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1. I n t r o d u c t i o n 

Elevated ratios of [S Ιΐ] /Ηα relative to those typical of H II regions have 
been used to identify supernova remnants (SNRs) and also characterize the 
diffuse Galactic background (Reynolds 1985) and gas observed on the large 
scale in other galaxies (e.g., Lehnert & Heckman 1994). We explore the 
implications for these regions of the fact that ionized sulfur may exist both 
in gas that is predominantly neutral as well as fully ionized. 

2. Co-Occurence with [Ο I] 

In SNRs, strong [S II] emission may arise due to the abundance of ~ 1 0 4 Κ 
electrons in shock regions. These electrons are sufficiently energetic to pro-
vide 1.85 eV excitation of S II transitions at 6716 and 6731 Â and excitation 
of [ 0 I] in the same, predominantly neutral, regions. 

While [ 0 I] and [Ν II] emission is poorly correlated across samples of 
10 SNRs in M31 (Blair, Kirshner, & Chevalier 1981) and 36 SNRs in M33 
(Smith et al. 1993), we find that [S II] intensity from these regions can be 
decomposed into terms proportional to [0 I] and [Ν II] , as shown in Figure 
1. We interpret the first term as [S II] arising within a neutral component, 
while the ionized component gives rise to a second term containing a factor 
which reflects the respective dependence of Ν II and S II on metallicity. 

3· Exc i t a t i on via Photoionization 

[S ll] emission may arise, additionally, in the absence of hot electrons, and 
unaccompanied by [0 I] emission. The mechanism for sustaining [S II] ex-

613 

L. Blitz and P. Teuben (eds.), Unsolved Problems of the Milky Way, 613-614. 

© 1996 International Astronomical Union. Printed in the Netherlands. 

https://doi.org/10.1017/S007418090023043X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090023043X


614 S. J. PETUCHOWSKI AND C. L. BENNETT 

0.8 [ΝΙΙ]/Ηα 0· 4 + 0.9 [0 Ι ] /Ηα 1.0 [ΝΝ]/Ηα α 7 + 1.2 [0 Ι ] /Ηα 

Figure 1. Fits to [S ΙΙ] /Ηα vs. a i o n ([Ν I I ] / H a ) m + a n e u t [Ο I]/Hc* for SNRs in (a) 
M31 (Blair et al. 1981) and (b) M33 (Smith et al. 1993). 

citation in cool neutral gas is that of photoionization into electronically 

excited states. Of those sulfur ions photoionized in a Draine (1978) spec-

trum of the interstellar radiation field, approximately 25% are created in 

the 2 D level, based on partial cross sections of Chapman & Henry (1971). 

Under typical conditions in a diffuse photodissociation region ( P D R ) , the 

observed forbidden line intensity is governed by the rate of recombination. 

The intercept of a fit to [S II] vs. Ha at zero Ha in the Galactic 

background fields observed by Reynolds (1985) suggests a contribution of 

(0.42 ± 0.19) Rayleighs to the [S II] flux from predominantly neutral gas. 

This intensity can arise in a thickness of photodissociated gas of unity op-

tical depth within a range of temperatures between 37 and 120 Κ if the 

electron density is in the range of 1 - 5 cm"" 3 (Petuchowski & Bennett 

1995). For an electron density equal to a nominal carbon density in this 

boundary layer, the inferred neutral hydrogen density is (8000 ± 4000) 

(iooV)° 5 9 3 c m ~ 3 > within the range typical of P D R interfaces of neutral 

clouds in the Galaxy (Hollenbach et al. 1991). 

We conclude that cool neutral gas, possibly at the boundaries of fully 

ionized regions, constitutes a candidate medium for the origin of [S II] 

emission in the Galactic background. 
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