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Galaxy Nuclei 
Are Different 
Environments 

Higher SFR 

Higher  
Radiation field 

Dynamical 
Timescales short 
< few10 Myr 

Gas Consumption 
-> Replenishment 



Meier & Turner (2004) 
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NGC 4303 
Schinnerer et al. (2002) 

CO(1-0) 



How to Trace Nuclear Star Formation 
In External Galaxies 

High  Spectral (few km/s) & Spatial (<1”) Resolution 

Up-graded IRAM Plateau de Bure Interferometer: 
 ~ 0.3” resolution (at 1mm) 
 3x more sensitive ~ 10x faster 
 Multi-Line Observations --> Chemistry 

            New Band: 2mm 





Nuclear Region of NGC 6946 
Stars vs. Molecular Gas 

50pc 

Stellar Bar in NIR w/ 
Length ~ 10” - 15” 

PdBI 12CO(2-1) 

20pc 

Schinnerer, Böker, Emsellem, Lisenfeld (2006) 

Gas Shows Classical  
Response Pattern for a Bar 



Bar-Driven Fueling 
NGC6946 

CO(2-1) Model 
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400pc long bar 
Redistributes gas 

~ 107 Msun  
    (r < 30 pc) 

CR @ 260 pc 
Ωbar=510 km/s kpc-1 

Schinnerer, Böker, Emsellem & Lisenfeld (2006) 



Where  and When Stars Form  
Central 50pc of NGC6946 

Schinnerer, Böker, Emsellem, Downes (2007) 

SFR ~ 0.1 Msun/yr 
Age ~ 5-10 Myr 

SFR ~ 0.06 Msun/yr 
Age ~  < Myr 

SFR ~ 0.1 Msun/yr 
Age ~ couple Myr 

Star Formation in small Area over ~ 10 Myr 

Fueling via Inner bar 
Mass Build-Up of ~ 106 Msun  

In central 50pc 
(over last ~ 10 Myrs) 

20pc 





Nuclear Cluster in IC342 
A Late-Type Barred Spiral 

Nuclear  
Stellar Cluster: 

star formation 
~ 4 - 30 Myrs ago  

Cluster mass  
~ 107 Msun 

HST  V 

D=3.3 Mpc; 1” ~ 16 pc 
PA ~ 35o; Incl. ~ 31o 

Bar Length   ~   11 kpc 



IC 342: Distribution of Molecular Gas  

110 pc 

OVRO  CO (1-0) 

H2 Mass (1’)    ~ 4.4 x107 Msun 

Masses            ~ 106 Msun 

Diameters      ~  20 - 50 pc 

(Wright et al. 1993, Levine et al. 1994) 

Meier & Turner (2005) 

Chemical state of ISM 

Based on multi-Molecule Study 
(Meier & Turner 2005) 



Zooming in - IC342 
Gas vs. nuclear cluster 

Schinnerer, Böker, Meier, Calzetti (2008) 

16pc 

Molecular Gas & Dust Coincide 
Gas reaches close To nuclear cluster 
(even more so in dense gas) 



Ongoing Fueling? - IC342 

Hα Bubble fills  
CO Cavity 

 stellar winds/SN 
    appear to 
    Shape inner edge of  
    Eastern spiral arm 

(obscured) HII region  

Schinnerer, Böker, Meier, Calzetti (2008) 



Self-Regulation of Star Formation 
What is happening - Suggested Scenario 

Schinnerer, Böker, Meier, Calzetti  (2008) 





Next Steps - NGC 6946 
Chemistry 

Locate:  star forming gas, shocked gas, PDRs 



Next Steps – IC 342 
Chemistry @ 2mm 

2mm Line maps:  
 What is the excitation mechanism of H2CO? 

              Is CS(3-2) a good PDR tracer? 
Mm Continuum – Dust Temperature/Heating Mechanisms 

H2CO CH3OH CS(3-2) 



ALMA’s Promise 



Summary & Conclusion 




