
Multi-bands

Mentor: Fernando Olguin

Member: Carlos Lopez-Coba (Taiwan), Miyu Kido (Japan), Gia Bao Truong Le (Korea), 
Shridharan Baskaran (India), Jo-Shui Kao (Taiwan)



1. Introduction and ALMA observation 

2. Processing raw data from CASA – tclean, convolve, regrid, align the data

3. Spectral index and brightness temperature estimates 

4. Spectral cube - convolve, MADCUBA, model fitting, rotational diagram 

5. Physical quantities from ALMA bands – column density, dust mass, gas mass 

Outline
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Source: G343.12-0.06 (IRAS 16547-4247)

(Tanaka+2020)

● High-mass star forming region at 2.9 kpc

● O-type proto-binary system(separation: 300 au)

● Radio Thermal (free–free) Jet:

spectral index of the lobes suggests a mix of 

thermal and non-thermal emission  

(Araudo+2007)

● Methyl cyanide CH3CN: trace the dense core gas
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(Garay+2007)

Previous Single Dish Studies

4



ALMA Observations

Band 3: 2017.1.00377.S Band 6: 2017.1.00237.S Band 7: 2017.1.00377.S
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Tools

1. CASA

2. CARTA

3. MADCUBA

4. radio_beam 

5. spectral_cube: convolve data
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CASA reduction Homogenizing the data from multiple ALMA bands

➔ Select common uv visibility range
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CASA reduction

➔ Select common uv visibility range

→15k to 750k lambda as the uvwave range

Homogenizing the data from multiple ALMA bands
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CASA reduction

➔ Use ‘tclean’ to create common uv-limited images

Homogenizing the data from multiple ALMA bands
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CASA reduction

➔ Use ‘tclean’ to create common uv-limited images

➔ Use CARTA or casaviewer to estimate the background rms noise and provide the 
value to tclean and increase ‘niter’=100000.

Homogenizing the data from multiple ALMA bands
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CASA reduction

➔ Find common beam between the different ALMA bands

Homogenizing the data from multiple ALMA bands
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CASA reduction

➔ Convolve all the bands to similar beam in CASA

Homogenizing the data from multiple ALMA bands
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CASA reduction

➔ Regrid the ALMA bands to have same (x,y) coordinate centers in CASA
 

Selecting Band 3 as the reference coordinate frame to regrid

Homogenizing the data from multiple ALMA bands

Regrid other bands to ‘mycs’
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CASA reduction

➔ Align the band images with astropy.nddata.Cutout2D with source position
 

Homogenizing the data from multiple ALMA bands

Measured 
with CARTA
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CASA reduction

➔ Align the band images with astropy.nddata.Cutout2D with max peak position
 

Homogenizing the data from multiple ALMA bands
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CASA reduction Homogenizing the data from multiple ALMA bands

The multi-band data is 
Reduced

Convolved
Regridded
Aligned 
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CASA reduction
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CASA reduction
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https://docs.google.com/file/d/1V3zBITrOe0OknjK-7M2orn-xvUPbEv4I/preview


Physical quantities - spectral index 

Band 6 (Jy/beam) alpha_36 

alpha_67 

Spectral index: 
log(F𝜈1/F𝜈2) = ⍺ log(𝜈1/𝜈2)    

with ⍺=𝛽+2
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Physical quantities - spectral index 

β ~ 0.7-1.5
Outflow: β < 0.7

β ~ 1.5-1.8 -> close to β_ISM ~ 1.7 
for a = 0.05 - 0.25 um (Draine 2006) 

Thermal dust emission + Contamination by free-free emission
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beta_36 beta_67 



Physical quantities - spectral index 

β ~ 0.7-1.5
Outflow: β < 0.7

Thermal dust emission + Contamination by free-free emission
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beta_36 

Curone et al. 2023



Physical quantities - dust temperature 

Dust temperature (K) 

Rayleigh-Jeans limit

T = 200 - 500 K

Using Band 6 intensity (less contaminated by free-free emission) -> tau = 
0.0305 (Garay et al. 2007) 22



Cube visualization & cube analysis
● Spectral cube (continuum subtracted)

● →  convolve channels to same beam:
● Python tools: SpectralCube

Final common beam: BMAJ=0.34 arcsec, BMIN=0.32’’

● Cube Analysis: MADCUBA

 → model fitting 
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● Cube Analysis: 
● MADCUBA, model fitting of sigle spectrum 

(CASA)
● Getting physical props: column density, 

velocity, FWHM, T 

CH3CN same line, multiple transitions
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T = 350 K, col. dens = 10^17.4 
FWHM = 7 km/s
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Best fitting model !

9 transitions of CH3CN 
(J→12-11) K 0-9, same 
T, VLSR, FWHM



The emission above 3 sigma
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Td: 73 K

Rgd: 100

d: 2.9 kpc

Κν: 1.2 cm2 g−1

μH2: 2.8

mH: 1.7 x 10-24 g

Physical quantities - column density



Physical quantities - column density

Td: 73 K

Rgd: 100

d: 2.9 kpc

Κν: 1.2 cm2 g−1

μH2: 2.8

mH: 1.7 x 10-24 g
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The mean column density: 2.9 x 1024 cm-2



Physical quantities - dust mass 

The emission above 3 sigma

Fν: 1.15 Jy

d: 2.9 kpc

Κν: 1.2 cm2 g−1

Td: 73 K

The estimated dust mass: 0.34  Msun
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Physical quantities - dust + gas mass 

The emission above 3 sigma

The estimated gas mass: 34  Msun

Fν: 1.15 Jy

d: 2.9 kpc

Κν: 1.2 cm2 g−1

Td: 73 K

Rgd: 100
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The emission above 3 sigma

The estimated gas mass: 34  Msun

Fν: 1.15 Jy

d: 2.9 kpc

Κν: 1.2 cm2 g−1

Td: 73 K

Rgd: 100
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Gas mass

Td = 10 K ~ 245 Msun

Td = 73 K ~ 34  Msun

Td = 100 K ~ 25  Msun

Td = 500 K ~ 4.9 Msun

Physical quantities - dust + gas mass 



Summary

1. Data reduction with casa

2. Generated continuum images of multi-band and compared them

3. Calculated spectral index with two dust continuum data

4. Model fitting to cube data using MADCUBA

5. Estimated temperature, column density and gas mass based on the observed data 
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