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ABSTRACT 

Radio and X-ray observations of SN 1979c and SN 1980k offer a unique 
opportunity of monitoring the transition from supernovae to remnants. By 
means of the two-frequency radio light curves, we test the hypothesis that 
these objects are surrounded by circumstellar matter, originated in a pre 
supernova wind, and derive the relevant parameters. Then we use the absor 
ption-corrected light curves to test the various proposed models. SN 1980 
k appears to be powered by a canonical shock, while SN 1979c is a good 
plerion candidate. An optical pulsar could still be detected at its loca. 
ti on. 

1. INTRODUCTION 

While the physical connection between Supernovae and Supernova Rem
nants has always been obvious, until very recently these two phenomena 
were dealt with in rather independent contexts. The reason was the lack 
of direct experimental information on the intermediate phases, through 
which an exploding star develops into an expanding remnant. This gap now 
begins to be bridged because of the detection of radio emission at the 
sites of SN fs 1970g, 1979c, and 1980k, and of X-ray emission at the site 
of SN 1980k. In all cases the detection first occurred only a few months 
after maximum light; the underlying objects, then, granted their kinship 
to the classical SNR*s, must be in a very early, embryonic stage, charac_ 
terized by length and time scales several orders of magnitude less than 
the conventional ones. It should be noted that the association of the X-
ray flash from SN 1980k with a SNR-like phenomenon is model dependent 
(Canizares et al., 1982). On the other hand, the evidence collected about 
the radio emission strongly suggests that the basic physical mechanisms 
involved here are the same which we invoke for the classical SNR Ts. 

A complete discussion of the embryonic stage of SNR's should take 
into account the numerous observations carried out at the sites of recent 
Supernovae, 10 to 1 0 0 years after maximum light, which however have given 
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only upper limits (de Bruyn, 1973; Brown and Marscher, 1978; Cowan and 
Branch, 1982); also, there is at least one member of a new class of ob
jects which show many similarities to the ones under discussion, but whose 
parent explosions, if any, have gone undetected (Kronberg et al., 1981). 
Here, instead, we will limit our analysis to SN 1s 1979c and 1980k, which 
are by far the best observed cases and the only ones to constrain signi
ficantly the theory. Most of the emphasis will be placed on the assess
ment of the competing models referred to in the following, and on the dijs 
cussion of the near-future behavior to be expected of the sources. The 
very extensive radio data have been obtained by Weiler et al. (1983), who 
generously allowed their use in advance of publication. General informa
tion on the Supernovae themselves, as well as reference to related works, 
can be found in Panagia et al. (1980) and Panagia (1982), respectively. 

2. POSITION OF THE PROBLEM 

Upon inspection of the two-frequency light curves obtained by Weiler 
et al, (1983) one notices several distinctive features, such as the dif
ferent switch-on time at different frequencies, the rapid onset followed 
by a plateau or a slow decline, the steady variation of the observed speĉ  
tral index. The most obvious interpretation is that both sources have ex 
perienced a steady decline of optical thickness in the radio range. The 
required opacity is very likely due to free-free absorption in a shell of 
circumstellar matter, with a higher density than the general interstellar 
medium. In the case of SN 1979c, independent evidence for the existence 
of such matter is provided by UV emission lines (Panagia, 1982; Fransson 
et al., 1982). Further evidence can be drawn from the fact that embryo 
SNR !s appear to be associated with Type II Supernovae, whose progenitors 
are believed to be red giants with a dense, low-velocity wind. The wind 
parameters which are obtained under this hypothesis are quite reasonable 
(see below), and may be looked at as an a posteriori justification. 

