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PREFACE

Supernovae and their remnants play a vital role in the evolution of a galactic
disk, both by injecting heavy elements and cosmic rays and by energizing the interstel-
lar material through radiative and magneto-hydrodynamic processes. At the same time,
the detailed state of the circumstellar and interstellar medium surrounding a supernova,
sometimes modified by the progenitor star, determines the subsequent evolution of an indi-
vidual remnant nebula throughout its lifetime. This mutual interaction was the theme for
the International Astronomical Union Colloquium 101 held in Penticton, British Columbia
from June 8 to 12, 1987.

One hundred and seventy thousand years ago a B3 supergiant exploded in the
Large Magellanic Cloud. The light from SN1987a reached the Earth a mere three months
before the Colloquium, with considerable effects on astronomy as a whole and on our
meeting in particular. The results are plain to see in the proceedings that follow.

The Colloquium attracted 132 participants from 17 countries. Twelve invited
review papers and 86 contributed papers were presented. All but five are published in
this volume.

We are indebted to the members of the scientific organizing committee

Dr. S. van den Bergh - Canada Dr. V.N. Fedorenko - U.5.5.R.

Dr. R.D. Blandford - U.S.A. Dr. D.J. Helfand - U.S5.A.
Dr. J.L. Caswell - Australia Dr. H. Itoh - Japan

Dr. R.A. Chevalier - U.S.A. Dr. S. D’Odorico - Germany
Dr. B.T. Draine - U.5.A. Dr. L.R. Tuohy - Australia
Dr. R.A. Fesen - U.S.A. Dr. H.W. Yorke - Germany

for their help in planning the programme. We are also grateful for the encouragement
given us by the Presidents of Commissions 33, 34, 40 and 48 of the I.A.U. and by its
Assistant General Secretary, Dr. Derek McNally.

Financial assistance was received from the co-sponsors, the International Astro-
nomical Union, the Herzberg Institute of Astrophysics of the National Research Council
of Canada and the Canadian Institute for Theoretical Astrophysics. We are also indebted
to the Natural Sciences and Engineering Research Council for a financial grant.

Our organizing efforts were aided by the entire staff of the host institution, the
Dominion Radio Astrophysical Observatory. We are particularly grateful to Lloyd Higgs,
Erika Rohner, Cindy Furtado, David Lacey and Bette Jones for making everything hap-
pen. Serge Pineault, David Routledge and Fred Vaneldik came from far away to help run
the show. Sidney van den Bergh organized and chaired the concluding panel discussion.

Tom Landecker and Rob Roger




TABLE OF CONTENTS

Preface

SUPERNOVA REMNANTS AND THEIR SUPERNOVAFE
R. P. Kirshner (Invited Review)

THE CIRCUMSTELLAR STRUCTURE ARCUND SUPERNOVAE
P. Lundqvist and C. Fransson

ANALYSIS OF THE SPECTRUM OF THE TYPE V SUPERNOVA SN1986)
A.J.S. Hamilton, W.D. Vacca, A.K. Pradhan, M.P. Rupen,
J.E. Gunn and D.P. Schneider

RADIO SUPERNOVAE: THE DETECTION OF SN 1961v IN NGC 1058
J.J. Cowan, R.B.C. Henry and D. Branch

ASYMMETRICAL EJECTION OF MATTER IN A THERMONUCLEAR
MODEL OF A SUPERNQOVA EXPLOSION
V.M. Chechetkin, A.A. Denisov, A.V. Koldoba, Yu.A. Poveschenko, Yu.P. Popov

THE EARLY EVOLUTION OF SUPERNOVA REMNANTS
R.A. Chevalier (Invited Review)

INSTABILITIES DRIVEN IN YOUNG SUPERNOVA REMNANTS
BY ELECTRON HEAT CONDUCTION
R. Bedogni and A. D’Ercole

NOVA GK PERSEI - A MINIATURE SUPERNOVA REMNANT?
E.R. Seaquist, D.A. Frail, M.F. Bode, J.A. Roberts,
D.C.B. Whittet, A. Evans and J.S. Albinson

THE BULK RADIO EXPANSION OF CASSIOPEIA A
D.A. Green

3C58’s FILAMENTARY RADIAL VELOCITIES, LINE INTENSITIES,
AND PROPER MOTIONS
R.A. Fesen, R.P. Kirshner and R.H. Becker

