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Abstract

Radio continuum observations at 1420 MHz of the optical SNR
G65.2+5.7 are presented. Intense radio ridges appear to coincide
with bright optical filaments. Observed and derived parameters are
collected in Table 2. The main characteristics of this SNR are:
diameter ~ 75 pc, distance v 0.9 kpc, expansion velocity A 50 km/s
and age & 2.4 x 10 years. A short comparison with other SNRs is
made.

. Introduction

Recently Gull, Kirshner and Parker (1977) have reported the
detection of a filamentary loop structure in optical emission lines
centred at (a,8)1950 = (19R31M, +31°10'), or (&,b) = (6526, +6°).
It is especially bright in [QIII],ahd looks like a supernova remnant
(SNR) of large angular extent (= 4° x 323). One of the brightest
filaments has previously been catalogued by Sharpless (1959) as the
HII region S91. This filament was noted by van den Bergh (1960) as
a candidate SNR filament. Sabbadin and d'Odorico (1976) have shown
that also the emission line ratios of Ho, INII] and |[SII| in S91I
indicate that this filament is part of a SNR. Sabbadin and d'Odori-
co as well as Gull et al. found some evidence of radio emission at
820 MHz on the map of Berkhuijsen (1972); Sabbadin and d'Odorico
found the radio emission to be more apparent on the 408 MHz map of
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Haslam et al. (1974).

In this paper we present new radio continuum data of the area
at 1420 MHz with an angular resolution of 11'. The surface bright-
ness - linear diameter (Z-D) relation and a dynamical model are
applied to the SNR.

2. The 1420 MHz Map of .G65.2+5.7

The observations were made with the 100-m telescope in Effels-
berg of the Max-Planck-Institut fiir Radioastronomie in April 1977.
The resulting map at 1420 MHz is shown in Figure | superimposed onto
the twenty-minute exposure in LOIII] of Gull et al. (1977). In the
radio map, several elongated structures or ridges stand out clearly,
i.e. (a) in the north frem o = 19h32mto 19h39Mat § = 32°30', (b) in
the south from o = 19D28Mto 19M34Mar § = 29945' and (c) from o =
19034Mt0 19h37Mat § = 29050,

The bright radio ridges appear to coincide with the brightest
optical filaments. This suggests that the shell of the SNR emits
both optical and radio emission from gas of high density at high
temperature as well as synchrotron emission from high-energy elec-
trons in a possibly compressed magnetic field. The patchiness of
the radio ridges and the point sources in the southern ridge are
reminiscent of the Cygnus Loop.

In addition to the bright ridges a small radio ridge coincides
with the small but :bright filament S94 at (a,d) = (19h26m +31020") .
On the weaker filaments no radio emission has been detected, putting
an upper limit to the brightness temperature Ty (1420) & 100mK. The
radio ridge centred at o = 19P39M § = 29°30' is probably a conta-
mination of galactic plane emission unrelated to the SNR, which
influences the map at the lowest latitudes.

3. Spectral Index and Flux Density

(i) Spectral Index between 1420 and 408 MHz

In order to determine the spectral index distribution across
the SNR the same area as observed at 1420 MHz was taken from the
408 MHz survey of Haslam et al. (1974). Using a gaussian function
the map at 1420 MHz was smoothed to the half-power beamwidth of
37' at 408 MHz.

The average variation of the temperature spectral index B as
a function of distance from the centre was studied. The position of
the centre and the ellipticity of the loop-like structure were
estimated from the lines of maximum intensity of the radio ridges
in Figure 1. The centre is at (a,8) = (19h30m48 + 308, +31°5 + 2'),
or (£,b) = 659217 + 0.03, +5973 + 0.03), and the axial ratio is
1.3 + 0.1, For both maps at 1420 and 408 MHz the brightness tempe-
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Contour map of G65.2+5.7 at 1420 MHz with an angular reso-
lution of 11' superimposed onto the twenty-minute exposure
in [OIII] of Gull et al. (1977). Contours O (dashed) step |
correspond to levels 0.05 K step 0.15 K in Tb; contour 2 1is
hatched downhill.
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(a) Distribution of Ty(1420) and T, (408) after averaging in
elliptical rings at distance R from the centre. 408
(b) Variation of the temperature spectral index B 1420 with

R derived from the data shown in Figure 2a. Dots - entire
area was used; crosses (slightly shifted for clarity) - area
a > 19h36m pot used. Error bars of one standard deviation are
shown.,
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gratures were averaged in elliptical rings around the centre. The
iaresulting cross—cuts and the average B are shown in Figure 2. Apart
gfrom some emission near the centre the cross—cuts have the shape
DoEtypical for SNRs: a relative minimum around the centre, a slow in-
ficrease to maximum intensity, followed by a steep decrease from the
Cmaximum outwards. The emission near the centre is partly due to a
source; no optical counterpart is visible. The average spectral
index appears to slowly increase from B = 2.34 * 0.14 within 24'
from the centre to B = 2.64 * 0.02 at R = 120" and B = 2.96 £ 0.04
at R = 150'. However, the increase in B for R > 120' is based on
the uncertain outer parts of the maps. The steepening of the spec-
trum from R = 0' to R = 120' is probably real. (random errors only)

°

(ii) Integrated flux density

Following Clark and Caswell (1976) the boundary of the ellip-
tically shaped SNR was taken at R = 156' along the "major axis"
corresponding to R = 120' along the "minor Axis". The maps at 1420
and 408 MHz were integrated out to this radius yielding the inte-
grated flux densities given in Table 1. The errors quoted are
mainly due to uncertainty in the ellipticity; they do not include
the uncertainties in the baselevels of the maps. The integrated
o8 = 0.61 % 0.05 (but * 0.25 if
the systematic error is included).

flux density spectral index is o

The average surface brightness I was derived from the average
brightness temperature Ty using the relation I = 2 k Tp/A2. Inter-
polationtépoo Miz gives Ljgpp = (1.46 £ 0.05) x 1022 W m™ 2 ster™’
nz=1. I408 and ILjggp may be used to find the linear diameter D from
the 7-D relation. Table 2 summarizes the results.

