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ALMA  
- 

 Interferometry @ mm 



remarks
gruppi? 

date lab: 2 settimane  -->                           
dal 12 al 23 ottobre … tutti i giorni 

lun-mar-mer: solo mattina 

gio-ven: tutta la giornata

laptop ssh con finestra pittorica (molto 
meglio aver installato linux/affini!)



• going @ mm wavelengths… why?

• interferometry peculiarities  @mm 

• ALMA (the instrument)
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molecular spectroscopy

Texcitation low (10’s K) —> probe dense cooler regions of ISM (dark clouds) 

study of thermal objects

negative k correction, flux is z independent

SFR at z>2 unobscured by dust

why build a mm interferometer?



Dark clouds are of interest because:

• The formation of stars takes place in dark clouds
• The late Red Giant phases of the life of a “medium  mass” star involve  

heavy mass loss by stellar winds that hide the star in a cold, dusty cocoon
• Many galaxies show large-scale structures of dark clouds in their                     

morphology.

why build a mm interferometer?

Barnard 68

BHR71 (Herbig-Haro )

Orion

This part of the stellar and galactic life cycle is
completely inaccessible for optical astronomy!
Dynamics? Masses? Composition? Chemistry? …
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Protoplanetary Disks



Dark clouds are of interest because:

• The formation of stars takes place in dark clouds
• The late Red Giant phases of the life of a “medium  mass” star involve  
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• Many galaxies show large-scale structures of dark clouds in their                     
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Antennae Galaxies



H2 is a symmetric molecule with a very low angular 
momentum —> lot of energy to excite:   
     

Erot = ħ2/(2Θ) J*(J+1)

H2 has transitions from the IR to the UV, but its 
emission traces  only hot or shocked gas.

Abundant in cold, dark clouds, but it does not emit! 

We need another molecule …

The first obvious approach: look for molecular Hydrogen…. BUT!

why build a mm interferometer?



•   Asymmetric molecule, easy to excite even in cold clouds.
•   UV radiation above 11.09 eV required to break it up
•   Most abundant molecule after H2 , ~ 10-4

•   Line frequencies for dominant isotopes:
      see http://spec.jpl.nasa.gov/ftp/pub/catalog/catform.html
     or http://physics.nist.gov/cgi-bin/micro/table5/start.pl

Next choice: Carbon monoxide (CO)

why build a mm interferometer?
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not only CO! large variety
 of molecules in ISM

why build a mm interferometer?

@ALMA: glycolaldehyde 
detection in IRAS 16293-2422 



molecular spectroscopy

Texcitation low (10’s K) —> probe dense cooler regions of ISM (dark clouds) 

study of thermal objects

negative k correction, flux is z independent

SFR at z>2 unobscured by dust

why build a mm interferometer?

in Rayleigh Jeans regime
hv<<kT
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why build a mm interferometer?

angular resolution 

sensitivity

Protoplanetary Disks

cycle 0ALMA observations!
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why build a mm interferometer?

angular resolution 

sensitivity
cycle 0ALMA observations!

Band7 Alma survey of
submm galaxies in
Extended Chandra
Deep Field South



R sculptoris
why build a mm interferometer?



R sculptoris
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• going @ mm wavelengths… why?

• interferometry peculiarities  @mm 

• ALMA (the instrument)

Outline



@mm wavelengths molecular spectroscopy
wide spectral range (~8GHz)
each spw divided into several channels

Interferometric peculiarities @ mm

(ALMA) data format—> the cube 



Interferometric peculiarities @ mm

(ALMA) data format—> the cube 

Frequency
(GHz)



Interferometric peculiarities @ mm

(ALMA) data format—> the cube 
From each channel, one uv-plane/image is produced 
Spectral line observations have up to 3840 channels. The 
highest spectral resolution achieavable is 30 kHz. 



Interferometric peculiarities @ mm

(ALMA) data format—> the cube 

From each channel,one spectrum!



Interferometric peculiarities @ mm

(ALMA) data format—> the cube 

From each channel,one spectrum!



you should already know 
that….

A brief (very brief) intro to interferometry



A brief (very brief) intro to interferometry

• Field of View: depends on the single dish diameter

FOV = λ/D

smaller dish—>  larger FOV



A brief (very brief) intro to interferometry
• Angular resolution: depends on maximum distance 
                                    between antennas

• more distant —> more resolution 
                                (image details)

θmax = λ/Dmax



A brief (very brief) intro to interferometry

• Largest Angular scale: depends on minimum distance between antennas

• more compact—> sensitive to extended sources 

LAS = λ/Dmin



 so what?

• Largest scale: 
depends on 
minimum distance 
between antennas

• more compact—> sensitive to extended sources 



A brief (very brief) intro to interferometry

• Sensitivity: depends on … a lot of things

The rms noise in the signal (sensitivity):
Tsys is the brightness temperature equivalent to 
the flux received from the antenna 

      source, atmosphere, instrumental noise….

 

Sensitivity can be improved by: 
- getting lower Tsys (sites with low water vapour levels) 
- increasing the collecting area 
- increasing the bandwidth and/or the integration time

          



what changes for observer between cm 
and mm waves?

