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Abstract. High resolution (11.7 to 64 arcsec) multifrequency radio observations of DA 495 (G 65.7 +1.2) at 20, 49 and 92 cm wavelengths with the
VLA, WSRT and OSRT are presented. A map of infrared emission in the
surrounding region is also presented. Although the remnant has a minimum near the centre, its brightness distribution does not show limb
brightening. Hence it has characteristics of both shell-type SNRs and
Crab-type SNR. Alternatively it has an unusually thick shell with inner and
outer radii of 125 and 500 arcsec respectively. The volume emissivity within
the shell decreases radially outward. Its integrated flux density spectrum is
characteristic of a shell-type remnant. The role of the reverse shock in the
formation of a thick shell is discussed. The association of the open star
cluster NGC6834 with DA 495 is also noted. The parameters of twentynine small diameter sources detected around DA 495 are also presented.
The radio source 1949 + 291 is associated with an IRAS source. 1948 + 292
may be a Crablike pulsar-driven synchrotron nebula. The radio spectrum
of the planetary nebula NGC 6842 is optically thick at 49 cm.
Key words: supernova remnants—DA 495 (G 65.7+ 1.2)—interstellar
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1. Introduction
The radio source G 65.7 +1.2 (DA 495) has been recently studied by Landecker and
Caswell (1983) using the synthesis telescope at the Dominion Radio Astrophysical
Observatory, at a frequency of 1.4 GHz and a resolution of 1 arcmin. They have
concluded that DA 495 could be either a Crab-like supernova remnant, or an obscured
nearby galaxy. Of the total of 152 supernova remnants known in our Galaxy only a
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very small percentage, < 10 per cent are Crab-like SNRs (e.g. Helfand & Becker 1987).
Furthermore only seven remnants of the Crab-type without surrounding shells are
known (e.g. Velusamy& Becker 1987).Since the Crablike SNRs are nebulae driven by
a central pulsar, they must be formed in Type II Supernovae. However, it is not clearly
understood why some of the Crab-like pulsar-driven synchrotron nebulae have
surrounding expanding shells, while others do not. Themorphology of DA 495 shows
peculiarities making it difficult to classify it unambiguously. In view of the uncertainty
in the classification of DA 495 indicated by Landecker & Caswell (1983) and the
peculiarities noted in the low resolution maps, high resolution, multifrequency
observations of DA 495 were carried out using the VLA, WSRT and OSRT, in an
attempt to understand its nature better. The results of these observations seem to
favour the classification of DA 495 as a shell-type SNR of unusual thickness,
discounting resemblance to Crab-like SNR. These radio maps and co-added IRAS
data rule out the hypothesis of a nearby galaxy. Among the twenty-nine small diameter
sources detected in the vicinity of DA 495, some may be interesting galactic objects; in
particular 1948 + 292 is a candidate for Crab-like pulsar-driven synchrotron nebula.
2. Observations
The observations of DA 495 at 20, 49 and 92 cm were made using the VLA, WSRT and
OSRT, respectively. The observations and data reduction were made using the
standard techniques for synthesis telescopes. The VLA observations at 20 cm were
made during 1985-86 with(~2 hr integrations) using the D and B/C array configurations. The shortest spacing available was ~ 200λ. The total flux density in the map was
2.8 Jy. Separate self-calibrated total intensity maps were made using the D-array
(resolution 36 × 36 arcsec) and the hybrid B/C array (resolution 11.7 × 11.7 arcsec)
data.
The 49 cm observations were made using the WSRT in 1982 December. The total
observing period was 1 ×12 hrs. The baselines used were from 72 m to 2736 m. The
shortest spacing available was 146λ The total flux in the map is 3.7 Jy. Although the
full resolution was 30.7 × 61.9 arcsec, the final map was smoothed to a resolution of
62 × 62 arcsec to improve the signal to noise ratio.
The observations at 92 cm were made using the Ooty Synthesis Radio Telescope
(OSRT) during 1986 May. The observations and mapping procedures for OSRT have
been described by Sukumar et al. (1988). The shortest baseline used was ~ 100λ. The
total flux density in the map is 7.8 Jy. The full resolution was 64 × 36 arcsec at PA 6o.5.
To improve the dynamic range in order to bring out the diffuse emission in DA 495, we
have used the small diameter source 1951 + 290 to the south-east of DA 495 for
secondary phase calibration. Cygnus A appears as a 3 Jy source in the short baselines
(<500λ) and the contribution from this source was subtracted from the observed
visibilities at short spacings.
3. Results
In Figs 1 and 2 are shown OSRT and WSRT maps of DA 495 at 92 cm and 49 cm
respectively. In Fig. 3 is shown VLA D-array map of total intensity at 20 cm. The
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Figure 1. OSRT map of DA 495 (G 65.7 +1.2) at 92 cm. The restoring beam was 64 × 36 arcsec
at P.A.6o.5. The lowest contour is 20 mJy/beam and the contour interval is 20 mJy/beam. The
rms noise in the map is 8 mJy/beam. The source 1951+290 (bottom left-hand corner) was used
as a secondary phase calibrator. Local minimum is indicated by hatched contour. RA and Dec
are at 1950 epoch.

