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ABSTRACT. In the present review we summarize the problems relative to the chemical 
composition of the inner and outer layers of white dwarfs as expected from stellar evolution. 
We point out that there is a contrast between standard predictions and the indications 
deriving from studies of white dwarfs, as "massive" hydrogen remnat layers seem not to be 
present on single white dwarfs. We discuss a previously neglected feature of stellar models 
in the phase of thermal pulses -which occurs when the outer hydrogen envelope becomes 
very small- by which the progenitors of low total mass may get rid of practically the whole 
hydrogen envelope during the final phases of asymptotic giant branch evolution. We finally 
propose a new global scheme for the pre-white dwarf evolution, which depends mainly on 
the initial progenitor mass. 

1. I n t r o d u c t i o n 

The present review deals with the following question: which is the chemical composition 
(stratification) expected for single White Dwarfs (WDs) on the basis of today's knowledge 
of stellar evolution? It is noteworthy to remark that, while the attention of this meeting is 
focused on the surface stellar composition of stars as a signature of the evolution which has 
been responsible for the observed abundances, study of WDs has shown that the chemistry 
of these stars, in the surface layers even more than in the inner ones, determines their 
stellar evolution properties, namely their cooling times down to invisibility (Mazzitelli and 
D'Antona 1987, Winget and Van Horn 1987, D'Antona and Mazzitelli 1989, 1990). There 
are no other stellar structures for which the composition is so intimately linked to the evo-
lution! What WD researchers would like to know from stellar evolution can be articulated, 
in first approximation, into the following questions: 

1. what is the carbon to oxygen (C/O) ratio expected for the inner regions of WDs? 
2. how massive (MH> ) is the helium remnant layer expected to be? 
3. what range of masses ( MH ) do we expect for the hydrogen layer of DA type WDs? 

Let us also add these other questions to show the problem in its more general form: 
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1. In which way the C/O ratio and Mn e are expected to depend on the mass ( M p r o g ) and 
initial chemical composition of the progenitor? 

2. Do we have any good reasons to expect a dependence of the emerging WD spectral 
type on M p r o g ? 

In the latest years many researchers have devoted efforts to post-Asymptotic Giant Branch 
(AGB) evolution, also with the aim to clarify these issues, but some of the answers are still 
clearly unsatisfactory. Personally we have devoted three other reviews at least partially to 
this subject (MazziteUi and D'Antona 1987, Mazzitelli 1989, D'Antona 1989), and this last 
review complements the others. 

In the following we first summarize briefly the problem of the C/O ratio in the interior 
of WDs. After, we review the present standard scheme of post-AGB evolution (Schönberner 
1979, 1981, 1983, 1987, Iben 1984, Iben and Mc Donald 1985 and 1986 -for an update 
comprehensive review see Iben 1989). This scheme predicts that most of DAs (WDs having 
hydrogen atmosphere) have evolutionary ΜΗ (~ 1O~ 4 M 0 for a typical O.6M0 WD). This 
is in contradiction with several different indications coming from study of WDs, by which 
ΜΗ on most DAs is concluded to be thin ( £ 1 O ~ 8 M 0 ) or even very thin ( £ 1O~ 1 4 M 0 ) (see 
D'Antona 1987 and Fontaine and Wesemael 1987, 1990) for summaries of these problems. 

Based on consideration of recent stellar models results (MazziteUi 1990) we suggest a 
possible escape form the standard scheme, which aUows formation of WDs with very low 
hydrogen remant layers and predicts observational consequences regarding the status of 
Η-rich Planetary Nebulae Nuclei (PNN). 

We review the present theories for the evolution to WDs of relatively massive progen-
itors (M £ 4 — 5 M 0 ), consistently with the observations of lack of very luminous carbon 
stars and with the observations of M-supergiants in the Magellanic Clouds. 

We finaUy summarize what we consider the present status of the relation between 
Mpr0gand emerging spectral type, on the basis of the proposed suggestions. 

