
Supernova 
Remnants and 
the Interstellar 
Medium 
IAU Colloquium 101 

Edited by 
R.S.ROGER and 
T. L LANDECKER 

43° 30' p 

o 
w 
a 

c 
o 

(0 

a 
"o u 
a 

43° 00' 

42° 30' 

'a ' o" ' o 
VR042.05.01 o 0 ; 

5 h 2 4 m 5 h 22™ 

Right A s c e n s i o n (1950) 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


SUPERNOVA REMNANTS 
AND THE 
INTERSTELLAR MEDIUM 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


INTERNATIONAL ASTRONOMICAL UNION 
UNION ASTRONOMIQUE INTERNATIONALE 

SUPERNOVA REMNANTS 
AND THE 
INTERSTELLAR MEDIUM 

Proceedings of the 101st Colloquium of the 
International Astronomical Union 
held in Penticton, British Columbia, June 8-12 1987 

Co-sponsored by the Herzberg Institute of Astrophysics 
and the Canadian Institute for Theoretical Astrophysics 

Edited by 

R. S. ROGER AND T. L. LANDECKER 
Dominion Radio Astrophysical Observatory 
Herzburg Institute of Astrophysics 
National Research Council of Canada 

The right of the 
University of Cambridge 

to print and sell 

all manner of books 
was granted by 

Henry VIII in 1534. 

The University has printed 
and published coniinuously 

since 1584. 

CAMBRIDGE UNIVERSITY PRESS 
Cambridge 
New York New Rochelle Melbourne Sydney 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


Published by the Press Syndicate of the University of Cambridge 
The Pitt Building, Trumpington Street, Cambridge CB2 1RP 
32 East 57th Street, New York, NY 10022, USA 
10 Stamford Road, Oakleigh, Melbourne 3166, Australia 

© Cambridge University Press 1988 

First Published 1988 

Printed in Great Britain at the University Press, Cambridge 

British Library cataloguing in publication data available 

Library of Congress cataloguing in publication data available 

ISBN 0 521 35062 X 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


TABLE OF CONTENTS 

Preface 

SUPERNOVA REMNANTS A N D THEIR SUPERNOVAE 
R. P. Kirshner (Invited Review) 1 

THE CIRCUMSTELLAR STRUCTURE AROUND SUPERNOVAE 
P. Lundqvist and C. Fransson 15 

ANALYSIS OF THE SPECTRUM OF THE TYPE V SUPERNOVA SN1986J 
A.J.S. Hamilton, W.D. Vacca, A.K. Pradhan, M.P. Rupen, 
J.E. Gunn and D.P. Schneider 19 

RADIO SUPERNOVAE: THE DETECTION OF SN 1961v IN NGC 1058 
J.J. Cowan, R.B.C. Henry and D. Branch 23 

ASYMMETRICAL EJECTION OF MATTER IN A THERMONUCLEAR 
MODEL OF A SUPERNOVA EXPLOSION 

V.M. Chechetkin, A.A. Denisov, A.V. Koldoba, Yu.A. Poveschenko, Yu.P. Popov 27 

THE EARLY EVOLUTION OF SUPERNOVA REMNANTS 
R.A. Chevalier (Invited Review) 31 

INSTABILITIES DRIVEN IN YOUNG SUPERNOVA REMNANTS 
BY ELECTRON HEAT CONDUCTION 

R. Bedogni and A. D'Ercole 43 

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 47 

THE BULK RADIO EXPANSION OF CASSIOPEIA A 
D.A. Green 51 

3C58's FILAMENTARY RADIAL VELOCITIES, LINE INTENSITIES, 
AND PROPER MOTIONS 

R.A. Fesen, R.P. Kirshner and R.H. Becker 55 

THE REIONIZATION OF UNSHOCKED EJECTA IN SN1006 
A.J.S. Hamilton and R.A. Fesen 59 

KINEMATICS OF OXYGEN-RICH FILAMENTS IN PUPPIS A 
P.F. Winkler, J.H. Tuttle, R.P. Kirshner and M.J. Irwin 65 

