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TODAY'S TOPICS

ow to obtain solar ALMA data from ALMA Archive?

How to calibrate ALMA solar data?
How to synthesize solar images from ALMA data?
Advanced calibration (What is “self-calibration”?)

To avoid the void located at the center of u-v plane...



-FORE STARTING THE TUTORIAL

Login to an ADC terminal front of you.
Make your working directory under /work.

't is good that the directory name is your ID.
Move your working directory.

Executing the following command on the working
directory.

rsync -avz /Its01/almasolcdaw19/tutorial/tutorial_datasets .



ENVIRONMENTS FOR ALMA DATA
REDUCTION AND IMAGE SYNTHESIS

Web applications

ALMA Archive, SnooPI (tracking the status of your projects), Helpdesk, etc.

Recommend using the “FireFox" web browser because the ALMA observatory
does not check the web applications on the other browsers.

Data reduction and image synthesis
CASA (Common Astronomy Software Applications)
Python/IPython-based application
OS: "Red Hat Enterprise Linux” or “macOS”

RedHat clones (Fedora/CentOS/Science Linux) are OK for CASA.

You can get the package from https://casa.nrac.edu/ with free.

CASA is already installed to all ADC servers and terminals.

The requirement of “Disk I/O" is so serious. The data have to be located in
local disks.


https://casa.nrao.edu/

HOW TO OBTAIN SOLAR ALMA DATA
-ROM ALMA ARCHIVE?

Start “FireFox”
and
Go to "ALMA Science Portal”

https://almascience.nao.ac.jp/



https://almascience.nao.ac.jp/

LIST OF CYCLE4 DATASET

Shimojo created the google spreadsheet of all ALMA
solar data obtained in Cycle 4.

https://docs.google.com/spreadsheets/d/
1xVc0eSpd42hKjt5Gdv?lebtJRupdBTsbyYsYthAkted/

edit?usp=sharing

Shimojo might continue to create such a spreadsheet
for future Cycles.


https://docs.google.com/spreadsheets/d/1xVc0eSpd42hKjt5Gdv9IebfJRupdBTsbyYsYfhAkfe4/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xVc0eSpd42hKjt5Gdv9IebfJRupdBTsbyYsYfhAkfe4/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xVc0eSpd42hKjt5Gdv9IebfJRupdBTsbyYsYfhAkfe4/edit?usp=sharing

EXAMPLE: PROJECT 2016.1.00202.5S
QUIET SUN BAND3 DATA

Files
-rw-r--r-- 1 masumism adcusers 665 Jan 9 15:46 2016.1.00202.S.readme.txt
README file
-rw-r--r-- 1 masumism adcusers 77M Jan 9 15:47 2016.1.00202.S_uid____A001_X8a5_X3e 001_of 001.tar
The meta data of the interferometric observation
-rw-r--r-- 1T masumism adcusers 9.4G Jan 9 15:47 2016.1.00202.S_uid____A002_Xbfb22d X56f4.asdm.sdm.tar
The raw data of the interferometric observation
-rw-r--r-- 1 masumism adcusers 274M Jan 9 15:47 2016.1.00202.S_uid____A002_Xbfb22d_X58cf.asdm.sdm.tar
The raw data of the single-dish observation

After “untar”ing the meta and raw data of the interferometric observation.

2016.1.00202.S
"—— science_goal.uid___A001_X8a5_X3c
‘—— group.uid___A@@1_X8a5_X3d
*—— member.uid___A@01_X8a5_X3e
| -~— README
lI-- calibration
| -- uid___A@02_Xbfb22d_X56f4.calibration.plots
‘—— uid___AQ02_Xbfb22d_X56f4.calibration.tgz

I
I
=
| |-— Imaging.log.tgz
| | -— Solar_uid___A@@1_X8a5_X3e.log.tgz

| —— uid___A@02_Xbfb22d_X56f4.log.tgz

| == product

| | -- uid___A@02_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.flux.fits.gz
| | == uid___A@02_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.mask.tgz
I

|--

I

I

I

I

=

!

“—— uid___A002_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.pbcor.fits

| -— uid___A@02_Xbfb22d_X56f4__qga2_partl.png
| -— uid___A@02_Xbfb22d_X56f4__qga2_part2.png
| -— uid___A@02_Xbfb22d_X56f4__qga2_part3.png
‘— uid___A002_Xbfb22d_X56f4__textfile.txt

“—— uid___AR02_Xbfb22d_X56f4.asdm.sdm
- script
| -— scriptForImaging.oy
| -— scriptForPI.py
| -- sun_reduction_util.py
—— uid___A002_Xbfb22d_X56f4.ms.scriptForCalibration.py
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HOW TO CALIBRATE ALMA SOLAR DATA?

WHAT IS THE CALIBRATION OF
VISIBILITY DATA?
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HOW TO DO THE CALIBRATION?