2. T h e in te r io r chemis t ry of W D s 

Before we touch the subject of the C/O ratio in common WDs, two warnings must be kept 
in mind: 

i) Bergeron et al. (1990) have revised the mass distribution of DA WDs. While Weide-
mann and Koester (1984) determined as average mass < Μ >~O.58M 0 by multichan-
nel photometry, the new results suggest < Μ > ~ O.53M0 . Taken at face value, the 
recent result would imply that mass loss during the Giant Branch and AGB evolution 
of low mass stars is more efficient than previously considered. Thus, a significant frac-
tion of single WDs -possibly those belonging to the most metal rich steUar populations, 
for which mass loss is mostly important- could be remnants of progenitors which were 
not able to ignite the heUum core flash. In this case, their chemical stratification is 
very simple: Μκ β ~ MWD ~ 0.4 - 0.45 M 0 , and ΜΗ ~ 10~ 3 M 0 . 

ii) For progenitors close to the minimum mass for supernova explosion ( M u p ) carbon igni-
tion may be able to remove core degeneracy, and form a Oxygen-Neon-Magnesium core. 
Mass loss before coUapse may leave a O-Ne-Mg WD of M~ 1.2 - 1.37 M 0 (Nomoto 
1984). At least in nova systems we know that such WDs do exist (WiUiams 1985, 
Truran and Livio 1989), although we can not be sure that there are any single WDs 
with such a core. 

Common WDs are Carbon-Oxygen, and the core contains more than 95% of the mass. 
The core composition is fundamental for the further evolution in the WD stage. In fact, 
the cooUng time depends on the thermal energy content of the WD, inversely proportional 
to the average atomic weight of the constituents. The chrystaUization temperature also 
depends on Z 2 A - 1 / 3 , and the possible occurrence of separation between Oxygen and Car-
bon at crystaUization (Stevenson 1980, Garcia Berro et al. 1988) which may prolongate the 
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cooling times by billions of years, need an exact knowledge of the C/O stratification. This 
stratification is the result of three main phases: 

1. core helium burning 
2. thick helium shell burning 
3. thermal pulses (TPs) 

Furthermore, apart from semiconvection, which in any case needs to be considered, con-
ditions at the border of the convective core favour the onset of "extra-mixing" processes 
-such as breathing pulses or overshooting- which inject fresh 4 He into the core towards the 
end of core-helium burning, and this also is reflected into the chemical stratification. The 
result of helium burning depends on the ratio of the reaction rates 3a to 1 2 C + a , and 
thus not only on the rate of the cross sections but also on the ratio (X4He )2p/ X«c- ^ n e 

reaction 1 2 C + a dominates when the helium content X4He is low. This is the reason why the 
late phases of burning and the possible extra-mixing, which injects fresh helium into the 
carbon rich core is crucial for the resulting C/O ratio. The recent computations relative to 
the 1 6 0 abundance in the He-exhausted core of a IM© progenitor are summarized in the 
following table. 

Reference σ ( 1 2 C + a ) 1 6 0 1 6 0 after extra-mixing 
Fowler et al 1975 F 50% 60 - 70 % 
Harris et al 1983 F*3 70% > 80% 

Caughlan and Fowler 1988 ~F*2 60% -75% 

We have listed only reference to the expressions for the cross section from literature compi-
lations. For a recent discussion of the uncertainties in the experimental results see Barnes 
(1988). The cross section 1 2 C-f α has fluctuated in recent years from the original value re-
ported in Fowler et al 1975 to values up to four times larger. The present (but not latest) 
expression adopted by Caughlan and Fowler (1988) is corresponding to about a factor two 
larger than the original one. The table shows that the influence of extra-mixing at the core 
boundary in the final phases is at least as important as a factor two difference in the cross 
section determination. 

In view of the behaviour of the ratio between the cross-sections as a function of the 
temperature (see, e.g., Mazzitelli and D'Antona 1987), the golden rule to understand the 
results of burning is the following: the lower the burning temperature, the larger is the 
resulting oxygen content. Thus the regions emerging from shell burning, which takes place 
at larger temperature, have C/O larger than the core, and C/O is smaller for smaller M p r o g , 
which have lower burning temperature. The dependence of the stratification on M p r o g given 
in Mazzitelli and D'Antona 1986b can be considered reasonably updated, as those results 
were obtained by adopting the Fowler et al cross section multiplied by a factor 2. 

