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ABSTRACT

The nature of SN 1961V has been uncertain. Its peculiar optical light curve and slow expansion velocity are
similar to those of superoutbursts of luminous blue variables (LBVs), but its nonthermal radio spectral index and
declining radio luminosity are consistent with decades-old supernovae (SNe). We have obtained Hubble Space
Telescope STIS images and spectra of the stars in the vicinity of SN 1961V and find object 7 identified by
Filippenko and coworkers to be closest to the optical and radio positions of SN 1961V. Object 7 is the only point
source detected in our STIS spectra, and only its Ha emission is detected; it cannot be the SN or its remnant
because of the absence of forbidden lines. While the Ha line profile of object 7 is remarkably similar to that of
n Carinae, the blue color (similar to an A2 Ib supergiant) and lack of appreciable variability are unlike known
postoutburst LBVs. We have also obtained Very Long Baseline Array observations of SN 1961V at 18 cm.
The nondetection of SN 1961V places a lower limit on the size of the radio-emitting region, 7.6 mas or 0.34 pc,
which implies an average expansion velocity in excess of 4400 km s~!, much higher than the optical expansion
velocity measured in 1961. We conclude the following: (1) An SN occurred in the vicinity of SN 1961V a few
decades ago. (2) If the SN 1961V light maximum originates from a giant eruption of a massive star, object 7 is the
most probable candidate for the survivor, but its blue color and lack of significant variability are different from a
postoutburst 7 Car. (3) The radio SN and object 7 could be physically associated with each other through a binary
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system. (4) Object 7 needs to be monitored to determine its nature and relationship to SN 1961V.
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1. INTRODUCTION

SN 1961V, in the outskirts of the Sc galaxy NGC 1058
(distance = 9.3 Mpc; Tully 1980; Silbermann et al. 1996), is
the prototype of Zwicky’s Type V supernovae (SNe), which
are now classified as Type II peculiar SNe. SN 1961V was
unusual in many respects (Branch & Greenstein 1971). First,
SN 1961V is one of the very few SNe whose progenitors are
known. The progenitor of SN 1961V was visible as an 18 mag
star from 1937 to 1960 (Zwicky 1964). Second, the optical
light curve of SN 1961V was more complex and much broader
than any other SN ever observed. It peaked at ~12 mag in
late 1961, remained visible for several years, and faded to
21.7 mag in 1970 (Branch & Greenstein 1971; Bertola & Arp
1970). Third, the initial expansion velocity of SN 1961V,
2000-3000 km s~!, was much lower than the typical expan-
sion velocity of 15,000-20,000 km s~! for most SNe (Zwicky
1964; Branch & Greenstein 1971).

These peculiar properties of SN 1961V have raised skep-
ticism concerning its nature as a SN. Based on the extended
optical light curve and the anomalously low expansion ve-
locity, Goodrich et al. (1989) suggested that SN 1961V was a
luminous blue variable (LBV) similar to 7 Carinae, and its
“SN explosion” was actually a superoutburst. Filippenko et al.
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(1995) obtained Hubble Space Telescope (HST) WFC1 images
of SN 1961V and identified a red star with R = 24.55, their
object 6, as a candidate for the LBV survivor. Using archival
HST WFPC2 images, Van Dyk, Filippenko, & Li (2002) sug-
gested a fainter and redder star as an alternative candidate
for the LBV survivor and called it object 11 as an extension of
the Filippenko et al. (1995) object list. The LBV hypothesis
cannot explain, however, the nonthermal radio spectral index
of SN 1961V, —0.4 + 0.3 (Cowan, Henry, & Branch 1988) or
—0.79 £ 0.23 (Stockdale et al. 2001b). The radio emission
from 7 Car and its ejecta is thermal and optically thick, as it
shows a positive spectral index and a complete lack of po-
larization (Duncan et al. 1995, 1997). Furthermore, SN 1961V
is more than 1000 times more luminous than 7 Car at 20 cm
wavelength (Retallack 1983; Stockdale et al. 2001b) and its
radio light curve is similar to those of radio SNe (Stockdale
et al. 2001a).

