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ABSTRACT

In a closebinary system with a primary star in the mass
ran?e 8-12 Mg, the }Erimary star leaves awhite dwarf composed
of ‘%o, 2"Ne, and 2 Mg as a result of mass exchange. When
the companion star fills its Roche lobe, overflowing matter
accretes onto the white dwarf. We have computed the evolu-
tion of such an accretingO-Ne-Mcé; white dwarf and found that
electron captures on 2"Mg and “Ne trigger the collapse when
the mass reaches 1.38 Mg. As a result of the collapse, oxy-
gen begins to deflagrate but the effects of electron captures
dominate over the oxygen deflagration. The white dwarf col-
lapses to form a neutron star.
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1. FORMATION OF O-Ne-Mg WHITE DWARFS IN CLOSE BINARY SYSTEMS

In close binary systems, mass exchange between the component stars
takes place. When a primary star is more massive than 12 Ms, it leaves
a helium star more massive than 3 Mp. It evolves to form an iron core
which collapses due to the photo-dissociation of iron nuclei. Whether
the collapsing star leaves a neutron star or a black hole is still un-
certain despite many investigations.

When the primary star is less massive than 8 Me, it leaves a white
dwarf of helium or carbon plus oxygen. When the companion star evolves
to fill its Roche lobe, overflowing matter accretes onto the white dwarf.
The white dwarf experiences many cycles of hydrogen or helium shell
flashes near its surface. Ultimately, helium detonation or carbon de-
flagration takes place in the central region (Nomoto and Sugimoto 1977;
Nomoto et al. 1976), which disrupts the white dwarf completely. No
remnant star is left.

Between these two types of evolution, there remains a mass range
of 8-12 Mp. Even for a single star, evolution of the star in this range
is still left for detailed investigation except a preliminary report
given by Barkat et al. (1974). By applying their results, we can con-
struct the evolutionary scenarioof such aclose binary systemas follows.

After the first mass exchange, the primary star leaves a helium
star of 2-3 Mg. In this star, a C+O core of mass around 1.2 Mp is
formed. Then the carbon burning takes place in a non-electron-degenerate
condition. This implies that the helium envelope does not expand to a
red giant size during these stages. However, electrons become degene-
rate in the resultant core of carbon burning products, i.e., in O-Ne-Mg
core. Until the O-Ne-Mg core grows up to around 1.2 Mp, copious neu-
trino loss from the carbon burning shell makes its evolution too rapid
to expand the helium envelope appreciably. After that, however, the
growth of the core mass is controlled by the helium shell burning, which
makes the evolution slower. Eventually, the helium zone will expand to
a red giant size and it overflows its Roche lobe as shown by Paczyfiski
(1971) for the helium star of 2 Me having C+0 core. After this mass
exchange, the star will cool down and a O-Ne-Mg white dwarf will be
left.

When the companion star evolves and comes to fill its Roche lobe,
the mass accretes onto the O0O-Ne-Mg white dwarf. Unless all of the ac-
creted material is ejected by a nova-like explosion, the mass of the
white dwarf grows eventually up to the Chandrasekhar limit Mcp.

In the present paper, we have computed the evolution of such an
accreting O-Ne-Mg white dwarf. We have found that electron captures on
2"Mg and 2°Ne trigger the collapse when the mass reaches 1.38 Mg. As
a result of the collapse, oxygen begins to deflagrate but the effects
of electron captures dominate over the oxygen deflagration. The white
dwarf collapses to form a neutron star.
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2. EFFECTS OF ELECTRON CAPTURES AND PHYSICAL DATA

Electron capture reactions in a strongly electron-degenerate con-
dition cause three effects: (a) Decrease in the number of electrons and
resultant decrease in pressure, (b) increase in the mean molecular
weight of electrons le which leads to the decrease in Mcp as ue'z, and
(c) entropy production by secondary gamma-rays emitted from the excited
states of the daughter nuclei and by the distortion in the electron
distribution function.

The effects (a) and (b) trigger the collapse of the white dwarf,
while the effect (c) and the compression of matter lead to ignition of
oxygen. Competition between these effects determines the further evo-
lution of the white dwarf. We have followed all these processes by
numerical computation. .