A powerful check of the core composition of WD s is in principle available, through 
the study of the period derivatives of pulsating DA WDs (ZZ Ceti variables). In this 
class of puis at ors, the period should be linked to the thermal timescale (t th) at the base 
of their convective envelope (Cox 1980). While the star cools, the bottom of convection 
enters deeper into the envelope, t th increases and so the period of pulsation is expected to 
increase. Determination of period derivatives is a long-lasting job, as observations require 
a long time baseline, but already one Ρ is available through the operation of the "Whole 
Earth Telescope" (Nather et al 1990) for the star G117-B15A (Kepler et al 1990) and the 
results are under comparison with models. 
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Figure 1: Run of luminosity, mass loss rate and cumulative mass lost during a typical 
thermal pulse, starting and ending at the point in which helium burning is at minimum. 
Several stages are indicated: 1) onset of He-burning in a convective shell; 2) Maximum Ln e ; 
3) Lne =L; 4) Maximum extension of external convection; 5) Hydrogen burning already 
resumed; 6) Ln e =10%L. 

3. The hel ium remnant envelope 

In principle, the helium mantle of Carbon-oxygen WDs, MH> » must bear connection with 
the helium intershell mass (Mi.e.) which the progenitor had at the end of the TP phase. 
For this discussion and for the following, let us examine the detailed behaviour of stars 
during TPs. Top of figure 1 shows the luminosity evolution of an AGB star of 3M© during 
a typical TP (from Mazzitelli 1987). The total Η-mass processed into Helium between two 
consecutive pulses will be referred to as AMh- At (1) the helium pulse begins with the onset 
of a convective helium shell, and already at (2) Ln e is at its maximum: as we see, nothing 
has happened at the surface, but expansion and consequent rapid switch off of the H-burning 
shell produces a minimum in the stellar luminosity, which then raises by a factor ~ 2, while 
the hydrogen external convection reaches its maximum extension (4). Afterwards, there 
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Figure 2: helium and oxygen profile at several stages of a typical TP. The upper part is 
just before a TP; the middle part shows the onset of convective He-burning (continuous 
line) and its maximum extension (dotted), which also corresponds to the minumum Mbuff Î 
the lower part shows the effect of quiescent He- and Η-burning in the phase just preceding 
the next pulse. The computations refer to a core mass of 0.7MQ . No dredge up is present. 

is a prolonged phase of quiescent He burning, and at point 5 hydrogen burning is active 
again, and slowly becomes more important then He-burning, which provides only ~ 10%L 
at point 6. From this summary description, we can derive the following conclusion: if the 
WD stratification is "frozen" out of the last TP, the maximum Mi.8. will be left when the 
evolution is stopped just before the next TP, at point (1), the minimum one if it is stopped 
following the phase of stationary helium burning, around point (5). For a typical core 
of 0.6ΜΘ thus 0.015 £ Mj 8 £ 0.02 M 0 . Dredge up may further reduce these values by 
~ 30%. 

As shown in figure 2, where the helium abundance profile at different stages of TPs is 
presented, Mi.8. is made up of two parts: an almost pure helium buffer (Mbuff ) which results 
from hydrogen shell burning, and a carbon rich layer (Mne-c ) whose maximum outward 
extension is achieved at the beginning of each TP, when the onset of convection spreads into 
the convective shell the carbon accumulated at the border of the core. In the WD stage, 
the helium mantle will be: Mn e =Mbuff + M n e - c - / 0

M H e C X » c x dM, as gravitational 
settling will separate carbon from helium. So Mne on the WD is ~ 30% smaller than Mi.e>. 
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The minimum Μκ β on a typical WD is thus expected to be ~ 2 χ 10~ 3 . Whether this is in 
contrast with the current explanation of DQ type WDs (Pelletier et al. 1986) is discussed 
in D'Antona 1989. 

It is important to notice that the recent analysis of four members of the Ρ Gl 159 class 
of very hot WDs shows that their atmospheres are dominated by helium, carbon and oxygen 
(Werner et. al. 1990). The oxygen abundance profile during the TP is also shown in figure 
2. The flash starts at the base of the helium layer, where a large fraction of carbon and some 
oxygen are already present, so that part of the carbon of the convective shell is produced 
during the pulse itself, but part is simply convected outwards from inner regions. Although 
practically no oxygen is produced by helium burning during the TP in the convective shell, 
oxygen had been produced during the late phases of the preceding pulse, during stationary 
helium burning which exhaustes helium. Thus a small quantity of oxygen ( ,$ 4%) can be 
found also into Mne-c · Towards the final stage of an interpulse period, this Mne-c will 
have obtained a carbon abundance profile which reflects the prolonged quiescent phase of 
He-shell burning following the peak of the pulse. The presence of oxygen at very large levels 
(~ 17% in mass fraction) in the P G type WDs implies that these stars have been able to 
expose the even more internal parts of the helium intershell, close to the region in which the 
latest TP must have occurred (MazziteUi and D'Antona 1990). Both careful consideration 
of model atmospheres and of evolution is here necessary, as the inner intersheU is already 
at WD dimensions, and has therefore a large binding energy even during the TP. 

