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ALMA

* Array of 66 antennas in Atacama desert in
Chile at 5100m elevation

e Started operations in 2011

* Global collaboration between Europe, North
America, Chile and East Asia

* Budget 1.3 billion $ for operation of 30 years

» Sensitivity 100 times higher and resolution
200 times better than previous
interferometers

¢ Resolution down to 0.01”!

* ALMA:
* 12m-array: 50 antennas, 10 possible configurations with baselines <16 km
e 7m array (ACA): 12 antennas
* Total power array: 4 antennas



ALMA bands

« ALMA Bands: atmosphere

Atmospheric tranamission at Chajnantor, pwv = 0.5 mm
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Why interferometry?

JCMT: single dish (15m)




Why interferometry?

Wavefront/atmosphere ~. =/  Source

Single dish (15m):

R~ — ~ 14" > disk size
D

Telescope 1 Telescope 2
Baseine Interferometer:
5 p 4 ’ A

R~ 2 ~04"(B =500m)

~ 0.02" (B = 10km)

A~ 1mm



Interferometry

Interferometers multiply signals
from pairs of antennas to obtain
samples of a complex function
called the Visibility.

The Visibility is a Fourier
Transform of the sky brightness.

The samples measured
depend on the antenna separation,
orientation, and observing
wavelength.

Imaging require an inverse
Fourier Transform of the samples
and mitigation of sampling
sparseness (CLEAN lecture)

Credits to Logan Francis



Two-element interferometer

/ ° Let’s imagine a pair of antennas
separated by baseline distance b
observing a source in direction s at
frequency v.

e Each antenna collects and amplifies
the signal to measure a voltage V
oscillating at w = 2mv.

e The same signal reaches both
antennas, one sees a delay 7

V,=Vcos[w(t—T,)] V,=Vcos(wt)



Two-element interferometer

e e The signals are digitized, then

y multiplied and averaged in a
correlator to produce fringes with
response R .

e Fringe amplitude « Source
L brightness.

Fringe phase is sensitive to source

h Zr .
. . position.

)
V,=Veos[w(t—7,)] V,=Veos(aut) .
f An .
e A ;
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Complex correlator

e What if we observe an extended source I(s)?
e (Cosine correlator is only sensitive to even
component of extended sources.

e Add 90° delay to make sine correlator and
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measure odd component too. A
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Bandwidth and
fringe tracking
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Finite bandwidth attenuates fringe amplitude
away from meridian.

Earth’s rotation moves sources through
fringes rapidly.
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Solve both problems by
adding extra delay to track a
reference “phase center’.



Primary beam

Parabolic antennas are not
uniformly sensitive — emission
away from primary beam center
attenuated.

Physically track the motion of the
source to compensate.
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Coordinates

uv-plane coordinates

¢ Image plane: | and m are angular
separations on sky East/West and
North/South, respectively.

¢ Visibility (uv) plane: u and v are
spatial frequencies East/West
and North/South, respectively.

e U and v are wavenumbers, i.e. the \
length of a baseline in cycles of
the observing wavelength.




Fourier transform

e The Fourier transform relationship between the image and uv-plane is now:

Viu,v) = // I, (1, m)e™ 2+ vm) gl dm

e Our goal - measure I(l,m) from our samples of V(u,v).
e With complete sampling of V(u,v) we could simply apply an inverse Fourier
transform to recover I(I,m):

l m ﬂ u ?,’ 27r2(ul—|—vm)dudv



Sampling the visibility

Each unique baseline vector b measures a different spatial frequency
determined by the projected baseline length in units of the observing wavelength.
Assume we observe a point source at a wavelength of 1 mm with a single
baseline: 20 m baseline

uv-plane sampling
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Sampling the visibility
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Sampling the visibility
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Sampling the visibility

Baseline projection changes as
the Earth rotates!

This allows us to fill in the
uv-plane over time.
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Sampling the visibility

e Baseline projection changes as
the Earth rotates!
e This allows us to fill in the 40000 .

uv-plane over time. s
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Sampling the visibility

e Baseline projection changes as
the Earth rotates!

20 m baseline, 6 hours of observing
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Sampling the visibility

e We also can improve our uv-coverage by adding more antennas
with different separations.
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Sampling the visibility

e We also can improve our uv-coverage by adding more antennas
with different separations.
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: 40000 1.0
30
12.5
20
10.0 20000
— - 10
£ \ g
: s o ((())Y) Ee
< 50| £_10
—20000
2.5 -20
0.0 . —40000 =300 0 -20

-10 0 10 —-40000 20000 O 20000 40000 I (arcsec)
E/W (m) va)



N/S (m)

Sampling the visibility

We also can improve our uv-coverage by adding more antennas
with different separations.
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Sampling the visibility

e We also can improve our uv-coverage by adding more antennas
with different separations.
5 Antenna Array 5 Antenna Array, 6 hours of observing
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Frequency dependence

Sampling the visibility

5 Antenna Array, 6 hours of abserving (1 mm)
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Don’t worry! Using data will clarify a lot!



More background

e |nterferometry is a deep topic - these will help:

e NRAO Summer School Lectures - perfect for beginners, has recorded
lectures and slides:
https://science.nrao.edu/science/meetings/2018/16th-synthesis-
imaging-workshop/16th-synthesis-imaging-workshop-lectures

e Essential Radio Astronomy - beginner textbook
https://www.cv.nrao.edu/~sransom/web/xxx.html

e Interferometry and Synthesis in Radio Astronomy - extremely technical
but comprehensive textbook: https://link.springer.com/book/
10.1007/978-3-319-44431-4

e ALMA Documentation - See the proposer’s guide and primer for easy
introduction, and the technical handbook for detailed inquiries.
https://almascience.eso.org/documents-and-tools/cycle-9-documents



Fourier transform iIn
practice

- Amp{V(u,v)}

§ Function . Constant

(Gaussian Gaussian




Fourier transform
In practice

Amp{V(u,v)}

elliptical elliptical
Gaussian Gaussian
Disk Bessel

Sharp edges!



U [Kfo Wavelength)

Fourier transform In
practice

- * At each u,v point you measure
Real and Imaginary
(as function of time and frequency)

% B
. ) e The “Real” represents radial variations
- ”"\\\\ * The “Imag” represents azimuthal variations
e I i — 2 2
g\# Mo Amplitude = sqgrt(Real2+Imag?)
u "l 7
P 4,// * Deprojected baseline = sqgrt(uz+v?)

100

0
V [Kile Wavelength]



Fourier transform In practice

» Visibility curve: amp vs uv-distance

Uranus (predicted)

at 2012-C4 01/14:1%.00 UTC (MDD 55018.59) far alma cycleO.exterded &g
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Two major issues when Fourier transforming:
maximum resolvable scale and incomplete PSF



ALMA interferometry

* Every antenna is connected with every
antenna (baseline)

 So 3 antennas: 6 baselines, 4 antennas:
24 baselines, etc.

