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ABSTRACT

First detected at 6 cm in 1980 November, only 1 month after optical maximum, and several months later at
20 cm in 1981 March, SN 1980K has now dropped below reasonable monitoring limits of the VLA at these
two frequencies. It thus represents the first Type II radio supernova to have been well-studied at centimeter
wavelengths from “turn-on” to “turn-off.” It also represents one of the few radio supernovae to have such an
extensive, decade-long, multiple-frequency data set. '

We present new observations of SN 1980K made with the VLA at 20 and 6 cm from 1984 November
through 1990 December. Unless the radio emission strengthens again in the future, this completes our moni-
toring of the supernova at these wavelengths.

The study of these “complete ” light curves shows that the “ minishell” model of Chevalier still provides the
best representation of the data at both wavelengths. The similarities between the behavior of the radio emis-
sion from SN 1980K and SN 1979C argue that these two objects represent a distinct class of radio super-
novae which is distinguishable from the radio emission from Type Ib supernovae, such as SN 1983N and SN
1984L, or the radio emission from the presumed Type II supernova SN 1986J. The implication is that there
exist several classes of radio-emitting supernovae whose differing radio properties probably arise from different

mass-loss rates and therefore different zero-age main-sequence masses of progenitor stars.
Subject headings: radio continuum: stars — supernovae: individual (SN 1980K)

1. INTRODUCTION

In a recent paper (Weiler et al. 1991) we presented the results
of long term monitoring of the radio emission from the Type II
supernova SN 1979C. For the 10 yr of available observations
on the supernova (SN), we found that it behaves in a regular
manner and shows the properties of: (1) nonthermal emission
with high brightness temperature; (2) light curve “ turn-on” at
shorter radio wavelengths first and longer wavelengths later;
(3) an initial rapid increase of flux density with time at each
wavelength, with a power-law decline after maximum is
reached; and (4) a sharp initial decrease in spectral index
between two wavelengths, as the longer wavelength emission
goes from being optically thick to thin, with the spectral index
value, a, asymptotically approaching an optically thin, non-
thermal, constant negative value. We present here a second
radio SN (RSN), SN 1980K, which, over a comparable 10 yr
monitoring period, shows basic properties identical to those of
SN 1979C.

SN 1980K [«(1950.0) = 20"34™26568 + 0301; &(1950.0) =
+59°55'56"5 + 072] in NGC 6946 was discovered in 1980
October by Wild (1980), and an initial unsuccessful attempt
was made in early 1980 November to detect it at 6 cm with the
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Very Large Array (VLA).* At 35 days after optical maximum
(which is estimated to have occurred on 1980 October 30), the
SN was detected at 6 cm, and we have been regularly monitor-
ing it with the VLA at wavelengths 20, 6, and, occasionally, 2
cm ever since. The results of observations from 1980 Novem-
ber through 1984 August are contained in Weiler et al. (1986).
We present here subsequent monitoring results at 20 and 6 cm
(the SN was at the less than 0.2 mJy level at 2 cm in 1984
March and thus below reasonable VLA detection limits) from
1984 November through 1990 December. Since SN 1980K is
now below reasonable monitoring limits with the VLA at both
wavelengths, no further regular observations are planned.
(Occasional measurements, to check that the source has not
rebrightened, will, of course, be carried out in the future.) These
light curves thus define the “full evolution” of radio emission
from the Type II SN 1980K during a period of ~ 10 yr.

2. OBSERVATIONS

The new observations of SN 1980K were made with the
VLA at 20 cm (1.490 GHz) and 6 cm (4.860 GHz) from 1984
November through 1990 December at roughly a quarterly rate.
Since monitoring of an evolving radio source requires mea-
surement at frequent intervals, we were not able to request the
VLA configuration and consequently have measurements at all
array sizes. Along with each observation of the source, a short

* The VLA is operated by the National Radio Astronomy Observatory of
Associated Universities, Inc., under a cooperative agreement with the National
Science Foundation.
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TABLE 1

CALIBRATION SOURCES

Source Calibrator S50 Se
Name Type %y950.0 01950.0 dy) dy)

1 ) @ (©) ()

3C48 ...l Primary Not used Not used 14.60 5.60
2021+614* ....... Secondary 20h21™135297 +61°27'18712

2 See Table 2 for flux densities.

observation of a “secondary,” possibly variable, calibrator,
2021+ 614, was made at each frequency. To establish an abso-
lute flux density scale, most observing sessions also included an
observation of a “primary,” presumed constant, calibrator
3C48.

