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1. Introduction

While the efficiency of gravitational settling to produce chemically pure atmospheres in white
dwarf stars was outlined for the first time 30 years ago (Schatzman 1958), the competing role
of the radiation flux in the hot white dwarfs was considered only 10 years ago (Fontaine and
Michaud 1979; Vauclair, Vauclair and Greenstein 1979). At that time, there was more motivation
to understand how metals could reappear in the long lived cool non DA white dwarfs, where
diffusion time scales are shorter by orders of magnitude than evolutionary time scales. Various
processes were invoked to help restore some metal content in the white dwarf atmospheres:
convection mixing and dredge up, accretion of interstellar matter. In cool white dwarfs, the
radiative acceleration is negligeable in the diffusion process; this is not the case at the hot end of
the sequence where radiation may balance gravity. The short lived hot white dwarfs just started
to become exciting with the contemporary discoveries that i) some show metallic lines in their
spectra, both hydrogen rich and hydrogen poor; ii) some of these are pulsating. In the following
years, the number of hot white dwarfs revealing trace abundance of metals has increased, mainly
owing to IUE observations.

I do not intend here to make an exhaustive presentation of the observations. Such discussions
may be found in recent reviews (Vauclair and Liebert 1987; Shipman 1987) and are also presented
at this colloquium. In this paper, I prefer to stay on the theoretical side and present the results of
the diffusion theory as they have been obtained, either to predict metal abundances to be expected
in hot white dwarfs or to interpret observations of particular stars. Of course, the discovery of
metallic lines in high dispersion IUE spectra of hot white dwarfs, as predicted by theory, was
somewhat encouraging. However, now that so many hot white dwarfs show metallic lines, the
theory has to be refined. Proper comparison of the observations with the theory should tell us
about important mechanisms acting at this evolutionary phase. Important questions are still to
be solved: i) what are the various channels conducting a dying star to the white dwarf final stage
of evolution? ii) what is the link between the presence of metals in the atmosphere of the PG1159
stars and their instability? iii) what is the role of mass loss, selective or not, in that part of the

HR diagram? The chemical composition observed in the atmosphere is affected by both the prior
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evolution of the stars and the presently acting physical mechanisms. A detailed description of the
physical mechanisms in action at this evolutionary phase should lead to a better understanding
of the questions quoted above. IUE has opened a new and rich area of research but is limited
in size. With the Hubble Space Telescope we hope to get of a statistically significant sample of
hot white dwarf high resolution spectra. This is one of the strong motivations to pursue detailed
diffusion computations.

In the presence of pressure, temperature, concentration gradients and radiation flux, an ion
of a trace element is submitted to forces induced by the various gradients, and by the absorption
of selective parts of the radiation flux through lines. It is well known (see for instance Vauclair
1983) that as long as the abundance of the diffusing particles is small, i.e. that the opacity due to
these particles is much smaller than the total opacity of the gas, the radiative acceleration on the
diffusing particles does not depend on their abundance. In the reverse case, when the absorption
of radiation due to the diffusing particles cannot be neglected compared to the total opacity,
the radiative acceleration is affected by saturation and becomes dependent upon the abundance.
It is for this reason that equilibrium abundances may be reached. A large abundance of a given
element will not be generally supported by the radiation flux as there are too many ions willing to
absorb a limited number of photons at the ions absorption line wavelengths. As a consequence the
upward radiative acceleration is not able to compensate the downward acceleration due to pressure
and temperature gradients. The ions diffuse downwards. Doing so, their abundance decreases,
their absorption lines progressively desaturate and the radiative acceleration increases. When the
radiative acceleration may just balance the downward acceleration, the ions reach an equilibrium
state where their diffusion velocity cancels exactly. This occurs for a value of the abundance that
we call the equilibrium abundance. As a consequence of the dependence of the various forces
with depth the equilibrium abundances must also vary with depth. In this paper, C, N, O and Si
equilibrium abundances achieved by diffusion in two series of white dwarf models will be discussed
and compared to observations. The two series cover a range in effective temperature of 50 000-150
000K for He rich envelopes, and of 30 000-100 000K for H rich envelopes. In one case the surface
gravity is maintained constant (log g = 8.) while in the other case, the surface gravity is allowed
to change with effective temperature, according to realistic evolutionary sequence for a 0,6 M®

white dwarfs (Koester and Schonberner 1986).