* Each baseline (interference pattern)
provides a resolution element or spatial
scale M/B (B = baseline length), which

* ALMA: can be described as point in the u,v-
* 12m-array: 50 antennas, 10 possible plane
configurations with baselines <16 km
e 7m array (ACA): 12 antennas * Remember: for observing, you want to
* Total power array: 4 antennas ‘fill the u,v-plane’ as much as possible to

cover all possible spatial scales and get
a nice clean beam



ALMA: uv-plane

Tvpical uv-coverage pre-ALMA

— e — — - —

* The u,v-plane can be considered the Fourier | ZEEESTIR
. . . Z7 @‘-“’:::';:—:%; =2, N
transform of the x,y-plane: imaging interferometry Pl ST N
data means Fourier transforming it £y ﬁ Z@,{ 2NN
£ . A9 @) ) e Nl
- \\\\ “\ ? N & M\ ,':
* The u,v-coverage : ” ‘y.&@ﬂ, 2, AV
S e
* The sampling of the u,v-plane: the better it is Ngp oz 2"
filled, the more accurate your image will be e so_ 27
e The Fourier transform of the u,v-coverage = = Aeded T

gives you your beam or PSF: perfect coverage
results in a perfect Gaussian beam, imperfect
coverage results in a ‘dirty beam’ with

sidelobes =

P

* Coverage at long baselines means you are o
sensitive to small spatial scales: coverage at 5
short baselines means you are sensitive to -_s
large spatial scales => you usually cannot have 2

both at the same time!

A 4 L 4 4 4 '
1.5 0 05 0 0.5 1.0 -1.5
Baseline length u [MA)



ALMA interferometry

Table A-1: Angular Resolutions (AR) and Maximum Recoverable Scales (MRS) for the Cycle 7 Array configurations

Band Band
Config ' Lmax Band 3 4an Band 5 Band 6 Band?7 Band 8 Band 9 ua)n
) 100 150 230 460 650 870
Lmin GHz GHz Ll GHz o GHz GHz GHz
C431 161 m AR 34" 2.3" 1.8" 1.5 1.0" 0.74" 0.52" 0.39"
Each configuration has a
1Sm MRS 28.5" | 19.0" 15.4" 12.4" 8.3" 6.2" 4.4" 3.3"

limited number of baseline
C43-2 314m AR 23" | 15" 1.2" 1.0" 0.67" | 0.50"| 0.35"| 0.26" |engths, or a limited
number of spatial scales

15m | MRS 22.6" 15.0" 12.2" Q8" 65" 49" 3.5" 2.6"
you are sensitive to
C43-3 500 m AR 1.4" 0.94" 0.77" 0.62" 0.41" 0.31" 0.22" 0.16"
15m MRS 16.2" | 10.8" 87" 7.0" 47" 3.5" 2.5" 1.9" MRS: maximum
recoverable scale
C434 784 m AR 0.92" 0.61" 0.50" 0.40" 0.27" 0.20" 0.14" 0.11" .
AR: angular resolution
15m | MRS 11.2" 7.5" 61" 49" 3.3" 2.4" 1.7" 1.3"
C43.5 1.4 km AR 0.54" 0.36" 0.30" 0.24" 0.16" 0.12" 0.084" 0.063"
15m | MRS 67" 45" 3.6" 2.9" 1.9" 1.5" 1.0" 0.77"
C43-6 2.5 km AR 0.31" 0.20" 0.16" 0.13" 0.089" 0.067" 0.047" 0.035"

15m MRS 41" 2.7" 2.2" 1.8" 1.2" 0.89" 0.63" 0.47"



Dirty beam
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Demo uv-coverage

e ALMA simulation in CASA: provide an
image and the details of the requested
observations (configuration,
integration time, declination of source,
frequency) and compute how your
iImage would look like when observed

e Two main differences between
convolution and ALMA simulation:
spatial scales + side lobes

e Difference generally gets worse in
more extended configurations: less
u,v-coverage at long baselines

u,v-coverage

5h ALMA observation

20000 -

15000 -
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5000 -
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Demo uv-coverage

Convolved Simulated

min=-2.02-0&
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Model image
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Note that only 2/3 of total
flux is recovered in C8



Demo uv-coverage

Interferometers have a

spatial sampling and T -

beam shape determined Fourier Domain (uv-plane) Sampling What ALMA sees:
by their configuration.

Extended array o

configurations (large wor. Rl el
uv-distances) sample o R

small scales. v ol awimEReae
Compact array S ! — v
configurations (small

uv-distances) sample

large scales. g S o



Demo uv-coverage
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Demo uv-coverage
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BACKGROUND

Interferometry

Antenna positions

Resolution = 0.67

Max baseline = 600 m
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Demo uv-coverage
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Demo uv-coverage

44

Interferometry Convolution

Importance spatial scales



About spectral windows

eg Band 1 LO;
0 1

- e >

Lower and upper side
band with multiple
spectral windows

lower sideband Vo upper sideband v

«+ » < > < >
4 GHz 8 GHz 4 GHz

Observed Frequency
345400 45,50 46400 46|50 4

R R R R R K R A R R K R R K R R R A

';

In each spectral window _ h3CHIOH vi=0 202,01-311.3) ++
___EiC2v=014(2,12)-13%2,11)
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About spectral windows

|||||||||||||||

* Frequency sf)méctral windows always within USB
and LSB: LO +/- IF (IF~4-8 GHz)

 ALMA: B9 double, other bands dual SB:
freedom In frequency range



About spectral windows

e Basic setup: 4 basebands of 3840 channels each
around LO frequency

e Max 4 spectral windows within each baseband

e Compromise: bandwidth (line width, multi-line
coverage, continuum bandwidth) or spectral
resolution (velocity resolution)

 Observing frequency: depends on Earth velocity
at time of observing, so sometimes multiple
spectral windows when observed multiple times

Observed Frequency
| ZIS{m | | | | 220{% | | | | zzslm | | | | zao{m | | | | 2351% |

]kw.ndm

I 215] I I | | 22_0] I I I I 225] | | | | 2301 | I | I 2351 1

Rest Freauency



Calibration

* \We measure amplitudes and phases of sources
* Time dependent:
e \Weather
 Atmosphere
* Antenna response
* Instrument response
* Moving antennas
e Etc.
* So we have to calibrate for each antenna all the time

 ALMA calibration is done for you (QA2) so basics only now



Observatory calibrations

These are done rarely, or when
antennas are moved.
For each antenna, calibration

measurements are made for:
o Array Position
o Focus
Pointing/astrometry
Surface accuracy
o Primary beam pattern




Science observation
calibrations

e The following calibrations are done for every ALMA observation:

o Data Flagging

o System temperature Measurement

o  Water Vapor Radiometer Corrections

o Bandpass Calibration

o  Flux Density Scale Calibration

o Phase (gain) Calibration

o Check source observations (long-baseline/high frequency only)
o Polarization Calibrations (polarization observations only)
o
o

Self-Calibration (ALMA user applied! Friday Workshop :) )

e We'll go through (most of them) one at a time.



