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OPTICALLY IDENTIFIED SUPERNOVA REMNANTS IN THE NEARBY SPIRAL GALAXIES
NGC 5204, NGC 5585, NGC 6946, M81, AND M101
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Department of Physics and Astronomy, 6127 Wilder Laboratory, Dartmouth College, Hanover, NH 03755
Received 1997 January 24 ; accepted 1997 April 11

ABSTRACT
We present the results of an optical search for supernova remnants (SNRs) in the spiral galaxies NGC

5204, NGC 5585, NGC 6946, M81, and M101. Using the criterion that emission nebulae with [S II]/
Ha º 0.45 are identiÐed as SNRs, we found three SNRs in NGC 5204, Ðve in NGC 5585, 27 in NGC
6946, 41 in M81, and 93 in M101. Including the 35 SNRs recently detected in NGC 2403 by Matonick
et al., we have doubled the current number of galaxies that have been well searched for SNRs and
increased the number of known extragalactic SNRs by about 50%. Since no SNRs were detected inside
H II regions and because our optical search appears biased against detecting large, faint SNRs, we esti-
mate that there could be 4 times more SNRs in each of our target galaxies than we detected. Statistical
analysis of the spatial distribution of detected SNRs indicates that those in NGC 2403, M81, and M101
are associated with star-forming regions (e.g., H II regions, spiral arms, and molecular clouds), suggesting
that a signiÐcant fraction of the detected SNRs are the result of SN II or SN Ib/c explosions. Thirty-one
SNRs found in these six galaxies have estimated diameters greater than 100 pc, which is larger than is
possible for a single SNR in an interstellar medium of density D0.1È1 cm~3. Such objects are probably
combinations of multiple SNRs and massive stellar winds.

We present an overview of extragalactic SNR searches, combining our SNR samples with published
results of optical SNR searches in the Large and Small Magellanic Clouds and in M31, M33, NGC 300,
and NGC 7793 to create an ensemble of 12 SNR samples. From these data, we Ðnd that an important
selection e†ect is the apparent trend for higher with increasing galaxy distance because intrin-L (Ha)modesically fainter SNRs are more difficult to detect in more distant galaxies. In addition, several physical
trends were found in the SNR ensemble, including a constant value of pc for the SNRDmodeB 40
samples in these galaxies, suggesting that a signiÐcant fraction of the detected SNRs are in a similar
evolutionary stage.
Subject headings : galaxies : ISM È supernova remnants È surveys

1. INTRODUCTION

The principal advantages of studying supernova rem-
nants (SNRs) in distant galaxies are that (1) an entire galaxy
can be examined with relatively few observations, (2) all the
SNRs in a galaxy are at essentially the same distance, elimi-
nating the uncertainty in relative distances that exists in the
case of Galactic SNRs, and (3) relative positions of SNRs
can be determined accurately. A review of extragalactic
SNR searches in optical, radio, and X-ray wavelengths is
given in et al. In we list the galaxiesMagnier (1995). Table 1
in which SNRs (exclusive of remnants from historical SNs)
have been detected in optical wavelengths. We also list the
galaxy distance, the number of SNRs detected in optical
surveys to date, and the principal references in which the
SNR surveys were presented. As can be seen from the table,
few large, nearby galaxies outside the Local Group (R[ 1
Mpc) have been thoroughly searched for SNRs.

& Clarke were the Ðrst to use theMathewson (1973a)
optical [S II]/Ha criterion to identify remnants. Col-
lisionally excited S` ions in the long cooling region behind
a SNR shock create strong [S II] jj 6716, 6731 emission

et al. Blair, & Kirsh-(Raymond 1979 ; Dopita 1984 ; Fesen,
ner typically with [S1985 ; Osterbrock 1989), II]/Ha Z

0.4È0.5. In an H II region, because of the strong photoion-
ization Ñux of its central star(s), most sulfur is in the form of
S``, and therefore [S II]/Ha B 0.1È0.3. The [S II]/Ha cri-
terion is now a well-established and reliable method for
optically detecting SNRs.

As a step toward completing the ground-based search for
SNRs in northern hemisphere galaxies and to create a
larger ensemble of extragalactic SNR samples, we under-
took an optical search for SNRs in Ðve nearby spiral gal-
axies. We selected low-inclination nearby spiral galaxies
with large populations of bright emission regions as targets.
In we describe our observations and methods of data° 2,
reduction, with the results and analysis of our search dis-
cussed in °° and Comparisons of SNR samples from3 4.
di†erent galaxies are given in ° 5.

2. OBSERVATIONS AND DATA REDUCTIONS

The list of program galaxies is given in WeTable 2.
restricted our SNR search to galaxies closer than about 7
Mpc. In we list the right ascension (R.A.) and decli-Table 2
nation (decl.) of the galaxy centers as measured from our
images in J2000.0 coordinates, the revised Hubble types, the
inclinations (i) of the galaxies the position(Tully 1988),
angle (P.A.) of each galaxy, measured east of north Vau-(de
couleurs et al. & Athanassoula1991 ; Garcia-Gomez 1991),
the color excess based on obscuration within our(E

B~V
)

Galaxy & Heiles the helio-(Tully 1988 ; Burstein 1978),
centric velocity and the best estimate of(V

h
) (Tully 1988),

each galaxyÏs distance (R) &(Tully 1988 ; Freedman
Madore et al.1988 ; Freedman 1994).

2.1. Imaging
Interference-Ðlter images of the Ðve target galaxies were

taken in 1993 June and 1994 March using the f/7.6 1.3 m

49
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TABLE 1

PRIOR OPTICAL EXTRAGALACTIC SNR SEARCH RESULTS

Ra SNRs
Galaxy (Mpc) Detectedb References

LMC . . . . . . . . . . . . 0.055 28 1, 2, 3, 4, 5, 6, 7, 8, 9
SMC . . . . . . . . . . . . 0.063 11 2, 4, 5, 6, 8
NGC 6822 . . . . . . 0.56 1 10
IC 1613 . . . . . . . . . 0.64 1 10
M31 . . . . . . . . . . . . . 0.69 221 10, 11, 12, 13, 14, 15
M33 . . . . . . . . . . . . . 0.84 98 10, 16, 17, 18, 19, 20, 21, 22
NGC 300 . . . . . . . 2.1 28 10, 23
NGC 253 . . . . . . . 2.5 2 10
IC 342 . . . . . . . . . . 2.9 4 10
NGC 2403 . . . . . . 3.2 35 10, 24
NGC 7793 . . . . . . 3.4 28 23
NGC 4449 . . . . . . 5.0 1 25, 26, 27, 28, 29
M101 . . . . . . . . . . . . 5.4 1 30, 31, 32
NGC 6946 . . . . . . 5.5 1 33, 34, 35, 36

a From the given references or from Tully 1988.
b Historical SNRs not included.
REFERENCES.È(1) & Mathewson (2, 3, 4) MathewsonWesterlund 1966 ;

& Clarke respectively ; (5, 6, 7) Mathewson et al.1972, 1973a, 1973b, 1983,
respectively ; (8) & Kennicutt (9) et al.1984, 1985, Chu 1988a ; Smith 1994 ;

(10) Dopita, & Benvenuti (11) Kumar, & FordDÏOdorico, 1980 ; Rubin,
(12) (13) Kirshner, & Chevalier (14)1972 ; Kumar 1976 ; Blair, 1981 ; Braun

& Walterbos (15) et al. (16) & Bianchini1993 ; Magnier 1995 ; Sabbadin
(17) & Kirshner (18) et al. (19)1979 ; Blair 1985 ; Long 1990 ; Smith 1991 ;

(20) et al. (21) et al. (22) (23)Smith 1993 ; Gordon 1993 ; Gordon 1994 ; Blair
& Long (24) et al. (25) & Heckman (26)1997 ; Matonick 1997 ; Balick 1978 ;

& Blair (27) Kirshner, & Winkler (28) etKirshner 1980 ; Blair, 1983 ; Blair
al. (29) (30) (31) & Kennicutt1984 ; Long 1985 ; Skillman 1985 ; Chu 1986 ;
(32) Skillman, & Sramek (33) & Fesen (34, 35)Yang, 1994 ; Blair 1994 ;
Schlegel respectively ; (36) Dyk et al.1994a, 1994b, Van 1994.

McGraw-Hill Telescope at the Michigan-Dartmouth-MIT
(MDM) These images were obtained using aObservatory.1
Tektronix 1024 ] 1024 pixel CCD with a plate scale of

pixel~1, giving a Ðeld of view. Character-0A.508 8@.7] 8@.7
istics of the interference Ðlters used are listed in Table 3.
Filter tracings for the [S II] and Ha Ðlters were made by E.
Carder in a f/7.5 beam to match as closely as possible the
characteristics of the 1.3 m telescope. The Ðlters were very
e†ective at passing the [S II] and Ha lines and suppressing
the [N II] j6583 line, with only the weaker [N II] j6548 line
contaminating the Ha signal. The j6446 continuum Ðlter
was used to remove starlight from Ha images, and the
j6964 Ðlter was used to do the same for [S II]. These contin-
uum Ðlters do not pass any strong SNR or H II region
emission lines. We took sets of three images through each

1 Michigan-Dartmouth-MIT Observatory is operated by the Uni-
versity of Michigan, Dartmouth College, and the Massachusetts Institute
of Technology.

TABLE 3

INTERFERENCE FILTER CHARACTERISTICS

j
c
a FWHM Tpeak

Name (Ó) (Ó) (percent)

[S II] . . . . . . . . . . . . . 6728 54 83
Ha . . . . . . . . . . . . . . . 6560 23 80
Continuum . . . . . . 6446 123 81
Continuum . . . . . . 6964 350 92

a Central wavelengths for [S II] and Ha measured
o† Ðlter tracings for f/7.5 beam.

Ðlter, with exposure times ranging from 300 to 1200 s.
Typical seeing was Flux standard stars from the cata-B1A.5.
logs of and et al.Oke (1974), Stone (1977), Massey (1988)
were observed each night, and bias frames and dome Ñats
were taken on each run. Twilight Ñats also were taken in the
1994 March and 1993 June runs. Basic reduction of our
images was done using In order to produce clearerIRAF.2
results in subsequent image arithmetic, we resampled the
image data and, while conserving the total Ñux, extracted
four images with a scale of pixel~1 from each full-0A.254
frame image. Continuum-subtracted [S II] and Ha images
were then constructed.

2.2. Spectroscopy
In order to Ðnd a set of objects for follow-up spectros-

copy, we carried out a quick-look analysis of the data by
blinking between the continuum-subtracted [S II] and Ha
images. In order to limit the size of the region that the eye
had to search, only a region about on a side was dis-1@.5
played and examined at a time. SpeciÐcally, we looked for
nebulae that were almost as bright, or brighter, in [S II] as
in Ha.

Spectra of 39 such nebulae in our Ðve target galaxies were
obtained with the 2.4 m Hiltner telescope at MDM Obser-
vatory, using the MK III spectrograph with a 600 lines
mm~1 grism blazed at 5800 giving a spectral coverage ofÓ,
4800È7200 A wide slit was used, yielding aÓ. 1A.68
resolution of B7 with a dispersion of 2.3 pixel~1. OnÓ Ó
one run we also used the Modular Spectrograph, with a 600
lines mm~1 grating, spectral coverage of 3700È8300 andÓ,
resolution of about 10 On the Modular Spectrograph, aÓ.

wide slit was used, with a scale along the slit of2A.5 1A.396

2 IRAF is distributed by the National Optical Astronomy Obser-
vatories, which is operated by the Association of Universities for Research
in Astronomy, Inc. (AURA) under cooperative agreement with the Nation-
al Science Foundation.

TABLE 2

PROGRAM GALAXIES

i P.A. E
B~V

V
h

R
Name R.A. (J2000) Decl. (J2000) Type (deg) (deg) (mag) (km s~1) (Mpc)

NGC 3031 (M81) . . . . . . . 09 55 33 69 03 55 Sab 60 157 0.04 È43 3.6
NGC 5204 . . . . . . . . . . . . . . . 13 29 36 58 25 15 Sm 53 5 0.00 200 4.8
NGC 5457 (M101) . . . . . . 14 03 12 54 20 56 Scd 0 . . . 0.00 231 5.4
NGC 5585 . . . . . . . . . . . . . . . 14 19 48 56 43 47 Sd 51 30 0.00 303 7.0
NGC 6946 . . . . . . . . . . . . . . . 20 34 52 60 09 14 Scd 42 64 0.40 46 5.5

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and
arcseconds.
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pixel~1 and a dispersion of 4.69 pixel~1. A TektronixÓ
1024 ] 1024 pixel CCD was used in all observations. The
slit was positioned on the target nebula by setting it on a
bright star in the Ðeld and rotating the instrument platform
so that the slit overlaid both the star and the target. Expo-
sures usually consisted of three frames of 600 s each.

A total of 14 objects were spectroscopically observed in
M101, 12 in NGC 6946, six in M81, four in NGC 5585, and
three in NGC 5204. In addition to our SNR candidate
targets, spectra were also extracted of some H II regions
lying along the slit. Three or four spectrophotometric Ñux
standard stars from the catalogs of Oke (1974), Stone (1977),
and et al. were observed each night. Cali-Massey (1988)
bration frames consisted of biases, internal lamp Ñats, and
comparison lamp exposures. Spectral data were reduced,
extracted, and corrected for interstellar extinction using
IRAF. The [S II]/Ha ratio was measured for each spectro-
scopically observed object, with spectral line ratios accurate
to about 10%.

2.3. SNR IdentiÐcation Technique
To carry out a systematic search for SNR candidates in

our program galaxies, we constructed ““ di†erence ÏÏ images
similar to those used by & Walterbos in theirBraun (1993)
search for SNRs in M31. For complex Ðelds, they used
continuum-subtracted Ha and [S II] images and made an
image by taking I(Ha)[ 2I([S II]), which left any region of
high [S II]/Ha with negative pixels, which could then be
more easily discerned on an image display. Modifying
this method, we took the continuum-subtracted Ha and
[S II] images and made a di†erence image by taking
I([S II])[ nI(Ha), where n B 0.4 and setting any negative

pixels to zero. Any bright feature in a di†erence image that
was veriÐed as a real emission-line object was marked as a
SNR candidate. An example of these steps is shown in

for a small section of the north Ðeld of M81.Figure 1
We measured the total counts for each SNR candidate in

[S II] and Ha, converted counts to Ñux using standard stars,
corrected for interstellar extinction within the Galaxy, and
calculated ([S These image line ratios were thenII]/Ha)image.corrected for contamination by the [N II] j6548 line in the
Ha Ðlter and Ha absorption in the standard stars by Ðtting
a curve to an ([S versus ([S plotII]/Ha)image II]/Ha)spectrumand using this curve to obtain corrected values of [S II]/Ha
for objects that were not spectroscopically observed. Two
examples of these plots and the correction procedure are
shown in The corrected line ratios are accurate toFigure 2.
about 15%. Overlap between galaxy Ðelds was taken into
account. Using the [S II]/Ha ratios, either corrected or
obtained directly from spectra, an improved value of Ha
intensity was calculated by taking

I(Ha) \ I([S II])
[S II]/Ha

,

thereby correcting for [N II] j6548 contamination in the Ha
Ðlter, Ha absorption lines in the standard stars, and any
nonphotometric conditions in the Ha imaging observations.
Objects with [S II]/Ha º 0.45 were considered SNRs.

