming values as 
narrow as +0.10 solar masses, while others (Shipman and Sass 
1980) arguing for +0.20 solar masses. In addition, the exis- 
tence of selection effects makes the mean white dwarf mass 
dependent on this mass range (Shipman 1979a), increasing it 
from 0.6 solar masses (with no selection effects) to 0.75 solar 
masses if the mass range is large enough ( + 0.2 solar masses) 
for selection effects to become important. The net result of all 
these considerations is that the surface gravity of any particu- 
lar white dwarf star in an X-ray sample could be between 7.5 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
8 

6A
pJ

. 
. .

30
4.

 .
35

 6P
 

HOT WHITE DWARF STARS 359 No. 1, 1986 

and 8.5. However, based on the above considerations, the 
uncertainty in the predicted HRI count rate arising from this 
uncertainty in the log (g) value for a particular star is +10%, 
considerably less than the uncertainty arising from the HRI 
calibration (see below). 

The existence of a second set of hot white dwarf photo- 
spheric models, used in this paper, allows one to clear up some 
of the uncertainties mentioned by Kahn et a/. (1984) in connec- 
tion with the reliability of the models. Comparisons of pure 
hydrogen LTE models, blanketed for Teff < 50,000 K and 
unblanketed otherwise, indicates that the calculated Edding- 
ton flux ratios of Hv(ATLAS)/Hv(Wesemael) are, for a set of 
four wavelengths ranging from 100 Â to 200 Â (for Teff < 5 
X 104 K) and from 23 Â to 115 Â (for Teff > 6 x 104 K), 
0.97 ± 0.07, with the extreme values being 0.88 and 1.12. The 
set of X-ray fluxes from ATLAS are tabulated here so the 
reader can make his or her own comparisons for particular 
temperatures. This accuracy is quite encouraging, because the 
X-ray fluxes are on the exponential tail of the Planck distribu- 
tion, where the source function is very temperature dependent, 
and the atmospheres are virtually pure scattering atmospheres 
with a [ = (t/(k + cr), where a is the continuum scattering coeffi- 
cient and k is the continuum absorption coefficient] > 0.95 at 
monochromatic optical depths iv near 1 for the most extreme 
case. For the sake of completeness, Table 2 summarizes the 
fluxes used in this paper. For wavelengths longward of 504 Â, 
the fluxes are essentially independent of He/H, and so these 
fluxes can be combined with the fluxes of Wesemael et al. 
(1980) if anyone wants to form a more complete grid of models. 

b) The HRI Response at Low Energies 
The HRI efficiency increased rapidly between its nominal 

low-energy cutoff at 100 eV and the carbon absorption edge of 
its filter at 280 eV. In contrast, as is apparent from Table 2, the 
X-ray photon spectra of hot white dwarfs are extremely soft, 
decreasing rapidly above 100 eV. For these observations the 
effective bandpass of the HRI is therefore quite narrow, and a 
proper interpretation of the observed count rates depends criti- 
cally on the accuracy of the HRI calibration at E < 200 eV. 
(For the five DA stars, all of which are at medium to high 
Galactic latitudes and [except for WD 2240 — 045] relatively 
nearby, the absorption of soft X-rays by intervening matter is 
expected to be negligible, with a cutoff below 100 eV.) We must 
actually consider the HRI sensitivity in three regimes: within 
the nominal bandpass, especially for 100 eV < E < 200 eV; in 
the EUV band below 100 eV; and in the UV(1500-1700 Â). 

In the energy band between 100 and 200 eV, no measure- 
ment of the complete Fmsidn telescope/HRI effective area was 
made. However, separate measurements of the telescope effec- 
tive area and the microchannel plate detector efficiency were 
made at 67 and 114 Â (Van Speybroeck 1979; Henry et al. 
1977). The primary source of uncertainty in the HRI efficiency 
is the aluminum/Parylene N filter, whose purpose was to block 
out unwanted EUV and UV radiation. The two filter com- 
ponents provided approximately equal attentuation (~80%) 
at 100 eV. Their thicknesses are known to ~ 10%, which intro- 
duces an uncertainty in the effective area of the HRI by as 
much as 30% at 100 eV. (At the higher photon energies typical 
of most cosmic X-ray sources observed by the HRI, the attenu- 
ation of the filter was substantially less, and so the effect of 
uncertainties in the thickness of its component layers is sub- 
stantially reduced.) 

