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ABSTRACT

Very Large Array observations of the unusual southern Galactic supernova remnant (SNR) complex near
I'=348° b = 0° at wavelengths of 6, 20, and 90 cm are presented. Derived continuum spectra and observed
morphologies indicate that G348.5+0.1 (CTB 37A) does not have a “jet” as reported by previous observers
but is instead superposed on a second, previously unidentified SNR lying along the line of sight. This new
SNR is designated G348.5—0.0 according to the usual convention. Other observers have also noted a faint,
flat spectrum bridge of emission possibly connecting the G348.5+0.1/G348.5—0.0 superposition with a third
nearby remnant G348.7+40.3 (CTB 37B). However, a connection appears unlikely, and we suggest that the
“bridge ” merely consists of faint emission which has “leaked” from the southeastern side of G348.7+0.3 and
has no relation to the G348.5+0.1/G348.5—0.0 superposition.

These new data also reveal a remarkable region of “blown-out” emission from the southwestern part of
G348.5+0.1 which most likely reflects the presence of large-scale density inhomogeneities in the interstellar

medium into which the SNR shell is expanding.

Subject headings: nebulae: individual (G348 4+ 0) — nebulae: structure — nebulae: supernova remnants

1. INTRODUCTION

Milne et al. (1979) and Downes (1984) have reviewed radio
observations of the unusual Galactic supernova remnants
(SNRs) CTB 37A (hereafter G348.5+0.1) and CTB 37B
(hereafter G348.7 + 0.3) made over a wide range of frequencies.
Milne et al. (1979) note an apparent “jet” feature aligned per-
pendicular to and appearing to “emerge ” from the eastern side
of G348.5+0.1 and a “bridge ” of flat spectrum radio emission
which appears to connect G348.5+0.1 with G348.7+0.3. The
latter remnant lies to the north of the former, and they are
separated by a distance roughly comparable to their diameters
(~15). The possibility of a physical connection between the
two SNRs is enhanced by H 1 absorption measurements to
both remnants, albeit with large associated errors, which indi-
cate similar distance estimates of 10.2+ 3.5 kpc (Green 1988).
The observations by Downes (1984) confirm the general mor-
phology reported by Milne et al. (1979) and also reveal lower
surface brightness emission associated with the “jet” and
“bridge.” Downes (1984) notes that this emission would
strengthen the case for the “jet” being part of a third SNR in
the complex, a suggestion explored and rejected by Milne et al.
(1979).

In the course of very low frequency observations (57.5 MHz)
made while conducting the Clark Lake Radio Observatory
(CLRO) Galactic Plane Survey (Kassim 1987, 1988), Kassim
(1987) noted that the combined flux density of G348.540.1
and G348.7+0.3, which are not resolved at the CLRO
resolution, exceeds the expected flux density extrapolated from
higher frequencies by more than a factor of 2. This fact,
together with the unusual morphology of the complex, moti-
vated us to observe this unusual field at higher resolution. We
therefore obtained observations of the complex with the Very
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Large Array (VLA)* at 90, 20, and 6 cm wavelengths. Our new
90cm data have enabled us to establish flux densities for all
sources in the field which, when combined with previous obser-
vations from the literature, allows the derivation of continuum
spectra for all features. Combination of these spectra with the
morphology revealed by our higher resolution VLA observa-
tions permits a reinterpretation of the structure of the region
and the identification of a new SNR, G348.5—0.0.

2. OBSERVATIONS

The complex region containing G348.5+4+0.1 and
G348.74 0.3 was observed at 90, 20, and 6 cm wavelength in
the B/C hybrid array of the VLA on 1986 September 27 and in
the C/D hybrid on 1987 February 8. These observations are
summarized in Table 1. Because of the southern declination of
the region, maximum resolution was achieved by using the B/C
hybrid, and maximum sensitivity to large scale structure was
achieved by using the C/D hybrid. The resulting synthesized
beams at each wavelength have full width at half-maximum
(FWHM) of 53" x 46” at position angle +30° for 90 cm,
33" x 18” at position angle + 5° for 20 cm, and 379 x 2”5 at
position angle + 32° for 6 cm.