Positions of all objects identiÐed as SNRs were obtained
in J2000 coordinates by use of Hubble Space Telescope
(HST ) guide stars in each Ðeld and refer to the center of the
aperture used to measure the Ñux of each object. Diameters
were measured on the continuum-subtracted [S II] images,

FIG. 1a FIG. 1b

FIG. 1.È(a) [S II] and (b) Ha images of a small subÐeld of M81. Objects later identiÐed as SNRs are marked, from top to bottom, as M81 Nos.(1@.3] 1@.6)
19, 13, 17, and 15. (c) j6964 continuum image of the same subÐeld. (d) [S II] and (e) Ha continuum-subtracted images of the subÐeld. ( f ) I([S II])[ 0.4I(Ha)
image of the subÐeld. Note how clearly the objects identiÐed as SNRs stand out in the Ðnal frame ( f ).
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FIG. 1c FIG. 1d

FIG. 1e FIG. 1f

using a method which depended on object morphology. For
a shell structure, an ellipse was Ðtted to the brightest
portion of the shell. Arcs were Ðtted in the same way as
shells, assuming that the arc represented the visible part of a
circular object. Filled SNRs were Ðtted with an isophote at

the point where the counts were about 5 times the local
average background in the image. Among these three types
of resolved objects, shells were probably the most reliably
measured. For a Ðlled object, Ðtting an isophote was less
certain because it was easier to overestimate the objectÏs
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FIG. 2a FIG. 2b

FIG. 2.ÈPlots of [S II]/Ha ratios from image data vs. [S II]/Ha ratios from spectra for two of the galaxies. Note how the points deviate more from a 1 :1
relationship (solid line) with higher [S II]/Ha. Examples of how the ([S values were corrected for [N II] j6548 contamination are also shown. (a)II]/Ha)imageNGC 6946. The dashed line is a Ðrst-order cubic spline Ðt to the data. (b) M101 south Ðeld. Includes objects calibrated in overlapping Ðelds. The dashed line is
a third-order polynomial Ðt. We were most concerned with the Ðts for ratio values In some cases, the Ðt was simply a straight line, and the correctionZ0.2.
was identical to increasing the image ratios by a constant factor. The [S II]/Ha values of objects for which we had spectra were obtained from the spectra, and
this correction was not applied.

size. For arclike objects, we ignored the possibility that the
arc might be part of an elliptically shaped object, in which
case we might have overestimated the objectÏs size. Partially
resolved SNRs were measured by Ðtting a Gaussian to the
point-spread function of the SNR. The measured SNR
diameter was then deconvolved using the average FWHM
of stars in the remnantÏs Ðeld. We were unable to estimate
diameters for some of our SNRs, particularly those in very
confused regions and those that were either unresolved or
too faint to allow a Gaussian to be Ðt accurately.

3. SNR DETECTION RESULTS

SNRs detected in each galaxy are listed with objects
ordered in right ascension in Tables Each table con-4È12.
tains the SNRÏs designated number (e.g., M81 SNR No. 15),
the right ascension and declination in J2000 coordinates,
the Ðeld in which the SNR was observed, the estimated
diameter in parsecs (with major and minor axes given for
highly elliptical remnants), the Ha intensity, the [S II]/Ha
ratio, information on whether the SNR was observed spec-
troscopically, and a brief description of the SNRÏs morphol-
ogy. Positions are accurate to 1A, diameters to about ^10
pc, Ha intensities to ^15%, and [S II]/Ha ratios to ^15%
(see also Objects for which no value of theMatonick 1997).

diameter is given were in confused regions or were too small
and faint to be estimated. Note that ground-based measure-
ments of extragalactic SNR diameters have been found to
di†er from HST measurements by D20% to nearly a factor
of 3 & Davidsen Therefore, SNR diameter(Blair 1993).
estimates from ground-based observations should be inter-
preted with caution.

Finding charts showing the locations of all remnants
identiÐed are presented below. (For objects that are difficult
to discern on these Ðnding charts, see ForMatonick 1997).
each galaxy, we show images (mostly in Ha) of the whole
galaxy Ðeld, as well as a few smaller areas to better display
the SNRs. Numbered tick marks show the location of each
remnant, using the numbers in the SNR tables. Light and
dark numbers and tick marks were used to facilitate read-
ability. North is up and east to the left in all Ðnding charts.

We also investigated whether or not the remnants of any
historical SNs were detected by our methods. Although SN
1993J in M81 is visible in our images (Finn et al. 1995), it
would not have been detected by our search methods alone.
To check for other historical SNs, we used the positional
information in Cappellaro, & Turatto andBarbon, (1989)
found that, although some SNs occurred within our
observed galaxy Ðelds, no emission was visible in our

TABLE 4

NGC 5204 SUPERNOVA REMNANTS

Diametera I(Ha)
SNR No. R.A. (J2000) Decl. (J2000) (pc) (ergs cm~2 s~1) [S II]/Ha Spectra? Morphology

1 . . . . . . . . . 13 29 30.2 58 25 21.1 20 1.7E[15 0.53 No Stellar
2 . . . . . . . . . 13 29 34.4 58 24 24.8 60 1.1E[14 0.69 Yes Arc
3 . . . . . . . . . 13 29 36.9 58 24 26.2 50 3.7E[15 0.52 Yes Stellar

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and
arcseconds.

a R\ 4.8 Mpc.



TABLE 5

RELATIVE LINE INTENSITIES FOR NGC 5204
SNRS WITH SPECTRA

SNR NO.

LINE 2 3

Hb j4861 . . . . . . . . . . 100 100
[O III] j4959 . . . . . . 25 36
[O III] j5007 . . . . . . 99 92
[N I] j5200 . . . . . . . . . . . . .
He I j5876 . . . . . . . . . . . . . .
[O I] j6300 . . . . . . . 48 37
[O I] j6364 . . . . . . . 20 . . .
[N II] j6548 . . . . . . 16 12
Ha j6563 . . . . . . . . . . 300 300
[N II] j6583 . . . . . . 30 34
[S II] j6716 . . . . . . . 119 97
[S II] j6731 . . . . . . . 90 58

SNR Parameters :
sec z . . . . . . . . . . . . . 1.12 1.12
E

B~V
. . . . . . . . . . . . 0.54 0.13

I(Ha)a . . . . . . . . . . . 1.1E[14 3.7E[15

a From photometry, given in units of ergs
cm~2 s~1.

TABLE 6

NGC 5585 SUPERNOVA REMNANTS

Diametera I(Ha)
SNR No. R.A. (J2000) Decl. (J2000) (pc) (ergs cm~2 s~1) [S II]/Ha Spectra? Morphology

1 . . . . . . . . . 14 19 39.2 56 41 38.7 200 ] 90 1.6E[14 0.66 Yes Shell
2 . . . . . . . . . 14 19 49.2 56 44 58.4 30 1.5E[15 0.68 No Stellar
3 . . . . . . . . . 14 19 51.6 56 44 21.0 20 4.3E[15 0.64 Yes Filled
4 . . . . . . . . . 14 19 51.8 56 44 08.6 120 ] 30 3.1E[14 0.47 Yes Filled
5 . . . . . . . . . 14 19 55.4 56 45 08.0 . . .b 1.5E[14 0.49 Yes . . .

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and
arcseconds.

a R\ 7.0 Mpc. Elliptical remnants are described as, e.g., ““ 200] 90 ÏÏ, where the numbers denote the length of the major and
the minor axis, respectively.

b Object too close to nearby H II region to allow estimation of diameter.

TABLE 7

RELATIVE LINE INTENSITIES FOR NGC 5585 SNRS WITH SPECTRA

SNR NO.

LINE 1 3 4 5

Hb j4861 . . . . . . . . . . 100 . . . 100 100
[O III] j4959 . . . . . . 31 . . . 63 20
[O III] j5007 . . . . . . 74 . . . 245 44
[N I] j5200 . . . . . . . . . . . . . . . . . . .
He I j5876 . . . . . . . . . . . . . . . . . . . .
[O I] j6300 . . . . . . . 72 . . . . . . 32
[O I] j6364 . . . . . . . 14 . . . . . . 14
[N II] j6548 . . . . . . 11 . . . 23 11
Ha j6563 . . . . . . . . . . 300 300 300 300
[N II] j6583 . . . . . . 31 50 47 31
[S II] j6716 . . . . . . . 116 115 87 86
[S II] j6731 . . . . . . . 83 70 57 63

SNR Parameters :
sec z . . . . . . . . . . . . . 1.10 1.12 1.10 1.17
E

B~V
. . . . . . . . . . . . 0.00 0.00a 0.51 0.14

I(Ha)b . . . . . . . . . . . 1.6E[14 4.3E[15 3.1E[14 1.5E[14

& Heilesa Burstein 1978.
b From photometry, given in units of ergs cm~2 s~1.
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TABLE 8

NGC 6946 SUPERNOVA REMNANTS

Diametera I(Ha)
SNR No. R.A. (J2000) Decl. (J2000) (pc) (ergs cm~2 s~1) [S II]/Ha Spectra? Morphology

1 . . . . . . . . . 20 34 23.3 60 08 18.6 30 6.7E[15 0.52 No Stellar
2 . . . . . . . . . 20 34 26.0 60 11 10.6 30 4.7E[15 0.46 No Stellar
3 . . . . . . . . . 20 34 33.6 60 09 52.4 40 7.7E[16 0.91 No Stellar
4 . . . . . . . . . 20 34 33.8 60 09 25.2 . . . 3.3E[15 0.85 Yes . . .
5 . . . . . . . . . 20 34 37.6 60 08 52.7 180 2.0E[15 0.76 No Arc
6 . . . . . . . . . 20 34 37.8 60 11 54.5 20 5.3E[16 1.14 No Stellar
7 . . . . . . . . . 20 34 37.9 60 07 22.5 40 1.4E[15 0.97 No Stellar
8 . . . . . . . . . 20 34 43.9 60 08 24.6 50 4.4E[15 0.49 No Stellar
9 . . . . . . . . . 20 34 51.4 60 07 39.2 20 2.2E[15 0.67 No Stellar
10 . . . . . . . . 20 34 51.5 60 09 09.1 20 3.7E[15 0.77 No Stellar
11 . . . . . . . . 20 34 52.5 60 07 28.3 . . . 2.9E[15 0.46 No . . .
12 . . . . . . . . 20 34 54.2 60 11 03.5 . . . 1.5E[15 0.64 No . . .
13 . . . . . . . . 20 34 55.9 60 07 49.2 9 3.2E[15 0.58 No Stellar
14 . . . . . . . . 20 34 57.8 60 08 10.0 20 2.5E[15 0.68 No Stellar
15 . . . . . . . . 20 35 00.3 60 11 46.2 30 7.9E[15 0.58 Yes Stellar
16 . . . . . . . . 20 35 00.6 60 11 30.8 20 7.1E[14 0.85 Yesb Stellar
17 . . . . . . . . 20 35 01.1 60 12 00.3 20 1.0E[15 0.77 No Stellar
18 . . . . . . . . 20 35 02.3 60 06 31.2 40 6.7E[15 0.52 Yes Stellar
19 . . . . . . . . 20 35 02.9 60 05 26.7 160 1.4E[14 0.71 No Di†use
20 . . . . . . . . 20 35 05.5 60 10 01.0 . . . 3.8E[15 0.68 No . . .
21 . . . . . . . . 20 35 08.8 60 06 03.0 180 8.1E[15 0.94 No Di†use
22 . . . . . . . . 20 35 09.6 60 12 30.2 . . . 2.9E[15 0.77 No . . .
23 . . . . . . . . 20 35 11.6 60 07 41.2 30 7.3E[15 0.45 No Stellar
24 . . . . . . . . 20 35 16.9 60 11 05.8 50 2.1E[15 0.79 No Stellar
25 . . . . . . . . 20 35 21.1 60 08 44.4 60 2.1E[14 0.58 Yes Stellar
26 . . . . . . . . 20 35 25.5 60 07 51.2 30 2.1E[15 0.59 No Stellar
27 . . . . . . . . 20 35 26.0 60 08 43.0 40 1.1E[14 0.51 Yes Stellar

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and
arcseconds.

a R\ 5.5 Mpc.
& Fesenb Blair 1994.

images at their reported positions. These objects were SN
1954J in NGC 2403 and SNs 1917A, 1939C, 1948B, 1968D,
and 1969P in NGC 6946. SN 1970G in M101 has been
recently recovered by but it was not detectableFesen (1993),
as a remnant by our technique.

3.1. NGC 5204

Three SNRs with [S II]/Ha ratios ranging from 0.52 to
0.69 and diameters of 20È60 pc, located predominantly in
the southwest region of the galaxy, were found in this small,

TABLE 9

RELATIVE LINE INTENSITIES FOR NGC 6946 SNRS WITH SPECTRA

SNR NO.

LINE 4 15 16a 18 25 27

Hb j4861 . . . . . . . . . . . . . 100 100 100 100 100
[O III] j4959 . . . . . . . . . 31 210 . . . . . . . . .
[O III] j5007 . . . . . . . . . 110 670 . . . 40 21
[N I] j5200 . . . . . . . . . . . . . 18 . . . . . . . . .
He I j5876 . . . . . . . . . . . . . . 15 . . . . . . . . .
[O I] j6300 . . . . . . . 78 . . . 85 . . . 22 32
[O I] j6364 . . . . . . . . . . . . . 27 . . . . . . . . .
[N II] j6548 . . . . . . 66 34 90 36 41 26
Ha j6563 . . . . . . . . . . 300 300 300 300 300 300
[N II] j6583 . . . . . . 217 126 255 133 106 100
[S II] j6716 . . . . . . . 143 106 140 83 99 89
[S II] j6731 . . . . . . . 110 70 115 71 72 66

SNR Parameters :
sec z . . . . . . . . . . . . . 1.22 1.78 1.14 1.71 1.53 1.82
E

B~V
. . . . . . . . . . . . 0.40b 0.45 0.56 0.40 0.75 0.55

I(Ha)c . . . . . . . . . . . 3.3E[15 7.9E[15 7.1E[14 6.7E[15 2.1E[14 1.1E[14

& Fesena Blair 1994.
& Heilesb Burstein 1978.

c From photometry, given in units of ergs cm~2 s~1.



