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A New Catalogue of Galactic SNRs
Corrected for Distance from
the Galactic Plane

D. K. Milne
Division of Radiophysics, CSIRO, P.O. Box 76, Epping, N.S.W. 2121.

Abstract

A new catalogue of 125 galactic SNRs is presented. A surface brightness—diameter relationship,
corrected for variation in height | z| above the galactic plane, is derived and applied to the catalogue
to yield | z|-corrected distances and diameters. A birth rate of about one every 30 or 40 years is
indicated from the number-diameter diagram.

1. Catalogue at 1 GHz

In this paper I present a new catalogue of galactic SNR data at 1 GHz (Table 1).
This catalogue follows directly from my earlier work (Milne 1970, 1971) and borrows
heavily from that of Downes (1971) and Clark and Caswell (1976), and the reader is
referred to these papers for many of the source references. Where additional references
~ have been used, they are cited by a number in column 8 and listed at the end of the
table. I continue to present the data at a frequency of 1 GHz because this provides
values, interpolated from many observations, at a frequency that is central to the
various observations but not within any of the allocated radio astronomy bands, so
that the data cannot be mistaken for direct observations. ’

(a) Description of Catalogue

Columns 1 and 2 of Table 1 give the galactic number of the SNR and names
listed in other catalogues. Columns 3, 4 and 5 give the 1 GHz values for the angular
size 0, the flux density .S and the spectral index a, while column 6 gives the correspond-
ing surface brightness X calculated from the relation

T =1-505x107°5/0> Wm 2Hz 'sr?.

Column 7 gives the distance d to the SNR (where known), and column 8 lists references
to the data, as described above.

A Y- D diagram for all SNRs in Table 1 with known distances (column 7) is given
in Fig. 1a. The linear least squares fitted relationship is represented by

2 =34x10"1"D"38% Wm 2Hz 'sr!, )]
or ’
D =17x10"%27926 pc. 2)
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The diameter D’ of the SNR, obtained from X via equation (2) is given in column 9
of Table 1. The corresponding distances d’ and z’ of the SNR from the Sun and
from the galactic plane are given in columns 10 and 11.

The X - D relationship derived here (equation 1) has a steeper gradient than that
obtained by Clark and Caswell (1976) using essentially the same data. This difference
arises because equation (1) is derived from data for all SNRs with measured distances,
whilst Clark and Caswell omitted those SNRs with low surface brightness (£ < 1072¢
Wm~2Hz !sr™! in Fig. 1). These latter objects, they claimed, define a very steep
(Z oc D719) relation.

121 2:0
' (a) (b)
1017}.202¢
E 18
3 Equation (1) 1-6
10718 - @ 64
. 14210
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L - *5%18
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L 0k )
jos) E 16 Q
b o 230 9026
g R 36
= | 50
~ 101 .8‘866
1020 A
i\ E \
r 1000} 56
r a0\
B ®77
21
10 1150
E 021
C 3
sl (SR WAL 1 { i
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Fig. 1. Plots for SNRs in Table 1 with known distances (column 7) of::

(@) The variation of surface brightness X~ at 1 GHz as a function of the source diameter D, showing
the best linear fit to these data (equation 1). True | z| distances are given alongside the data points.

(b) The variation of the ratio D/D’ of the true diameter to that calculated by inverting the derived
X - D relation (equation 2) as a function of the distance | z| from the galactic plane, showing the best
fitting exponential curve (equation 3).

Henning and Wendker (1975) and Caswell (1977a) suggested that an allowance
should be made in the Y¥—D relationship for variations in density and magnetic
field strength at varying distances from the galactic plane. Caswell and Lerche
(1979, present issue pp. 79-82) have shown how this effect can be deduced quan-
titatively from the z variation of surface brightness across individual remnants.
A | z| effect is in fact somewhat evident in the X — D diagram in Fig. 1a. The remnants
at higher |z| (where |z| is calculated from the ‘true’ distance given in column 7)
are systematically to the left-hand side of those at lower | z|. In the present paper we
investigate the X — D diagram to evaluate the | z| effect independently of the method
applied by Caswell and Lerche.
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The | z| effect in the X~ D diagram is better expressed in Fig. 15, where the ratio
D/D’ of the true diameter to that estimated from the X - D relationship (column 9)
is plotted against [z|. (RCW 103 and Kepler’s SNR, which are widely separated
from the other data points, have been omitted; see discussion in Section 2.) If we
assume an exponential relationship then the best fit to these points is given by

DID’ = 1-5exp(— | z|/219), 3)

where D, D’ and | z| are in parsecs. Our problem is to optimize the XD relation
in terms of this correction.
Generalizing equations (2) and (3) we have

D/D" = Aexp(— |z|/z,) and D' = BX*, “4)

where the primed quantities are uncorrected for the | z| effect. Then the true diameter
(or more correctly—the corrected diameter) D, can be expressed in terms of the
observed quantities X, 6 and b (the galactic latitude) thus:

D exp(D,sin(]b]/0z,)) = k2*, ®)

where 0 is in radians and k = AB. Using values of D and X for sources with known
distances (and once again omitting RCW 103 and Kepler’s SNR) best fitting values
for k and z, are obtained when 8 = —0-25. For this value we have

k=412x10"* pc(Wm™2Hz 'sr™)™# and z, =214 pc.
Then setting | z| = D_sin(|b|/0) in equation (5) we have

D, = 4-12x 10745792 exp(— | z| /214), 6)
or
X =2-88x107"* D *exp(— | z| /54). @)

It should be pointed out that the |z| correction evaluated here depends heavily
on the data for Tau A and AD 1006. If these are omitted then (for 1/8 = —4-0) the
scale height of | z| in equation (6) increases to 307 pc, and the scale height of the |z]
effect in surface brightness (equation 7) increases from 54 to 78 pc. This indicates
that the mean scale height is ~ 66 pc with 50 %/ uncertainty.