Existing images of SN 1961V show a complex environment.
Narrowband emission-line images reveal two H 1 regions
within 3” to the north of SN 1961V (Fesen 1985; Cowan et al.
1988), while broadband continuum HST WFCI1 images show
massive stars in and around the H 11 regions and in the vicinity
of SN 1961V (Filippenko et al. 1995). SN 1961V is clearly
associated with a star-forming environment, where SNe are
expected to occur. Indeed, radio observations (Cowan et al.
1988; Stockdale et al. 2001b) show a nonthermal source at the
south edge of the eastern H 11 region, coincident to within 1” of
the optical position of SN 1961V, and a fainter nonthermal
radio source in the western H 1 region, corresponding to an
unrelated supernova remnant (SNR).

To determine the nature of SN 1961V, it is crucial to recover
the optical counterpart of SN 1961V with a high degree of
certainty and to determine spectroscopically whether it is a
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surviving LBV or a SN turning into a SNR. Thus, we have
obtained HST imaging and spectroscopic observations of SN
1961V. We have also obtained high-resolution radio obser-
vations to determine the size of the radio source at SN 1961V.
This paper reports these observations of SN 1961V and our
analysis of its nature.

2. OBSERVATIONS AND REDUCTION
2.1. HST STIS Observations

SN 1961V was observed with the HST Imaging Spectro-
graph (STIS) on 2002 October 23. Medium-resolution optical
spectra were obtained with the G430M and G750M gratings
tilted to observe the spectral ranges centered at 4961 and
6581 A, respectively. The wavelength coverage and spectral
resolution of the resulting spectrograms are 4800—5125 A and
~0.8 A for the G430M granting, and 6250-6900 A and
~1.3 A for the G750M grating. The 52" x 2" slit was used in
order to obtain “slitless” spectra of multiple sources simul-
taneously. The long dimension of the slit was oriented along a
position angle of 13976 to optimize the projected separations
among the candidates of SN 1961V’s optical counterpart,
minimizing confusion from overlapping spectra.

The target position was acquired by peaking up on a nearby
star and then offsetting to the location of SN 1961V. Spec-
trograms were then obtained using CR-SPLIT = 4 for a total
exposure time of 4377 and 3902 s for the G750M and G430M
gratings, respectively. In between the spectroscopic obser-
vations, a deep image of the field with the SOCCD aperture
and no filter was obtained for comparison with the spectro-
scopic observations. This imaging observation also used a
CR-SPLIT =4 and had a total integration time of 1800 s.

The raw observations were reduced using the STSDAS
version 3.0 and CALSTIS version 2.3 utilities within IRAF.
For this reduction the best reference files were obtained from
the Multimission Archive at Space Telescope. The sources in
the field are too faint for the observations to be dithered to aid
in the rejection of hot/warm pixels in the STIS CCD images
and spectra; therefore, the standard reduction pipeline was
used, with some attempt to construct a better dark frame than
was available. The raw dark frames obtained as part of the
STIS calibration programs 9605 and 9612, which occurred
closest in time to our STIS observations, were uploaded and
combined. We found that even restricting the darks used to
those from the 5 days bracketing our observations did not
improve our image quality. We also investigated making
changes to the standard pipeline processing that scaled the
dark frame to account for the difference in exposure time and
CCD housing temperature. We found that a slight improve-
ment in image quality could be made by reducing the pipe-
line’s default scaling of the darks by 10% for our imaging data
and 2% for our spectroscopic data. The effect of these changes
is to minimize the excursions of improperly subtracted hot
pixels from the median value in the frame.

An astrometric solution in the ICRS 2000.0 frame for the
STIS CCD image of the region around SN 1961V was ob-
tained by first finding an astrometric solution for a WFPC2
image taken with the F606W filter as part of program 5446.
This astrometric solution for the WFPC2 image is based on
the positions of seven stars with low proper motions from the
USNO BI1.0 catalog and has an accuracy of better than 072
based on the residuals of the least-squares fit to the stellar
positions. We then used 19 point sources that appear in
both the WFPC2 and STIS images to obtain a bootstrapped

astrometric solution for the STIS image. The accuracy of the
astrometry for the STIS image is estimated to be ~0725 based
on the rms of the residuals from the least-squares fit bootstrap
solution added in quadrature to the uncertainty for the astro-
metric solution for the WFPC2 image.

