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Outline

PART 1 : What does ALMA data comprise of 
- what sources are observed and why

- top-level overview of calibration

what the observatory 
does (QA talk next)

what you get to work 
with (hands-on 

session)

PART 2 : What is in your ALMA data 
- what do you get

- how is everything organised

- how can you look at things


INTRO : mm-interferometry 
- aperture synthesis




INTRO

Aperture Synthesis
- combining multiple antennas to achieve an angular resolution equivalent to a very large filled single dish


- each baseline, or antenna pair measures a single spatial scale (size) - this is one component of a Fourier 
transform (power spectrum) of the ‘on-sky’ brightness distributions of an Astronomical Target  



INTRO

Aperture Synthesis
- combining multiple antennas to achieve an angular resolution equivalent to a very large filled single dish


- each baseline, or antenna pair measures a single spatial scale (size) - this is one component of a Fourier 
transform (power spectrum) of the ‘on-sky’ brightness distributions of an Astronomical Target  

baseline length 
governs the Angular 

Resolution: 
~𝝺/B 



INTRO

Aperture Synthesis
- each baseline records visibilities, a complex number, measured in U,V* space


- visibilities can be understood as an amplitude (flux) and phase (position**) component

 

Time delay for 
signal to reach one 

antennas vs the other - 
geometric delay 

Signal from Target

Projected 
Baseline (accounting 
for angle of elevation) 

*can be though of as the Fourier transform of X,Y grid

** for a point source the phase would be zero - target at the pointing centre (important later)

physical 
separation on the 

ground

Correlator



INTRO

Aperture Synthesis

*can be though of as the Fourier transform of X,Y grid

** for a point source the phase would be zero - target at the pointing centre (important later)

- each baseline records visibilities, a complex number, measured in U,V* space

- at any given time (during an observation) the baselines track over U,V space 

Short snapshot (few min)
Single baseline tracks 

the U,V point (slight arc 
due to time)

Image Credit - T. Hunter

shorter baselines



INTRO

Aperture Synthesis

*can be though of as the Fourier transform of X,Y grid

** for a point source the phase would be zero - target at the pointing centre (important later)

- each baseline records visibilities, a complex number, measured in U,V* space

- at any given time (during an observation) the baselines track over U,V space 

Short snapshot (few min)

Image Credit - T. Hunter

Let the Earth rotate - ~2hours



INTRO

Aperture Synthesis
- a better filled U,V coverage will better represent the true on sky brightness distribution

Image Credit - T. Hunter

Do the 
Fourier 

Transform* 

*van Cittert-Zernike 
theorem



INTRO

Aperture Synthesis
- a better filled U,V coverage will better represent the true on sky brightness distribution

Image Credit - T. Hunter

Better images 
with few artefacts, 
more certainty on 
image structure









Any questions at this stage? 



PART 1 : What does ALMA data comprise of 
- what sources are observed and why

- basic overview of calibration



ALMA Technical Handbook
an overview of all 

material ALMA related is 
here

more detail about 
data and calibration 
than I can cover here

Part 1



What sources are observed and why
Target : We want to do science 
- of course we need to look at our target of interest 

- data would be recorded in our selected Spectral Windows


Part 1

single 
setup with 4 wide ~2GHz 
SpWs trying to cover H2O 

simple 
setup with 4x wide ~2GHz 
SpWs trying to cover H2O 



What sources are observed and why
Target : We want to do science 
- of course we need to look at our target of interest 

- data would be recorded in our selected Spectral Windows


Part 1

complex setup with two 
basebands splitting into 4x and 2x 

groups of narrow SpWs

complex setup with one 
baseband splitting into 3x and one as 

full wide SpW



What sources are observed and why
Target : We want to do science 
- of course we need to look at our target of interest 

- data would be recorded in our selected Spectral Windows


and……we use many 
antennas, what about 

instrumental effects or the 
atmosphere?

Part 1



What sources are observed and why
Part 1

time

in
te

nt

Bandpass : We measure over a frequency range  
- very bright point-source* which has no spectral 
features over our range of interest 

- corrects variations in antennas and signal path 
(receivers etc)

*we know how the visibility  PHASE should look

Target      
- of course we need to look at our target of interest 

- data would be recorded in our selected Spectral Windows


so-called “scan” of a 
particular intent. Made up 

of many short 3-6s 
“integrations”



What sources are observed and why
Part 1

Bandpass        
- very bright point-source* which has no spectral 
features over our range of interest 

- corrects variations in antennas and signal path 
(receivers etc)

time

in
te

nt

Flux : We need to have a corrected flux scale 
- observe a known ‘flux’ point-like or solar system 
amplitude calibrator**

*we know how the visibility  PHASE should look
**can often use the Bandpass if we know it’s flux well

time

in
te

nt

Target      
- of course we need to look at our target of interest 

- data would be recorded in our selected Spectral Windows




What sources are observed and why
Pointing : We have to ensure we look in the correct 
direction 
- the telescope is calibrated to know positions, but we 
have to check during the observations

- if antennas don’t respond correctly we need to know

Part 1

time

in
te

nt



What sources are observed and why
Pointing           

- the telescope is calibrated to know positions, but we 
have to check during the observations

- if antennas don’t respond correctly we need to know

Part 1

time

in
te

nt

time

in
te

nt

oh yes, this is also 
fundamental !