The fractional contribution of detected photons below 

100 eV to the total count rate may be estimated by folding the 
model spectra described above through the HRI spectral 
response function, extrapolated below 100 eV. Such an 
extrapolation is relatively straightforward. As in the 

TABLE 2 
Eddington Fluxes3 for Trace Helium Model Atmospheres 

n(He)/n(H) 

Lambda 1(T 10“ 10“ 

Teff = 25,000 K 

911.2. 
504.7. 
503.0. 
374.7. 
299.8. 
228.1. 
227.1. 
200.0. 
150.0. 
100.0. 
75.0. 
50.0. 

5.35E-6 
2.72E-8 
2.61E-8 
1.00E-9 
2.11E-9 
6.26E-8 
6.51E-8 
1.65E-7 
3.33E-7 
6.21E-8 
8.4E-10 
7.7E-15 

5.35E-6 
2.72E-8 
2.60E-8 
9.8E-10 
2.03E-9 
6.10E-8 
3.52E-8 
8.63E-8 
1.89E-7 
4.60E-8 
7.3E-10 
7.6E-15 

5.35E-6 
2.72E-8 
2.46E-8 
8.1E-10 
1.40E-9 
4.88E-8 
1.28E-9 
2.32E-9 
4.40E-9 
3.86E-9 
2.3E-10 
7.2E-15 

5.35E-6 
2.72E-8 
1.62E-8 
2.6E-10 
3.6E-11 
4.83E-9 
4.8E-13 
1.9E-13 
5.7E-14 
1.6E-14 
7.2E-15 
3.9E-16 

Tff = 30,000 K 

911.2. 
504.7. 
503.0. 
374.7. 
299.8. 
228.1. 
227.1. 
200.0. 
150.0. 
100.0. 
75.0. 
50.0. 

3.41E-4 
3.43E-6 
3.40E-6 
2.43E-6 
4.31E-6 
7.72E-6 
7.75E-6 
8.01E-6 
4.91E-6 
8.99E-7 
1.05E-7 
1.6E-10 

3.41E-4 
3.43E-6 
3.37E-6 
2.41E-6 
4.28E-6 
7.68E-6 
4.01E-6 
4.24E-6 
3.02E-6 
7.00E-7 
9.24E-8 
1.6E-10 

3.41E-4 
3.43E-6 
3.15E-6 
2.22E-6 
4.00E-6 
7.35E-6 
1.17E-7 
1.02E-7 
9.08E-8 
8.50E-8 
2.85E-8 
9.8E-11 

3.41E-4 
3.43E-6 
1.77E-6 
1.01E-6 
2.10E-6 
4.75E-6 
7.3E-11 
2.3E-11 
3.0E-12 
4.6E-13 

Tff = 50,000 K 

911.2. 
504.7. 
503.0. 
374.7. 
300.0. 
228.1. 
227.1. 
200.0. 
150.0. 
100.0. 
75.0. 
50.0. 
37.4. 
30.0. 

2.00E-3 
1.25E-3 
1.25E-3 
1.01E-3 
8.82E-4 
6.79E-4 
6.74E-4 
5.53E-4 
2.79E-4 
5.50E-5 
9.64E-6 
2.58E-7 
4.86E-9 
5.3E-11 

2.00E-3 
1.25E-3 
1.25E-3 
1.01E-3 
8.82E-4 
6.79E-4 
4.46E-4 
3.94E-4 
2.29E-4 
5.07E-5 
9.23E-6 
2.53E-7 
4.81E-9 
5.3E-11 

2.00E-3 
1.25E-3 
1.25E-3 
1.01E-3 
8.80E-4 
6.78E-4 
2.25E-5 
2.84E-5 
4.56E-5 
2.51E-5 
6.29E-6 
2.14E-7 
4.36E-9 
5.0E-11 

2.00E-3 
1.25E-3 
1.23E-3 
9.87E-4 
8.62E-4 
6.68E-4 
1.39E-7 
3.08E-8 
2.61E-9 
7.09E-8 
2.25E-7 
4.68E-8 
1.83E-9 
2.9E-11 

Teff = 60,000 K 

911.2. 
504.7. 
503.0. 
374.7. 
300.0. 
228.1. 
227.1. 
200.0. 
150.0. 
100.0. 
75.0. 
50.0. 
37.4. 
30.0. 