2.2. VLBA Observations

We have made high-resolution radio observations of
SN 1961V using the Very Long Baseline Array (VLBA).® The
observations were made at 18 cm on 1999 September 14.
3C 286 and 3C 48 were used for flux calibration, and J0253+
3835 was used for phase calibration. SN 1961V is a weak
source for the VLBA (Cowan et al. 1988), so the phased Very
Large Array (VLA) in its A configuration, the longest baseline
mode, was included to improve the sensitivity. The 27 VLA
antennae were phased and sampled every 10 s, and this sam-
pling rate was used for the Very Long Baseline Interferometry
(VLBI) data set. The data set was averaged in frequency to a
total of eight intermediate frequencies (IF’s). We iteratively
self-calibrated the VLBA observations of J0253+3835 for a
single IF to produce a common amplitude scale, and this model
was applied to the other IFs to produce a VLBA phase solution.
The VLBA and VLA observations of J0253+3835 were then
combined and self-calibrated further to achieve the best pos-
sible VLBI phase solutions. For a consistency check of our
phase solution, embedded scans of a secondary calibrator,
J0230+4032, were obtained throughout the course of the
observations of SN 1961V.

The VLBI phase solution was applied to the observations
and the resulting visibilities were Fourier transformed to ob-
tain an image of SN 1961V. The synthesized beam size for this
VLBI image was 11.5 x 7.56 mas, and the rms noise in the
map was 0.030 mJy beam~!. No compact or diffuse sources
were detected with >3 o confidence within 100 mas of the
radio position of SN 1961V, at which the simultaneous VLA
observations detected 0.147 & 0.026 mJy beam~! for a syn-
thesized beam of 1720 x 1701 (Stockdale et al. 2001b). To
reconcile the VLA detection and VLBI nondetection, the radio
emission must be distributed over an area greater than the
VLBI synthesized beam, i.e., >7.56 mas.

3. DISCUSSION
3.1. Stellar and Interstellar Environment of SN 1961V

The broadband STIS image in Figure 1 represents the
deepest high-resolution image of SN 1961V and its sur-
roundings ever obtained. In addition to the 11 bright stellar
objects identified by Filippenko et al. (1995) and Van Dyk
et al. (2002), many fainter stars are also detected. These 11
bright objects, marked in Figure lc, are mostly supergiants
with V' = 24-25.5. To illustrate the position of SN 1961V,
radio contours extracted from the Stockdale et al. (2001b)
18 cm VLA map are plotted over the STIS image in Figure 1d.
The eastern radio source corresponds to SN 1961V, and our
new astrometric calibration (§ 2.1) now places object 7 closest
to SN 1961V. Three nebular arcs are visible and form an
apparent supershell structure about 573 x 3”0 (or 240 x 135 pc)
in size. Encompassed within the supershell are SN 1961V and
objects 6, 7, 9, and 11, while projected along the supershell
rim are objects 5, 8, and 10.

© The National Radio Astronomy Observatory is a facility of the National
Science Foundation operated under a cooperative agreement by Associated
Universities, Inc.
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Fic. 1.—HST STIS image of the region around SN 1961V. (@) and (b) Two different gray-scale images. (c) Objects identified by Filippenko et al. (1995) and Van
Dyk, Filippenko, & Li (2002) are marked as well as the slit position for the STIS spectroscopic observations. (d) Contours of the VLA 18 cm map observed on 1999

September 14 (Fig. 16 of Stockdale et al. 2001b) are plotted over the STIS image.

To date, the best narrowband images of SN 1961V are still
those obtained by Fesen (1985) using the Kitt Peak 2.1 m
telescope. His red continuum image had a limiting magnitude
of ~21 mag, so it did not detect any of the stars in the vicinity
of SN 1961V shown in our STIS image. Two H 1 regions are
detected in the [O n1] image, but they appear better resolved in
the Ha + [N 1] image: the eastern H 1 region consists of a
bright diffuse emission region and two faint emission knots to
the south, while the western H 1 region is resolved into two
emission patches with similar brightnesses.