ADIABATIC SUPERNOVA EXPANSION INTO THE CIRCUMSTELLAR 
MEDIUM 

D.L. Band and E.P. Liang 69 

OVERVIEW OF THE INTERSTELLAR MEDIUM: 
SUPERNOVA RELATED ISSUES 

D.P. Cox (Invited Review) 73 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


VI Contents 

A MODEL FOR THE INTERACTION BETWEEN STARS AND GAS 
IN THE INTERSTELLAR MEDIUM 

W.-H. Chiang and J.N. Bregman 91 

THE EFFECTS OF PROGENITOR MASS LOSS ON THE PROPERTIES 
OF A SUPERNOVA REMNANT 

T.A. Lozinskaya 95 

RECENT X-RAY OBSERVATIONS OF SUPERNOVA REMNANTS 
A N D THEIR INTERPRETATION 

B. Aschenbach (Invited Review) 99 

X-RAY IMAGES OF SUPERNOVA REMNANTS 
F.D. Seward 115 

EXOSAT OBSERVATIONS OF YOUNG SNRs 
A. Smith 119 

X-RAY OBSERVATIONS OF SNR E0102.2-72.2 IN THE SMC 
J.P. Hughes 125 

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 129 

MODELS FOR X-RAY EMISSION FROM TYCHO'S REMNANT 
B.W. Smith and E.M. Jones 133 

NON-EQUILIBRIUM IONISATION IN SUPERNOVA REMNANTS 
- A CASE LIKE TYCHO 

W. Brinkmann and H.H. Fink 137 

A HYDRODYNAMICAL MODEL OF KEPLER'S SUPERNOVA REMNANT 
CONSTRAINED BY X-RAY SPECTRA 

J. Ballet, M. Arnaud, J.P. Chieze, B. Magne, R. Rothenflug 141 

THE INFLUENCE OF EQUILIBRATION ON THE X-RAY INTENSITY 
OF SEDOV MODELS 

D. Jerius and R.G. Teske 145 

THE X-RAY EMISSION FROM SN 1987a AND THE REMNANT 
OF SN 1572 (TYCHO) 

H. Itoh, K. Masai and K. Nomoto 149 

PLASMA DIAGNOSTICS WITH X-RAY LINES OF OXYGEN IN PUPPIS A 
K.F. Fischbach, C.R. Canizares, T.H. Markert and J.M. Coyne 153 

X-RAY IMAGES OF PKS1209-52 AND ITS CENTRAL COMPACT 
X-RAY SOURCE 

Y. Matsui, K.S. Long and I.R. Tuohy 157 

LINE EMISSION PROCESSES IN ATOMIC A N D 
MOLECULAR SHOCKS 

J.M. Shull (Invited Review) 161 

SHOCKED MOLECULAR GAS IN THE SUPERNOVA REMNANT IC443: 
MODELS WITH AN ENHANCED IONIZATION RATE 

G.F. Mitchell 179 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


Contents 

[Ni II] EMISSION IN SUPERNOVA REMNANTS 
R.B.C. Henry and R.A. Fesen 183 

THE OXYGEN-RICH SUPERNOVA REMNANT IN THE SMALL 
MAGELLANIC CLOUD 

W.P. Blair, J.C. Raymond, J. Danziger and F. Matteucci 187 

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

B.M. Lasker 191 

LONG SLIT ECHELLE SPECTROSCOPY OF SUPERNOVA 
REMNANTS IN M33 

W.P. Blair, Y.-H. Chu and R.C. Kennicutt 193 

NEW SUPERNOVA REMNANTS IN M33 
K.S. Long, W.P. Blair, R.P. Kirshner and P.F. Winkler, Jr. 197 

SUPERNOVA REMNANTS IN GIANT HII REGIONS 
Y.-H. Chu and R.C. Kennicutt, Jr. 201 

SUPERNOVA R E M N A N T SHOCKS IN A N 
INHOMOGENEOUS INTERSTELLAR MEDIUM 

C.F. McKee (Invited Review) 205 

COLLECTIVE EFFECTS IN SHOCK PROPAGATION 
THROUGH A CLUMPY MEDIUM 

M.L. Norman, J.R. Dickel, M. Livio and Y.-H. Chu 223 

THE DOMINANT INTERACTIONS BETWEEN SNR AND THE ISM 
R. Braun 227 

A MODEL OF SNR EVOLUTION FOR AN O-STAR IN A CLOUDY ISM 
P. Shull, Jr., J. Dyson and F. Kahn 231 