Calibration at 6, 20, and 90 cm used short observations of
the primary calibrator 3C 286, defined to have flux densities of
7.420, 14.620, and 26.77 Jy at 6, 20, and 90 cm, respectively, to
determine the flux densities of possibly variable secondary cali-
brators 1602 +01 (at 20 cm), 1827 — 360 (at 90 and 20 cm), and
1921 —293 (at 6 cm) at each epoch of observation. Then, obser-
vations of these secondary calibrators, which are compact with
well-determined positions, were used to calibrate the phase and
gain of the instrument for each observation of the SNRs. Stan-
dard computer programs were used to interpolate the gain and
phase of the instrument between calibrator observations.
These procedures are normal for the VLA and are thought to
provide a flux density calibration which is consistent to a few

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

Center Integration
VLA Frequency Wavelength Bandwidth Time Date
Configuration (MHz) (cm) (MHz) (minutes) Observed
B/C......c..... 4823 6 50 20 1986 Sep 27
4885 6 50 23 1986 Sep 27
1443 20 50 211 1986 Sep 27
333 90 3 211 1986 Sep 27
CD............. 4823 6 50 27 1987 Feb 8
4885 6 50 27 1987 Feb 8
1443 20 50 183 1987 Feb 8
333 90 3 210 1987 Feb 8
percent with possible systematic errors of up to ~5% at each 3. RESULTS

wavelength. For a more detailed description of the VLA see
Napier, Thompson, & Ekers (1983).

The shortest array spacings at 6, 20, and 90 cm were ~ 5004,
2004, and 404, respectively. This means that sources larger
than ~5" at 6 cm, ~ 15 at 20 cm, and ~90" at 90 cm may be
undersampled and have their flux densities underestimated.
The individual data sets, after calibration, correction, and
inspection for quality, were added to produce a single data set
for each observing wavelength. These were then Fourier-
inverted to produce initial maps. These “dirty maps” were
self-calibrated, CLEANed, and restored with elliptical gauss-
ian beams. The final maps, after correction for primary beam
attenuation, are shown in Figure 1 (90 cm), Figure 2 (20 cm),
and Figure 3 (6 cm). The measured rms noise levels are ~ 50
mJy beam ™! on the 90 cm map, ~ 10 mJy beam ™! on the 20
cm map, and ~0.7 mJy beam ™! on the 6 cm map.
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FI1G. 1.—90 cm map of the G348 + 0 SNR complex made from data taken in
the B/C and C/D hybrid configurations of the VLA. The synthesized FWHM
beamwidth is 53" x 46" at position angle +30°. The contour levels are (—2, 1,
2,4, 6,8, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140) x 50 mJy beam ! with
a peak brightness of 7.71 Jy beam ~ 1.

3.1. 90 Centimeter Observations

Our 90 cm map (Fig. 1) has the largest field of view (antenna
primary beam size 156 FWHP) and is thus the only map
which shows all sources in the G348+0 complex. The
resolution of the 90 cm map is similar to that used by other
observers, and we reproduce the 1415 MHz FST map of Milne
et al. (1979) in Figure 4 (resolution 54” x 47”) for comparison
purposes. While comparison of Figures 1 and 4 shows many
similarities in the gross structures, a number of important dif-
ferences are worth noting:

1. Our 90 cm map (Fig. 1) shows emission from the western
part of G348.740.3 which is not detected by Milne et al.
(1979).

2. The 90 cm map reveals low surface brightness emission
near o = 17"11™15°%, § = —38°12' (not detected in the FST
map) which connects the “bridge” with the southwestern part
of G348.7+0.3; thus the “bridge” of emission “between”
G348.74 0.3 and G348.5+0.1 appears unrelated to the latter
SNR and is probably only a faint extension of the former;
henceforth, we consider it part of the SNR G348.7+0.3.
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FI1G. 2—20 cm VLA map of G348.5+0.1 and G348.5—0.0 (formerly the
“jet”) taken with the same array configuration as in Fig. 1. The synthesized
FWHM beamwidth is 33" x 18" at position angle + 5°. The contour levels are
at (—20, —10, 2.5, 5, 10, 20, 30, 50, 70, 100, 200, 300, 400) x 1 mJy beam !
with a peak brightness of 427 mJy beam ™!,
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FiG. 3—6 cm VLA map of the eastern edge of G348.5+0.1 and
G348.5—0.0 (formerly the “jet ) taken with the same array configuration as in
Fig. 1. The synthesized FWHM beamwidth is 3"9 x 25 at position angle
+32°. The contour levels are at (—2, —1,1,2,3,4,5,6,7,8,9, 10) x 1 mJy
beam ~ ! with a peak brightness of 12.0 mJy beam ~!.

