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Magnetic Fields How to do astronomical research

• Learn the methods of astronomy analyses
1. Column density

2. Radiative transfer

3. CO, 13CO, C18O

4. PV diagram

• Learn RADMC-3D modeling (HD163296)
1. Study the manual

2. Reproduce results from the papers



1-1. Column Density (N)

• Important in analyzing photos

• Determines how deep you’re able to see 

13CO column density
@ OrionA molecular cloud 

Magnum (2016)



1-2. Radiative Transfer
• Describe the intensity (ie how many 

photons can go through medium and arrive 
to your eyes) 

• Calculate beta, which is important to 
determine the star and dust properties

If optically thin



1-3. CO, 13CO, C18O  

• Commonly used for spectrum analyses

• Avoid those which go optically thick

Red & Blue: C18O
Light red & light blue: 13CO



1-4. PV Diagram

• Identify which class the protostar is in

• Predict solar mass by Kepler’s 3rd law



2. RADMC-3D Modeling

• Target: HD 163296

• Experimenting, not yet rigorous

http://cdn.sci-news.com/images/enlarge3/image_4448e-HD-163296.jpg

Input data files

amr_grid.inp
dust_density.inp
star.inp
Dustopac.inp

Intermediate data files

dust_temperature.dat

RADMC-3D

RADMC-3D

Output data files

.out (view by plotter)



Input: Column density

• Dust:

• Gas (CO): 

Isella (2016)

Isella (2016)



Gaps - Depletion factor 
• Dust: max

• Gas: max (2.5, 70, 6)
min (0, 3.5, 1.8)

Big uncertainy !

min

Isella (2016)



Input: Temperature 

• Disk midplane

• Disk surface temperature 

Isella (2016)



Input: Disk structure 

•

Unit: AU

Rosenfeld (2013)



Input: Gas velocity 

• Assume Keplerian 

Rosenfeld (2013)



RUN!



Result – Continuum Model

• Convolve 

(astropy: Gaussian2DKernel() )



ALMAMy model



Line Model (CO 3-2)

Incline = 45 degrees, position angle = 135 degrees

Edge-on



ALMAMy model

1. Why the discrepency?
2. Where is the double cone? 



Thank you! 
Q&A