THE REIONIZATION OF UNSHOCKED EJECTA IN SN1006
A.J.S. Hamilton and R.A. Fesen

KINEMATICS OF OXYGEN-RICH FILAMENTS IN PUPPIS A
P.F. Winkler, J.H. Tuttle, R.P. Kirshner and M.J. Irwin

ADIABATIC SUPERNOVA EXPANSION INTO THE CIRCUMSTELLAR
MEDIUM

D.L. Band and E.P. Liang

OVERVIEW OF THE INTERSTELLAR MEDIUM:
SUPERNOVA RELATED ISSUES
D.P. Cox (Invited Review)

x1

15

19

23

31

43

A7

25

59

65

69

73



vi Contents

A MODEL FOR THE INTERACTION BETWEEN STARS AND GAS
IN THE INTERSTELLAR MEDIUM
W .-H. Chiang and J.N. Bregman

THE EFFECTS OF PROGENITOR MASS LOSS ON THE PROPERTIES
OF A SUPERNOVA REMNANT
T.A. Lozinskaya

RECENT X-RAY OBSERVATIONS OF SUPERNOVA REMNANTS
AND THEIR INTERPRETATION
B. Aschenbach (Invited Review)

X-RAY IMAGES OF SUPERNOVA REMNANTS
F.D. Seward

EXOSAT OBSERVATIONS OF YOUNG SNRs
A. Smith

X-RAY OBSERVATIONS OF SNR E0102.2-72.2 IN THE SMC
J.P. Hughes

EINSTEIN BRAGG CRYSTAL SPECTROMETER OBSERVATIONS OF CAS A
- A NONEQUILIBRIUM IONIZATION INTERPRETATION
T.H. Markert, P.L. Blizzard, C.R. Canizares and J.P. Hughes

MODELS FOR X-RAY EMISSION FROM TYCHO’S REMNANT
B.W. Smith and E.M. Jones

NON-EQUILIBRIUM IONISATION IN SUPERNOVA REMNANTS
- A CASE LIKE TYCHO
W. Brinkmann and H.H. Fink

A HYDRODYNAMICAL MODEL OF KEPLER’S SUPERNOVA REMNANT
CONSTRAINED BY X-RAY SPECTRA
J. Ballet, M. Arnaud, J.P. Chieze, B. Magne, R. Rothenflug

THE INFLUENCE OF EQUILIBRATION ON THE X-RAY INTENSITY
OF SEDOV MODELS
D. Jerius and R.G. Teske

THE X-RAY EMISSION FROM SN 1987a AND THE REMNANT
OF SN 1572 (TYCHO)
H. Itoh, K. Masai and K. Nomoto

PLASMA DIAGNOSTICS WITH X-RAY LINES OF OXYGEN IN PUPPIS A
K.F. Fischbach, C.R. Canizares, T.H. Markert and J.M. Coyne

X-RAY IMAGES OF PKS1209-52 AND ITS CENTRAL COMPACT
X-RAY SOURCE
Y. Matsui, K.S. Long and I.R. Tuchy

LINE EMISSION PROCESSES IN ATOMIC AND
MOLECULAR SHOCKS

J.M. Shull (Invited Review)

SHOCKED MOLECULAR GAS IN THE SUPERNOVA REMNANT 1C443:
MODELS WITH AN ENHANCED IONIZATION RATE
G.F. Mitchell

91

95

99

115

119

125

129

133

137

141

145

149

153

161

179



Contents

[Ni IT] EMISSION IN SUPERNOVA REMNANTS
R.B.C. Henry and R.A. Fesen

THE OXYGEN-RICH SUPERNOVA REMNANT IN THE SMALL
MAGELLANIC CLOUD
W.P. Blair, J.C. Raymond, J. Danziger and F. Matteucci

LIMITS ON THE PRESENCE OF SULFUR IN THE YOUNG SNRs
LMC N132D AND SMC 1E0102.2-7219
B.M. Lasker

LONG SLIT ECHELLE SPECTROSCOPY OF SUPERNOVA
REMNANTS IN M33
W.P. Blair, Y.-H. Chu and R.C. Kennicutt

NEW SUPERNOVA REMNANTS IN M33
K.S. Long, W.P. Blair, R.P. Kirshner and P.F. Winkler, Jr.