3. G348.5+0.1 has a much larger region of faint extended
emission to the southwest than is apparent on the FST 1415
MHz map. (Note, however, that evidence for this extension
does appear in some earlier work such as Culgoora at 80 MHz,
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F1G. 4—20 cm FST map of the G348+ 0 SNR complex by Milne et al.
(1979). Synthesized FWHM beamwidth of 54” x 47" is almost identical to that

of our 90 cm observations shown in Fig. 1. The contours are labeled in units of

1

Jy beam ™.
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Molonglo at 408 MHz, and Parkes at 14.7 GHz—see Milne et
al. 1979).

4. The “jet” feature is prominent on both the FST 1415
MHz and VLA 90 cm maps and is aligned nearly perpendicu-
lar to the eastern side of the shell of G348.5+0.1. Note that its
peak, however, is clearly separated from the brightest part of
the shell of G348.5+0.1.

5. The 90 cm VLA map shows significant curvature of the
“jet” which is reminiscent of a partial shell and the “interior ”
of this new “shell ” has significant low surface brightness emis-
sion much like the partial shells of G348.5+0.1 and
G348.7+0.3. Note that a faint extension of emission on the
northeastern part of the shell of G348.5+0.1 near
o = 17"11™20%, § = —38°24' might be a part of the new “shell ”
where it exits its superposition on the bright shell of
G348.5+0.1. Evidence for this emission can also be found on
our 20 cm map presented below.

Even this purely morphological examination suggests that
the “jet” is not a component of G348.5+0.1 but defines the
southern/southwestern rim of a third, partial shell SNR super-
posed on the G348+0 complex. The following higher
resolution maps and discussion of the available spectral index
information in the next section also support this hypothesis.

3.2. 20 Centimeter Observations

Our 20 cm VLA map is shown in Figure 2. Since the primary
beam is only ~ 30, the map principally shows the region
associated with G348.5+0.1 and the “jet.” Figure 2 confirms
the general morphology of G348.5+0.1 and the “jet” seen in
our 90 cm map, but the increased resolution provides much
better detail.

The 20 cm map shows much more clearly the curvature of
the “jet” into a nearly completed shell, and the apparent dis-
tortion of the shell of G348.5+0.1 near « = 17"11™20%,
0 = —38°24' as was seen on the 90 cm map. The higher
resolution observations thus confirm the morphological argu-
ments for an interpretation of the “jet” as a new, previously
unidentified shell SNR rather than an extension from
G348.5+0.1. Thus, henceforth we refer to the “jet” as the new
SNR G348.5—0.0. This interpretation is further supported by
spectral index arguments given in § 4 below.

Figure 2 also shows the “blown-out” region of the south-
western part of G348.5+0.1 in much more detail. This region
of low surface brightness extends over a large area and is remi-
niscent of the highly asymmetric partial shells seen in better
known Galactic SNRs such as VRO 42.05.01 (see Pineault,
Landecker, & Routledge 1987 and references therein), IC 443,
and Puppis A (see Erickson & Mahoney 1985 and references
therein). Milne et al. (1988) have also reported similar
“blowouts ” in SNR G316.3—0.0 and SNR G332.4+0.1.

We note an enhanced ridge of emission on the southeastern
edge of the “blowout ” near & = 17"11™05°, 6 = —38°36’ which
suggests that G348.5+ 0.1 is expanding into a region of higher
density in the ISM on its southeastern side.

