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Star Formation in Nearby Galaxies 

• Extend understanding of Galactic SF to larger scales, 

over a (much!) wider range of galactic environments 

• On the critical path for understanding galaxy 

formation and evolution generally  

• Address severe biases in lookback observations 

– galaxy mass, surface brightenss bias 

– stellar mass bias 
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“XUV Discs” 

M83 = NGC 5236 
GALEX FUV/NUV + VLA HI 



star formation in NGC 404  (GALEX) 



star formation in Leo HI cloud  (GALEX) 
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<SFE> ~4%/108 yr 

< gas> ~ 2.5 Gyr 

< disk> ~5-10 Gyr 



Kennicutt 1998 
Bouche et al. 2007 



Schmidt law:   
SFR vs gas density power law  

SFR vs gas density/dynamical time   

Kennicutt 1998, ApJ, 498, 541  

The SF efficiency per dynamical time 
(or free-fall time) is roughly constant 



Kennicutt 1998, ApJ, 498, 541 Gao, Solomon 2004, ApJ, 606, 271 

SFR/ gas ~ gas
0.5 

SFR/ HCN ~ const 

The fraction of cold gas in dense 
cores scales with surface density 



Blitz & Rosolowsky 2006, ApJ, 650, 933 

“pressure law” 



Things We Don’t Understand 

• How strongly is our picture biased? 

– by galaxy mass, luminosity, surface brightness? 

– by stellar mass? 

– by star formation rate? 

• How strong (shaky) is the observational foundation? 

– 3 dirty acronyms:  IMF, XCO, dust 

• Where is the physics? 

– What drives the SFR on large scales? 

– What is the causation in the Schmidt law? 

– Are there multiple SF modes, how are they separated physically? 

– What sets the form and constancy of the IMF? 

– What is the role of star clustering and collective feedback? 

– How do we connect to the physics of SF on single-cloud scales? 





M82  = NGC 3034 

Spitzer   HST   Chandra X-Rays 



Melnick et al. 1988 



blue sequence         red sequence 

Brinchmann et al. 2006, MNRAS, 351, 1151 

SFRs for 100,000 galaxies with Sloan 



SFR/M* vs. M* Distribution: 
Star-Forming Sequence  

Salim et al. (2007) 
Noeske et al. (2007) 

see also  
Brinchmann et al. (2004), 
Feulner et al. (2006) 

Schimminovich 2007 



Lee et al. 2007,  
ApJL, 671, L113 

11HUGS  
Survey 

SFR/mass 

Vcirc 



Main driver of SFR trends is cold gas supply 
(except in dwarf galaxies)  

      HI/stellar mass ratio                             SFR/mass 

Bothwell et al 2009, MNRAS, in press (arXiv0908.1122) 



Wilkins et al. 2008 



Meurer et al. 2009, arXiv0902:0384 



Spitzer Local Volume Legacy 

• Cycle 4 Spitzer Legacy project 

•  UV/H /IR Census of Local Volume 

• HST ANGST  sample to 3.5 Mpc 

• all galaxies outside LG  |b|>20 

• GALEX 11HUGS sample to 11 Mpc 

• all S0/a–Irr with |b|>30,  B<15 

•  IRAC + MIPS imaging for 258 galaxies 





Local Stellar Pops with E-ELT 

• Resolved SF histories of star-forming galaxies(?) 
– requires high-resolution CMDs 

• IMF in clusters 
– systematic changes in Mupper? 
– systematic changes in turnover mass? 
– requires high-res imaging of young clusters; crowding 

an issue 

• The physics of starbursts 
– high-res near-IR IFU imaging/spectra 
– mid-IR high-res imaging in lines and continuum  
– complementarity with ALMA especially powerful 





Weisz et al 2008 
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GMT Science Case 



Cen A = NGC 5128 
VLT + SINFONI 

Neumayer et al (2007) 



Antennae – NGC 4038/9 
[NeII] 12.8mm, VLT + VISIR 

Snijders et al 2007 



Summary of E-ELT Drivers 

• High-res near-IR imaging + moderate-
res spectroscopy 

• Mid-IR imaging/spectroscopy 

• “Wide-field” moderate resolution 
imaging for CMDs (presumably near-IR) 



Parting Thoughts 

• CMD work critically dependent on Strehl 

properties and stability of AO system – how 

limiting? 

