THE EXTENDED DUST EMISSION AROUND GK PER
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GK Per, a classical nova system that erupted in 1901, is one of the
more unusual examples of its type. It has the longest known orbital period
for a classical nova (1.997d; Crampton, Cowley & Fisher 1986); and it
contains a white dwarf primary with an evolved K2 sub-giant secondary.
Most remarkably, the IRAS Sky Survey (1991) reveals that GK Per exhibits
far-IR dust emission extending ~ 17’ to the NW and SE of the nova (Bode
et al. 1987; Seaquist et al. 1989). We have re-analysed the IRAS data using
maximum entropy reconstruction (Bontekoe et al. 1991; Bontekoe, Koper
& Kester 1994) to resolve structures at a spatial resolution approaching the
diffraction limit of IRAS, which is 1’ at 60 gm and 1.7’ at 100 pm.

The analysis of the resulting HIRAS images of GK Per has led us to
reconsider the origin of the extended envelope around the binary. For a full
discussion see Dougherty et al. (1996). Our conclusions can be summarised
as follows:

1. The extended dust emitting region observed by IRAS has a strongly
symmetric distribution about the binary. This rules out an interstellar
origin. The region is at an approximately uniform temperature of 22 K,
which implies the observed discrete emission features are due to density
enhancements. The dust mass in the envelope is 0.02...0.04 Mg, com-
pared to a gas mass of 1.0...1.2 Mg, implying a dust-to-gas ratio of
0.02...0.04. The estimated age of the envelope is 1.110° or 1.1 10° yr,
dependent on the adopted expansion velocity.
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2. The age of the binary compared to the age of the envelope requires
that the material in the extended emission region originated from the
evolved secondary via Roche lobe overflow to the white dwarf primary,
and subsequent ejection by the white dwarf. The initial mass transfer
rate was sufficiently high to convert the white dwarf into a ‘born-again’
AGB star. Thus, the ejection will have taken place in a common enve-
lope phase. The present luminosity and spectral type of the secondary
indicate a main sequence mass of 1.3...1.5Mg.

3. We argue that the discrete emission regions result from multi-epoch
mass ejection on a time-scale of 4 or 40 10* yr. We suggest that they
may be the result of thermal pulses of the born-again AGB primary
star.

4. The present mass transfer rate and the time that has elapsed since the
high mass transfer rate stopped imply that the classical nova outburst
in 1901 was the first such event.

5. The shape of the extended emission region strongly suggests a bipo-
lar outflow. CO observations of Scott, Rawlings & Evans (1994) and
the warped appearance of the IR emitting region in the HIRAS im-
ages support such a model. However, such a geometry is difficult to
understand in the context of common envelope evolution.

The HIRAS images have provided new insight into the evolution of the
GK Per binary system. To verify the model outlined above, accurate de-
termination of the expansion velocity of the extended region and improved
binary parameters are required. In addition, the detailed three-dimensional
geometry of the extended emission region needs to be clarified, which we
aim to achieve via mapping of the CO and H1 line emission. The small-
scale structure of the emission region will be a target for the Infrared Space
Observatory (ISO).
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