… with increasing frequency
• non-thermal sources become weaker, but thermal sources are not 

strong yet

• no external human interference in the data

• atm water vapour and clouds become more absorbent, therefore:

• stronger weather dependency of observations

• Tsys of low elevation observation a lot worse

• the time variability of qso increases (Flux calibration….)

Interferometric peculiarities @ mm



The atmospheric transmission windows

Main absorber:
H20
Co2

From: Staelin, 1966
(method: radiosondes)

Interferometric peculiarities @ mm



ALMA: 5000m SMA: 4100m

PdBI: 2550m CARMA: 2440m

ATCA: 208m

Interferometric peculiarities @ mm

Getting rid of water vapour
 by going high and/or dry



mm Telescopes - Properties
Problems:

• must be precise enough for your highest frequency,
• with a large collecting area,
• in a place where you have encouraging weather 
statistics,
• and stay within budget.

weather conditions really important!!!

σ=λmin/16

Interferometric peculiarities @ mm



mm Telescopes - Properties
Problems:

• must be precise enough for your highest frequency,
• with a large collecting area,
• in a place where you have encouraging weather 
statistics,
• and stay within budget.

weather conditions really important!!!

σ=λmin/16

Interferometric peculiarities @ mm



Temperature variation and telescope geometry

Two approches to get the desired millimeter performance:

• choose material with compatible constant of thermal expansion

• control the reflector temperature

Von Hoerner (1967, 1975)

mm Telescopes - Properties



26� ALMA Day 29 – 30 Apr 2010 

CASA 
Workflow 

Chart 

Processing Philosphy 

Import 
 
 
 
 
Examine 
 
 
 
Calibrate 
 
 
 
Image 

Data Reduction (Calibration)

Measurement Equation

Interferometric peculiarities @ mm



Measurement Equation

Calibration steps 

Opacity correction: observe (every 20 
minutes or more often) hot load, 
cold load, sky and determine Tsys, Trec 
and receiver gain 
• BPass calibration on a strong qso 
• Phase calibration on point-like qso 
•  Real-time phase correction  
•  Flux calibration

Data Reduction (Calibration)



Data Reduction (Calibration): why so important?
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Data Reduction (Calibration)



•‘Dry’ component:
– Worst O2, O3

•‘Wet’ component:
– H2O vapour/clouds
– Highly turbulent layer

- Measure PWV = precipitable water vapour

•Atmospheric depth increases at lower elevation 

Interferometric peculiarities @ mm
The role of troposphere
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● Isoplanatic patch > sky area above single mm antenna
● Antennas 1, 2, 3 see slightly different disturbances
● Sky above antenna 4 very different, varies independently

Width of turbulent
layer, W ~ 800m

Wind
75 km/hr
~ 21 m/s

The role of troposphere



Three impacts on 
observation:
a) source “moves”

why??? 

The role of troposphere: the phase noise



b) we loose integrated flux because visibility vectors partly cancel out. Formula:

•  with phase noise φ in radian.

Observations were at 89 GHz and 
average phase noise 30º: 12.5% loss.
If we would have used a frequency 2 or 
3 times higher: 42% or 71% loss …

The role of troposphere: the phase noise



c) and we loose more signal on the longest baselines (kolmogorov 
turbolence).

• Atmospheric phase noise is worst on the longest baselines. (Coulman ’90)
•k=100 at ALMA for λ in mm

• The power-law break is weather dependent, and can be at several km.

The role of troposphere: the phase noise
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• The atmosphere both absorbs the astrophysical signal, and adds noise

where the source would provide temperature T if measured   above the atmosphere and z is the zenith 
distance

               Same source, same baselines. Raw amplitudes significantly lower at higher PWV

The role of troposphere: absorption and 
emission



• Each ALMA 12-m has water vapour radiometer 
(@183GHz~1 sec integrations) 

• ALMA scales (and “will apply in real time”) 
phase correction per band:

• Norma/PdBi measures PWV at 22 GHz

Nikolic 2013

Possible Solution: The radiometer



PdBI 22 GHz radiometer

Bremer, Eris 2013



Richards, Eris 2013



Very important!!!

• apply the correct flux-scale

• combine observations at different times and 
configuration

Flux calibration
Interferometric peculiarities @ mm



Flux calibrators: Planets, Moons, Asteroids… BUT!

• already resolved @3mm (planets...), models required!

• Objects Confusions (Moons) --> d>3PB

• Atmospheric Lines 

Flux calibration



Neptune Marten et al. 2005

Atmospheric lines in Neptune (model? … work in progress!)



to handle carefully…(the case of Titan)



The ALMA era



The ALMA era 
the telescope…



… a movie



… a movie





1.3 bilions $ 







Alma map







(sub-)mm windows & ALMA bands





















• websites: www.alma.inaf.it
                    www.almaobservatory.com

• mail: amignano@ira.inaf.it

…. grazie!

http://www.alma.inaf.it
mailto:amignano@ira.inaf.it