4 . The hydrogen remnant 

The standard description of post-AGB evolution and of the different emerging spectral types 
provides a Unk between the phase during the TP at which departure from the AGB occurs 
and the final detailed evolution to WD. In this scheme, the main controUing quantity is the 
mass contained in the pure-heUum buffer (Mbuff )> which determines whether hydrogen wiU 
be left or not on top of the WD. This description has emerged in the course of the latest 
10 years, due to the efforts of several researchers, including Schönberner, Iben, Wood and 
Faulkner, and ourselves, and is summarized with care in Iben (1989). Although the explorers 
of the relevant parts of the HR diagram have been many, the results we are interested in, 
namely ΜΗ and Mn e on the remnant WD, are so much dependent on detailed post-AGB 
evolution that we can identify several regions of the HR diagram which we can label by "hie 
sunt leones", here are the Uons, the sign our roman ancestors would put on their geographic 
maps on the non-explored regions. In fact in these regions it is necessary to approach a 
number of physical processes not clear from first principles, or numericaUy difficult to be 
handled, or which require hydrodinamic computations stiU completely lacking. "Lions" in 
a short Ust are: 

i) mass loss phenomena and planetary nebula ejection on the AGB (Schönberner 1979, 
1983, 1987, MazziteUi and D'Antona 1986a); 

ii) study of late He-sheU pulses and possible consequences of mixing between Η-rich and 
He layers (Fujimoto 1977, Schönberner 1979, Iben et al. 1983, Caloi 1990); 

iii) diffusion and explosive Η-burning during the first WD phases (Iben and Mc Donald 
1985, 1986). 

We have Usted only reference to computations relevant to the quoted subjects; many others 
(e.g. including one of us, D'Antona 1989), on the basis of available computations, have 
speculated on more or less plausible scenarios for the pre-WD evolution. 

We need speculations as the standard picture is not satisfactory. In short it is based 
on the foUowing: the out coming spectrum of the WD (DA type -hydrogen dominated-
or non-DA type -heUum dominated) depends on the phase, (Φ = Mbuff /AMh) during 
the pulse, at which the evolution off the AGB towards the blue begins, due to planetary 

https://doi.org/10.1017/S0074180900227538 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900227538


405 

nebula ejection or to the reaching of a critical minimum mass of the envelope. Iben (1989) 
summarizes: 

i) 0.15;$ Φ £0 .75: the resulting PNN evolve into DA WDs, with a thick, or evolutionary 
Η-envelope (ΜΗ = M 10~ 4 for a 0.6M© core); 

ii) 0.75 < Φ 1: a late TP will occur, either in the PNN phase, or when the star is already 
close to the WD stage; in this latter case mixing of the H- and He-envelopes occurs, 
with not well predicted consequences. In any case, a resulting emergent spectrum 
devoid of hydrogen is highly probable for the WD; 

iii) 0 £ Φ £ 0.15: Mbuff is so thin that a self-induced nova is expected to occur during the 
first phases of WD evolution, due to the explosive burning of the tail of the hydrogen 
envelope diffusiong into the helium layer with the tail of the carbon diffusing outward 
of the core (Iben and Mc Donald 1986). According to Iben, ΜΗ must be large enough 
for this event, but our feeling is that there are not enough computations to be sure of 
what is the real influence of this phenomenon on the final WD spectral type. In any 
case, this process will leave MH < M e v . 

The consequences are: 
1) the bulk of DAs have evolutionary MH · Wind mass loss in the hot PNN phases is not 

expected to be able to get rid of most of MH . 
2) some (a few) DAs may have MH lower by orders of magnitude due to mass loss following 

late TPs of self-induced nova. 
3) non-DAs (~ 20% of all WDs) are formed by a fraction of the stars going through 

channel (ii). 
We know that a series of independent problems connected to WD evolution seem to demand 
that the bulk of DAs have MH -C M e v - This is summarized for instance by Fontaine and 
Wesemael (1990) in this same conference. As Iben (1989) remarks, if we want to have 
MH < M e v for most DAs, we have to ask that most of AGB stars lose their envelope and 
begin the post-AGB evolution at Φ ~ 0, that is either at the start of the helium TP or 
during the phase of quiescent helium burning. In fact, only if the hydrogen shell is not 
active loss of practically the entire hydrogen envelope can be achieved. 