TABLE 10

M81 SUPERNOVA REMNANTS

Diameter I(Ha)
SNR No. R.A. (J2000) Decl. (J2000) Field (pc)a (ergs cm~2 s~1) [S II]/Ha Spectra? Morphology

1 . . . . . . . . . 9 54 44.8 69 04 24.3 West 120 4.7E[15 1.20 No Arc
2 . . . . . . . . . 9 54 46.3 69 03 28.6 West 60 1.6E[15 0.72 Yes Filled
3 . . . . . . . . . 9 54 47.5 69 03 56.5 West 50 3.6E[15 0.71 No Stellar
4 . . . . . . . . . 9 54 51.3 69 02 58.5 West 40 2.9E[15 0.58 No Stellar
5 . . . . . . . . . 9 54 54.6 69 09 20.2 North 20 2.8E[15 0.53 No Stellar
6 . . . . . . . . . 9 54 55.1 69 01 14.6 West 40 1.4E[15 0.86 No Stellar
7 . . . . . . . . . 9 55 00.2 69 08 05.8 North 20 1.9E[15 1.01 No Stellar
8 . . . . . . . . . 9 55 04.5 69 05 55.2 North . . . 8.8E[16 1.28 No . . .
9 . . . . . . . . . 9 55 04.8 69 05 51.2 North 10 8.7E[16 1.27 No Stellar
10 . . . . . . . . 9 55 07.3 69 03 14.0 West 30 1.7E[15 1.10 No Stellar
11 . . . . . . . . 9 55 09.6 69 04 14.6 West 40 1.4E[15 1.58 No Stellar
12 . . . . . . . . 9 55 10.5 69 08 47.0 North 40 1.1E[15 1.04 No Stellar
13 . . . . . . . . 9 55 14.5 69 07 41.4 North . . . 1.5E[15 1.07 No . . .
14 . . . . . . . . 9 55 16.3 69 03 02.4 West 110] 80 7.9E[15 0.58 No Filled
15 . . . . . . . . 9 55 18.2 69 07 17.7 North 20 3.4E[15 0.63 No Stellar
16 . . . . . . . . 9 55 19.3 69 09 32.7 North 30 4.6E[15 0.63 No Stellar
17 . . . . . . . . 9 55 20.0 69 07 33.2 North 30 8.6E[15 1.22 Yes Stellar
18 . . . . . . . . 9 55 21.7 69 01 47.2 West 130 3.6E[14 0.70 Yes Filled
19 . . . . . . . . 9 55 21.7 69 08 32.0 North 20 9.4E[15 0.53 No Stellar
20 . . . . . . . . 9 55 22.7 69 12 55.7 North 40 1.1E[15 0.94 No Stellar
21 . . . . . . . . 9 55 32.2 68 56 47.7 South 20 1.2E[15 1.17 No Stellar
22 . . . . . . . . 9 55 32.7 69 00 32.9 West 90 1.1E[14 0.85 No Filled
23 . . . . . . . . 9 55 33.8 69 00 40.2 West . . . 1.7E[15 1.26 No . . .
24 . . . . . . . . 9 55 41.5 69 07 02.0 North . . . 1.6E[15 0.76 No . . .
25 . . . . . . . . 9 55 42.2 69 07 00.9 North 10 3.9E[15 0.93 Yes Stellar
26 . . . . . . . . 9 55 52.4 69 05 22.2 Southeast . . . 2.2E[15 0.88 No . . .
27 . . . . . . . . 9 55 52.5 68 59 16.6 Southeast . . . 5.8E[15 0.62 No . . .
28 . . . . . . . . 9 56 04.2 68 59 16.2 South 10 6.4E[15 0.49 No Stellar
29 . . . . . . . . 9 56 04.7 68 59 00.1 Southeast . . . 4.4E[15 0.66 No . . .
30 . . . . . . . . 9 56 11.7 68 57 35.2 South 90 4.8E[15 0.67 No Filled
31 . . . . . . . . 9 56 15.6 69 04 59.4 East . . . 8.4E[16 1.48 No . . .
32 . . . . . . . . 9 56 16.0 69 00 51.7 South 20 7.5E[16 1.64 No Stellar
33 . . . . . . . . 9 56 16.4 69 02 39.5 East 20 2.3E[15 1.33 No Stellar
34 . . . . . . . . 9 56 18.3 69 00 28.3 South . . . 6.6E[16 1.16 No . . .
35 . . . . . . . . 9 56 21.9 69 05 01.2 East 30 4.3E[15 1.02 No Stellar
36 . . . . . . . . 9 56 23.2 69 04 14.6 Southeast . . . 5.0E[15 0.70 No . . .
37 . . . . . . . . 9 56 24.7 69 04 27.5 East . . . 2.5E[15 0.95 No . . .
38 . . . . . . . . 9 56 25.9 69 04 17.0 East . . . 1.7E[15 1.02 No . . .
39 . . . . . . . . 9 56 29.7 68 55 53.9 South 20 6.0E[16 1.56 No Stellar
40 . . . . . . . . 9 56 29.9 68 56 16.6 South 100 2.0E[14 0.45 No Shell
41 . . . . . . . . 9 56 31.3 69 01 23.2 Southeast 60 1.1E[15 0.88 No Filled

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
a R\ 3.6 Mpc. Elliptical remnants are described as, e.g., ““ 200] 90 ÏÏ, where the numbers denote the length of the major and the minor

axis, respectively.

TABLE 11

RELATIVE LINE INTENSITIES FOR M81 SNRS WITH SPECTRA

SNR NO.

LINE 2 17 18 25

Hb j4861 . . . . . . . . . . . . . 100 100 100
[O III] j4959 . . . . . . . . . 52 . . . 78
[O III] j5007 . . . . . . . . . 172 31 263
[N I] j5200 . . . . . . . . . . . . . . . . . . .
He I j5876 . . . . . . . . . . . . . . . . . . . .
[O I] j6300 . . . . . . . . . . 101 18 59
[O I] j6364 . . . . . . . . . . 32 5 28
[N II] j6548 . . . . . . . . . 94 69 105
Ha j6563 . . . . . . . . . . 300 300 300 300
[N II] j6583 . . . . . . 162 298 179 268
[S II] j6716 . . . . . . . 136 207 135 155
[S II] j6731 . . . . . . . 81 157 74 127

SNR Parameters :
sec z . . . . . . . . . . . . . 1.47 1.34 1.47 1.44
E

B~V
. . . . . . . . . . . . 0.04a 0.18 0.23 0.22

I(Ha)b . . . . . . . . . . . 1.6E[15 8.6E[15 3.6E[14 3.9E[15

& Heilesa Burstein 1978.
b From photometry, given in units of ergs cm~2 s~1.
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TABLE 12

M101 SUPERNOVA REMNANTS

Diametera I(Ha)
SNR No. R.A. (J2000) Decl. (J2000) Field (pc) (ergs cm~2 s~1) [S II]/Ha Spectra? Morphology

1 . . . . . . . . . 14 02 20.0 54 21 36.2 West 130 ] 90 8.5E[15 0.51 No Filled
2 . . . . . . . . . 14 02 24.6 54 17 58.5 West . . . 8.8E[16 0.63 No . . .
3 . . . . . . . . . 14 02 25.0 54 17 46.0 West 40 1.3E[15 0.72 No Stellar
4 . . . . . . . . . 14 02 25.7 54 18 35.7 West . . . 3.8E[15 0.58 No . . .
5 . . . . . . . . . 14 02 27.1 54 16 54.4 West . . . 2.2E[15 0.60 No . . .
6 . . . . . . . . . 14 02 32.2 54 15 57.2 West 30 2.7E[15 0.59 No Stellar
7 . . . . . . . . . 14 02 32.8 54 25 54.0 North 80 8.2E[16 1.59 No Filled
8 . . . . . . . . . 14 02 36.3 54 23 57.5 North 150 ] 90 1.4E[15 0.83 No Filled
9 . . . . . . . . . 14 02 38.4 54 22 24.7 West 40 2.1E[15 0.67 No Stellar
10 . . . . . . . . 14 02 41.2 54 16 08.8 West 350 ] 250 1.3E[14 0.78 No Filled
11 . . . . . . . . 14 02 41.7 54 22 36.0 North 30 2.3E[15 0.81 No Stellar
12 . . . . . . . . 14 02 43.8 54 20 05.5 West 120 9.7E[15 0.54 No Filled
13 . . . . . . . . 14 02 44.1 54 20 34.4 West 30 1.1E[15 0.69 No Stellar
14 . . . . . . . . 14 02 45.5 54 13 26.7 South 70 3.7E[15 0.59 No Stellar
15 . . . . . . . . 14 02 45.6 54 25 22.8 North . . . 1.5E[14 0.51 No Di†use
16 . . . . . . . . 14 02 46.0 54 24 41.0 North 50 9.6E[16 0.46 No Stellar
17 . . . . . . . . 14 02 49.0 54 20 55.7 West 40 6.8E[15 0.90 Yes Stellar
18 . . . . . . . . 14 02 49.5 54 14 35.7 West 60 3.0E[15 0.62 No Stellar
19 . . . . . . . . 14 02 49.7 54 22 45.5 North 140 2.1E[14 0.93 Yes Filled
20 . . . . . . . . 14 02 49.9 54 18 55.7 West 20 6.3E[15 0.59 No Stellar
21 . . . . . . . . 14 02 51.2 54 17 46.0 West 30 1.9E[14 0.88 Yes Stellar
22 . . . . . . . . 14 02 51.4 54 17 49.5 West 50 5.1E[15 0.68 No Stellar
23 . . . . . . . . 14 02 51.5 54 29 08.1 North 40 4.0E[15 0.55 No Stellar
24 . . . . . . . . 14 02 51.8 54 19 32.4 West 30 7.2E[15 1.06 Yes Stellar
25 . . . . . . . . 14 02 53.5 54 14 24.1 West 30 7.5E[15 0.70 No Stellar
26 . . . . . . . . 14 02 54.4 54 23 24.7 North \2 2.8E[15 0.56 No Stellar
27 . . . . . . . . 14 02 55.2 54 24 17.2 North 40 7.4E[16 1.14 No Stellar
28 . . . . . . . . 14 02 56.0 54 14 57.2 West 10 2.3E[15 0.74 No Stellar
29 . . . . . . . . 14 02 58.2 54 18 33.7 West 20 9.0E[16 0.67 No Stellar
30 . . . . . . . . 14 02 59.1 54 19 49.7 West 30 2.0E[15 0.77 No Stellar
31 . . . . . . . . 14 02 59.1 54 17 02.5 South . . . 1.5E[14 0.59 No . . .
32 . . . . . . . . 14 02 59.5 54 22 45.2 North 20 3.5E[15 0.74 No Stellar
33 . . . . . . . . 14 03 00.5 54 20 02.4 West 10 8.0E[15 0.70 Yes Stellar
34 . . . . . . . . 14 03 02.0 54 23 24.7 North 30 3.6E[15 0.61 No Stellar
35 . . . . . . . . 14 03 03.5 54 14 29.3 South 50 3.2E[15 0.57 No Stellar
36 . . . . . . . . 14 03 03.9 54 14 03.5 West 150 ] 110 3.4E[15 0.70 No Filled
37 . . . . . . . . 14 03 04.1 54 27 36.0 North . . . 6.9E[15 0.72 No . . .
38 . . . . . . . . 14 03 06.5 54 28 17.1 North 130 ] 50 3.3E[15 0.71 Yes Filled
39 . . . . . . . . 14 03 09.0 54 16 25.2 West 30 3.3E[15 0.55 No Stellar
40 . . . . . . . . 14 03 09.3 54 18 31.8 East 40 2.1E[15 0.68 No Stellar
41 . . . . . . . . 14 03 10.5 54 23 27.1 East 20 4.1E[15 0.45 No Stellar
42 . . . . . . . . 14 03 11.0 54 22 03.2 East 30 1.5E[15 0.64 No Stellar
43 . . . . . . . . 14 03 12.1 54 18 52.0 East 20 1.1E[15 0.78 No Stellar
44 . . . . . . . . 14 03 12.2 54 23 27.2 East . . . 2.5E[14 0.53 Yes . . .
45 . . . . . . . . 14 03 12.7 54 17 34.9 East 110 ] 80 8.7E[15 0.47 No Filled
46 . . . . . . . . 14 03 12.7 54 19 00.8 East 50 1.5E[15 0.48 No Stellar
47 . . . . . . . . 14 03 13.0 54 24 38.7 North . . . 1.5E[15 0.54 No . . .
48 . . . . . . . . 14 03 13.2 54 17 07.5 East . . . 1.7E[14 0.49 No . . .
49 . . . . . . . . 14 03 13.2 54 21 56.7 East 20 1.7E[15 0.52 No Stellar
50 . . . . . . . . 14 03 14.5 54 21 51.7 East 9 2.5E[15 0.81 Yes Stellar
51 . . . . . . . . 14 03 17.3 54 17 10.8 East 120 1.0E[14 0.50 No Filled
52 . . . . . . . . 14 03 18.0 54 17 54.0 East 9 9.4E[16 0.64 No Stellar
53 . . . . . . . . 14 03 20.7 54 16 52.5 East 170 9.6E[15 0.73 No Shell
54 . . . . . . . . 14 03 20.7 54 19 42.2 East 20 5.7E[15 0.52 No Stellar
55 . . . . . . . . 14 03 23.1 54 22 47.7 East 30 1.1E[15 0.70 No Stellar
56 . . . . . . . . 14 03 24.0 54 21 44.2 East 30 1.9E[15 0.51 No Stellar
57 . . . . . . . . 14 03 24.2 54 19 44.0 East 30 1.8E[15 0.47 No Stellar
58 . . . . . . . . 14 03 24.5 54 25 01.9 North 150 ] 90 5.3E[15 0.60 No Filled
59 . . . . . . . . 14 03 24.8 54 17 21.6 East 40 1.7E[15 0.69 No Stellar
60 . . . . . . . . 14 03 25.4 54 18 22.7 East 20 2.9E[15 0.65 No Stellar
61 . . . . . . . . 14 03 25.7 54 21 24.7 East 30 4.6E[15 0.48 No Stellar
62 . . . . . . . . 14 03 26.3 54 24 32.9 East 50 7.1E[15 0.50 No Stellar
63 . . . . . . . . 14 03 26.7 54 23 41.5 East . . . 6.5E[15 0.46 No . . .
64 . . . . . . . . 14 03 26.8 54 20 44.5 East \2 1.9E[15 0.69 No Stellar
65 . . . . . . . . 14 03 27.2 54 18 31.2 East 50 5.6E[15 0.57 No Stellar
66 . . . . . . . . 14 03 27.6 54 17 08.6 East 30 3.9E[15 0.57 No Stellar
67 . . . . . . . . 14 03 27.7 54 24 30.8 North 190 ] 140 6.9E[15 0.46 No Arc
68 . . . . . . . . 14 03 28.2 54 23 04.8 East 20 2.8E[15 0.46 No Stellar
69 . . . . . . . . 14 03 28.4 54 24 11.0 East 100 ] 70 7.5E[15 0.50 No Filled
70 . . . . . . . . 14 03 28.6 54 17 01.3 East 110 1.2E[14 0.54 No Filled
71 . . . . . . . . 14 03 28.7 54 23 17.7 East 30 2.0E[14 0.76 Yes Stellar
72 . . . . . . . . 14 03 30.3 54 23 39.5 East 30 9.1E[15 0.50 No Stellar
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TABLE 12ÈContinued

Diametera I(Ha)
SNR No. R.A. (J2000) Decl. (J2000) Field (pc) (ergs cm~2 s~1) [S II]/Ha Spectra? Morphology

73 . . . . . . . . 14 03 30.7 54 24 42.0 East . . . 4.7E[15 0.53 No . . .
74 . . . . . . . . 14 03 30.8 54 21 06.6 East 30 5.2E[15 0.48 No Stellar
75 . . . . . . . . 14 03 32.3 54 17 40.9 East 50 7.0E[15 0.48 No Stellar
76 . . . . . . . . 14 03 32.8 54 17 41.0 East . . . 6.3E[15 0.62 Yes . . .
77 . . . . . . . . 14 03 33.8 54 20 16.2 East 40 1.9E[15 0.58 No Stellar
78 . . . . . . . . 14 03 34.0 54 17 41.5 East 230 3.8E[15 0.49 No Arc
79 . . . . . . . . 14 03 34.4 54 22 17.3 East 40 4.7E[15 0.45 No Stellar
80 . . . . . . . . 14 03 34.5 54 21 57.0 East 120 3.5E[15 0.45 No Filled
81 . . . . . . . . 14 03 35.6 54 18 12.8 East 30 9.4E[16 0.60 No Stellar
82 . . . . . . . . 14 03 35.7 54 27 17.0 Northeast . . . 4.2E[15 0.52 No . . .
83 . . . . . . . . 14 03 35.9 54 19 24.1 East 200 2.8E[14 0.76 Yes Shell
84 . . . . . . . . 14 03 36.0 54 31 42.0 Northeast 130 1.5E[14 0.51 No Filled
85 . . . . . . . . 14 03 40.2 54 18 21.2 East 50 4.2E[15 0.60 No Shell
86 . . . . . . . . 14 03 41.0 54 32 12.0 Northeast . . . 2.5E[15 0.73 No . . .
87 . . . . . . . . 14 03 42.2 54 29 54.0 Northeast 230 ] 160 4.7E[14 0.48 No Shell
88 . . . . . . . . 14 03 51.7 54 21 03.0 East . . . 2.5E[15 0.69 No . . .
89 . . . . . . . . 14 03 52.4 54 21 30.3 East 30 1.0E[14 0.62 No Stellar
90 . . . . . . . . 14 03 53.0 54 21 17.2 East 40 6.9E[15 0.64 No Stellar
91 . . . . . . . . 14 03 53.7 54 21 24.5 East 30 6.2E[15 0.71 No Stellar
92 . . . . . . . . 14 03 59.7 54 24 35.0 Northeast 120 7.6E[15 0.52 No Filled
93 . . . . . . . . 14 04 02.9 54 24 48.0 Northeast 90 5.2E[15 0.59 No Filled

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
a R\ 5.4 Mpc. Elliptical remnants are described as, e.g., ““ 200] 90 ÏÏ, where the numbers denote the length of the major and minor axis,

respectively.

irregular spiral (see An Ha image of the centralTable 4).
region of NGC 5204 with the SNRs marked is shown in

Spectra of SNRs Nos. 2 and 3 are presented inFigure 3.
with relative line intensities, values, airFigure 4, E

B~Vmasses, and Ha intensities given in Lines for whichTable 5.
no values were given in spectral tables were below the 3 p
threshold for detection. All these NGC 5204 SNR spectra
show relatively weak [N II] jj6548, 6583 lines. A typical
H II region spectrum from NGC 5204 is shown for compari-
son in Figure 5.