3.63E-3 
3.09E-3 
3.09E-3 
2.75E-3 
2.45E-3 
1.90E-3 
1.90E-3 
1.59E-3 
8.71E-4 
2.04E-4 
4.27E-5 
1.62E-6 
5.89E-8 
1.82E-9 

3.63E-3 
3.09E-3 
3.09E-3 
2.75E-3 
2.45E-3 
1.90E-3 
1.48E-3 
1.32E-3 
7.94E-4 
1.95E-4 
4.17E-5 
1.62E-6 
5.89E-8 
1.82E-9 

3.63E-3 
3.09E-3 
3.09E-3 
2.69E-3 
2.45E-3 
1.90E-3 
2.09E-4 
2.57E-4 
3.02E-4 
1.32E-4 
3.39E-5 
1.44E-6 
5.50E-8 
1.74E-9 

3.63E-3 
3.09E-3 
3.02E-3 
2.69E-3 
2.45E-3 
1.90E-3 
1.38E-6 
2.55E-7 
2.14E-7 
4.07E-6 
4.68E-6 
5.62E-7 
3.09E-8 
1.18E-9 

Eddington flux Hv = fJ4n ergs cm sr 
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E > 100 eV band, the microchannel plate detector and the 
telescope responses varied slowly, and the most strongly 
varying component of the instrument was the filter transmis- 
sion. Using published values of the linear absorption coeffi- 
cients of Parylene N (Stern and Paresce 1975) and aluminum 
(Henke et al. 1982) it is possible to generate a filter transmis- 
sion curve extending below 100 eV that matches the HRI 
response curve above 100 eV. Folding this extended response 
curve through the white dwarf flux models reveals that, in the 
absence of interstellar absorption, up to 50% of the observed 
count rate could have come from sub-100 eV photons. For the 
column densities we use below (1019-2 x 1020 cm-2), photons 
in this band contribute between 0 and 45% of the total rate 
depending upon the particular star. This EUV flux is of course 
included in our modeling. As in the 100-200 eV band, the 
uncertainty in the sub-100 eV flux will be approximately 
± 30%, due to the uncertainty in the filter layer thicknesses. 

Finally, we consider the sensitivity of the HRI to radiation in 
the 1500-1700 Â band (Golub et al. 1984), where Parylene N 
has a small but finite transmission window. Such a consider- 
ation is essential to establish the reality of the X-ray detection 
of such a copious UV emitter as a white dwarf star with Tctt > 
2 x 104 K. Using the effective area in the 1500-1700 Â band 
quoted by Golub et al. (1984) of 2 x 10 - 7 cm2, we find that for 
a white dwarf star of radius R, at a distance d, and with 2 x 104 

K < Teff < 6 x 104 K, the count rate in the HRI contributed 
by contamination from UV photons may be expressed as 

Cuv ^ 2 x 10-4(R/7000 km)2 (10 pc/d)2 photons s-1 . (1) 

We have used UV fluxes from models similar to the ones dis- 
cussed in § Ilia (Wesemael et al. 1980) and have assumed zero 
interstellar extinction. Unless the estimate of the HRI effective 
area in the UV has been underestimated by an order of magni- 
tude (and Golub et al. mention only factors of 2), the degree of 
UV contamination in our two detections is negligible. 

The discussion above indicates that a count rate predicted 
from folding a white dwarf spectral model through the HRI 
spectral response function should be accurate to ±30%. To 
provide ourselves some margin in the event that there is some 
inaccuracy we have not correctly taken into account or 
neglected totally, we will attach a factor of 2 uncertainty on all 
modeled count rates for the remainder of the paper. 

c) Stellar Parameters and Interstellar Column Densities 
Listed in Table 3 are the values of the parameters needed in 

order to perform model fitting the distance d, the stellar 
radius (here in units of R/R0), log (g), an(l the interstellar 
column density NH. We must rely on the inferences of others 
(e.g., Schulz and Wegner 1981) for these values. When the value 

of log (g) was unavailable from the literature, we assumed 
log (g) = 8.0. For missing values of R/R0 and d, we used the 
empirical formulas of Shipman (1979a), along with optical 
determinations of ^eff and the observed V magnitude. In order 
to place the most conservative estimates on n(He)/a(H) for 
undetected stars, we used R/R0 = 0.007, which is smaller than 
any of the inferred stellar radii in the relevant temperature 
range. 