SUPERNOVA REMNANTS IN GIANT HII REGIONS
Y .-H. Chu and R.C. Kennicutt, Jr.

SUPERNOVA REMNANT SHOCKS IN AN
INHOMOGENEOUS INTERSTELLAR MEDIUM
C.F. McKee (Invited Review)

COLLECTIVE EFFECTS IN SHOCK PROPAGATION
THROUGH A CLUMPY MEDIUM
M.L. Norman, J R. Dickel, M. Livio and Y.-H. Chu

THE DOMINANT INTERACTIONS BETWEEN SNR AND THE ISM
R. Braun

A MODEL OF SNR EVOLUTION FOR AN O-STAR IN A CLOUDY ISM
P. Shull, Jr., J. Dyson and F. Kahn

RADIO EMISSION FROM YOUNG SUPERNOVA REMNANTS:
EFFECTS OF AN INHOMOGENEOUS CIRCUMSTELLAR MEDIUM
J.R. Dickel, J.A. Eilek and E.M. Jones

HI ASSOCIATED WITH CAS A
W.M. Goss, PM.W. Kalberla and U.J. Schwarz

THE INTERACTION OF THE SUPERNOVA REMNANT VRO 42.05.01
WITH ITS HI ENVIRONMENT
T.L. Landecker, S. Pineault, D. Routledge and J.F. Vaneldik

HI AND CO OBSERVATIONS TOWARDS THE SNR PUPPIS A
G.M. Dubner and E.M. Arnal

(18.95-1.1. A COMPOSITE SUPERNOVA REMNANT INTERACTING
WITH THE AMBIENT INTERSTELLAR MEDIUM
E. Furst, W. Reich, E. Hummel and Y. Sofue

TWO REMARKABLY THIN CO FILAMENTS TOWARD THE
SUPERNOVA REMNANT G109.1-1.0
K. Tatematsu, Y. Fukui, T. Iwata and M. Nakano

vii

183

187

191

193

197

201

205

223

227

231

235

239

245

249

253

257



viii Contents

A CO (J = 1-0) SURVEY OF FIVE SUPERNOVA REMNANTS AT ¢ = 70° - 110°
Y. Fukui and K. Tatematsu 261

OBSERVATIONS OF “DENTS” IN THE RADIO SHELLS OF SNRs
EXPANDING INTO DENSE CLOUDS
T. Velusamy 265

RADIO STUDIES OF SUPERNOVA REMNANTS:
PATTERNS AND STATISTICS
J.L. Caswell (Invited Review) 269

EFFECT OF AMBIENT DENSITY ON STATISTICAL PROPERTIES OF
SNRs: ¥ — D RELATION, N — D RELATION, ENERGY CONTENT

E M. Berkhuijsen 285
VLA OBSERVATIONS OF SNRs IN M33
N. Duric 289

NEW SUPERNOVA REMNANTS FROM DEEP RADIO CONTINUUM
SURVEYS
W. Reich, E. Furst, P. Reich and N. Junkes 293

APERTURE SYNTHESIS OBSERVATIONS OF THE
SUPERNOVA REMNANT G73.940.9
P. Chastenay and S. Pineault 297

HIGH RESOLUTION RADIO OBSERVATIONS OF THE
SNR G160.9+2.6 (HB9)
D.A. Leahy and R.S. Roger 301

RADIO CONTINUUM OBSERVATIONS OF SUPERNOVA
REMNANTS AT 22 GHz
C.E. Tateyama, N.S.P. Sabalisck and Z. Abraham 305

SHOCK WAVES, PARTICLE ACCELERATION AND
NON-THERMAL EMISSION
R.D. Blandford (Invited Review) 309

SUPERNOVA REMNANTS AND THE ISM: CONSTRAINTS FROM
COSMIC-RAY ACCELERATION

A Wandel 325
SMALL-SCALE STRUCTURE IN YOUNG SUPERNOVA REMNANTS

S.P. Reynolds 331
A SEARCH FOR SHELLS AROUND CRABS

R.H. Becker and D.J. Helfand 335
A SHELL SNR ASSOCIATED WITH PSR1930+227

D. Routledge and J.F. Vaneldik 339
CTB80: A SNR WITH A NEUTRON-STAR DRIVEN COMPONENT

R.G. Strom 343

A NEWLY-RECOGNISED GALACTIC SUPERNOVA REMNANT WITH
SHELL-TYPE AND FILLED-CENTRE FEATURES
P.J. Barnes and A.J. Turtle 347




Contents ix

SNR POLARIZATION AND THE DIRECTION OF THE MAGNETIC FIELD
D.K. Milne 351

THE ROTATION MEASURE OF BACKGROUND RADIO SOURCES SEEN
THROUGH THE SUPERNOVA REMNANT OA184 (G166.2+2.5)

