


Galactic clouds (Heiderman+10; see also Lada+10) 

Universal star formation “law”? 
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Vazquez-Semadeni (1994) 
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Comparison with observations (Perseus MC): 

dust extinction 

dust emission 

13CO line emission 

→ Column density PDFs are near log-normal distributions 

Goodman, Pineda, &  
Schnee (2009) 
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Heuristic model for the proportionality constant b: 

Goodman, Pineda, & Schnee (2009) Comparison with observations: 
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Goodman, Pineda, & Schnee 2009 Comparison with observations: 

Density variance depends on Mach 
number AND forcing: 
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solenoidal (b=1/3)  compressive forcing (b=1) 

Federrath – Low Metallicity Workshop 2012 – Göttingen – 11/10/2012 



b~0.5 
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Hennebelle & Chabrier (2011) : “multi-freefall model” 

mass 
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freefall 
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scrit 

see Federrath & Klessen 2012, ApJ accepted 

SFR ~ Mass / time 
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Hennebelle & Chabrier (2011) : “multi-freefall model” 
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Hennebelle & Chabrier (2011) : “multi-freefall model” 

mass 
fraction 

freefall 
time 

(KM05, PN11) 

(PN97, PV98, F08,10; Price+11) 
2 Ekin / Egrav forcing Mach number see Federrath & Klessen 2012, ApJ accepted 

SFR ~ Mass / time 
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2 Ekin / Egrav forcing Mach number 

(solenoidal forcing) 

see Federrath & Klessen 2012, ApJ accepted Federrath – Low Metallicity Workshop 2012 – Göttingen – 11/10/2012 



2 Ekin / Egrav forcing Mach number 

(compressive forcing) 

see Federrath & Klessen 2012, ApJ accepted Federrath – Low Metallicity Workshop 2012 – Göttingen – 11/10/2012 



SFRff (simulation) = 0.14 
SFRff (theory)        = 0.15  

SFRff (simulation) = 2.8 
SFRff (theory)        = 2.3  

x 20 
x 15 

Theory and Simulation agree well. 
see Federrath & Klessen 2012, ApJ accepted Federrath – Low Metallicity Workshop 2012 – Göttingen – 11/10/2012 



2 Ekin / Egrav forcing Mach number 
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MAGNETIC FIELD: 

see Federrath & Klessen 2012, ApJ accepted 

SFR ~ Mass / time 

plasma β= Pth / Pmag 

(PN11; Molina+2012) 
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SFRff (simulation) = 0.46 
SFRff (theory)        = 0.45  

SFRff (simulation) = 0.29 
SFRff (theory)        = 0.18  

x 0.63 
x 0.40 

see Federrath & Klessen 2012, ApJ accepted Federrath – Low Metallicity Workshop 2012 – Göttingen – 11/10/2012 



see Federrath & Klessen 2012, ApJ accepted Federrath – Low Metallicity Workshop 2012 – Göttingen – 11/10/2012 



(Heiderman et al. 2010) 
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   SFR(compressive forcing) > 10 ✕ SFR(solenoidal forcing) 

   SFR as integral over density distribution (PDF) depends on 
      - virial parameter 
      - turbulent forcing parameter      
      - sonic Mach number 
      - plasma beta 

Star Formation Rate (SFR) from supersonic, magnetized turbulence: 

   Magnetic fields reduce SFR, consistent with theoretical model prediction 

   Good agreement between theory, simulations and observations 

   MHD turbulence is key for star formation (see Federrath & Klessen 2012, ApJ) 

Federrath – Low Metallicity Workshop 2012 – Göttingen – 11/10/2012 


