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A B S T R A C T . Supersonic head-on collisions between quiescent clouds produce flat-

tened sheets of shocked gas. We derive the condition which the cooling law must 

satisfy if this sheet is to fragment into protostellar condensations (i.e. gravitat ion-

ally uns table lumps) . If this condition is not satisfied, colliding clouds are likely to 

be disrupted and dispersed. We show tha t under the conditions obtaining in GMCs, 

most cloud-cloud collisions probably do not result in fragmentat ion. 

1. V ir ia l e q u i l i b r i u m 

Consider first a single quiescent cloud of mass Mo, dimension Lo, density of hydrogen 

nuclei in all forms n 0 (= ΠΗΙ + 2ΠΗ2 + · · ·) and sound speed a 0 . Virial equilibrium 

requires 

a0~(GM0/L0)
1/2. (1) 

If m is the mass associated with one hydrogen nucleus (m ~ 2.4 χ 1 0 ~ 2 4 gm for 

popula t ion I composit ion), then 

M 0 ~ Lln0m; (2) 

α 0 ~ L0 ( G n 0 m ) 1 / 2 . (3) 

2. T h e r m a l e q u i l i b r i u m 

We shall assume tha t the cloud is optically th in to heat ing and cooling radiat ion, 

so t ha t the heat ing ra te per unit volume can be approximated by 

T~Tr(n/nr), (4) 
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and — at least over a limited range — the cooling ra te per unit volume can be 
approximated by 

A~Tr(n/nr)
2(a/ar)

a. (5) 

nr and ar are simply reference values for the physical parameters η and a. The 

constant Γ Γ is the same for bo th Γ and Λ because we want the reference s ta te (rc r, ar) 

to be a s ta te of thermal equilibrium. Λ oc aa is roughly equivalent to Λ oc T a / 2 . 

Typically a ~ 3. 

Equat ing equations (4) and (5) gives the thermal equilibrium condition: 

(a/ar)~(n/nr)-
1/a. (6) 

3 . R e f e r e n c e v a l u e s for p h y s i c a l p a r a m e t e r s . 

For the purposes of il lustration we adopt nr = 100 c m - 3 and ar = 0.5 k m s " 1 . Equa-

tions (2) and (3) then give Lr ~ 4 pc and Mr ~ 2OOM 0 . 

Combining equations (2), (3) and (6), we find tha t quiescent clouds (i.e. clouds 
in virial and thermal equilibrium) have, 

( n 0 / n r ) ~ ( M o / M r ) - 2 e / ( 6 + a ) ; (7) 

( α 0 / α Γ ) ~ ( Μ 0 / Μ Γ ) 2 / ( 6 + α ) ; (8) 

( I o / i r ) ~ ( M o / M r ) ( 2 + a ) / ( 6 + a ) . (9) 

In other words, a more massive cloud has to be hot ter and more diffuse if it is to be 

in virial and thermal equilibrium. 

Coincidentally (since we are here assuming only thermal pressure suppor t ) , equa-

tions (7) to (9) with a ~ 3 are compatible with Larson's relations, viz. η oc M ~ 6 / 9 , 

a oc M 2 / 9 and L oc M 5 / 9 . 

4 . G e n e r a l c o o l i n g t i m e - s c a l e . 

We shall adopt Γ Γ = 5 χ Ι Ο - 2 7 erg c m " 3 s - 1 . This corresponds to a pr imary ionization 
ra te of ζ ~ 1 0 ~ 1 7 s " 1 . The cooling time-scale is then given by 

*c°o1 ~ pa2/A - tr°l(n/nr)'
1 ( α / α Γ ) 2 ' α , (10) 

*~o1 ~ nrma2

r/Tr - 4 M y r . (11) 
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5. C o l l i s i o n a n d e x p a n s i o n t i m e - s c a l e s . 

Now consider two identical clouds involved in a head-on collision at relative speed 
2v0 = 2Λ4α 0 , where M is the Mach number . Assuming a s t rong shock (M » 1), 
we know tha t the density and sound-speed immediately following the shock are 
ra, ~ 4 n 0 and α, ~ Mao — Vo. It follows tha t the collision time-scale and the time-
scale on which the flattened sheet expands sideways in the absence of post-shock 
cooling are roughly equal: 

jcoii „ jexp „ L o / M ( l Q „ t^M-1(Mo/Mr)an*+a); (12) 

**xp - Lr/ar ~ 8 Myr. (13) 

6. P o s t - s h o c k c o o l i n g t i m e - s c a l e . 

Since we expect a < 4, and since the post-shock cooling regime will be approximately 
isobaric, cooling will be slowest at high tempera tures and the cooling time-scale 
should be evaluated for the immediate post-shock density and sound-speed, viz. 

tcod „ ^ ο ο 1 ( η , · / η Γ ) - 1 ( α ι · / α Γ ) ( 2 - α ) - C ° ^ ( 2 " a ) ( ^ o / M r ) 4 / ( 6 + a ) . (14) 

7. F r a g m e n t a t i o n c o n d i t i o n . 

T h e flattened sheet can only fragment if it does not expand sideways significantly 
before it cools, i.e. if η ο ο λ « t e x p or 

M(°-V ( M o / M r ) * * " 4 ^ 6 ^ » G 1 / 2 (nrmf2 a\ Γ " 1 (15) 

P u t t i n g a = 3 + e (e < < 1), and subst i tut ing for the reference parameters , this 
reduces to 

Me (M0/Mry
1/9 » 0.5. (16) 

Since the Mach number M is unlikely to exceed 10, this inequality can only be 
satisfied if the clouds are very small and dense M 0 < < Mr. 

8. C o n c l u s i o n . 

Unless the interstellar gas can cool much faster than we have assumed, the majori ty 
of cloud-cloud collisions result in disruption and dispersal of the clouds involved. 
Cloud coalescence is unlikely. Specifically, efficient fragmentation requires tha t the 
cooling law of equation (5) has a > 4 a n d / o r Γ Γ > 1 0 " 2 6 e r g c m ~ 3 s _ 1 (corresponding 
to ζ > 2. x l O - ^ s - 1 ) . 
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