As for the energy supply in magnetic fields and relativistic parti
cles, two basic models have been proposed. It is conceivable that the new 
ly born remnants are a small scale version of classical shells like Tycho 
or Kepler (Chevalier, 1981, 1982): the equipartition energy deduced from 
the radio observations is only 1 percent of the shock-driven turbulent 
energy. It is equally conceivable that the newly born remnants are 
a small scale version of the so-called plerions, of which the Crab Nebula 
is the prototype (Pacini and Salvati, 1981): this approach assumes that 
a pulsar is the primary energy source, and attributes the observed radia 
tion to a bubble of relativistic fluid (electrons and fields) inflated 
by the pulsar within the supernova material. Note that the pulsed radio 
emission is expected to be negligible, even at the shortest pulsar pe
riods; but the rotational energy can be made larger than the equiparti
tion energy, and there are no difficulties in stockpiling the latter in
side the bubble.A crucial problem with the plerion model is the enormous 
opacity of the supernova ejecta (Bahcall et al., 1970); this is overcome 
if the relativistic fluid bulges out of the stellar debris (Shklovskii, 
1981), or if an effective filamentation process begins operating at suf-
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ficiently early times; the observed filamentary structures in classical 
remnants only suggest that the time scales of the process are shorter 
than several hundred years. 

The shell model and the plerion model are most easily distinguished 
by means of their time behavior: it is obvious that in the latter case 
the continuing activity of the pulsar prevents a rapid decline of the lu 
minosity, until the rotational energy reservoir becomes depleted; this 
feature will form the basis of the following analysis (Panagia, private 
communication). We assume: a)' that the opacity is due to CSH, and the CSM 
was provided by a steady presupernova wind: hence the density scales as 
n a r"^, and the optical depth as x « r~^; b) that the dynamical influen 
ce of a possible pulsar is negligible, and the radius of the ejecta fol
lows a self-similar law as discussed by Chevalier (1982): for the sake 
of definiteness, we set the envelope profile exponent equal to 12, so 
that R <* t^'9, and T <* t~^*^; c) that in a given object the intrinsic 
spectral index a is time independent. A certain value of a defines the 
intrinsic flux ratio at the observed frequencies; then, comparison with 
the measured ratio gives the value of T at that time. Since the time de
pendence of T is determined by our assumptions to within a normalization 
factor. A, the only free parameters are A and a, which we find by ordi
nary x techniques. A is related to the CSM density and to the presuper
nova mass loss rate; more important still, its knowledge allows us to 
correct the observed flux at a fiducial frequency, and to compare its in 
trinsic time behavior with model predictions. 

The light curve to be expected from a shell-type source is taken 
from Chevalier (1982), with a minor correction to relate the typical elec_ 
tron energy to the shock velocity. In the plerion case, one must distin
guish between two alternatives: the low field, slow pulsar case, where 
the synchrotron lifetime is longer than the expansion time; and the high 
field, fast pulsar case, where the opposite is true. The predicted light 
curves are taken from Pacini and Salvati (1973) , corrected for a non-li_ 
near expansion. One has 

-(0.1+1.4a) -a 
F a t v shell 
v (0.15-0.85a) -a . 
F a t v plerion, v < (1) 

(0.85-0.85a) -a , . F a t v plerion, v > v b 
The break frequency which divides the two plerionic regimes evolves as 

-2 -3 0.55 
V oc t B oc t (2) 
b 

Its normalization coefficient contains information on the bubble magne
tic field, hence, indirectly, on the rotational energy loss and initial 
period of the pulsar. Additional information is provided by the X-ray ô b 
servations, and by the early portions of the radio light curves, where 
only single-frequency measurements are available, and the optical depth 
has to be extrapolated from later times. 
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3. RESULTS AND DISCUSSION 

When the outlined procedure is applied to SN 1979c, one finds a sa
tisfactory fit for the T-vs-time curve; if t is measured in days, and the 
optical thickness is referred to v = 5 GHz, the best fit parameters are 

A = 4.6 10 a = 0.67 (3) 

A is easily transformed into a density profile and a presupernova mass 
loss rate 

„ -2 -3 37 1.5 -1 n = C r cm C = 9.0 10 v 0 cm o9 

M = 3.5 10 5 v r v 1 " 5 M yr""1 

w6 o9 o y 

(4) 

6 
where v Qg is the velocity of the ejecta at a reference time t Q = 3 10 s,-
in units of 10^ cm s"^; and v , is the wind velocity in units of lO^cm -1 w6 s x. 

