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SHAPING OF NOVA SHELLS -

THE CASE OF NOVA V 1974

CYGNI
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ABSTRACT. Expanding shell of Nova V 1974 Cy-

ognl consists of two major components: an outer fast
low-mass envelope and an mner slow high-mass enve-
lope. The outer envelope, detected 1n diffuse enhanced
spectra and on radio 1images, 1s shaped and accelerated
by the fast wind consisting of spherical and polar com-
ponents. The inner envelope, detected 1n nebular spec-
tra and on the HST 1mages, consists of equatorial ring
and polar blobs. Common envelope phase and strong
magnetic field of the O-Ne-Mg white dwart play an
important role in shaping of the inner envelope. Both
envelopes are prolate.
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Introduction

Exact mechanism which shapes the nova shells 1s unc-
lear. Spectroscopy during the early phases of the out-
burst and high resolution radio and HST 1maging,
which 1s able to resolve the structures 1n the ejecta
as rings, clumps, blobs and bipolar outflows allow to
study the mechanism of ejection and shaping. Com-
ponents of the expanding shell appear to reflect pro-
cesses which take place on the scale of binary system
during the outburst. Livio (1994) discussed the im-
portance of the common envelope phase for shaping ot
nova shells. The mass loss which results from orbital

energy deposition occurs preferentially in the orbital
plane. The coupling of the nova wind and the mag-
netic field could also shape the nova shell (Orio et al.

1992). According to Chevalier and Luo (1994) the mag-

netic field 1n the wind from a magnetized rotating star
become 1ncreasingly toroidal with the distance from
the star. Toroidal magnetic tension can constrain the
flow 1n the equatorial region, while not intertering with
the flow in polar region. Slavin et al. (1996) showed
the connection between the speed class of novae and
shaping. The faster novae with {3 < 17 days produce
inhomogenous approximately circular shells with disc-
rete randomly distributed knots of brighter emission.
The slower novae tend to produce remnants having po-
lar blobs/equatorial ring morphologies. Slower novae
spend a longer time 1n a common envelope, so their

remnants are aflected more by the orbital motion of
the binary than in faster novae.

Shaping of the envelope of Nova V 1974 Cyg

a) wind

Wind was detected spectroscopically i early UV
spectra as double absorptions imn P Cygni profiles of
Mg II lines (Shore et al., 1993). Very broad absor-
ption centered at about 2400 km/s was caused by the
spherical wind, the absorption at about 4000 km/s was
caused by the polar wind. Radial velocities of the com-
ponents of the wind seen 1 UV region correspond to
the radial velocities of the broad double absorptions in
the HI profiles of the Orion spectrum detected 1n the

optical region (Chochol et al., 1993) about 50 days af-
ter the outburst.

b) outer low mass envelope

The optical diffuse enhanced spectra taken a few
days after the maximum light showed double absor-
ptions in P Cygni line profiles of HI, Hel, Ca 11, Fe 11
and Mg 11 lines. Each absorption can be considered to
be produced 1n a different region of the outer envelope
approaching the observer. An increase of blue-shift of
double absorptions with time suggests that the outer
envelope was accelerated by the wind. Radial velo-
cities of double absorptions caused by the wind and
parts of the outer envelope approaching the observer
are depicted 1n Fig. 1. The ratio of radial velocities of
absorptions caused by the spherical and polar compo-
nents of the wind 1s the same as for the components of
the outer envelope (0.596£0.007), so the spherical and
polar components of the outer envelope were shaped by
the spherical and polar winds, respectively. The first
two radio 1mages of the outer envelope were taken by
Eyres et al. (1996) at 6cm by MERLIN on days 154
and 172. The envelope was elliptical, with major to
minor axis ratio 1.37+0.05.

c) Inner massive envelope

Chochol et al. (1993) found in the high resolution
tracings of the Hys line 1n the nebular stage of the nova
(which started 79 days after outburst) a splitting of
the emission line profile into a few components cor-
responding to approaching and receding parts of an
expanding equatorial ring and polar blobs. The same
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Figure 1: Radial velocities of the spherical (A) and
polar (B) wind, the spherical (A) and polar (B) com-
ponent of the low-mass outer envelope.
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Figure 2: Mean radial velocities of ring and blobs of
the 1mnner envelope.
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Figure 3: Ring and blobs (marked by crosses) of the

inner envelope - 1sophotes of the HS'T 1mage.

features can be seen also in [O III] lines as well as C I11]
and N III] lines in UV region (Chochol et al.;, 1996).

Mean radial velocities of the ring and blobs of the inner
envelope are plotted 1n Fig. 2. A decrease of expan-
sion velocities of the ring and blobs after day 318 could
be caused by the deceleration of the envelope due to
the interaction with the preoutburst ejecta. The HST
1mage ol the expanding envelope taken 818 days after
outburst clearly shows presence of the ring and two
polar blobs (Fig. 3). An elliptical shape of the ring is
caused by the projection of the circular ring onto a cel-
lestial sphere. The equatorial ring formed during the
common envelope phase expands 1 the orbital plane.
Ne V] and [O 1I1]
lines lead to the discovery of magnetic fountain, which
originates 1 the polar region. Interaction of the par-
ticles flowing from the blobs in meridional arcs (flux
tubes) with expanding spherical inner envelope is re-
sponsible for the origin of observed bright spots. We
can conclude that the shaping of the inner envelope
1s largely aflected by the magnetic field of the white
dwart.

Superposition of the HST 1mages in

d) true expansion velocities and 3D model
Radial velocities of the components of the 1inner
outer envelopes and their expansion rates 1in the plane
of the sky (found from radio and the HST images) were
used to determine the inclhination of the polar ejecta
with respect to the observer. The resulting value of 1
= 38.°7£2.°1 enabled us to determine the true expan-
sion velocities of the components of the expanding en-
velope. Polar component of the outer envelope expands
two times faster (about 3600 km/s) than the spherical
component. The true velocity of the blobs of the inner
envelope (about 1100 km/s) 1s 1.2 times larger than
the velocity of the ring. Both envelopes are prolate.
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