Comparisons between our STIS image and Fesen’s (1985)
narrowband images show the following correspondences. The
bright diffuse emission from the eastern H i region is centered
on the bright object 8 projected against the northeast rim of the
supershell, and the two Ha emission knots in the southern
extension are coincident with object 7 inside the supershell
and object 5 along the south rim of the supershell, respec-
tively. In the western H 1 region, the eastern emission patch is
coincident with the bright object 10, but the western emission
patch has no detectable stellar counterparts in our STIS image.
The image of object 10 is elongated and somewhat resolved,
indicating that it consists of multiple stars; its location inside
an H m region further indicates that it contains a group of
massive stars. The stars in object 10 are probably at least a few

megayears old, as they are coincident with a radio SNR
identified by Stockdale et al. (2001b), the western radio source
in Figure 1d.

In summary, the STIS image illustrates that SN 1961V is
associated with a complex, extended star-forming region. It is
projected within the central cavity of a supershell, with bright
H 1 regions distributed along the shell rim. The presence of
both H 1 regions and SNRs indicates that a mixture of stel-
lar populations at different ages exists within ~100 pc of
SN 1961V.

3.2. The Optical Counterpart of SN 1961V

The optical position of SN 1961V was determined by
Klemola (1986) to an accuracy better than 0”1, and this posi-
tion is coincident with a fading nonthermal radio source
(Branch & Cowan 1985; Cowan et al. 1988; Stockdale et al.
2001b). As shown in Figure 1d, object 7 is the closest to SN
1961V, the eastern radio source.

Our long-slit STIS spectroscopic observations have been
designed to detect line emission, as the stellar sources are faint
and the detection of their continuum requires unrealistically
long exposures. Of all stellar sources in the slit, only one is
detected in Ho emission (see Fig. 2). Aligning the STIS direct
image with the Ha spectrogram, we find that the point source
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Fic. 2.—HST STIS image (left) and spectra (right) of objects around SN 1961V. North and the 2" wide slit are marked on the STIS image. Top right: Spectrum
around the Ha line; bottom right: spectrum around the [O m] lines. Object 7 is the only point source detected, and only its Ha emission line is detected. The
square bracket marks the slit extent over which the spectrum of object 7 shown in Fig. 3 is extracted. A patch of diffuse emission at slit offset of —2" to —3" is
detected in both the Ha and the [O mi] lines. Horizontal dashed lines are drawn to assist in the visual alignment of image and spectral features.

corresponds to object 7. The wavelength scale in Figure 2
is calibrated for the slit center; as object 7 is offset by 0746
from the slit center, a wavelength correction of —5.1 A should
be applied.” The corrected wavelength of the Ho emission
from object 7 corresponds to a heliocentric velocity of Vi =
520 + 10 km s~!, which is consistent with the systemic ve-
locity of the H i regions near SN 1961V measured by Gruendl
etal. (2002). The Ha line profile of object 7, shown in Figure 3,
appears to have a narrow core and broad wings, which can
be measured up to £550 km s~! (limited by the noise level of
the spectrum). The absence of forbidden lines such as [O 1]
46300 and [O mi] 45007 indicates that the Ha emission is
stellar as opposed to originating from a SN/SNR transition
object like SN 1979C or SN 1980K (Fesen et al. 1999).

Our STIS spectrograms also detected a patch of diffuse
emission in the Ha and [O m] 444959, 5007 lines. This
emission originates from the northwest rim of the supershell
and corresponds to the northern part of the western H 11 region
identified by Fesen (1985). The velocity of this diffuse emis-
sion cannot be accurately determined, but it is consistent with
Vhel ~ 520 km Sfl.

