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RESUMEN

De 17 remanentes de supernova que cubren un rango galactocéntrico 5 < R < 14 kpc se encuen-
tra un gradiente de —0.05 * 0.01 dex kpc! en el cociente de la intensidad de lineas [N II1/[S II.
Este valor es muy similar al derivado en regiones H 1l y estd probablemente relacionado a un gradiente
de abundancias N/S. La posibilidad de contaminacién del cociente N/S por las supernovas,asi como la
variacién del cociente [N II]/Ha con la distancia galactocéntrica también son discutidas.

ABSTRACT

From 17 SNRs that cover a galactocentric range 5 < R < 14 kpc it has been found a gradient of
~0.05 + 0.01 dex kpc* ‘in the [N II]/[S II} line intensity ratio. This value is very similar to that de-
rived from H II regions and is probably related to a N/S abundance gradient. The possibility of con-
tamination of the N/S ratio by the SN as well as the variation of the [N II]/Ha ratio with galactocen-

tric distance are also discussed.
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I. INTRODUCTION

The study of abundance gradients in spiral galaxies
using HII regions has been made by several authors:
Searle (1971); Benvenuti, D’Odorico, and Peimbert
(1973); Shields (1974); Peimbert (1975); Comte (1975);
Smith (1975); Sarazin (1976); Jensen, Strom, and Strom
(1976); Collin-Souffrin and Joly (1976); Shields and
Searle (1978); Hawley (1978), and Rayo, Peimbert, and
Torres-Peimbert (1982). For the Galaxy, there are sever-
al studies of abundance gradients using HII regions:
Torres-Peimbert and Peimbert (1977); Sivan (1976);
Peimbert, Torres-Peimbert, and Rayo (1978); Hawley
(1978); Talent and Dufour (1979); Peimbert (1979),
and Shaver et al. (1982). In the galaxies M 31 and M 33
the gradients have been determined studying supernova
remnants: Dopita, D’Odorico, and Benvenuti (1980);
Blair, Kirshner, and Chevalier (1981). Recently Binette
et al. (1982) have obtained abundance gradients in the
Galaxy from observations of supernova remnants and
their shock modeling program.

In this paper we use the information that was pos-
sible to obtain from the supernova remnants to study
the problem of chemical abundance gradients in the
Galaxy. ’

II. THE DATA

In Table 1 we show the data used throughout this
work. Except for MSH15-5¢, all the values for distances

“and diameters were taken from Ilovaisky and. Lequeux

(1972), for MSH15-5¢ these data are from Clark and
Caswell (1976).

TABLE 1

DISTANCE, DIAMETER AND LINE INTENSITY RATIOS
OF 17 GALACTIC SUPERNOVA REMNANTS

log log
R. D [NIY [NIIY

Object Q b (kpc)  (po) [S I} Ha
RCW103 3324 -04 5.2 17 +0.32 +0.40
MSH15-54 326.3 -1.8 7.5 33 +0.30 +0.17
3C4002 537 -2.2 8.1 35 -0.06 +0.08
RCW86 3154 -23 8.1 35  +0.10 +0.08
w23 6.4 -0.1 8.3 20 -0.01 +0.07
w50 39.7 -2.0 8.3 35  +0.10 +0.44-
G290.1-0.8 290.1 -0.8 9.7 18  +0.15 -0.17
Cygnus 74.3 -8.5 9.8 50 +0.05 +0.03
Vela 263.4 -3.0 10.1 29 -0.08 --0.02
Monoceros 205.6 0.1 10.8 55 -0.01 -0.33
S147 180.3 -1.7 11.0 53 -0.22 -0.14
HB9 160.4 +2.8 11.0 43 +0.10 -0.25
MB3 132,7 +1.3 11.5 48 -0.11 -0.31
1C443 189.0 +3.0 12.2 23 -0.14 -0.11
OA184 166.1 +4.4 12.8 64 +0.17 -0.30
CTB1 116.9 +0.2 12.8 48 -0.16 -0.20

- VR0420501 1663 +2.5 141 55 -0.18 -0.25

We have used the spectroscopic data of 1C443, W28,
MSH15-5¢, W50, 3C400.2 and G290.1 — 0.8 from the
work by Fesen and Kirshner (1980); Dopita, Mathewson,
and Ford (1977); Dennefeld (1980); Murdin and Clark
(1980); Sabbadin and D’Odorico (1976), and Elliott and
Malin (1979) respectively.