Gain Calibrator : We are looking through the 
atmosphere 
- changes in amplitude and refraction caused by the 
troposphere with time

- look regularly at a point-source calibrator



Part 1

not all 
baselines are 
drawn

different baselines see different fluctuations causes by variable 
atmospheric ‘cells’, changes the arrival of the wavefrontTroposphere



Part 1
the tropospheric ‘layer’ moves with time (wind) -> variable 

wavefront -> variable PHASE changes

not all 
baselines are 
drawn

Troposphere



Troposphere
Part 1

one baseline, see 
phases are variable with 

time - these are point-source 
- i.e. should be ZERO 

phase

AP
PL

Y 
SO

LU
TI

O
N

S

calibrators are ZERO after 
solutions are applied

these are target scans - we 
don’t know what the targets is 
doing we INTERPOLATE the 
phase solutions to correct it



What sources are observed and why
Pointing           

- the telescope is calibrated to know positions, but we 
have to check during the observations

- if antennas don’t respond correctly we need to know

Part 1

time

in
te

nt

Gain        

- changes in amplitude and refraction caused by the 
troposphere with time

- look regularly at a point-source 

time

in
te

nt

System Temperature : Amplitude scale correction 
for receiver and sky 
- correctly scale from instrument units to flux also 
accounting for looking through the atmosphere time

in
te

nt



What sources are observed and why
Part 1

a good fraction of 
time, sometimes ~half 

the observation is 
required for 
calibrations 

* ALMA also can measure the PWV content 
on different antennas and also proves a 
‘phase’ corrected - this is the WVR system  
-this is always ‘ON’ for the 12m array

*



Data get calibrated ready for imaging
Part 1

Correct Phase of 
Bandpass Calibrator vs. 

time

Bandpass AMP and 
PHASE vs. Freq.

Correct Phase of Flux 
Calibrator vs. time

Flux Calibrator single 
AMP scaling value
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Key: Correct Correct 

temp solution / apply action permanent solution / apply action

Correct Phase of Gain 
Calibrator vs. time (every 

integration)

Gain Calibrator AMP 
scaling with time

Gain Calibrator Phase 
per scan

SCIENCE TARGET(s)



Data get calibrated ready for imaging
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Data get calibrated ready for imaging
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Data get calibrated ready for imaging
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Data get calibrated ready for imaging
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Any questions at this stage? 



PART 2 : What is in your ALMA data 
- what do you get

- how is everything organised

- how can you look at things




Part 2
you’ll also want the 

ASDM (big) to restore and 
image the data

Download from Archive



can be multiple if you 
have different array 

configurations

can be multiple, 
different sources or 

spectral setups

Folder breakdown : From the Science Goal 
- Group Observation Unit Set (GOUS)

- Member Observation Unit Set (MOUS)


Part 2

science_goal

GOUS_uid…..

MOUS_uid…



Folder breakdown : From the Science Goal 
- Member Observation Unit Set (MOUS)       ‘working area’

- all directories inc, raw data stores the ASDM (ALMA science data model), 


Part 2

science_goal

GOUS_uid…..

MOUS_uid…

script qa logproduct calibration raw(data)

only if you selected 
rawdata / ASDM to 

download



Part 2

script qa logproduct calibration raw(data)

MOUS_uid…

member.uid…..…calimage.pipeline_manifest.xml

member.uid…..…calimage.piperestorescript.py

member.uid…..…calimage.pipescript.py

member.uid…..…hifa_calimage.pprequest.xml

member.uid…..…scriptForPI.py

member.uid…..…scriptForImaging.py
member.uid…..…scriptForImagingPrep.py

wrapper to restore 
the data and arrange 

directories ready for any 
imaging

if you want to re-run 
all the Pipeline again

this is the 
restore of the 

calibration and QA that the 
ALMA analysts/pipeline 

made

member.uid…..…hifa_calimage.pldriver_report.xml

if an analyst had to 
add anything, do 
‘special’ imaging, 
version dependent

related to running the 
pipeline at the ARC



Part 2

QA0 report are for 
the Execution Block 

Name, basic 
‘instrument’ check

script qa logproduct calibration raw(data)

MOUS_uid…

member.uid…..…hifa_calimage.weblog.tgz

we look at this 
later - full details of 

calibration and image 
processing

summary of the QA2 
product and important 

comments from the data 
analyst

member.uid…..…qa2_report.pdf (html*)

uid…..…qa0_report.pdf (html*)

*version dependent (CASA/Pipeline)



