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Yield = SFR x !t   !
7,937 M! 

14,165 M! 

21 YSOs 

316 YSOs 

SFROph  =  15 x SFRPipe 

Pipe Nebula Rho Ophiuchi Cloud 

S. Guisard ESO!



Inventory of Local Star Formation Activity!

Infrared Extinction & Cloud Masses 



Inventory of Local Star Formation Activity:!
! ! ! !Molecular Clouds!

Cloud Sample:  

 Wide-Field 2MASS Extinction Survey of  
11 Local (<0.5 kpc) Clouds 

Cloud:           Mass 
                  (104 M!) 

Orion A            6.77  
Orion B            7.18 
California         9.99 
Perseus           1.84 
Taurus             1.49 
Ophiuchus       1.41 
RCrA                0.11 
Pipe                 0.79 
Lupus 3            0.22 
Lupus 3            0.14          
Lupus 4            0.08 



Cloud:           YSOs 

Orion A           2862   
Orion B             635 
California          279  
Perseus            598 
Taurus               335 
Ophiuchus        316 
RCrA                 100 
Pipe                     21 
Lupus 1               13 
Lupus 3               69 
Lupus 4               12 

Mining the Literature; mostly IR (e.g., SPITZER) 

Inventory of Local Star Formation Activity:!
! ! ! !Young Stellar Objects!



Large Variation in Specific Star Formation Rate 
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What Determines the Star 
Formation Rate? 



Comparing the California and Orion  Molecular Clouds 

OMC has 10 x as much material at Ak >1 mag as the CMC 

The two clouds are nearly identical   
             in mass & size    

YSOs(Orion) > 10 x  YSOs(Califoria) 
SFR(Orion) > 10 x SFR(California) 



*Ak > 0.8  corresponds to "H2 > 116 M! pc-2  & "H2+He > 158 M! pc-2  

N(YSOs) vs Cloud Mass (AK > 0.8 mag)*  SFR is directly proportional to total gas mass at Ak>0.8* 
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Star Formation Scaling Laws  
       for Local Clouds 



  

4.6 x 10-8  M0.8  (Mo yr-1)   SFR =  

 

 

Where: 

 

M0.8 = M(AK )dAK
0.8

!

"

SFR = ( tgc)-1M0.8 

 tgc = gas  
consumption time 

= 2.2 x 107 yrs 



  

4.6 x 10-8  M0.8  (Mo yr-1)   SFR =  

 

 
SFR = ( tgc)-1M0.8 

M 0.8 = !0.8 (V )dV
Volume
" =< !0.8 >V0.8

 tgc = gas  
consumption time 

= 2.2 x 107 yrs 



  

4.6 x 10-8  M0.8  (Mo yr-1)   SFR =  

 

 

SFR = 4.6 x 10-8  <ρ0.8>V0.8  

{ 



  

4.6 x 10-8  M0.8  (Mo yr-1)   SFR =  

 

 
!SFR = 4.6 x 10-8  <!0.8> 

SFR = 4.6 x 10-8  <ρ0.8>V0.8  A Linear Volumetric Scaling Law for Star Formation 



 A "-# relation for GMCs  

Bergin et al. (2001) 

GMCs are stratified 



The Nessie Nebula    
&&&&J9(*[5+2&4#&(8T&USXSO&

E27)()4/&\()[&D8+G/5&

A "-# relation for GMCs  



 A "-# relation for GMCs  

IC 5146/ B168 

Lada, Alves, Lada (1999) 

Bergin et al. (2001) 

nt  $ 104 cm-3 

Assume:  M0.8  =  M(# > #t) 

#t =  400 M!/pc3 



! ! 

4.6 x 10-8
 M(# >#t)       for # % #t SFR =  

Where: 

! 

! 

! 

M(" > "
t
) = M(")d"

"
t

#

$

!SFR = 4.6 x 10-8  <!0.8> 



! ! 

4.6 x 10-8
 M(# >#t)       for # % #t SFR =  

! 

