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•  What different kinds of data are taken 
•  Pointing 
•  Tsys 
•  WVR 
•  CASA names and ids 

•  Example TDM dataset 
•  Example FDM dataset 
•  Example FDM Mosaic dataset 
•  Cycle 0 data package 
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Raw ALMA = ASDM. They are imported to CASA with importasdm task 
After import, the following CASA task will print a summary of the observations, 
optionally making a hardcopy text file if listfile is set 

listobs(vis=‘your.ms’,listfile=‘your.ms.listobs’,verbose=T) 
•  Provides the keys to understanding your data, though it can seem a bit 

complicated at first glance 

•  The Observing Intents will tell you exactly what each source observed 
was/is to be used for -- the same observation can be used for multiple intents 

•  CALIBRATE_POINTING 
•  CALIBRATE_ATMOSPHERE (i.e. Tsys) 
•  CALIBRATE_WVR 
•  CALIBRATE_BANDPASS 
•  CALIBRATE_PHASE 
•  OBSERVE_TARGET 

Time Division Mode – low spectral resolution, high time resolution possible. 
BW=2 GHz per baseband, per pol. Used for pointing and Tsys calibration 

 Frequency Division Mode – high spectral resolution, BW 0.056 to 1.875 GHz
per pol 
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Specifications 
•  All-sky pointing: 2.0 arcsec 
•  Offset pointing within 2 degrees: 

0.6 arcsec 

Reality 
•  Thermal gradients during daytime and 

sunset/sunrise will cause variations 
larger than spec 

•  Pointing models for newly integrated 
antennas take time to perfect 

•  Band to band “offsets” must also be 
calibrated -- pointing typically done at 
Band 3, sometimes Band 6 and 
extrapolated to other bands 

Current practice 
•  Moves > ~30 degrees 
•  About once per hour otherwise 



NAASC Opacity as a Function of PWV (PWV=Precipitable 
Water Vapor) 
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In addition to receiver noise, at millimeter wavelengths the atmosphere has a 
significant brightness temperature (Tsky): 

Sensitivity: System noise 
temperature 

Before entering atmosphere the source signal S= Tsource
  

After attenuation by atmosphere the signal becomes S=Tsource
 e-τ 

Tatm = temperature 
of the atmosphere 
≈ 300 K 

Tbg = 3 K cosmic 
background 

Consider the signal-to-noise ratio:  
            S / N = (Tsource e-τ) / Tnoise = Tsource / (Tnoise eτ) 

   Tsys  = Tnoise eτ ≈   Tatm(eτ -1) + Trxeτ 
 The system sensitivity drops exponentially as 
opacity increases 

For a perfect 
antenna, 
ignoring 
spillover and 
efficiencies  

Tnoise ≈ Trx + Tsky 
where Tsky =Tatm (1 – e-τ) + Tbge-τ     

Receiver 
temperature 

Emission from 
atmosphere 

so  Tnoise ≈  Trx +Tatm(1-e-τ) 
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System Temperature 
Typical optical depth for 230 GHz observing at zenith: 	



	

 	

τ225 = 0.15 = 3 mm PWV, so  at elevation = 30o ⇒ τ225 = 0.3 

  Tsys =  eτ(Tatm(1-e-τ) + Trx)= 1.35(77 + 75) ~ 200 K 

   assuming Tatm = 300 K and Trx = 75 K 

  Atmosphere adds considerably to Tsys and since the opacity can 
change rapidly, Tsys must be measured often 

  A single load system only gives Tsys (i.e. sum in equation above) 

  A two load system allows independent measure of Trx, and other 
efficiencies that can be used to improve performance (like optimizing 
tuning) 

ALMA Bands 9 and 10 are double sideband receivers , thus the effective 
Tsys for spectral lines (which are inherently single sideband) is doubled 
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Observations are taken of 
the Sky, “Hot Load”, and 
“Ambient Load” 



NAASC Examples of ALMA Tsys: 
TDM vs FDM 
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•  Currently ALL ALMA Tsys are 
done in 2 GHz per baseband 
TDM mode 

•  If Science data are taken in high 
spectral resolution FDM mode: 
TDM Tsys is interpolated to FDM 
spectral grid before application 

Example: TWHya Band 7 SV Data 
•  Science data taken with 0.5 GHz 

FDM spectral windows 
•  Tsys taken in 2 GHz TDM mode 

and interpolated to “science” 
FDM mode 

TDM 

FDM 
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3C279 Titan 
Phase 
cal TWHya 

Phase 
cal 

Colors = scans with Tsys measurements = variations with time and elevation 
for one antenna 

Spw=0 

Atmospheric 
transmission 

Spw=1 

Atmospheric 
Lines 
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Data from 
baselines with 
good Tsys get 
up-weighted 
compared to 
baselines with 
poorer Tsys 