For four of the five hot DA stars, the most uncertain param- 
eter in these calculations is the interstellar column density. The 
higher the value of ArH, the less stringent a lower limit we can 
place on n(He)/a(H). Although we expect a small NH for all 
these nearby stars, only for WD 2309+105 does any direct 
evidence exist that NH is small (Finley 1984). For the other 
stars, the only available information is in the form of global 
column density maps based on measurements of Nu to many 
stars (Paresce 1984). We have used the compilation of Paresce 
to estimate the column density to three of the other stars. 
WD 2240 — 045 is within 20° Galactic longitude of 
WD 2309+105 and at higher Galactic latitude; it should 
therefore have a similar NH. Since its inferred distance is slight- 
ly more than twice that to WD 2309 +105, we will use for it an 
Ah factor of 3 higher (ATh = 3 x 1019 cm-2). 

IV. RESULTS 

Figure 1 shows the predicted HRI count rates versus Teff for 
a white dwarf star at d = 100 pc with pure hydrogen atmo- 
sphere in the presence of various amounts of interstellar 
absorption. We have assumed R/R0 = 0.0127 and 
log (g) = 8.0. For stars with Teff < 3 x 104 K, the count rate is 
not reduced below the HRI threshold for a 2000 s observation 
by interstellar absorption until NH reaches 1 x 1019 cm-2. 
Because NH is smaller than this throughout most of the 
d < 100 pc sphere (Paresce 1984), Figure 1 suggests that vir- 
tually any pure H atmosphere white dwarf with Teff > 3.0 
x 104 K and d < 100 pc was detectable by the HRI in a 
typical 2000 s exposure. If the atmospheres of DA white dwarfs 
are truly helium free, then the white dwarfs observed by the 
HRI should have been strong X-ray sources. Additionally, the 
HRI, which observed a few percent of the sky, should have 
serendipitously detected some small fraction of the 100-200 
such stars expected to exist (Shipman 1979h; Kahn et al. 1984). 
Since it is unlikely that the presence of intervening matter (in 
the form of small clouds) satisfactorily accounts for the obser- 
vational situation, we must conclude that the atmospheres of 
most hot DA white dwarf stars (Teff > 30,000 K) contain some 
source of opacity. 

For each of the five hot DA stars in our example, we have 

TABLE 3 
Properties of Hot DA White Dwarfs 

WD Tff(103K) d (pc) (R/R0) log (g) NH n(He)//i(H) Notes3 

1052 + 273  26 44 0.012 8.0 <1019 1-5 x 10“5 1, 2, 3,4 
1134 + 300  20 24 0.007 8.0 <1019 >0.0 1, 2, 3,4, 5 
1936 + 327  50 38 0.007 8.0 2 x 1020 >10“3 1, 2, 3, 4 
2240-045  37 ± 5 125 0.0123 8.0 ± 0.4 3 x 1019 >3 x 10"4 6 
2309+105  55 ± 5 55 0.0123 8.0 + 0.5 1.5-10 x 1018 1.5-15 x 10"4 6, 7, 8, 9 
1314 + 293 (HZ 43)  55 62 0.0123 8.0 <1019 <5 x 10“4 9,10 

3 Notes.—(1) McCook and Sion 1983. (2) Paresce 1984. (3) Log {g) assumed to be 8.0. (4) Values of R/R0 chosen based on 
Shipman 1979a. (5) Greenstein 1984. (6) Schulz and Wegner 1981. (7) Finley, Basri, and Bowyer 1984. (8) Holberg 1984. (9) Finley 
1984. (10) Heise 1984. 
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Fig. 1.—Predicted HRI count rate for white dwarf stars with pure hydro- 
gen atmospheres as a function of effective temperature, for various column 
densities. The threshold of a typical HRI observation is indicated. 

folded the atmosphere models with varying amounts of trace 
helium through the HRI response function. We have included 
the estimated NH values from Table 3. The results of this 
folding also appear in Table 3. For four of the five stars, a 
nonzero atmospheric helium abundance is required. 
WD 1134 — 30 is too cool to provide a useful measurement. 
The rc(He)/tt(H) values for the other four stars fall in the range 
10~5 to 10-3; these compare favorably with the ratios inferred 
by Kahn et al. (1984) for four other DA stars. 

