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1. Introduction 

The line flux ratio of the [C II] 158 fim fine-structure (2P3/2 ~*2P3/2) emission to CO rotational 
emission is a probe of the intensity of the interstellar UV radiation in galaxies. The largest values 
for the [C II]/CO (J = 1-0) line ratios are found in starburst galaxies, none of which, however, 
show values larger than 6 X 103 (Stacey et al. 1991). The exception ([C II]/CO ~ 2 X 104) are 
galaxies of Magellanic type which have low metallicity, an intense interstellar UV field, and irregular 
morphology (Table 1). 

Mochizuki et al. (1994) showed that the two conditions, a low metallicity and an intense UV 
field are expected to result in the large [C II]/CO ratios in the Magellanic types. These conditions 
are likely to be common in more massive galaxies as well, but at an early epoch in their evolution. 
This suggests that bright [C II] emission can be a good indicator of young galaxies. However, 
the metal-poor galaxies previously observed in the [C II] line were exclusively Magellanic types. 
Observations of different types of dwarf galaxies are necessary to help us understand the physical 
conditions in the interstellar medium of low-metallicity systems. 

2. Observations and Results 

We observed the dwarf galaxies IC 5152 and I Zw 36 with LWS (the Long Wave Spectrometer) 
on ISO (the Infrared Space Observatory). The aperture of LWS was approximately 80 arcseconds; 
the spectral resolution was A/AA = 300 in the grating mode we used. Compared to the Magellanic 
types, IC 5152 lacks intense star-forming activity (MB = —14.8 mag, which is 20 times fainter than 

T A B L E 1. Metall ici ty (oxygen abundance) and [C I I ] /CO (J = 1-0) line flux ra t ios of 
galaxies. For our Galaxy and the LMC, the average values are presented. 

Object 12 + l og [0 /H j [C I I J /CO (J = 1-0) reference for [C II] d a t a 

Galaxy 8.91 1.3 X 103 Nakagawa et al. 1995 

s tarburs ts ~ 6 X 10 Stacey et al. 1991 

LMC 8.34 2.3 X 10" Mochizuki et al. 1994 

Magellanic types ~ 8.3 ~ 2 X 10" Lord et al. 1995 

I Zw 36 7.93 < 3 x 103 this work 
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expec ted from t h e re la t ion between MB and metal l ici ty; Ski l lman, K e n n i c u t t , and Hodge 1989); 
I Zw 36 is a blue compac t . 

O u r observat ions show t h a t IC 5152 has a [C II] flux of 7 x l f r 1 6 W m ~ 2 ; t h e [C I I ] / B band 
flux r a t io is 1/3 of t h a t in t h e L M C , a l though IC 5152 is faint in t h e B b a n d . T h i s is a n example 
of a me ta l -poor galaxy, b u t wi thou t an intense inters te l lar r ad ia t ion field, which shows a lack of 
br ight [C II] emission. 

For I Zw 36, we ob ta ined an u p p e r l imit of 1 x 1 ( T 1 6 W m ~ 2 (3a) in the [C II] line. This , 
combined wi th t h e mil l imeter observat ion of Tacconi and Young (1987), implies a line flux ra t io 
of [C I I J / C O ( J = 1-0) < 3 X 103. This u p p e r limit is comparab le t o t h e ra t io typical ly observed 
in our Galac t ic p lane (Table 1), a l though I Zw 36 has b o t h a very low metal l ic i ty and a high UV 
surface br ightness . 

3 . D i s c u s s i o n 

In a me ta l -poo r galaxy, i ts lower dus t a b u n d a n c e allows CO-dissocia t ing U V p h o t o n s t o p e n e t r a t e 
deeper into each molecular cloud; th i s makes for a large [C I I ] / C O line ra t io (Maloney and Black 
1988). However, our observat ions show t h a t the [C I I ] / C O flux ra t io also depends significantly on 
condi t ions o the r t h a n metall icity. 

A molecular cloud wi th a high gas densi ty can p roduce a small [C I I ] / C O line ra t io even wi th a 
low metal l ic i ty a n d an intense UV field, because the high densi ty enhances t h e C + —• C O conversion 
r a t e . T h e P D R ( P h o t o n - D o m i n a t e d Region) mode l of Mochizuki (1996) reproduces a line ra t io of 
[C I I ] / C O (J = 1-0) < 3 x 103 a t a gas densi ty of n H > 104 c m ' 3 (Table 2), when incident UV 
intens i ty is 10 t imes t h a t of t h e solar ne ighborhood value, metal l ic i ty is a t t h e L M C value, and 
each molecular cloud in a galaxy is 103 solar masses . T h u s we suggest t h a t t h e smaller line ra t io in 
I Zw 36 resul t s from a h igh gas density, which is compat ib le wi th its compac t morphology. 

H i g h - J C O ro ta t iona l lines observed toward d i s t an t galaxies (c.f. O h t a e t al . 1996) indicate t h a t 
these galaxies have a large amoun t of high-densi ty molecular gas. Th i s suggests t h a t young galaxies 
m a y have an inters te l lar m e d i u m more similar to t h a t in I Zw 36 t h a n t o t h a t in Magellanic types . 

TABLE 2. The derived line luminosity ratio of [C IIJ/CO 
(J — 1-0) based on a PDR model, with the assumed gas 
densities. 

parameter case 1 case 2 case 3 

gas density [cm-3] 103 1 0 " 104 

[CII]/CO(J = 1-0) 2.3 x 10" 7.5 x 103 2.4 x 103 
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