overall structure of the source is quite consistent with the DRAO map at 20 cm
(Landecker & Caswell 1983). At all frequencies a distinct minimum is seen near the
centre. However, the brightness distributions in Figs 1-3 are not consistent with a shell
source. The “cavity” (local minimum near the centre) is only marginal and the
observed brightness distribution is consistent with that for a filled remnant like the
Crab Nebula. The cavity at 20 cm map in Fig. 3 is more pronounced than at 49 or
92 cm. It should be noted that the 20 cm map in Fig. 3 contains only 65 per cent of the
total flux, and the differences in the brightness distributions may be attributed to the
missing flux. In Fig. 4 we show a high resolution (11.7 × 11.2 arcsec) VLA B/C-array
map of DA 495 at 20 cm. This map contains only 25 per cent of the total flux, but is
highly suggestive of a shell structure with zero brightness near the centre. In Fig. 5 we
display the infrared emission at 100 µm superimposed on the 20 cm radio image.
Although some extended infrared emission is seen over the south-west region, there is
no clear evidence for its association with DA 495. The peak brightness at 100 µm
emission coincides with a faint radio source 1948 + 292.
As indicated in Fig. 4 the open star cluster NGC 6834 lies well within the boundary
of DA 495. The angular size of the cluster is ~5 arcmin. The distance to this cluster is
~2.1 kpc (Moffat 1972). It is an interesting possibility that the progenitor of the
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Figure 2. WSRT map of DA 495 at 49 cm. The restoring beam was 62 × 62 arcsec. The contour
levels are 20, 40, 60, 100, 120, 140, 180, 220, 300 and 380 mJy/beam. The rms noise is
3 mJy/beam. The cross denotes the position of source 1950 + 294 which was subtracted from the
map.

supernova of DA 495 was a member of this cluster. It may be noted that in Figs 3 and 4
DA 495 has a nearly complete shell except in the south-east region, coincident with the
location of NGC 6834. This void within the shell is also seen prominently at longer
wavelengths (49 and 92 cm Figs 1 and 2). It is also likely that DA 495 is at a larger
distance of 5-8 kpc, as suggested by the Σ-d relation and is beyond the star cluster. In
that case one of the possibilities for the low shell emission observed over the star cluster
is the effect of free-free absorption by the ionized gas in NGC 6834. The low dynamic
range in the 92 cm map and varying degrees of missing flux in the WSRT& VLA maps
do not allow more quantitative study of the spectral index variation over DA 495 to
investigate free-free absorption by NGC 6834. However, it seems unlikely as the
amount of gas required to produce the free-free absorption will be large enough to
produce a Η II region observable in the optical and radio at shorter wavelengths. On
the other hand, if the star cluster and SNR are at the same distance, this void could
have been caused by the interaction of the expanding supernova shell with the star
cluster. It appears that the gas density within the star cluster is lower than that in the
general interstellar medium and hence the radio shell is less bright over the regions.
Twenty-nine small-diameter sources were detected in the vicinity of DA 495. The
parameters of these sources are listed in Table 1. The source list includes all the sources
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Figure 3. VLA D-array map of DA 495 at 20 cm. The restoring beam was 36 × 36 arcsec. The
contour levels are 1, 2, 4, 8, 16, 32, 64 and 128 mJy/beam.

