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NOVA MODELS AND THEIR PROBLEMS 

H.-C. Thomas 

Max-Planck-Institut fur Physik und Astrophysik, 

Fohringer Ring 6, 8000 Miinchen 40, FRG. 

Introduction: 

Very detailed spectroscopic and photometric observations of Novae are 

available today. Unfortunately they do not directly tell us what sud­

denly makes a star a million times brighter, sometimes even transform­

ing the familiar constellations on the sky. Twenty-five years after 

its publication, Mestel's (1952) metaphor of a gigantic hydrogen bomb 

seems to be most widely accepted, although he at that time applied 

his model to a Supernova outburst. Later Giannone and Weigert (1967) 

as well as Rose (1968), Saslaw (1968) and others have computed hydro­

static models of such an event, using Kraft's (1963) binary model of 

a late type main sequence star and a white dwarf. Detailed hydrody-

namic computations were carried out by Starrfield and his collabora­

tors (for references see Sparks, Starrfield, and Truran, 1977) and 

recently by Prialnik, Shara, and Shaviv ( A S A 62_, 339, 1978). 

In this lecture I will try to answer two questions: first, what 

refinements have been added to Mestel's original idea and second, how 

far can we trust the details of todays models? It will not be a review 

on Nova theory, since more competent astronomers than myself are pre­

paring such an article for Annual Reviews of Astronomy and Astrophy­

sics. Therefore I shall feel free to pick out several points of inter­

est rather than seek completeness. 

Nova models .•. 

Degenerate equilibrium configurations have played a dominant role in 

Nova models since Milne's (1931) idea that the Nova outburst is caused 

by the collapse of a normal star into the white dwarf stage. From the 

observed minimum in the light curve of Nova Herculis 1934 around May 
9 

1st, 1935 Grotrian (1937) deduced a radius of 1.7-10 cm for the cen­

tral object, which certainly is characteristic of a white dwarf. How­

ever, this argument is fallacious, because if dust has obscured the 

source, the deduced bolometric luminosity and therefore also the ra-

https://doi.org/10.1017/S0252921100069475 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069475


302 

dius computed from it will be much too low. Hoyle (1947) has put for­

ward the first non-spherical Nova model: rotational instability is 

the mechanism for mass ejection during the collapse toward the white 

dwarf stage. But then Mestel (1952) showed that there is an alterna­

tive to the collapse as an energy source, namely unstable nuclear 

burning in a shell of accreted hydrogen on top of a white dwarf. Since 

this instability is fundamental for today's Nova models, let me re­

mind you of an analytical model for a thermal instability (Kippenhahn, 

Thomas, and Weigert, 1966; Thomas, 1967). There a quantity A is de­

fined as 

6V 

i -? ( -
ad I 

(1) 3 
3 r s 
4 3 3 

s c 

The underlying stellar model consists of a degenerate core of fixed 

radius r , a shell with nuclear energy generation on top of it extend­

ing to radius r , and an envelope. Then A > 0 is a necessary condi­

tion for a thermal instability to develop in the shell source. For the 

case of a thin shell r -r <<r and one obtains s c s 

i^f^iav Cs ~rc (2) 
A ve 3 a d r 3 s 

which is always positive. This is the well-known shell-source insta­

bility (Schwarzschild and HSrm, 1965; Weigert, 1966). For a thick 

shell (r << r ) or central burning (r = 0) A is positive if the 

electron gas is degenerate (6 << 1): 

c T V 
± « — (1 - « — ^ - ) . (3) 
A ve a-3/4 

Complications due to energy transport out of the shell have been neg­

lected in this simplified treatment, but it is possible to include 

this in the manner of Kippenhahn et al. (1966). The instability comes 

about because the stellar matter cannot respond to an additional 

energy input with sufficent expansion, but rather has to heat up, 

thereby increasing the nuclear energy generation. 

