
Radio receivers



A radio receiver used to measure the average 
power coming from a radio telescope in a well-
defined frequency range is called a radiometer. 

Radio receivers



Noise of a Radiometer
Visibility measurements are limited by several sources of noise: the atmosphere, the antenna itself, the 
ground and the receivers. The rms noise associated with a given baseline ij is given by: 

This is the noise on the real and on the imaginary parts of the visibilities (measured independently). This is 
also the noise on the amplitude S.  

It is more complex to define the error on the phase, scales as σ/S.  
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Visibility measurements are limited by several sources of noise: the atmosphere, the antenna itself, the 
ground and the receivers. The rms noise associated with a given baseline ij is given by: 

This is the noise on the real and on the imaginary parts of the visibilities (measured independently). This is 
also the noise on the amplitude S.  

It is more complex to define the error on the phase, of the order of σ/S.  

Tsys = TCMB + Trsb + ΔTsource + [1 − exp(−τA)]Tatm + Tspill + Tr + . . .

where

 radio source backgroundTrsb

 source brightness temperatureΔTsource

 brightness of atmospheric emission[1 − exp(−τA)]Tatm

 brightness temperature due to antenna spilloversTspill

 radiometer noise temperatureTr



Noise of a Radiometer

Visibility parameters as a function of time



Noise of a Radiometer

Visibility parameters as a function of frequency



Noise of a Radiometer
For N identical antenna/receivers, i.e. N (N − 1)/2 baselines, the point-source sensitivity is  

For large N, scales as  ∼
1
N

The sensitivity for extended sources depends on the angular resolution 

Tsys = TCMB + Trsb + ΔTsource + [1 − exp(−τA)]Tatm + Tspill + Tr + . . .
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Noise of a Radiometer
For N identical antenna/receivers, i.e. N (N − 1)/2 baselines, the point-source sensitivity is  

The sensitivity for extended sources depends on the angular resolution 

Example:  

Galaxy at z=0.05 as seen by 
NOEMA with a beam of 
0.97’’x0.67’’ (Combes+2019). 
The CO(1-0) emission is 
resolved in ~12 beams

For large N, scales as  ∼
1
N

mJy

mJy/beam



Heterodyne receivers
Nearly all practical radiometers are heterodyne receivers

The reference frequency (RF) amplifier is 
followed by a  mixer  that multiplies the RF 
signal by a sine(cosine) wave of frequency  LO 
generated by a  local oscillator  (LO). The 
intermediate frequency (IF) is a result of a 
phase shift.

ν

The advantages of heterodyne receivers include 

1.  shifting the signals to lower frequencies   which are easier to amplify, transmit over long 

distances, filter, and digitize; 

2. tunability over a wide range of   

3. tuning by adjusting only the local oscillator frequency so that 
4. the IF amplifier and back-end devices such as multichannel filter banks or digital spectrometers can all 
operate over fixed frequency ranges.

νIF < νRF

νRF
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Example of heterodyne receiver: NOEMA

LO = local oscillator



Example of heterodyne receiver: NOEMA



Example of heterodyne receiver: NOEMA



(A receiver is sensitive to a single polarization, here example for H polarization) 

Example of heterodyne receiver: NOEMA



Example of heterodyne receiver: NOEMA



Setting up a radio observation (e.g. PDS456 with ALMA) 

PDS456 z=0.185 (1”~3 kpc) 

We aim to map the CO emission in the quasar host galaxy and detect the far-infrared continuum emission, 
due to dust heated by star formation

Let’s start from what we already know…

Yun et al. 2004,  Owens Valley Radio 
Observatory (OVRO) detection of CO(1-0). 
Source is unresolved, beam ~6”

Yun et al. 2004, known far-infrared/radio 
continuum SED
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Setting up a radio observation (e.g. PDS456 with ALMA) 
PDS456 z=0.185 (1”~3 kpc) 
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Setting up a radio observation (e.g. PDS456 with ALMA) 
PDS456 z=0.185 (1”~3 kpc) 
Detection 
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Setting up a radio observation (e.g. PDS456 with ALMA) 

PDS456 z=0.185 (1”~3 kpc) 
Detection SNR~5 of the 
frequency-integrated CO 
line 

We have assumed a CO FWHM of 0.1 GHz 
(~300 km/s) 



Setting up a radio observation (e.g. PDS456 with ALMA) 

PDS456 z=0.185 (1”~3 kpc) 
Detection SNR~20 of the 
frequency-integrated CO 
line 

We have assumed a CO FWHM of 0.1 GHz 
(~300 km/s) 
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Setting up a radio observation (e.g. PDS456 with ALMA) 
PDS456 z=0.185 (1”~3 kpc) 
CO mapping at ~600 pc resolution 

16

We have assumed a CO size of ~0.65” (~2kpc) 
and a CO FWHM of 0.1 GHz (~300 km/s) 

SNR/beam~5  



Setting up a radio observation (e.g. PDS456 with ALMA) 

16

We have assumed a CO size of ~0.65” (~2kpc) 
and a CO FWHM of 0.1 GHz (~300 km/s) 

Plus an extended CO component 

SNR/beam~5  

PDS456 z=0.185 (1”~3 kpc) 
CO mapping at ~600 pc resolution 



Setting up a radio observation (e.g. PDS456 with ALMA) 

PDS456 z=0.185 (1”~3 kpc) 
CO mapping at ~600 pc resolution 

16

SNR/beam~5  



Setting up a radio observation (e.g. PDS456 with ALMA) 
PDS456 z=0.185 (1”~3 kpc) 
CO mapping at ~600 pc resolution 
Information about CO kinematics 
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PDS456 z=0.185 (1”~3 kpc) 
CO mapping at ~600 pc resolution 
Information about CO kinematics 

16



Setting up a radio observation (e.g. PDS456 with ALMA) 
PDS456 z=0.185 (1”~3 kpc) 
Continuum detection 



Setting up a radio observation (e.g. PDS456 with ALMA) 
PDS456 z=0.185 (1”~3 kpc) 
Continuum detection 