Data flagging

Some problems can completely

ruin data, e.g:
o Broken antennas
o Carrelator glitches
o Telescope shadowing
o Radio Frequency Interference
o  Bad calibration solutions

When this happens, the bad data
Is removed or “flagged”.
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System temperature

System temperature = noise added to observations.
r =T +T +T +T +T_ +T , where:
sys g sky SpHi 0ss cal x

T,. = noise contribution from microwave and galactic backgrounds

T, = noise contribution from atmospheric emission

T ., = noise contribution due to ground radiation (spillover and scattering)
T... = noise contribution due to losses in feed

T, = naise contribution due to injected noise
I = receiver noise temperature

n

Need to measure T . to get correct data weights!
Measure calibrator hot/cold “loads” (resistors) and sky contribution.

Ozone Atmospheric line
"
TSYS table: tsyscal Antﬂnmwpstul AntennaTSOVASLISpWySEsl Antenna®™SOVAsLISpays2al Antenna='DVOS' Spw='23'
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; n !».
K
800 #bb L \ 800 MW
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| -

L L A A
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Water vapor

e \ariations in water vapor in antenna
LOS causes significant phase

errors.

ALMA 12m antennas have
radiometers that measure water
along LOS every 1.1s to correct for

this:
WVR CORRECTIONS
DV16-1km south DABO- lkm north
150 , . 150 .
lf\'l ""\A M\
100f A \ 1 weop ) : y /*{h -
5 sof 'V Lf\./ Wy / MW so), 'l V\“‘* ' g Ndb
s ol Mg "WoWH W)
& -SOFN\‘ \\"“ ’“1'\“ ' { =sof W M ‘\»'\f"
~100 VV ~100 ~

=150

—-150

0 200 402) 60C BOO 1000 O

200

40C 600 E&DO 1000

-
Water vapor delays
radio waves.




Calibrator source

Flux, bandpass, and phase (gain) calibration vary on short timescales and
require observing additional calibrator targets:

1d

v
10 +
£ Bj Flux & BP Primary/secondary
l gain calibrators
- (e.g. when one more nearby, but other brighter)
cienc
% target

l i < oy o sl PR - < _.';..; ' g
st 2 . % X - R 5
ol o AR e REED e N o DO PR s -
3 [N RS2y oA P AL U L el o il g e ™ F AN
I Ll L . ' v Al ' L4 Ll Ld 1 T . 2 4 ' L2 ' T v 1

00:13:20 CO 30 00 D0 45 40 01:05:20 01:20:00 0l 3¢ 4o
Time (from 2011/04/22)



Flux calibration

Flux Calibration

e Ideally: observe a mm source of
known brightness and scale our
visibility amplitudes.

e Problem: the mm sky has few
suitable calibrators!

e Option 1: Solar System bodies

e Pros: bright, flux known to 5%

e Cons: not always observable, low
flux on long baselines...

Amplitude

Baseline length



Flux calibration

Flux Calibration

e Option 2: Quasars
e Pros: Bright, point-like, all over the

Amplitude

sky I
e Cons: Time variable Flux! Baseline length
e ALMA's solution: Observe many
quasars regularly with solar system - Tek
objects in “grid” over the sky. e .
e Observing an ALMA grid quasar Pood [T m
with science targets provides ~10% - i A W

accuracy at 233 GHz (band 6) o®



Bandpass calibration

B table: bps Antenna='DASS" B table: bps Antenna="DA56"

‘:
AV Ll N - 1
105 } p‘ R . \%‘.' & _ ) ¥
“ #:.v" &( » a“ J v, ; 10
. v BER TN . “w
' VN,

-
-

E 100

Gain Amplitude
-

Gain Pha d
¢
g

e Correct Amplitude and Phase e e~ T
across bandpass by observing

da CallbratOr B table: bps _Antenna="Dv1Z o B table: bps __ Amtenna=DV12" |

¢ Usually done once before/after g 1o Ny wins | ¥ PN £~
: . g PR o, T, : | KA D -
science target observations. frofs W S ] YA NANS

. s
é 0 20 40 -0 BD 100 120
Channel Channe



Phase calibration

Phase (gain) Calibration Ry
00'%0.
% .
C ' "’}f.f‘.‘-'
e Atmospheric turbulence causes 2 .'.o'"*"
: : o
large, time variable phase il e
observations during an @ it comin Mgt
observation. —
e Short science target scans are |
bracketed by observations of a R
phase calibrator. E
. . . 8 - Primary/secondar)
e Calibration solutions are § IREERE et
. t | t d . t t . 1 — (e.g. when one more nearby, but other brighter)
interpolated in time to science SR
observations. | l |
llﬂm-nm-mulM. - mu

Time (from 2011/04/22)



How do we image
(‘clean’) visibility data?

Why do we need to clean?



Recall: sampling

Effects of Sampling

e Describe sampling of uv-plane with function S(u,v):
Vobs = S(u, v)V(u,v) S(u,v) = Z O(u—u;, v—v;)+0(u+u;, v+uv;)
1

o If we take the Fourier transform of V__, we obtain the true sky brightness
convolved with the Fourier transform of S:

B(l,m)=F{S(u,v)} I+«B=F SV}

e B is known as the “dirty beam” or “synthesized beam” and is how the
array sees a point source. I*B is thus called the “dirty image”.



Dirty imag

e
“dirty beam” YRR s D W
; L 6 G P S(u,v)
e . I - i dlrt\ lma(m




Dirty | |mage

I(L.m)*B(Lm) ©
»

Dirty Map

Visibility

Sampling Function

R (f)
Viu,v)S(u,v)

i’,w:
-'\"o.o'« 2

Sampled Visibility




Image units for radio
astronomy

A Jansky (Jy) is a unit of spectral
flux density for radio telescopes.
Image units are often in Jy/beam, a
unit of spectral intensity.

The beam is the solid angle of the
telescope point spread function.
Flux is calculated by integrating the
intensity over the angular extent of

the source. F, = // I,dfS2
SOUTCE

W

Hz - m?

Beam solid angle

1Jy =10~



What is the beam?

For interferometers, the beam size
of the synthesized beam main
lobe.

The Full-width at half-maximum
(FWHM) of a Gaussian fit to the
main lobe is typically used.

For interferometers, the single dish
response is called the primary
beam.