Mestel (1952) came to the conclusion that in a rather hot, lumi­

nous white dwarf the accreted hydrogen will be burned immediately, 

the star being able to radiate all the additional energy into space, 

while for a cool white dwarf (below » 1 0 K) hydrogen will not burn 

but will instead cool down. Only if the temperature is slightly above 
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M < - ^ — < 9-10 M , (4) 
env — _ _, — © 

a result which also fits the numbers for two ordinary Novae obtained 

by Gallagher and Holm (1974). In recurrent Novae and probably also 

in ordinary Novae only part of this envelope will be blown into space 

during an outburst, because recurrent Novae would have to accrete 

mass at a rate of 10 solar masses per year to replenish the enve­

lope, while currently estimated transfer rates are of the order of 

10 solar masses per year or less. 

Another question raised already by Mestel (1952) is, whether or 

not matter can escape from the rather deep potential well of the 

white dwarf. For his envelope mass of 0.1 solar masses and an energy 
17 —1 — 1 8 

generation rate of 5*10 erg g sec at 2-10 K Mestel (1952) 

estimated expansion velocities of the order of 10 cm sec as com-
8 -1 

pared to the escape velocity of 5-10 cm sec for a one solar mass 

white dwarf. However this estimate was based on an extrapolation of 

the energy generation rate, which is unjustified, since the B -decay 

of the CNO isotopes limits the energy generation rate to approximately 
14 -1 -1 2-10 erg g sec (Fowler, 1966). So instead one can ask what rate 

of energy generation is required to reach escape velocity (see Starr-

field, Sparks, and Truran, 1974). During peak energy generation the 

burning region will expand nearly isothermally and the energy radiat­

ed will be negligible. Energy balance therefore requires 

£HMH " "CPTVad I Mej ' (5) 

where e„ is the energy generation rate due to hydrogen burning, M„ 

the amount of material in the burning region and M . the amount of 

material brought to escape velocity. Neglecting the kinetic energy 

one can use the equation for hydrostatic equilibrium to obtain the 

speed of expansion: 

P = - ^ p R (6) 
IT 

or inserting the escape velocity for R: 

Inserting equation (7) into equation (5) together with the equation 

of state 
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red giant, as has been argued by Ritter (1976), then the belt will 

most likely have penetrated the carbon-oxygen core and nuclear reac-
1 ? 1 fi 

tions will start in an environment consisting mainly of C and 0 

with a small admixture of hydrogen and helium. Another consequence 

of the belt is that part of the kinetic energy of rotation is brought 

into the interior of the white dwarf and released there instead of 

possibly being radiated away at the surface in some unobservable 

wavelength band. For an accretion rate of 10 M /year this amounts 

to several tenths of a solar luminosity which will prevent the white 

dwarf from cooling down below this value. Since this luminosity is 

produced in a toroidal volume, circulations will be started which 

distribute the energy over the whole sphere (assuming for the moment 

that the belt does not disturb the equipotential surfaces of the 

original white dwarf to a large degree). However the resulting cir­

culation velocities are so small, that mixing is insignificant. The 

same argument holds for the nuclear burning so that as long as hy­

drostatic equilibrium can be maintained and mixing stays insignifi­

cant, the instability will not differ much from the spherical case. 

Depending on the depth of penetration into the carbon-oxygen core it 

might however produce much larger enrichments of carbon, nitrogen, 

and oxygen in the Nova shell than in the spherical case. In conclu­

sion of this section one might say that non-spherical models give 

some new answers but also introduce a lot more uncertainty into the 

theory of Nova outbursts. This is especially valid if one wants to 

consider the recurrancy of a Nova outburst for the structure of pre-

outburst models. So one looks for answers from the observations. 