3.3. 6 Centimeter Observations

Our 6 cm map (Fig. 3) has the most limited field of view due
to its primary beam of ~9’ and thus shows only the intersec-
tion between G348.5—0.0 (formerly the “jet”) and the eastern
edge of G348.5+0.1. This map again shows the curvature of
G348.5—0.0 and, if it is considered a partial shell, slight evi-
dence for low surface brightness emission from the interior of
this shell. Figure 3 also delineates the separation of

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System
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TABLE 2
FLux DENSITY MEASUREMENTS FOR COMPONENTS OF THE G348 + 0 COMPLEX

Frux DEensiTY (Jy)

G348.7+0.3 348.5—0.0 (“Jet”) G348.5+0.1
FREQUENCY
(MHz) Value Reference Value Reference Value Reference

800......... 46.0 + 12.0 1 107.0 + 10.7 1
354 2 110.6 + 16.6 12
160.0......... 40.7 2 108.0 + 11.9 1
47.0 + 150 1 71.5 2
3330......... 552 +29 3 >20.4 3 122.6 + 6.2 3
4080......... 40.6 + 6.1 4 94.1 13
14100......... 39.8 + 40 5 755+ 176 5
14150......... >28.0° 6 >9.0 6 >50.0 6
14430......... >8.0b 3 >6.2 3 >45.6 3
26500......... 288 +29 5 525+53 5
21.2 7 455 7
26950......... 21.8 + 04 8 376 + 04 8
48350......... >2.0 3
5000.0......... 144 + 04 8 . 40.7 + 4.1 10
333 9 44.7 9
229+23 10 27.7+03 8
88000......... 20.1 11 29.9 11
147000......... 18.4° + 5.8 6 175+ 5.1 6

2 Includes a contribution of ~ 7.8 Jy from what is considered the “ bridge ” feature by Milne et al. 1979.
® Includes a contribution of ~ 10.7 Jy from what is considered the “ bridge ” feature by Milne et al. 1979.
- RErFERENCES.—(1) Dulk & Slee 1975; (2) Slee 1977; (3) This paper; (4) Kesteven 1968; (5) Milne & Hill 1969;
(6) Milne et al. 1979; (7) Beard et al. 1969; (8) Altenhoff et al. 1970; (9) Milne & Dickel 1975; (10) Milne 1969;
(11) Dickel et al. 1973; (12) Slee & Higgins 1973;(13) Green 1974.

G348.5—-0.0 from the eastern shell of G348.5+0.1. This map
indicates why previous observations made at lower resolution
tended to blend these two separate sources into one, giving the
impression of a “jet ” emerging from G348.5+0.1.

The available flux densities from our VLA observations and
from the literature are gathered in Table 2. All measurements
have been brought to the Baars et al. (1977) flux density scale
by using the correction factors tabulated by Kassim (1989a).

3.4. Observations at Other Frequencies

Observations of the G348 +0 complex were made at 57.5
MHz (Kassim 1987, 1988) using the CLRO TPT telescope
(Erickson, Mahoney & Erb 1982). For comparison purposes,
we reproduce the CLRO 57.5 map of the field in Figure 5.
Because of the limited resolution (~7 x 177 FWHM), the
entire complex of the SNRs G348.5—0.0, G348.5+0.1, and
G348.74+0.3 are blended together. However, Kassim (1987)
noted that the integrated flux density of 5804150 Jy at 57.5
MHz was “too high” by more than a factor of 2 in relation to
the expected value of ~230 Jy extrapolated from higher fre-
quency measurements of G348.5+0.1 and G348.7+0.3. (See
the catalog by Green 1988 for earlier estimates of the spectra of
these sources.) The additional, low surface brightness, extended
emission seen in our new observations of the complex nicely
explains this difference (see also § 4.4).

