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previous work...
champagne flows: tenorio-tagle+ 79, whitworth 
79, yorke+ 89, williams & mckee 97

cluster/cloud destruction: hills 80, goodwin 97, 
boilly & kroupa 03a,b, lada & lada 03, goodwin & 
bastian 06

hii regions/accretion flows: walmsley 95, keto 
03, 07, dale+05, 11, 12a,b, 13a,b, peters+ 10, 
vazquez-semadeni+ 10

winds: weaver+77, koo & mckee 92a,b, pittard 05,  
dale & bonnell 08, fierlinger+12, rogers & 
pittard 13

winds vs hii regions: mckee 84, matzner 02, 
freyer 03,06, harper-clark & murray 09



what i actually do:

SPH simulations of GMCs

including:
photoionization from O-stars

winds from O-stars

both types of feedback



(M,R) parameter space of 
clouds based on heyer et al 
2009, seeded with turbulent 
velocity fields

velocity dispersion chosen so 
that clouds have initial virial 
ratios of either 0.7 or 2.3



let’s do some experiments:

(1) let clouds form stars

(2) expose them to ionization

(3) expose them to winds

(4) expose them to both

for 3Myr (no SNe yet)
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cloud structure
turbulence good at making filaments
richest clusters form at junctions



cloud structure
turbulence good at making filaments
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...but most are not cylindrical

...and do not have constant widths
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dale et al 2012a

104M⊙ unbound cloud
vesc=2.9km/s



105M⊙ unbound cloud
vesc=6.4km/s

dale et al 2013a



106M⊙ bound cloud
vesc=9.5km/s

dale et al 2012a



(1) clouds appear to be 
filamentary

(2) massive stars born inside 
filaments (often at junctions)

(3) first thing feedback does, 
if it does anything, is destroy 
filaments



(4) dense gas near sources 
initially limits the growth of 
HII regions

(5) mass expelled depends 
strongly on cloud escape 
velocity - ranges from ~1-
~60%

(6) SFE reduced by, at most, 
50% - often still goes to >10%





what about triggering?
how can we tell if the formation of a given star is 
triggered or not? (dale et al 2007)

ionized run control run



triggered star formation
dale et al., 2012b, 2013b - triggered and 
spontaneously-formed stars geometrically mixed



(1) triggering does occur

(2) it’s local and a second-
order effect on the SFE

(3) also lots of aborted/
displaced star formation

(4) very hard to tell from a 
single snapshot which stars 
are triggered



what if you turn on winds too?

- model winds as spherical 
momentum fluxes - no hot gas 
injected

- sets lower limit to what 
winds will do

- hot wind gas would almost 
certainly quickly leak from 
clouds - the HII does!



what if you turn on winds too?



what if you turn on winds too?



(1) winds help the HII regions 
a bit in unbinding clouds

(2) winds make cavities in HII 
regions (more realistic)

(3) ionization/winds can do 
‘substantial’ damage to 
104-105M⊙ clouds before SNe

(4) reduce SFE by at most 50%



summary - in these models:

- ionization more important than winds

- ionization/winds can do ‘substantial’ 
damage to 104-105M⊙ clouds before SNe

- they don’t do much to 106M⊙ clouds

- they reduce SFE by at most 50% - SFEs 
in bound clouds often >10% after 3Myr

- triggering does occur, but: local, 
second-order effect, hard to confirm



what next?
SNe - have now modelled how 
the clouds have been sculpted 
by other two types of 
feedback

this has drastically changed 
the environments in which the
SNe explode 