K.-T. Kim, P.P. Kronberg and T.L. Landecker 355
BARREL-SHAPED SUPERNOVA REMNANTS

M.J. Kesteven and J.L. Caswell 359
INFRARED ANALYSIS OF SUPERNOVA REMNANTS

E. Dwek (Invited Review) 363
AN INFRARED SURVEY OF GALACTIC SUPERNOVA REMNANTS

R.G. Arendt 379

IRAS OBSERVATIONS OF COLLISIONALLY HEATED DUST
IN LARGE MAGELLANIC CLOUD SUPERNOVA REMNANTS
J.R. Graham, A. Evans, J.S. Albinson, M.F. Bode and W.P.S. Meikle 383

POSSIBILITIES FOR OBSERVATIONS WITH THE INFRARED SPACE
OBSERVATORY OF EMISSION FROM SHOCK-HEATED DUST IN SNRs

J. Svestka 387
INFRARED SPECTROSCOPY OF SUPERNOVA REMNANTS

A.F.M. Moorwood, E. Oliva and 1.J. Danziger 391
INFRARED SPECTROSCOPY AND MAPPING OF IC443

G.S. Wright, J.R. Graham and A.J. Longmore 395
IC 443: THE INTERACTION OF A SNR WITH A MOLECULAR CLOUD

M.G. Burton 399
ANALYSIS OF MULTIWAVELENGTH OBSERVATIONS OF 1C443

M.L. McCollough and S.L. Mufson 403
DIFFERENTIAL IMAGING OF [Fe X] IN IC 443

L. Brown, B.E. Woodgate and R. Petre 407
FABRY-PEROT OBSERVATIONS OF [Fe X] IN THE CYGNUS LOOP
AND IC443

J. Ballet, J. Caplan, R. Rothenflug and A. Soutoul 411

NEW OBSERVATIONS OF NON-RADIATIVE SHOCKS
IN THE CYGNUS LOOP

J.J. Hester and J.C. Raymond 415
THE EVOLUTION OF OLDER REMNANTS

S.A.E.G. Falle (Tnvited Review) 419
LUMINOSITY OF EVOLVING SUPERNOVA REMNANTS

D.F. Cioffi and C.F. McKee 435

STABILITY OF RADIATIVE SHOCKS WITH TIME-DEPENDENT COOLING
T.J. Gaetz 439

HIGH-RESOLUTION RADIAL VELOCITY MAPPING OF
OPTICAL FILAMENTS IN EVOLVED SUPERNOVA REMNANTS
H. Greidanus and R.G. Strom 443




X Contents

SUPERSHELLS
R. McCray (Invited Review)

. NUMERICAL MODELS OF SUPERSHELL DYNAMICS
M.-M. Mac Low, M.L. Norman and R.A. McCray

A NONTHERMAL SUPERBUBBLE IN THE IRREGULAR
GALAXY IC 10
E.D. Skillman

SUPERSHELLS WITH INDUCED LARGE-SCALE
SUPERNOVAE FORMATION
I.G. Kolesnik and S.A. Silich

MOLECULAR CLOUDS ASSOCIATED WITH H I SHELLS
B.-C. Koo and C. Heiles

COLLECTIVE EFFECTS OF SUPERNOVA EXPLOSIONS
IN A STARBURST NUCLEUS
K. Tomisaka and S. Ikeuchi

THE DISTRIBUTION AND BIRTHRATE OF GALACTIC SNRs
X.-J. Wu and D.A. Leahy

A STATISTICAL STUDY OF THE CORRELATION OF
GALACTIC SUPERNOVA REMNANTS AND SPIRAL ARMS
Z.-W. Li, J.C. Wheeler, F.N. Bash and W.H. Jefferys

THE FREQUENCY OF SUPERNOVAE IN EXTERNAL GALAXIES
E. Cappellaro and M. Turatto

STAR FORMATION, SUPERNOVAE AND THE STRUCTURE
OF DISK GALAXIES

M.A. Dopita (Invited Review)