detected within the respective primary beams with flux densities above 50 mJy at
92 cm, 15 mJy at 49 cm and 5 mJy at 20 cm. For the sources detected at 20 cm, VLA
positions and angular sizes obtained from B/C configuration are given. For others,
WSRT positions at 49 cm are given. The sources away from the phase centre are
smeared along the radial direction due to the large bandwidth (50 MHz) used for the
VLA observations. Four sources are well within the shell structure and three others are
close to the boundary of the diffuse extended emission. As seen from Table 1, none of
these sources seems to have any special characteristics indicating an association with
the supernova remnant DA 495. Although the number of sources (twenty-nine) within
1.5° primary beam of WSRT at 49 cm may seem large, it is not an unusually high
number; for example, in a similar field near galactic longitude ~ 94° as many as fortyone sources were detected at flux densities greater than 15 mJy at 49 cm (Goss et al.
1984). Detection of seven sources within 30 arcmin at 20 cm above 5 mJy is consistent
with the expectations (about eight sources) from extragalactic source counts (Windhorst et al. 1985). Many of these sources are likely to be extragalactic. However some of
the sources with α > —0.5 may be of interest, because of their proximity to the galactic
plane, as possible candidates for galactic non thermal sources.
(i) The radio source 1948 + 292 (source No. 6 in Table 1) has a flat radio spectrum
(α ~ –0.2) characteristic of Crablike SNRs. The high resolution VLA map in Fig. 6
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Figure 4.
High resolution (B/C array)VLA map of DA 495 at 20 cm. The restoring beam was
11.7 × 11.7 arcsec. The contour levels are 1,2,4,8,16,32,64 and 128 mJy/beam. The cross marks
position and extent of open star cluster NGC 6834.

shows that it is resolved, with a centrally peaked brightness distribution characteristic
of Crab-like SNRs. Although there is bandwidth smearing for this source 15 arcmin
away from the phase centre, the observed angular extent of 31 arcsec is quite
significant. Of course with the limited data available one cannot rule out the possibility
that it is an Η II region or even an extragalactic source. However, in view of its structure
and spectrum it is certainly an interesting candidate for Crab-like SNR and further
observations will be useful to confirm this.
(ii) Source Nos 1, 11, 14 and 27 have spectral index characteristic of galactic shelltype SNRs. We have no structural information for these. The source No. 27 (G 65.5
+ 0.5) was detected in the galactic plane survey at 6 cm (Taylor & Gregory 1983). The
flux density of 47 mJy at 6 cm is in excess of extrapolated spectrum between 49 and
20 cm. The source is extended at 6 cm and it could be a complex source with steep and
flat spectrum components.
(iii) The planetary nebula NGC 6842 (source No. 28) was detected at 49 cm. It is
optically thick at frequencies below 1 GHz.
(iv) Source No. 10 seen in the VLA map at 20 cm (Fig. 3) is coincident with an IRAS
source (see Fig. 5). The source is extended. The IRAS flux densities are 1.9, 2.6, 30 and
123 Jy at 12,25, 60 and 100 µm respectively. The infrared and radio flux densities are
consistent with a H II region.
4. Discussion
As seen from Figs 2 and 3, DA 495 has a fairly circulary symmetric ring, except for a
relatively low brightness along the eastern rim. However the ring is too thick with
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Figure 5. Contours of the 100 µm infrared emission around DA 495 superimposed on the grey
scale radio image at 20 cm.

inner and outer radii ~100 and 500 arcsec respectively (Fig. 4). Furthermore, the
brightest emission in the ring is seen close to the inner boundary (Figs 3 and 4). Such a
brightness distribution is generally uncommon in the shell-type SNRs, which show
rather thin limb-brightened ring structure. At low surface brightness levels DA 495
shows very extensive wings up to 28 arcmin in diameter (see DRAO map at 20 cm;
Landecker & Caswell 1983), characteristic of Crab-like centrally peaked SNR. In view
of such contradictions in morphology it is important to review its classification in the
light of the new data presented here.
4.1 Nearby Galaxy
The overall brightness distribution of DA 495 does resemble that of a large spiral
galaxy. Landecker & Caswell (1983) have argued that DA 495 may be a nearby galaxy
similar to Maffei 2. The radio brightness distribution of DA 495 with the central cavity
(Figs 1–4) is markedly different from that of other nearby galaxies, including Maffei 2
(Allen & Raimond 1972), which are characterized by the presence of a nuclear source.
Aslo, as reported by Landecker & Caswell (1983) there is no optical or Η I evidence for
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Figure 6. High resolution (VLA B/C array) map of a small diameter source 1948 + 292. The
hatched circle denotes the restoring beam. The contour levels are —0.25,0.25,0.5,0.75,1,1.25,
1.5 mJy/beam. RA and Dec are at 1950 epoch.