What observations should tell: 

In view of the problems with Nova models one would like to learn as 

much as possible from observations about masses, mass transfer rates, 

recurrance times, ejected masses, bolometric luminosities, radii, 

velocities of rotation, secular changes of orbital period and more 

such basic parameters of the systems. However, what we can get is 

mainly information about spectra which gives many details of the 

structure of the ejected shell but can hardly be traced back to the 

white dwarf structure before the outburst. How little is known can be 

seen from the reviews by Warner (1975) and Robinson (1977), so it may 

still take some time before Nova theories rest on solid ground. In 

some cases the magnetic field might be strong enough to modify accre-
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tion onto the white dwarf (Angel and Landstreet, 1971), a point which 

almost certainly is important for transient X-ray sources or X-ray 

Novae as they are sometimes called. Whether single stars may undergo 

a Nova outburst (Starrfield et al., 1976; Truran et al., 1977) is 'an 

interesting question, but Nova Cygni 1975 does not seem to provide a 

good example to proof this (Ferland, 1977). 

I have carefully avoided to discuss models for dwarf Novae be­

cause without more detailed understanding of the problems of non-

spherical accretion I feel unable to decide between a nuclear origin 

of the outburst and one which is caused by variations in the mass 

transfer rate as proposed by Bath (1975). In this connection the re­

current Nova T Coronae Borealis might be a case for Bath's suggested 

instability (see Plavec, 1973; Harmanec, 1974; Webbink, 1976) and I 

wonder whether this is the only Nova which cannot be pressed into 

the scheme of the common Nova models as discussed in this article. 
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D I S C U S S I O N of p a p e r by H.C. THOMAS: 

SHAVIV: 1. I object to the argument based on rates of energy pro­
duction. The energy can be supplied on one time scale and 
ejected on another. 

2. I do not understand how you apply the Richardson criteria to 
a turbulent disk. Moreover, the disk does not have a form 
confined to the equator of the white dwarf. The disk will be 
unstable, blows-up and engulfs the white dwarf. 

3. The high temperatures you obtain are very promising because 
they affect the time for the nuclear runaway and hence make it 
possible to get runaway on such a wide range of M c o r e # 

H.C. THOMAS: 1. I agree. For an outburst model it is the rate which 
is important, which is what I am talking about. This does not 
apply to something like continuous ejection. 

2. The Richardson criterion is applied to the interior of the 
white dwarf, not to the disk. Standard disk models give a 
thickness smaller than white dwarf radii and our white dwarf 
models do not produce an instability in the disk. 

3. This seems likely, although one has to carry computations 
through the instability, to verify it. 

KIPPENHAHN: I think there is observational evidence that in novae 
and in dwarf novae systems the white dwarfs are not completely 
imbedded in a blown-up disk. 

R.N. THOMAS: The instability in the belt will blow-up the disk; what 
happens later is still an open question, but the disk may engulf 
the star. Secondly, in old novae the disk is not seen. What 
you. do see sometimes is a spot. Hence nothing will prevent the 
turbulent disk from surrounding the white dwarf. 

SMAK: What is the source of energy to account for the 1L_ luminosi­
ty of the 1M0 white dwarf after it has accreted 10~-> §_? 
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H.C. THOMAS: The luminosity of the original white dwarf is a free 
parameter,-we choose a ILQ white dwarf from a computed cooling 
sequence, so the source is thermal energy. More accurately, 
the luminosity will be 10% higher, which is a contribution from 
the marginal layer, the source in this case being rotational 
energy of the accreted material. 

DE LOORE: Is there really no danger that the outer layers of the 
accreting white dwarf swell up during accretion? Possibly the 
accretion could then be stopped for some time, and afterwards 
start again? Another point: can the infailing matter not 
produce shock waves accompanied bv extra heating effects? 

H.C. THOMAS: 1. After accretion of 10 MQ the marginal layer still 
rotates slowly, so the equipotential surfaces (or some generali­
zation of these) practically are spheres and the star remains 
at the white dwarf radius. 

2. This will happen at the surface and result in some additional 
radiation, but has no consequences for the interior solution of 
the marginal layer, because the angular momentum is still there. 
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