As a test of the validity of our approach we have also 
attempted to estimate the helium abundance in HZ 43, whose 
HRI count rate was included in Vaiana et al (1981). We find, 
given the uncertainties in the HRI response function, that the 
He abundance of HZ 43 we infer is between zero and 
5 x 10-4. The most recent réévaluations of the He abundance 
in HZ 43 suggests n(He)/n(H) < 1 x 10-5 (Finley 1984; Heise 
1984); our estimate is consistent with this. We have included 
HZ 43 in Table 3. 

For WD 2309 + 105, the most interesting of the observed 
stars (by virtue of its strong X-ray flux), there exists evidence 
from other wavebands which both supports our inference of 
atmospheric helium and provides additional constraints to its 
relative abundance. Schulz and Wegner (1981) report observa- 
tion of a slight depression in its optical spectrum at 4686 Â 
which could be a He n absorption line. Greenstein (1969), 
however, did not report the presence of this line. One might 
infer from these observations that the 4686 Â line is just at the 
threshold of detectability, which would suggest that n(He)/ 
n(H) ^ 10“3 (Greenstein 1979), consistent with our result. The 
He ii 1640 À line is absent in the IUE spectra of 
WD 2309+10, which also supports the inference that rc(He)/ 
n(H)< 10“ 3 (Finley 1984). 

V. DISCUSSION 

With the publication of these results, the existence of trace 
amounts of photospheric He, or very strong constraints 
thereon, have been reported for a number of DA white dwarfs : 
along with the four reported here are the four from Kahn et al. 
(1984), Sirius B, and HZ 43. The inferred helium abundances 
from all these stars are summarized in Table 4. Also included 
in Table 4 is Feige 24, for which the analysis of Apollo-Soyuz 
data (Shipman 197%, 1985) yields n(He)/rc(H) between 
3 x 10“5 and 3 x 10“3, and the magnetic white dwarf 
WD 1658 + 440, for which the analysis of Einstein IPC and 
EX OSAT data place an upper limit of 2 x 10“4 on rc(He)/n(H) 
(Pravdo et al. 1986). Since we have shown the usefulness of 
X-ray flux upper limits in establishing lower limits to rc(He)/ 
n(H), we have surveyed all reported upper limits in the liter- 
ature, principally in Vaiana et al. (1981) and Kahn et al. (1984) 
for X-ray upper limits that can be converted into useful lower 
limits on n(He)/n(H). For most stars observed, either ^eff is too 
small or Nn too large. Only for one star, WD 1544 + 008 (EG 
113), does a flux upper limit (Kahn et al. 1984) yield a new, 
weak lower limit on n(He)/n(H) of 2 x 10“5.To infer this limit 
we folded the response function of the Einstein Imaging Pro- 
portional Counter (IPC) through our models in the manner 
described above for the HRI. This result is included in Table 4. 

One initial comment which should be to be made about 
Table 4 is that perhaps the most unusual object in it is HZ 43, 
the first known, and brightest, X-ray emitting white dwarf. All 
of the other white dwarfs with Teff > 4 x 104 K have finite 
photospheric helium abundances. Whatever process is oper- 
ating to enhance the helium abundance in the other stars 
appears to be nonfunctional in HZ 43. 

There are now enough stars with abundance determinations 
to begin studying possible sources of photospheric helium. In 
their paper, Kahn et al. (1984) discuss the possible mechanisms 
for maintaining trace helium in a white dwarf photosphere. 
The two mechanisms they consider viable are accretion of 
interstellar matter and radiative acceleration. In the former 
case one might expect some correlation between n(He)/n(H) 
and the density of the interstellar medium in which a star is 
embedded; in the latter one might expect a temperature depen- 
dence of rc(He)/rc(H). Below we consider the compiled helium 
abundances in the context of these two mechanisms. 