! 

nt  $ 104 cm-3 

!SFR = 4.6 x 10-8  <!0.8> 

<!0.8> =  <!>  for ! > !t 



SF Scaling Law for Low Density Gas 



Extinction 

12CO  

M(CO)      M(AK>0.1)  



SFR = 4.6 x 10-8 Mdense 

  
 

 

Star Formation Scaling Laws for Local Molecular Clouds 

 =  4.6 x 10-8  fdenseMgas 



From Clouds to Galaxies 



Local GMC SF Scaling Law:   SFRgmc  =  4.6 x 10-8  M0.8     (M! !"-1)   

Extragalactic SF Scaling Law:   SFRxgal  =  1.8 x 10-8  MHCN  (M! yr-1)    

SF Scaling Laws for Dense Gas 

Gao & Solomon 2004 

HCN: critical density ~ 2-3 x 104 cm-3 



Does  MHCN  =  M0.8 ? 

Local GMC SF Scaling Law:   SFRgmc  =  4.6 x 10-8  M0.8     (M! !"-1)   

Extragalactic SF Scaling Law:   SFRxgal  =  1.8 x 10-8  MHCN  (M! yr-1)    

Does  SFRgmc =  SFRxgal  ? 

Wu et al. 2005 

Galaxies 

LIR 

Milky Way 
GMCs 

SF Scaling Laws for Dense Gas 



Chomiuk & Povich 2011 AJ, 142, 197  

Comparison of SFRs for Galactic clouds 

SFRGMC =   2.7 x SFRSB99 



Star Formation Scaling Laws from Local Clouds to Galaxies 

SFR = 4.6 x 10-8 Mdense 



Star Formation Scaling Laws from Local Clouds to Galaxies 

HCN   Gao & Solomon 2004 



Star Formation Scaling Laws from Local Clouds to Galaxies 

HCN   Gao & Solomon 2004 

 CO    Gao & Solomon 2004 



Star Formation Scaling Laws from Local Clouds to Galaxies 
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 CO    Gao & Solomon 2004 

CO   Resolved disks 
        Bigiel et al. 2008 



A Linear Scaling Law for Galaxies 
Young & Scoville 1991, ARAA 32, 581 

lo
g 

S
FR

  (
 M

!
 y

r-1
) +

 9
.2

8 



The Nature of the Schmidt-Kennicutt Scaling Relation 



Galaxies Galactic Molecular Clouds 

Kennicutt-Schmidt Law: Clouds vs Galaxies 

There is NO K-S Law for Galactic clouds! 

Bigiel et al. 2008 

M = "c R2 

Lombardi et al. 2010 

"SFR & f ("gas) 



Star Formation Scaling Laws from Local Clouds to Galaxies 

SFR = 4.6 x 10-8 fdenseMgas 

HCN   Gao & Solomon 2004 

 CO    Gao & Solomon 2004 

Starbursts 

Normal Spirals 

Komugi et al. 2005 



Star Formation Scaling Laws from Local Clouds to Galaxies 

"SFR = 4.6 x 10-8 fdense"gas 

Starbursts 

Normal Spirals 

Komugi et al. 2005 

fdense ~ ("gas)   



Implications for Modelling Star Forming Galaxies 

Kravtsov (2003) 

Input              &           Output 

#SFR = A(#gas)1.0 "SFR =  B("gas)1.4 

fdense ~ ("gas)0.4  

SF threshold density: ngas > 50 cm-3 

tsf = Constant 



 Schmidt-Kennicutt Law for Star Formation 

"SFR = A ("g)1.6 

Bigiel et al 2008 "gas = "(HI + H2) 

HI gas dilutes specific SFR signal! 



 Schmidt-Kennicutt Law for Star Formation 

"SFR = A ("g)1.6 

Bigiel et al 2008 "gas = "(HI + H2) 

HI gas dilutes specific SFR signal! 



 Schmidt - Kennicutt Law for Star Formation 

"SFR = A  ("gas )1.6 

Kennicutt 1998 

Consider that: 

SFR ~ Mgas/ tSF   

And since Mgas ~ ! 

If  tSF~ (G# )-1/2   then SFR ~ #3/2  

Theoretical Explanation: 

Unlike Individual GMCs, for galaxies there is no 
underlying relation between " and #, i.e., " & f(#) 



The End 