3. 7-D Relation and Dynamical Model

Applying the four most recent I-D relations to the SNR (Ilo-
vaisky and Lequeux, 1972; Berkhuijsen, 1973; Clark and Caswell,
1976; Sabbadin, 1977), taking an average angular diameter of 276'
= 496, the values for the linear diameter D and distance r are
obtained. In view of the large uncertainties we adopt
D=75:§g pc and r = 0.9 ig'g kpc. These values confirm the estimates
of Gull et al.(1977) (D ~ 70 pc). The agreement with the optically
determined values of Sabaadin and d'Odorico(1976) (D v 34 pc) is
also reasonable; it may be noted that the relations they used show
a considerable spread, and that they observed line ratios only in
one small part of the filaments indicative for the shell. Observa-
tions of the line ratios in other parts of the shell are highly
desirable.

Gull et al. (1977) have noted that the expansion velocity
Vexp R 50 km/s in order to produce the observed strong [0II] lines.
From the values of I(Hx)/I(NII) observed in S91 Sabbadin and d'Odo-
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rico (1976) estimated V xp % 100 km/s. However, Lozinskaya (1978)
has shown that within old SNRs the expansion velocity of filaments
can range from O to 150 km/s. Therefore, the value of Vg4, derived
for S9! may not be typical for the SNR as a whole and we adopt

+ .
Vexp % 50 km/s. With a linear diameter D = 75_;8 pc we then find an

age t X 2.4té'g x 10 years and a ratio of total kinetic energy to
ambient density Eo/no?:12 R l.lt%'g x 1057 ergs cm™3:36 (Chevalier,

1974).

Recently Cantd (1977) derived an empirical relation between
linear radius, no and V, _ for the case of a magnetic field Bo =
3 x 1076 Gauss. Since we observed nonthermal radio emission from
the remnant this case may be applicable. Using his Figure 3 we find
< 421 _ . . . .
ng v 9 cm—3 yielding Eo v 13 x 10%% ergs. This energy is
A 3 times times the average Eo of about 20 SNRs obtained by Canto.

4, Discussion

In Table 3G55.2+5.7 is compared with other SNRs of large size
and low radio brightness. The linear diameter and radio surface
brightness of G65.2+5.7 are intermediate between those of the Mono-
ceros Loop and S147 and those of the Origem Loop, but the optical
appearance, expansion velocity and age are close to those of S147
and the Monoceros Loop. Therefore, G65.2+5.7 seems to be most com-
parable to these younger remnants, optically in particular to S147;
it is larger than S147 probably because of its larger initial
energy.

This contribution is a summary of our paper in press for
Astronomy and Astrophysics (Reich, Berkhuijsen and Sofue, 1978).
See this paper for detailed discussions and further references.
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Table 1 Integrated flux and surface brightness

v Sint Tb 2
(MHz) Jy) (K) (10722 § m™2 ster™ ' Hz™1)
408 91 5 4.93%0.13 2.52 * 0.07
1420 42.4 +1.6 0.19+0.01 1.19 £ 0.04

Systematic errors are not included

Table 2 Data on SNR G65.2+5.7

Coordinates of centre

optical shell o (1950) (h,m) 19 31
§ (1950) (°,") +31 10
L (© 65.6
b (©) +6
radio shell a (1950) (h,m,s) 19 30 48+30
§ (1950) (°,%) 31 5%2
& (©) 65.17+0.03
b (°) 5.73+0.03
Diameter of optical shell D (9) 3.3 x 4.0
Diameter between outer half-
power points of radio shell D (©9) 4.0 x 5.2
Axial ratio of radio shell 1.3 £+ 0.1
Mem. S.A.It., 1978 531

© Societa Astronomica Italiana * Provided by the NASA Astrophysics Data System



http://adsabs.harvard.edu/abs/1978MmSAI..49..525S

FTO78WHBAl ~. 7497 75255!

Integrated flux density at

+
I GHz Sint(Jy) 52 + 3
Flux density spectral index
(s « v o 0 0.61 * 0.25
Average brightness temperature
at 1 GHz Eb (K) 0.48 + 0.03
Average surface brightness at
1 GHz Zlooo(lo—zzw m—2ster~'Hz~') 1.46+0.0%
Average surface brightness at
408 MHz 2408(10‘22W m 2ster—1Hz~1') 2.52%0.07
Linear diameter of radio shell D (pc) 75 tgg
Distance to centre of radio
+0.6
shell r (kpc) 0.9 -0.3
. . +60
Distance above Galactic plane z (pc) 90 -30
Expansion velocity Vexp(km/s) iSO
Age t (105 years) é 2.4 + 1.4
- 0.8
Assumed ambient magnetic
field %3 (10~¢ Gauss) 3
. . +21

Ambient density ng (em™3) 9 _ 7
Initial energy Eg (1051 ergs) ~ 13
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