Move to the “script” directory that is located under the “untar” directory.

Start CASA
[Caution] The usable version of CASA for calibrating the dataset
obtained in each Cycle is determined!
Cycle 4: CASA 4.7.2
[command on MDAS] /usr/local/casa/casa-release-4.7.2-el7/bin/casa
Cycle 5: CASA 5.1.0
[command on MDAS] /usr/local/casa/casa-release-5.1.0-el7/bin/casa

Current version CASA 54.0
[command on MDAS] casa

Execute the calibration script

CASA <2>: execfile('scriptForPl.py’)
Wait one night. (In case of MDAS)
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EXAMPLE: PROJECT 2016.1.00202.5S
QUIET SUN BAND3 DATA

Files
-rw-r--r-- 1 masumism adcusers 665 Jan 9 15:46 2016.1.00202.S.readme.txt
README file
-rw-r--r-- 1 masumism adcusers 77M Jan 9 15:47 2016.1.00202.S_uid____A001_X8a5_X3e 001_of 001.tar
The meta data of the interferometric observation
-rw-r--r-- 1T masumism adcusers 9.4G Jan 9 15:47 2016.1.00202.S_uid____A002_Xbfb22d X56f4.asdm.sdm.tar
The raw data of the interferometric observation
-rw-r--r-- 1 masumism adcusers 274M Jan 9 15:47 2016.1.00202.S_uid____A002_Xbfb22d_X58cf.asdm.sdm.tar
The raw data of the single-dish observation

After “untar”ing the meta and raw data of the interferometric observation.

2016.1.00202.S
"—— science_goal.uid___A001_X8a5_X3c
‘—— group.uid___A@@1_X8a5_X3d
*—— member.uid___A@01_X8a5_X3e
| -~— README
lI-- calibration
| -- uid___A@02_Xbfb22d_X56f4.calibration.plots
‘—— uid___AQ02_Xbfb22d_X56f4.calibration.tgz

I
I
=
| |-— Imaging.log.tgz
| | -— Solar_uid___A@@1_X8a5_X3e.log.tgz

| —— uid___A@02_Xbfb22d_X56f4.log.tgz

| == product

| | -- uid___A@02_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.flux.fits.gz
| | == uid___A@02_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.mask.tgz
I

|--

I

I

I

I

=

!

“—— uid___A002_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.pbcor.fits

| -— uid___A@02_Xbfb22d_X56f4__qga2_partl.png
| -— uid___A@02_Xbfb22d_X56f4__qga2_part2.png
| -— uid___A@02_Xbfb22d_X56f4__qga2_part3.png
‘— uid___A002_Xbfb22d_X56f4__textfile.txt

“—— uid___AR02_Xbfb22d_X56f4.asdm.sdm
- script
| -— scriptForImaging.oy
| -— scriptForPI.py
| -- sun_reduction_util.py
—— uid___A002_Xbfb22d_X56f4.ms.scriptForCalibration.py

20



AFTER ONE NIGHT

2016.1.00202.S

‘—— science_goal.uid___A@@1_X8a5_X3c

-~ group.uid___A@@1_x8a5_X3d Created directory by “scripyForPl.py”
—— member.uid__ _A0GBO1_X8a5 X3e
| -— README
|-- calibrated

| |-- uid___A@@2_Xbfb22d_X56f4.calibration .
| - uid___A@@2_Xbfb22d_X56f4.ms.split.cal Calibrated data
|-— calibration
| | == uid___A@02_Xbfb22d_X56f4.calibration.plots
| —— uid___A002_Xbfb22d_X56f4.calibration.tgz
| log
| |-- Imaging.log.tgz
| | --— Solar_uid___A@01_X8a5_X3e.log.tgz
| ‘-- uid___A@@2_Xbfb22d_X56f4.1log.tgz
| == product
| | -— uid___A@02_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.flux.fits.gz
| | == uid___A@02_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spwb5-7-9-11_100GHz.sf.12m7m.2D.cont.mask.tgz
| ‘—— uid___A002_Xbfb22d_X56f4.ms.split.cal.Sun_sci.spw5-7-9-11_100GHz.sf.12m7m.2D.cont.pbcor.fits
= GE
| | == uid___A@02_Xbfb22d_X56f4__ga2_partl.png
| | -— uid___A@02_Xbfb22d_X56f4__ga2_part2.png
| | == uid___A@02_Xbfb22d_X56f4__qa2_part3.png
| —— uid___A002_Xbfb22d_X56f4__textfile.txt
| -- raw
| ‘== uid___A002 Xbfb22d X56f4.asdm.sdm
‘—— script
| --— scriptForImaging.py
| -— scriptForPI.py
| == sun_reduction_util.py
“—— uid___A002_Xbfb22d_X56f4.ms.scriptForCalibration.py
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HOW TO SYNTHESIZE SOLAR
IMAGES FROM ALMA DATA?