3.2. NGC 5585

Five SNRs were found in this Sd galaxy. The SNRs have
[S II]/Ha ratios ranging from 0.47 to 0.68, diameters from
20 to 200 pc, are of a variety of morphologies, and are
located mostly in the northeast region of the galaxy. A
listing of the SNRs detected in NGC 5585 is given in Table

A Ðnding chart for the NGC 5585 SNRs is shown in6.
with spectra of four of the SNRs shown inFigure 6, Figure

Note in these spectra, as in those of the SNRs in NGC7.

FIG. 3.ÈHa image of the central region of NGC 5204, with SNRs marked
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FIG. 4.ÈNGC 5204 SNR spectra

5204, that the lines of [N II], especially [N II] j6548, are
quite weak relative to the Ha emission, meaning that [N II]
contamination in our Ha Ðlter images was relatively insig-
niÐcant. SNR line intensities relative to Ha, as well as the
air mass at observation, the measured and the HaE

B~V
,

intensity are listed in Table 7.
A particularly interesting SNR detected in NGC 5585 is

SNR No. 1. This enormous (200] 90 pc) object sits imme-
diately south of a small point-source H II region. Elliptical
in shape, SNR No. 1 shows a distinctive shell structure that,
while only slightly evident in Ha, can be seen quite clearly in
a [S II] image. No strong continuum source(s) could be seen
in projection near the center of this object. Kim,Fabbiano,
& Trinchieri published an Einstein Imaging Pro-(1992)
portional Counter (IPC) contour map of the X-ray emission
detected in NGC 5585 that consists of only two contour
levels with no point sources detected. However, the peak of
the contours is not centered on the optically bright nucleus
of NGC 5585 but is o†set slightly to the southwest, toward
SNR No. 1, which is contained within the peak of the con-
tours. This fact suggests that the IPC contours may have
been inÑuenced by X-ray emission from SNR No. 1.
ROSAT High Resolution Imager (HRI) data on this galaxy

FIG. 5.ÈSpectrum of a typical NGC 5204 H II region, namely, the
bright H II region south of NGC 5204 SNR No. 1.

will be better able to determine if NGC 5585 SNR No. 1 is
indeed a strong emitter of X-rays.

3.3. NGC 6946
We identiÐed 27 SNRs in this Scd galaxy The(Table 8).

SNRs have [S II]/Ha ratios of 0.46È1.14. Most of the SNRs
detected in NGC 6946 appear nearly stellar. Finding charts
for the NGC 6946 SNRs are shown in with spectraFigure 8,
of Ðve of the SNRs shown in (The feature nearFigure 9.
6300 in SNR No. 18 is poorly subtracted night-sky emis-Ó
sion.) Relative line intensities measured in these spectra are
given in A typical H II region spectrum from NGCTable 9.
6946 is shown in Figure 10.

NGC 6946 SNR No. 16 was observed by & FesenBlair
who presented both spectra and interference Ðlter(1994),

image data of this unusually bright SNR. The SNR
appeared marginally resolved in their images, as it does in
ours. A comparison between our estimated diameter and
Ha intensity for this object and Blair & FesenÏs estimates is
shown in Our corrected Ha intensity is identicalTable 14.
to the value quoted by Blair & Fesen. Our [S II] image
intensity value, derived completely independently of any
spectral data from Blair & Fesen, is also nearly identical to
their image and spectral [S II] intensity values. Our diam-
eter estimate of 20 pc for SNR No. 16 is close to the 27 pc
(using R\ 5.5 Mpc) estimate of Blair & Fesen, but we
suspect that their value is more accurate, given the higher
resolution of their images.

& Fesen also identiÐed a faint nebula D25ABlair (1994)
northwest of their SNR as a possible remnant (see their Fig.
1). We have identiÐed this object as SNR No. 15. One can
also see, in of Blair & Fesen, the object we haveFigure 1
identiÐed as NGC 6946 SNR No. 17 ; it is the faint bit of
emission just to the southwest of the ““ [S II] ÏÏ label in their
Figure 1b.

& Fesen noticed a discrepancy between theBlair (1994)
Ha Ñux they measured for SNR No. 16 and that quoted by

Boulesteix, & Marcelin for the sameBonnarel, (1986)
object, in that Blair & FesenÏs Ha Ñux was about a factor of
6 smaller. We found the same discrepancy for SNR No. 16.
Choosing about six other objects measured by etBonnarel
al. that we also measured, we found our Ha inten-(1986)
sities were smaller than theirs by factors ranging from D2
to 10.
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FIG. 6.ÈHa image of the central region of NGC 5585, with SNRs marked

3.4. M81
In this Sab galaxy, we identiÐed a total of 41 SNRs with

[S II]/Ha ratios ranging from 0.45 to 1.64 and estimated
diameters of 10È130 parsecs The Ðve Ðelds which(Table 10).
constitute our M81 image data are marked on a Digitized
Sky image of M81 in Ha image ÐndingSurvey3 Figure 11.
charts of the SNRs detected in M81 are shown in Figures

In the west Ðeld of M81, we have marked SN 1993J12È16.
et al. which was still quite bright at the time this(Finn 1995),

image was taken (1994 March 7). Spectra of four M81 SNRs
are presented in Line intensities relative to Ha forFigure 17.
these spectra, as well as the air masses at observation, the

values, and the Ha intensities, are given in AE
B~V

Table 11.
typical H II region spectrum from M81 is shown in Figure
18.

Sivan, & Karachentsev published a pho-Petit, (1988)
tographic survey of M81 H II regions. Five of their H II

regions also were measured by us, four of which we found to

3 Based on photographic data of the National Geographic Society/
Palomar Observatory Sky Survey (NGS-POSS) obtained using the Oschin
Telescope on Palomar Mountain. The NGS-POSS was funded by a grant
from the National Geographic Society to the California Institute of Tech-
nology. The plates were processed into the present compressed digital form
with their permission. The Digitized Sky Survey was produced at the Space
Telescope Science Institute under US Government grant NAG W-2166.

be SNRs (see below). The agreement between HaTable 14
intensities measured by us and Petit et al. is reasonable,
considering that their data were photographic.

In their Einstein HRI image of M81, Fabbiano (1988)
detected an X-ray source, X-6, in the galaxyÏs southwest
arm at R.A. decl. (J2000)\(J2000)\ 9h55m32s.74,

This HRI position is uncertain by D4A. They]69¡00@33A.1.
measured an X-ray luminosity for X-6 of L X \ 1.5] 1039
ergs s~1 (in the 0.2È4.0 keV channel ; M81 distance\ 3.6
Mpc). Fabbiano believed that such a high X-ray luminosity
(along with a marginal detection of possible variability)
indicated that X-6 was probably an X-ray binary. We
detected M81 SNR No. 22 less than 1A from the position of
X-6, which also is nearly coincident with a discrete radio
source visible in a VLA 20 cm map of M81 by &Bash
Kaufman Therefore, despite the high X-ray lumi-(1986).
nosity observed, the optical counterpart to X-6 may be our
SNR No. 22.

3.5. M101
Our search of M101 yielded 93 SNRs (see withTable 12)

[S II]/Ha ratios of 0.45È1.59 and estimated diameters of less
than 2 to greater than 300 pc. The Ðve Ðelds observed in
M101 are shown on a Digitized Sky Survey image in Figure

SNRs detected in M101 are shown on the Ðnding charts19.
in Figures with spectra of 11 SNRs shown in20È24, Figure
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FIG. 7.ÈNGC 5585 SNR spectra

TABLE 13

RELATIVE LINE INTENSITIES FOR M101 SNRS WITH SPECTRA

SNR NO.

LINE 17 19 21 24 33 38 44 50 71 76 83

Hb j4861 . . . . . . . . . . 100 100 100 100 100 . . . 100 100 100 100 100
[O III] j4959 . . . . . . 28 38 185 103 69 . . . . . . 26 14 32 35
[O III] j5007 . . . . . . 127 173 532 276 194 . . . 35 188 26 75 177
[N I] j5200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
He I j5876 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
[O I] j6300 . . . . . . . 39 52 76 100 . . . 54 21 50 32 52 30
[O I] j6364 . . . . . . . . . . 33 21 49 . . . . . . 7 . . . 9 20 11
[N II] j6548 . . . . . . 61 60 57 99 72 . . . 41 117 46 26 74
Ha j6563 . . . . . . . . . . 300 300 300 300 300 300 300 300 300 300 300
[N II] j6583 . . . . . . 163 192 186 208 215 . . . . . . 358 127 78 180
[S II] j6716 . . . . . . . 162 175 163 167 124 119 93 102 131 113 153
[S II] j6731 . . . . . . . 110 116 107 151 89 88 65 139 96 72 74

SNR Parameters :
sec z . . . . . . . . . . . . . 1.23 1.15 1.15 1.33 1.54 1.25 1.18 1.12 1.18 1.28 1.09
E
B~V

. . . . . . . . . . . . 0.45 0.55 0.59 0.60 0.56 0.00a 0.51 0.35 0.35 0.04 0.42
I(Ha)b . . . . . . . . . . . 6.8E[15 2.1E[14 1.9E[14 7.2E[15 8.0E[15 3.3E[15 2.5E[14 2.5E[15 2.0E[14 6.3E[15 2.8E[14

& Heilesa Burstein 1978.
b From photometry, given in units of ergs cm~2 s~1.
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FIG. 8a

FIG. 8.È(a) Full-frame Ha image of NGC 6946 with SNRs marked. (bÈe) Detailed Ðnding charts of the SNRs found in the northeast, southeast, southwest,
and northwest regions of NGC 6946. ( f ) Central region of NGC 6946, showing the SNR detected near the galaxyÏs center.

Line intensities of these spectra, relative to Ha, are listed25.
in A spectrum of a typical H II region from M101Table 13.
is shown in Note that SNR No. 38, unlike mostFigure 26.
of the other SNRs in M101 for which we obtained spectra,
showed no measurable [N II] jj6548, 6583 lines.

With an estimated diameter of 200 pc, SNR No. 83 is one
of the largest SNRs we found in this galaxy. As seen in the
Ðnding charts (Figs. and this remnant has a shell-21d 21e),
like morphology, with the shell made up of knots of bright
emission. SNR No. 83 is clearly a remnant, with a spectrum
indicating [S II]/Ha \ 0.76. An even larger remnant, SNR
No. 10, has a Ðlled morphology and axes of 350 ] 250 pc.
Although its total Ha intensity is rather high (1.3 ] 10~14
ergs cm~2 s~1), its surface brightness is low because of its
immense size, and it thus appears on the Ðnding chart in

as a faint object. Two faint stars (one of which isFigure 22d
visible in Figs. and are seen in projection on SNR22a 22d)
No. 10 in our continuum image data ; their physical associ-
ation with this remnant is unclear. A single bright star also
is seen in projection on SNR No. 87 in our continuum

image data (at the same location as the westernmost bright
feature of the remnant visible in and its physicalFig. 23),
association with the remnant also is unclear.

& Chu examined ROSAT PSPC andWilliams (1995)
HRI data of M101. They found a source, their S7, located
at R.A. decl. (J2000)\ ]54¡19@39A(J2000)\ 14h03m21s.0,
(^4A) and superposed on a central region of di†use X-ray
emission. Unfortunately, the data did not contain enough
information to allow Williams & Chu to speculate as to
what type of object S7 might be. We detected the relatively
bright, unresolved M101 SNR No. 54 only D3A from the
reported position of S7, making it a possible optical
counterpart of this X-ray source.

4. ANALYSIS OF DETECTED SNRs

4.1. Selection E†ects, Biases, and Completeness
Because our SNR samples are neither complete nor

uniform, one cannot perform a thorough quantitative
analysis of biases and selection e†ects. However, to under-
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FIG. 8c
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FIG. 8d

FIG. 8e

stand the limits of our SNR samples in any further analysis,
we qualitatively discuss below source confusion, complete-
ness limits, and SNR identiÐcation criterion biases.

A bias regarding the diameters of detected SNRs versus
their galactocentric distance could exist because of the
increased ease of Ðnding more large SNRs in the outer or
interarm regions of a galaxy, where the surface density of
H II regions is lower. While there appears to be a bias that

favors the detection of larger SNRs in the interarm regions
of M81 and M101, no such bias was found in NGC 6946.
Similar to SNR confusion with bright H II regions is the
possibility that faint SNRs might be easier to detect at large
galactocentric distances where the background continuum
light of a galaxy is weak. However, except for NGC 6946
and M81, which have bright central regions virtually devoid
of detected SNRs, no signiÐcant trends in SNR Ha intensity
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with galactocentric distance were seen in any of the sample
galaxies. We note that no such e†ect was detected in either
M33 or NGC 2403 et al.(Smith 1991) (Matonick 1997).

Evolved SNRs increase in size and decrease in brightness
as they age, and at any given time there will be more old
SNRs than young. Thus, if a sample of SNRs was complete,
one would expect to see the number of SNRs increase with
increasing size and decreasing brightness. Completeness
limits in SNR samples can therefore be estimated by noting

TABLE 14

COMPARISONS WITH PREVIOUS OBSERVATIONS

Da I(Ha)b
Object Name (pc) (ergs cm~2 s~1) [S II]/Ha References

NGC 6946

SNR No. 16 . . . . . . 20 7.1] 10~14 0.85c 1
. . . . . . . . . . . . . . . . . . . . 27 7.1 ] 10~14 0.85 2

M81

SNR No. 15 . . . . . . 20 3.4] 10~15 0.63 1
No. 180 . . . . . . . . . . . . . . 7.9 ] 10~15 . . . 3

SNR No. 17 . . . . . . 30 8.6] 10~15 1.22 1
No. 189 . . . . . . . . . . . . . . 6.5 ] 10~15 . . . 3

SNR No. 18 . . . . . . 130 3.6] 10~14 0.70 1
No. 199 . . . . . . . . . . . . . . 5.4 ] 10~14 . . . 3

SNR No. 21 . . . . . . 20 1.2] 10~15 1.17 1
No. 229 . . . . . . . . . . . . . . 2.4 ] 10~15 . . . 3

a Calculated using galaxy distance estimates from Table 2.
b Corrected for interstellar extinction using the values fromE

B~VTable 2.
& Fesenc Blair 1994.