2. Metals in hot non-DA white dwarfs

In helium dominated envelopes, the low opacity is responsible for producing a high pressure
in the atmosphere. This favors the radiative acceleration by increasing the collisional width of the

absorption lines. On the other hand, the mass ratio of the diffusing particles in a helium dominated
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environment is less than the equivalent mass ratio in a hydrogen dominated environment. Both
effects act in the same direction in reducing the downward diffusion velocity, or, alternatively, in

producing larger equilibrium abundances, in helium atmospheres.

Typical equilibrium abundances of C, N, O and Si in a hot He envelope white dwarf are shown
in figure 1. In this T, = 100000K, log g=8 model, carbon, nitrogen and oxygen are distributed
with depth in two shells. The minima between the two shells correspond to the region in the star
where the elements are in the noble gas state (CV, NV I, OV II). As is well known (Michaud et al.
1976; Vauclair, Vauclair and Greenstein 1979) resonance lines in the noble gas state are at much
shorter wavelengths than the range where most of the continuum radiation flux is emitted. The
resulting radiative acceleration experienced by the ions in this stage of ionization is too small to
support the elements. The case of Si is somewhat more complicated due to the atomic structure.
One generally finds an abundance distribution with two minima. The outermost minimum is due

to the SiV noble gas.
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FIGURE 1. — C, N, O and Si diffusion equilibrium abundances in a 100 000K,

log g = 8.0 He envelope. The abundances are given on logarithmic scale, in units of
the solar abundance ratios. The lower scale is the gas pressure, while the upper scale is
the temperature, both on logarithmic scale. The arrows show where the optical depth
7 is 1072, 10! and 1 respectively. C, N and O are distributed in two clouds with
the minimum of the equilibrium abundance correcponding to the region where they
are predominantly in the noble gas (CV, NV I, OV II. Si distribution reflects the more
complex atomic structure and show three maxima. In this model, the maxima of the
upper metallic clouds occur at 7 =~ 10~1, well inside the line forming region.
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How do the equilibrium atmospheric abundances vary with the effective temperature is
illustrated in Figure 2. The Rosseland optical depth 7 = 0.1 has been choosen as a representative
value of the line forming region. Figure 2 shows the equilibrium abundances of C, N, O and
Si predicted by diffusion at that particular optical depth. The abundance supported in the
atmosphere depends heavily on the temperature: on one hand, increasing 7. makes a larger
radiation flux available for absorption; on the other hand, increasing T, favors a larger fraction of
the noble gas ion into the line forming region. The interplay of these two effects is responsible for
the behavior of the equilibrium abundances in Figure 2. Carbon is mainly CIV (at 70%) at 50
000K with a small (2%) fraction of CV. CV increases to 20% at 60 000K. This is not enough to
balance the increased radiation flux. At higher temperature however, the increasing flux cannot
balance the effect of the increasing fraction of CV (81% at 80 000K, 100% at 150 000 K) in reducing
the radiative acceleration. This explains the decrease of the carbon equilibrium abundance with
increasing temperature. The situation is similar for nitrogen and oxygen except that it takes
higher an effective temperature to get the noble gas in noticeable amount at 7 = 0.1. For silicon,
the fraction of SiV in the 50 000K model is already of 75% and increases regularly up to 100 000K
where it reaches almost 100%. This is responsible for the dramatic decrease of the equilibrium
abundance with increasing T.. At temperature higher than 120 000K, the fraction of SiV I starts
to be large enough to make the radiative acceleration and the equilibrium abundance increasing
with effective temperature. Negligeable at 50 000 and 60 000K, the effect on the equilibrium
abundances of changing the surface gravity from the Hamada-Salpeter mass-radius relation to
a more realistic evolutionary sequence (Koester and Schonberner 1986) cannot be neglected at
higher effective temperature.

