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ALMA

Basic interferometry

Today only the very basics covered:

Imaging for full understanding,
check online material ALMA/NRAO

ALMA dataset
Splatalogue

Practice (please install CASA!)



ALMA

Interferometry array of 66 antennas in Atacama desert

Global collaboration between NRAO, ESO, NAOJ & Chile => open access
to all astronomers

Observing 0.3-3 mm (80-900 GHz) at subarcsecond resolution:
=> rotational lines

Sensitivity >100x better than previous interferometers

Data sets are pre-reduced and accessible

through searchable data archive

(proprietary time 1 year only) .
|[deal for astrochemistry!

Large bandwidth in each dataset:

many options to detect lines serendipitously



Basic interferometry

* Basic idea: combining the signal of multiple
telescopes through interferometry for higher spatial
resolution => Fourier transform the signal
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Basic interferometry
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Basic interferometry
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Basic interferometry

 Measuring signal in the "uv’-plane
= Fourier transform of xy-plane

 yvcoordinates are set by
projected baselines (antenna
configuration & Earth rotation)

FT of uv coverage is beam
=> Incomplete sampling:
dirty beam with sidelobes
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Basic interferometry
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lmaging
» Cleaning = Imaging =
Fourier transform (“deconvolving”) while trying to remove sidelobes
e Basic idea
 Deconvolve to create dirty image
» Select a mask region containing clean components (‘model image’)

* Clean task will convolve the clean components with the dirty beam, and
subtract from the data

* Repeat this step on the residuals until side lobes < noise level

* Final output: clean image = clean components+final residuals



lmaging

» Cleaning = Imaging =
Fourier transform (“deconvolving”) while trying to remove sidelobes

e Basic ide=

user interaction
e Deconv € 10 Crealte airty /mage

mask@ontaining clean components (‘model image’)

e Clean task will convolve the clean components with the dirty beam, and
subtract from the data

* Repeat this step on the residuals@e lobes < noise level

e Final output: clean image = clean components+final reSsals
user interaction



CASA

Reducing interferometry data: CASA (python-based)
Inspection basic properties of a measurement set:

* listobs

* plotms

Using CASA:

e np(task), set parameters one-by-one, and go

o task(parameter1=A, parameter2=B, etc.)

Use CASA viewer for checking your final images/cubes

Important note:
=> for running the ALMA calibration (pipeline) script, always use the

proper version of CASA: check README file
=> for imaging the version does not matter (as far as I've seen)



lmaging

n CASA: task clean()

Distinguish continuum and line cleaning:

e continuum
e mode="mfs’
e use only line-free channels
* |ine
 mode=‘velocity’ (or ‘frequency/channel’)
e restfreq="XGHZ’

e do a continuum subtraction first



lmaging

n CASA: task clean()

Distinguish continuum and line cleaning:

e continuum

‘ ) Prepared datasets of this class
e mode=‘mfs Prepared datasets of this class
e use only line-free channels EEElELR T 8y E

e |Ine

 mode=‘velocity’ (or ‘frequency/channel’)

e restfreq="XGHZ

e do a continuum subtraction first EaEEEEMIERNERTT ST



nvert and deconv
‘'measurement.ms'’
'‘'myimage.clean’

v
n . o
=

N T

field e 5
e - IMagin
timerange ..
Uffanqe = ::
vt . Image parameters:
mode = 'velocity' - Input/output file names
nchan -1
et . on - imsize = FOV in pixels [400]
interpolation 'linear’ .
resnooth - False => COover your science target
chanliter = aLse
e /g . furaict => QA2 FOV is large enough for PB, but in disk
gridmode n ¥ studies this can be set much smaller, unless other
st : 0.1 targets nearby
h Ld = : . ; . . | 1
 Tasie o - cell = pixel size ['0.025arcsec']
imagermode ® ‘'csclean’ . . .
e e => ~5-10 pixels per beam dimension
mt < ‘ P~ [] _ . H — 4 1 /1 . 1 /1 . 1
et : U weighting = ‘natural’/'uniform'/'briggs'/etc.
ma