22



IMAGE SYNTHESIS

At first, Inverse Fourier Transfer
Vobs(u,v)=5(u,v)V(u,v)

S(u,v): Sampling function depended on the location and
number of antennas...

The quality of images created only by Inverse Fourier Transfer is
not good.

Deconvolution

CLEAN m Kameno-sensei Lecture Note. @ Kagoshima-U.
MEM

Sparse Modeling

etc...

23


http://milkyway.sci.kagoshima-u.ac.jp/~kameno/Interferometry2008/Chap06/IF_chap6_all.html

RSYNC PROCESS FINISHED?

Let’s try the image synthesis using CASA

tutorial datasets/

|-—— TP

| -— X5647_11_normcal.ms

|-— X5647_F

| -—— X5647_scriptForSelfCal_Mov_moduse.py
| -— feather_pro.py

|=— -

"—— scriptForImaging.py

24



PLAGE WITH BAND&G
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RESULT OF IMAGE SYNTHESIS

Depending on the operation being run, a subset of the following output images will be written to disk.

imagename = 'try’

try.psf Point Spread Function

try.pb Primary Beam

try.residual Residual Image (or initial Dirty Image)
try.model Model Image after deconvolution
try.image Restored output image
try.image.pbcor Primary Beam corrected image
try.mask Deconvolution mask

try.sumwt A single pixel image containing sum of weights per plane

try.weight Image of un-normalized sum of PB-square (for mosaics and A-Projection)

Viewer command of CASA is “viewer”

casa<?> : viewer
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*.image (image) *.pst (Synth.Beam) * residual (Residual)

X5647_normal.psf—raster
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*.pbcor (PB corrected img.)
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WAHT'S HAPPEN?
m MULTI-STEPS SELF-CALIBRATION!!

X5847_11_selcalF_D00.phcor—raster
| | | | |
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The both images are originated from the same data...
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BApply the cal table

WHAT IS THE SELF-CALIBRATION?

CLEAN components

X5647_normal.model—raster
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-AN EXAMPLE OF SELF CALIBRATION-

CYGNUS "A" OBSERVED WITH VLA

Dirty map (Only Inverse FT)

CLEAN deconvolution

(e) VLA Clean Image

=

Selt-Cal. + CLEAN

Q.

(f) VLA Self Calibrated Image Kellermann, K. I. & Moran, J. M. 2001
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MULTI-STEPS SELF-CALIBRATION
-OR SOLAR DATA (SHIMOJO VERSION)

1 scan data (~’8mins@Band6)

X5647_11_selcal0_000.image—raster

12°26'00"

56"

"X5647 _scriptForSelfCal_Mov_moduse.py”
in the “tutorial_datasets” directory
is the CASA-Python script for the process
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DIFFERENCE OF DATA POINTS
OBTAINED FROM ONE SCAN AND 2 SEC

Data points on u-v plan (1 scans: 8mins) Data points on u-v plan (2 seconds)
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ISSUES OF SELF CALIBRATION

The self-calibration does not works well for MOSAIC observations,
because the time cadence of the MOSAIC maps is not high (> Tmins).

The "multi-steps” self-calibration does not works well for limb
observations, because the signals from the limb are too strong and

cleans the fine structures above the limb caused by the multi-step
method.

| used the normal self-calibration for the limb data analyzed in the
workshop.

The effect of the self-calibration for Band3 data is not so large
because the phase of Band3 data is already good in most cases.



O AVOID

HE VOID LOCATED
AT THE CENTER OF U-V PLAN




VOID OF THE DATA POINTS
ON U-V PLANE

Antennas cannot
approach closer
than 7m (ACA),

ohysically.

he limitation

causes the void of
the data point at

the center of u-v
olane.



SINGLE-DISH SOLAR OBSERVATIONS
WITH ALMA

Fast-scan imaging Double Circle Pattern
double-circle pattern
FoV: 2400" &

One map per ~/mins

AR12470_BBSpw3_SD_L.fits—raster
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is the CASA-Python script for the process.
In the script, the unit conversion
(Jy/beam — K) is also done .
For the process, the RADEC coordinate
of the sun center is required.
You can get the coordinate from "
JPL-HORIZONS web system.
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COORDINATE OF THE FITS FILES

The coordinate of the FoV center in the ALMA FITS is written using “RA/DEC”
coordinate system.

To convert from RA/DEC to Heliocentric (XCEN/YCEN) , we can use the
following web page.

nttp://celestialscenes.com/alma/convert/

The RA/DEC coordinate of the FoV center can be obtain from the FITS
header.

The “reference time” is needed. The time can be seen in the google
spreadsheet.

The image have to be rotated using P angle. P angle can be estimated using
IDL-SSW routine “get_rbOp” and the reference time.
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