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Outline 

ÅIntroduction 
 
ÅStar formation at extreme low stellar densities: 

extended Schmidt law. 
 
ÅStar formation at extreme low metallicities. 
 
ÅStar formation in other nearby extreme  

galaxies. 
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Star formation is a complicated physical process.  



1. Introduction 

For extragalactic studies of star formation, a 
powerful empirical tool is to investigate 
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Star Formation Rate Gas Mass V.S. 



1. Introduction 

Pioneered by M. Schmidt in 1959, and R. Kennicutt in 
1989 (Kennicutt-Schmidt relation). 
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The importance of SFR-gas relationships (star 
formation law): 
ü Observational constraints on how stars form. 
 

 

ü Tools to making stars in  
cosmological simulations.  

ILLUSTRIS 
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Gas Surface Density 

Low-Surface-
Brightness 

Star Formation Threshold  Nov 26, 2014 
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Over the space and time, galaxies present a large 
range of properties. 



1. Introduction 

Nov 26, 2014  

More studies are underway to explore star formation in 
the full range of galaxy properties.  
ü Extreme low stellar mass densities (thanks to CFHT 

through China Telescope Access Program). 
 (Shi et al. 2011, ApJ, 733, 87; Shi et al. in preparation). 
 
ü Extreme low metallicities (Shi et al. 2014, Nature, 

514, 335; Shi et al. in preparation). 
 

ü Other extreme  galaxies in the literature. 
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CFHT deep imaging of nearby galaxies.  

NGC 5194 NGC 5194 



2. Extended Schmidt law 

üKennicutt-Schmidt relation: 

 

 

 

SSFR (́Sgas)
1.4°0.15
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Stellar gravity: 
üHelp gas collapse 
üRemove gas angular 
momentum 

Stellar Radiation: 
üCompress Gas to increase SFRs 
üHeat gas to decrease SFRs  

Metal Enrichment: 
üISM cooling 
üDust catalyzes H2 formation 
üDust shields H2 from radiation 
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Diverse Galaxy Samples: 

ÅNearby Spiral Galaxies (NNG)  

ÅLow-Surface-Brightness (LSB) Galaxies 

ÅLocal LIRGs 

ÅHigh-z BzK SFGs and SMGs 

New approach:  
       ʅSFR as a dependent variable 
       ʅgas and ʅstar as independent variables 
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2. Extended Schmidt law 



ʅSFR as a function of ʅgas and ʅstar 

A unity index on Ɇgas gives a clear physical 

implication of the relation:  

     Star-Formation-Efficiency (SFE)=SFR/Mgas is 

a function of the stellar density, i.e., the stellar 

density controls how efficient new stars form. 
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2. Extended Schmidt law 
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Stellar gravity: 
üHelp gas collapse 
üRemove gas angular 
momentum 

Stellar Radiation: 
üCompress Gas to increase SFRs 
üHeat gas to decrease SFRs  

Metal Enrichment: 
üISM cooling 
üDust catalyzes H2 formation 
üDust shields H2 from radiation 
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Stellar Gravity And Radiation: 
Ç    Free Fall In Stellar Potential 
Ç    Pressure-Supported Star Formation 
Ç    Stellar Torque [for merging cases] 
 

2. Extended Schmidt law: Physical Origin 
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Star formation as gas collapse per 
timescale: 
 
 
 
 

A free-fall timescale in a stellar 
gravitational potential: 
 
 

                                             ; if ʅstar >> ʅgas                                                        
 

 

SSFR´
Sgas

t

 

t=tff ´
1

r0.5
=

h0.5

Sstar

0.5

This explains the extended Schmidt law if ʅstar >> ʅgas  
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