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The Tools 
� Densitometry 

�  Formaldehyde (H2CO) 
�  Slightly asymmetric rotor molecule (κ = -0.96) 
�  K-doublet energy level splitting 

� Thermometry 
�  Ammonia (NH3) 
�  Symmetric rotor molecule 
�  Rotation-inversion energy level splitting 

�  LVG model to fit multi-transition 
measurements from both molecules 



H2CO Energy Level Structure 



K-Doublet Excitation 
�  In-plane collisions with H2 produce an excess of molecules in 

the 111 and 212 (lower) energy states at low densities. 
�  High densities quench this collisional cooling process. 
�  n(H2) < 105.6 cm-3  K-Doublet absorption 
�  n(H2) ≥ 105.6 cm-3  K-Doublet emission 



NH3 Energy Level Structure 
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H2CO and NH3 in 
Starburst Galaxies 

�  Selection criteria: 
�  Dec (J2000) > -40 deg 
�  L(60µm) > 50 Jy and/or 
�  Bright HCN and CO emission 

�  H2CO 
�  Green Bank Telescope (θb = 51 and 153 

arcsec) 
�  26 of 56 galaxies detected in at least one H2CO 

transition 
�  110-111 emission/absorption = 6/19 
�  211-212 emission/absorption = 0/13 
�  17 of 26 detections are new extragalactic 

discoveries of H2CO 
�  NH3 

�  GBT (θb = 30 arcsec) 
�  12 of 19 galaxies detected in at least one NH3 

transition 
�  NH3 emission/absorption = 7/5 
�  4 of 12 detections new discoveries of 

extragalactic NH3 



H2CO in Starburst Galaxies 
110-111 absorption and 211-212 absorption 



H2CO in Starburst Galaxies 
110-111 emission and 211-212 absorption 



Starburst Galaxy Densitometry 
LIRGs and ULIRGs 

Normal Starbursts 



NH3 in Starburst Galaxies 



(More) NH3 in Starburst Galaxies 



Thermometry 
¤  NH3 (1,1), (2,2) and (4,4) 

measurements toward all 
galaxies. 

¤  NH3 (3,3), (5,5), (6,6), and 
(7,7) toward IC342 and 
NGC660. 

¤  Multiple temperature 
components noted in several 
galaxies. 

¤  Most galaxies have kinetic 
temperatures significantly 
larger than their measured 
dust temperatures. 

¤  Evidence for mechanical or 
CR heating. 



Densitometry With Thermometry 
Note how absorption/emission transition 
density shifts from high to low density 
as temperature increases 



Densitometry With Thermometry 

TK derived from NH3 
 
Average starburst galaxy density 
now in range 104.5 to 105.5 cm-3 



Conclusions 
�  H2CO is a very sensitive tracer of physical conditions in 

both galactic and extragalactic star formation environments. 
�  First measurements of the mean density in starburst 

galaxies. 
�  Measurements of the kinetic temperature critical to proper 

interpretation of densitometry. 
�  Mean density roughly the same (104.5 – 105.5 cm-3) in all 

starburst galaxies measured.  This implies that the Schmidt-
Kennicutt relation between LIR and Mdense: 
�  Is a measure of the dense gas mass reservoir available to form 

stars. 
�  Has nothing to do with a higher average density driving the star 

formation process in the most luminous starburst galaxies. 



Studies of H2CO with CCAT 

Mangum & Wootten 1993, ApJS, 89, 123 

�  λ = 150 to 350 µm 
�  High-Excitation ΔJ=1 Transitions 

§  J = 13-12 at 965 GHz 
§  Eu ≅ 370 K 

�  Inter-Ladder Transitions 
§  K=2 to K=0: 150-300 µm 
§  K=3 to K=1: 100-150 µm 
§  K=4 to K=2: 80-100 µm 
§  Sij ≅ 0.001 to 0.01 

What molecules are most important for 
imaging physical conditions? 

“What spectral lines are most important for 
mapping?” 
 


