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◦  HCN(4-3) and HCO+(4-3) line emission 
◦  CO archival data 
◦  Infrared photometry 
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HCN (4-3) & HCO+(4-3) spectra of M82 



HCN, HCO+, & CO spectra  

Tan et al. 2017, in prep. 



�  Convolve the infrared maps to the JCMT resolution (14’’) 
◦  Spitzer/MIPS & Herschel/PACS images 
◦  Convolution kernels: Aniano et al. (2011) 

�   Aperture photometry 
◦  IDL rountine: APER 
◦  Fix the sky value as the average of sky area 

�  Calculate IR luminosity 
◦  LTIR calibration: Galametz et al. (2013) 

Infrared photometry 

NGC 253 



The L’dense gas – LIR correlation 
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Zhang et al. 2014 

-  fill the gap between GMC and galaxy scale 
-  verify the global SF law for nearby galaxies  

Gao & Solomon 2004 

Chen et al. 2015 

Tan et al. 2017, in prep. 



The L’dense gas – LIR correlation 

Zhang et al. 2014 
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Tan et al. 2017, in prep. 



(Juneau et al. 2009) 

Slope of log(LIR)-log(L’gas) vs. molecular line 
critical densities 

-  Numerical simulations predict decreasing slopes against increasing 
critical density (i.e., Narayanan et al. 2008; Juneau et al. 2009) 

HCO+(4-3) 

HCN(4-3) 

-  Our new data confirm the finding revealed by Zhang et al. (2014), the 
linear correlations between L’gas – LIR hold for all densities > 104 cm-3. 
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No correlation is found 
between LIR/LHCN and 
LCO/LHCN! 



The distribution of star formation and gas 
emission  

PACS 100μm CO (1-0) 
HCN (4-3) 
HCO+ (4-3) 

-  CO emission extend to a larger area than that of dust and dense molecules  
-  The distribution of SF is better matched with dense gas, rather than the total 

molecular gas!      

Tan et al. 2017, in prep. 



Ratio of L’HCN /L’HCO+ vs. Infrared luminosity 

The variation of L’HCN /L’HCO+ ratio reflect the different physical and chemistry  
conditions between galaxies.  

Knudsen et al. 2007 

Privon et al. 2015 

(1
-0

) 
(1

-0
) 

Tan et al. 2017, in prep. 



�  The mapping data in sub-kiloparsec scale fill the gap 
between GMC and galaxy, verify the global dense gas 
SF law. 

�  The distribution of SF is found to be better 
consistent with dense gas instead of the total 
molecular gas, providing direct evidence for the true 
physical relationship between star formation and 
dense gas emission. 

Summary 

Thank you! 