€181 0.174 0,145

£0.0244
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Weighting schemes
visibilities

Uniform Briggs Natural
Robust = +0.5
(-2 ... +2)
(Super-uniform) Based on uv- . Based on (Tapering)
coverage » Compromise noise-level
Smaller beam between Larger beam Less weight to
' Eﬁffrrr?,e Lower PS resolution and Higher PS long baselines:
» Careful with sensitivity . sDe gfsalﬂ?gty 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




Examples weighting

e We typically include the weights in our expression for the sampling function:

S(u,v) = Z wi (0(u — ui, v — v;) + 0(u + uj, v + v;))

2

Natural Robust 0.7 Uniform Tapered Uniform
Bm : 5.6 arcsec Bm : 4.0 arcsec Bm : 3.2 arcsec Bm : 8.0arcsec
0.1 sidelobe 0.05 sidelobe +0.03,-0.08 sidelche 0.01 sidelobe

& ..




Weighting schemes -
natural

Not all data is created equally - each visibility sample has an uncertainty

determined during calibration.
A “Natural” weighting scheme weights the i'th according to its uncertainty:

1
w; — —5

Natural weighting provides optimal sensitivity for point source detection.



Weighting schemes -
uniform

The dirty beam has large sidelobes due to the sparseness of uv-plane
sampling.
This can be mitigated by increasing the weight of sparsely sampled regions of

the uv-plane: 1
w; = (-) /W),

2
Iy

Wk Is the local density of data points in the uv-plane, which has been binned
into k cells of size 2/FOV.
Uniformly weighting data increases the image noise.



Weighting schemes - briggs

e Brigg’'s weighting scheme attempts to find a good compromise between

uniform and natural weightings.
e The "robustness” parameter R takes values between -2 (essentially uniform)

and 2 (essentially natural).

1 ll. - (,g,"' ) |.5 + 10 lf)l
W = = S = 4 . wwr a9 e T
o L+ WS- e

e R=0.5 provides a good compromise for most ALMA data, but you should
experiment and choose what's best for your data!



Weighting schemes -
tapering

Long baselines may contribute significantly to high sidelobes in the dirty beam.
Short baselines recover extended structures which may be of interest.

We can optimize for this by multiplying our data weights in the uv-plane by a
Gaussian, thus “tapering” out the effect of long baselines.

This throws away data and increases noise!

weight

uv-distance



Examples weighting

e We typically include the weights in our expression for the sampling function:

S(u,v) = Z wi (0(u — ui, v — v;) + 0(u + uj, v + v;))

2

Natural Robust 0.7 Uniform Tapered Uniform
Bm : 5.6 arcsec Bm : 4.0 arcsec Bm : 3.2 arcsec Bm : 8.0arcsec
0.1 sidelobe 0.05 sidelobe +0.03,-0.08 sidelche 0.01 sidelobe

& ..




The CLEAN algorithm

The CLEAN algorithm (Hogbom
1974 ) attempts to deconvolve the
image and remove the effects of
the dirty beam.

Criginal dirty mage Fmnal model image

€00

£0C

700

C
0 <0C

100

600 8o 1000 200 100 600 &0 Lo

See hitp://nesanders.qgithub.io/gICLEAN/examples.html

1. Produce an initial dirty image | p
2. Find brightest point 1 g in Ip

3. Subtract from the image the dirty beam B
scaled and shifted to peak at ylg, where y<1.

4. Add a point source of brightness ylg to
“clean” model image.

5. Repeat Steps 2-4, replacing | p with the

subtracted map from the last iteration. Stop
when |g is comparable to the noise level in

the map.

6. Convolve the “clean” model with an

iIdeal “clean” beam, typically a

Gaussian fit to the main lobe of the

dirty beam.

/. Add dirty image residuals to clean image.




CLEAN in action

Cleaned image
iteration 1 . Difference image

1000
800
600
400

200

0 200 400 600 800 100D 200 400 600 800 10 '50

Left: residual image. Right: Removed model x Dirty beam



CLEAN in action

CLEAN provides an impressive increase in image quality!
CLEAN works well because we know our images are sparse and mostly
empty of emission.

Minal mode image Final model + residuals

Orig nal dirty Iimags

1000

aoc

600

400

200

0 2C0 400 E0D aco 1 20C 400 500 830 D 200 400 630 800 1200



CLEAN and CASA

Using CLEAN with ALMA data is usually done
with the CASA package.

Set of C++ tools for radio data reduction with
python bindings.

Includes it's own python installation.

Formerly python 2, new versions will use
python 3.

Documentation:

https://casa.nrac.edu/casadocs/casa-6.1.0

CASA Tutorials: Common Astronomy
https://casaquides.nraoc.edu/index.php?title=Main_Page Softwa re Applications




CASA basics

Interface provides an ipython interpreter — rogeaerrrera—

depending on whether the shared libraries

and GUI output logger. are cached or not.

Radio redUCtion tOOIS available aS “taSkS” IPython 5.1.0 -- An enhanced Interactive Python.

PLIPELINE CASA 5.6.1-8 -- Common Astronomy Software Applicaticns

l.e. python functions.
Useful commands:

casaVersion = 5.6.1-8
imported casatasks and tools using taskinit *

C++ shared library loaded successfully

o execfile(scriptname) - execute commands in a > CrashReporter initialized.
Enter for help getting started with CASA...
Scrlpt Using matplotlib backend: TkAgg
o inp taskname - check task inputs -
. . BAS— g M ssanyes (Mo Tog an /e asa 2000003190009 b
o help(taskname) - get task documentation in A T e T G
termlnal ]-‘";C'ZC\-OS-Z..? 19:€0:232 ;;; ok Ilf‘“":'_ '

. —

s:Casa

o doc(taskname’) - get task documentation in i
web browser

o go faskname - run task with current inputs

o tget iaskname - get inputs last used to run task

-l I elr 1 ark wrrall




CLEAN in CASA

e CLEAN can be used through task fclean
in CASA.

¢ Huge number of inputs - but only a
handful at a time are needed.

datacolunn
Lmagename
imsize

cell
nhaserenter
stokes
projection
startnodel

fastnoise

restart
savemodel
ralcres

calepsf
parallel

‘corrected’

[106]
["larcsec’']

III
*SIN'

‘mfs’

‘standard’

‘natural’

[]

R R LR R

3 4 B % M N e 3 N 3

$ % o M 3

#
%
%
5
*
#
&

S 3 3 4 4 e e e N N

M ot t N N N 4

LA

Name of input visibility file(s)
Enable data selection parameters
field(s) to select

spw(s)/channels to select

Range of time to select from data
Select data within uvrange

Select data hased on antenna/basel ine
Scan nurber range

Observation ID range

Scan Intent(s)

pData column to 1mage(jata,correct90J

Pre-name of cutput 1mages

Number of pixels

Cell size

Phase renter of the image

Stokes Flanes to make

Coordinate proection

Name of starting model image

Spec.ral definition mode
(mfs,cube,cubedata, cubesource)

Reterence frequency

Gridding options (standard, wproject
widefield, mosaic, awproject)

Name of Veltage Pattern table
PB gain level at which to cut off
normalizations

Minor cycle algorithm (hogbom,clark,n
ultiscale,mtmfs, mem, clarkstokes)

Do restoraticn steps (or not)

Rec<toring beam shape to use. Default
ic the PSF main lobe

Apply PB correction on the output
restored image

Name of vullier-field image
getinitions

weighting scheme
(natural,uniform,briggs,
briggsabs[experimentall)

uv-taper on auter haselines in uv
plane

Maximum number of iterations

Type of mask(s; for deconvolution:
user, pb, or auto-multithresh

Mask (a List ot 1mage name(s) or
region file(s; or region string(s)

primary beam mask

True: use the faster (old) noise
calculation. False: use the new
improved noise calculations

True : Re-use existing images. False

Increment imagename

Options to save model visibilities
(none, virtual, modelcolumn)

Calculate initial residual image

Calculate PSF

Run major cycles in parallel




Basic tclean parameters

Most parameters for tclean can be left as default.