Part 2

Group of (i) Primary Beam 
corrected image, (ii) primary beam 

image, (iii) clean mask region, for the 
calibrator intent e.g. ’Bandpass’ = 

‘bp’, for a single SpW ‘XX’

script qa logproduct calibration raw(data)

MOUS_uid…

member.uid…..…_bp.spwXX.mfs.I.pbcorr.fits (.gz*)

member.uid…..…_bp.spwXX.mfs.I.pb.fits (.gz*)

member.uid…..…_bp.spwXX.mfs.I.mask.fits (.gz*)

intent:  ph (phase), chk (check)

member.uid…..…_sci.spwXX.mfs.I.pbcorr (mask/pb).fits (.gz*)

As above three groups, 
for the Science target, for a 

given SpW. MFS - multi-frequency 
synthesis -> ‘continuum per 

SpW’

member.uid…..…_sci.spwXX_XX_XX_XX.cont.I.pbcorr (mask/pb).fits (.gz*)

member.uid…..…_sci.spwXX.cube.I.pbcorr (mask/pb).fits (.gz*)

member.uid…..…_sci.spwXX.repBW.I.pbcorr (mask/pb).fits (.gz*)

cont - all SpW 
together

cube - per SpW 

repBW - 
representative Bandwidth - 

one SPW - with channel 
binning



Part 2

script qa logproduct calibration raw(data)

MOUS_uid…



Part 2

script qa logproduct calibration raw(data)

MOUS_uid…

CARTA

ALMA Archive (preview)



Part 2

list of ‘CASA’ equivalent calls 
that could be written out to show 

the process of what the ALMA 
pipeline is doing

script qa logproduct calibration raw(data)

MOUS_uid…

member.uid…..…casa_commands.log

casa-2024xxxxxxx.log*

*version dependent (CASA/Pipeline)



Part 2

per EB name, 
stored flagging 

processed

script qa logproduct calibration raw(data)

MOUS_uid…

member.uid…..…hifa_calimage.auxproducts.tgz

member.uid…..…caltables.tgz

member.uid…..…ms.flagversions.tgz

member.uid…..…ms.calapply.txt

per EB name, 
equivalent ‘applycal’ 

commands

all tables made at the 
ARC for calibrating the data 

- used in the “restore” 
process

Extra file related to e.g. 
fluxes assigned from the 

catalogue, continuum ranges 
from Pipeline imaging



Part 2

script qa logproduct calibration raw(data)

MOUS_uid…

uid…..asdm.sdm*ALMA science data model 
(ASDM) file, i.e. the raw data 

*could be a tar at download, but downloader wrapper untars this

for each Execution Block



Part 2

script qa logproduct calibration raw(data)

MOUS_uid…

TERMINAL

> casapy-6.6.1-17 —pipeline



Part 2

script qa logproduct calibration raw(data)

MOUS_uid…

calibrated

TERMINAL

> casapy-6.6.1-17 —pipeline

……….

CASA (1) >  execfile(“member.uid……scriptForPI.py”

untars all files needed, 
makes correct directories 

and runs the 
“piperestorescript.py”

working rawdata products



Part 2

calibrated

symlinks of data and 
files needed

working rawdata products

actually runs CASA and 
the ALMA pipeline here

typically links back to 
‘calibration’ folder

You now have “uid…..ms”  (or also .cal) 

these are calibrated data and can be 

imaged - with Pipeline or CASA ‘tclean’



Part 2

can also request from the 
EU ARC to calibrated the 

data for you



Part 2



Part 2

Department drop down

You need to add the project

Make sure to select the sub 
category

MOUS list: 

uid___A001_Xxxx_Xxxx

SUBMIT



MORE READING:

ALMA documents - almascience.org/documents-and-tools  
ALMA technical handbook / proposers guide (above) 
Archive Primer - almascience.org/documents-and-tools/
cycle11/archive-primer  
Online “I-Train” tutorials - almascience.eso.org/tools/eu-arc-
network/i-train 

Interferometry Schools:  
    - NRAO Synthesis imaging workshops 
    - ERIS European Radio Interferometry Schools 
    - IRAM Interferometry schools



THANK YOU - any questions ???



Extra Slides



Bandpass correction
Per antenna : Solve amplitudes and phases with frequency 

Part 1

AMPLITUDE PHASE 

take note of the scale



Bandpass correction
Per antenna : Solve amplitudes and phases with frequency 

Part 1

AMPLITUDE PHASE 

SOLUTIONS

Flat with frequency 
and correct scale 3.98 Jy 
(also had flux correction 

applied)

phase at zero - point 
source at pointing centre



Part 1
System Temperature : Amplitude scale correction 
for receiver and sky 
- correctly scale from instrument units to flux also 
accounting for looking through the atmosphere



Part 1
System Temperature : Amplitude scale correction 
for receiver and sky 
- correctly scale from instrument units to flux also 
accounting for looking through the atmosphere

per Antenna/Reciever 
per SpW

Scaling converts the 
ratio of correlated signal 

with the total system noise 
in a Kelvin (or Jansky) 

unit 


