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Target source - 30 Doradus in LMC

30 Doradus (Tarantula Nebula)
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• An extreme starburst H II region

• Distance ~ 50 kpc

• Size ~ 200 pc

• 1pc ~ 4 arcsec

• Hosts ~1000 massive stars

Ideal laboratory to study the structure, dynamics, and distribution of stellar 

populations, gas, and dust across the multi-wavelength range.



Scientific Goal

1. Determine whether the CO emission toward 30 Dor falls 

within the systemic velocity range of the LMC. 

1. Compare the spatial distributions of 12CO and 13CO            

after matching them to the same angular resolution. 

1. Estimate the H2 column density                                               
in regions where both 12CO and 13CO are detected.
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Informations of Observation

- Target : 30 Doradus

- Array : 7m dish

- Mode : Mosaic

(to cover the extended target region)

- Obs date : 2019.10.1. - 2019.11.14.
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Antenna configuration



Beam size (arcsec)
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Uniform Briggs (0.5) Natural

12CO Bmaj 6.51 6.74 7.1

Bmin 5.28 5.41 5.81

13CO Bmaj 6.49 7.0 7.36

Bmin 5.58 5.7 6.11

high resolution

Weighting Parameters
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Uniform Briggs (0.5) Natural

12CO 0.06144 Jy 0.05551 Jy 0.05508 Jy

13CO 0.06027 Jy 0.05134 Jy 0.0474 Jy

high sensitivity

RMS value  (after tclean)

Weighting Parameters
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CLEAN Parameters
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CLEAN Parameters

A separate 2D intensity map 

generated for each velocity 

channel.

RA * Dec * Velocity



Combining multiple pointings into 

a single mosaic to cover sky 

areas much larger than the 

telescope’s primary beam.
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CLEAN Parameters

Pointing 1   ┐

Pointing 2 │

Pointing 3   ├─ Primary-beam weighted combination → Single mosaic image

...              │  

Pointing n   ┘
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CLEAN Parameters

Instead of point source,

we used “multiscale” CLEAN to 

capture extended gas structure.

scale unit : pixel

calculating : scale * cell
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CLEAN Parameters

We selected ‘briggs’.

Robust = 0.5 

provides a good compromise between 
angular resolution and image 
sensitivity, making it a popular choice 
for many ALMA imaging applications.
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CLEAN Parameters

Number of velocity channels : 41

Center of first channel: 210 km/s

Velocity channel spacing: 2 km/s

Velocity range: 210–290 km/s

velocity range was set 

to include the line - free channel.    

(restfreq='230.538GHz')
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CLEAN Parameters

CLEAN threshold 

&

Auto masking



Smoothing
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Why did we apply smoothing?   (10 arcsec)

- 12 CO map & 13 CO maps have different beam sizes.

- To ensure consistent analysis conditions => smoothing
CASA “imsmooth” task Briggs (0.5)

12CO Bmaj 6.74

Bmin 5.41

13CO Bmaj 7.0

Bmin 5.7



Smoothing
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targetres = True or False ?



Smoothing
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targetres = False

We directly specify the value for             .  



Smoothing

2026 ALMA Summer School - Group 1 (Spectral line)

targetres = True

We set the final target beam size after smoothing.

(automatically calculates             )



Smoothing
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We used  targetres = True 

Before After

12CO Bmaj 6.74

10
Bmin 5.41

13CO Bmaj 7.0

Bmin 5.7



Use 12CO, 13CO emission as a tracer of molecular gas H2

Background

Property 12CO 13CO

population more abundant less abundant

emission brighter fainter 

optical depth optically thick optically thin 

Main 
application 

excitation 
temperature

optical depth
column density

- 30Dor: Giant H II region complex hosting 
a large stellar population and embedded 
within a giant molecular cloud

- Cold H II is difficult to observe directly, 
so use the bright rotational emission lines 
of 12CO and 13CO to trace gas
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Small Data Coverage Due to Computing Limitations 