• Crowding problematic for youngest clusters, at 

all distances beyond LMC – how to address? 

• Nature of Schmidt law dictates that most intense 

SF regions tend to be deeply embedded – mid-

IR capability extremely powerful, unique 







R = 100 pc  

1 kpc  

10 kpc 

11 Mpc H  Survey:  (Kennicutt et al. 2007) 



Two Asymptotic Modes of Star Formation 

NGC 1097   (HST) 



L’Floch et al. 2005, ApJ, 632, 169 

total 

IR-luminous  
starbursts 
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Things We Don’t Understand 

• SF during the reionisation epoch 

– the first star formation 

• Baryon accretion histories 

– role of slow accretion vs mergers 

• Structure, dynamics, chemistry of star-

forming clouds 

• Fossil star formation histories from 

resolved stellar populations 



Ferguson et al 1998, ApJ, 506, L19                      Spitzer MIPS  24μm 

NGC 6946     H  vs IR 



Sakamoto et al. 1999 



Things We Don’t Understand 

• How do the structure, mass spectrum, and 
dynamics of SF clouds vary in/among galaxies? 
– along the Hubble sequence, vs galaxy mass 

– vs clustering, from isolated clouds to Fabian’s galaxy 

– near central black holes 

• SF law 
– How does the global Schmidt law connect to SF on 

the cloud scale? 

– What are the nature and physical origin of SF 
thresholds? 

– What sets the fraction of cloud mass in dense cores? 

• Systematics of star clustering in galaxies? 

• Are there scaling laws for feedback? 
– What is the underlying physics? 



Things We Don’t Understand 

• Three Dirty Acronyms:  IMF, XCO, dust 

– robust SFR diagnostics 

• attenuation-corrected SFRs 

• systematics with Z/Zo, PISM, B 

– extragalactic ISM 

• CO/H2 and its behaviour 

• systematics/evolution of cloud structure 

– IMF slope, turnover, mass limits  

• constrain variations vs redshift, SFR, pressure, clustering of 

SF 

• Where is the physics? 

– How to we connect to the real physics of SF? 



Local Schmidt Law in M51 

Kennicutt et al. 2007 



SINGS Sample:  8 μm and 24 μm 



FUV, H , 24μm 

cold molecular gas                          star formation 



HERACLES CO 2-1 Survey 

Leroy et al. 2008, submitted to AJ 





Key Applications (ELT)  

• Deep IR imaging of star clusters 
– photometry down to H burning limit 

– trace IMF across full range of physical environments 

• Star formation in the environment of black holes 

– circumnuclear star clusters 

• Key parallel studies 

– resolved SF histories of nearby galaxies 

– chemical evolution studies (all redshifts) 

– stellar structure/evolution, esp. binaries 

– statistics and spectra of supernovae, GRB afterglows 



Local Schmidt Law in M51 

Kennicutt et al. 2007, ApJ, 671, 333 



Method:  Simple Energy Balance 

Transmitted luminosity 

L(H )obs = L(H )corr  e
-  (H ) 

L(H )obs = L(bol)  e-  (H ) 

Dust re-emitted luminosity:  

L(TIR) = L(bol)  (1 - e- (eff)) 

if  (Ha) ~ (eff) 

L(H )corr = L(H )obs + L(TIR) 



SINGS Sample:  8 μm and 24 μm 



[OII] + 8μm, 24μm, TIR 



IR-luminous starbursts 

circumnuclear starbursts           

BCGs, ELGs 



Key Applications (ELT + ALMA)  

• Bolometric star formation rates 
– combining [UV, H , [OII]] flux with [8μm, 24μm,       70 
μm, TIR, 1.4 - 5 GHz] flux of galaxy/knot can provide 
robust dust-corrected SFRs 

– mix and match! 

• Mate high-resolution imaging of young clusters 
with ALMA mapping of clouds + environments 
– trace temporal evolution of formation process, 

feedback 

– possible link of ISM to local ISM environment 

– especially powerful in high surface brightness 
circumnuclear regions 





30 Doradus  



SFR increase reflects an increase in 
frequency of SF events, and a shift in 
the mass spectrum of single events  



NGC 628 

(M74) 

C. Tremonti 

11HUGS Team 