this interpretation. The upper limit of 0.3 Jy for Η I flux density is low for a spiral
galaxy as large as DA 495. Furthermore, if DA 495 were an optically obscured galaxy,
it would still be visible in the co-added IRAS images. None of the IRAS images in the
12,25,60 and 100 µm bands show any evidence for a galaxy (Fig. 5). Therefore, in view
of the large size of the source and its close proximity to the galactic plane, we conclude
that DA 495 is a galactic non thermal source.

4.2 Crab-like SNR
One of the interpretations is that DA 495 is a filled SNR of the Crab-type. This is quite
consistent with the diffuse brightness distribution seen, particularly at 92 and 49 cm
(Figs 1 and 2). The central cavity may seem to contradict such an interpretation.
However, in the case of the Crab-Nebula, a bright inner ring (diameter 3 arcmin)is seen
around the pulsar in the high-resolution (5 arcsec) radio maps and this may be a
common occurrence in Crab-type SNRs (Velusamy 1985). The core of CTB 80 also has
a bright ring indicating a similar “cavity” around the pulsar (Velusamy & Kundu 1983;
Strom 1987). Α central cavity is also seen in the recently confirmed Crab-type remnant
G 54.1+0.3 (Velusamy & Becker 1988). Such brightening along the inner ring is
possibly due to the interaction of the pulsar wind with the supernova ejecta. Therefore,
in DA 495 we would expect to see the pulsar within the central cavity. A search for a
pulsar is clearly warranted and will be very useful for further understanding of the
morphology of DA495. The mean surface brightness Σ ~ 10 –21 Wm-2 Hz-1 sr-1 at
1 GHz including the extended diffuse emission (~ 28 arcmin diameter) is the lowest of
all known Crab-like SNRs and 4 orders of magnitude weaker than the Crab-Nebula.
Also it has the largest angular diameter. With the single exception of G 74.9 +1.2, all
Crab-like SNRs have a linear size < 10 pc (Helfand & Becker 1987), and an upper limit
of 10 pc to the diameter gives a distance of 1.2 kpc to DA 495. However, there is one
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difficulty with this simple interpretation of DA 495 as a Crab-like SNR. It has an
unusually steep radio spectrum for Crab-like SNR,(α ~ —0.5) a value which is more
typical for shell-type SNRs.

4.3 Thick Shell
Although the brightness distribution of DA 495 (Fig. 1) shows a ring structure, it does
not resemble a limb-brightened shell source. On the contrary, the brightest emission is
seen along the inner boundary of the ring (Figs 3 and 4). In order to study the shell
characteristics of DA 495, we show in Fig. 7 the mean radial intensity profile derived
from the maps at 49 and 20 cm in Figs 2 and 3 averaging over all position angles. The
difference between the profiles at 49 and 20 cm is mainly due to the differences in the
missing flux densities in these maps. At 49 cm the diffuse emission extends up to a
radial distance of ~800 arcsec, consistent with the results of Landecker & Caswell
(1983). In Fig. 7 are also shown radial intensity profiles expected for a shell with a
uniform volume emissivity of outer radius 500 arcsec and inner radii 125 and
250 arcsec corresponding to shell thickness Δ R/R ~ 0.75 and 0.5, respectively. The
radial intensity profiles suggest a thick shell with Δ R/R~0.15. However, as seen from
these plots a uniform shell is not consistent with the observed intensity profile. The
volume emissivity near the inner boundary of the shell is at least 50 per cent higher
than the mean volume emissivity in the shell and the volume emissivity appears to
decrease radially outward from the centre. This is seen more clearly in the high