Pay attention to datacolumn - ‘corrected’ contains calibrated data, if present.
field - defaults to select every observed source (a bad idea)

spw - selects all channels/windows by default - fine if there are no spectral lines

# tclean :: Radio Interferometric Image Reconstruction

vis = Name of input visibility file(s)

selectdata = = True Enable data selection parameters
48 field(s) to select

spw(s)/channels to select

Range of time to select from data

Select data within uvrange

Select data based on antenna/baseline

Scan number range

Observation ID range

Scan Intent(s)

¥
#
#
#
¥
#
#
#
¥
#

datacolumn
imagename
imsize
cell
phasecenter
stokes
projection
startmodel

(I |

‘corrected’ Data column to image(data,corrected)
ol Pre-name of output images
(100]

['larcsec’']

Number of pixels

Cell size

Phase center of the 1mage
Stokes Planes to make
Coordinate projection

Name of starting model image

.I.
‘SIN®

LR R IR

B 8K 000



Basic tclean parameters

e Specmade:

o ‘mfs’ = multifrequency synthesis - used for continuum
'‘Cube’ used to image spectral lines

e reffreq - reference frequency of image - defaults to average across selected spw
e pbcor - correct for antenna primary beam - important for sources on field edge.

Spectral definition mode
(mfs,cube, cubedata, cubesource)
Reference frequency

L R

I standard’ Gridding options (standard, wproject,
widefield, mosaic, awproject)

Name of Voltage Pattern table

PB gain level at which to cut off

normalizations

0.2

R L

Minor cycle algorithm (hogbom,clark,m
ultiscale,mtmfs, mem,clarkstokes)

Do restoration steps (or not)

Restoring beam shape to use. Default
1s the PSF main lobe

Apply PB correction on the output
restored 1mage

T
x
#
#
#*
=
=




Basic tclean parameters

e Weighting - ‘'natural’, ‘uniform’ and ‘briggs’ available (and others...).

Weighting scheme
(natural,uniform,briggs,
briqggsabs[experimental])

Robustness parameter

Number of pixels to determine uv-cell
size

uv-taper on outer baselines 1in uv-
plane

=
=
#
#
=
#
i@
=




Basic tclean parameters

niter - just set to some huge number if you don’'t know what to use

threshold - can be used to instead of niter, e.g ‘3 mJy’, set to expected noise
level in image.

Interactive - Set to “True” to show GUI interface

Maximum number of iterations

Loop gain

Stopping threshold

Multiplicative tTactor tor rms-based
threshold stopping

Maximum number of minor-cycle
1terations

Scaling on PSF sidelobe level to
compute the minor-cycle stopping
threshold.

PSF fraction that marks the max depth
of cleaning in the minor cycle

PSF fraction that marks the minimum
depth of cleaning in the minor cycle

Modify masks and parameters at
runtime

=
=
#
=
=
=
=
=
=
=
=
=
£
=
=
=




Example

uam  wieky aml lotls vkw  nels

9.0 Q0w Dl ma L 8 G005
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I ) e Tris Oharns & Thie Feia-tatizn B Arwn
o ¢ @ oLnInne ¢ ERPOATIINOIE U o 6
ax 1yt en ey LS 3 et d Rl rniah:
10C I 2303 I:1-'. 3.267TeRly
Disaly & X |Cursors

RS L L SEERTSTRN I

Serpeac_8 resicuc roster 0. 1707

T 18:20 55 .47 01,23,

F Swips s OB neak

0
29 .747
LeanTowre

Bclean(vis='Serpens Main 856 €8 spochl cont
field='Serpens Main 856 68
datacolumn="corrected’,
imagename='Serpens 08",
specmode="mfs",

Spw="'",
imsize=[160, 100],
cell='0D.3arcsec’,
weighting='briggs’,
robusi=6.5,
niter=9999,
interactive=Iirue)

4

18"23"57 6 E7N 0

IC3E Sigh




INFO

~fincImage
~fineImage
~finelmage
wiweight ()
~gRecight ()
nvolubion
~lteration
-2 :makePSF
L8itivity
whntBeamSet
~imaryBDeam
~AajorCycle
.mageStats
~mageSLals
~SetupMask
~SetupMaak
wotivemask
~teraction
wnageSLals
«~amagcStato
«~inarcycle
~SConvolve
~Sconvolve
~icnRecord

Impars
Shapa

Sel imaging welghls
Ncrmal robustneoao,
Set Deconvolution Optiona ror [Sarpens 08]

start
[Lo0,

100, 1,

1) Spectral :
Set Gridding cptiomns for |Serpens 08] with ftmachime :

1 Brigys welghling: sldelobes will be suppressed over [ull image
robust ~ 0.5

Example

: haghom

Set lteration Control Options

[Serpens D3]

Feak residual

[3.43%0%e+11] at [0] with increment [1.58B443e+10)
gridft

(rax,min) over full image :

[Serpens_08)! Total Model Flux : 0
Initializing new mask to 0.0 for interactive drawing

[Sarpens_D&]

[Earpena DE] Numbar of pixels in the alean mank : @ out of a total of 10000 pixals.
[Serpens DS.mask] Mask moditied trom 0 pixels to 10D pixels

[Sexpens DO)
[Serpens D8]

[Serpens_08]

Mask changed interactively.

Peak resldual

(max,min) within mask »

Total Model Flux : 0

[Serpens D8]
[Sexrpens D8]

Completed 10

Run Hogbom minor-cycle |

iters=0->10
iterations.

(0.94841,-0.118535) over full image

----------------------------------------------------------- e L e
|[Serpens_08] Thecretical sensitivity (Jy/bm):0.C00533952
Ream : 5.B82657 araomeac, 2.8B888% arcosen, -78.1369 deg
i b D C DR _Lcar modcl onto nage cxrid (o)
----------------------------------------------------------- Run Major Cycleée 1 ------cccerecrecrcmcncccncencecnnnns

(0.94841,-0.264522)

[o%]

(0.94841,-0.264522)

oMoty e rter T toTy
CycleThreshold=0.367768, CycleNiter=100, Gain=0.1

[10)., model=0->0.61882, peakres=0_94B41->D.333689, Reached cyclethreshold.