2.1. Calibration

The VLA is described in a number of publications (e.g.,
Thompson et al. 1980; Hjellming & Bignell 1982; Napier,
Thompson, & Ekers 1983); the general procedures for RSN
observations, with analysis of the possible sources of error, are
discussed in Weiler et al. (1986). The “primary” calibrator
employed here, 3C 48, was assumed to be constant in flux
density with time and to have the flux densities at 20 and 6 cm
given in Table 1.

The “secondary” calibrator, 2021 +614, was used as the
phase (position) and amplitude (flux density) reference for the
observations of SN 1980K. Its assumed position (epoch 1950.0)
is given in Table 1, and its flux density values, measured
against 3C 48, at 20 cm (S,,) and 6 cm (S¢) are presented for
each observing date in Table 2.

2.2. Data Reduction

After the data were initially calibrated using standard soft-
ware packages on the DEC-10 and Convex computers at the

TABLE 2

MEASURED FLUX DENSITY VALUES FOR THE
SECONDARY CALIBRATOR 2021+ 614

Observation S»0 Se

Date Jy) Jy)

) (V)] A3)
1984 Nov21 .............. 2.250 2.410
1985Mar21.............. 2.190 2.360
1985Jul S ..ocevinan.... 2.190 2.416
1985Sep23............... 2.138 2.343
1985Dec22 .............. 2.417
1986 Mar 27 .............. 2.218 2424
1986Jun il ............... 2.234 2.507
1986 Dec23 .............. 2.490
1987Mar 16............... 3.117
1987Jun25............... 2.190 2.550
1987Sep9 ..ooevennins.nn. 2.165 2.685
1987 Dec20 .............. 1.855 2.735
1988Sep 16................ 2.180 2.610
1988 Dec23 .............. 2.200 2.610
1989 Apr24 .............. 2.165 2.645
1989 Jul23 ............... 2.067 2.656
1989 Dec23 .............. e 2.647
1990Feb 15 .............. 2.849
1990 May 29 ............. 2.796
1990 Aug27 .............. 2.696
1990 Dec9 ................ 2.746 2.679

* Independently calibrated using 3C 48.

VLA, the data were “exported ” to the Naval Research Labor-
atory for analysis with AIPS on the local VAX 11/785 and
Alliant VFX/40 computers. Most data sets were individually
hand-edited, mapped, CLEANed, inspected, and then indepen-
dently measured in both IF channels for each observing band.
The flux density values from the two IF channels were then
averaged to obtain a final measurement of the flux density in
each band at each epoch. Observations after 1989 December
were mapped by combining both IF channels into a single map
before measurement.

2.3. Errors

One estimate for the flux density measurement error is the
rms “map” error, o,, which measures the contribution of
small, unresolved fluctuations in the background emission and
random map fluctuations due to receiver noise. For strong
sources, this can be considered only a lower limit to the total
error. Comparison of the two IF channel flux density solutions
is clearly too small of a sample to provide meaningful statistics;
also, the two IF channels do not provide truly independent
solutions for a number of types of instrumental errors. There-
fore, errors for the measurements in this paper include a basic
5% error to account for the normal inaccuracy of VLA flux
density measurements and any absolute scale error for the
primary calibrator, 3C 48. The final errors, o, listed in Table 3,
are taken as

% = (0.055,)* + 62, (1)

where S, is the observed flux density for SN 1980K and g, is
the observed rms map error measured outside of any obvious
regions of emission.

One instrumental problem which had to be taken into
account might be called the “configuration” error. At long
wavelengths and short baselines (i.e., low-resolving power), the
contribution of the flux density per beam area from the partic-
ularly bright and structured nuclear and disk emission of the
parent galaxy, NGC 6946, was severe relative to the weak SN
emission. In the compact C- and D-configurations of the VLA
the confusion and resulting large errors in the 20 cm maps
made flux density measurements futile, and even measurements
at 6 cm in D-configuration at later epochs, when SN 1980K
had considerably weakened, were useless. Therefore, most of
the flux density values listed in Table 3 at 20 and 6 cm in C-
and D-configurations are (3 o) upper limits.

3. RESULTS

Since the previous publication of SN 1980K data in Weiler
et al. (1986), we have added 10 new measurements (and four
upper limits) at 20 cm and 19 new measurements (and two
upper limits) at 6 cm. We present these in Table 3. Column (1)
is the date of observation; column (2) is the time, in days, since

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1992ApJ...398..248W

1
(=

Z

rT992AGT; T o398

250

WEILER ET AL.