Figure 7. Plot of the radial intensity derived from the maps at 49 and 20 cm in Figs 2 and 3.
The discrete sources within DA 495 were clipped. The shell centre is at RA 19h 50m 11s; Dec
+ 29° 18’. Open circles denote 20 cm data and filled circles 49 cm. The solid lines denote the
model profile for ∆R/R ~ 0.75 (thick line) and 0.5 (thin line).
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resolution VLA map in Fig. 4. Thus DA 495 has a thick shell of inner and outer radii of
125 and 500 arcsec respectively, with peak emissivity near the inner radius. The
emission seen beyond 500 arcsec may arise from a very low surface brightness disc of
radius 800 arcsec. Landecker & Caswell (1983) also had arrived at a similar model for
the volume emissivity in DA 495.
Assuming DA 495 to be shell-type SNR and using the Σ-d relation with a flux
density of 5 Jy at 1 GHz and a shell diameter of 1000 arsec, we estimate linear diameter
and distance to the SNR as 40 pc and 8.3 kpc respectively. The corresponding age of
the SNR is ~ 12000 years. If we consider the entire extent including the extended
diffuse emission up to a radius of 800 arcsec, the distance to DA 495 is ~ 5.3 kpc
implying a linear diameter of ~ 43 pc. If it is associated with the open star cluster
NGC 6834, the distance to DA 495 is 2.1 kpc.
The ratio of shell thickness to radius Δ R/R~ 0.75 is very uncommon in SNRs. The
decrease in the volume emissivity with increasing radial distance makes it a remnant of
rather unique morphology. In the conventional models of remnant shells, the radio
emission originates within a thin shell in the shock front behind the blast wave
(e.g. Gull 1973; Rosenberg & Scheuer 1973) giving rise to limb-brightened brightness
distribution, with the thickness of the radio shell typically ΔR/R < 0.25. In the
expanding supernova remnant shells, the radio emission originates in a convection
zone formed at the outer edge of the ejecta. The Rayleigh-Taylor instabilities occurring
in this region lead to the generation of magnetic fields, acceleration of relativistic
particles and subsequent radio emission. During the expansion of the remnant shell the
radio flux reaches a maximum when the ratio of mass swept up by the blast wave to the
mass of ejecta Ms /Me~0.3 and decays with subsequent expansion. The peak radio
brightness is seen over the regions where the ejecta interact with the diffuse shell of
swept-up interstellar matter. However the entire region between the ejecta and the
blast wave may be filled with diffuse emission, and the shock boundary itself may not
be clearly observable from the distribution of the radio emission (e.g. Braun 1987). In
the case of DA 495 the observed brightness distribution is consistent with ejecta shell of
radius 125 arcsec and shock radius in the range of 500 to 800 arcsec. According to the
empirical relations derived by Braun (1987) to describe the evolution of SNRs, the
large shell thickness in DA495 indicates a large mass ratio of M s/M e> 10.
Mckee (1974) has shown the development of a reverse shock wave propagating
inward into the ejected supernova shell, during the evolutionary stage of the remnant
when the pressure of the shocked gas behind the blast wave decelerates the ejected
supernova shell. Obviously its effects may be significant in the evolution of SNRs. The
gas in the ejected shell behind the reverse shock can give rise to thermal X-rays as in the
case of Cas A. It may well be possible to have enhanced radio emission due to the
interaction between this reverse shock and the ejecta, particularly with the slowmoving parts of the ejecta. Thus the reverse shock can play an effective role to increase
the shell thickness, accounting for the deviation from the unusual limb-brightened
shell and giving rise to an increase in the volume emissivity near the inner radius as
seen in the case of DA 495 in Fig. 4. Recently Braun et al. (1986) have considered a
similar origin for the emission from a thick radio shell in SNR G 292.0 + 1.8 over the
region where it is expanding into a denser interstellar medium. It is likely that in the
case of DA 495 a significant fraction of the mass ejected in the supernova was in a more
slowly moving ejecta. In that case, the thick shell may be interpreted in terms of a
reverse shock. The brightest emission near the inner radius of the shell represents the
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interaction between the reverse shock propagating inward and the more slowly
moving ejecta shell.
In conclusion, the brightness distribution of DA 495 is consistent with a shell of
unusual thickness. The thick shell may have been the result of an anomalously low
expansion velocity for a large fraction of the supernova ejecta. Also the role of a reverse
shock may have been significant in thickening the shell. Detailed model computations
for radio shells in SNRs taking into consideration the effects of a reverse shock will be
very useful.
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