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Observations of hot Dfi white dwarfs in the EUV/soft X - ray range have 

revealed tha t , in a major i ty of cases, the detected f lux is less than that 

expected from pure hydrogen atmospheres. This implies an ext ra opaci ty source 

which must be due to the presence of small t races of heavier e lements. These 

elements are general ly not spect roscopica l ly detected in hot DFI white dwarfs, 

but the large sens i t i v i ty of the EUV/soft X - ray broad-band f lux to the presence 

of extra absorbers can be used with prof i t to Infer their abundances. For 

s impl ic i ty , i t has been assumed that only helium provides the required opac i ty 

source in the ma jo r i t y of the analyses carr ied out so far. In this con tex t , 

Vennes et a/. (1988a) have recent ly reviewed in detai ls the mechanisms that 

could be responsible for the presence of small t races of helium in the 

atmospheres of hot DA white dwarfs. They favor a model in which these stars 

are interpreted as s t ra t i f ied o b j e c t s with an outer layer of hydrogen which is 

suf f ic ient ly th ick that radiat ion in the v is ib le escapes only from H-r ich regions, 

and yet suf f ic ient ly th in that the EUV/sof t X - r a y radiat ion escapes from deeper 

layers, pol lu ted by the ta i l of the helium dis t r ibut ion which extends upwards. 

This model accounts natura l ly for the pos i t ive corre lat ion observed between the 

inferred helium abundance and the ef fect ive temperature in hot DA stars studied 

at short wavelengths. If the model is cor rec t , hot DA white dwarfs as a class 

must have very th in outer hydrogen layers with estimated masses in the range 

-13 > log q(H) . log (M(H)/M) > -15 . 

In order to fol low up on the work of Vennes et aJ. (1988a), i t is necessary 

to compute st rat i f ied model atmospheres for deta i led analyses of individual s tars . 

Our aim is to take advantage of the homogeneous EXOSAT photometr ic 

measurements of several hot DA white dwarfs (Paerels 1987), and ul t imately 

derive the values of log q(H) for these s tars . Our model atmospheres consist of 

a pure H layer on top of a pure He layer in di f fusive equi l ibr ium. These models 

<x<n similar to those of Jordan and Koester (1986) in the treatment of the 
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composition transition layer, but extend to larger values of log q(H) as 
suggested by the work of Vennes ei aJ. (1988a). Cruder stratified models based 
on discontinuous composition interfaces have already been discussed by Heise 
and Huizenga (1980) and Muchmore (1982). The present models assume LTE and 
are hydrogen line-blanketed. The current grid is for log g-8.0 and effective 
temperatures Te(103 K)-25, 30, 40, 50, and 60. For each effective temperature, 
models are computed with hydrogen layer masses log q(H) - -155, -15.0, -145, 
-14X1, -135, and -13.0. Models with Te(103 K)-25 and 30 and log q(H)< -145 
were found to be convectively unstable in the composition transition zone and 
were therefore rejected as the presence of convection is inconsistent with the 
assumption of diffusive equilibrium. For comparison purposes, we have also 
computed another grid of models using the same physics but, this time, for 
homogeneous chemical compositions with He/H ratios in the range 10"'° to 10~2. 
Details on these uniform models as well as the stratified models can be found 
in Vennes (1988). 

Ve have used our grid of stratified model atmospheres to derive preliminary 
values of log q(H) for the sample of 15 hot Dfl white dwarfs observed with the 
EXOSAT LE filters (Paerels 1987). If an extra EUV opacity source is required, 
the procedure implicitly assumes that it is due to helium alone. The method is 
currently limited by the availability of models with only one value of the 
gravity (log g-8.0). According to Vennes et at. (1988a), scatter in gravity is 
likely to play an important role in the interpretation of short wavelength 
observations of hot Dfl stars. In the present experiment, we have used the best 
estimate of the effective temperature of a given object as available in the 
literature, and have sought a consistent solution for all filter measurements in 
the q(H)-n(H) plane (where n(H) is the interstellar neutral hydrogen column 
density). Self-consistent solutions were obtained for the vast majority of our 
sample stars. The most outstanding exception is HZ 43 for which no acceptable 
solution has been found. This is likely to be caused by its significantly larger 
than average gravity. Our results are summarized in Figure 1 which shows a plot 
of the inferred hydrogen layer mass log q(H) as a function of the effective 
temperature. Our procedure has led to the inference of two upper limits, four 
lower limits, and eight values of log q(H) in the EXOSAT sample of hot Dfl 
stars. The inferred values are in the range -13)log q(H)}-15 in agreement with 
the estimates of Vennes et aJ. (1988a), and show that hot Dfl white dwarfs 
must indeed have very thin outer hydrogen layers if helium absorption is 
responsible for the extra EUV opacity required by most of the observations. Ve 
note that our estimates of log q(H) are consistent with those of Koester (1988) 
who has recently performed an analysis similar to ours for 11 of the 15 objects 
in the EXOSAT sample (we express the hydrogen layer mass in terms of a 
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f ract ion of the ste l lar mass of a 0.6 M_ o b j e c t , whereas Koester expresses log 