The problems with this particular object arise when one tries to fit 
the corrected light curve to the theoretical models of Eq.l. The curve, 
either corrected or uncorrected, exhibits statistically significant irre 
gularities which cannot be reproduced by any power law; the best which 
can be done is to account for the general trend, and under this respect 
the best performing model is a plerion with a fast pulsar inside, v > v^. 
The fast pulsar condition implies that the spectral index unperturbed by 
synchrotron losses is equal to a - 0.5 = 0.17: spectra as flat as this 
are peculiar to plerionic remnants (Weiler and Panagia, 1980). Further
more, the requirement that be smaller than 1.5 GHz for at least 1200 
days is a severe constraint on the pulsar period. The exact upper limit 
is a sensitive function of the plerion volume, that is, of the ejecta ve 
locity and of the bubble filling factor; our best guess is between a few 
and several milliseconds, which implies an average optical magnitude < 
< 22 according to the canonical scaling (Pacini, 1971). Since v, is an 
increasing function of time, one expects a change in spectral slope and 
time slope, as prescribed by Eq.l; later still, when the pulsar initial 
lifetime is elapsed, the energy supply will start to decline, and the 
source will be switched off with the expansion time scale. If both events 
were actually observed, one could evaluate separately the pulsar period 
and the plerion volume. 

Now we turn to SN 1980k, and in analogy with Eqs.3 and 4 we find 

- 4 a = 0.38 (5) A = 5. 6 10 

C = 9. 9 10 

M = 3. 8 10 

36 1.5 -1 

(6) 
v ^ cm o9 

-6 1.5 -1 
v , v ~ M yr w6 o9 o y 

With the given a , a satisfactory fit to the corrected light curve is ob
tained with the shell model: apart from opacity effects, and at variance 
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with SN 1979c, the radio flux from SN 1980k is declining at a substan
tial rate, and the plerion model could work only if the pulsar power in
put were declining as well. A Crab-like pulsar rotating at the breakdown 
period, P ^ 0.5 msec, would indeed have a lifetime of about one month, 
but would also be so energetic that some exotic and unmistakable mani
festations should be observed. 

A further argument in favor of the shock interpretation is that cla_s 
sical shell-type remnants have a spectral index distribution with a me
dian value of precisely 0.4. It is then natural to interpret the X-ray 
emission from SN 1980k in analogy with classical remnants, i.e. as a ther 
mal emission from shock-heated material (Chevalier, 1982). It might be 
noted that a similar shock and a similar emission process is unavoidable 
in SN 1979c, which is surrounded by an even thicker CSM cocoon; X-ray ob 
servations were carried out at comparable post-outburst times, with nega 
tive results (Palumbo et al., 1981). If the expansion velocity is assu
med to be the same, and if the small difference due to the slightly dis
crepant ages is neglected, the luminosity should scale as the T coeffi
cient A; however, the result exceeds the measured upper limit by almost 
an order of magnitude. A possible remedy, may be only a partial one, is 
the assumption that v had a lower value in SN 1979c. 

o 
The same considerations can be repeated for the radio emission: the 

shock system surrounding SN 1979c is likely to be the site of instabili
ties and energization processes as well as SN 1980k, so that the plerion 
emission must be contaminated by a shell emission. The scaling law for 
a universal value of a is 

-(0.1+1.4a) -a -2 0.25(3+a) 0.25(13+19a) F - t v D A v (7) o 
and the shell component at, say, t = 800 d is comfortably smaller than 
the observed total, especially if the effect of a different v Q is inclu
ded. A qualitative support to this picture is found by extrapolating the 
T curve and by deriving the corrected light curve even at very early ti
mes, for which only high-frequency measurements are available. SN 1980k 
nicely follows the best-fit power law which describes the later, two-fre 
quency measurements. SN 1979c, instead, has an intrinsic flux definitely 
higher than the best fit, and the discrepancy decreases smoothly with in 
creasing time until it disappears around day 600. It is certainly distu_r 
bing that the higher intrinsic flux, if real, would conspire with opaci
ty in such a way as to give an almost constant observed flux. But it is 
nonetheless appealing to interpret the early-time excess as a shell com
ponent, which then faded and became dominated by a time-steady plerion 
component. 

If the analogy between the two objects were complete, one would ex
pect in the near future a flattening of the SN 1980k light curve, in cor 
respondence with the taking over of a plerion. Until then, however, the 
place to search for an extragalactic optical pulsar would be the site of 
SN 1979c. 
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