GRAVITATIONAL AND DYNAMICAL INSTABILITIES OF A
DECELERATING PLANE-PARALLEL SLAR OF FINITE THICKNESS
G.M. Vot

SELF-REGULATING STAR FORMATION IN ISOLATED GALAXIES

A. Parravano

SUPERNOVAE BLAST WAVES IN PROTO-DWARF GALAXIES
A. Noriego-Crespo and P. Bodenheimer

HIGHLIGHTS OF LLA.U. COLLOQUIUM 101:

EXCERPTS FROM A PANEL DISCUSSION
Chairman: S. van den Bergh; Panellists: C. Wheeler,
R. Fesen, R. Strom, D. Helfand, C. Heiles

Index of Authors
Index of Astronomical Objects

Subject Index

447

461

465

469

473

477

481

485

489

493

509

513

517

521
927
529
533



SUPERNOVA REMNANTS AND THEIR SUPERNOVAE

Robert P. Kirshner
Harvard-Smithsonian Center for Astrophysics
Cambridge, MA 02138, USA

Abstract: Observing supernova remnants provides
important clues to the nature of supernova
explosions. Conversely, the late stages of

stellar evolution and the mechanism of supernova
explosions affect supernova remnants through
circumstellar matter, stellar remnants, and
nucleosynthesis. The elements of supernova
classification and the connection between super-
nova type and remnant properties are explored. A
special emphasis 1s placed on SN 1987a which
provides a unique opportunity to learn the
connection between the star that exploded (whose
name we know) and the remnant that will develop in
our lifetimes.

Introduction:

The bright supernova 1987a offers the unique oppor-
tunity to watch the development of a supernova into a
supernova remnant, given moderate living and good health.
It illuminates the intimate connection between supernova
explesions and the remnants they create. The link to the
young supernova remnants is clear: the composition depends
on stellar interiors, the environment on stellar mass loss,
and the energetics and the stellar remnant depend on the
details of the collapse or explosion. The link to older
remnants is less obvious, and we often act as if there is no
shard of stellar history 1left to affect the remnant's
behavior. But this may be misleading. Some remnants which
are old enough to have swept up a large mass of interstellar
matter may yet bear the signature of their stellar origin in
unmixed debris, or in the structure of the surrounding
interstellar medium.

Classifying Supernovae:

Supernovae are classified into two bins, based on

their spectra near maximum light (Zwicky 1965). Type I
supernovae (SN I) have no hydrogen lines in their optical
spectra, and Type II supernovae (SN II) do. An unknown

supernova can be classified by comparison to the prototypes
for each class (Kirshner et al 1973, Oke and Searle 1974,
Branch et al 1981, Branch et al 1983). This is a good




2 Supernova Remnants and the Interstellar Medium

empirical approach, although it does not guarantee that the
types correspond to the stellar origins or to the physics of
the explosion. The ideal classification scheme would
describe whether a supernova results from a nuclear ex-
plosion or from a core collapse, and whether the star was of
low mass or of high mass. The presence or absence of
hydrogen on the surface may not be the ideal indicator for
these more basic properties. Although the SN I probably do
correspond to violent nuclear burning in low mass stars and
SN II probably do correspond to high mass stars with core
collapse, the other morphological boxes may be populated.
For example, supernovae may result from core collapse in
massive stars which have lost their surface hydrogen through
stellar winds. The recent isolation of a subclass of SN I,

the SN Ib, illustrates this point (Porter and Flllppenko
1987). These explos1ons are widely (though not universally)
thought to arise from core collapse in massive Wolf-Rayet
stars, which could have a small amount of surface hydrogen,
but the heart of a SN II.

SN T:

A successful picture of the SN I consists of explodlng
white dwarf stars, nudged over the Chandrasekhar 1limit by
mass transfer from a binary companion. This fits the
circumstantial evidence that they are the only supernovae
seen in elliptical galaxies since they need not have very
massive progenltors. It fits the interpretation of the
spectrum at maximum light, which can be synthesized from the
expected composition of a carbon/oxygen white dwarf and the
observed colors at maximun. It fits the energetics of the
late time photometry, too, with the long exponential decline
(Doggett and Branch 1985), which is known to persist for at
least two years (Kirshner and Oke 1975) powered by the
radicactive decay of a few tenths of a solar mass of nickel
which beta decays to cobalt and then to iron. The deflagra-
tion (subsonic burning) of a carbon/oxygen white dwarf is
expected to produce this material as a result of the fusion
reactions that disrupt the star. A model for the emission
spectrum seen at late times in SN I is consistent with the
excitation of this iron-peak material by the radioactive
decay chain (Kirshner and Oke 1975, Axelrod 1980).