At this stage, how do the observations compare with the theory? At the very hot end of
the white dwarf sequence, we even do not know the atmospheric chemical composition. The H
and He poor object H 1504+65 (Nousek et al. 1986) is presently the hottest known degenerate
star at T, =~ 160 000K. While the absence of He lines at that temperature does not necessarily
imply an helium poor atmosphere, ground based spectra definitely show OV I and CIV feature;
OV I absorption at 1032 A was also seen in a Voyager spectrum. If we believe for the time being,
i.e. until we are able to modelize H 1504465 atmosphere and derive relevant abundances, that
this object could be a hot progenitor of the helium rich sequence, it is tempting to compare the
predictions of diffusion theory with what is observed in that object. In the 150 000K model, carbon
is almost entirely in the noble gas configuration, only a tiny fraction of ~ 10~3 still survives as
CIV. CV would not be detectable: its resonance lines are too far in the EUV and the only line
to fall in the long wavelength range of IUE (z\2273/°1) originates from the first excited level which
has negligeable population. With a total C/He = 2.5 -4.0 10~5, the fraction CIV /He which could

179

https://doi.org/10.1017/50252921100099541 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100099541

*310000S > °, 10§ poysinduyy
-sIp 2q jouued (s2aInd 1addn) asusnbes Lreuolnjoas 1duUIBIqUOYDY
-197500)] 21} WOIj PUe UOIJR[SI SNIPRI-SSEUI (S9AIND Iomof) 109ad[eg
~epeuwre]] aY) wol} paAusp Laeid Yjim seousnbag ‘s[ppowr jremp

291y m a10oydsourye [ I0J Z 21081 se swes oy ], — ‘¢ AAAOILJ
E)
Axmo_\v 1
gt 0509 08 ool
T L | i
p— ﬁ‘-
—z -
i L
-
o
Q
Z
o
~—
z
—p®

"IS 10§ 37000001 > L 0} Pue O ‘N ‘D I0J 3700009 > °I, 10J paysm3uysip aq
jouued sedusnbes omy ayJ, -sousenbes Areuoynjoad (9g6T) 19UIIQUOYDS PUR 123§903] Y3
o} puodsei10o seaInd raddn oYy ‘g'g = 3 Bo] juejsuod Yjm s[opow 09 puodsdIIod SIAIND
I12MO] 3} :SHEMP 23IYm O 9°0 Jo seousnbas om) 10] umoys are uotsnyip £q pajorpard
saduepunqe wnuqrmbs 3y ], ‘pejesipul aIe sreys O [002 PU® 0y jo pue ‘sieys 69IT
Dd 243 Jo ‘sg + $0ST U 1erausdop joy ayjy jo sainyesadway 2a130as sjeurxordde sy,
‘s[opout sjIemp oHym areydsowrye off ur ‘27, jo worouny e se ;oI = £ Yidep reoydo je
(w) 1s pue (V) O ‘(W) N (O) O jJo seouepunge wnuqnba vorsnylq — 'z FANOIL

Qmo:mh
0509 08 001 021 0S1
T 1 | | | [
oa oa 6SLIDd YOSLH
10090 1LOH —
—2
[
Y
L B
—e
-
Q
w
z
1]
.
Z
]
— 1

https://doi.org/10.1017/50252921100099541 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100099541

form the A1550A resonance line is ~ 2. — 5. x 10~8. Nitrogen is also mainly (at 98%) in the noble
gas stage of ionization. The resonance lines are far in the EUV. The IUE long wavelength range
could not detect the 1901.5 A line which originates from the first excited level, not populated at
that temperature. NV X1240A should be present but only 2% of the total nitrogen is in the NV
stage of ionization, mostly in excited states, a situation not favorable to the absorption from the
ground state from which the line originate. Oxygen is approximately half OV I, half OV IT (46%

and 53% respectively). This makes highly favorable the detection of OVI lines, as observed in H
1504465, especially through the line at A1033.8A4 which originates from the ground state. The

OV I/He ratio in equilibrium at 7 = 0.1 is ~ 8 x 1078 — 3 x 1075, Silicon is mainly SiV and SiVI
none of which does have line in the IUE domain. Silicon, if it is there with the high abundance

predicted by theory (from 3 times less than solar to solar) would remain undetected.