Vol. 398

TABLE 3
New FLUX DENSITY AND SPECTRAL INDEX MEASUREMENTS FOR SN 1980K*

TIME
SINCE FLux DENsITY SPECTRAL INDEX
OPTICAL (Socvte
MAxIMUM® VLA S0 [ Se o6
OBSERVATION DATE (days) CONFIGURATION (mJy) (mJy) (mJy) (mJy) «2° G g20
) 2 3) (C)] ) ©6) 7 @®) ©
19800ct 30 ................. =0
1984 Nov 21 ................ 1483 A 1.21 0.17 0.57 0.10 —0.64 0.20
1985Mar21 ................ 1603 A/B 1.14 0.22 0.51 0.08 —0.68 0.21
1985Jul5 ..ooeviniinnt. 1709 B/C 0.95 0.21 0.66 0.10 —-0.31 0.22
1985Sep23 .....ccenennt 1789 C <0.83¢ .. 0.55 0.08 ... ..
1985Dec22................. 1879 D . e 0.53 0.08 ... ...
1986 Mar 27 ................ 1974 A 1.16 0.13 0.37 0.07 —-097 0.19
1986Jun 1l ................. 2050 A/B 0.79 0.18 043 0.10 —0.51 0.28
1986 Dec23................. 2245 C 042 0.15
1987Mar 16 ................ 2328 D 0.29 0.12
1987Jun25 ................. 2429 A 0.50 0.14 0.33 0.06 —0.35 0.29
1987Sep9 .ccvveinninn... 2505 A 0.60 0.16 0.26 0.08 —-0.71 0.35
1987 Dec 20 ................. 2607 B 0.75 0.23 0.37 0.11 —0.60 0.37
1988Sep 16 ................. 2878 D 0.44 0.13
1988 Dec23................. 2976 A 0.44 0.11 0.28 0.06 —0.38 0.28
1989 Apr24 ................. 3098 B 0.59 0.17 0.26 0.06 —0.69 0.32
1989 Jul23 .................. 3188 C <1.20° .. 0.34 0.08 ... e
1989 Dec23................. 3341 D ... <0.42° ..
1990Feb15................. 3395 A 0.24 0.05
1990 May 29 ................ 3498 A 0.25 0.07
1990 Aug 27 ................ 3588 B <0.15¢
1990 Dec9 ......c.cun...... 3692 C <1.26° 0.28 0.09

® For previous measurements, see Weiler et al. 1986.

® The date of the explosion is taken to be 1980 October 1, 29 days before optical maximum (see Weiler et al. 1986).

¢ 3 o upper limit.

optical maximum (the date of explosion is taken by Weiler et
al. 1986 to have been 29 days before optical maximum, or 1980
October 1); column (3) gives the VLA configuration in which
the SN was observed; columns (4) and (6) give the measured
flux densities at 20 cm (S,,) and 6 cm (S), respectively; and
columns (5) and (7) give the error estimates for these measure-
ments. Table 3 also contains determinations of the spectral
index, a, from our data (S oc v*®), with column (8) listing the
spectral index, «2°, between 20 and 6 cm, and column (9), its
€ITOr, T, z0.

In Figure 1 we plot the time evolution of the flux density of
SN 1980K in both radio bands, including the new results
together with the earlier measurements from Weiler et al.
(1986). The solid lines are the “best-fit” model light curves
discussed below. In Figure 2 we show the change in spectral
index between 20 and 6 cm with time over the decade since
explosion. One can see from Figure 2 that the spectral index
change is very similar to that found by Weiler et al. (1986), with
2% asymptotically approaching a value of ~ —0.5. The solid
curve shown in Figure 2 is not an independent fit, but is calcu-
lated from the model light curves shown in Figure 1.

4. DISCUSSION

Previous work on radio supernovae (RSNs) has shown
that we have a reasonable understanding of the behavior
and mechanisms involved in generating the observed radio
emission.

