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STELLAR FEEDBACK

Given a surface or volume density, star formation is slow, 0.02 of 
MH2 per dynamical time

Star formation happens in GMCs, but is inefficient (0.02 in local 
galaxies)

turbulent velocities increase with increasing surface density

I will argue that the last two (at least) are a result of stellar 
feedback, in the form of radiation pressure

Predict that GMC efficiency increases with surface density



PRELIMINARIES 

most stars form in clusters (and most of these in 
massive clusters) in GMCs; model as a ~1-5pc cluster 
in the center of the GMC (can relax this)

See GMCs in nearby starbursts---assume they exist in 
ULIRGs as well

Assume Muench et al. or Chabrier IMF 



1 D MODELS  

Include radiation pressure, HII gas pressure, 
protostellar jets, shocked stellar winds, and CR 
pressure (in ULIRGs---they don’t affect dynamics in 
Milky Way)

Account for cloud/shell self-gravity, cluster-shell 
gravity, turbulent pressure from overlying ISM



SCALINGS 



M I L K Y  WAY  M A S S I V E  C L U S T E R ,  E . G . ,  G 2 9 8 . 4 - 0 . 3
M* = 4x104 Msun MGMC = 3x106 Msun  RGMC = 100pc;  radiation pressure dominated



G 3 0 . 4 8 - 0 . 0 3  W 4 3
bubble mean radius = 4pc, WMAP source radius = 160pc



G 3 3 6 . 4 + 0 . 0 8
bubble mean radius = 77pc, WMAP source radius = 300pc (but it confuses two sources)



G 2 9 1 . 6  ( N G C  3 6 0 3 )  M S X  I M A G E
bubble mean radius = 100pc, WMAP source radius = 130pc



M I L K Y  WAY  C L U S T E R S



M 8 2
McCrady & Graham (2007)



M81

GMC masses similar to MW, 3x106 Msun

Star cluster masses ~7x105 Msun



M 8 2



M82



M82

Less massive clusters fail to disrupt GMC---RGMC 
much smaller than in MW (at same mass)

Need ~25% of GMC mass in star cluster to disrupt



Q2346-BX 482
Clump Galaxy 



M* = 2.7x108 Msun,  MGMC = 109 Msun,   RGMC = 925pc



ARP 220

ULIRG, compact starburst (100pc disk)

surface density 7g/cm2  (3300 Msun/pc2)



M* = 1.4x107 Msun,  MGMC = 4x107 Msun,   RGMC = 5pc



STELLAR FEEDBACK

Gravity ~ M2,  so Frad~L~M2  looks promising

Simple 1-D model does show disruption

Motivated by this, a search for large bubbles in MW, with 
positive results  

turbulent velocities increase with increasing surface density, 
since more massive clusters form

Predict that GMC efficiency increases with surface density


