


     Andreani, Arnaboldi, Bacciotti, Beltran, Benedettini, Benvenuti, Bettoni, 
Brand, Casasola, Caselli, Casu, Cesaroni, Cimatti, Clemens, Codella, Coffey, 
Comito, Crapsi, Cristiani, Danese, Danziger, de Ruiter, De Zotti, 
D’Odorico, Felli, Ferrara, Fontani, Franceschini,  
Frontera, Furuya, Gallerani, 
Galletta, Galli, Gavazzi, Gentile, 
Gervasi, Gregorini, Habart, Hunt, 
Isella, Kawakatu, Leone, Lopez-
Sepulcre, Mack, Magliocchetti, 
Maiolino, Mazzotta, Melchiorri, 
Molinari, Molendi, Molinari, 
Moscadelli, Murgia, Nagao, Nagar, 
Natta, Navarrini, Olmi, Paladino, 
Palla, Parma, Polletta, Pompei, 
Porceddu, Prandoni, Salucci, 
Santangelo, Scappini, Scodeggio, 
Sironi, Spinelli, Tarchi, Tartari, 
Testi, Tofani, Trigilio, Umana, 
Verley, Vig, Vigotti, Viti, Walmsley, 
Zannoni, Zucconi 

  have observed with the IRAM array (or hoped to) ! 



Science Drivers   2005 > Allocated 
Time Keyword 

Galaxies @ high-z : LBG, SMM, ERO, RG 30% “CSF history” 
Nearby Galaxies : Spirals, (U)LIRGs 30% “dynamics + structure” 
YSO : Prestellar Clouds → T-Tauri Stars 30% “SF + evolution” 
Evolved Stars 5% “mass loss” 
Chemistry, Solar System, … 5% 



GG Tau @ 267 GHz  

Rodriguez/Schinnerer et  al. in 
prep.  

    Piétu et al. in prep.  



GG Tau @ 267 GHz  

Rodriguez/Schinnerer et  al. in 
prep.  

    Piétu et al. in prep.  
Beltran et al. 2009  



GG Tau @ 267 GHz  

Rodriguez/Schinnerer et  al. in 
prep.  

    Piétu et al. in prep.  
Beltran et al. 2009  

Codella et al. 2007 



GG Tau @ 267 GHz  

Rodriguez/Schinnerer et  al. in 
prep.  

    Piétu et al. in prep.  
Beltran et al. 2009  

Codella et al. 2007 

Maiolino et 
al. 2007 



All you need as an observer:  

–  the appropriate interferometer 
–  one or more configuration(s) 
–  the noise equation 

Interferometer Basics 



(sub)mm-interferometers worldwide 
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(sub)mm-interferometers worldwide 

eSMA 

ALMA 

CARMA 
IRAM 

ATCA 

NRO 2mm 

3mm 

0.4mm 

0.1’’ 



3mm----------------------------- 1.6” 
3mm, 2mm, 1mm, 0.8mm-------- 0.25’’ 

--------------1mm, 0.8mm, 0.4mm (0.15’’) 
3mm--------1mm------.---------- (0.1”) 

3mm  =  100 GHz      2mm  =  150 GHz     1mm  =  300 GHz 

Large differences ! 



ALMA 

SMA 
NOEMA (> 2016) 

CARMA 



All you need as an observer:  

–  the appropriate interferometer 
–  one or more configuration(s) 
–  the noise equation 

Interferometer Basics 



HDF850.1   (Cowie et al. 2009) 

mm-astronomy calls for positional accuracy 

SMA PdBI 

VLA (1.4 GHz) 

VLA (8.4 GHz) 





Temporal coherence function 

t 

Correlation coefficient: 



Temporal coherence 

Correlation coefficient: 



An interferometer  
measures the temporal coherence of the 

incoming wavefront 

Correlator 





B12 

Projected 
B12 

Baseline Bij :  distance between two antennas 

Projected Baseline Bij :  distance between two 
antennas as seen from the sky 

Configuration :  layout of the antenna stations 

ANT1 

ANT2 
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B12 

Projected 
B12 

ANT1 

ANT2 

Primary Beam 

20” 

Synthesized Beam 

1” 

Plateau de Bure @ 1mm 

C configuration = 200m 



1/B2 

D1 

D2 D1 

D2 

The ideal lens (or antenna) 
samples all spatial frequencies up to D/λ – the lower 

frequencies are favored  

uv-Plane 



λ/D1 

λ/D2 

D1/λ 
D2/λ 

weighting function 

primary beam 
Spatial resolution 

Spatial Frequency (= uv-plane) 



Interferometry or Aperture Synthesis  
is the technique by which a large telescope is replaced 

by a number of smaller telescopes  



Δ 

Δθ 

ANT1 

ANT2 

θ 

PTC 

Phase  ≡  Position 



ANT1 

ANT2 

θ 









B12 

Projected 
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ANT1 ANT2 

Projected 
B12 uv-Plane 

The projected baseline changes with elevation i.e. 
with source declination and hour-angle 



B12 

Projected 
B12 

ANT1 

ANT2 

uv-Plane 

The projected baseline changes with elevation i.e. 
with source declination and hour-angle 



B1 

Super-Synthesis or Earth Rotation Synthesis 
is the technique by which the elements of an 

interferometer sweep out the aperture of a large 
telescope  

zenith 
pole 









1/B2 

B1 

B2 B1 

B2 

Interferometry or Aperture Synthesis  
is the technique by which a large telescope is replaced 

by a number of smaller telescopes  



W27 

E68 
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PdBI’s AB configurations @ 230 GHz 
Three Examples 



PdBI’s AB configurations @ 230 GHz 
Three Examples 

  select the appropriate observatory! 
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Sources of phase errors 

  Limited accuracy of baseline measurements 
  Limited stability of an antenna station 
  Thermal load on the antenna structure 
  Atmosphere 
  Time and delay errors 
  Precision in the calibrators absolute position  







All you need as an observer:  

–  the appropriate interferometer 
–  one or more configuration(s) 
–  the noise equation 

Interferometer Basics 
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GM Aur   (Hughes et al. 2009) 

mm-astronomy calls for sensitivity  



Noise Power 

The output power of a … 

… Resistor : 

… Receiving System : 

Antenna System Temperature 



Antenna System Temperature 
 is the temperature of the equivalent blackbody observed by the 

antenna 

30 – 60 K 

> 30 K 

 ~ 3 K 

 < 10 K 
 < 10 K 

@ 100 GHz 



and the               Antenna Temperature 

to an ideal antenna located outside the atmosphere. 

We refer the       System Temperature  

Noise Power 

Astronomical 
Signal 



better than a single antenna in total power 
worse than a single antenna with the same collecting area 

The Noise Equations 





NOEMA 

ALMA 

> 2016 



The Interferometer          
Noise Equation 

The reality is often a bit more complex ... 







Calibration precision is limited by knowledge on 
reference calibrators (planets, source polarization, 
variability, etc.), instrumental drifts, atmospheric 
variability, etc.  

Interferometric efficiencies for the PdBI 



Best calibrator available in the 
Northern Sky 

Calibration Precision ~ 5%! 





Tsys (K) = Freq (GHz) 

2mm 3mm 

5mm 

Pardo et al. 2007 

5mm 

3mm 
2mm 



Point Source Sensitivity 



Extended Source Sensitivity 

Uses the flux density to brightness conversion factor 

Only for sources just filling the synthesized beam i.e. 
the sensitivity estimate is based on the ‘beam dilution’ 
approximation 

Cannot be extrapolated easily to more extended targets 
e.g. missing flux problem 

= 0.5 