4.1. Radio Light Curves

Following Weiler et al. (1986), we assume that:
a) The radio emission is due to the nonthermal synchrotron
process with optically thin spectral index, a;

b) The absorption or optical depth, z, is purely of a thermal,
free-free nature in an ionized medium (frequency dependence
v~21) external to the emitting region with a radial density
dependence p oc 2 from a red supergiant wind of constant
speed; and,

c) The observed flux density, S, and the optical depth, 1, can
be well described as functions of SN age, t — t,, to the powers
B and 6, respectively, after an explosion epoch t,. This formula-
tion can be written as

v At —to\F _
S(mly) = K1<5 GHZ) <W> e, @

v “21/p g\
£ K2<5 GHz) <1 day> ' @)

The factors K; and K, above are scaling parameters for the
units of choice (mJy, GHz, and days) and formally correspond
to the flux density and optical depth, respectively, at 5 GHz, 1
day after the explosion.

Mixed, internal absorbing and emitting processes could
not cause the initial radio light curve to rise as quickly as
observed (cf. Marsher & Brown 1978) and, if the location
of the absorbing material is external, only a thermal process
is possible. The two nonthermal processes for absorption,
the Razin-Tsytovich effect and synchrotron self-absorption,
require densities that are impossibly high for regions
surrounding a SN (cf. Marscher & Brown 1978;
Chevalier 1982a, b; Bandiera, Pacini, & Salvati 1984). The
single known RSN exception to this purely external, thermal

where
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F1G. 1.—Radio “light curves” for SN 1980K in NGC 6946. The wavelengths 20 cm (open squares) and 6 cm (filled triangles), are shown together. The data
represent more than 10 yr of observations for this object, including new observations presented in this paper and previous measurements from Weiler et al. (1986).
The age of the SN is measured in days from the estimated date of explosion on 1980 October 1 (29 days before optical maximum). The solid lines represent the best-fit
light curves of the form S(mJy) = K,[v/(5 GHZ)]*[(t — t,)/(1 day)}Pe ", where © = K,[v/(5 GHz)] ™ >![(t — t,)/(1 day)]’,and 6 = o« — f — 3.

absorption behavior is SN 1986J, which shows an entirely dif-
ferent type of radio light curve and appears to require mixed,
internal, nonthermal emitting/thermal absorbing gas. SN
1986J is described in detail elsewhere (Weiler, Panagia, &
Sramek 1990).

The full available data set at 20 and 6 cm, including the
values from Weiler et al. (1986), was then used to solve for the
four free parameters, K ;, K,, «, and f, in equations (2) and (3).
Following Weiler et al. (1986) we have defined the date of
explosion, t,, as 29 days before optical maximum (or 1980
October 1),° and because of the success of the Chevalier model
(Chevalier 1981a, b; 1984a, b) for RSN emission (see also
Weiler et al. 1986, 1990, 1991; and Note [d] to Table 4), we
defined 6 to be (Chevalier 1984b).

d=a—pf—3. @

The “best” fit was obtained by using a minimum reduced >
procedure to identify the best value and range of values for
each of the parameters, which are listed in Table 4. A minimum
measurement error of 17% was required to bring y2, from
~2.7 down to ~1.0 per degree of freedom. This need to
increase the data errors beyond the level of ~5% for points
near flux density maximum in order to obtain a y2%, ~ 1 likely
results from the fact that the model of equations (2) and (3) is
not sufficiently complex to fully describe any short-term fluc-
tuations in the RSN radio light curves (cf. Weiler et al. 1991).
The range of uncertainty listed for each parameter in Table 4 is
the amount that a parameter must deviate from the best-fit
value in order to increase y24 from ~1 to ~5 (Abramowitz &
Stegun 1965). This is appropriate for a four-parameter fit and

* By varying t, and examining x2,, we find that t, = 1980 September 25, 35
days before optical maximum, actually produces a slightly improved fit to the
data (y2,[t, = 35 days] ~ 2.66, while y2,[t, =29 days] ~ 2.70). However,
since this variation in the initial epoch is quite small and within the range for ¢,
given in Weiler et al. (1986), for the sake of consistency, we maintain t, = 1980
October 1.

determines the 67% probability intervals within which the true
values lie; i.e., the error range analogous to the 1 ¢ uncertainty
for a single parameter fit. The model curves calculated with
equations (2) and (3) for the parameter values of Table 4 are
shown as the solid lines in Figure 1, and, as can be seen,
provide a good fit to the data points. In Figure 2, the spectral
index evolution is very regular and also well-described by
equations (2) and (3) with the parameters from Table 4.
Examination of Figures 1 and 2 shows that the model
curves, even for such a simple model, describe the available
data at both frequencies rather well in gross terms. The param-
eters listed in Table 4, in fact, generally agree with those deter-
mined from the more limited data set available to Weiler et al.
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F1G. 2—Spectral index « (S oc v**) evolution for SN 1980K between 20 cm
and 6 cm, plotted as a function of time, in days, since the estimated explosion
date of 1980 October 1 (29 days before optical maximum). The solid line is
calculated from the best-fit theoretical “light curves” shown in Fig. 1. The
dashed line shows a = 0.
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TABLE 4
FITTING PARAMETERS FOR SN 1980K*'®

