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The composition, dynamics, and structure of protoplanetary disks determine the 
masses, locations, compositions, and atmospheres of the forming planets. 
 

Molecular lines provide information about disks that is  
complementary to dust continuum observations (previous talk). 
 
1)  Most of the disk mass (99%) is gas, which can only be probed by emission lines. 

Why observe molecular lines in disks? 

(Yu,..,Willacy, et al. 2017) 



The composition, dynamics, and structure of protoplanetary disks determine the 
masses, locations, compositions, and atmospheres of the forming planets. 
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complementary to dust continuum observations (previous talk). 
 
2)  Information about specific abundances/compositional gradients within the disk 

 and the supply of organic material to forming planets. 
 

Why observe molecular lines in disks? 

Cyanide detection in the MWC 480 disk. 
(Öberg et al. 2016)  

N2H+ detection in TW Hyd 
(Salinas et al. 2016)  



The composition, dynamics, and structure of protoplanetary disks determine the 
masses, locations, compositions, and atmospheres of the forming planets. 
 

Molecular lines provide information about disks that is  
complementary to dust continuum observations (previous talk). 
 
3)  Probe of disk structure, temperature, and dynamics – ice lines, turbulence, 

 vertical structure, vortices, etc. 
 

Why observe molecular lines in disks? 

(Armitage 2011) 
H2CO (+ dust contours)  
(van der Marel et al 2014) 



The composition, dynamics, and structure of protoplanetary disks determine the 
masses, locations, compositions, and atmospheres of the forming planets. 
 
1)  Most of the disk mass (99%) is gas, which can only be probed by emission lines. 
2)  Information about specific abundances/compositional gradients within the disk 

 and the supply of organic material to forming planets. 
3)  Probe of disk structure, temperature, and dynamics – ice lines, turbulence, 

 vertical structure, vortices, etc. 
 
Without an understanding of the disk physics, it is difficult to interpret structure 
observed in the dust,  
e.g. HL Tau’s rings,  for which many theories have been proposed. 

Why observe molecular lines in disks? 

HL Tau 
(Brogan et al. 2015)  

disk simulation - no planets! 
(Ruge et al. 2016) 



Disk model:  
•  Stellar parameters:  0.8 Msun; 1.11 Rsun; 4000 K 
•  Disk radius = 150 AU, with 0.5 AU resolution  
•  H/r = 0.05 at 1 AU, with flaring power law slope = 0.1 
•  surface density at 1 AU = 1000 g/cm^2 
•  dust/gas ratio = 0.01 
•  disk gaps optionally included at <3 AU, 20 AU 

Radiative transfer: 
•  RADMC-3D determines the dust temperature and radiation field  

(Dullemond 2012) 
•  Given the molecular abundances, RADMC-3D calculates the emission at 

radio wavelengths. 
•  Disk viewing angles from face-on to edge-on. 

A disk model combining  
chemistry and radiative transfer 

(Willacy & Woods 2009) 



Chemistry: 
•  gas and grain chemistry is calculated in vertical slices at each radius 
•  abundances of simple molecules, organics up to C2H6, nitrogen chemistry 

including HCN, NH3, CH3CN, oxygen chemistry, CO, H2CO, CH3OH    
(Willacy 2007; Woods & Willacy 2009; Willacy & Woods 2009) 

•  also calculates the gas temperature (RADMC only does the dust) 
•  isotopes for carbon (12C, 13C), oxygen (16O, 17O, 18O) and hydrogen (H, D)  
•  the disk chemistry is evolved for 3 million years 

A disk model combining  
chemistry and radiative transfer 

organics as a function of orbital location time evolution of carbon species 
(Willacy 1998) 



H2O 

NH3 

CO 

Different molecules probe different regions within the disk. 
e.g. H2O concentrated in a warm surface layer, with midplane freeze-out  

C2H2 

Molecular Abundance Distributions 



First Results:   
Dust Continuum for a Face-on Disk 



First Results:   
Dust Continuum – with gaps at 3 AU, 20 AU 



First Results:   
CO emission for several rotational transitions 

115 GHz 



First Results:   
CO emission for several rotational transitions 

(plus gaps) 

115 GHz 



First Results:   
NH3 emission for several rotational transitions 

(plus gaps) 
 



Summary 
•  Molecular lines trace the conditions within 

protoplanetary disks, but require models for 
interpretation. 

•  We have developed a protoplanetary disk model 
that includes chemistry and radiative transfer. 

•  A range of molecules are considered, including 
many that emit at NGVLA wavelengths             
(in particular ammonia and complex organics). 

•  Initial models are now complete for a nominal 
standard disk, with/without gaps. 

 

•  For our community study, we must now translate 
disk emission into NGVLA requirements. 

 