The range of effective temperatures 100 000K -120 000K is the domain of the PG 1159
stars. Inspection of figure 2 reveals that in this temperature range the equilibrium abundances
of N and O reach their maximum value. Is that a pure coincidence? At 100 000K, carbon is still
dominantly in the CV state but CIV accounts for almost 4%. Carbon is depleted by only a factor
2 compared to the sun. CIV resonance lines should be strong at these temperatures, which is
observed in many PG 1159 stars (Bond et al. 1984; Sion, Liebert and Starrfield 1985; Wesemael,
Green and Liebert 1985) and in the related pulsating central star of the planetary nebula K1-16
(Grauer and Bond 1984). It is more difficult to understand why NV A1240A is not stronger in
all stars of that temperature range. The predicted total nitrogen abundance at equilibrium is
5 to 7 times the solar value and 75% should be in the form of NV. NV is detected in some
PG 1159 stars (Bond et al. 84; Sion, Liebert and Starrfield 1985; Wesemael, Green and Liebert
1985) but it is generally a weak line. The star KPD 000545106 also shows carbon lines but no
nitrogen from low resolution IUE spectrum (Downes, Liebert and Margon 1985). Does this mean
that nitrogen, which is always found more efficiently pushed upward by the radiative acceleration
in our theoretical computations, has already been largely expulsed out of the star during the
pre-PG 1159 phase, or depleted during previous nuclear burning episodes? Oxygen is only at 3%
in the OV I stage but the dominant OIV and OV stages do not have strong lines in the IUE or
visible wavelength range. With O/He ~ 1. -2. 10~* (a deficiency of 6. -3. compared to the Sun)
the oxygen equilibrium abundance reaches its maximum at that temperature. As a consequence,
oxygen absorption lines (OV I) are expected at this temperature. They are effectively observed
in a number of PG 1159 stars (Sion, Liebert and Starrfield 1985). As far as silicon is concerned,
it is hardly detectable being in the SiV ionization stage. A tiny fraction of surviving SiIV (a
few 10~3) could be responsible for the weak SiIV barely seen in a few PG 1159. We still do not
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have, at the time of writing, an abundance determination for PG 1159 stars. The present analysis,
based on the assumption of an helium dominated envelope could become irrelevant to PG 1159
stars if the chemical composition is C/O dominated, as suggested by Starrfield et al. (1984) to
trigger the instability. I have suggested elsewhere (Vauclair 1987) that the diffusion mechanism
which naturally produces equilibrium clouds of C, N, O and Si in the supposedly helium rich
outer layers of these stars could be responsible for both the presence of absorption lines of these

species in the stellar spectra and of the instability observed in some of the PG 1159 stars.

At lower effective temperature (80 000K) our computations may be relevant to the hot DO.
For these stars, whose prototype is PG1034+4-001, one knowns that they are helium dominated.
In our 80 000K models, carbon is still dominantly in the CV configuration but CIV reaches
almost 20%. Carbon is efficiently supported by the radiation field to approximately half the solar
abundance (C/He ~ 2 x 10~%). This equilibrium value at 7 = 0.1 is in good agreement with
independent diffusion computation by Chayer et al. (1987) who find C/He ~ 4.10™% at 7 = 1. But
it is significantly in disagreement with the value derived from the observation (Sion, Liebert and
Wesemael 1985) which is smaller by a factor 100. Nitrogen is found to be overabundant compared
to the solar abundance (by a factor 3) which is in good agreement with the overabundance observed
(Sion, Liebert and Wesemael 1985) and with the theoretical study of Chayer et al. {1987). Oxygen
is found deficient by a factor 6 -8 compared to the Sun, which is a factor 10 smaller than the value
predicted at 7 = 1 by Chayer et al. (1987). However the uncertainty on the observed abundance

is large enough to accomodate the two independently derived theoretical values!

At the temperature of 60 000K -50 000K, the lower limit we have considered here for hot
non -DA, in order to avoid helium convection zones, we are in the domain of the cool DO as HD
149199B (Bruhweiler and Kondo 1983; Sion and Guinan 1983). Unfortunately we do not have
abundance determinations to compare with theory for that star. CIV dominates at r = 0.1 (74%
at 60 000K, 70% at 50 000K). Carbon is supported by the radiation flux at a value close to the
solar abundance (80% of the solar abundance at 60 000K, 60% at 50 000K). As a consequence
strong CIV lines are expected and are observed. Nitrogen is predicted to be slightly overabundant
compared to the Sun (by a factor 2 at 60 000K and 1.25 at 50 000K). However it is in the form
of NIIT and NIV which do not have strong lines in the visible or in the IUE range. Weaker NIIT
lines should be present but have not been detected. Oxygen is predicted to be deficient by larger
factors (from 20 at 60 000K to 60 at 50 000K). The dominant ionization stages are OIII and
OIV which do not show lines neither in the visible nor in the UV accessible to IUE. While SiV is
still dominant at this temperature, SiIV should be abundant enough (6% at 60 000K and 24% at
50 000K) to lead to absorption lines, especially at these temperatures where the theory predicts
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detected in HD 149499B (Bruhweiler and Kondo 1983; Sion and Guinan 1983).
3. Metals in hot DA white dwarfs