Rates of electron captures on !°N, !N, 60, 20F, 2%Ne, 2%Na, and
2"Mg and associated neutrino losses were computed mainly with the help
of the gross theory of B-decay (Egawa et al. 1975). For electron cap-
tures on nuclei in nuclear statistical equilibrium (NSE), we used a
table given by Yokoi et al. (1979) which was prepared on the basis of
Mazurek's data (1973). Other physical data and method of computation
are the same as those used by Nomoto and Sugimoto (1977).

3. EVOLUTION AND COLLAPSE OF THE ACCRETING O-Ne-Mg WHITE DWARF

Evolutionary aspects are displayed in Fig. 1-3 against the central
density pc of the white dwarf. In Fig. 1, the change in the central tempe-
rature T is shown and stages where electron captures take place are
indicated. 1In Fig. 2, are shown changes in the time scale of the gra-
vitational contraction/collapse, i.e., Tp =dt/dlnpc, the energy genera-
tion rate Lo+0 by oxygen burning, the rate of energy absorption by
dissociation of nuclei into lighter ones Lygg. and the neutrino lumino-
sity Ly. Changes in the radialdistances r of the Lagrangian shells are
shown in Fig. 3. We found that the accreting white dwarf evolves through
the following phases.

(1) Growth of the mass by accretion: As the mass M approaches
the Chandrasekhar limit, the central density increases. The time scale
is determined by the accretion rate. We applied the accretion rate of
aM/dt = 4 x 10~%M r-1, which corresponds to a core immersed deep in the
red giant envelope. However, this result can be applied also to the case
of much slower accretion onto the white dwarf.

(2) Electron capture on 2"Mg: This reaction takes place when Pg
exceeds the corresponding threshold density at #2 in Fig. 1. The re-
sultant 2*Na also captures an electron after #3. These reactions pro-
duce much heat, mainly by gamma-ray emissions. Temperature rises, and a
convective core appears as shown by the curled region in Fig. 3. It
extends to My = 0.6 Mg and fresh 2"Mg is mixed into the convective core.
Then, Ue increases gradually over the convective core. This results in
appreciable decrease of Mch. Consegquently, Tp becomes shorter and shorter
as seen in Fig. 2.
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(3) Electron capture on 2Ne: This reaction becomes rapid at #4
and the resultant ‘’F captures another electron immediately. At this
time, the value of Mghp has already become almost equal to the white
dwarf mass. Consequently, the contraction is well gquasi-dynamic as
seen in the values Tp in Fig. 2. :

(4) Initiation of Oxygen Deflagration: During the quasi-dynamic
collapse, the temperature in the central region rises,mainly due to the
compression as seen in Fig. 1. When p. reaches 2.5 x 101°g cm~3, the
oxygen burning becomes rapid (#5) and grows into a deflagration (#6).
However, it does not grow into a detonation wave at all, because the
nuclear energy release is only five percent of the internal energy in
the central region of the white dwarf (cf. Nomoto et al. 1976).

(5) Competition between oxygen deflagration and electron captures:
The deflagration front (DF) propagates outward in mass and processes
the core material into the composition of nuclear statistical equili-
brium (NSE) 5#6 - #8). Nuclear energy generation rate at the DF amounts
to Lo+ ® 10 Le at #8. However, almost the same amount of energy is
absorbed in the NSE core as shown by -Insg in Fig. 2, because the nuclei
are dissolved into lighter ones during the collapse. From #6 through
#8, the total energy of the white dwarf decreases by 3 x 10%° erg via
the neutrino emission accompanied with electron captures. Therefore
the white dwarf will continue to collapse (Fig. 3).

(6) Formation of a neutron star: Though we stopped computing at
#8, the collapse will make a bounce around nuclear density because even
an iron core of 1.4 Mg does so (Arnett 1977). Our bounced starwill not
collapse into a black hole any more but remain to be a neutron star,
because even the total mass of the star is as small as 1.38 Mg, smaller
than the limiting mass of the neutron star.
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Fig. 1. Evolutionary changes I P
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