q(H) in terms of a f ract ion of the solar mass). In agreement with Koester (1988), 

we point out to a possible weak trend between log q(H) and T ; the hotter 

stars appear to have smaller values of q(H). 

Before further conclusions can be drawn as to the propert ies of layered 

models of hot Dfl s tars , it is appropriate to recal l that the short wavelength 

photometric measurements do not permit to discr iminate between helium and 

other potent ia l absorbers. For tunate ly , however, H/He layered model atmospheres 

leave spectral s ignatures which are quite charac ter is t i c . This is par t icu lar ly true 

in the EUV range where the f lux is very sensi t ive to the presence of small 

t races of helium as indicated prev ious ly , fls an i l lus t ra t ive example, Figure 2a 

shows synthet ic EUV spectra for uniform models with var ious He /H ra t ios , and 

'og(g) " 8.0 and Te - 60 000 K. Profiles for the He II Lyman series are 

computed fol lowing fluer and Mihalas (1972) and the spectrum is convolved with 

a gaussian of FVHM»6 fl, representat ive of the FXOSAT reso lu t ion . Note that the 

curves ore d isplaced ver t i ca l l y for c l a r i t y . By cont ras t , Figure 2b shows the 

synthet ic EUV spectra of s t ra t i f ied models wi th log q(H) - -15JD, - 1 4 5 , -14.0, 

and - 1 3 5 , respec t i ve ly . The grav i ty and the ef fect ive temperature are the same 

as for the uniform models, fl comparison of the two f igures c lear ly shows that 

the cont inuum shortward of the 228 A edge behaves qui te di f ferent ly in the two 

cases. Likewise, the l ine prof i les are d i f fe ren t ; they are obviously broader in 

the layered models because the l ines are formed deeper into the photosphere. 

Our own exper ience with theoret ica l count rate spectra of EXOSAT indicates that 

EUV spectroscopy can d is t inguish between layered and uniform atmospheres in 

Dfl white dwarfs. Current ly, such data ex is t for only three Dfl white dwarfs: 

Sirius B (Paerels et aJ. 1988) and HZ 43 (Heise et eJ. 1988) which appear to 

have pure hydrogen atmospheres (corresponding to lower l imits on log q(H)), and 

Feige 24 (Vennes et aJ. 1988b) which is bet ter expla ined in terms of a H-r ich 

atmosphere pol lu ted by a host of heavier elements presumably supported by 

radiat ive l ev i t a t i on . Thus, the j u r y is s t i l l out on the ex is tence of layered Dfl 

atmospheres with very th in hydrogen layers. The DflO s tars , par t icu lar ly the 

interest ing o b j e c t PG 1210+533 discussed by Holberg et aJ. (1987) could well 

represent the most promising tests of the st rat i f ied model . Future experiments, 

such as FUVF and ROSAT may provide def in i t ive answers to these quest ions. 
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Figure 1. Relationship between the inferred hydrogen layer mass 

log q(H) and the ef fect ive temperature for 14 hot Dft stars observed 

photometrical ly with EXOSAT. 
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Figure 2a . Synthetic EUV spectrum of homogeneous model atmospheres with 

log He/H - - 5 , - 4 , - 3 , and - 2 from top to bottom, respectively. The models 

haue log g - 8X1 and Te - 60 000 K. 
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Figure 2b. Similar to Fig. 2a, but for strotified models with log q(H) - - 1 3 5 , 

-MX), - 1 4 5 , and -15.0, from top to bottom, respectively. 
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