REFERENCES.È(1) This work ; (2) & Fesen (3) et al.Blair 1994 ; Petit 1988.

at what intensity and diameter the number of detected rem-
nants begins to decrease (Green 1991 ; Smith 1991 ; Gordon

Histograms of the log of Ha intensity for the SNRs1994).
detected in NGC 6946, M81, and M101 are shown in Figure

The estimated value of Ha intensity below which each27.
SNR sample is signiÐcantly incomplete is marked on the
peak of each histogram. The incompleteness estimate for
NGC 6946 is ergs cm~2 s~1, for M81I(Ha)[ 2.4 ] 10~15
it is ergs cm~2 s~1, and for M101 it isI(Ha) [ 2.0] 10~15

ergs cm~2 s~1. Note that the detectionI(Ha) [ 3.2] 10~15
limit for all the samples is I(Ha) D 5 ] 10~16 ergs cm~2
s~1. Histograms of SNR diameter are shown in Figure 28
for NGC 6946, M81, and M101. The peak of each histo-
gram is labeled, and each SNR sample appears to be incom-
plete for pc.DZ 30

shows log I(Ha) versus diameter (convertedFigure 29
from parsecs to arcseconds) for detected SNRs in all the
sample galaxies combined (including the NGC 2403 SNRs
from et al. This Ðgure shows that the totalMatonick 1997).
sample is biased against detecting large, faint SNRs. The
area below the dashed line marks the approximate region of
incompleteness. A similar result was obtained in the M31
SNR sample of & WalterbosBraun (1993).

There are certain emission nebulae that have [S II]/
Ha º 0.45 but that are not SNRs, namely stellar windÈ
shocked nebulae and di†use ionized gas. As discussed by

and & Braun most stellarHunter (1994) Walterbos (1994),
windÈshocked nebulae and di†use ionized gas objects have
[S II]/Ha \ 0.6 and size greater than 100 pc. To check our
SNR samples for possible contamination by such objects, in

we plot [S II]/Ha versus diameter for the detectedFigure 30
SNRs in all the galaxy samples combined. The plot is
marked with two dashed lines to separate out the 15 objects
with [S II]/Ha \ 0.6 and diameter greater than 100 pc.
These ambiguous objects constitute D14% of the NGC
2403 SNR sample et al. and D11% of the(Matonick 1997)



FIG. 9a FIG. 9b

FIG. 9c FIG. 9d

FIG. 9e

FIG. 9.ÈNGC 6946 SNR spectra
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FIG. 11.ÈDigitized Sky Survey E image of M81 showing the Ðelds observed
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FIG. 12a

FIG. 12.È(a) Full-frame Ha image of the north Ðeld of M81 with SNRs marked. (b, c) Detailed Ðnding charts of the SNRs detected in two sections of this
Ðeld.

M101 sample, but only D7% of our total SNR sample. This
estimate of contamination from non-SNR objects agrees
with that of & Walterbos who, in their M31Braun (1993),
SNR survey, believed that a realistic estimate of contami-
nation from stellar windÈshocked nebulae was about 10%.
However, we also agree with & Long whoBlair (1997),
found some di†use ionized gas in NGC 7793 with [S II]/
Ha [ 0.6, as to the importance of using the discreteness of
objects, along with their [S II]/Ha ratios, when identifying
SNRs in surveys like ours. This additional criterion is neces-
sary to avoid confusing SNRs with di†use ionized gas. Note
that no correlation was found between the morphologies
and [S II]/Ha values of our 15 objects with [S II]/Ha \ 0.6
and diameter greater than 100 pc or, for that matter,
between the morphologies and the [S II]/Ha ratios of the
other remnants in our samples.

& Long noted the lack of a pronounced gapBlair (1997)
in [S II]/Ha values between the SNRs and H II regions they
observed in NGC 300 and NGC 7793. This result is similar
to that found by & Braun in M31, whereWalterbos (1992)
they examined all the emission nebulae in their Ðelds and

found that the [S II]/Ha distribution is not bimodal. In our
SNR samples, we likewise Ðnd a sudden absence of emission
nebulae below [S II]/Ha B 0.4È0.5. In fact, the objects we
measured and rejected as possible SNRs had [S II]/Ha
ratios ranging from 0.13 to 0.44, although it must be
remembered that our samples are biased because we selec-
ted objects from our di†erence images, which highlighted
[S II]Èbright nebulae.

& Walterbos estimate that about half of allBraun (1993)
SNs are massive (Type II or Ib/c, as opposed to Type Ia),
and of these, about half go o† in associations and leave no
detectable remnant. If we assume that remnants of Type Ia
SNs are not as easily detectable as those of Type II or Ib/c,
because of a possible tendency of Type Ia SNs to occur in
the less gas-rich regions of a galaxy, only D25% of all SN
events may leave readily detectable optical remnants.
Therefore, we obtain a crude estimate that there could be 4
times more SNRs in each of the program galaxies than were
detected in this survey, i.e., D10 SNRs in NGC 5204, D20
in NGC 5585, D100 in NGC 6946, D160 in M81, and
D370 in M101. If the optically observable lifetime of a SNR
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is D20,000 years Goss, & Lyne we obtain a(Braun, 1989),
rough estimate of the SN rate in each of the galaxies : 1 SN
per 2000 yr for NGC 5204, per 1000 yr for NGC 5585, per
200 yr for NGC 6946, per 130 yr for M81, and per 50 yr for
M101. Note that the SN rate estimates in M81 and M101
obtained here are similar to the estimates from historical
SNs within the observed galaxy Ðelds (1 SN per 100 yrs for
M81, 1 SN per 50 yrs for M101 : et al. includ-Barbon 1989,
ing SN 1993J in M81).

4.2. Spatial Distributions of SNRs
Some idea of the stellar populations that give rise to

SNRs can be obtained by examining the distributions of
SNRs relative to known star-forming regions such as H II

regions, molecular clouds, and spiral arms. Massive Popu-
lation I stars (which explode as Type II or Type Ib/c SNs)
would tend to be found near such regions, while more
evolved, lower mass Population II stars (which explode as
Type Ia SNs) are expected to be distributed in a more
random manner across the plane of a galaxyÏs disk. Pre-
vious work on the distributions of SNs and SNRs in gal-
axies includes & van den BerghMaza (1976), Huang (1987),

& Kennicutt et al.Chu (1988b), Cohen (1988), Forest,
Spenny, & Johnson den Bergh(1988), van (1988), Bartunov,
Makarova, & Tsvetkov Dyk(1992), Van (1992), Bartunov,
Tsvetkov, & Filimonova and den Bergh(1994), van (1997).

Below we examine the distributions of our detected SNRs
(including those in NGC 2403) relative to spiral arms, H II

regions, and molecular clouds, as well as the radial distribu-
tions of SNR surface density. Although historical SNs
occurred within the observed galaxy Ðelds, we chose not to
include them in our analysis of the spatial distributions of

SNRs in order that our conclusions would be based solely
on the SNRs found by our methods.

4.2.1. SNR Distributions Relative to Spiral Arms

Spiral arm tracers are discussed in et al.Kaufman (1989)
and include both young and old stars. We used our contin-
uum images that best showed the spiral arm structure and
traced the spiral arms along the peak surface brightness in
each discernible arm. Three of our sample galaxies (NGC
6946, M81, and M101) had spiral arms prominent enough
to allow us to measure their positions in this way. The spiral
arm patterns observed for these galaxies are shown in

plotted as they appear on the sky, along with theFigure 31,
detected SNRs. (A few overlapping arms and small gaps
appear in the plotted arms of M81 and M101 ; these negligi-
ble discrepancies are the result of imperfectly measuring the
overlapping spiral arms on di†erent galaxy Ðeld images.) To
get some idea of the number of SNRs detected ““ within ÏÏ
spiral arms, we estimated the most common value of spiral
arm width in each of the galaxies (D25A).

Using the values of inclination and position angle given
in we deprojected the coordinates of the SNRs andTable 2,
spiral arms in NGC 6946, M81 and M101 to face-on (Fig.

We then measured the distance between each SNR and32).
its nearest spiral arm point. Following the convention used
by & van den Bergh and et al.Maza (1976) Bartunov (1994),
the distance from a SNR to its nearest spiral arm point is
negative if the SNR is ““ behind ÏÏ the spiral arm (i.e., between
the spiral arm and the galaxyÏs center). The distributions of
our detected SNRs in NGC 6946, M81, and M101, relative
to the spiral arms, are shown in Figure 33.

In order to check for an association between our detected
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SNRs and the spiral arms, in each galaxy we compared the
distribution of detected SNRs with a random distribution of
10,000 simulated SNRs placed within galactocentric radial
limits exhibiting emission nebulae (either H II regions or
SNRs). SpeciÐcally, a random distribution was obtained by
converting positions of SNRs and H II regions into (r, /)
coordinates within the plane of each galaxy. At a random
value of /, a simulated SNR was placed at a random value
of r limited by the minimum and maximum r values of the
observed nebulae within a 20¡ section of the plane of the
galaxy containing the Ðxed /. This method prevented us
from placing simulated SNRs outside our observed galaxy
Ðelds or in regions where no emission nebulae were
detected. The distance from each simulated SNR to its
nearest spiral arm was measured, just as was done for the
detected SNRs. The resulting distributions of simulated
SNRs relative to the spiral arms in NGC 6946, M81, and
M101 are plotted as solid curves in and areFigure 33
shown normalized to the number of detected SNRs in each
galaxy.

For each of the galaxies, we have two distributions of
SNR distance to the nearest spiral arm: one for the detected
SNRs, and another for the randomly distributed, simulated
SNRs. Because the data comprising the two distributions in
each galaxy are continuous and a function of a single vari-
able (the distance to the nearest spiral arm), one method for

statistically comparing the two distributions is the
Kolmogorov-Smirnov (K-S) test et al. which(Press 1989),
gives the probability that two data sets were drawn from the
same parent distribution. A small probability tells([0.05)
us that the two distributions are signiÐcantly di†erent. If the
two distributions in a given galaxy are di†erent, it would
mean that our detected SNRs in that galaxy are not distrib-
uted randomly, but are probably associated with the spiral
arms.

Running K-S tests on the three pairs of distributions
shown in we obtain the probabilities listed inFigure 33,

The tests indicate that the SNRs detected in M81Table 15.
and M101 probably are associated with the spiral arms in
those galaxies, whereas the K-S probability obtained for
NGC 6946 is ambiguous. The probable association between
our detected SNRs and the spiral arms in M81 and M101
agrees with the results obtained by & van den BerghMaza

and et al. for historical SNs in spiral(1976) Bartunov (1994)
galaxies and suggests that the progenitors of the M81 and
M101 SNRs were mostly massive stars that exploded as
Type II or Ib/c SNs.

4.2.2. SNR Distributions Relative to H II Regions

In prior studies of SNs positions relative to H II regions
(e.g., Dyk the distance from a SN to its nearestVan 1992),
H II region was found by using the radius of each H II
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FIG. 13.È(a) Full-frame Ha image of the east Ðeld of M81, with SNRs marked. (b) Detailed Ðnding chart of the SNRs detected in a section of this Ðeld.

region, which required deÐning an H II region edge. Because
the edge of an H II region is difficult to determine consis-
tently from images and because we wanted to take into
account the spatial extent of the many large, resolved H II

regions in each galaxy, we used IRAF to mark the bright
points of each H II region. Large, resolved H II regions are
marked by several points ; an unresolved H II region is
marked by a single point. Plots of the marked H II region
points as they appear on the sky, along with the detected
SNRs, are shown for each of our sample galaxies in Figure

Distributions of detected SNRs relative to H II regions34.
are shown in for NGC 6946, NGC 2403, M81,Figure 35
and M101. (Because so few SNRs were detected in NGC
5204 and NGC 5585, these galaxies are not included in this
analysis.)

Distributions of the deprojected distances from 10,000
simulated SNRs to their nearest H II regions are shown in

and again are normalized to the number ofFigure 35,
detected SNRs in each galaxy. Running K-S tests on each of
these four pairs of distributions, we obtained the K-S prob-
abilities shown in These results show that theTable 15.
detected SNRs in M81 and M101 are clearly associated

with the H II regions. The K-S probability for NGC 2403 is
near the canonical cuto† value for indicating that two dis-
tributions are signiÐcantly di†erent, but it is still low
enough to suggest that the detected SNRs in this galaxy
probably are associated with its H II regions. Finally, the
relatively high K-S probability for NGC 6946 suggests that
the SNRs detected in this galaxy probably are not closely
associated with its H II regions.

Our deduced associations between SNRs and H II regions
in NGC 2403, M81, and M101 agree with the results of

et al. Dyk andBartunov (1994), Van (1992), Huang (1987)
for Type II and Ib/c historical SNs and with the results of

& Kennicutt et al. and denChu (1988b), Forest (1988), van
Bergh for SNRs in the LMC, the majority of which(1988)
they believed to be the result of Population I progenitors.
Therefore, a signiÐcant fraction of the detected SNRs in
these galaxies are probably the end products of core-
collapse SNs (Types II and Ib/c). Although et al.Bartunov

found that Type Ia SNs are not concentrated toward(1994)
H II regions, the observed lack of an apparent association
between detected SNRs and H II regions in NGC 6946 is, in
itself, not enough for us to make any conclusions yet about
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possible SNR progenitors in this galaxy. One possible
reason for NGC 6946 behaving di†erently from the other
galaxies, in comparing associations of SNRs with either H II

regions or spiral arms, is that NGC 6946 has a foreground
extinction a factor of 10 larger than the next most obscured
galaxy. Such relatively high obscuration could have a dra-
matic e†ect on the ease of detecting remnants in this galaxy
and therefore leave us with a distribution of SNRs di†erent
from those in the other galaxies.

4.2.3. SNR Distributions Relative to Molecular Clouds

Positions of molecular clouds in external galaxies can be
obtained through radio observations of CO emission. The
only complete map of CO emission currently available in
the literature on our program galaxies is the one of M81 by

et al. Their observations covered nearly theBrouillet (1991).

whole face of M81, with a half-power beam width (HPBW)
of 23A or 60A. Using the coordinates given in Tables and1 3
of Brouillet et al. for the positions of where CO emission
was detected (precessed to J2000 epoch coordinates), we
plot, in the CO emission regions as they appearFigure 36a,
on the sky, along with our detected SNRs. The diameters of
the circles representing the CO emission are equal to the
HPBWs at which the regions were observed.

In order to put the distance from a SNR to its nearest CO
emission region on a uniform scale, we use a relative dis-
tance to the nearest CO emission region. A relative distance
of less than 0 means that the SNR is located within the
HPBW used to observe the region, and a relative distance
of È1 means the SNR is centered on the region. The dis-
tribution of detected SNRs in M81 relative to the CO emis-
sion regions is shown in Figure 36b.

TABLE 15

KOLMOGOROV-SMIRNOV TEST RESULTS

Galaxy Pa Interpretation

Spiral Arms

NGC 6946 . . . . . . 0.15 Ambiguous ; SNRs not strongly associated with spiral arms.
M81 . . . . . . . . . . . . . 0.001 SNRs probably associated with spiral arms.
M101 . . . . . . . . . . . . 0.001 SNRs probably associated with spiral arms.

H II Regions

NGC 6946 . . . . . . 0.40 SNRs probably not associated with H II regions.
NGC 2403 . . . . . . 0.05 SNRs probably associated with H II regions.
M81 . . . . . . . . . . . . . 3] 10~7 SNRs associated with H II regions.
M101 . . . . . . . . . . . . 3] 10~13 SNRs associated with H II regions.