Tmsize => compromise sensitivity and beam size:
phase ' for now ‘natural’

restfreq -

- restoringbeam = fixed beam size ['0.3','0.2','40deg']
=> Only if you want to compare with other data and

restoringbeam = Tl : Co :
beor - False only with realistic beam size
m . . .
usescratch - Fals - pbcor = primary beam correction [True]
allowchunk - False

async = False



lmaging

* Weighting parameter: beam size vs sensitivity

Uniform Briggs Natural
Robust = +0.5
_ (-2 ... +2)
(Super-uniform) | . Basedonuv- | | . » Based on (Tapering)
coverage g:t\rzggr’]m'se noise-level
e Extreme « Smaller beam i d " Larger beam  + Lessweight to
e * Lower PS ;an(;iltji\lfim and |+ Higher PS long baselines:
« Careful with sensitivity . 'Default'ty sensitivity extended
image quality * Problems « Suitable for structures
sampling low S/N * Less relevant
» Suitable for (weak lines!) in disk studies

high S/N until <0.1" data




(Super-uniform)

« Extreme
uniform

« Careful with
image quality

Imaging

Uniform

» Based on uv-
coverage

» Smaller beam

« Lower PS
sensitivity

* Problems
sampling

» Suitable for
high S/N

Recommended for weak lines

Briggs
Robust = +0.5
(-2 ... +2)

* Compromis
between
resolution &
sensitivity

« 'Default’

Natural

Based on (Tapering)

noise-level

Larger beam « less weight to
Higher PS I@ng baselines:
sensitivity xtended
Suitable for gtructures

low S/N « Jess relevant

n disk studies
until <0.1" data

(weak lines!)




# clean :: Invert and deconvolve images
vis = 'measurement.ms'’

imagename = 'myimage.clean’

outlierfile = 2

field -

:2¥;¢idlfl“_ = True | .
tl’?1=;-rik‘:l\«gr:' = m ag | n g
sbservation = .
Lntent

- EAANCETYY Cleaning parameters:
v d: % - niter = # iterations of cleaning [10000]
interpolation = "11 . . .
ewactd ol . lgii’!e => set to large number, but interactive
chaniter aLse
wi e - threshold = level where cleaning should

stop

niter
gain
threshold

=> typically 2-3 sigma, but interactive

P> ' WSSt

imagermode
cyclefactor
cyclespeedup

- interactive = cleaning mode [True]

(O B | N
(g
wv
(g
'—J
D
o)
b= |

=> unless mask and threshold well- defined,
always clean interactively

-

- - mask = mask used for cleaning
cell = ['1.0arcsec'] . .
et ‘ => can be taken from previous cleaning,
A B Rt using the filename myimage.clean.mask,
o e L otherwise created in the beginning
restoringbeam = =
pbcor = False
minpb = 0.2
usescratch = False
allowchunk = False
async = False



# clean :: Invert and deconvolve images

vis

imagename

outlierfile

field

Spw

selectdata
timerange
uvrange
antenna
SCan
observation
intent

nchan
start
width
interpolation

"E;‘ "

'measurement.ms’
myimage.clean'

True

‘velocity’
-1

‘linear’

Imaging

Line cleaning parameters:
- mode = 'velocity'/'frequency'/'channel

=> for continuum, mode="mfs'

- nchan = # channels [50]

gridmode

niter

gain

threshold

psfmode

imagermode
cyclet

cycles

cegup

o W

multiscale
interactive
mask

imsize

cell

restfreq
tokes

uvtaper
modelimage
restoringbeam
pbcor

minpb
usescratch
allowchunk
async

500

B
'9.6mly’
‘clark’
‘c¢sclean’
159

-1

(]
False

[]
[256, 256]
[*1.0arcsec']

=> |ine width!

- start = start-velocity [-5 km/s'] - width = velocity
bin ['0.5 km/s']

=> S/N!

- outframe = velocity frame ['LSRK']

=> important, especially with multiple spws!

- restfreq = frequency molecule ['345.79600GHZ']
=> accurate! Check databases

- stokes = Stokes parameter ['I']

=> sometimes accidentally set blank



lmaging

e Demonstration clean of 13CO 6-5 line on screen



ALMA dataset

* All data public after 1 year in ALMA science archive:
http://almascience.nrao.edu/aqg/