3.3. Radio Properties of SN 1961V

Recent VLA observations of SN 1961V (Stockdale et al.
2001b) show that it is a nonthermal radio source with a spectral
index of @« = —0.79 4+ 0.23 (S, ox v*) and a time decay index
of 3= —0.69 £+ 0.23 at ~20 cm (S, 7). The spectral and

7 The STIS spectrogram has a spectral scale of 0.554 A pixel~! and a spatial
scale of 0705 pixel~!; therefore, a 0746 offset from the slit center corresponds to
a wavelength offset of 0.554 x 0.46/0.05 = 5.1 A.

temporal properties of SN 1961V are consistent with other
decades-old radio SNe, for example, SNe 1970G, 1957D, and
1950B (Stockdale et al. 2001a; Stockdale 2001). These prop-
erties are not consistent with radio observations of LBVs,
which have an overall flat radio spectrum when convolved to
the VLA resolution limit of SN 1961V, for example, AG Car,
He 3-519, HR Car, WRA 751, P Cyg, and n Car (Duncan &
White 2002, 2003; Retallack 1983; Duncan et al. 1997).

A more apt radio comparison may be made with SN 1954]
in NGC 2403 (3.2 Mpc; Freedman et al. 2001), which has
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Fic. 3.—Top: Ha line profile of object 7 extracted from our HST STIS
observations. Bottom: Ha line profile of 7 Car and its surrounding ejecta
nebula taken with the echelle spectrograph on the CTIO 4 m telescope. The
vertical dashed lines mark the locations of the Ha and [N n] 116548, 6583
lines.
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been established to be an outburst of the LBV “‘variable 12,”
misidentified as a SN (Humphreys & Davidson 1994; Smith,
Humphreys, & Gehrz 2001). The region near SN 1954]) was
observed with the VLA at 20 cm about 31 yr following its
outburst, but no source was detected with a 3 o limit of
0.35 mJy beam~! (Eck, Cowan, & Branch 2002). On the other
hand, the VLA detection of SN 1961V at 18 cm about 38 yr
after the explosion indicates that it would have been detected
with a flux density of 0.98 mJy beam~!, were it in NGC 2403.
Clearly, SN 1961V is more than 3 times more luminous than
SN 19547J at 18—-20 cm.

Our recent VLBI experiment (§ 2.2) allows us to make a
more definitive radio analysis than previously possible with
resolution-limited VLA studies. The VLBI nondetection of
SN 1961V indicates that its radio emitting region is larger than
the VLBI resolution element; thus, the minimum diameter of
SN 1961V is 7.56 mas, or 0.34 pc, for a distance of 9.3 Mpc.
Assuming that the nonthermal radio emission detected by the
VLA observations originates from synchrotron radiation as-
sociated with SN shocks (Chevalier 1982; Chevalier &
Fransson 1994), this minimum size implies an average ex-
pansion velocity in excess of 4400 km s~!, between the time
of the VLBI experiment and the reported SN explosion, i.e.,
~38 yr. This expansion velocity is much higher than the op-
tical expansion velocity of 2000 km s~! measured in 1961
November, toward the end of the broad maximum in the light
curve.

Such a large discrepancy in expansion velocities determined
at optical and radio wavelengths has been seen previously in
SN 19861, another Type II peculiar SN. The optical expansion
velocity of SN 1986] measured in 1986, several years after its
possible explosion in 19821983, was less than 1000 km s~!
(Rupen et al. 1987). However, VLBI observations of SN 1986J
in 1990 and 1999 suggest that its expansion velocity was
20,000 km s~! at = 0.25 yr and 6000 km s~ at t =15.9 yr
(Pérez-Torres et al. 2002; Bietenholz, Bartel, & Rupen 2002),
well in excess of the optical expansion velocity, and this dis-
crepancy may be caused by the SN ejecta interacting with a
clumpy circumstellar wind (Chugai 1993). In the case of SN
19861, its identification as an SN has been commonly accepted.

3.4. The Nature of SN 1961V

Was the SN 1961V event a SN explosion or a superoutburst
of an LBV? The strongest support for the SN hypothesis has
been provided by radio observations. The nonthermal radio
spectral index, high radio luminosity, and the temporal decline
of radio luminosity are all consistent with the existence of a
decades-old SN. Furthermore, these radio properties are not
like those of any known LBV: radio emission from LBVs
are predominantly thermal in origin, and LBVs (including
SN 1954J) are much fainter than SN 1961V.