Molecular clouds

M81 . . . . . . . . . . . . . 0.05 SNRs probably associated with molecular clouds.

a Probability that the distribution of detected SNRs in each galaxy, relative to the given objects,
is from the same parent distribution as a random distribution of 10,000 simulated SNRs.
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FIG. 14.ÈFull-frame Ha image of the southeast Ðeld of M81, with SNRs marked

The normalized distribution of relative distances for
10,000 randomly placed, simulated SNRs also is plotted in

Running a K-S test on the observed and simu-Figure 36b.
lated distributions, we Ðnd (see that the detectedTable 15)
SNRs in M81 are probably associated with molecular
clouds. This probable association agrees with the results of

et al. for SNRs in the LMC. Such an associ-Cohen (1988)
ation may indicate that the M81 SNRs are the result of SNs
with Population I progenitors exploding in or near the
kinds of star-forming regions commonly associated with
molecular clouds, which would probably indicate that the
SNs were of Type II or Ib/c. Proper consideration of these
results requires mentioning the fact that dusty giant molec-
ular clouds may also be able to hide some SNRs.

4.2.4. SNR Radial Distributions

compared the radial distribution of SNRsGordon (1994)
detected in M33 with the radial distribution of
intermediate-brightness H II regions and found that the
surface density as a function of galactocentric distance
shows a similar trend for both types of object. This simi-
larity was thought to indicate an association between the
detected SNRs and the H II regions, suggesting massive,
Type II progenitors for the SNRs in M33. Radial distribu-
tions of normalized SNR surface density are shown in

for Ðve of our six sample galaxies. (The sample ofFigure 37

SNRs in NGC 5204 was too small to include in this
analysis.) Radial distributions of objects in the disk of a
spiral galaxy can be characterized by an exponential scale
length where (see, e.g., et al.r0, pDe~r@r0 Kaufman 1987 ;

& Kennicutt et al. denHodge 1983 ; Bartunov 1992 ; van
Bergh As in some of the studies of radial distributions1997).
of H II regions in spiral galaxies (see, e.g., & Ken-Hodge
nicutt et al. we attempted to Ðt our1983 ; Kaufman 1987),
radial distributions from only the main peak outward.
Using a nonlinear least-squares Ðt to wep D e~r@r0,
obtained the exponential scale lengths and Ðts shown in

A decreasing exponential Ðts some of the dis-Figure 37.
tributions better than others. Results for three of the gal-
axies are as follows :

NGC 6946.ÈThis galaxy shows a noticeable gap in its
SNR radial distribution at D1.5 kpc (D56A). This gap
closely matches the one observed in the radial distribution
of H II regions in NGC 6946 by et al.Bonnarel (1986).
Likewise, the general shape of their radial distribution of
H II regions resembles the one for our SNRs. This resem-
blance may indicate a closer relationship between SNRs
and H II regions in that galaxy than was inferred from our
K-S tests above. Examining Bonnarel et al.Ïs data, we were
able to Ðt a decreasing exponential with kpc,r0\ 4.1 ^ 0.1
which is close to our result of kpc for ther0\ 4.4 ^ 0.1
radial distribution of SNRs.
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FIG. 15a

FIG. 15.È(a) Full-frame Ha image of the south Ðeld of M81 with SNRs marked. (b, c) Detailed Ðnding charts of the SNRs detected in two sections of this
Ðeld.

NGC 2403.ÈThe steeply decreasing shape of the radial
distribution of detected SNRs generally agrees with the dis-
tribution of H II regions given by & KennicuttHodge

in agreement with our earlier conclusion that the(1983),
SNRs and H II regions in this galaxy probably are associ-
ated.

M81.ÈThe radial distribution of the SNR surface density
clearly shows the central D3 kpc region within which no
SNRs (and virtually no emission nebulae) were detected. At
least in overall shape, the radial distribution of SNRs in
M81 bears a striking resemblance to the distribution of
giant radio H II regions in M81 found by et al.Kaufman

We obtained kpc for the detected(1987). r0\ 2.2^ 0.1
SNRs, while, for the giant radio H II regions, Kaufman et al.
found kpc, which di†ers only marginallyr0\ 1.6 ^ 0.4
from our SNR value. The close resemblance between our
radial distribution of SNR surface density and that for giant
radio H II regions provides further evidence to support our
earlier conclusion that the detected SNRs in M81 are
associated with that galaxyÏs H II regions.

In conclusion, the above analysis of spatial distributions
of detected SNRs relative to spiral arms, H II regions,
molecular clouds, and their radial distributions of surface
density, shows that a signiÐcant fraction of the progenitors
of the SNRs optically detected in NGC 2403, M81, and
M101 are likely to have been Type II or Ib/c SNs.

4.3. SNR Spectral Analysis

We have used individual SNR spectra to calculate line
ratios for ([O III] jj4959, 5007)/Hb, ([O I] jj6300, 6364)/
Ha, ([N II] jj6548, 6583)/Ha, ([S II] jj6716, 6731)/Ha,
([S II] j6731)/Ha, and [S II] j6716/j6731. These line ratios
are shown in along with estimated remnant diam-Table 16,
eter and derived electron density. Some j6716/j6731 ratios
in had nonphysical measured values of greaterTable 16
than 1.46 and were set to the low-density limit ; these ratios
are footnoted. The electron density, in each SNR wasN

e
,

calculated using measured j6716/j6731 ratios and the
Space Telescope Science Data Analysis System task
““ nebular.temden,ÏÏ which is based on the Ðve-level atom
approximation of Robertis, Dufour, & Hunt ForDe (1987).
consistency with previous work, we took the low-density
limit to correspond to cm~3 (j6716/j6731 [ 1.46).N

e
\ 10

Elemental abundance determinations using SNR spectra
can be estimated with the shock-abundance models of

et al. Following et al. we usedDopita (1984). Smith (1993),
the ([S II] j6731)/Ha and [N II]/Ha ratios from our spectra
in M101 and interpolated across the grid of models in
Figure 8 of et al. to obtain oxygen and nitro-Dopita (1984)
gen abundances by number. Note that Dopita et al.Ïs
models assume a shock velocity greater than 100 km s~1,
while two of our 10 M101 SNR spectra with measurable
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FIG. 15b

FIG. 15c

[N II]/Ha show [O III]/Hb \ 1, indicating shock velocity
less than 100 km s~1. Therefore, we removed these two
spectra from the analysis. Abundance gradients were
obtained by least-squares Ðts to the data. The oxygen abun-

dances have a mean value of log (O/H)] 12 \ 8.35^ 0.24,
a gradient of log (O/H) of [0.06^ 0.04 kpc~1, and a large
scatter. Nitrogen has a mean value of log (N/
H)] 12 \ 7.76^ 0.22, a gradient of log (N/H) of
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FIG. 16a

FIG. 16.È(a) Full-frame Ha image of the west Ðeld of M81 with SNRs marked. (b, c) Detailed Ðnding charts of the SNRs detected in two sections of this
Ðeld.

[0.09^ 0.03 kpc~1, and less scatter than oxygen. It is
worth noting that in other SNR abundance studies, the
oxygen abundances also showed a larger scatter than nitro-
gen et al. and & Kirshner for M33,(Smith 1993 Blair 1985

& Kirshner for M31, & Dopita forBlair 1985 Russell 1990
the LMC, and et al. for our Galaxy).Fesen 1985

Using M101 H II region data from Rybski, &McCall,
Shields and and calibrating the data(1985) Smith (1975)
using the method of Kennicutt, & HuchraZaritsky, (1994),
we calculated oxygen abundances and obtained a mean
value of log (O/H)] 12 \ 8.64^ 0.31 and a gradient of log
(O/H) of [0.06^ 0.01 kpc~1, similar to what we found
from the SNRs. It is difficult to compare abundance gra-
dients from these SNRs and H II regions in M101 because
the range of galactocentric distance covered by our SNRs is
less than half that covered by the H II regions. However, the
mean oxygen abundance from H II regions in M101 is
greater than that from our SNRs by B0.3 dex. A similar
result has been seen for M33 et al. for M31(Smith 1993),

Kirshner, & Chevalier & Kirshner(Blair, 1982 ; Blair 1985),
for the LMC & Dopita and for our Galaxy(Russell 1990),

et al. et al. As discussed in(Shaver 1983 ; Fesen 1985). Smith
et al. it is possible that contamination of SNR line(1993),

ratios by background H II regions may (in addition to con-
tributing to a scatter in the abundances) drive the line ratios
down, resulting in smaller O/H values.

4.4. L arge SNRs
What is the largest size the remnant of a single SN can

have while remaining optically bright enough to detect ?
This maximum size depends on the energy input of the SN,
the mass of the SN ejecta, the ISM density, and the amount
of energy radiated by the SNR as it expands (see

for a review). Starting with a canonicalLozinskaya 1992
explosion energy of ergs, ejecta mass of 1E0\ 1051 M

_
,

km s~1, and ISM density of 1 cm~3 at the lowestv0\ 104
shock velocity at which an SNR can still be optically
observed km s~1), models of SNR evolution show(v

s
D 50

that pc. While can be larger for smallerDmaxD 100 Dmax v
sand/or we will use pc as the upper limit inn0, DmaxD 100

size for a SNR produced by a single SN and therefore con-
sider any object with D[ 100 pc as the likely result of more
than one SN.

There are 31 objects in our survey with diameters ranging
from 100 to 300 pc. These diameter estimates depend on the
assumed distance to each galaxy, which may be uncertain
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FIG. 16b

by as much as a factor of 2. Assuming that our diameter
estimates are correct, however, what is the nature of these
large objects? In we plot [S II]/Ha versus diam-Figure 30,
eter for all the SNRs for which we could measure a diam-
eter. The bottom right of that plot contains those 15 objects
with D[ 100 pc (and [S II]/Ha \ 0.6) that may be stellar
windÈshocked nebulae, di†use ionized gas, or a com-
bination of these with SNRs. Objects on the top right of

(with D[ 100 pc and [S II]/Ha º 0.6) lie outsideFigure 30
the normal range of parameters for stellar windÈshocked
nebulae and di†use ionized gas and therefore may be multi-
ple SNRs (MSNRs).

MSNR shells with DD 100È300 pc have been shown to
form easily as a result of SN explosions in a modest-sized
OB association & Kafatos &(McCray 1987 ; Tenorio-Tagle
Bodenheimer although with lower shock velocities1988),

km s~1) than expected for an optically detect-(v
s
D 10È30

able SNR. Radio observations at 21 cm have detected
MSNR shells in the Local Group with pcDZ 200 (McCray
& Kafatos and Chu et al. discussed1987), (1993, 1995)
recent X-ray observations of possible MSNRs in the LMC.
Optical shells are typically somewhat smaller and often
contain clusters of OB stars. With the possible exception of

the two objects in M101 mentioned in (in which we° 3
could detect only one or two stars), we were unable to detect
stellar clusters within any of our large SNRs.

There are four objects in the data set with D[ 100 pc for
which we can estimate the shock velocity. Figure 5 of

et al. shows log [([O III] j5007)/Hb] versusDopita (1984) v
sfor their shock models, assuming cosmic abundances. Using

measured line ratios of the four objects with D[ 100 pc for
which we have spectra, we obtained the shock velocity esti-
mates shown in The estimated velocities are allTable 17.
D85 km s~1, well above the velocities expected for MSNRs.
The kinematic ages of the four objects in also areTable 17
mostly smaller than those found for MSNRs. Although the
([O III] j5007)/Hb ratio is a†ected by di†erences in abun-
dance, Figure 5 of Dopita et al. shows that the [O III] j5007
line is extremely sensitive to the shock conditions and basi-
cally shuts o† for velocities km s~1 (see also et[ 80 Smith
al. The fact that three of the four SNRs with D[ 1001993).
pc for which we also obtained spectra show fairly bright
[O III] is strong evidence that they are high-velocity shock-
heated nebulae (i.e., SNRs).

One of the objects in NGC 5585 SNR No. 1, isTable 17,
an especially interesting object and a good example of an



78 MATONICK & FESEN Vol. 112

FIG. 16c

unusually large SNR. As shown in the remnant isFigure 38,
elliptical, with its major axis running almost north-south
and a small, bright H II region located on its northern edge.
Bright in both [O I] and [O III], NGC 5585 SNR No. 1 is
clearly a SNR. Because a remnant will expand to larger
diameters in a less dense region, it is possible that NGC
5585 SNR No. 1Ïs large size is a result of its being located in
a region of especially low-density ISM. We measured NGC
5585 SNR No. 1Ïs galactocentric distance to be D2@.45,
which is just past the beginning of a signiÐcant decrease in
H I surface density in NGC 5585, as shown in Carig-Cote,
nan, & Sancisi The remnant also appears slightly(1991).
brighter on its eastern and northeastern limbs (Fig. 38),
possibly indicating higher density at those points.

NGC 5585 SNR No. 1 is quite similar in morphology to
the NGC 7793 remnants N7793-S26 and N7793-S26ext
found by & Long which they thought mightBlair (1997),
represent a single object. Blair & Long believed that N7793-
S26, S26ext may be the result of multiple SNs creating a
large, shock-heated bubble, which eventually may become a
superbubble. They found no interior stars in this object,
however. For comparison, the estimated diameter of NGC
5585 SNR No. 1 is about half that of N7793-S26, S26ext
(140 pc vs. 260 pc), while the [S II]/Ha ratio is somewhat
higher for the former (0.66 vs. 0.50È0.64). Both objects are
located near the outer regions of their parent galaxies. Note
that, in their survey, Blair & Long found several SNRs with
D[ 100 pc (three in NGC 300, six in NGC 7793).

5. COMPARISONS BETWEEN SNR SAMPLES IN

DIFFERENT GALAXIES

Combining the SNR samples from this work with other
SNR samples from galaxies searched using ground-based
optical observations, we have an ensemble of 12 optical
SNR samples in nearby galaxies, all spiral, except for one
irregular galaxy. Here we compare the major properties of
these independent SNR samples and their parent galaxies
and investigate selection e†ects and physical trends that
might allow us to make predictions about optical SNR
samples obtained in other galaxies.

5.1. T he Ensemble
Several basic properties of the 12 galaxies are listed in

For consistency, the distances to the LMC andTable 18.
SMC and to M31, M33, NGC 300, and NGC 7793 are
those used in the SNR searches that we reference. Sources of
all the galactic data are also listed.