Diameters determined by iterative solution of equation (5) and corresponding
distances from the Sun and the galactic plane are given in columns 12, 13 and 14
of Table 1. In the brief discussion given in Section 2 below these corrected values
are used.

(b) Notes on Some Catalogue Sources

The following short notes refer to individual sources accompanied by an asterisk in
column 1 of the table:

G32:0—4-9. 3C396-1 is a doubtful source; see the cautionary note by Clark
and Caswell (1976).

G78:14+1-8. A detailed discussion of the optical and radio features of the
y Cygni region is given by Baars et al. (1978).
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G93-6-0-2. CTB 104A is most likely not an SNR. Its spectral index is heavily
dependent on one doubtful observation (J. R. Dickel, personal communication).

G193-3—1-5. PKSO0607+ 17 is possibly part of the Origem Loop (Berkhuijsen
1974).

G322-3—1-2. Kes24 is possibly an extragalactic source (Caswell et al. 1975).

G339-2—0-4. S. van den Bergh (personal communication) has found a faint
5" arc nonfilamentary shell, possibly a planetary nebula, in this position.

2. Discussion

Clark and Caswell (1976) noted that the SNRs located closer to the galactic
centre lie within a narrower range of z than those located at the edges of the Galaxy.
This effect is apparent (though to a lesser extent) in Fig. 2, where z distances are
plotted against galactocentric distances 4: there is a slight thickening and upturn
beyond 8 kpc apparent in this figure. The mean half-density thickness is 139 + 137 pc
centred about a mean z distance of {(z) = — 11 pc within 8 kpc of the galactic centre;
beyond 8 kpc we have 192 + 131 pc about (z) = + 32 pc—an insignificant variation.
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Fig. 2. Distribution for SNRs in Table 1 of the distance z from the
galactic plane against the galactocentric distance 4, calculated from the
| z| -corrected X — D relationship (via equation 6).

The cumulative N(<D)-D diagram for the entire catalogue (Fig. 3) is most
likely incomplete; representing perhaps only half of the SNRs in the Galaxy. However,
over part of the distribution, the gradient is close to the 5/2 value predicted from
Sedov’s formula (Taylor 1950; Sedov 1959). Using this section of the distribution
and applying the method given in Milne (1970), together with the assumption of
Clark and Caswell (1976) that E,/ny; = 5x10°! ergcm®, we obtain a birth rate of
one remnant-forming supernova every 60 years.

If we take only those remnants within 10 kpc of the Sun (Fig. 3) the birth rate is
one every 140 years for about one-third of the Galaxy, or about one every 47 years
for the whole Galaxy. Finally, if we restrict the distance to 5 kpc (about 1/10 of
the Galaxy) then the birth rate is (with some uncertainty in defining the adiabatic
section of the N— D relation) 1/260 yr ™!, or one each 26 years for the entire Galaxy.
It is suggested that these values are approaching the correct value, as the sample
approaches completeness, and so we arrive at a birth rate of about one every 30 or
40 years rather than the lower rate of one every 150 years derived from the same
E,/ny value by Clark and Caswell (1976).
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The catalogue given here has advantages over that given by Clark and Caswell
(1976). 1t is at the more convenient frequency of 1 GHz, all of the data are in the
one table and corrections have been made for | z| distance. Perhaps it is not as homo-
geneous as their table over a restricted portion of the Galaxy, but it is based on a
consideration of all available SNR data rather than being biased toward the 408 MHz
results. Only RCW 103 and Kepler’'s SNR have been rejected from the analysis.
If the present model is correct then either the distances to these two sources are
incorrect or else these sources are expanding in regions where the density and/or
magnetic field do not follow the average model used here. Alternatively there may
be energy losses, so that these remnants are not in the adiabatic regime implied by
the - D relation. Kepler’s SNR is at high | z| distance in the galactic centre bulge,
and most likely it is expanding in a region of higher density than prevails at much
lower |z| distances in regions further from the galactic centre. For RCW 103, I
question the distance.
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Fig. 3. Cumulative plots for SNRs in Table 1 of the number
N (< D) having diameters less than D as a function of D.
The data are for SNRs that are less than 5 kpc from the Sun,
less than 10 kpc from the Sun, and for all SNRs (as indicated).
The straight lines denote the D52 gradients expected for
adiabatic expansion.

Clearly proper application of this method requires data for additional SNRs at
high |z| distances. It should also be remembered that the correction is only
statistical, and local fluctuations in the magnetic field and the density will modify the
distances obtained for individual remnants.
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