For hot hydrogen envelope white dwarfs we consider the effective temperature range 30 000K
-100 000K, as there is no DA hotter than 100 000K, or even hotter than 80 000K (Fleming,
Liebert and Green 1986). The distribution of the equilibrium abundances are quite similar

to the case discussed in figurel. The somewhat reduced radiative acceleration and enhanced

downward acceleration make the amount of metals which may be supported smaller in hydrogen
envelopes than in helium envelopes. Figure 3 shows the variations with effective temperature of the
equilibrium abundances for C, N, O and Si computed at Rosseland optical depth 7 = 0.1 in pure
hydrogen atmospheres, with log g = 8.0 and along the 0.6 M® evolutionary sequence of Koester
and Schonberner (1986). A comparison with the similar figure 2 for helium envelopes illustrates
the differences. In the considered temperature range, radiative levitation cannot support more
than the solar abundances, in contrast with the helium case with the only exception of N at the
very hot end of the Koester and Schonberner sequence.

In many hot DA, IUE observations have revealed the presence of metallic absorption. In some
cases, velocity differences between metallic lines and Balmer lines point to the existence of a wind,
or of circumstellar material. In such cases, the predictions of the pure diffusion may be irrelevant
and mass loss should be introduced in some way as one additional physical mechanism competing
with diffusion (Michaud 1987). We are faced then to the difficulty that we do not know how to
introduce mass-loss in a physically consistent way. The diffusion computations which are presented
here may apply to those cases where the observed metallic lines form in the stellar photosphere.
It is the case in the well discussed Feige 24 star, in which resonance lines of CIV, NV and
SiIV have been discovered in high resolution IUE spectra (Dupree and Raymond 1982). Diffusion
equilibrium abundances have been computed for that star (Morvan, Vauclair and Vauclair 1986;
Chayer et al. 1987). Nitrogen and silicon abundances predicted by the diffusion theory are in good
agreement with the value deduced from the observations (Wesemael, Henry and Shipman 1984).
Carbon is predicted too strong, as in the case of the hot DO PG 10344001 discussed earlier. It
is also the case in cooler DA stars as W 1346 (Bruhweiler and Kondo, 1983) or CD -38° 10980
(Holberg et al., 1985} which do show only Si lines in their IUE spectra. Inspection of figure 3
shows that the radiatively supported abundances of C, N, O dramatically decrease with decreasing
effective temperature. These elements are no more supported at the W 1346 and CD -38° 10980
effective temperatures, while Si remains radiatively supported to approximately 1/10 of the solar
abundance. Diffusion predictions seem to be in qualitative agreement with the observations, but

the Si abundance observed in W 1346, while uncertain by large a factor (Wesemael, Henry and

a maximum for the 8i abundance (at about twice the solar abundance). But SiIV has not been
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F1GURE 4. — Dependence of the metal clouds on changes in the surface
gravity. The diffusion equilibrium abundances of C, N, O and Si in
H white dwarf models supposed to represent PG 1210 + 533 at T,
= 56 000K, are shown for log g = 8.0, 8.5, 9.0. Each panel is similar
to figure 1, with the lower scale of the bottom panel showing the
common pressure scale while the upper scale in each panel indicates
the run of the temperature in individual model. While the decrease
of the equilibrium abundances with increasing gravity may be clearly
seen, the C, N and Si abundances predicted in the line forming region
are still large enough, even at log g = 9.0, to lead to absorption lines,
which are not observed.
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Shipman 1984), in still less than the one predicted by the diffusion theory (Morvan, Vauclair and
Vauclair, 1986; Chayer et al. 1987).