5 · A new suggestion for a solution 

Inside the standard scheme for pre-WD evolution is hidden a main hypothesis: the loss of 
the envelope which ends the AGB evolution is not correlated with Φ. Can we reject this 
assumption? For instance, is it more probable to begin post-AGB evolution at the peak of 
the flash, as the mass loss rate is much larger? On the contrary, the duration of the peak 
phase is always so short with respect to the interflash period that the mass lost at the peak 
is always very small. This is exemplified in figure 1 for our typical pulse, but it is true 
also for small core masses (D'Antona and Mazzitelli 1989, Caloi 1989). Furthermore, the 
cumulative amount of mass lost during the stationary helium burning is smaller than that 
lost during the other phases (bottom of figure 1), as on average the luminosity is lower. The 
computed models shown in figure 1 refer to a typical mass loss rate of Reimer's type. Even 
if a stronger dependence on the luminosity is assumed, as suggested by recent observations 
(Oloffson et al. 1990 suggest cüog M/dlogL ~ 4) the results do not change drastically, as 
the luminosity at peak of the pulse ( L p e a k ) is larger only by a factor 2 than the average 
stellar luminosity ( L a v e r a g e ) -

Another possibility is the following: probably there is a treshold luminosity (LPN ) 
above which the wind changes qualitatively, increasing its rate by orders of magnitude. 
The AGB stars overcome LPN for the first time at L p e a k , but also this is not enough 
to trigger the post-AGB evolution, unless the mass loss rate at L > L P N is quite extreme 
(Schönberner 1987). 
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Recent computations of TPs adopting a better numerical approach (Mazzitelli 1990) 
lead us to suspect a possible way out from the standard scheme. We find that when a very 
small hydrogen layer is left on the AGB star, prior to the evolution to the blue, during the 
TP we get Lp e ak ^> L a v e r a g e . In fact the delay between the start of helium pulse and its 
appearence at the surface (points 1 and 4 in figure 1) is due to the buffer of matter in 
between the helium shell and the surface. Expansion of this matter absorbs most of the 
energy liberated by helium burning, and only a small increase of total luminosity occurs. 
But, when the envelope mass is very small -when the thermal timescale of the envelope is 
therefore small- as soon as the pulse starts also the surface will be affected. This provides 
a strong warning against stellar models in which the gravitational energy generation (eg) 
of the outer layers (up to the optical photosphere) is not taken into account (all published 
results up today). We are making trial computations of TPs for low envelope masses both 
considering € g up to the surface or neglecting it for the outer few 10" 4Μφ , and the results 
are substantially different! Of course, the numerical problems to be overcome will require 
still much work, but we can confidently assume that these results will change our view of 
the latest phases of the stellar evolution. 

Our suggestion is the following: for stars of low initial masses, for which during the 
AGB the envelope results reduced to a few per thousands of solar masses, the last pulse will 
produce such a large increase of stellar luminosity that these stars leave the AGB at the 
peak of the pulse, either because L p eek overcomes the LPN , or because, in any case, M is so 
much larger that, even in the short time interval of the peak, it is much more probable to 
lose the entire remaining envelope. During the further wind mass loss, at high Teff, these 
stars can be able to lose practically the entire hydrogen envelope, as the hydrogen shell is 
not ignited, and will evolve either into non-DA WDs or into DAs with thin or extremely 
thin MR · 

The outlined scheme can work when the envelope mass had been reduced to small values 
by wind, before other mechanisms for the loss of the envelope (e.g. due to the interaction 
between pulsations and mass loss (Willson 1987)) appear. The progenitor mass must then 
be small. Surely globular cluster stars or stars like the sun in the disk of our Galaxy would 
be in this condition. Tentatively, we suggest that all stars which pass through the helium 
core flash (Μ £ 2 M 0 ) reach this stage. Planetary Nebulae emerging from this kind of 
evolution would be the result of the interaction of the fast wind of the hot PNN with the 
slow wind ejected during the AGB phase (Kwok 1983). 

