


Galactic clouds (Heiderman+10; see also Lada+10, Guthermuth+11) 

Universal star formation “law”? 

 Relation? 

 Offset? 

 Scatter? 
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  Radiation / Ionization / Winds 

 Magnetic Fields 

 Outflows / Jets 

Shift with constant  
efficiency ~ 30%? 

Alves et al. (2007) 

Reduce SFR and SFE 
(local core formation efficiency ~ 0.3–0.7) 

(see also Matzner & McKee 2002) 

Local processes 

see also André et al. (2010) 
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  Important on small scales and at high density  

  High-mass stars → Ionization → Turbulence 

  Outflows unlikely driven by ionization 
   (Peters et al. 2012) 

(Offner et al. 2009) 

Radiation: 

0.6 pc 

Rad. No Rad. T 

Time 

(Dale+05, Krumholz+07, Bate 09)  

(J. Dale’s talk) 
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Reduce fragmentation 

Drive jets / outflows 
Myers et al. (2013) 

Price  
et al. 
(2012) 

(Banerjee & Pudritz 2006, Seifried et al. 2012, Moraghan et al. 2013) 

(Hennebelle & Tyessier 2008, Bürzle+08, Federrath & Klessen 2012) 

Machida 
et al. 

(2008) 

BR BI HR 

Outflows with SP-MHD 
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Jets / outflows: 

EFFECTS DIRECT INDIRECT 

Reduce 
core mass 

Drive turbulence  
→ 
1) Further reduce 
    core mass 
2) Trigger SF 

SFR, SFE, IMF 

Bally et al. 
(from A. Ginsburg thesis) 

Orion BN/KL 
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Column Density 

(Federrath 2013, arXiv:1306.3989) 

Df ~ 2.6 Df ~ 2.3 
(see Roman-Duval et al. 2010; 
 Donovan Meyer et al. 2013) 
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Vazquez-Semadeni (1994) 
Padoan et al. 1997, Ostriker et al. (2001) 
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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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Goodman, Pineda, & Schnee (2009) Comparison with observations: 

Perseus MC 

Expanding 
shell around 
massive B star 

Dominance of 
compressive 
modes expected 

Largest density 
dispersion in all 
of Perseus 

Federrath – RSF2013 – Ringberg – 26/06/2013 



Goodman, Pineda, & Schnee 2009 Comparison with observations: 

Density variance depends on 
Mach number AND forcing: 

Mach 3.1 Mach 4.6 

Mach 6.6 
Mach 5.0 

Mach 7.0 
Mach 6.7 

Shell 

NGC1333 

Federrath – RSF2013 – Ringberg – 26/06/2013 



b~0.5 
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Sequence:   Starless → Star-forming (nearby) → IRDCs 
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scrit 
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Hennebelle & Chabrier (2011) : “multi-freefall model” 

mass 
fraction 

freefall 
time 

scrit 

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

mass 
fraction 

freefall 
time 

Federrath & Klessen (2012) 

SFR ~ Mass / time 
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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 

SFR ~ Mass / time 

Federrath & Klessen (2012) 

(see Eve’s / Paolo’s talk) 
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2 Ekin / Egrav forcing Mach number 

multi-freefall model (HC11) single-freefall model (KM05) 
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2 Ekin / Egrav forcing Mach number 

(solenoidal forcing) 
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2 Ekin / Egrav forcing Mach number 

(compressive forcing) 
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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. 
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2 Ekin / Egrav forcing Mach number 

mass 
fraction 

freefall 
time 

MAGNETIC FIELD: 

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 

Federrath & Klessen (2012); see also Padoan & Nordlund (2011), Padoan et al. (2012) 
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Federrath & Klessen (2012) 

Convergence with 
numerical resolution 
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(Heiderman et al. 2010) 

Federrath & Klessen (2012) 

SFEs ~ 1-10% (Evans+09, 
Burkert & Hartmann 2013 
Federrath & Klessen 2013) 
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(Heiderman et al. 2010) 

Federrath & Klessen (2012) Local core efficiency 

SFEs ~ 1-10% (Evans+09, 
Burkert & Hartmann 2013 
Federrath & Klessen 2013) 
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(Heiderman et al. 2010) 

Federrath & Klessen (2012) 

SFEs ~ 1-10% (Evans+09, 
Burkert & Hartmann 2013 
Federrath & Klessen 2013) 

Local core efficiency 
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Application to Extra-Galactic Star Formation 
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Scatter ! 

Heiderman et al. (2010) 

See also 
S. Ragan’s and 
A. Leroy’s talks 
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A more universal star formation “law”? 

Krumholz, Dekel, McKee (2012) 

Still scatter by 
more than an order 
of magnitude 

divide Σgas by local 
freefall time tff 
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Federrath (2013, submitted) 

Physical scatter primarily caused by Mach number in Σgas/tff - ΣSFR relation?  
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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 e.g., Federrath & Klessen 2012) 
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