








mal feature, like the ionisation or the Eddington­
peak, will be able to move rapidly inwards in la­
grangian coordinates (cf. also Fig. 3). Thus, the 
It- peak and the associated luminosity excess will 
be able to accelerate new mass shells as they are 
rapidly moving deeper into the star. 

Some extreme supergiants, like the LBV, are 
known to experience outbursts and shell ejection 
(cf. Lamers, 1989; Wolf, 1989; Davidson, 1989). 
The reason why the mass loss are discontinuous 
is likely to be related to the values of the various 
timescales in the supergiant envelope (cf. Maeder, 
1989). The basic idea is that during an ejection 
(the timescale which is of the order of tdyn), the 
ionisation front and the associated Eddington- peak 
will move inwards by an amount �~�M� as large as 
permitted by the local thermal timescale. �~�M� is 
such that 

i.e. 

�t�t�h�e�r�m�(�~�M�)� = �t�d�y�n�(�~�M�)� 

RL 
�~�M� = �C�M�t�d�y�n�(�~�M�)� 

The dynamical timescale tdyn corresponding to a 
shell mass �~�M� of thickness �~�R� is 

�~�R� lL 
tdyn = (2 -) ,. 

9 
(2 R3 �~�R�)�'�h� 

�~� GM R 

Although the peak is close to the surface, the region 
above the density inversion encompasses nearly 50% 
of the tot al stellar radius. We see that �~�R�/�R� ::: 1/2 
and that this ratio will not greatly change for an in­
crease in �~�M �.� Also, the effective gravity is somehow 
larger than the surface gravity. Thus, the dynami­
cal timescale will be of the order of 

Rl lL 

tdyn = X (CM)" 

with X between, say, 0.1 and 1 whatever the exact 
�~�M� will beo The maximum mass fraction which can 
therefore be involved in an ejection with a duration 
tdyn is of the order of 

�~�M� 

M 

RlhL 
1.61 . 10-12 X M Ih 

where R,L and M are in solar units. 
For the above numerical example, given for an ini­
tial 60 M0 in the stage of a yellow supergiant with 
fastly growing p-inversion, one obtains �~�M�/�M�=� 
0.006 to 0.06 for X = 0.1 to 1 (compare with Lamers, 
1989). Thus, a substantial amount can be ejected 
within adynamical timescale, as the Eddington­
peak can move on deep enough during that time. 
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During the ejection event the maximum mass loss 
rate is just that given by the rate at which the ion­
isation front is able to progress inwards. This max­
imum limiting rate is 

. �~�M� CM 
M =--=-

ttl.am RL 

In the numeri cal example showed above, this rate is 
about 0.75 M0yr-1 (compare with Lamers, 1989). 
We clearly emphasize that this rate applies to the 
outburst of shell ejection only and is not at all the 
average secular mass loss rate, which will be esti­
mated below. 

Terrestrial geysers, like at Yellowstone, have 
of ten a striking properties. Af ter the so-called ini­
tial "splash", they continue to eject boiling water 
and steam for several minutes. The reason is that, 
af ter the initial splash, the pressure decreases in the 
pipe. Very hot water, which was not boiling due to 
the high pressure in the pipe, starts then boiling 
and thus ejects the water above. Thus, there is 
a boiling front moving inwards and sustaining the 
ejection for some time. In the supergiant model, the 
equivalent to the boiling front is the ionisation front 
which quickly moves inwards and brings deeper lay­
ers to supra-Eddington-luminosities and outwards 
acceleration. Below, we shall show another similar­
ity bet ween supergiants and geysers. 

Average secular mus loss rates and 
recovery times 

With respect to the mass loss rate during a shell 
ejection, the average secular mass loss rates should 
of course be smaller by some orders of magnitude. 
As shown previously by numeri cal models (cf. Mae­
der, 1989),the star experiences, af ter a shell ejec­
tion, a rapid shrinkage of the stellar radius (at the 
dynamical timescale). The star undergoes a blue­
wards shift in the HR diagram. The amplitude of 
the shift depends on the amount of mass loss dur­
ing the ejection, and also whether dust is sufficient 
to obscure the star or not (cf. Davidson, 1987). As 
an example, for an initial 60 M0 star in the yellow 
supergiant stage, with an actual mass of 46 M0 , the 
ejection of a shell with 1 M0 leads to a shift from 
log Tdf = 3.82 to log Tdf = 4.10 (see Fig. 1). 
As shown by numerical simulations of shell ejec­
tions, the supergiant af ter the blue shift moves again 
slowly to the red, due to its internal secular evo­
lution, which makes the stellar radius increase until 
a new shell episode occurs again. We may call re­
covery time trccOY the time af ter an ejection for the 
star to recover the Tdf which it had just prior to 
the ejection. Thus, a �~�m�p�l�e� estimate of the aver­
age mass loss rate over one such full cycle is 



<hl> = t::.M 
trecov 

Estimates of the recovery time were made for var­
ious amounts t::.M of mass ejected. For the above 
numerical example of yellow supergiant, one has 

t::.M = 0.3M0 
1 M0 
3M0 

trecov = 125yr 
350yr 
746yr 

Thus, the average mass loss rate is of the order of 
(1-4) .10-3 M0 yr-1 with the supposition that the 
steady rate of mass loss is much smaller (cf. Lamers, 
1989). 
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Figure 3: fllu .. tration of the inward .. migration of 
the Eddington-peak during the .. ecular evolution of 
an initial 60 M0 in the yellow .. upergiant .. tage, ( .. ee 
text). 

Fig. 3 illustrates the inwards migration of the Ed­
dington- peak in a model of a yellow supergiant 
evolving in about 280 years from log T.ff = 3.998 
to log Teff = 3.771. We well notice the impressive 
growth of the Eddington-peak and its inwards mo­
tion during the secular evolution. 

A few properties of the light variations associ­
ated to shell ejection have been identified (cf. Mae­
der, 1989): 

1. The tot al L remains nearly constant and the 
Band V magnitudes change due to the alter­
nation of the bolometric correction during the 
bluewards and redwards excursions. 

2. The amplitudes of the change in Teff, and the­
refore in B and V magnitudes, increase with 
the t::.M ejected. 
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3. The hl -rate during the outburst determines 
the rate of the initial magnitude variation up 
to the blue end of the excursion in the HR 
diagram. 

4. The recovery time af ter an ejection depends 
on the amount t::.M of mass ejected. The av­
erage rate of mass loss < hl > = t::.M/trecov 

does not vary very much with the amount of 
mass ejected. 

5. The shape of the light curve in B or V mag­
nitude also depends on the Teff at the time of 
ejection (due to the bolometric correction). 

Interestingly enough, the above models for extreme 
supergiants share, in addition to the inwards mo­
tion of their respective blasting fronts, still another 
property with terrestrial geysers. As mentioned un­
der point 4 above, longer time intervals between two 
consecutive ejections are also a common feature to 
both, the above supergiant model and to the terres­
trial geysers. 

The results listed above are based on our nu­
merical models of supergiant envelopes and analyti­
cal considerations. It is obvious that a complete nu­
merical study of the ejection phases is very needed . 
Such work is presently undertaken in Geneva thanks 
to the inclusion by Meynet (1990) of the dynamical 
acceleration term consistently both in the equations 
of momentum and energy conservation. These de­
velopments are necessary to consider a number of 
problems in the pre-supernovae stages as well as for 
the study of several types of instabilities. 
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