R Coronae borealis S
Double White Dwart

Geoffrey C. Clayton






LTHE ASTROFHYSICAL JOUKNAL, &&9 . L1 6—&80, L7070 URCLODCT
i 1978, The American Astronomical Society. All rights reserved. Printed in US.A.

TYPE I SUPERNOVAE, R CORONAE BOREALIS STARS, AND THE CRAI

J. CRAIG WHEELER
Department of Astronomy, University of Texas at Austin
Received 1977 December 15; accepted 1978 April 6

ABSTRACT

Present observations and theory point to Type I supernovae (SN I) as being old disk
helium-rich red supergiants at the time of outburst. There is a class of stars which
to these specifications, the hydrogen-deficient carbon (Hd C) stars, the best known
which are the R Coronae Borealis variables; hence these stars may be SN I progenit
present rather large uncertainties the rate of production of Hd C stars is consiste
rate of Type I supernovae in the Galaxy. Paczynski's suggestion that R Coronae B
are mixed, completely hydrogen-depleted stars of 1-2 M may call for extended ma
lifetimes, which in turn would explain how stars with M > M_,, the Chandrasekhs
only now evolving to explosive end points in elliptical galaxies.

The Crab Nebula, being helium-rich, metal-poor, and apparently of only moderate
also be related to this class of event.

Subject headings: nebulae: Crab Nebula — stars: R Coronae Borealis —
stars: stellar statistics —— stars: supernovae

I. INTRODUCTION et al. (1973) argued that for the

Type | supernovae (SN I) have long been known to
pose a conundrum: they occur in elliptical galaxies
implying ages of at least ~ 10* yr. According to the
standard theory of single star evolution, stars cur-
rently evolving in such galaxies should have M £ 1 M,
and hence die a quiet death. This paper suggests that
a class of stars. the hvdrogen-deficient carbon (Hd C)

continuum is sufficiently well fit
that a radius can be deduced
temperature and flux. Somewhat |
the photospheric radius was ~
Type II (SN II) (Kirshner er al.
Kwan 1974, 1975). Kirshner, Arp
determined that the photospheric
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ABSTRACT

Close double white dwarfs should arise from the second phase of mass exchange in close b
first encountered mass exchange while the more massive star was crossing the Hertzsprung ga;
transfer in these double degenerate systems is explored. The sequence of double white dwarfs div
into three segments. (1) Low-mass helium/helium pairs are unstable to dynamical time-scale
and probably coalesce to form helium-burning sdO stars. (2) In helium/carbon-oxygen pairs,
occurs on the time scale for gravitational radiation losses (~ 10 * M, yr '); the accreted heli
ignited, and the accretor expands to dimensions characteristic of R CrB stars, engulfing its co
(3) Carbon-oxygen/carbon-oxygen pairs are again unstable to dynamical time-scale mass trans
their total masses exceed the Chandrasekhar limit, are destined to become supernovae. Inactn
these latter systems between creation and interaction can exceed 10'? years. Birthrates of R (
Type I supernovae by evolution of double white dwarfs are in reasonable agreement with
estimates.
Subject headings; stars: R Coronac Borealis — stars: supernovae — stars: white dwarfs

I. INTRODUCTION and the accretion rate (Taam 1980; V
Taam 1980; Fujimoto and Taam 198

see Wheeler 1982 for a review). These 1
varvine deorees of suceess i nrodneine

Type I supernovae (SN 1) differ strikingly from those of
Type 11 (SN II) not only in the regularity of their outburst
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R CrB discovered to be variable in 1795

e About 55 RCB stars known in MW, 25 in Magellanic
* F or G-Type Supergiants (M, = -3 to -5)

98% He, 1% C, 0% H

Pulsating variables - Mass ~ 0.8-0.9 M,

Large declines (~8 mag) caused by carbon dust

None are known to be binaries

Rare Examples of Stellar Evolution:

Final Helium Shell Flash or Double Degenerate Merg
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rB > 200 yr old
RCB stars known in MW. (Increasing by ~
ulation in LMC => ~3000 RCB stars in M
stars lifetime << 100 yr -1

wrate of RCB stars from WD merger ~2 st



Final Helium Shell Flash vs White Dwart

« Abundances (He/C, 13C, 18
. Mass

Lifetime












 About 35 RCB stars known
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Rare Examples of Stellar Evolution

_aboratory for Study of Formation and Evoluti

R CrB discovered to be variable in 1795

- or G-Type Supergiants

Hydrogen deficient; Carbon rich

Pulsating variables
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w of the Spectra of R Corone and R Scuti, and
ra of B Aurige and B Andromede. By the
spin, B.A.

'he observations of this star show a curious
rum. Throughont the obeservations the star
n each night with different spectroscopes, and,
feeble dispersion, the examination was con-
hest dispersion the star would bear was reached.

12 My, Espin, Variations

The spectroscope was very carefully
in &« Corone, | oive the resnlts of

1890, March 26.—Very clear;
meg. Colour, }'9]]1)\\,":9':1 white, N
times irregularities, either dark or k

1890, April 10.—Continuons spu
lines, one bright one strongly suspe:
believed more refrangible.

1890, September S.—A most v
place in this star's spectrora.  Two
appeared, one in the blnish-green,
These bands are sharply defined o
Bringing the spectrum to a line, 1
away in the violet—these may be |
The star is now pale yellow. The

18go, September 14.—The spet
IV. type, since the bands fade aw
side, but are sharply defined on the
in the bluish-green was thought to
fine lines ; between the two bands
The star is of the same magnitade a

1890, October 8.—Heavy mist, €
telescopic work. The star is only
have faded.

1890, October 10.—The star has
continnoas first type spectrnm obse
band in the bluish-green has disap
violet is probably there still, bat fain
mentioned again suspected. The
and the magnitade about the same.

B Scuty: 18go, August 21. Il
Bands 1, 2, 3, of Dunér's nomencla
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