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Bubbles and Shells



Triggered star 
formation
-SPH simulation of 
collect and collapse 
process

-clearly works - can make 
stars out of previously-
uniform gas (if you can 
make an O-star

-but can the process self-
propagate - can it make 
more O-stars?



Need to know the 
mass function
-Consider thin shell 
of gas swept up by 
expanding bubble

-treat fragmentation 
as two-dimensional

-look at stability of 
perturbations of 
size   , angular 
wavenumber  

-dispersion relation:
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simulations
-ideal testbed for 
comparing AMR and 
SPH simulations

-must avoid other 
instabilities

-pure gravitational 
fragmentation



analysis
-Make surface-density 
maps at regular time 
intervals

-decompose into spherical 
harmonics (2-d Fourier 
transform)

-numerically 
differentiate between 
snapshots



code comparison



comparison with 
theory
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suppresion of short 
wavelength modes



low pressure



high pressure



pressure 
confinement
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(dale et al, 2009)



mass functions
-can integrate the dispersion relation w.r.t. time and 
derive mass functions (wunsch and palous, 2001)

-results in a salpeter-like power law

-we obtain fragment mass functions in our expanding 
shells using the potential-based clump-finding 
method from smith et al, 2009 (allows us to identify 
objects before they become gravitationally-bound)

-we also use sph sink-particles to follow the 
accretion of material onto bound objects



unbound clumps
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unbound clumps
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t

bound objects - sinks
Time: 22.15 Myr
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t t

dM/dt

t

M(t)

star formation in 
theory...



...and in practice
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competitive 
accretion, of a sort

0

25

50

75

100

125

150

Si
nk

m
as

se
s

(M
!

)
Si

nk
m

as
se

s
(M

!
)

0 2.5 5 7.5 10 12.5
Sink age (Myr)Sink age (Myr)

0

10

20

30

40

50

M
ea

n
ac

cr
et

io
n

ra
te

(a
rb

it
ra

ry
un

it
s)

M
ea

n
ac

cr
et

io
n

ra
te

(a
rb

it
ra

ry
un

it
s)

0 2.5 5 7.5 10 12.5
Sink age (Myr)Sink age (Myr)



competitive 
accretion, of a sort
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competitive 
accretion, of a sort
-accretion proceeds in a ‘first-past-the-post’ fashion  
- the objects that collapse first win most of the 
mass

-they do this in at least two ways: (i) they starve 
other objects of gas (ii) they suppress formation of 
later objects

-these techniques probably only work because the 
shell mass is fixed



unanswered 
questions...
-do the fragments interact with each other? do they 
merge? do the big ones cannibalise the small ones?

-if the shell were continuously replenished with 
swept-up material, would this allow smaller 
fragments to grow and produce a more normal-
looking mass function?



conclusions
-amr and sph agree beautifully on the evolution of 
the gravitational instability in expanding shells

-in the case where the shell is pressure-confined so 
that its thickness is ~constant, the thin shell model 
faithfully describes the fragmentation in the linear 
regime

-once the evolution becomes non-linear, accretion 
becomes the dominant process in deciding fragment 
masses

-in a shell of fixed mass, objects that collapse first 
win more than their share of the material, leading 
to a top-heavy mass function