A serious problem with this picture is posed by the
failure of X-ray observations to find large iron abundances
in the remnants of supernovae that are widely thought to be
from SN I (Hamilton et al. 1985)., Of course, the spectro-
scopic evidence provided by Tycho on his 1572 event is no
better than for SN 1006, so the classification is not really
comparable to that fqr contemporary supernovae, but these
two, along with Kepler's SN (SN 1604) are widely thought to
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be remnants of SN I. A solution to this riddle comes from
the suggestion <that the iron is too cold. (Hamilton,
Sarazin, and Szymkowiak 1986). If the iron, slowly ejected
from near the core, lies in the interior of the remnant, the
reverse shock may not yet have reached that material, ang
may not yet have heated and ionized it to produce X-ray
emission. Although such a picture may appear contrived,
there is some direct evidence from UV observations that this
may actually be the case.

IUE observations of the SN 1006 remnant, originally
carried out by Wu et al. (1983) suggested the presence of
cold iron seen in absorption against the ultraviolet
continuum of a background star. A painstaking analysis of
the old and some new IUE spectra by Fesen et al (1987) makes
this original suggestion convincing, and reveals several Fe

II lines, presumably due to the cold iron in the interior of
the remnant.

This combination of theoretical and observational work
makes it quite plausible that the deflagrating white dwarf
mpapl} for SN I is consistent with the observed remnants.
The SN I light curves, especially their peak luminosities,
are expected to have a narrow dispersion in this case, since
the explosion takes place in a well-defined stellar setting
by a sharply constrained physical mechanism (Arnett, Branch,
and Wheeler 1984). The empirical evidence is that SN I do
have very similar properties, and might make good standard
candles for cosmology (Sandage 1985).

A second puzzle associated with SN'I has been the op-
tical spectra of the young remnants. Although they result
from the violent disruption at 12 000km s~1of a star with no
hydrogen, the spectra of SN 1006 and of SN 1572 show only
hydrogen lines at zero velocity. The spectrum of H alpha
for SN 1006 actually has two components, a narrow feature
and a broad one with a FWHM of about 2600 km s~1 (Kirshner,
Winkler, and Chevalier 1987). This type of structure was
predicted by Chevalier, Kirshner and Raymond (1980) based on
similar observations of SN 1572 and pursued, but not
detected, by Lasker (1981).

The model for this emission is that the "non-radia-
tive" supernova shock is overrunning neutral material in the
neighborhood. Otherwise, the expected post-shock tempera-
ture would be so high that no optical emission would be
seen. 0f course, the very presence of neutral material
close to a supernova puts a limit on the uv flash produced
at the surface of the star when the supernova shock wave
arrives. Whether the gas itself results from mass loss from
the binary system is not known. Since the shock in the
interstellar medium generated by the disrupted star is
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Fig. 1

Fig., 1-- The H alpha line of SN 1006. (a) Illustrates the
strength of the narrow component relative to the broad. (b)
Shows the width of the broad component.

Fig. 2-- The H alpha line of SN 1572. (a) The observations.
(b) A comparison line profile ocbserved with the identical
equipment. (c) The observations with a suitably scaled
instrumental profile subtracted.
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mediated by charged particles, the neutral hydrogen atoms
suddenly find themselves surrounded by fast moving electrons
and protons. These particles might excite the H atoms: the
subsequent radiative decay would give rise to a narrow
emission line at zero velocity. An alternative possibility
is charge exchange, producing a fast-moving atom in an
excited state. These decays create a broad line whose width
reflects the velocity distribution. Since the ratio of the
direct excitation to the charge exchange is a function of
velocity, the relative strength of the two components, as
well as the width of the broad line, reflect the shock
velocity.