The size of SN 1961V’s emitting region may further con-
strain its nature. Object 7 is unresolved in the HST STIS
images, placing an upper limit of 0705, or 2.25 pc, on its size.
The VLBI nondetection places a lower limit of 7.6 mas, or
0.34 pc, on the diameter of the radio-emitting region. These
sizes are significantly larger than the size of 77 Car’s nebula in
1995, 0.09 x 0.17 pc, ~150 yr after it was ejected during the
“Great Eruption” in 1837-1860 (Humphreys & Davidson
1994; Smith & Gehrz 1998). Whether SN 1961V was an SN
explosion or an LBV outburst, the ejected material expands
and the expansion velocity can be estimated from the size and
time lapse. The above lower and upper limits on size require
that the expansion velocity is at least 4000 km s~! but at most
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27,000 km s~!. Such high expansion velocity is consistent
with a SN explosion, but not an LBV outburst.

The hypothesis that SN 1961V was an LBV outburst can be
verified only if the LBV survivor can be convincingly iden-
tified. Our STIS observations suggest that object 7 is the most
likely candidate for the LBV survivor because it is the closest
to the optical and radio position of SN 1961V and is the only
stellar object with the Ha emission line detected. However,
object 7 is not as red as 7 Car after a superoutburst. Using HST
WEFC1 images taken in 1991 December, Filippenko et al.
(1995) reported V' = 24.22, R =23.37, and I = 23.79 (errors
<0.2 mag) for object 7. Using HST WFPC2 F606W images
taken in 1994 September and F450W and F814W images
taken in 2002 July, Van Dyk et al. (2002) reported B = 24.04,
V = 23.85,and I = 23.83 for object 7, with errors ~0.14 mag.
These can be compared with the LBV variable 12 that was
responsible for SN 1954J: B =22.7, V' =21.9, R = 21.1, and
I =20.9 (errors ~0.2 mag) in 1999 February (Smith et al.
2001). It is clear that the color of object 7, B—I = 0.21 at about
41 yr after the light maximum, is not as red as the color of
variable 12, B—I = 1.8 at about 45 yr after the outburst. Be-
cause of the color difference, object 7 at 41 yr after is about
1 mag brighter in B but 0.6 mag fainter in / compared with
variable 12 at 45 yr after the outburst.

We can also compare the Ha line profile of object 7 to that
of n Car. At the distance of SN 1961V, 9.3 Mpc, n Car would
not be resolved from its ejecta; therefore, we have extracted an
integrated spectrum of n Car and its surrounding ejecta neb-
ula.® The ejecta nebula of 1 Car shows pronounced [N n] lines
relative to the Ha line, but the integrated spectrum of the star
and the ejecta nebula is dominated by the stellar Ha emission,
and the nebular [N 1] lines become negligible. Figure 3 shows
that the Ha line profile of object 7 is remarkably similar to
that of n Car. The lack of a [N 1] counterpart to the Ha
emission from object 7 indicates that the emitting material is
dense and must be stellar, as is the case for LBVs or mass-
losing stars in general. Unfortunately, the previous observa-
tions of the Ha line of SN 1961V made by Goodrich et al.
(1989) in 1986 were of much lower spectral and spatial res-
olution, so that the Ha and [N m] lines were blended and
heavily contaminated by bright H 1 region emission. It is
impossible to determine whether the Ha line width evolved
from 1986 to present.

Is object 7 an LBV? While its Ha line profile resembles
that of n Car, its color is not red. In fact, based on its colors
and magnitudes Filippenko et al. (1995) assigned a spectral
type of A2 Ib to object 7. It is interesting to note that there
exist A-type supergiants with similar Ha-emission line pro-
files. For example, the A5 Ta O star B324 in M33 shows an
Ha emission line with a narrow core and broad wings, but
M33 B324 is not known to exhibit variability and cannot be
classified as an LBV (Humphreys, Massey, & Freedman 1990;
Herrero et al. 1994). Similarly, the HST photometric mea-
surements of object 7 by Filippenko et al. (1995) and by Van
Dyk et al. (2002) do not show significant variations from 1991
to 2002. The lack of large-amplitude variability from 30 to
40 yr after the light maximum is in sharp contrast with the
variability of n Car after its Great Eruption. Therefore, even if