TABLE 4 
Helium Abundances of Hot White Dwarfs 

Other n(He)/n(H) 
WD Name (xlO-5) References 

0232 + 035   Feige 24 3-300 1 
LB 1663 2-60 2 

0346-011  EG 288 30-200 2 
0548 + 000  EG 289 80-600 2 
0642-166  Sirius B <1 3 
1052 + 273  GD 125 1-5 4 
1254 + 223  EG 187 2-40 4 
1314 + 293  HZ 43 <1 3, 5 
1544 + 008  EG 113 >2 2,4 
1658 + 440  ... <20 6 
1936 + 327  EG 226 >100 4 
2240-045  EG 229 >30 4 
2309+105  EG 233 15-150 4 

References.—(1) Shipman 1985. (2) Kahn et al. 1984. (3) Heise 
1984. (4) This paper. (5) Finley 1984. (6) Pravdo et al. 1986. 
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Fig. 2.-—(left) Relative photospheric helium abundance vs. effective temperature for the white dwarf stars observed in the X-ray band. If the data point 
representing HZ 43 (open circle) is disregarded, a correlation between Tel, and iV(He)/iV(H) is suggested by the data, (right) Relative photospheric helium abundance 
vs. height above the Galactic plane for the same set of white dwarf stars. 

In Figure 2a, we plot n(He)/rc(H) as a function of Teff. If one 
neglects HZ 43, there is evidence that there is a positive correl- 
ation between the He/H ratio and the effective temperature. 
We believe that the most natural way to explain this correla- 
tion is to hypothesize that it is radiation pressure that pushes 
the helium—or whatever the source of X-ray opacity is—up 
into the stellar photosphere. While there is no theoretical 
investigation on the temperature dependence of the radiative 
acceleration of He in white dwarf stars, simple considerations 
of the spectrum and of the radiation acceleration mechanism 
(e.g., Michaud et al. 1979; Vauclair, Vauclair, and Greenstein 
1979) dictate that the radiative acceleration on He should be 
an increasing function of temperature. At the temperatures we 
consider here, He is in the form of both He i and He n. The 
strongest lines and continua of both ions lie in the EUV spec- 
tral region, between 200 and 600 Â, and the flux in those spec- 
tral regions is increasing with Consequently, one would 
naively expect that the radiative acceleration, and hence the 
abundance of He radiatively levitated in an H-dominated 
photosphere, is an increasing function of Te{{. Fontaine (1985) 
has presented a functional relationship between n(He)/n(H) and 
Teff which provided a reasonably good fit to the data based on 
simple assumption; this is clearly an area ripe for further theo- 
retical investigation. 

Some additional pieces of evidence support the hypothesis 
that radiation pressure is levitating the He that we observe. 
Radiation pressure is effective in levitating elements so long as 
their lines are unsaturated, and the highest He abundances 
seen here, roughly 10“3, are precisely those where the lines are 
unsaturated. In addition, Bruhweiler and Kondo (1983) claim 

that there are blueshifted lines of Si n, Si m, Si iv, and C iv in 
three DA white dwarfs. These data suggest the possibility of a 
stellar wind in hot white dwarf stars, a possibility also sug- 
gested on theoretical grounds, and on the basis of reasonable 
extrapolations from planetary nebulae, by Iben and MacDon- 
ald (1985). If these stellar winds are radiatively driven, which 
seems to be the most reasonable possibility, then the observa- 
tions by Bruhweiler and Kondo provide support to our 
hypothesis that radiative acceleration is operative in hot white 
dwarf stars. 

One can also speculate why HZ 43 is so unusual, compared 
with WD 2309+105. The effectiveness of radiative acceler- 
ation is dependent on both the temperature and the gravity of 
the white dwarf star. At a given temperature, radiative forces 
could support elements in a low-mass, low-gravity star, and 
would not support elements in a high-gravity star. At the high 
temperature of HZ 43, low-mass stars have gravities consider- 
ably lower than the nominal value of log (g) = 8 set by the 
mass-radius relation (Koester and Schonberner 1985; 
Hubbard and Wagner 1970), because thermal pressure can 
contribute to the equation of hydrostatic equilibrium. 
However, high-mass stars, like Sirius B, are less affected and 
can retain their high gravities [log (g) = 8.65 in an extreme 
case like Sirius B]. We suggest that possibly HZ 43 is a high- 
mass, high-gravity star like Sirius B, which also happens to be 
one of the stars with the lowest inferred He abundances. (We 
note that the low He abundance of Sirius B could easily be 
explained by its cool temperature.) 