4. INDIVIDUAL SOURCE SPECTRA

These new observations make it possible to reconcile the
“high ” flux density measured at 57.5 MHz with the continuum
spectra of each of the sources in the complex. It is immediately
apparent from examination of Figures 1 and 2 that the most
likely sources of this low-frequency excess are the diffuse emis-
sion associated with the southwestern part of G348.5+0.1, the

northeastern part of G348.5—0.0, and from both the western
and southeastern parts of G348.7+0.3. All three appear to
have been partially or completely undetected by most other
observers (see, e.g., Fig. 4 and Milne et al. 1979). We can
proceed by estimating the high-frequency (v > 333 MHz) con-
tinuum spectra for each of the major features in the complex

WL
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FiG. 5—57.5 MHz Clark Lake map of the G348 +0 SNR complex. The
synthesized beam is 7' x 17 FWHM and is shown at the upper right. All
features of the complex, G348.7 + 0.3, G348.5+ 0.1, and G348.5—0.0 (formerly
the “jet™), are blended together into a single feature at this resolution. The
contour levels are at —27, —9, 9, 27, 45, 63, 81, 99, 117, 135, 153, 171) x 1 Jy
beam ™! with a peak brightness of 179 Jy beam ™.
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and then extrapolating them down to 57.5 MHz® These
extrapolated values can then be summed to compare with the
integrated flux density measured by CLRO at 57.5 MHz.

4.1. Spectrum of G348.7+0.3

As discussed in § 3.1 above, we feel the morphology of the
complex revealed in our new 90 cm VLA map favors an inter-
pretation of the “bridge” emission as part of the SNR
G348.7+0.3, rather than as a connection between this SNR
and G348.5+0.1. Thus, to derive the spectrum of G348.7+0.3,
we combine flux densities from the literature with our 90 cm
flux density (all listed in Table 2) which includes the contribu-
tion from both the “bridge” and the main part of the SNR.
For the measurements by Milne et al. (1979) at 1415.0 MHz
(>28.0Jy) and at 14,700.0 MHz (18.4 Jy), we use the sum of the
flux densities they list for the SNR and the bridge component,
as they considered these separately in their paper.

The derived spectrum is shown in Figure 6 where we have
fitted a spectrum of constant index a (Sav*®) from the flux
densities listed in Table 2 and obtain a value of
o= —0.3 +0.1.° Note that points observed at 80 and 160
MHz made using the Culgoora radio-heliograph (Dulk & Slee
1975; Slee 1977; Slee & Higgins 1973) have not been included
since our 90 cm map reveals that both G348.5+0.1 and
G348.7+0.3 have structure greater than 1520’ in size which
would have been resolved out by Culgoora. The resultant spec-
trum is a typical one for a Galactic SNR and provides a satis-
factory fit to the data.

4.2. Spectrum of G348.5—0.0

Table 2 also lists the best available flux densities for
G348.5—0.0. Unfortunately, it is difficult to deduce anything
but a crude lower limit to its spectral index since all previous
observations above 1 GHz, including our own at 6 and 20 cm,

5 Kassim 1989b has shown that, in the absence of thermal absorption which
does not appear to be present here, SNRs show power-law spectra of constant
index down to the lowest observable frequencies.

¢ Points which are only lower limits are not used to derive any of the
spectra we present. However, we show them as arrows on both Figs. 6 and 7.
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FiG. 6.—Radio continuum spectrum of G348.7+0.3. Data are taken from
observations presented in this paper (Table 2) and from the literature. All flux
densities have been brought to the Baars et al. (1977) flux density scale based
upon conversion factors tabulated in Kassim (1988a). The straight line shows a
spectrum of index @ = —0.3 obtained from a least-squares fit to the data.
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F16. 7—Radio continuum spectrum of G348.5+0.1. Data are taken from
observations presented in this paper (Table 2) and from the literature. All flux
densities have been brought to the Baars et al. (1977) flux density scale based
upon conversion factors tabulated in Kassim (1988a). A spectrum of index
o = —0.5(straight line) fits the data points well.

resolve out a great deal of its flux density. However, if we
compare the flux density of only the brightest part of the “jet”
from the FST 1415 MHz map (>9.0 Jy; Milne et al. 1979) with
the same portion of the source seen in our similar resolution
333 MHz VLA map (15.4 Jy) we can estimate a spectral index
limita > —0.4+0.1.