There are at least two puzzling questions related to the hot DA white dwarfs: i) at the
same effective temperature, some DAs with metallic lines show evidence of ongoing mass-loss,
some other do not; for instance at about 62 000K, G 191-B2B shows evidence of mass loss
(Bruhweiler and Kondo 1981) while Feige 24 does not; ii) at the same effective temperature,
some DAs do show metallic lines, some other do not: while Feige 24 shows metallic lines, HZ
43 and PG 1210-+533 at similar temperature do not. One may argue that the balance between
the upward radiative acceleration and the downward acceleration due to pressure and thermal
gradients strongly depends on the gravity (i.e. the mass) of the white dwarf. It has been found
indeed that both HZ 43 (Holberg et al. 1986) and PG 1210+533 (Holberg et al. 1988) have
higher than average log g. A test of the equilibrium abundances dependence on gravity as been
performed in models of PG 1210+533 (T, =~ 56 000K). Figure 4 shows C, N, O and Si clouds in
equilibrium for three values of the surface gravity log g = 8.0; 8.5; 9.0. In spite of the decrease of
the abundances with increasing gravity, there is still sufficient amount of C, N and Si in the line
forming region to produce lines which have not been observed in a high resolution IUE spectrum.
The sensitivity of diffusion equilibrium on gravity does not seem to be large enough to explain
the absence of metals in high gravity hot hydrogen white dwarfs like HZ 43 or PG 1210+-533.
Consequently, interpreting the coexistence at the same effective temperature of DA stars with

and without metals in their atmosphere remains a puzzle.

4. Conclusion

In the hot white dwarf stars, the radiative acceleration through absorption lines may be
efficient enough to balance the gravitational field. An equilibrium state results where the elements
are inhomogeneously distributed with depth. The theoretical computations have shown that C,
N, O and Si may be supported in both hydrogen and helium rich white dwarf outer layers. A
comparison with observations however is only qualitatively satisfactory at the present time. Some
problems remain unsolved: i) nitrogen is observed to be weak in the PG 1159 stars while the theory
predicts an overabundance of N/He compared to the solar N/H ratio, for helium rich envelopes in
the relevant effective temperature range; ii) similarly, in the DO white dwarfs, carbon is predicted
too strong compared to observations of hot DO, and Si, predicted also to be abundant in cool
DO is not observed; iii) in hot hydrogen white dwarfs, we are faced to the unsolved problems of
the coexistence, at the same temperature, of stars with ongoing mass flows, and of stars without
observable mass flow where the absorption lines form in the photosphere; and the coexistence at

the same temperature of white dwarfs with and without metallic absorption lines. The suspected
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role of the surface gravity in solving this difference seems to have been overestimated.

In the theoretical computations summarized here, the assumption was implicitly made that
there were enough diffusing particles in the stellar outer layers to fill in the cloud and reach the
equilibrium abundance predicted by diffusion. However, one must keep in mind that one does
not know the original metal abundances to start with the diffusion computation. What would
happen if one of the considered species is missing or is present with such a low abundance that the
corresponding equilibrium cloud could not be filled? One may expect that, because the equilibrium
is not reached as a consequence of the abundance being too low the radiative acceleration should
exceed the downward acceleration in that part of the atmosphere where the elements are not in
the noble gas state. These elements could consequently be pushed out and leave the star in the
form of a selective wind, as suggested by Vauclair, Vauclair and Greenstein (1979}. In this case,
the cloud predicted by the diffusion theory could not materialize.

The above mentionned difficulties point to the need for further theoretical progresses in the
diffusion theory and in the stellar atmosphere modeling. Among other sources of uncertainty it
should be outlined that the computations of the radiative acceleration at small optical depths
should be improved, especially in the very hot white dwarfs where recent high dispersion IUE
spectra reveal the importance of NLTE. Furthermore, if the observed elements are distributed
inhomogeneously in the stellar outer layers, as predicted by diffusion, a number of other incon-
sistancies should be considered: i) the abundances derived from homogeneous model atmospheres
cannot be directly compared to the diffusion predictions; synthetic spectra should include the
inhomogeneous metal abundance distribution; ii) the flux distribution in model atmospheres it-
self may be affected by the presence of the metallic clouds; the differences with pure H or He
atmosphere has to be evaluated. It should be larger in the atmospheres dominated by He, which
has a low opacity compared to H. Would metal clouds in the atmosphere solve the difficulty of
fitting the energy distribution in H 1504 + 65 with any existing model atmosphere? Last but not
least, the question of the stability of such clouds should be addressed.
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