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Abstract: The interactions of supernovae ejecta with the surrounding medium 
which have a dominant influence on the resulting SNR dynamics and brightness 
are considered for both young and evolved objects. The important roles of clumpy 
ejecta in determining the brightness of young SNR and of shock impingement on 
a pre-existing shell in influencing both the brightness and subsequent dynamics of 
evolved SNR are stressed. 

Introduction: The basic types of interactions which might be expected to occur between the 
ejecta of a supernova and the surrounding environment have been postulated for some time (e.g. 
McKee 1983). These are: the interaction of diffuse ejecta with 1) diffuse ISM/CSM either with or 
without a power law density profile, 2) high density clumps (< .1 pc) of ISM/CSM, 3) high density 
clouds (> 1 pc) of ISM and 4) high density walls of a pre-existing cavity, as well as the interaction 
of clumpy ejecta with each of the preceding components. The relatively short timescales for the 
dissipation and/or thermalization of clumpy ejecta make it more probable that only its interaction 
with 5) diffuse shocked ejecta/ISM/CSM may be commonly observed. While all of these processes 
are likely to occur to a greater or lesser extent, it is interesting to consider which might play a 
dominant role in the development of observable (shell-type) remnants. 

Dominant Interactions in Young SNR: The dynamics of the youngest known galactic SNR 
appear to be governed prirriarily by process 1) above. The diffuse components remain dynamically 
coupled and generate a classical spherical shock front albeit with reverse shock propagation back 
through the ejecta. The slow moving optical knots seen in Cas A and Kepler represent interactions 
of type 2) above, while evidence for interstellar clouds (process 3) is seen in the Balmer line filaments 
of Tycho and SN1006. However, the mass of diffuse ejecta that is involved in powering the shock 
front appears to be surprisingly low. IRAS observations have allowed a good estimate of the shocked 
ISM mass to be made in the case of Tycho and (perhaps with somewhat higher uncertainty due 
to a possibly abnormal gas/dust ratio) Cas A (Braun 1987, Dwek 1987), while current expansion 
measurements have allowed determination of the dynamical age. Together these quantities imply a 
diffuse ejecta mass of about 0.4 M© with an associated SN energy, E0 < 2 x 1050 erg for both SNR. 
These values imply that most of the ejecta mass in these systems, ~1 MQ in Tycho and > 5 M Q in 
Cas A, resides in clumps. Furthermore, since the shock velocity has now decreased from an initial 
value of ~10,000 km s _ 1 to ~2,000 km s - 1 , the remaining ejecta mass will contribute only 1/25 
the energy per unit mass of the fast diffuse component. Total energies are thus likely to be < 3 x 
1050 erg. Observational evidence for clumpy ejecta is seen in the bright clumpy radio/X-ray ring 
interior to the outer shock in Tycho (e.g. Seward, Gorenstein and Tucker 1983) which dominates 
the emission from this source. Even more direct evidence for clumpy ejecta is seen in Cas A where 
both high-density clumps, the optically observed FMK (e.g. Van den Bergh and Kamper 1983), and 
more tenuous clumps, the bow-shock producing blobs which dominate the radio structure (Braun, 
Gull and Perley 1987), are seen continuously puncturing the shell of decelerated diffuse ejecta and 
shocked ISM. 

It seems that the dynamics of young SNR are dominated by diffuse interactions of type 1) and 
to a lesser extent type 3), and it is these processes which are responsible for Balmer line optical 
filaments and collisionally heated dust emission. High brightness X-ray and radio emission (and 
high velocity oxygen line emission) on the other hand is closely tied to the secondary shocks 
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and turbulence caused by the intercep­
tion of clumpy ejecta (wherein the ma­
jori ty of the pre-cursor mass resides) by 
the decelerated reverse/outer shock zone. 
D o m i n a n t I n t e r a c t i o n s in E v o l v e d 
S N R : By the t ime a supernova rem­
nant has become at least partially radia­
tive the effects of clumpy ejecta should 
no longer play a dominant role in the 
source's emission and evolution. Clumps 
with both high density and velocity will 
have deposited their energy in the SN en­
vironment after shell penetrat ion, while 
lower density and /o r velocity clumps will 
have been ablated or evaporated in the 
SNR interior, adding their energy to tha t 
driving the diffuse shell. The radia­
tive shell of optical filaments surrounding 
such objects has tradit ionally been inter­
preted as the result of the shock over­
running randomly occuring clouds in the 
SN environment. This interpretat ion no 
longer seems to be viable. 

