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VERTICAL AND RADIAL DISTRIBUTIONS OF GAS 
AND YOUNG OBJECTS IN THE GALAXY AND THE 

SCHMIDT'S LAW OF STAR FORMATION 

J. GUIBERT, J. LEQUEUX, F. VIALLEFOND 

Observatoire de Paris-Meudon, 92190 MEUDON, France. 

ABSTRACT : The thickness of the disc distribution of young objects 
is shown to be significantly smaller than that of the interstellar gas 
over the whole Galaxy, as predicted by the Schmidt's law of star forma
tion. The radial distribution of the density of young objects at z - 0, 
compared with that of the gas, is also consistent with the Schmidt's law. 
The exponent in this law is found to be between 1.5 and 2. A brief dis
cussion of simple models of galactic evolution using the Schmidt's law 
is made. 

I. INTRODUCTION : Schmidt (1959) has suggested that on a large 
scale the rate of star formation in the Galaxy varies with a power 
n > 1 of the density of interstellar gas : 

P* a ~ d P g /
d t U = v Pg

 n 

where p^ and pg are the densities of young objects and gas, respective
ly, and v and n are "universal" constants. Schmidt discussed several 
ways of finding n from observations. 
Some are indirect and rest heavily on models of galactic evolution, thus 
their results are subject to caution. Two tests, however, are more direct 
and model independant. 
i) If the index n of the Schmidt's law is larger than 1, stars form more 
rapidly per unit mass of gas in the galactic plane where p is maximum 
than far from the plane ; thus young objects form a thinner disc than 
the gas. If the z-distribution of gas is gaussian (as observations sug
gest), the z-distribution of young objects is also gaussian with a 
width n''2 times smaller. Schmidt used this method for the solar neigh
borhood and found n » 2-3.. Much more dataare presently available to ex
tend this study. 
ii) A direct comparison of the radial distribution of the densities of 
young objects and of gas also provides a direct check. However nearly 
all authors who have dealt with this problem have compared surface 
(projected) densities, and not volume densities : this is not the same 
thing since the thicknesses of the distributions vary with galactocen-
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Vertical, radial distributions of gas and young objects 167 

Table I shows that the z-distribution of young objects is clearly 
thinner than that of the gas over the whole Galaxy, as predicted by the 
Schmidt's law. A weighted average gives n = 1.95 + 0.20 ; the error 
does not take into account possible systematic errors on the distance 
scales and thickness of the gas disk. 

III. RADIAL DISTRIBUTION : Only radio objects can be used here, and 
the most interesting by far are the giant HII regions (Smith et al, 
1977) which represent a complete sample up to 7 kpc from the Sun, Our 
derivation of the radial distribution of the surface density of Lyman 
continuum photons produced by young stars is similar to that of Smith 
et al., but we used a revised catalogue of HII regions and our results 
are slightly different. Volume densities are obtained by dividing by 
the thickness of the distribution. They are correlated with those of 
the gas in figure 1. The results have been grouped into only k ranges 
of galactocentric distances in order to decrease the statistical errors 
which are very large. The observed correlation agrees with the predic
tions of the Schmidt's law. The value of n we find is about 1.6 in 
agreement with that obtained by the previous method ; n would be some
what closer to 2 if there were less H2 in the central regions of the 
Galaxy, as suggested by Peimbert 

(this Colloquium). 

IV. DISCUSSION AND CONCLUSIONS : 
The good agreement between the values 
of n obtained using two independent 
methods suggests that Schmidt's law 
is indeed valid, and that stars are 
formed not only from molecular clouds 
detected in the CO surveys but from 
the HI component as well. (Note that 
there is star formation in the outer 
parts of the Galaxy where there are 
very few CO molecules). It should 
be emphazised that all indicators of 
star formation that have been consi
dered here correspond to stars of 
large masses (0-B stars), thus the 
present study provides no information 
on smaller mass stars. The Schmidt's 
law is not a priori incompatible with 
an often-used parametrization of star 
formation in the Galaxy of the type : 

0 
<u 

• f - l 
j a 
0 

on 
a 
3 
n 
* • . 

<M 
0 

>* u •I-) 
V) 
c 

/̂ . 01 
rH 
id 
0 
en 
Ml 
O 

.H 

fr m 
u 
u •H 
j a 
u ID 

gas density 
(arbitrary log scale) 

= -da /dtl 
g '* 

p(R)a 
g 

Figure 1 : Correlation between 
the density of gas at z = 0 and 
the density of Lyman continuum 
photons at z = 0 . The range of 
galactocentric distances in kpc 
is indicated next to each point. 
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where the a's are surface densities ; k a constant (0.5 < k £l) and y 
(R) depends on galactocentric distance but noton time (see e.g. Smith 
et al, 1977 ; Vigroux et al, 1976). However a detailed study shows that 
this parametrization is not consistent with Schmidt's law unless n=I. 1 . 
A simple model of galactic evolution using Schmidt's law has been des
cribed by Talbot and Arnett (1975). This model predicts far too little 
relative rate of star formation and gas surface density in the inner 
parts of the Galaxy compared with observations. Some preliminary model 
calculations that we have made indicate that changes in the Initial 
Mass Function or in the initial conditions of the model are not likely 
to solve the dicrepancv. It appears that, if the Schmidt's law is uni
versal, one cannot escape the conclusion that infall of extragalactic 
or halo matter, or radial motions of gas, play a major role in galactic 
evolution. 
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