€ 

VisibilityWeight

∝
1

Tsys(i)Tsys( j)

Antenna PM02 

Antenna PM01 



NAASC Before and After Tsys  
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Raw 

• Notice change in Amp scale.   
•  Amplitudes multiplied by: 

 S = So * [Tsys(1) * Tsys(2)]0.5  

To estimate approximate Jy scale, 
multiply by ALMA antenna 
efficiency factor:	



	

about 40 Jy/K	

After applying Tsys 
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There are 4 “channels” flanking peak of the 183 GHz water line 
•  The four channels allow flexibility for avoiding saturation 
• Data will always be in spw=0 
• Data taken each second; matching data from opposite sides are averaged 
• Next challenges are to perfect models for relating the WVR data to the 

correction for the data beyond simplified equation above 

Installed on every 12-m antenna Water Vapor Radiometry (WVR) :  
measure the rapid fluctuations in TB

atm 
with a radiometer at each antenna, then 
use these measurements to derive 
changes in water vapor column (Δw) and 
convert to phase corrections using: 

              Δφe ≈ 12.6 π Δw / λ 
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600m baseline, Band 6, Mar 2011 
(red=raw data, blue=corrected) 
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The following CASA task will print a summary of the observations, 
optionally making a hardcopy text file if listfile is set 

listobs(vis=‘your.ms’,listfile=‘your.ms.listobs’,verbose=T) 

•  In the Order they are encountered in the data: 
•  Each position that is observed is given a field id; inside CASA objects can 

be selected via their Names (* wildcard use possible) or field id 
•  The spectral setups are indicated by a spectral window (spw) id 
•  Each antenna used in the observing array is given an Antenna id 
•  Each distinct target is also given a source id – i.e. only different for 

mosaics (not currently used inside CASA) 
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•  Top portion of verbose listobs 
•  In next slides we zoom in on different parts 
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Summary of 
of sources 
observed  

Sequence of 
observing with 
scan and field 
ids, and 
intrinsic 
integration 
time 
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Summary 
of spectral 
setup 

Intents for 
each scan 

Summary of 
spws for 
each scan 

WVR data 
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Summary of antenna ids, antenna names, and station (pad) names. Note: it is 
always best to use antenna names in your data reduction to avoid confusion. 

When necessary, antenna position corrections can be generated using gencal 
and applied like any other calibration table 
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TDM used for pointing (in ES 
would have been done in Band 3) 

FDM “Science”  

TDM used for Tsys measurements 
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•  Every unique position 
observed gets a unique 
field id 

•  For mosaics, the source 
id will be the same for 
all the pointings in a 
mosaic 

•  Source ids are not 
currently used in CASA 

NOTE: CASA’s clean 
task in 
imagermode=‘mosaic’ 
will attempt to 
mosaic ALL fields 
given to it, whether 
they were observed 
that way or not! 
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You will receive a tar file containing the following directories 
1.  'raw' contains an ms that has ALREADY been calibrated for WVR, Tsys, 

and any antenna position corrections, and only the “science” spectral 
windows. 
A.  It also contains the calibration tables (bandpass, phase, amplitude, flux) and 

backup flag tables from each stage of reduction (the data itself contain the final 
flag state so you don’t need to do anything if you are happy with it). 

2.  'calibrated' contains the fully calibrated ms (i.e. ready for imaging). 
3.  'science' contains fits files for the reference images. 
4.  'script' contains the CASA data reduction script. 
5.  'qa' contains the Quality Assurance “2” report (estimates of achieved rms 

noise etc). 
6.  'logs' contains the CASA log files. 

 Attempt to loosely replicate what the pipeline will serve in Full Science 
(items A, 3-6 + raw ASDM) 
 It is likely that you will want to perfect the images to suit your science goals 
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•  How do we measure Tsys =  Tatm(eτ -1) + Trxeτ without constantly measuring Trx 
and the opacity?               

Interferometric MM Measurement of Tsys 

Power is really observed but is ∝ T in the R-J limit 

Tsys = Tload * Tout / (Tin – Tout) 

   
  Vin =G Tin = G [Trx + Tload]  
  Vout = G Tout = G [Trx + Tatm(1-e-τ) + Tbge-τ + Tsourcee-τ ] 

SMA calibration load 
swings  in and out of beam 

Load in 

Load out 

•  IF Tatm ≈ Tload, and Tsys is measured often, changes 
in mean atmospheric absorption are corrected. 
ALMA will have a two temperature load system 
which allows independent measure of Trx  

•  The “chopper wheel” method: putting an ambient temperature load (Tload) 
in front of the receiver and measuring the resulting power compared to 
power when observing sky Tatm (Penzias & Burrus 1973). 

Vin – Vout           Tload 

    Vout            Tsys 
= 

Comparing 
in and out 

assume Tatm ≈ Tload 