RADIO EMISSION FROM YOUNG SUPERNOVA REMNANTS: 
EFFECTS OF AN INHOMOGENEOUS CIRCUMSTELLAR MEDIUM 

J.R. Dickel, J.A. Eilek and E.M. Jones 235 

HI ASSOCIATED WITH CAS A 
W.M. Goss, P.M.W. Kalberla and U.J. Schwarz 239 

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 245 

HI AND CO OBSERVATIONS TOWARDS THE SNR PUPPIS A 
G.M. Dubner and E.M. Arnal 249 

G18.95-1.1. A COMPOSITE SUPERNOVA REMNANT INTERACTING 
WITH THE AMBIENT INTERSTELLAR MEDIUM 

E. Fiirst, W. Reich, E. Hummel and Y. Sofue 253 

TWO REMARKABLY THIN CO FILAMENTS TOWARD THE 
SUPERNOVA REMNANT G109.1-1.0 

K. Tatematsu, Y. Fukui, T. Iwata and M. Nakano 257 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


Vll l 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 A N D STATISTICS 

J .L. Caswell (Invited Review) 269 

EFFECT OF AMBIENT DENSITY ON STATISTICAL PROPERTIES OF 
SNRs: Y.-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. Fiirst, P. Reich and N. Junkes 293 

APERTURE SYNTHESIS OBSERVATIONS OF THE 
SUPERNOVA REMNANT G73.9+0.9 

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 A N D 
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+22? 
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 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


Contents l x 

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 I.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 IC443 
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 (Invited 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 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X


X Contents 

SUPERSHELLS 
R. McCray (Invited Review) 447 

NUMERICAL MODELS OF SUPERSHELL DYNAMICS 
M.-M. Mac Low, M.L. Norman and R.A. McCray 461 

A NONTHERMAL SUPERBUBBLE IN THE IRREGULAR 
GALAXY IC 10 

E.D. Skillman 465 

SUPERSHELLS WITH INDUCED LARGE-SCALE 
SUPERNOVAE FORMATION 

I.G. Kolesnik and S.A. Silich 469 

MOLECULAR CLOUDS ASSOCIATED WITH H I SHELLS 
B.-C. Koo and C. Heiles 473 

COLLECTIVE EFFECTS OF SUPERNOVA EXPLOSIONS 
IN A STARBURST NUCLEUS 

K. Tomisaka and S. Ikeuchi 477 

THE DISTRIBUTION AND BIRTHRATE OF GALACTIC SNRs 
X.-J. Wu and D.A. Leahy 481 

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 485 

THE FREQUENCY OF SUPERNOVAE IN EXTERNAL GALAXIES 
E. Cappellaro and M. Turatto 489 

STAR FORMATION, SUPERNOVAE A N D THE STRUCTURE 
OF DISK GALAXIES 

M.A. Dopita (Invited Review) 493 

GRAVITATIONAL AND DYNAMICAL INSTABILITIES OF A 
DECELERATING PLANE-PARALLEL SLAB OF FINITE THICKNESS 

G.M. Voit 509 

SELF-REGULATING STAR FORMATION IN ISOLATED GALAXIES 
A. Parravano 513 

SUPERNOVAE BLAST WAVES IN PROTO-DWARF GALAXIES 
A. Noriego-Crespo and P. Bodenheimer 517 

HIGHLIGHTS OF I.A.U. COLLOQUIUM 101: 
EXCERPTS FROM A PANEL DISCUSSION 

Chairman: S. van den Bergh; Panellists: C. Wheeler, 
R. Fesen, R. Strom, D. Helfand, C. Heiles 521 

Index of Authors 527 

Index of Astronomical Objects 529 

Subject Index 533 

https://doi.org/10.1017/S025292110010199X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110010199X