The interesting fact is that the velocity derived from
the width and the velocity derived from the ratio of narrow
linesto broad linesgive consistent answers: 2300 km s~ 1 for
SN 1572 and 3300 km s~! for SN 1006. These velocities can
be compared with the proper motions measured by Kamper and
van den Bergh (1978) and by Hesser and van den Bergh (1981)
to give distances to these two SN I: 1.4-2.1 kpc for SN
1006 and 2.0-2.8 kpc for SN 1572. The evidence is consis-
tent with SN 1006 expanding into a lower density medium than
SN 1572, just as required by the detailed models for the X-
ray emission (Hamilton et al. 1986)

In principle it would be interesting to use this
analysis of the remnant together with the contemporary
accounts of the supernova explosion to establish the
absolute wmagnitude of SN I explosions and calibrate the
extragalactic distance scale. In practice, the uncertain-
ties in the early records make this a precarious enterprise.

The follow-up to the Einstein X-ray survey of the LMC
by Tuohy et al. (1982) revealed four IMC remnants with
narrow-band images that showed H alpha, but not [S II].
Whether or not these are the remnants of SN I is not shown
by the images or by spectra, but the resemblance to SN 1572
and SN 1006 is suggestive. Winkler and Kirshner have
observed these four remnants at the CTIO 4m: we find that
one has H alpha only, but no broad component, one has H
alpha only with a broad component, one has H alpha with a
broad component and weak [S II] emission, and one has H
alpha with no broad component, [N II], and [S II]. It is
possible that these represent the stages of evolution from
the high velocity "non-radiative" shock down through the
beginning of an ordinary cooling shock in ionized interstel-

lar material. 1In any event, it may be possible to measure
the shock velocity for some of these, for comparison with X-
ray models. As a class, these Balmer-dominated remnants

provide a strong warning that searches for extragalactic
SNR's (such as that reported in this volume by Long et al)
which depend on the [S II]/H alpha ratio will miss some
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remnants.

The other young SNR which is widely thought to result
from a SN I is Kepler's SN 1604. There, the late stellar
evolution and mass loss may be decisive in shaping the
observed remnant. Spectroscopically, it shows strong [N II]
lines, suggesting a high nitrogen abundance, such as might
arise from the CNO-cycle hydrogen burning in a massive star.
One way to account for this, the large distance from the
galactic plane and the X-ray morphology has been suggested
by Bandiera (1987) who considered extensive mass loss from a
runaway star as a possible origin for Kepler's SNR. If that
is correct, the usual classification as a SN I will have to
be reconsidered.

SN Ib :

Another complication in the SN I picture has arisen
from the recent evidence that there is a distinct subclass
of SN I, the SN Ib, which show no hydrogen (and are there-
fore SN I) but which do not have the strongest absorption
feature (at about 6150 A) that is seen in classical SN I
(now called SN Ta). The observational situation has been
summarized by Porter and Filippenko (1987). Several
indirect lines of evidence converge to indicate that this
spectroscopic difference is not just a detail, but that the
SN Ib may come from a different type of star and may have
distinct remnants. Those hints are (Uomoto and Kirshner
1985, Harkness et al 1987) that the SN Ib are fainter at
maximum light, redder at maximum light, associated with H II
regions, in Sc galaxies, and have some radio emission.
These are generally taken to indicate that the progen-
itors of SN Ib are massive stars, but not very extended
ones, with some circumstellar matter: a good possibility
would be Wolf~Rayet stars. This view is strengthened by the
analysis of 1late time spectra by Begelman and Sarazin
(1986), which indicates a mass of oxygen in excess of 5
solar masses, and the models of Schaeffer, Casse, and Cahen
(1987) which show that the light curve of an exploding W-R

star would conform well with the observed properties of SN
Ib.

A recent set of observations of Cas A by Fesen, Becker
and Blair (1987) shows that the connection between this
well-known remnant and W-R stars may be important. Cas A
has fast moving knots which are oxygen and oxygen-burning
products from the interior of a massive star (Kirshner and
Chevalier 1977, Chevalier and Kirshner 1978, 1979) and
quasi~stationary flocculi (QSF), which have hydrogen and
strong nitrogen lines and low velocities, and are presumably
the relics of mass loss from the star. What Fesen et al
have found is fast moving material with composition like the
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}-[O I] 6300, 6363

Fig. 3-- The near IR spectrum of Cas A. Note the large
velocity range of the approaching and receding shells. The
lines of [C I]J, [Cl II) and permitted 0 I are of special
interest.