Another consideration is the possibility that what we, and 
what Kahn et al., have referred to throughout as “ helium ” is 
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in fact something else. Helium is the most natural candidate for 
two reasons: the DAO stars, hotter than the stars discussed 
here, have marginally higher He abundances [rc(He)/ 
n(H) ^ 10“2 by number; Wesemael, Green, and Liebert 1985], 
and in one case (Feige 24) the Apollo-Soyuz data directly indi- 
cate the existence of an absorption edge near 54 eV. But the 
discovery of lines from C, N, and Si in W1346 and Feige 24 
(Dupree and Raymond 1982; Bruhweiler and Kondo 1983; 
Wesemael, Henry, and Shipman 1984) suggests that the most 
natural candidate may not be the actual opacity source. Radi- 
ative acceleration will also work on metals, and Wesemael, 
Henry, and Shipman (1984) argue that it is the source of the 
metals observed in W1346 and Feige 24. 

We now briefly consider the second possible helium (or 
metal) source, the accretion of interstellar material. White 
dwarfs accrete interstellar material episodically, with encoun- 
ters occurring, typically, every i(encounter) ä 4 x 107 yr 
(Wesemael 1979). The hottest stars in our sample, with 
T(eff) ~ 50,000 K, have been cooling for i(cool) ä (0.5- 
1) x 107 yr (Lamb and Van Horn 1975; Koester 1978; Koester 
and Schonberner 1985). Consequently, only a small fraction of 
the hot white dwarf stars, roughly 

t(cool)/i(encounter) ^ 10%-25% , 

should have encountered an interstellar cloud during their 
evolution as a white dwarf and show any helium at all. The 
amount of He remaining after an encounter will depend on the 
interplay between gravitational settling and radiation pres- 
sure; if the latter is unimportant, only those hot white dwarfs 
which are currently inside an interstellar cloud would still have 
significant helium, and the fraction of hot objects with helium 
would then be considerably less than 10%-25%. 

The cooler stars in our sample, with 
25,000 K < T(eff) < 35,000 K, have been cooling for (4- 
10) x 107 years, and so most of them would have experienced 
at least one cloud encounter. However, the settling times for 
helium in hot white dwarf envelopes are very short, of order 
100 yr or less (Fontaine and Michaud 1979; Muchmore 1984; 
Iben and MacDonald 1985; Paquette et al. 1986). Consequent- 
ly, only those stars which are currently accreting will contain 
significant helium, provided that radiation pressure is unim- 
portant (as we expect it to be in these cooler stars). To calculate 
what this fraction is, consider first that a star-cloud encounter 
will last for (Wesemael 1979) 

f(cross) = D/v = 0.05 x 106 yr[D(pc)/(i;/20 km s-1)] , 

where D is the cloud diameter and v is the star-cloud relative 
velocity. Maps of the structure of the local interstellar medium 
(Tinbergen 1982; Frisch and York 1984; White 1984; Aannes- 
tad and Sion 1985) indicate that D zz 10 pc is more appropri- 
ate for a cloud diameter in the nearby interstellar medium than 
the value of 1-7 pc adopted by Wesemael, and so we adopt 
t(cross) ~ 0.5 x 106 yr. The time a white dwarf spends in the 
25,000-35,000 K range is 0.75 times the time it takes to cool to 
25,000 K [which we call i(cool)], and so the fraction of stars 
with significant He will then be 

i(cross)/0.75 t(cool) ^ (0.8-1.6) x 10“2 . 

Putting this all together, one would expect that if accretion is 
the dominant process regulating the helium content of hot 
white dwarfs, that there might still be a positive correlation 
between n(He)/n(H) and TM, but in a more generalized sense; 

about 25% of the hottest stars might show significant n(He)/ 
n(H) (though this fraction could be less), whereas only about 
1% of the cooler stars would show a significant helium 
content. Our finding that all of the few cooler stars we see show 
no helium is consistent with this prediction. But at hotter tem- 
peratures, nine of the 10 stars in Figure 2 with Teff > 40,000 K 
show significant n(He)/n(H); the accretion hypothesis predicts 
that this fraction should be at most 25%. The small number of 
stars in the sample and its heterogeneous nature prevents us 
from stating that these results definitively rule out the accre- 
tion hypothesis, but it is certainly not encouraging. If anything, 
our sample is biased toward the selection of white dwarfs with 
low helium abundance since a number of the stars in it (HZ 43 
and a number of the objects in Kahn et al 1984) were selected 
for study because of their discovery as X-ray sources. Conse- 
quently, one would expect that selection effects would result in 
an over-representation of H-rich hot white dwarfs in our 
sample, whereas we find that the H-rich stars with Teff* 
50,000 K are underrepresented. 

