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SED Modelling (Boley et al. 2012) 

AFGL 4176: Background and Observations 
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Mid-IR interferometry  
(Boley et al. 2012, 2013a) 
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8.6 GHz continuum 

methanol masers 
and IR source Compact but optically 

thin HII region: O8.5 star 
 
  

(Ellingsen et al. 2005, 
Shabala et al. 2006) 

PA~145  

Class II methanol masers and 8.6GHz continuum (Phillips et al. 1998))
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AFGL 4176: Background and Observations 



Kinematics of the gas with ATCA 
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First moment map of NH3(1,1) 

H68  first moment map 

IR source and masers  
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JHK VVV, contours: 1.2cm continuum 
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Kinematics of the gas with ATCA 
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First moment map of NH3(1,1) 



ALMA Observations 
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ALMA band 6 
(1.2mm / 240-255 GHz)

1.2mm continuum, 
CH3CN and H29!

~1 km baselines
(~0.3" resolution) 

2 basebands for lines:
0.35 km/s resolution

2 basebands for 
continuum:

 1.4 km/s resolution

2.4 hr (1.4 hr on-source)
with 39 antennas

sensitive to scales:
0.25 - 3.34" 

(~1050 - 14000 AU)
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CH3CN 13(2)-12(2) CH3CN 13(4)-12(4) 

CH3CN 13(6)-12(6) 3 CH3CN 13(8)-12(8) 
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Contours: continuum 
Resolution: 0.30 x 0.28” or 1260 x 1180 AU  

Keplerian-like kinematics from CH3CN 
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Keplerian-like kinematics from CH3CN 



Temperatures and densities from CH3CN 
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Fitting of CH3CN and CH3
13CN using CASSIS LTE models 

Velocity 

Temperature (~150 to 300 K) Column density (Mtot ~ 1M ) 

Linewidth 
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Dust structure from 1.2mm continuum  
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Contours and greyscale:  
1.2mm continuum  
 
methanol masers shown by + 
 

Beam: 0.24 x 0.28”, PA~-30a 



Main source uv-fitting: 
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Dust structure from 1.2mm continuum  

Contours and greyscale: 1.2mm continuum  
methanol masers shown by + 
Beam: 0.24 x 0.28”, PA~-30a 



!0,)&:)&)'&$'(;(**.&1#)#3&
)))4=",)G)6LX`)4 )
)))g)G)g7)OF2X8)
)))O)G)6777)Jf)
)

<#)#&

='10"&

!"#$"%&'()*+$',#+')-$.%,/"01)23)4"%5$)6728)

Dust structure from 1.2mm continuum  
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Dust structure from 1.2mm continuum  
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Outflow seen in 12CO and C34S? 
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BCDE&FGHCI&J2)K&8LMN)
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Outflow seen in 12CO and C34S? 

DG5O&FPH5I&J2)K&8Q=8)

0.34 pc 
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Outflow seen in 12CO and C34S? 

DG5O&FPH5I&J2)K&8Q=8)

Beam: 0.35 x 0.30”, PA~-31a 
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Codella et al. 2014 
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Outflow seen in 12CO and C34S? 
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     - Keplerian-like kinematics!  
     - Temperatures of 150 to 300 K 

Outflow seen in 26Y_)"'/)YL`^V 
      - Large-scale outflow in 12CO (3-2) ? 
      - Dense gas in the cavity walls with C34S (5-4) 

C.,#),#%.5#.%()P%+<)2X6<<)5+'R'..<)
      - 970 x 540 AU main source (or ~500 AU radius) 
      - UV data fit well by flared disk model 
      - Best-fitting disk mass is large… 

Conclusions: AFGL 4176  
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CH3CN 13(3)-12(3) 

Keplerian kinematics from CH3CN? 
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CH3CN 13(5)-12(5) 

Keplerian kinematics from CH3CN? 
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CH3CN 13(8)-12(8) 

Keplerian kinematics from CH3CN? 



CH3CN linewidths 



Parameter space 



Codella et al. 2014 
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Outflow seen in 12CO and C34S? 