At M p r o g £ 2 M 0 , stars do not experience strong winds in the hydrogen shell burning 
phase (helium burning in the non degenerate core is ignited at relatively low luminosity). 
At the start of the AGB phase their envelope is then much more massive than the envelope 
of Mprog ,$ 2 M 0 which suffer the He-core flash; they have more time to increase the CO 
core mass and raise in luminosity, until global mechanisms for the envelope ejection come 
into play. In this perspective, at M p r o g £ 2 M 0 the standard scheme of pre- WD evolution 
described in section 4 should in any case apply. Of course, the late-TP and the self-induced 
nova scenarios must be reconsidered in detail for stars of core masses somewhat larger than 
O.6M0 , descendants of M p r o g £ 2 M 0 . 

An observational consequence of the preceding suggestion appears immediately: the 
least massive PNN are possibly helium rich, and hydrogen rich PNN average mass should 
be larger than the average WD mass, as these nuclei are the result of PN ejection from 
Mprog > 2 M 0 . This latter prediction seems to be observationally confirmed (Mendez et 
al. 1988). Also Schönbemer's (1986) suggestion that Η-rich PNN behave like H-burners 
would not be in contradiction with this scheme: we are stating that Η-burning PNN exist, 
but come out only from M p r o g £ 2 M 0 , and do not constitute most of WD progenitors. 
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6. Comments on massive progenitors 

The general picture of AGB evolution implies that, during the TP phase, while the CO 
core increases in mass and the stellar luminosity increases, the third dredge up is able 
to transform the AGB giants into Carbon stars. It became clear in the course of latest 
years that there are no carbon stars at Mboi <$ - 6 (Reid and Mould 1985, Mould and 
Aaronson 1986), but there are more luminous M supergiants, s-type stars, as discovered 
in the Magellanic Clouds by Wood et al 1983. Recently, these same supergiants have 
been found to be Lithium rich (Smith and Lambert 1989, 1990). The emerging picture of 
evolution implies that the AGB phase for thermally pulsing stars which become Carbon 
rich by the action of the third dredge up, is terminated at Mboi ~ — 6, that is for CO core 
masses of ~ O.85M0 . 

Theoretical reasons why the AGB terminates at M c o r e ~ O.85M0 have been described 
by Wood and Faulkner (1986) and Mazzitelli (1987, 1989), and are correlated to the very 
low densities obtained at the base of the Η-envelope during the peak luminosity phase of TP 
when the core mass becomes so large: we expect again for these progenitors a sudden loss 
of the envelope at the peak of the pulse. Thus, also for stars for which the Planetary Nebula 
phenomenon has not occurred before for different reasons -not linked, consequently, to the 
TP phase- we expect ejection of the envelope at L p e &k and consequent evolution towards 
non-DA WDs or DAs with very thin MH . 

The most luminous M supergiant are then identified with progenitors massive enough 
to begin their AGB phase at Mboi ~ - 6 ( M p r o g £ 5 M 0 ). They probably do not survive 
the AGB phase so long that they can become Carbon stars: in fact, as soon as they have 
experienced the second dredge up, their structure is similar to the previously described one: 
very cold and expanded envelopes, likely to be lost either before the TP phase or just after 
a few pulses. This may be an iterative process: in fact, either the hydrogen remnant after 
the envelope détachement is already very small, or it will reignite. At the following TP the 
same (or worse) conditions will be present, causing ejection of further hydrogen, until the 
possible Η-remnant becomes in any case extremely small. 

7. Conclusions 

The resulting picture of pre-WD evolution is the following: 

1) M p r o g £ 2 M 0 : we propose envelope ejection at L p e e k , which becomes > Laverageif* 
wind mass loss has been the only responsible for reduction of the AGB envelope to 
very low ( ,$ 0.003 M 0 ) masses; 

2) 2 £ Mp r og 5 M 0 : we propose ejection at any TP phase: the standard scheme (e.g. 
Iben 1989j must work here, but further investigation is required, at least for the role 
of late TPs and of the self-induced nova mechanism; 

3) Mprog £ 5 M 0 : envelope loss at L p e a k for the AGB stars which reach M c o r e £ O.85M0 , 
or at the second dredge up, or after a few pulses for the most massive M p r o g has already 
been proposed (Mazzitelli 1987). These stars also may evolve into WD having very 
thin H-envelopes. 
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