8 The echelle spectrograph on the 4 m telescope at the Cerro Tololo Inter-
American Observatory was used to map the kinematics of the ejecta nebula of
n Car in the Ha and [N 1] lines in 1996 January by Y. H. C. and coworkers.
The spectral resolution, determined from the FWHM of the sky lines was
~12 km s~!. Parts of the data were published by Weis, Duschl, & Chu (1999).
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object 7 is an LBV in a dormant state, its blue color and lack
of variability are unlike known LBVs that have gone through
superoutbursts, such as 7 Car.

What is the nature of the SN 1961V event? The radio
observations indicate the existence of a decades-old SN. It is
possible that the SN exploded in 1961 and was responsible for
the light maximum of SN 1961V. It is also possible that the
SN exploded prior to 1961 and did not contribute directly to
the light curve of SN 1961V. In the latter case, the light
maximum of SN 1961V might be caused by a catastrophic but
not fatally explosive event of a massive star, then the spatial
coincidence would make object 7 the most probable candidate
for the survivor, but the event cannot have been a super-
outburst from an 7 Car—like LBV. Since the radio SN and
object 7 are both coincident with SN 1961V (well within
20 pc), there is a nonnegligible possibility that all three objects
are related to one another through a binary system similar to
the situation in SN 1993]J, where a massive binary companion
of the SN progenitor was recently identified (Maund et al.
2004). We speculate that object 7 could be a massive binary
companion of the radio SN’s progenitor. Either the SN itself or
the SN ejecta impact on object 7 may be responsible for the
light curve of SN 1961V. The impact of SN ejecta on object 7
injects energy into its atmosphere and causes it to expand and
form the broad Ha emission line. Similar interactions have
been suggested for the binary companions of Type Ia SNe
(e.g., Marietta, Burrows, & Fryxell 2000).

We have learned from SN 1961V that the late evolution of
massive stars is complex and confusing. Numerous parameters
can affect the appearance of an SN or an outburst. Systematic
studies of a large number of peculiar SNe are needed. In the
meantime, it is necessary to monitor object 7 photometrically
and spectroscopically in the future for variability in order to
achieve a better understanding of its nature and relationship
with SN 1961V.

4. SUMMARY

We have obtained Hubble Space Telescope STIS images
and spectra of the stars in the vicinity of SN 1961V. The STIS

NATURE OF SN 1961V 2855

image shows that SN 1961V and a number of massive stars are
inside a supershell with two H 1 regions located on the shell
rim. Using a new astrometric solution, we find object 7 of
Filippenko et al. (1995) to be the closest to SN 1961V. Fur-
thermore, object 7 is the only point source detected in our
STIS spectra, and only its Ha emission is detected. The Ha
line profile of object 7 is remarkably similar to that of 7 Car,
but its blue color (similar to an A2 Ib supergiant) and lack of
significant variability are unlike any known LBVs at 30—-40 yr
after a superoutburst.

The nonthermal spectral index and declining radio lumi-
nosity of SN 1961V are consistent with those of decades-old
SNe. We have obtained VLBA observations of SN 1961V at
18 cm; the nondetection of SN 1961V places a lower limit on
the size of the radio-emitting region, 7.6 mas or 0.34 pc. This
implies an average expansion velocity in excess of 4400 km
s~!, much higher than the optical expansion velocity measured
in 1961. Such discrepant expansion velocities have been ob-
served in other SNe, such as SN 19861J.

We conclude that a SN has occurred in the vicinity of SN
1961V. The physical nature of SN 1961V’s light curve re-
mains uncertain. If it was associated with a great eruption of
a massive star, object 7 is the most probable survivor, but its
color and lack of significant variability differ from a post-
outburst 7 Car-type LBV. It is possible that the radio SN and
object 7 are both associated with SN 1961V through a binary
system. In the future, object 7 should be monitored photo-
metrically and spectroscopically for variability in order to
understand its nature and relationship to SN 1961V.
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