Background

- Focus on a smaller subregion, not the entire 
field 

- Only use 7-m array data and did not include 
Total Power (TP) or 12-m array data

- Limited by missing total flux from extended 
emission and insufficient angular diameter 
resolution to resolve compact source

Consideration
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Scientific goal

Radiative transfer equation

CO cloud emission background emission
due to absorption from the CO cloud
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Scientific goal: estimating H2 Column density 

Analysis Workflow
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Scientific goal: estimating H2 Column density 

Analysis Workflow
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Scientific goal: estimating H2 Column density 

A Spectroscopic Study of the DR 21 
Outflow Source. III. The CO Line 
Emission, Garden R.P, 1991

Analysis Workflow
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Scientific goal: estimating H2 Column density 

Analysis Workflow
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Does CO emission toward 30 Dor falls within 
the systematic velocity range of the LMC ?



Scientific goal

Checking 12CO, 13CO 
Intergated moment0 map with CARTA

contour configuration: 12CO 3sigma rms

CO13 CO12

emission faint bright

features same

- main body structure and spatial distribution are 
similar, same underlying molecular cloud structure

13CO 12CO

m
o

m
e
n

t 
0

o
ri
g

in
a
l

13CO

12CO

original .fits

Integrated moment0 map
- imsmooth image 10”
- channel range: 10~30 (total 40)
- threshold: none 
- Integrated 12CO rms: 1.18 Jy/beam.km/s



Comparison of the spatial distributions of 12CO and 13CO



Estimation the H2 column density in 
regions where both 12CO and 13CO are 
detected.

Jy/beam → Kelvin scale to 

compute the excitation 

temperature of 12CO

Mean = 4.93 K 
Median = 3.97 K 
Std. dev. = 2.37 K 
Max = 16.56 K 
Min = 3.00 K

Mean = 4.76e+21 cm-2

Median = 3.62e+21 cm-2

Std. dev. = 3.77e+21 cm-2

Max = 2.95e+22 cm-2

Min = 6.74e+20 cm-2



Workflow
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ALMA data 

(7m)

CLEAN 

(briggs)

Threshold 

(5σ)

Convert Unit 

(Jy/beam > K)

Input / Output

12CO image

13CO image

Smoothing 

(10’’)

Task



Workflow
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Input / Output

Prep. 12CO
(K, 5σ)

Prep. 13CO
(K, 5σ)

Task

Generate mom 

maps

Calc. 

Texc(x,y)

Threshold 

(3 K)
12CO mom 8



Workflow
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Input / Output

Prep. 13CO
(K, 3σ)

Task

Calc. 
τ₁₃(x,y,v)

12CO 

Texc(x,y)
Calc. N(13CO)

τ₁₃ map

N(13CO)

N(H2)

Calc. N(H2)



Results - 12CO Excitation Temperature
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S_min = 7.24 Jy/beam, S_max = 46.36 Jy/beam T_min = 5.06 K, T_max = 12.71 K



Results - 13CO optical depth ~ column density
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(integ) tau_min = 0.11 km/s, tau_max = 2.08 km/s
N(13CO)_min = 2.56 e+14 /cm2

N(13CO)_max = 4.37 e+15 /cm2



Results

2026 ALMA Summer School - Group 1 (Spectral line)

N(H2)med = 4.58 e+21 /cm2

ref N(H2) ~ 6 e+21 /cm2



Limitation
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Comparing gained flux across configurations



Limitation
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Wong et al. 
2022

Us

ALMA 
observation

12m + 7m + TP 7m

FoV 5 mosaic field part of 5 (2)

Absence of 12m: low resolution 

ignored small scale structures

Absence of TP: Ignored extended gas 

structures and its physical parameters

Part of field may not represent the 

whole source

Main difference with the original data



APPENDIX



Detail equations
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7.1 arcsec



7.1 arcsec



7.1 arcsec



Full CLEAN parameter
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plotms:
12CO(2-1) & 13CO(2-1) velocity range in the *.ms data