In logger
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Example

Tclean results

N a =12 NS e e o ~y Ty
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Z15kms™
43°54'05"
10"
)
Q
g " .
g 15.
J
a
a ]
20"
25"

10"27m53.0°

Jybm™
Q.00 0.01 0.02 D.03 0.04 0.0 0.068 0.07

Line cleaning

e Use specmode="cube’ and subparameters to image spectral data

52.0° 51.5°
RA {J2000)

51.0°

50.5°

'radio’

linear’

1

-
b
=
=
i
B
=
&
=
=
a
=
=
it
-
3
o
=
=

Spectral definition mode

(mfs, cube, cubedata, cubesource)

Number of channels 1n the output
image

First channel (e.g. start=3,start="'1.
IGHz ' ,start="15343km/s " )

Channel width (e.g. width=2,width='0.
IMHZz ' ,width="10km/s"')

Spectral reference frame 1in which to
interpret ‘start’' and 'width'’

Velocity type (radio, z, ratic, beta,
gamma, optical)

List of rest frequencies

Spectral interpolation
(nearest,linear,cubic)

Number of channel chunks

whether to calculate weight density
per channel in Briggs style
welghting or not



Multiscale

ogoom resiauais

e CLEAN creates models of the sky
using collections of point sources.

e This is not optimal for very
extended sources.

e Multiscale cleaning allows CLEAN
to use extended Gaussian-like
functions for creating a model.

Multiscale clean Multiscale residuals




CASA inspection

ABAur cort.ms ANTENNA

B ABAur_timebin.ms > ASDM_ANTENNA

ABAur_timezbin.ms.contsao » ASDM _CALATMOSPHERE >

. lictobe.lact ASDM_CALWVR »

e Measurement set: folder ASOM.CORRELATORMODE »
¥ siz14_twhya.tgz ASDM_RECEIVER -

StrUCture Wthh can Only twhya » I ASDM_SESUMMARY

ASDM_SOURCE

be read/edited with CASA! CALDEVICE |

DATA_DFSCRIPTION
FEED

FIF D

FLAG_CMC

e Usual extension .ms but

] OBSCRVATION
b 'th . POINTING
Can e any Ing POLARIZATION
. PROCESSOR

convenient
SPECTRAL WINDOW
STATE
SYSCAL
SYSPOWER

* Do NOT change any of bl

table.f

data or names inside table.2

ahle 13
table.f4

folder or it becomes

table.f6
unreadable et
table.f8
table t9
table.f10
table.f11
table.f12



CASA inspection

e listobs(vis=‘mydata.ms’) => basic observational data in logger

Tme Priniity Txighn Mnzangn
2020-09-22 23:5L:55 4mrv listeds:is:
2020=09=%2 23:51:55 THAFO listobs::z:4+ FIRPSANCS2ANPLAAF PR AFFRAAFFSPUFFSRIEESRY
2020=09-22 23:51:%% IRFO listobs::r:+ $44## Begin Task: listobs 13221
2020-09-22 23:151:55 Lmev ligtedests: Lietobe(vie="AsaAur_timedin.me”,selectdata=rrue,spu= ' field= " ,amtenma='",
2020-09-22 23:51:55 1mro listehn: 122+ uvranges " eimpranga="" _sarralation="" seans’" intppes=""
2020«=D9«22 23:51:55 IRFO listobs: ::: 4 feed="" array='' cbservation='' verbose=True,listliile="",
2020-09-22 23:5.:8% Imro listobssisas lissunfl~ralue, cachesize~%50, cverwrcite~ralse)
2020-09-22 23:51:55 1mro SRR LRuUmRArY ===== = ==
2020«D9«32 23:51:55 THAFO ~Slisummary+ VeasurenentSet Name: /Osers/nienke/docunents/ALNA/Deno=ARAUY/ARAUYr timebin.ms ¥S Version 2
2020«09-22 23:51:5% mrO 5! ISuUmmALy+ ==s == = = ==
2020-09-22 23:5L:55 4urv w21 1BUMDALY vbserver: yawentang vrojact: uld:///a001/030/86.2
2020-D9-22 23:51:55 TNEFO -A::summary+ Obsprvakian: ALMA
2020«D9«22 23:51:5% IWFO 5! isumDaALy+
2020-09-22 23:51:88% Imro PCERE T TSR Teolurcopue Observation Date Obsucver Pruject
2020-09-22 23:51:55 imro ~A:iRuUmMMAryY+ ALMA ] C.914560+09, 4.91455ar09 ) yaunrtang uid://R001 /X0 /KBL2
Z020=D9«3%2 23:51:55 THFO ~Siisummary+ RLMA [ £.94376e+03, 4.343Tia+09] yaunntang uid: //AO0T/Xa0 /X612
2020=09-22 23:51:%% Imro ~Properties Computing scen and subscan properties...
2020-09-22 2385L:55 4urv LRS! tSUMRAry Laca recordes lic5s4 Total elapced time = 2.9i084e+0) soconde
2020-D9-22 23:51:55 THFO ~A::summary+ Dhsarved from 12-Aug-2014/10:38:53.1 ta 16-Jul-2015/12:06:13.3 (DTC)
2020«09-22 23:51.5% IRFO RS ! SUDEArY
2020-09-22 23:51:88% zmro w81 I EUMRALCY ObsecvationIn - O ArcayIbD - ©
2020-09-22 23:51:55 1mrO -A:tSuUmAAEY+ unea rimarange [U1C) mean  rldid rviplduane RIEOWE Spwids Average i1ntarvalys) Neanintant
2020«D9«22 23:51:5% IRFO ~5!:sumpary+ 12«Aug=2014/10:38:53.1 = 10:43:41.1 11 0 ab aurigae 15120 |O0,1,2,3] [5E.7, 536.7, 56.7, 56.7] [O33ERVE TARGET$#0N SOURCE)
2020«09-22 23:51:5% mro 5! ISuUmmALY+ 10:45:47.0 « 10:92:58.5 14 0 ab_awrigae 17640 10,1,2,3] 97.5, 57.5, 57.9, 57.5) [O3SERVE_TARGET§ON_SOURCE)
2020-09-22 23:51:585 dmrv wB11BUMMALY+ l0t56130.0 - 1110211%.0 18 0 ab_awrigae 15120 190,1,2,3) (56.7, 36.7, 56.7, 56.]] |USSERVE_LTAHGELTUN_SOUKCE )
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CASA inspection

e plotms(vis=‘mydata.ms’) => plot visibility data

L N PlotMS
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CASA | NS ection

e plotms(vis=‘mydata.ms’)