Individual cases tha t have been stud­
ied in detail have shown the existence of 
cold, unshocked shells and cavity walls 
which must pre-date the SN event. These 
structures are il lustrated in figure 1, 
where the warm shock-heated dust emis­
sion from IC 443 centered at a, 6 = 
6hUm, 22.°5 has a dense unshocked shell 
of cool dust immediately to the west 
and south, and in figure 2, where much 
of the western and northern rim of the 
Cygnus Loop is seen to be abut t ing a 
region of higher density traced by the 
cool dust distr ibution. (The observa­
tions illustrated in these figures are dis­
cussed in Braun and Strom 1986a,b.) 
In IC 443 the shock has already been 
propagating within the high density gas 
sufficiently long tha t shock-accelerated 
molecular and atomic gas (e.g. Braun 
and Strom 1986a) are seen in profusion. 
In the Cygnus Loop on the other hand, 
this interaction is only beginning, as ev­
idenced by the high cavity wall densities 
(TIH > 1 0 0 c m - 3 ) bu t non-detection of 
shocked CO and only faint accelerated 
HI (Strom, priv.com.). The kinetic en­
ergy implied by the gas mass and veloc­
ity within a shell geometry in these two 
cases, EkISM = 0.55 x 105 0 erg corre­
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F i g . l a a n d b . Cool and warm dust emission components 

within the IC 443 complex derived from images in the four 

IRAS bands by a three-component spectral decomposition. The 

shock-heated dust of the IC 443 SNR is centered near a, 6 = 

6 ' ' 1 4 m , 2 2 . ° 5 . Note the cool high-density shell immediately 

outside the shocked gas to the south and west. 

https://doi.org/10.1017/S0252921100102404 Published online by Cambridge University Press

http://priv.com
https://doi.org/10.1017/S0252921100102404


Supernova Remnants and the Interstellar Medium 229 

32' 

DEC. 

31" 

30* 

29* 

J 

* * 

< i 

* * 

fc * 
t 

* 

-~M f r 
1 

Jk' 

^ n ^ ^ _ 

J 
« 

M 

1 

a) Cool Dust 

1 

HB 
IS^H Pv^^H 

20h56m 20h60m 20 h U m 

RA. 
b) Warm Dust 

sponds to a total energy E0 = 2 x 1050 

erg assuming the 28 % lower limit to 
the kinetic energy applicable to (post-) 
Sedov evolution. While few SNR have 
been studied carefully enough to detect 
unshocked shells, shock-accelerated HI 
has been found in every evolved SNR 
studied to date with sufficient sensitiv­
ity, IC 443, VRO 42.05.01, CTB 109, 
G78.2+2.1 (Braun and Strom 1986c) and 
OA184 (Routledge et.al. 1986). Con­
sideration of the conditions required to 
detect accelerated HI implies columns of 
nH • t > 3 • 105cm_3yr shocked at 100 km 
s_ 1 (c.f. Braun and Strom 1986a). Since 
accelerated HI is found over a significant 
fraction of the shell, but yet a hard X-ray 
interior (detected so far in IC 443, the 
Cygnus Loop, CTB 109 and G78.2+2.1) 
indicates much higher shock velocities in 
the recent past, a shell geometry for this 
high density gas is strongly implied. 

