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TMC-1A
A protostar

Recent high angular observations revealed disk-like structure

Yen et al. 2013

Harsono+2021

We are assigned to do

self-calibration to the

continuum emission of

TMC-1A observed with

Band 6 in 2018
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• 𝜈 = 233 𝐺𝐻𝑧

• 𝜆 =
𝑐

𝜈
= 1.3 𝑚𝑚

• 𝜃 =
𝜆

1300𝑚
≅ 0.2“

• pixel size = 
0.2"

5
= 0.04“

• FOV = 
𝜆

𝐷
=

𝜆

12𝑚
≅ 20“

• Image size = 
20"

0.04"
= 500

• We used 1000×1000
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First glance at the data

Calculate image size & pixel size



tclean(vis='yaso_almasummerschool.ms',

imagename='first_image',

field='0',

spw='',

specmode='mfs',

deconvolver='hogbom',

nterms=1,

gridder='standard',

imsize=[1000,1000],

cell=['0.04arcsec'],

weighting='natural',

threshold='0mJy',

niter=5000,

interactive=True,

savemodel='modelcolumn')
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Initial image
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Self calibration

Reference antenna

The center antenna is DA43, but the

data observed by the antenna was

flagged by observer (Dr. Aso Yusuke)

during the data preparation.

We use the nearby

antenna DA44 as the

reference
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Phuong’s result

os.system("rm -rf phase.cal")

gaincal(vis="yaso_almasummerschool.ms",

caltable="phase.cal",

field="0",

solint="30s",

calmode="p",

refant="DA44",

gaintype="G")

applycal(vis="yaso_almasummerschool.ms",

field="0",

gaintable=["phase.cal"],

interp="linear")

#os.system("rm -rf yaso_almasummerschool.ms.flagversions")

split(vis="yaso_almasummerschool.ms",

outputvis="syaso_almasummerschool_selfcal.ms",

datacolumn="corrected")

ITERATING 
UNTIL THE S/N 

GETS 
SATURATION



Peak=1.25e-1

RMS=3.15e-4
S/N= 397

1.25e-1

2.80e-4
S/N= 446

1.37e-1

1.27e-4
S/N= 1079

1.38e-1

7.05e-5
S/N= 1957 1.38e-1

4.59e-5
S/N= 3007

1.38e-1

3.60e-5
S/N= 3833

1.38e-1

3.14e-5
S/N= 4395

1.38e-1

2.91e-5
S/N= 4742

1.38e-1

2.81e-5
S/N=4911
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RESULTS



Phase1.cal

Phase2.cal

Reference 
antenna 8

Check the Calibration table after each iteration

Phase .vs. Time



Phase3.cal

Phase4.cal
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Reference antenna

Phase .vs. Time



Phase5.cal

Phase6.cal Reference antenna

10

Phase .vs. Time



Phase8.cal

Phase7.cal
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Reference antenna

Phase .vs. Time



Amplitude vs UV distance

1st self cal. 2nd self cal.

3rd self cal. 4th self cal. 5th self cal.

6th self cal. 7th self cal. 8th self cal.
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uv coverage

1st self cal. 2nd self cal.

3rd self cal. 4th self cal. 5th self cal.

6th self cal. 7th self cal. 8th self cal.
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Before self calibration 8th self calibration
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Compare the clean image w and w/o self calibration

Self calibration helps to gain the S/N and reveal the faint disk structure 



Gyuho’s result



gaincal(vis="yaso_almasummerschool.ms",
caltable="phase.cal",
field="0",
solint="90s",
calmode="p",
refant="DA44",
gaintype="G")

applycal(vis="yaso_almasummerschool.ms",
field="0",
gaintable=["phase.cal"],
interp="linear")

split(vis="yaso_almasummerschool.ms",
outputvis="yaso_almasummerschool_selfcal.ms",
datacolumn="corrected")
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First self-calibration



𝜎𝑖𝑚𝑎𝑔𝑒 = 7.00 × 10−4, 𝐼𝑝𝑒𝑎𝑘 = 1.29 × 10−1

S/𝑁 = 184

𝜎𝑖𝑚𝑎𝑔𝑒 = 1.65 × 10−4, 𝐼𝑝𝑒𝑎𝑘 = 1.37 × 10−1

S/𝑁 = 830
𝜎𝑖𝑚𝑎𝑔𝑒 = 1.59 × 10−4, 𝐼𝑝𝑒𝑎𝑘 = 1.39 × 10−1

S/N = 874

𝜎𝑖𝑚𝑎𝑔𝑒 = 8.46 × 10−5, 𝐼𝑝𝑒𝑎𝑘 = 1.38 × 10−1

S/𝑁 = 1631

𝜎𝑖𝑚𝑎𝑔𝑒 = 6.33 × 10−5, 𝐼𝑝𝑒𝑎𝑘 = 1.38 × 10−1

S/𝑁 = 2180
𝜎𝑖𝑚𝑎𝑔𝑒 = 3.75 × 10−5, 𝐼𝑝𝑒𝑎𝑘 = 1.39 × 10−1

S/𝑁 = 3707

𝜎𝑖𝑚𝑎𝑔𝑒 = 2.49 × 10−5, 𝐼𝑝𝑒𝑎𝑘 = 1.39 × 10−1

S/𝑁 = 5582

1st self cal. 2nd self cal.

3rd self cal.

Initial Img

4th self cal. 5th self cal.

6th self cal. 17

RESULTS



Initial Img 1st self cal. 2nd self cal.

3rd self cal. 4th self cal. 5th self cal.

6th self cal.

18

Phase

vs

uv distance



Deeper tclean (used 2nd self cal. Image)

𝜎𝑖𝑚𝑎𝑔𝑒 = 3.62 × 10−5, 𝐼𝑝𝑒𝑎𝑘 = 1.38 × 10−1

S/𝑁 = 3812

threshold='0.075mJy', # 3 sigma
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✓ Both results improved S/N ratio from initial (<400) to ~5000

✓ Self calibration enabled us to find faint disk like structure

✓ Both result implied self-calibration saturated after a few

iteration.

✓ We confirmed the second-round result is almost similar to

final result with deeper tclean

Conclusion