=> plot visibility data

(@) @] PlotMS
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CASA | NS ection

e plotms(vis=‘mydata.ms’) => plot visibility data

PlotMS
ﬁ Flag Tools Annctate Options Amp vs. UVdist

Data
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CASA inspection

® 00 PlotMS
ﬁ Flag Tools Annotate Options Amp vs. UVdist
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CASA inspection

e Datasets can be huge: some tips to reduce (before imaging/plotms)
e Split out what you need (field, spectral window, channels)
 Bin in frequency (for continuum)

e Bin in time domain (if no visibility analysis)

CASA <76>: inp
————————— > inp()
# split :: Create a visibility subset from an existing visibility set
vis = 'ABAur_timebin.ms' # Name of input visibility file
outputvis = A # Name of output visibility file
keepmms = True # If the input is a Multi-MS the output
# will also be a Multi-MS.
field = '3 # Select field using field id(s) or
# field name(s)
sSpw = '1:100~1000" # Select spectral window/channels
scan = - # Scan number range
antenna = . # Select data based on antenna/baseline
correlation = o # Select data based on correlation
timerange = A # Select data based on time range
intent = . # Select observing intent
array = i # Select (sub)array(s) by array ID
# number.
uvrange = . # Select data by baseline length.
observation = ' # Select by observation ID(s)
feed = . # Multi-feed numbers: Not yet
# implemented.
datacolumn = 'corrected’ # Wwhich data column(s) to process.
keepflags = True
width = 3840 Number of channels to average to form
one output channel
timebin = '30s' Bin width for time averaging

Span the timebin across scan, state
or both

combine

LB S



Continuum vs line

Example full spectrum

Molecular lines
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line

Continuum vs

Example full spectrum

Molecular lines

-

/

NO'HD

349.0

348.8

348.6

348.4

348.2

Frequency (GHz)

=A NSOH= = = = e S

Dllllll.l.ﬂ‘

HD

-

tzﬂo Vl Rp——

NO'HO o I~
e @ w3 9 & = 3
o o o o o - I

o

;_,.v z_m...g xn|4 .

Continuum



line

InNUuUm vs

Cont

vy

MNP V3. FITyuvil

isibility plane

Example in v

‘3

.
-3

0.8 —

0.6 —

345.830 345.840

345.820

Frequency (GHz) TOPO

345.810

345.800



Continuum vs line

e Continuum

Thermal dust emission

Select channels without line
emission and average them
using split() command

Averaging results in much
higher SNR

Clean using
specmode=‘mfs’

e Line

Molecular line

Subtract the continuum in the
visibility plane using the
uvcontsub() command, by
specifying channels without
line emission

Clean using specmode=‘cube’

Velocity mode: set
outframe=‘LSRK’!

Set velocity resolution and rest
frequency



Molecular lines

* Molecular line spectroscopy

Each molecule emits through a number of transitions, depending
on local density and temperature

Each transition has a unique frequency (fingerprint):
the rest frequency

Molecular lines are broadened by kinematics:
e Shift by source velocity: few km/s for nearby disks
 Broadened profile by disk rotation

Velocity resolution ALMA can be very high (10 m/s)! Depends on
user settings (proposal)

Rest frequencies and more: https://splatalogue.online//




ontinuum vs line

Continuum
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About spectral windows

Practice: output listobs ()

Spectral Windows:

SpwID
19
23
25
27
a7
51
53
55
75
79
81
83
103
107
109
111

Sanveoas s

Name

X11359233434ALMA_RB_064BB_2#5W-01#FULL_RES
X11359233434#ALMA_RB_064BB_4#SW-0l#FULL_RES
X11359233434#ALMA RB 064BB_1#SW-01#FULL_RES
X11359233434ALMA RB 064BB_3#SW-0l#FULL_RES
X11359233434#ALMA RB 064BB_2#SW-Ol#FULL_RES
X11359233434#ALMA_RB_064BB_4#5W-01#FULL_RES
X11359233434#ALMA_RB_064BB_1#SW-0l#FULL_RES
X11359233434ALMA RB_064BB_3§#SW-01#FULL_RES
X11359233434ALMA RB_064BB_2#SW-01#FULL_RES
X11359233434ALMA RB_06#BB_4#SW-O0l1#FULL_RES
X11359233434#ALMA RB 064BB_1#SW-O0l#FULL_RES
X11359233434ALMA_RB_064#BB_3#5W-01#FULL_RES
X1135923343#ALMA RB_064#BB_2§#SW-01#FULL_RES
X11359233434ALMA RB 064BB_4#SW-01#FULL_RES
X1135923343#ALMA RB_064BB_1#SW-Ol#FULL_ RES

X11359233434ALMA RB_O64BB_3#S5W-Ol#FULL RES
17

#Chans
128
128

1920
1920
128
128
1920
1920
128
128
1920
1920
128
128
1920
1920

Frame
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO
TOPO

(16 unique spectral windows and 1 unigue polarization setups)
ChanWid (kHz)

ChO (MHz )
233201.518
218493.923
230522.724
220396.747
233198.091
218490.620
230519.421
220393.445
233194.079
218486.755
230515.556
220389.579
233193.692
218486.382
230515.183
220389.206

15625.000
-15625.000
976.562
-976.562
15625.000
-15625.000
976.562
-976.562
15625.000
-15625.000
976.562
-976.562
15625.000
-15625.000
976.562
-976.562

TotBW(kHz)

2000000.0
2000000.0
1875000.0
1875000.0
2000000.0
2000000.0
1875000.0
1875000.0
2000000.0
2000000.0
1875000.0
1875000.0
2000000.0
2000000.0
1875000.0
1875000.0

CtrFreq(MHz)
234193.7059
217501.7354
231459.7354
219459.7354
234190.2783
217498.4328
231456.4328
219456.4328
234186.2664
217494.5673
231452.5673
219452.5673
234185.8796
217494.1946
231452.1946
219452.1946
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About spectral windows

Amp vs. Frequency
)=

In practice:
output plotms ()
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Detections and non-detections
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Detections

Get information about flux, size, etc. either with viewer or using imfit()

A3AurJits—raster

41 Macs a9
C'4 C'D 4’*.-' oO ‘{‘Gjog

J2000 Right Ascension

Chawls
7] 'mages
Rate: 1¢ 01
0 9 Curscrs
Ml ABAur fits-raster
- g71l1l%a~02 Jy/basn Pixal: %3 <
Q6 Regions
Propertics - ol Fit Fie Histogram
ABAur.fits
Frequency Velodity Stokes Rrightnesslinit
3377362+ 114z 5033.37km/s | ly/beam
BeamArea Npts Sum HuxUDensity
18.76€02 2436 3.795384e+C0 1.8920721e-01
Mean Rms Std dev Minimum
1.558040e-03 2.334777¢-03 1.739234e-03 -5.386664e-04
Maximuem regivn coant
7.600433e-03 1



00

Properties . . Fit File

Non-detections/noise

Regions

Histogram

member.uid___A001_X133d_X1bad._SSTc2dJ160714.0-385238__sci.spw19_21_23_25.cont.