The properties of the SNR samples are listed in Tables 19
and For the LMC, we did not include Balmer-20.
dominated remnants nor any objects with [S II]/Ha \ 0.4
because we would not have identiÐed them as SNRs. In the
SMC, one of the objects (number 0104[723 in Mathewson
et al. may be Balmer-dominated. In the columns for1984)
diameter, Ha intensity, and [S II]/Ha, we list ““ mode ÏÏ and
maximum values for each sample. The mode is simply the
most common value observed for a given parameter (i.e., the
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TABLE 16

EMISSION-LINE RATIOS FOR SNRS WITH SPECTRA

Da N
e
b

SNR No. (pc) [O III]/Hb [O I]/Ha [N II]/Ha [S II]/Ha j6731/Ha j6716/j6731 (cm~3)

NGC 5204

2 . . . . . . . . . 60 1.38 0.23 0.15 0.69 0.30 1.32 120
3 . . . . . . . . . 50 1.28 0.12 0.15 0.52 0.19 1.46c \10

NGC 5585

1 . . . . . . . . . 140 1.02 0.29 0.14 0.66 0.28 1.40 40
3 . . . . . . . . . 20 . . . . . . 0.17 0.64 0.23 1.46c \10
4 . . . . . . . . . 60 3.28 . . . 0.23 0.47 0.19 1.46c \10
5 . . . . . . . . . . . . 0.66 0.15 0.14 0.49 0.21 1.37 75

NGC 6946

4 . . . . . . . . . . . . . . . 0.26 0.94 0.85 0.37 1.30 140
15 . . . . . . . . 30 1.50 . . . 0.53 0.58 0.23 1.46c \10
16d . . . . . . . 20 8.80 0.37 1.15 0.85 0.38 1.22 225
18 . . . . . . . . 40 . . . . . . 0.57 0.52 0.24 1.17 290
25 . . . . . . . . 60 0.46 0.07 0.49 0.58 0.24 1.36 75
27 . . . . . . . . 40 0.23 0.11 0.42 0.51 0.22 1.35 90

M81

2 . . . . . . . . . 60 . . . . . . 0.54 0.72 0.27 1.46c \10
17 . . . . . . . . 30 2.27 0.44 1.31 1.22 0.52 1.32 120
18 . . . . . . . . 130 0.31 0.08 0.83 0.70 0.25 1.46c \10
25 . . . . . . . . 10 3.62 0.29 1.24 0.93 0.42 1.22 215

M101

17 . . . . . . . . 40 1.61 0.13 0.75 0.90 0.37 1.46c \10
19 . . . . . . . . 140 2.15 0.28 0.84 0.93 0.39 1.46c \10
21 . . . . . . . . 30 7.38 0.32 0.81 0.88 0.36 1.46c \10
24 . . . . . . . . 30 4.39 0.50 1.02 1.06 0.50 1.10 385
33 . . . . . . . . 10 2.68 . . . 0.96 0.70 0.30 1.40 50
38 . . . . . . . . 80 . . . 0.18 . . . 0.71 0.29 1.35 90
44 . . . . . . . . . . . 0.37 0.09 0.14 0.53 0.22 1.43 25
50 . . . . . . . . 9 2.04 0.17 1.59 0.81 0.46 0.74 1720
71 . . . . . . . . 30 0.40 0.14 0.58 0.76 0.32 1.36 75
76 . . . . . . . . . . . 1.07 0.24 0.35 0.62 0.24 1.46c \10
83 . . . . . . . . 200 2.41 0.14 0.85 0.76 0.25 1.46c \10

a Geometric mean diameter for noncircular objects. Objects for which no values are given were in confused regions or
were too small and faint to estimate the diameter.

b Used the Space Telescope Science Data Analysis System task ““ nebular.temden, ÏÏ based on the Ðve[level atom
approximation of Robertis et al. Assumed T \ 10,000 K.De 1987.

c Ratio was calculated to be greater than 1.46, which is unphysical. The value was therefore set to the low[density
limit.

& Fesend Blair 1994.

x-axis location of the peak of its histogram) ; the maximum
is the largest value observed. Because of the small number
of remnants detected in NGC 5204 and NGC 5585, we are
only able to give average (as opposed to mode) values for
diameter, Ha intensity, and [S II]/Ha. In calculating the

value in M31, we did not include the ““ unresolved ÏÏDmodeobjects from the survey of et al. becauseMagnier (1995)
these objects were only D1 pixel in size and were not decon-
volved to give accurate diameters. For the maximum value
of SNR diameter, the geometric mean is given for elliptical

TABLE 17

SNRS WITH D[ 100 PC AND MEASURED [O III] j5007

D v
s
a D/2v

s
b

Object (pc) ([O III] j5007)/Hb (km s~1) (yr)

NGC 5585 SNR No. 1 . . . . . . 140c 0.72 82 8 ] 105
M81 SNR No. 18 . . . . . . . . . . . . 130 0.31 82 8 ] 105
M101 SNR No. 19 . . . . . . . . . . 140 1.76 85 8 ] 105
M101 SNR No. 83 . . . . . . . . . . 200 2.01 86 1 ] 106

a Using Figure 5 of et al.Dopita 1984.
b Kinematic age.
c Geometric mean diameter.



TABLE 18

GALAXY PROPERTIES

i E
B~V

R Dgalaxy L M(H I)
Name Type (deg) (mag) (Mpc) (kpc) (1010 L

_
) (109 M

_
)

LMC . . . . . . . . . . . . Sm 35 0.07 0.055 10.6 0.36 0.8
SMC . . . . . . . . . . . . Im 61 0.04 0.063 4.7 0.07 0.9
M31 . . . . . . . . . . . . . Sb 78 0.04 0.69 31.2 2.8 4.0
M33 . . . . . . . . . . . . . Scd 56 0.04 0.84 12.8 0.47 1.8
NGC 300 . . . . . . . Sd 46 0.01 2.1 11.7 0.26 2.4
NGC 2403 . . . . . . Scd 62 0.03 3.2 19.9 0.66 3.6
NGC 7793 . . . . . . Sdm 50 0.01 3.4 8.5 0.28 0.7
M81 . . . . . . . . . . . . . Sab 60 0.04 3.6 21.2 2.3 3.0
NGC 5204 . . . . . . Sm 53 0.00 4.8 6.1 0.08 0.6
M101 . . . . . . . . . . . . Scd 0 0.00 5.4 37.4 2.4 11.3
NGC 6946 . . . . . . Scd 42 0.40 5.5 23.8 3.2 6.3
NGC 5585 . . . . . . Sd 51 0.00 7.0 10.4 0.24 1.4

NOTEÈType and inclination data from values from andTully 1988. E
B~V

Tully 1988 Burstein
& Heiles R values for the LMC and SMC are from et al. for M31, from1978. Mathewson 1983,

& Braun for M33, from for NGC 300 and NGC 7793, from &Walterbos 1992, Gordon 1994, Blair
Long and for the rest, from For consistency, distances are those used in the SNR1997, Table 2.
studies. diameter from isophotal diameter, corrected for projection and obscur-Dgalaxy \ galaxy
ation, from and using distances given here. L \ intrinsic blue luminosity of galaxy,Tully 1988
using B from and distances given here. M(H I) \ mass of neutral hydrogen in galaxy,Tully 1988
using H I Ñux from and distances given here.Tully 1988

TABLE 19

SNR SAMPLE PROPERTIES

Dc (pc) I(Ha) (ergs cm~2 s~1) [S II]/Ha
NUMBER OF

GALAXYa SNRSb Mode Max Mode Max Mode Max

LMC . . . . . . . . . . . . 28 30 90 . . . . . . 0.6 1.4
SMC . . . . . . . . . . . . 11 58 62 . . . . . . 0.7 0.8
M31 . . . . . . . . . . . . . 221 32 195 4.4E[15 2.6E[12 0.52 1.20
M33 . . . . . . . . . . . . . 98 35 126 1.3E[14 3.4E[13 0.65 1.55
NGC 300 . . . . . . . 28 43 200 4.5E[15 1.3E[13 0.75 1.16
NGC 2403 . . . . . . 35 70 170 2.0E[14 1.4E[13 0.58 1.11
NGC 7793 . . . . . . 28 32 260 2.0E[14 1.5E[13 0.50 1.79
M81 . . . . . . . . . . . . . 41 30 130 2.0E[15 3.6E[14 0.67 1.64
NGC 5204 . . . . . . 3 40 60 5.5E[15 1.1E[14 0.58 0.69
M101 . . . . . . . . . . . . 93 30 300 3.2E[15 4.7E[14 0.55 1.59
NGC 6946 . . . . . . 27 30 180 2.4E[15 7.1E[14 0.55 1.14
NGC 5585 . . . . . . 5 60 130 1.4E[14 3.1E[14 0.59 0.68

a SNR references : LMC, Mathewson et al. & Kennicutt den Bergh1983, 1984, 1985, Chu 1988b, van
et al. SMC, & Clarke Mathewson et al. M31,1988, Smith 1994 ; Mathewson 1972, 1973b, 1983, 1984 ;

et al. et al. & Braun & Walterbos etDÏOdorico 1980, Blair 1981, Walterbos 1992, Braun 1993, Magnier
al. M33, NGC 300 and NGC 7793, & Long the rest, this work.1995 ; Gordon 1994 ; Blair 1997 ;

b From optical surveys.
c Mode\ peak of histogram.

TABLE 20

OTHER SNR SAMPLE PROPERTIES

pDe~r@r0
ASSOCIATED ?a

ppeak r0 FRACTION

GALAXY (kpc~2) (kpc) H II Regions Arms SURVEYED

LMC . . . . . . . . . . . . . . . . . . Yes . . . 1.00
SMC . . . . . . . . . . . . . . . . . . . . . . . . 1.00
M31 . . . . . . . . . . . . . . . . . . . . . . Yes 0.75
M33 . . . . . . . . . . . . . 2.71 2.1 Yes . . . 1.00
NGC 300 . . . . . . . 0.85 1.3 . . . . . . 1.00
NGC 2403 . . . . . . 2.23 0.7 Yes . . . 0.95
NGC 7793 . . . . . . 0.70 1.1 . . . . . . 1.00
M81 . . . . . . . . . . . . . 0.39 2.2 Yes Yes 1.00
NGC 5204 . . . . . . . . . . . . . . . . . . 1.00
M101 . . . . . . . . . . . . 0.50 3.6 Yes Yes 0.98
NGC 6946 . . . . . . 0.32 4.4 No ? 0.95
NGC 5585 . . . . . . 0.21 1.3 . . . . . . 1.00

a With H II regions and/or spiral arms.
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FIG. 17.ÈM81 SNR spectra

FIG. 18.ÈA typical M81 H II region spectrum, from the small nebula located D20A directly west of M81 SNR No. 19 and just northwest of a larger H II

region.
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FIG. 19.ÈDigitized Sky Survey E image of M101 showing the Ðelds observed

objects (for the LMC and SMC, the mean diameter is
given). Ha intensity values for M31 are from the 52 SNRs in
the samples of & Walterbos and &Braun (1993) Walterbos
Braun In M33, NGC 300, and NGC 7793, we con-(1992).
verted the published Ha surface brightness values to Ha
intensity using the given diameters. The M33 Ha intensity
values were not corrected for extinction, which was believed
to be slight. [S II]/Ha ratios were available for only four
SNRs in the SMC. The [S II]/Ha values in M31 are from
the 52 SNRs in the sample of & WalterbosBraun (1993)
and & Braun NGC 300 and NGC 7793Walterbos (1992).
[S II]/Ha values are from the spectral data in & LongBlair

for 21 SNRs in NGC 300 and 27 SNRs in NGC 7793.(1997)
The quantity p is the surface density of SNRs observed in a
given galaxy, normally of form with the scalep D e~r@r0, r0length. The LMC SNRs are listed as being associated with
H II regions because & Kennicutt found that atChu (1988b)
least two-thirds of the SNRs detected in the LMC are
associated with Population I objects. et al.Magnier (1995)
found that the distribution of SNRs they detected in M31
tended to trace the spiral arms, so we list them as associated
with the spiral arms. In M33, surmised thatGordon (1994)
the observed SNRs are associated with H II regions because
of the similarity between the two objectsÏ radial distribu-
tions.

5.2. Ensemble Selection E†ects

Just as selection e†ects and biases are present in the indi-
vidual SNR samples, we expected to see evidence of selec-
tion e†ects and biases when comparing SNR samples from
di†erent galaxies. One such selection e†ect is shown in

where the log of the mode of the Ha luminosityFigure 39,
versus galaxy distance is plotted. SNR Ha luminosity is
calculated from the Ha intensity given in using theTable 19,
galaxy distances in shows largerTable 18. Figure 39

for more distant galaxies, which is clearly a selec-L (Ha)modetion bias. If we could detect every SNR in a galaxy, and
compare the SNR samples among the galaxies, we would
expect about the same value of in each galaxy,L (Ha)modeassuming that SNRs in spiral galaxies form under roughly
similar conditions. Of course, we cannot detect every SNR
in a galaxy. As we move to more distant galaxies, fainter
SNRs become more difficult to detect and shiftsL (Ha)modeto higher values, just as seen in Figure 39.

In we plot the peak SNR surface density inFigure 40,
each galaxy, as a function of the galaxy distance. Noteppeak,that surface density data was only available for eight of the
12 sample galaxies. The general trend in the plot is toward
larger for nearer galaxies because it is easier to detectppeakSNRs in closer galaxies and especially to resolve confused
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FIG. 20a

FIG. 20.È(a) Full-frame Ha image of the north Ðeld of M101, with SNRs marked. (bÈd) Detailed Ðnding charts of the SNRs detected in three sections of
this Ðeld.

regions near a galaxyÏs center in order to detect a greater
surface density of SNRs. The values of M33 and NGCppeak2403 are much higher than those of the other galaxies, poss-
ibly because of the higher resolution image data used.

No apparent correlation was evident between the
maximum SNR diameter measured in each sample, Dmax,and galaxy distance. However, a correlation was evident
between and galaxy diameter, To eliminate anyDmax Dgalaxy.e†ect of errors in the galaxy distance estimates, andDmaxwere converted to arcseconds, giving the plot shownDgalaxyin The dashed line is a least-squares Ðt to theFigure 41.
data. As shown in the Ðgure, the Ðt seems to indicate that
for a SNR sample obtained by ground-based optical
observations of any spiral galaxy, the size of the largest
detectable SNR is a function of the size of its parent galaxy.
Although this correlation is just a distance-size e†ect, it may
allow one to predict the largest SNR optically detectable in
a given galaxy. Using galaxies at well-known distances as
calibrators, this trend suggests that a rough estimate of a
galaxyÏs distance can be obtained by Ðnding in arc-Dmax

seconds for a sample of SNRs obtained through ground-
based optical observations of the galaxy. The dispersion in

in our samples) must be included in calculatingDmax (D0A.2
the uncertainty in the distance estimate.

5.3. Physical Trends in the Ensemble
The 12 galaxy SNR ensemble also yielded trends that

may be related to the physical state of the SNRs and their
parent galaxies. For example, to investigate the number of
SNRs found versus a given galaxy type, the number of
SNRs detected in each galaxy was divided by that galaxyÏs
H I mass ; this quantity, times the galaxy distance, is plotted
versus the galaxy type in The quantity (galaxyFigure 42.
distance)(number of SNRs)/(galaxy H I mass) is used in an
attempt to eliminate the e†ects of galaxy distance and/or
mass on the number of SNRs detected. Except for NGC
7793, the plot indicates that fewer SNRs per unit galaxy H I

mass (correcting for the distances) are found in later type
galaxies.

The most commonly observed diameter in each SNR
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FIG. 20b

FIG. 20c

sample, was found, in several galaxies (seeDmode, Table 19),
to lie at D30È40 pc. This would seem to suggest that the
most common value of SNR diameter observed in an
optical SNR survey is the same in any galaxy. Recall that an
SNRÏs apparent diameter, in terms of is given by logDmode,

(arcseconds)\ [log R (Mpc)] logDmode [0.206265Dmode(pc)]. If (pc) is constant for an ensemble of SNRDmodesamples, then a plot of log (arcseconds) versus log RDmode(Mpc) should be a straight line with slope [1, whose y-
intercept will give us an estimate of (pc). Such a plot isDmode
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FIG. 20d

shown in The dashed line is a least-squares Ðt toFigure 43.
the data and the error shown is only the error in the Ðt.
The Ðt indeed has a slope of [1 and gives an estimate of

pc for a SNR sample.DmodeB 40
Hence this analysis allows one to predict that any

ground-based optical SNR survey should Ðnd DmodeB 40
pc for a SNR sample in a spiral galaxy. The prediction
assumes that the SNR sample is large enough that a reason-
ably accurate peak to the histogram of SNR diameters can
be determined. It also is worth noting that this analysis
gives a very rough prediction of a galaxyÏs distance. Once
we have a sample of SNRs in a given galaxy, simply Ðnding

in arcseconds allows one to estimate the galaxyÏs dis-Dmodetance, although this value of the distance is obviously not as
accurate as one obtained by more conventional methods
(e.g., Cepheids, Type Ia SNs, and so on).

