A Novel Kind of Nova

A singular sort of nova, an explosion by a solo star,
is proposed as an explanation for Nova Cygni 1975

When Nova Cygni 1975 first exploded
on Aug. 29, 1975. it looked so un-nova-
like to observers at the Hamburg Observ-
atory that they suggested it might be a
supernova. It was certainly unusual.
Reaching a maximum brightness of 1.79
magnitude, brighter than all but about 30
stars in the sky, it was the brightest nova
in three decades, and it appeared to show
the greatest increase in brightness of any
nova observed. Yet as more and more
observation reports came in during the
days after Aug. 29. the supernova sug-
gestion was rejected. It looked like a
nova. Still, there was something a little
strange.

By the time the American Astronomical
Society met in Chicago in December
1975. Nova Cygni’s rise and fall had been
well observed and a lot of data were in.
Speaking at the meeting. J. S. Gallaher
of the University of Minnesota suggested
that in view of the data recorded, Nova
Cygni was in fact an unusual kind of nova
with certain resemblances to a supernova,
a nova outburst taking place in a single
star. Now, in the Aug. 15 ASTROPHYSICAL
JourNAL LETTERS he and five other as-
tronomers (S. G. Starrfield of Arizona
State University., J. W. Truran of the
University of Illinois at Urbana-Cham-
paign, W. M. Sparks of the Goddard
Space Flight Center in Greenbelt, Md.,
P. Strittmatter of the University of Ari-
zona and H. M. Van Horn of the Univer-
sity of Rochester) present a recension of
the evidence on Nova Cygni to show that
it does fit the model of a new class of
single-star novas.

This goes contrary to previous opinion
on the subject of novas. In 1955, the late
Otto Struve proposed. and since then as-
tronomers have generally believed, that all
novas occur in close binary systems. One
member of such a binary is a white dwarf
star. The white dwarf’s gravity draws
matter, mostly hydrogen. from its com-
panion star. The result is that the white
dwarf develops an envelope rich in hy-
drogen, a prime fuel for thermonuclear
reactions, and that richness eventually re-
sults in a runaway reaction, a therm-
onuclear explosion of the white dwarf’s
outer layers.

The trigger of a supernova lies within
the star. An elderly star—it doesn’t have
to be in a binary system—runs out of
thermonuclear fuel. The heat produced by
the thermonuclear reactions no longer
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Nova Cygni’s brightness declined considerably in one week after its explosion.

supports the bulk of the star. The star
collapses under its own gravitation. The
collapse generates energy that eventually
triggers an explosion of the star.

To compare, a nova involves the outer
layers of the star and leaves a more or
less intact core. A supernova involves
most of the star’s mass. It leaves behind
a dead core (a neutron star or black hole)
and scatters a nebulous remnant through
the surrounding space, a remnant that can
continue to glow for a millenium or more.

Earlier this year, Starrfield, Sparks and
Truran reported at a symposium of the
International Astronomical Union that
they had calculated a model for the oc-
currence of a nova on the basis of the
astrophysics of white dwarfs. It gives
some details about the sort of white dwarf
that can have a nova explosion. White
dwarfs draw their main energy from a
rather advanced nuclear burning cycle, the
carbon-nitrogen-oxygen cycle. Because of
the nature of the CNO cycle, the material
of the white dwarf’s outer layers must
have something like five times as much
carbon, nitrogen and oxygen as the sun
(which is a rather typical star) to give a
characteristic nova outburst. The lumi-
nosity of the white dwarf before the out-
burst must be low, between a thousandth
and a hundredth that of the sun. After the
outburst, the star can become a relatively
stable star of large radius (about a million
kilometers or more) and high temperature.
30,000°K. (The steady high temperature
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can be reconciled with the observed rapid
decline in visual brightness, because the
energy gradually shifts to shorter and less
visible wavelengths as the radiation from
the remnant core of the star comes to
dominate that from the shell.) These fea-
tures have been seen in a number of ob-
served novas.

How do the observed facts of Nova
Cygni 1975 compare with these models?
Nova Cygni lies directly in the galactic
plane (galactic longitude 90°. galactic lat-
itude —0.1°), and for that location, the
reddening of its light by interstellar dust
indicated a distance of about one kilopar-
sec or more. Taking 1.5 kiloparsecs for
the sake of argument. Starrfield and col-
laborators estimate Nova Cygni's maxi-
mum absolute visual magnitude at —9.5.
This is bright for a nova, but not unique;
the nova CP Puppis in 1942 may have
gone as high as —10.5 magnitude. The
graph of Nova Cygni’s increase and de-
cline in brightness looks like that of Type
[ supernova, but it ran its course about
five times as fast as a Type | supernova.
The greater speed indicated that less mat-
ter was ejected than a supernova would
have ejected. and in fact. infrared obser-
vations of Nova Cygni indicate that the
matter ejected amounted to about a ten-
thousandth the mass of the sun. The range
of velocities with which the ejected matter
flew away, between 1,300 and 2,500 kil-
ometers per second, is also characteristic
of a fast nova.