Frequency

350153e+11Hz

BeamArea
35.8425

Mean
2202865e-06

Maximum

1320873e-04

Velocity

-6073.67km/s

Npts
4068

Rms
3.732565e-05

Stokes
|

Sum
8.961256e-03

Std dev
3.726517e-05

Measure noise in emission-free region

BrightnessUnit
Jy/beam

FluxDensity
2.432313e-04

Minimum
~-1.160252e-04



Non-detec

Cormmon Pzramelers

lons/noise

Good practice: compare esinaion [ 74ano00

with theoretical noise

Ohsaruing Frequenoy

Polarisation % _v|

46

using ALMA sensitivity Observing Bang [AA FE 07 |

Bandwidth per Polarization

calculator

Water Vapour

Column Density

7.5000CC

(®) aunamatic Chalca

1.262 71 (4th Octilg) w

) Manual Ghoiza

Trx, tau, Tsky 72 K, 0.211,4T918K
Tsys 109842 K
Individaal Paranelers
12 m Array 7 m Array Total Power Array
Number of Antennas 4= 10 7 | 5
Resolution [ n 0 v | diLses w [ 2R
Sensitivity {rms) [ B5.62091893932167 2.6653848046728538 v miyw [ 5.246033011230592
Equiunient 1o Unkrown Unknown mK W | D597
Integration Time [ 5 &0 S oW [
Integration Time Unit Option  Aulwrmnulc
Sansitivity Unit Option  Aulumnz.c

Calculats Integraton 1ime Ceiculate Sensibiuty

https://asa.alma.cl/SensitivityCalculator/



Import/export

* For operations outside CASA, export your images to a
fitsfile using exportfits()

 For most operations in CASA and CASA viewer, import
your images to an image file using importfits() if not yet in
fits format



Another useful tool:
CARTAVIS

File View Widgets Help m /000 ~

WCS: (17:96:20,.704, ~20:37327.47); Imagu: (377, 1i4); Value: 06.1727%e~-) Jy/bwuasn . Image Active .. Region Active Statisti': Mean ~ Poarizaticn

A\

: Preguency (LSRK): 230.5336 GEz: Velocity: 5.769¢ km/s: Polarization: Stokes I

Image Active Region Active Statistic  Mean Polarizaticn

Rght as
mage List
Image Matching Chamel Polarization

HD16329€_CO_21.Mits (x¥]zr) £8 Stokes |
HDI162296.13C0_2~1.Mts ! XY 4 ¥ 20 Swkes |

HNMRS296 . CIRN_2-" fas Q Xy 7 < £0 Smkasg|




More information

* ALMA proposer’s guide:
https://almascience.nrao.edu/proposing/proposers-guide

e ALMA CASA tutorials:
https://casaguides.nrao.edu/index.php/ALMAguides

e NRAO 17th Synthesis Imaging Workshop 2020:
http://www.cvent.com/events/virtual-17th-synthesis-
imaging-workshop/
agenda-0d59eb6cd1474978bce811194b2ff961.aspx
(online lectures)


https://almascience.nrao.edu/proposing/proposers-guide
https://casaguides.nrao.edu/index.php/ALMAguides

ALMA archive

» ALMA data becomes public after 1 year and is provided
with reduction script and basic reduced fits files!

 ALMA archive: https://almascience.nrao.edu/asax/
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ALMA archive

e Often many datasets: figure out what you need

7 Observations (22) I M X % ¥ =
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ALMA archive

e Download:

¢} — 20131.00226.S Ikca 15

e Check what you need

ALMA Request Handler

Anonymaous User: Request #1853683801122 v

Reguest Tide: click W odit
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Select what you need and
click Download selected

Script recommended:
easy to continue

Keep in mind that datasets are
huge, 100s of Gb!

Need storage, also for
reduction

Different Cycles: different
CASA versions to reduce

ALMA archive

Choose one of the following download methods:

Download Script

Java Download
Manager

File List

The downloads a-e sarpted for you. You just
need lo execute the scriol frem the
command line, fier making it executable by
fypi‘lg chmed u+x download*.sgsh

ALMA's dcwnicad manager had to be
d econtinued due to changes in java. Please
use one of the other opticns nstead.

View a lex!| ile vonlaning a list of URLs. This
Is useful for using third-party download
manager's such as DownThemAll.

X




ALMA archive

’ i__‘LcUUldtBL' -
Full dataset: folder structure > I8 callbeation
& log
README: B product
comments reduction, ——
CASA version 3 st
README

Raw: raw data (ASDM)
Script: contains main calibration scripts
QA: quality assessment

Type

10 tems Folder

12 items Folder
7 items Folder

4 items Folder

24 items Folder

O items Folder
8 items Folder

(_.) 3 kB Tl’lﬁt

Product: basic reduction: often very large and unnecessary!

Calibration: calibration tables
Calibrated: measurement sets (after running script)



ALMA archive

e Trick for quick look at product fits files: NAOJ fits archive!
https://jvo.nao.ac.jp/portal/top-page.do

e Fill in program number and browse through fits images

| ALMA FITS Archive : Project Info

Project Code: 2013.1.00220.5

© ALMA Sci Portal

[ Snow al the dets inc uding calbration (. flux fts, * pb Fts, terget—Jtasn]+ Jwe#), dulicetad, and deprecatad date.
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https://jvo.nao.ac.jp/portal/top-page.do

ALMA archive

ALMA data is quality assessed (checked for noise/beam size
proposal: QA1 and QA2) and basic reduced (product fits files)
but often room for improvement

Possible improvements: additional flagging, combination of
configurations, self-calibration, imaging (weighting, velocity
resolution, etc.)

Recommended to download raw data, run calibration script and
redo imaging for the purpose of your science.

Very annoying: many different incompatible CASA versions
required. Possible solution next year with ARCADE environment.

Product fits files can be used for initial inspection, but often not
science ready



Now It’s your turn!
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WE WANT YOU!

TO REDUCE ALMA DATA




ALMA reduction

e Today: ALMA CASA tutorial TW Hya
e Download and install CASA

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

= A first look at imaging in CASA 6.4: This guide gives a first look at imaging and image analysis in CASA.
= A first look at self-calibration in CASA 6.4: This guide demonstrates continuum self-cal.
= A first look at spectral line imaging in CASA 6.4: This guide shows imaging of a specitral line.

= A first look at image analysis in CASA 6.4: This guide demonstrates moment creation and basic image analysis.

e Tomorrow: pick your project from an unpublished dataset with
many resolved protoplanetary disks

(already calibrated and split out science targets: start directly
from the measurement set)

=> goal: produce images, analyse them and present on Friday!


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

Questions?

Dr. Nienke van der Marel
astro@nienkevandermarel.com
http://www.nienkevandermarel.com
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