A further indication for the common 
occurrence of a pre-existing cavity is given 
by consideration of the implied initial en­
ergies of SNR obtained by various means. 
As indicated above, total energy esti- ' 
mates based on IR determined masses 
and source dynamics for Tycho, a type 
I SNR, and Cas A, presumably a type 
lb or II SNR, are quite well determined, 
E0 < 3 x 1050. Similar total energies, 
E0 = 2 x 1050 erg, are implied above by 
considering the kinetic energy within a 
shell geometry for IC 443 and the Cygnus 
Loop, the evolved remnants of appar­
ently massive SN. The analysis of eight 
X-ray detected SNR in the LMC by Long 
and Helfand (1979) assuming a Sedov de­
scription of the X-ray emitting gas re­
sults in a consistent mean initial energy 
estimate E0 = 2 x 1050 erg. This con­
sistency disappears when considering the 
initial energies implied by assuming a 
Sedov description of the pressure driv­
ing the shock into the radiatively cooling 
gas observed optically (e.g. Dopita 1979; 
Blair, Kirshner and Chevalier 1981). Im­
plied energies derived from this method 
increase monotonically with SNR diameter between a few times 1049 erg at 5 pc and 1052 erg at 100 
pc. It seems that the epoch of radiative cooling in SNR is accompanied by a radical departure from 
adiabatic shock propagation (like the transition from inner cavity to cavity wall shocks) rather than 
merely a perturbation resulting from randomly distributed clouds within a more tenuous substrate. 

F i g . 2 a a n d b . Cool and warm dust emission compo­

nents in the Cygnus Loop region derived from images in the 

four IRAS bands by a three-component spectral decomposition. 

The shock-heated dust is very well delineated in the warm dust 

component. Note the cool dense cavity wall which wraps neatly 

around much of the western and northern rim of the SNR. 
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More General Considerations: It 
has too often been the case that super­
nova remnants were considered in iso­
lation. While the remnants of type I 
SN may have the oppportunity of ex­
panding into a relatively pristine envi­
ronment (and as a consequence rapidly 
dissipate their energy in an unobtrusive 
manner after the first few hundred years 
of clumpy ejecta interception), the rem­
nants of type II and probably type lb 
SN must almost certainly encounter an 
environment which has been heavily pro­
cessed by both the progenitor and possi­
bly other association members. Such a 
scenario is graphically illustrated in fig­
ure 3 (from Braun and Strom 1986a), 
where the shock from the IC 443 SN is 
seen to propagate not only in the cav­
ity of the precursor, but into the adjoin­
ing cavity surrounding at least one well-
identified fellow association member. 

The recent work of Heiles (1987) gives 
a refreshing analysis of the ISM that 
takes into account the spatial and tem­
poral distribution of SN I and SN II. The 
major difficulty that this analysis has in 
confronting observations is the high pre­
dicted value of the porosity parameter, 
implying an inordinately high filling fac­
tor for the hot ionized medium (HIM). 
As Heiles suggests, the most straightforward way out of this dilemma is to adopt an SN energy 
smaller than the oft-quoted but poorly established 1051 erg he assumes. In light of the preceding 
discussion this seems to be amply justified, and adopting E„ = 2 x 1050 erg gives HIM filling factors 
which are in reasonable agreement with those observed. 

Ultimately, a better understanding of the makeup and energetic balance of a normal galaxy 
should emerge from the comprehensive study of our nearby neighbours M31 and M33. Both galaxies 
are currently being subjected to such an extensive observational assault that a much clearer view 
of the complex interplay of processes which mold their media should soon be forthcoming. 
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Fig . 3 . Radio continuum emission from the IC 443 complex 
at 327 MHz. Thermal radio emission is confined to the diffuse 
region between a = e ^ l S " 1 - 6h20m,S = 22.°5 - 23.°5. 
Non-thermal emission is seen from the bright shell centered near 
a,6 = 6 f t14m, 22.°5 with radius ~0 . °4 , as well as the fainter 
interconnected shell centered near Oc, 8 = 6 16 m , 22.°2 with 
radius ~ 0.°8 containing the B0.5 V star HD44139. 

https://doi.org/10.1017/S0252921100102404 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100102404



