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Investigation of evolution of a degenerate component 
(helium or carbon-oxygen dwarf) in a close binary system 
is rather important. Such dwarfs may be candidates for 
nova or supernova stars. The first possibility has been 
studied by several authors (see review paper by Starrfield 
et al., 1976) and it has been shown that explosive 
hydrogen burning with enriched CNO abundance in the 
degenerate envelope of a massive carbon-oxygen dwarf may 
explain nova phenomena. 

It is quite possible that during the flash the 
accreted envelope is not lost completely and in the course 
of accretion the core mass is increasing. The evolution 
of the central values of density and temperature is now 
the function of the mass accretion rate. Thus, formation 
of massive helium or carbon-oxygen dwarfs is possible in 
a close binary system. Special interest of this scenario 
is connected with explanation of supernova explosions in 
elliptical galaxies (Whelan and Iben, 1973; Gursky, 1976; 
Ergma and Tutukov, 1976; Ergma, 1976; Nomoto and Sugimoto, 
1977; Ergma et al., 1978). 

A. Evolution of a Carbon-Oxygen Dwarf. 

Ergma and Tutukov (1976) proposed a simple method 
for investigation of the evolution of central values of 
the density and the temperature of a C-0 dwarf. The mass 
accretion rate was taken equal to the mass rate through 
the hydrogen and helium shell sources £stationary shell 
sources). It was shown that if ffl <10"*7 M^/yr carbon 
begins to burn when the central value of density is about 
10 * g/cm* . According to hydrodynamic calculations 
(Chechetkin et al., 1978) for this case a neutron star 
forms after a supernova explosion. 

Miyaji (1977) pointed out that for small accretion 
rates the evolution of central values of temperature and 
density takes place in the region where physical condi
tions change. If mass accretion rate is less than 10*" 
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Mo/yr, central values of T and ̂  may be in the region 
where T < 0 and r < r , where 0 is the Debye 
temperature, T iB tffe Coulomb interaction energy over 
kT, and r e 120. For this case matter is a quantum 
liquid. Besides the change of thermodynamical properties 
of matter, an important question arises connected with 
the value of the energy production rate. With decrease of 
temperature the energy generation rate in the C,8, + C '* 
reaction drastically decreases (twl50"10 ). Following 
Salpeter and Van Horn (1969) the strong screening factor 

The energy generation rate £. was taken after Fowler 
et al. (1975). 

8 - E c e * p U i a . ( < 0 ) erg/g/sec ^ 

The pycnonuclear reaction rate was taken as (Hansen and 
Wheeler, 1969) 

€ « 2.S-? • 10** XVt
 e ,cp(-Z««\*X <5) 

where . -* <f/» 

X - i.su-io «^p 

In Fig. 1 the values of £. estimated by equations 

less than dWt (equation (5)). In their calculations 
Ergma and Tutukov (1976) used the strong screening factor 
by Salpeter and Van Horn (1969). According_to their 
estimates for small accretion rates M £ 10""* M ̂ /yr due 
to small energy production rate the central value of the 
density exceeds the density of oxygen neutronization 
(lgp = 10.24). Duncan et al. (1975) used the pycnonuclear 
reaction rate for £, and concluded that in the course of 
accretion carbon burning in the pycnonuclear regime leads 
to explosive carbon burning. Regretfully our knowledge 
about the thermonuclear reaction rate and screening factor 
in the region of quantum liquid is rather poor. Due to 
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this fact it is quite uncertain to say about neutroniza-
tion of oxygen before carbon burning begins. On the other 
hand, for high values of central density (lg Q ^10.0) 
the uncertain convective transfer mechanism which heats 
nearby layers, and may be of great importance for resolv
ing the problem of explosive carbon burning (Nomoto et 
al., 1976; Kudryashov et al., 1979), may be replaced by 
a more physical neutrino ignition mechanism (see 
Chechetkin et al., 1978). Besides, as it was shown by 
some authors, if lg © %> 9.95 it is possible to form a 
neutron star after er supernova explosion. 

B. Evolution of a Helium Dwarf. 

The first rather approximate calculation of the 
evolution of an accreting helium dwarf was made by Ergma 
(1976). Nomoto and Sugimoto (1977) and Ergma et al. (1978) 
performed a full scale hydrostatic calculation of an 
accreting helium dwarf with the initial mass M » 0.4 M^. 
The results of calculations are presented in Table 1. 

Table 1. Physical quantities at the helium ignition 
(£,^=.£o + £&w ) M - mass of the helium 
core, M - accretion rate; the other quantities 
correspond to the ignition point. 
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(1978) 
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(1978) 

Nomoto and 
Sugimoto (1977) 
Nomoto and 
Sugimoto(1977) 
Nomoto and 
SuKimoto (1977) 

* —8 
According to our results (M = 1.6*10 M©/yr) helium 
begins to burn in the outer shell. It is possible then 
that in the flash the outer layers would be mixed with 
layers of enhanced chemical composition (Ergma et al., 
1979). In the case of slow accretion (M=1.6»10""3 M^/yr) 
the subsequent helium burning in the core may lead to a 
supernova explosion (Mazurek, 1973; Nomoto and Sugimoto, 
1977). 

Thus, evolution of an accreting helium or carbon-
oxygen dwarf in a close binary system may lead to 
formation of a massive dwarf. In such a dwarf burning of 
helium (or carbon) may lead to quite another scenario of 
explosion than that of single stars. 
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Fig. 1 - Values of lg £ for various lg T and lg p. 

P.N. denote pycnonuclear rates for the indicated lg p from eq. (5); 
the dashed and solid curves are the strong screening rates from eq. 
(4); m # denotes the crystallization curve for C^2. 
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