Parameter Value Deviation Range®
1) 2 3)

Ky oiiiiiiiiiiiinns 74 40-103
O eeeeieeeeeereaaanne —-0.52 —(0.19-0.68)
B —0.66 —(0.62-0.74)
Ky oo 337 x 10° (1.2-32.0) x 10°
S(=a—p—37....... —2.86 —(2.46-3.07)
Q% weenereneneeaaaes =1980 Oct 1 1980 Jul 2-1980 Oct 29
MMgyr™) ... 2.6 x 1073

2 The radio light curves are assumed to fit a curve of the
form: S(mly) = K,[v/5 GHz]*[(t — t,)/(1 day)]?e™", where t = K,[v/5
GHz] ™ 2![(t — to)/(1 day)]’. From Chevalier (1984b), 6 =o — f — 3 is
assumed.

® With a minimum measurement error of 17% for the measured flux
densities to account for the fact that no simple model can completely
describe such a complicated phenomenon, these parameters yield a
xzq =~ 1.0.

° The Deviation Range is the range in which there is a ~67% prob-
ability that the true value lies. This is equivalent to a 1 ¢ range for a
one-parameter solution.

4 1f § is allowed to vary in the fitting procedure, the minimum 2, ~
1.0 remains for the range in 6 from —2.92 to —2.75. Since this range
includes the value of § assuming the Chevalier model (6 = a« — f — 3),
our acceptance of the model appears supported.

¢ The date of the explosion is taken to be 1980 October 1, following
Weiler et al. 1986.

f The mass-loss rate is estimated from eq. (16) in Weiler et al. 1986.

(1986) to within the fitting uncertainties (Weiler et al. give
K,=734+12, a= —0.5040.06, = —0.654+0.10, and
K, =[2.8 +0.3] x 10°).

The radio emission of SN 1980K is clearly evolving in a
regular manner. There have been no extreme brightenings or
fadings caused by large density fluctuations in the red super-
giant wind or by approaching the wind’s outer boundary. The
wind boundary, at which Weiler et al. (1986) predicted that
radio emission should sharply cut off, has clearly not yet been
reached.

4.2. Models

Two models, the “minishell ” (shock acceleration of the rela-
tivistic particles generating the nonthermal radio emission
occurs in a region external to the SN photosphere, e.g., the Cas
A SN remnant) and the “ miniplerion ” (“ pulsar ” generation of
the radio-emitting relativistic particles and magnetic fields
occurs at the center of the SN, e.g., the Crab Nebula SN
remnant), have been suggested to provide the mechanism for
the acceleration of the relativistic particles generating the non-
thermal emission from RSNs (see Weiler et al. 1986). Weiler et
al. (1986) showed that for the measurements through 1984 for
SN 1980K the minishell model provided a significantly better
fit to the data than did the miniplerion model. In the present
paper, through an analysis similar to that used by Weiler et al.
(1991) for SN 1979C, including the additional data for SN
1980K from 1985 to 1990, we find that the minishell model still
represents the best description for the radio emission and the
miniplerion case can be ruled out.

4.3. Short-Period Light Curve Deviations

Although the very similar RSN SN 1979C appears to have
significant short-period deviations from the fitted light curves
(see Weiler et al. 1991), and examination of Figure 1 shows SN
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1980K to deviate at times from the smooth curves described by
equations (2) and (3) and Table 4, the source is too weak and
the errors in the flux density measurements are too large to
establish this with certainty. Plots of the flux density deviations
from the fitted curves at 20 and 6 cm and power spectrum
analysis of those deviations are unconvincing.