- Query Form ‘
Search | Reset

Paosition

Source name (Resolver)
Saurce name (ALMA)
RA Dec

Calactic

Angular resolution
Largest angular scale
Field of view

Observation

Line sensitivity (10 km/s)
Continuum Sensitivity
Walter vapour

Energy

Freguency
Bandwidth

Spectral resolution

Band

Project

Project code
Project title

Pl name

Proposal authors
Project abstract
Publication count
Science Keywarc

Time

Observelion cale
Integration time

Publication

Bibcode
Title

First author
Authars
Abstract
Year

Polarisation

Folarisation Lype

Options

View:
© raw data
project

publication
public datz cnly

Query Help

science observations only


http://almascience.nrao.edu/aq/

ALMA dataset

e Data from archive are being calibrated and
reduced (script or pipeline instructions

provided)
 Measurement set contains all raw (calibrated) Name ¥ Size - Type
data before imaging @& calibrated ~ 10items Folder
« A downloaded dataset tarball: ' & calibration 12items Folder
: . : ) » B o 7 tems Folder
« product fits files (images of lines that were -
selected by Pl in proposal) * & product 4tems' Folder
. fU” dataset 'Q qa 24 tems Folder
. B raw Oitems Folder
* raw data: run script to get measurement |
. . . . » Bl script 8 items Folder
set for imaging in calibrated
_ _ _ » B selfcal 110 items Folder
e Sscript. contains scripts used by ALMA
i README 6.3kB Text

e ga: quality check of calibration

product: fits files

4+ one of the
README: comments of reducer ce with

tutorials

nded to practi

Recomme

online ALMA CASA reduction




Splatalogue

 ALMA has large spectral windows: potential to find
many lines (many more than intent of the PI!)

* Problem with ALMA data: lines not easily visible In
the interferometry data => cleaning required

* First find out which lines are present in a frequency
range => splatalogue



Splatalogue

e http://www.splatalogue.net

* Online easy-access catalog for molecular lines, using data
from various databases (CDMS, JPL, SLAIM)

Quick Picker

COv=0D
cl’o

CH:;OH V[ = O

HCNv =0
HB3CNv =0
DCNv=0
CS

NH-

Cll

ol
H,Ov=0
SiOv=20

1Ol

splata!@gué W i

Becov=0

c180
(H0 database for‘astrenomrcal spectroseopy

HNCv=20

HCSN v =0 Search:

HCO*v=0 ‘Any

H130o+ ALMA Band 3 (84-116 GHz)

c Telescope Bands: ALMA Band 4 (125-163 GHz) | Redshift:

Energy Range: Min Max O EL (em™) EL(K)

TN Frequency Range: Frequency Unit: GHz B

HDO Min Max

+ Frequency - Frequency Search



http://www.splatalogue.net

Splatalogue

* Either search for properties specific molecule (transitions, rest
frequencies, energy levels, Einstein A-coetfticient, etc.)

* Or search within a frequency range
 Use Advanced rather than Basic
e Set energy level < .
Why"?
o Set minimum Einstein A coefficient
* \WWhat molecules do you expect?

o Careful with “observed transitions”: be ready for surprises!



Practice!

* S0 let’s get started with the dataset! ¢ 690 GHz conlinuum
1.0
¢ |[RS48: 05
disk with asymmetric 0.0
continuum and BCO 6-5 o5
ine

—-1.0

=> |et’'s see what else Is In there

* Continuum imaging as well for practice
but try to focus on the lines

For more information and experience, check out
online CASA ALMA tutorials:

https://casaguides.nrao.edu/index.php/ALMAquides



https://casaguides.nrao.edu/index.php/ALMAguides

Next week(s)

March 1st: Colloguium llse Cleeves
March 2nd: Student presentations

March 9th: Student presentations
April 4th: ALMA preparation workshop (entire IfA)



Useful links interferometry

« NRAO CASA guides:
https://casaguides.nrao.edu/

 ALMA Proposer’s guide, Technical handbook, etc.:
https://almascience.nrao.edu

« NRAO Synthesis imaging workshop:
hitps://science.nrao.edu/science/meetings/2014/14th-synthesis-
imaging-workshop/lectures

« CARMA Summer school:
http://w.astro.berkeley.edu/~wright/school 2014.pdf

* |IRAM Interferometry Summer school:
http://www.iram-institute.org/EN/content-page-331-7-67-331-0-0.htm|



https://casaguides.nrao.edu/
https://almascience.nrao.edu
https://science.nrao.edu/science/meetings/2014/14th-synthesis-imaging-workshop/lectures
https://science.nrao.edu/science/meetings/2014/14th-synthesis-imaging-workshop/lectures
http://w.astro.berkeley.edu/~wright/school_2014.pdf
http://www.iram-institute.org/EN/content-page-331-7-67-331-0-0.html