251

§
é
t
}

www_jstor.org



Mama" Thermawear, Inc.

FROZEN
STIFF?

It’s 10° outside . . . Even getting colder. So you bundle up in lay-
ers and layers of heavy clothes. First with long underwear . . . then
bulky, restrictive thermalwear on top.

Oh, you were warm, all right. Like in a
Turkish bath. Because you began to perspire
from all your activity. And perspiring in that
mountain of clothes is like perspiring in a
plastic bag! The perspiration is locked in.
So there you are. Wet and miserable.

But now, at last, Damart has solved
the problem. Because Damart invented
underwear that keeps you warm, dry
and comfortable no matter how cold it
is or how long you stay out. Under-
wear that’s soft and light so you can
move easily. Underwear that lets the
perspiration evaporate through so you
always stay warm and dry next to
your skin.

Damart does this with a new miracle
fabric—Thermolactyl. It not only re-
tains and reflects your natural body
warmth, it’s knitted to let perspiration out!
No other underwear does this! Damart
Thermolactyl is so comfortable that the
Mount Everest climbing expedition wears
it. So does the Glencoe mountain rescue team
and the entire Chicago Bears Football Club.

Our free color catalog tells the full Damart
Thermolactyl story and displays the whole
Damart line for men and women. Send for your A
FREE copy now! I

THE PROOF IS IN THE WEARING!

TALL
SIZES
NOW
AVAILABLE

WHEN IN THE BOSTON AREA, VISIT OUR
PORTSMOUTH, N.H. STORE. (603) 431-4700

THERE IS NO WARMER UNDERWEAR MADE!
Fill out and send to:

DAMART, INC. Dept. SN 426

1811 Woodbury Ave.

Portsmouth, N.H. 03801

YES! Rush me your FREE DAMART Catalog . . . | want to enjoy the fantastic

warmth of Thermolactyl Underwear, a DAMART® exclusive. (I understand there
is no obligation.)

NAME

ADDRESS

STATE ZIP © 1976, Damart, Inc

!
!

252

As it turns out, Nova Cygni fits the
Starrfield-Sparks-Truran model quite well.
Its rise in luminosity (15 to 18 magni-
tudes) is extreme but within the limits of
the model. Its brightness curve is very
similar to the theoretical one calculated
from their model, and its brightness before
the explosion indicates that it started from
a single white dwarf with a luminosity
between a hundredth and a thousandth of
the sun’s luminosity or even less.

What is unusual about all this is that
the model’s predictions differ in a few
respects from those of observed fast
novas. For one example, the brightness
curve of a typical fast nova exhibits a
sharp spike instead of the rounded maxi-
mum predicted by the model and seen in
Nova Cygni. The discrepancies appear
presumably because the Starrfield-
Sparks-Truran model ignored the effects
of a nova’s supposed binary companion
on the nova’s behavior. This is the kicker:
A model that only approximates the be-
havior of a binary nova fits Nova Cygni
very closely, and so Starrfield, Truran,
Gallagher, Sparks, Strittmatter, and Van
Horn conclude that Nova Cygni is what
the model represents: a nova occurring in
a star without a binary companion, a phe-
nomenon astrophysicists had not believed
could exist.

But can it exist? The main reason for
supposing that novas happen in binary
systems is to provide a source for the
accretion of matter that causes the fuel
imbalance that triggers the explosion.
Supernovas happen without outside inter-
vention, but a nova needs help. The only
source of such help for a free-standing
white dwarf is the clouds in interstellar
space.

Can a white dwarf accrete enough mat-
ter from interstellar space to trigger a nova
explosion during the time it takes to cool
to a thousandth of the sun’s luminosity?
Truran, Starrfield, Sparks and S. Wyatt
argue in a yet unpublished paper that there
is a one-in-a-hundred chance that a white
dwarf can accrete a ten-thousandth of the
sun’s mass in this way during a few billion
years. This is the kind of time it would
take a pure carbon white dwarf with a total
mass equal to the sun’'s to cool to a lu-
minosity equal to a thousandth of the
sun’s, which is the theoretical starting
point for the nova. Furthermore it has
been shown that such a star would have
convective processes that would mix the
hydrogen accreting from interstellar space
with the star’s own matter to produce the
enhancement of carbon, nitrogen and
oxygen necessary to make the explosion.

So Strittmatter and co-authors con-
clude. **It appears, therefore, that all the
conditions necessary for a nova eruption
can, with reasonable probability, be rea-
lized on an isolated white dwarf and that
the association of nova-like events with
close binary systems may not be unique.’’
So it seems astrophysics has a new class
of nova to consider. O
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