4.4. Mass Loss from the Progenitor

An estimate of the mass-loss rate for the assumed pre-SN red
supergiant progenitor star can be made using the simplified
formula of equation (16) in Weiler et al. (1986). Adopting a
wind velocity, w ~ 10 km s, an optical expansion velocity of
the SN ejecta, v; ~ 1.3 x 10* km s™!, and an electron tem-
perature in the wind, T ~ 3 x 10* K (Lundqvist & Fransson
1988), the mass loss is estimated to be M ~ 2.6 x 107° Mg
yr~ 1. Assuming that the wind velocity, w, during this mass loss
was constant, the duration of this mass-loss epoch, Aty;, is the
ratio of the radius of the wind-blown circumstellar shell, Ry, y;,
to the velocity w. From the known time (10.2 yr) of interaction
of the rapidly moving SN ejecta (~1.3 x 10* km s~ !) with the
shell material, which gives rise to the observed radio emission,
we can estimate R, ;; = 4.2 x 10!7 cm. If the shell was estab-
lished by a red supergiant wind moving at ~10 km s %, a
duration of high mass loss of Aty = 1.3 x 10* yr must hold.
Thus, we can also place a lower limit on the amount of mass
lost from the progenitor, assumed to occur during the red
supergiant phase, of AM 2 0.34 M.

The stellar evolution models of Maeder & Meynet (1988)
show that a 7 M, zero-age main-sequence (ZAMS) star experi-
ences a mass loss of ~0.32 M, by the end of C-core burning.
Therefore we can place a lower limit on the ZAMS mass of the
progenitor of SN 1980K to be 27 M. Although this is some-
what less than what is generally thought to be the lower mass
limit (~8 M) for Type II SN progenitors (cf. Woosley &
Weaver 1986), it is not inconsistent with the 4-5 M upper
limit for main-sequence white dwarf progenitors found in open
clusters (e.g., Reimers & Koester 1989) or the critical mass
necessary for nondegenerate C-core burning (e.g., Castellani et
al. 1985). With an upper mass limit of 18 M placed on the
progenitor of SN 1980K by Thompson (1982), we can now
constrain the progenitor mass at 7 Mo S M < 18 M. We
conclude that the progenitor of SN 1980K was likely to have
been less massive than the progenitor of SN 1979C (M 2
13 M ; cf. Weiler et al. 1991), whose 10 yr radio evolution SN
1980K so closely resembles, confirming that the progenitors of
Type II SN fall in a broad range of ZAMS masses.

5. COMPARISON WITH OTHER RSNs

Weiler et al. (1986), even with their more limited data sets,
were able to distinguish two categories of radio-emitting SN,
subclass Type Ib such as SN 1983N (called Type Ig; , for Type I
subluminous, by them) and Type II such as SN 1979C. Since
that time, Weiler et al. (1990) have established a third category
of RSN in the Type II SN 1986J. Each of these classes appears
distinguishable in terms of spectral index, radio turn-on rate,
decline rate after maximum at each frequency, and the ratio of
internal to external absorption. While we shall reserve detailed
discussion of the classification of RSNs to another paper, it is
clear that SN 1980K much more closely resembles the Type II
SN 1979C in the details of its radio emission than either of the
two other known categories. Thus, SN 1980K appears to be a
second, albeit lower mass-progenitor star, example of the
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physical process leading to Type II SN explosions such as
occurred in the case of SN 1979C.

6. CONCLUSIONS

Analysis of the radio emission from the Type II RSN SN
1980K at 20 and 6 cm leads to the following conclusions.

1. The emission from SN 1980K is continuing its regular
decline in flux density with time.

2. The light curves, including the most recent data, are still
consistent with the model for nonthermal emission with exter-
nal, thermal absorption.

3. The best-fit parameters differ only slightly, and are
within the statistical errors, from the values obtained by Weiler
et al. (1986), indicating that the model is still accurate 10 yr
after explosion.

4. The earlier preference for the minishell model to describe

RADIO EMISSION FROM SN 1980K 253

the nonthermal emission for SN 1980K is still supported by the
new data.

5. The red supergiant progenitor for SN 1980K maintained
a mass-loss rate of greater than 107> M, yr~ ! for at least
1 x 10* yr before explosion.

6. A lower limit of 20.34 M can be accounted for as
having been lost from the progenitor in the pre-SN stellar
wind, allowing us to place a lower limit on the zero-age main-
sequence mass of the progenitor star of 27 M.

7. SN 1980K appears to belong to the distinguishable class
of RSN which are similar in radio properties to SN 1979C.

We wish to thank Jennifer L. Discenna for her assistance at
the Naval Research Lab in the production and analysis of the
radio maps of SN 1980K. We also thank the referee, Stephen
Reynolds, for very helpful comments regarding this paper.
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