Such a spectral index limit, while not definitive, does show
that the G348.5—0.0 has a spectrum which is consistent with
that expected for a Galactic SNR. Because the spectral data is
so limited, it is only presented in Table 2 and not shown as a
figure.

4.3. Spectrum of G348.5+0.1

All available flux density measurements for G348.5+0.1 are
also gathered in Table 2, and the derived spectrum along with
the data are plotted in Figure 7. A spectrum of constant index
fit to these values yields « = —0.5+0.1, again an average value
for an SNR. As can be seen, the spectrum shown in Figure 7
provides a satisfactory fit to the available data. Errors in the
derived spectra for both G348.7+0.3 and G348.5+0.1 result
mainly from the scatter in measurements made at higher fre-
quencies, probably reflecting error in or lack of detection of the
low-level extended emission revealed in our 90 cm VLA map.

4.4. Low-Frequency Spectrum of the G348 + 0 Complex

We now extrapolate the expected flux density of the entire
G348 +0 complex to 57.5 MHz based on the spectral index
estimates given in §§ 4.1-4.3 above and compare this result
with the CLRO measured value presented in § 3.4. To do this
we use the spectral index estimates for G348.5+40.1,
G348.7+0.3, and G348.5—0.0 together with our 90 cm inte-
grated flux densities listed in Table 2. We anchor these
extrapolations to our new 90 cm VLA data because (1) we feel
that the new 90 cm values are the most accurate currently
available and (2) they are the closest in frequency to the CLRO
measurements so that extrapolations should be less sensitive to
errors in the derived spectral indices. In this way we estimate
from our new 90 cm data an integrated flux density at 57.5
MHz of 4304 80 Jy. This estimate agrees, within the expected
errors, to the CLRO measured value of 580+ 150 Jy.

Since inclusion of the low surface brightness components in
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the new spectral index determination removes an apparent
deficit in the flux density for the complex when extrapolated
from previously available high frequency measurements, we
conclude that the poor brightness sensitivity of previous mea-
surements was the origin of the apparent discrepancy. We are
also now able to establish for the first time a consistent set of
spectral index determinations for the three SNRs in the
G348 + 0 complex.

5. CONCLUSIONS

We have presented observations at 6, 20, and 90 cm of the
unusual SNR complex located near | = 348°, b = 0°. These
observations were motivated by (1) an unusually “high” 57.5
MHz flux density for the complex, (2) a remarkable “jet”
feature apparently extending from the eastern shell of the SNR
G348.5+0.1, and (3) an apparent “bridge” of emission
between the two SNRs G348.5+0.1 and G348.7+0.3.

Our new higher resolution, higher brightness sensitivity
VLA observations allow us to study the complex in much more
detail. From these, and also using existing observations from
the literature, we conclude the following:

1. The “jet” feature in the complex is not associated with
G348.5+0.1 but is a separate SNR showing a typical partial
shell structure and having a typical spectral index a ~ —0.4.
This new SNR is designated G348.5—0.0 according to the
usual convention. G348.5—0.0 may be physically associated
with other members of the complex or may be simply super-
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posed along the line of sight, we have no way of distinguishing
in the present work.

2. G348.5+0.1 is larger than previously realized with a sig-
nificant area of “blown-out” emission of very low surface
brightness on its southwestern side. This asymmetric structure
is similar to the morphology exhibited by a number of other
large shell-type SNRs (e.g., VRO 42.05.01 and IC 443) and
presumably indicates that it is expanding in a region of the
ISM with significant large-scale density inhomogeneities. This
extended, low surface brightness emission was not detected by
most previous, higher frequency observations, and its inte-
grated flux density helps account for part of the “excess” flux
density seen by the earlier CLRO 57.5 MHz measurement.

3. The “bridge” of emission located between G348.5+0.1
and G348.7+0.3 is clearly detected but appears to form more
of a faint extension to G348.7+0.3, with which it is clearly
connected, than a physical connection to G348.5+0.1. Thus
we conclude that it is part of the SNR G348.7 +0.3. As with the
SNR G348.5—0.0, there is no evidence that G348.7+0.3 is
physically associated with other members of the complex and
may simply be superposed along the line of sight.
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