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48. ON THE HII REGIONS IN GALAXIES 

J. L. SERSIC* 

Observatorio Astronomico, Cordoba 

In the present paper we shall consider that the HII complexes observed in 
galaxies may be interpreted as the resulting Stromgren volume produced by a cluster 
or association of exciting stars. If PH is the density of the hydrogen surrounding the 
cluster or association and i" the number of ionizing quanta (A < 912 A) emitted by the 
stars, the ionized volume becomes 

7«ocZ/pfi. ' (1) 
I t is possible to prove that the number of ionizing quanta I(L) emitted by a 

star is proportional to the bolometric luminosity L for spectral types earlier than 
B3, so that, if </>(L) is the actual luminosity function of the cluster (in stars per cubic 
parsec) and V a representative volume, then 

Iocvf <f>{L)LdL. 

Let us now assume that the present luminosity function results from a universal 
luminosity function \fs(L) valid for all the galaxies, then the preceding expression 
becomes 

IocV f dLLf (&NI&T) ty(L)Ldt, 
JLX J t-r(L) 

where L\ is the luminosity of the B3 stars. Here T(L) is the lifetime of the stars 
with luminosity L in the main sequence. By assuming now a constant creation 
rate (dJV/df) in a short interval such as T(L) CCM/L, we have 

IocV(dN/dT)f ty(L)M&L, 

* Presented by A. W. Rodgers. 
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an expression for / that, carried to (1), results in 
1 &N fL 

The meaning of £ is the fraction of space that is ionized by exciting stars. If we 
disregard the lack of homology of the main sequence stars, an alternative form for f 
is obtained observing that 

rL 
t\>{L) M(L) dL 

is interpreted as the mass density p% of the ionizing stars, so that 

£ o c — - ^ 
p i d* 

establishes a relation between the ionized fraction of space and the rate of formation 
of exciting stars. 

The foregoing considerations point to the HII regions in galaxies as indicators 
of the rate of formation of massive—exciting—stars. This fact is well understood 
when we notice that dpi/dt must surpass a certain definite value in a certain region 
of the space in order to have £ > 1, that is to say, be in a fully ionized region. The 
spatial distribution, frequency of diameters, and total number of HII regions in 
galaxies are indicators of the present rate of formation of massive stars. Observa­
tional material is still needed although we shall give some hints suggested by actual 
observations. 

Assume as usual that the rate of stellar formation is related to the gas density by 

™-KP» 

where N is the total number of stars formed in a given cluster or association, not 
necessarily in a whole galaxy. The coefficient K is supposed to be independent of time. 
The fraction of space ionized by a cluster or association is then 

( ozP^[%(L)M(L)dL, 

and we shall now consider different values of n. The case n < 2 should be discarded 
because it is difficult to imagine large HII regions in the outer, low hydrogen density 
fringes of the galaxies. Supposing now n = 2, the ionized volume would be inde­
pendent of the gas density and 

0{L) = [ ty{L)M(L)dL 

will be the determining parameter for £. With n > 2, £ depends on the gas density and 
would also depend on G(L). In order to decide between the two cases, let us consider 
the distribution of ionized hydrogen in the Galaxy as derived by radio-astronomical 
techniques (Westerhout 1958). Figure 1 shows the fraction of the space that is 
ionized in the galactic disk in correspondence to the distribution of the total gas den­
sity. The ionized fraction of space follows a trend qualitatively close to the total 
density distribution. We do not see any immediate reason for such a dependence 
between G(L) and the gas density and we think that it is simpler to assume n > 2. 
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A value n = 3 has been suggested by Schmidt (1962) for the rate of stellar formation 
of massive stars with more than 7 solar masses, in order to conform to the luminosity 
function in young clusters. 

Let us now apply the preceding concepts to a galaxy as a whole. If the volume 
V of the galaxy is taken as a unit, the fraction of space ionized by the clusters or 
associations with an upper luminosity limit L in that galaxy is 

£ oc KM^G(L) 
and the corresponding ionized volume becomes 

ViacK.V.G(L).M%*9 

a relation connecting the volume Vt ionized by the brightest star clusters and asso­
ciations with the total hydrogen mass of a galaxy. 

0 ' 5 ^ 19*5 

Fig. 1 

Fig. 1.—Distribution of H I and H I I with distance from galactic centre. 
Fig. 2.—Relation between diameter of three largest H I I regions and total mass of HI . 

Let us now consider the function G(L). Table 1 has been calculated with 
Sandage's original luminosity function ty(L) and masses (Sandage 1957) and choosing 
L\ as the luminosity corresponding to B3 stars (My = — 3). Table 1 shows that 
G(L) becomes rather insensitive to changes in the argument when L is adequately 
large. That is precisely the case for the largest HII regions in a galaxy, so G(L) 
would be only proportional to the number of HII regions per unit volume in a galaxy. 
Then V.G(L) is proportional to the total number of the largest HII regions in the 
galaxy considered. The average volume of the largest HII regions would, then, be 

Vi odfff2. 
In another place (Sersic 1960) we have measured the diameters of the three 

largest HII regions in several galaxies, the quantity Q = 51ogZ>+21-55 (where D 
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is the mean diameter of the three largest ones in parsec) and the hydrogen mass MH 
is given in Table 2 where it has been estimated for galaxies. Figure 2 shows that 
there exists a linear relationship between 0-6Q and log M&, 

0-6Q = 0-55 log JfH+14-5, 
for galaxies of a later than Sb_ type. The slope of the relation suggests a value 
of n close to 2-5. The galaxies of type earlier than Sb+ appear to fall below the 

TABLE 1 
VALUES OF G(L) 

My 

- 3 0 
- 3 1 
- 3 - 2 
- 3 - 3 
- 3 - 4 

log 0{L) + const. 

—-
- 1 1 5 
- 0 - 8 7 
- 0 - 7 2 
- 0 - 5 9 

My 

- 3 - 5 
- 4 - 0 
- 5 - 0 
- 6 0 

< - 7 0 

log 0(L) + const. 

- 0 - 4 9 
- 0 - 2 4 
- 0 - 0 6 
- 0 0 1 

0-00 

straight line in Figure 2 if we remember the values of Q and the probable values of 
MH. The simplest interpretation of this fact is that the upper luminosity limit L\ 
in the exciting cluster or association is not much larger than L\ and the function G(L) 
is consequently reduced. This agrees qualitatively with the observation that early-
type galaxies appear to have a smaller upper-luminosity end. 

TABLE 2 
VALUES OF Q AND LOG M J J FOR SEVERAL GALAXIES 

Object 

IC 1613 
NGC 6822 
SMC 
LMC 
M51 
M33 
Galaxy 
NGC 300 
M101 
M31 

l o g M H 

7-69 
8-18 
8-60 
8-78 
8-92 
9 0 0 
9 1 8 
9-30 
9-47 
9-65 

Q 

31-3 
31-8 
31-8 
32-0 
33-2 
32-2 
32-4 
32-5 
33-3 
31-3 

Source for MJJ 

1 

V Heidmann (1961) 

Westerhout (1958) 
de Vaucouleurs and Page (1962) 

!► Heidmann (1961) 
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