For all other objects, the spectroscopy was taken
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Fig. 1. A plot of the observed 1(6548+6584)/1(6717+6731) line {
intensity ratio versus distance from the galactic center of the -0.4 .
supernova remnants of Table 1. by L + L L L - . T Lt

from Daltabuit, D’Odorico, and Sabbadin (1976). In
column 1 we give the name of the remnant; in column 2
we have the coordinates £ and b; columns 3 and 4 give
the galactocentric distance and diameter of the remnant
respectively, where we have assumed a galactocentric
distance for the sun equal to 10 kpc. In columns 5 and 6
we give the logarithm of the ratios of the intensities of
the lines I[N II}(6548 + 6584)/I[ SII|(6717 + 6731)
and I[N II](6548 + 6584)/I(Ha). The values given in
Table 1 constitute an average for the whole object. We
have not included the young remnants CasA and the
Crab because their line intensities may reflect peculiar
abundances of the material ejected from the supernovae
(D’Odorico and Sabbadin 1976), also we excluded the
Kepler SNR because of its high density that forced us to
consider the collisional de-excitation of the [S H] lines,
furthermore it can present some contamination from the
supernova because of its small diameter.

We gave a higher weight to the photometric data over
the photographic data, considering that we estimated a
maximum error of 15% for the former and 30% for the
latter.

III. RESULTS AND DISCUSSION

In Figure 1 we present the ratio I[N II}/I[S II] versus
galactocentric distance and in Figure 2 we present the
ratio I[N II}/I(Ha) versus galactocentric distance. On
both figures the error bars represent the maximum errors
adopted.

We fitted a straight line to the data in Figure 1. The
fit shows a very high correlation and gives us a gradient
of the ratio I[N II]/I[S II] along the galactic disk equal
to —0.052+0.014 dex kpc ™ (where 0.014 is the standard
error); this result is similar to that obtained by Sivan
(1976); Hawley (1978); Talent and Dufour (1979), and
Peimbert (1979) using HII regions. The gradient of
I[N IIJ/I{S 1] is caused by a gradient of N+ /S+ because
the ratio of the line is almost independent of temper-
ature and density for low densities (Benvenuti et al.
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Fig. 2. A plot of the 1(6548+6584)/Ha line intensity ratio versus
distance from the galactic center.

1973) and probably the gradient in N+ /S+ reflects the
existence of a gradient in N/S. The expected S gradient
in our galaxy is similar to that of O, and the observed
value of the N/O gradient in H II regions (Peimbert 1979)
is similar to the N*/S* obtained from supernova rem-
nants in this paper.

If we just consider remnants with a diameter smaller
than 30 pc we also obtain a good correlation and a value
for the gradient equal to —0.047+0.018 dex kpc ™, very
similar to that mentioned above for the whole sample
(—0.052). This result implies that these remnants (with a
diameter smaller than 30 pc) probably are not signifi-
cantly contaminated by the material from the progenitor
star and consequently that they can be used to study the
gradient.

TABLE 2
GALACTIC ABUNDANCE GRADIENTS

Objects N/H N+/s+ References
H II region -0.04 1)
H II region -0.23 -0.09 )
H II region -0.10 -0.05 3)
H Il region —0.083 -0.068 @
H II region -0.14 -0.05 (®)
H Il region -0.073 ©)
PN -0.18 (©)
PN -0.09 (8)
SNRs —-0.095 )
SNRs —-0.052 This paper

References: (1) Sivan 1976; (2) Peimbert et al. 1978; (3) Hawley
1978; (4) Talent and Dufour 1979;(5) Peimbert 1979;(6) Shaver
etal 1982; (7) Torres-Peimbert and Peimbert 1977; (8) Barker
1978; (9) Binette ef al. 1982.
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The line fitted to the I[N II)/I(Ha) ratio versus R,
gives a very high correlation; we obtain a I[N II]/I(Ha)
gradient of —0.085+0.014 dex kpc™'. This value is
smaller than the N/H gradient derived from H II regions
—0.14 dex kpc™!,Peimbert 1979). The data are presented
in Figure 2.

The I[N IIJ/I(Ha) ratio is very sensitive to electronic
temperature, which we expect to be smaller for the ob-
jects near the galactic center, because of the higher ef-

ficiency in cooling produced by the higher metallicity.

It is possible that this temperature gradient, acting in an
opposite direction to that of the N/H gradient, may
cause a reduction in the I[N II}/I(Ha) gradient. Further-
more, it can cause differences in the ionization degree;
with our data it is not possible to relate quantitatively
the I[N II}/I(Ha) gradient with the N/H abundance
gradient.

Using the N/H and S/H gradients obtained by Binette
et al. (1982), —0.095 dex kpc™ and —0.07 dex kpc™!
respectively, a N/S gradient equal to —0.025 dex kpc ™!
can be derived. This value is small compared with that
obtained in this work. The galactic abundance gradients
N/H and N*/S* obtained with HII regions, planetary
nebulae and supernova remnants, are shown in Table 2.

I want to express my gratitude to Dr. M. Peimbert for
his help in the elaboration of this paper. Thanks are also
given to Drs. G. Bruzual, L.F. Rodriguez and J. Bohigas
for their valuable help and suggestions. This is Contri-
bution No. 80 of Instituto de Astronomia, UNAM.
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