Another way of empirically testing the idea that interstellar 
accretion is the source of the He that we see is to look for a 
correlation between the helium abundance in various stars and 
various indications of the density of the ISM. One rather 
global indicator is z, the height of a star above the Galactic 
plane. In Figure 2b we plot rc(He)/n(H) as a function of z. No 
real trend exists, but this figure does not rule out interstellar 
accretion. Since the Galactic scale height for gas is ~ 180 pc, 
and none of these stars has z > 100 pc, one would expect only 
a mild correlation even if a smooth gas gradient existed. This 
idea could be tested if measurements were available for a larger 
number of stars, where the density fluctuations could be aver- 
aged out. 

One possible source of the photospheric He, dismissed by 
Kahn et al., is that the He is primordial and settles out of the 
photosphere. It is true that in such a scenario one would also 
expect a positive correlation between He/H and Teff, since the 
hotter stars would have formed more recently and the He 
would have not settled out as much. But recently, an estimate 
of this functional dependence by Iben and MacDonald (1985) 
has 

He/H ^ l(T5[Teff/68,000 K]40 , 

which is radically steeper than what we observe. 
Another reason for observing more stars is that the stars 

plotted in Figure 2 are not a homogeneous sample. The stars 
which we analyze in this paper have the virtue of coming from 
only two observing programs, but they still represent a rather 
heterogeneous sample—especially considering that neither 
observing program was completed when the Einstein satellite 
failed. The Kahn et al. (1984) sample is considerably less 
homogeneous, including one last-minute target substitution 
and a serendipitous source. To the extent that target objects 
were selected from previously discovered X-ray sources (as was 
the case of one of the guest investigator programs of Kahn 
et al, and as is clearly the case with HZ 43 and Sirius B), the 
selection of stars for Table 4 and Figure 2 is biased in favor of 
stars with low He abundances. We have obtained observation 
time on EX OS AT to investigate the reality of this correlation 
based on a different, temperature-selected sample. 

It is of course possible that both diffusion and radiative 
acceleration operate to some extent. One would then expect 
that accretion would supply the helium in those stars whose 
high surface gravity precludes radiative acceleration. It might 
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even be possible that the highly evacuated regions known to 
surround HZ 43 and Sirius B may have been produced by 
these stars accreting all the local material. Since the diffusion 
time scales for white dwarfs are extremely short (e.g., Much- 
more 1984), one therefore also expects the observed absence of 
metals in these stars. 

VI. SUMMARY 

We have observed 13 dwarf and subdwarf stars of various 
types with the Einstein HRI. Two DA white dwarfs were 
detected: WD 2309 + 105 (Teff = 5.5 x 104 K) as a bright 
source and WD 1052 + 273 (Tei{ = 2.6 x 104 K) at the detec- 
tion threshold of the HRI (~4 a). We interpret the X-ray emis- 
sion as arising from the photospheres of these stars. For these 
stars along with two other hot DA stars, WD 1936 + 327 and 
WD 2240 — 045, we have combined the X-ray fluxes and upper 
limits with data from other bands and model atmosphere cal- 
culations to infer photospheric n(He)/n(H) ratios in the range 
~10~5 to 10-3. When these n(He)/n(H) ratios are combined 

with those available from the literature we find evidence for a 
correlation between Teff and n(He)/n(H), if one excludes HZ 43 
and Sirius B. Both this correlation and the exceptional behav- 
ior of HZ 43 and Sirius B are qualitatively accounted for by a 
radiative acceleration model, working only in stars with 
log (g) < 8.0 (Bruhweiler and Kondo 1983). Future X-ray and 
EUV observations will allow us to fill in the n(He)/n(H) versus 
^eff diagram sufficiently to determine whether this is the proper 
interpretation. 
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