Why should be constant in all the SNR samples? ADmodeconstant could result from most of the detected rem-Dmodenants being in a similar evolutionary stage, which would
tend to make their most common sizes similar. It is inter-
esting to compare our constant value with the size ofDmodethe Cygnus Loop, which is the Galactic remnant probably
the most similar to the SNRs we have detected. From dis-
tance estimates based on proper motions of bright Ðla-

ments, the currently accepted size of the Cygnus Loop is
DB 40 pc identical to our constant(Lozinskaya 1992),
Dmode.In in parsecs, is plotted for each of theFigure 44, Dmode,SNR samples as a function of galaxy type. Error bars for the

values were obtained by examining the SNR diameterDmodehistograms from which they were obtained (except for NGC
5204 and NGC 5585, for which the errors are the uncer-
tainties in the mean diameters). The constant value DmodeB40 pc found above is marked. This plot shows that Dmodeappears independent of galaxy type and, within the errors
shown, has a value of about 30È40 pc.

and the mass of neutral hydrogen in a galaxy,DmaxM(H I), also seem to be correlated. In we show aFigure 45
log-log plot of these quantities, with in parsecs andDmaxM(H I) in units of 109 With the exception of NGCM

_
.

7793, the data show a correlation of with M(H I). If theDmaxH I mass is correlated with the relative ISM density in a
galaxy, the observed trend may occur because galaxies with
a denser ISM provide an environment in which larger SNRs
can be detected. The reason for the lack of correlation for
NGC 7793 is unclear, although recall that this galaxy was
also discrepant in Note also that the observedFigure 42.
trend could be inÑuenced by size of sample e†ects, in that a
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FIG. 21a

FIG. 21.È(a) Full-frame Ha image of the east Ðeld of M101, with SNRs marked. (b) Ha image Ðnding chart of the SNRs detected in a section of this Ðeld.
(c) Same as (b), but in [S II]. (d) Ha image Ðnding chart of the SNRs detected in another section of this Ðeld. (e) Same as (d), but in [S II]. ( f ) Ha image Ðnding
chart of the SNRs detected in another section of this Ðeld.

more gas-rich galaxy will produce more SNRs and thus a
larger SNR sample with, possibly, a larger AlthoughDmax.was not found to be strongly correlated with theDmaxnumber of SNRs detected in each sample, we did Ðnd a
slight trend indicating that more SNRs were detected in the
more massive galaxies, thus supporting the possibility of a
size of sample e†ect inFigure 45.

We found no correlation between the SNR surface-
density scale length, and galaxy diameter, meaning thatr0,the largest galaxies did not necessarily also have the largest
SNR surface-density scale lengths. However, plotting as ar0function of galaxy luminosity does show a weak(Fig. 46)
correlation indicating a larger SNR surface-density scale
length for intrinsically brighter galaxies, which could result
because the SNRs correlate with a larger population of
bright, blue stars in the more luminous galaxies. If this
explanation is correct, the correlation in providesFigure 46
evidence that most of the SNRs detected had bright, blue
stars as progenitors that exploded as Type II or Ib/c SNs.

Finally, we investigated the possible relationship between
galaxy type and association of SNRs with H II regions and
spiral arms. Of the four Scd galaxies in the ensemble (M33,
NGC 2403, M101, and NGC 6946), three have SNRs that
appear to be associated with their galaxyÏs H II regions.
NGC 6946 is the exception to this apparent trend among
the Scd galaxies. Also, the SNRs in the SabÈSb galaxies
(M31 and M81) appear to be associated with their galaxiesÏ
spiral arms. This very limited analysis therefore suggests
that, in most Scd galaxies, SNRs tend to be associated with
H II regions and that, in SabÈSb galaxies, SNRs tend to be
associated with the spiral arms. It will be interesting to see if
future SNR surveys in similar type galaxies Ðnd such corre-
lations between SNRs and these other galactic objects.

6. CONCLUSIONS

We have conducted an optical search for supernova rem-
nants in Ðve nearby spiral galaxies. Our technique consisted
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FIG. 21b

of imaging these galaxies using narrow Ha and [S II]
jj6716, 6731 Ðlters, subtracting starlight with continuum-
Ðlter images, and identifying [S II]Èbright emission nebulae
as SNR candidates. Spectra were obtained for a few of these
candidates in each galaxy and were used to correct the
[S II]/Ha ratios obtained from image photometry. Emission
nebulae with [S II]/Ha º 0.45 were identiÐed as probable
SNRs. The results of this survey are :

1. We have identiÐed three SNRs in NGC 5204, Ðve in
NGC 5585, 27 in NGC 6946 (including an SNR previously
identiÐed by & Fesen 41 in M81, and 93 inBlair 1994),
M101. Including the LMC and SMC, M31, M33, NGC 300,
NGC 7793, and NGC 2403, there are now 12 galaxies that
have been well searched in the optical for SNRs, and this
survey (including the NGC 2403 SNR sample of Matonick
et al. has increased the number of currently detected1997)
extragalactic SNRs by about 50%.

2. An analysis of selection e†ects, biases, and complete-
ness of our SNR samples shows that (1) the [S II]/Ha detec-
tion method can be seriously a†ected by confusion with H II

regions and that (2) the samples appear biased against

detecting large, faint SNRs. We estimate that there are
roughly 4 times more SNRs in each of our target galaxies
than we detected. Assuming a SNR lifetime of 20,000 yr, this
result gives crude SN rate estimates of 1 SN per 130 yr for
M81 and 1 SN per 50 yr for M101, both similar to their
historical SN rates.

3. Using the distributions of detected SNRs relative to
other objects (spiral arms, H II regions, molecular clouds),
we Ðnd that a signiÐcant fraction of the SNRs detected in
NGC 2403, M81, and M101 probably had high-mass pro-
genitors (SNs II or Ib/c).

4. Abundances were obtained from eight SNR spectra in
M101, and moderate abundance gradients in both oxygen
and nitrogen were found. The SNR oxygen abundance gra-
dient was found to be roughly similar to that obtained from
H II regions. As in SNR abundance studies in other galaxies,
our SNR oxygen abundance showed a larger scatter than
the nitrogen abundance and was lower than the oxygen
abundance obtained from H II regions.

5. We found 31 objects with diameters larger than 100
pc, larger than is physically possible for a single SNR in an
ISM of typical density. Further detailed study is warranted
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FIG. 21c

for these unusual objects, particularly high-resolution
observations to determine the objectsÏ shock velocities and
gas densities.

6. Combining the SNR samples from this work with the
optical SNR samples in the LMC and SMC and in M31,
M33, NGC 300, NGC 7793, and NGC 2403 revealed the
following : (1) An apparent trend of higher withL (Ha)modeincreasing galaxy distance, probably as a result of intrinsi-
cally fainter SNRs becoming more difficult to detect in more
distant galaxies, thereby causing to shift to aL (Ha)modehigher value. (2) A value of pc for each SNRDmodeB 40
sample in the ensemble, which may indicate that most of the
detected SNRs are in a similar evolutionary stage.

A worthwhile follow-up study would be to broaden the
search for SNRs to include a wider range of galaxy types.
Although one may not Ðnd many SNRs in elliptical galaxies
because of the absence of signiÐcant interstellar gas, it might
be interesting to examine Sa and progressively earlier type
galaxies to see at what galaxy type one is no longer able to
detect SNRs. It might also be worth conducting a distribu-
tion analysis, similar to that done in our program galaxies,
on the SNR samples in M31, M33, NGC 300, and NGC

7793 using precise positions of spiral arms, H II regions, and
molecular clouds. Such an analysis would allow one to
determine whether the SNRs are closely associated with
these objects and therefore give a better indication of the
likely SNR progenitors in these galaxies. Finally, the nature
of the very large SNRs we have found (such as NGC 5585
SNR No. 1) needs to be investigated further. High-
resolution imaging to search for early-type stars with strong
stellar winds interior to these objects, as well as additional
observations at other wavelengths, should lead to a better
understanding of the properties of these enormous rem-
nants.

It is a pleasure to thank the sta† of MDM Observatory
for their assistance with the instrument setup in the obser-
vation portion of this project. We also wish to thank J.
Raymond for kindly loaning us the interference Ðlters used
in the imaging portion of this project, W. Blair for many
helpful comments and suggestions, and S. van den Bergh for
reviewing an earlier draft of this paper and providing much
useful advice. This research was funded in part by NSF
grant 95-29232 and a Burke Research Grant from Dart-
mouth College.
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FIG. 21e
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FIG. 22a

FIG. 22.È(a) Full-frame Ha image of the west Ðeld of M101 with SNRs marked. (bÈd) Detailed Ðnding charts of the SNRs detected in three sections of this
Ðeld.
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FIG. 22b
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FIG. 22c
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FIG. 22d

94



FIG. 23.ÈFull-frame Ha image of the northeast Ðeld of M101, with SNRs marked

FIG. 24.ÈFull-frame Ha image of the south Ðeld of M101, with SNRs marked
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FIG. 25a FIG. 25b

FIG. 25c FIG. 25d

FIG. 25e FIG. 25f

FIG. 25.ÈM101 SNR spectra
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FIG. 25g FIG. 25h

FIG. 25i FIG. 25j

FIG. 25k
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FIG. 26.ÈA typical M101 H II region spectrum, from the third bright H II region about 40A northeast of M101 SNR No. 39

FIG. 27a FIG. 27b

FIG. 27c

FIG. 27.ÈHistograms of SNR Ha intensity for three of the sample galaxies
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FIG. 28c

FIG. 28.ÈHistograms of SNR diameter

FIG. 29.ÈPlot of log I(Ha) vs. diameter (in arcseconds) for detected
SNRs from all six galaxies combined. Approximate region of incomplete-
ness is marked. Sample appears biased against detecting large, faint SNRs.

FIG. 30.ÈRatio of [S II]/Ha vs. diameter for detected SNRs from all six
galaxies combined. Objects with values also typical of stellar windÈ
shocked nebulae and di†use ionized gas are shown marked by their SNR
number on the bottom right.
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FIG. 31a FIG. 31b

FIG. 31c

FIG. 31.ÈObserved spiral arm patterns and detected SNRs as they appear on the sky in three of our sample galaxies

FIG. 32a FIG. 32b

FIG. 32.ÈObserved spiral arm patterns and detected SNRs in (a) NGC 6946 and (b) M81 (from deprojected to face-onFig. 31)
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FIG. 33a FIG. 33b

FIG. 33c

FIG. 33.ÈDistributions of detected SNRs relative to the spiral arms shown in The spiral arm width is an average value for each galaxy. A SNRFig. 32.
““ behind ÏÏ a spiral arm is located between the arm and the galaxyÏs center. The solid lines overplotting the histograms of the observed distributions are
random distributions of 10,000 simulated SNRs, normalized to the total number of SNRs detected in each galaxy.
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FIG. 34a FIG. 34b

FIG. 34c FIG. 34d

FIG. 34e FIG. 34f

FIG. 34.ÈPlots of the six sample galaxies with detected SNRs and H II regions as they appear on the sky. An H II region is represented by one or more
small circles.
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FIG. 35a FIG. 35b

FIG. 35c FIG. 35d

FIG. 35.ÈDistributions of detected SNRs relative to the H II regions shown in The solid lines overplotting the histograms of the observedFig. 34.
distributions are random distributions of 10,000 simulated SNRs, normalized to the total number of SNRs detected in each galaxy.

FIG. 36a FIG. 36b

FIG. 36.È(a) Regions of CO detection in M81 from et al. along with our detected SNRs as they appear on the sky. The diameter of eachBrouillet 1991,
circle denoting a CO emission region is equal to the HPBW of the observation. (b) Distribution of detected SNRs relative to the molecular clouds (CO
emission regions). Relative distance to nearest CO emission \ (deprojected distance to nearest edge of CO emission HPBW). The solid lineregion)/(12overplotting the histogram of the observed distribution is a random distribution of 10,000 simulated SNRs, normalized to the total number of SNRs detected
in M81.
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FIG. 37a FIG. 37b

FIG. 37c FIG. 37d

FIG. 37e

FIG. 37.ÈRadial distributions of normalized surface density of detected SNRs in Ðve of our sample galaxies. The peak value of surface density in
kiloparsecs~2 is indicated on each plot. The dashed curve overplotting each distribution is a nonlinear least-squares Ðt to where is thep D e~r@r0, r0exponential scale length in kiloparsecs, whose solution also is marked on each plot. The Ðt is only from the main peak outward.
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FIG. 38.ÈDetail of the Ha image of NGC 5585 from showing NGC 5585 SNR No. 1. North is up, east to the left. The bright, compact object on theFig. 6,
very northern edge of SNR No. 1 is an H II region. Because a SNR will expand more rapidly into a less dense region, the unusual size of this remnant may be a
result of its expanding into a region of lower ISM density : SNR No. 1 is located at a galactocentric distance just past the beginning of a signiÐcant decrease in
H I surface density in NGC 5585 (Fig. 6 of et al. Note that the remnant appears slightly brighter on its eastern and northeastern limbs, possiblyCote 1991).
indicating that it encounters regions of higher density at those points.

FIG. 39.ÈPlot of log for each SNR sample vs. galaxy dis-L (Ha)modetance. Units of are ergs s~1. The apparent trend of higherL (Ha)modewith greater distance is a selection e†ect : fainter SNRs are moreL (Ha)modedifficult to detect in more distant galaxies, and therefore shifts toL (Ha)modehigher values for the more distant SNR samples.

FIG. 40.ÈPeak SNR surface density in each galaxy vs. galaxy(ppeak)distance. The general trend of larger for nearer galaxies is a selectionppeake†ect : in a nearer galaxy, we are likely to detect and resolve more SNRs in
confused regions near the galaxyÏs center, giving a higher ppeak.
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FIG. 41.ÈPlot of log (arcseconds) vs. log (arcseconds) forDmax Dgalaxythe SNR samples. The dashed line is a least-squares Ðt to the data ; the
errors shown are only those in the Ðt. The correlation seems to indicate
that, in ground-based optical observations, the maximum observable SNR
diameter is determined by the diameter of the galaxy.

FIG. 42.ÈNumber of SNRs detected in each galaxy per galaxy H I mass
(multiplied by galaxy distance), as a function of galaxy type. Except for
NGC 7793, the plot seems to indicate that fewer SNRs per unit galaxy H I

mass (times galaxy distance) are detected in later type galaxies.

FIG. 43.ÈPlot of log (arcseconds) vs. log R (Mpc) for the SNRDmodesamples. The data point for M101 nearly overlaps that for NGC 6946. The
dashed line is a least-squares Ðt to the data and has a slope of È1 and a
y-intercept that gives pc for a SNR sample in a spiral galaxy.Dmode B 40

FIG. 44.ÈPlot of (pc) vs. galaxy type for the SNR samples. TheDmodedashed line is at the value of pc found in Error barsDmode B 40 Fig. 43.
were obtained by examination of the SNR diameter histograms for each
galaxy sample.

FIG. 45.ÈPlot of log (pc) vs. log M(H I) (109 for the SNRDmax M
_

)
samples. With, again, the exception of NGC 7793, the data seem to show a
correlation of with M(H I). Such a trend may occur because galaxiesDmaxwith a denser ISM (as traced by the H I mass) provide an environment in
which larger detectable SNRs can evolve.

FIG. 46.ÈSNR surface density scale length (kpc) of the SNR samplesr0as a function of galaxy luminosity (1010 There seems to be a weakL
_

).
trend indicating larger at higher galaxy luminosity.r0
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