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Receiver bands



Receiver bands30m

EMIR   PdBI ALMA        λλλλ

E090     B1 ~  B3       3 mm

E150     B2 ~  B4 2 mm

E230     B3 ~  B6 1.3 mm

E330     B4 ~  B7 0.8 mm



B3 84-116  GHz   HIA 

B4 125-163 GHz   NAOJ

B5 163-211 GHz   OSO 

B6 211-275 GHz NRAO

B7 275-373 GHz IRAM 

B8 385-500 GHz NAOJ 

B9 602-720 GHz   NOVA 

B10 787-950 GHz NAOJ 



Heterodyne receivers are sensitive to Lower Side Band and 
Upper Side Band

Receivers can be 

• DSB outputs the sum LSB + DSB � separated in the correlator

• SSB  outputs LSB or DSB

• 2SB  outputs LSB and DSB separately

LSB                      LO                      USB            

Receiver bandwidth



EMIR090 2SB receivers 4-12 GHz (16 GHz bandwidth)

x 2 
polarizations

PdBI SSB receivers 4-8 GHz (4 GHz bandwidth LSB or USB)

EMIR150 and EMIR230 SSB receiver 4-8 GHz

EMIR330 2SB receivers 4-8 GHz (8 GHz bandwidth)

Receivers have 4 to 16 GHz 
bandwidth

IRAM receivers



ALMA B9 + B10 DSB receivers 4-12 GHz  

x 2 
polarizations

ALMA B6 2SB receivers 6-10 GHz

ALMA receivers

ALMA B3/B4/B5/B7/B8 2SB receivers 4-8 GHz  

All ALMA receivers bands 
have 8 GHz bandwidth



ALMA correlator

• ALMA correlator = 4 basebands 

• Each baseband processes

– 64 antennas (2016 baselines)

– 2 polarizations

– 2 GHz input

• Each baseband can be centered anywhere* in the 
incoming 8 GHz 

• All four basebands can be setup independently

(* Minor limitations because of LOs finite step)



ALMA correlator

• Physically: correlator = 4 quadrants

• Full ALMA: 1 quadrant = 1 baseband

• <16 antennas : 1 quadrant = 4 basebands



PdBI 



ALMA : basebands



Basebands modes

1 polarization output (H or V)

• 2 GHz       8192 channels x 1 Pol = 244 kHz resol. 

• 1 GHz       8192 channels x 1 Pol = 122 kHz resol.

• 500 MHz   8192 channels x 1 Pol =   61 kHz resol.

• 250 MHz 8192 channels x 1 Pol =   30 kHz resol. 

• 125 MHz 8192 channels x 1 Pol =   15 kHz resol.

• 64 MHz 8192 channels x 1 Pol =  7.5 kHz resol.

• 31.25 MHz 8192 channels x 1 Pol =  3.8 kHz resol.

• Continuum mode  256 ch. x 1 Pol = 7.5 MHz resol. 



ALMA : basebands

2 GHz input but 2 GHz – 31 MHz 
spectral windows

Similar to Bure: 1 GHz Quarters 
� 320 MHz to 20 MHz spectral 
windows



Basebands modes

1 polarization output (H or V)

• 2 GHz       8192 channels x 1 Pol = 244 kHz resol. 

• 1 GHz       8192 channels x 1 Pol = 122 kHz resol.

• 500 MHz   8192 channels x 1 Pol =   61 kHz resol.

• 250 MHz 8192 channels x 1 Pol =   30 kHz resol.   FDM

• 125 MHz 8192 channels x 1 Pol =   15 kHz resol.

• 64 MHz 8192 channels x 1 Pol =  7.5 kHz resol.

• 31.25 MHz 8192 channels x 1 Pol =  3.8 kHz resol.

• Continuum mode  256 ch. x 1 Pol = 7.5 MHz resol.  TDM 

Frequency/Time division modes



2 polarization outputs (H and V)

• 2 GHz       4096 channels x 2 Pol = 488 kHz resol.

• 1 GHz       4096 channels x 2 Pol = 244 kHz resol.

• 500 MHz   4096 channels x 2 Pol = 122 kHz resol.

• 250 MHz 4096 channels x 2 Pol =   61 kHz resol.

• 125 MHz 4096 channels x 2 Pol =   30 kHz resol.

• 64 MHz 4096 channels x 2 Pol =   15 kHz resol.

• 31.25 MHz 4096 channels x 2 Pol =  7.5 kHz resol.

• Continuum mode 128 ch. x 2 Pol =  15 MHz resol.

Baseband = 8192 channels

Basebands modes



4 polarization outputs (HH, VV, HV, VH)

• 2 GHz       2048 channels x 4 Pol = 976 kHz resol.

• 1 GHz       2048 channels x 4 Pol = 488 kHz resol.

• 500 MHz   2048 channels x 4 Pol = 244 kHz resol.

• 250 MHz 2048 channels x 4 Pol = 122 kHz resol.

• 125 MHz 2048 channels x 4 Pol =  61 kHz resol.

• 64 MHz 2048 channels x 4 Pol =  30 kHz resol.

• 31.25 MHz 2048 channels x 4 Pol =  15 kHz resol.

• Continuum mode   64 ch. x 4 Pol =  31 MHz resol.

Baseband = 8192 channels

Basebands modes



ALMA B9 + B10 SSB receivers 4-12 GHz  

ALMA B6 2SB receivers 6-10 GHz

Examples

ALMA B3/B4/B5/B7/B8 2SB receivers 4-8 GHz  

Four basebands covering 8 GHz



ALMA B9 + B10 SSB receivers 4-12 GHz  

ALMA B6 2SB receivers 6-10 GHz

Examples

ALMA B3/B4/B5/B7/B8 2SB receivers 4-8 GHz  

Four basebands with different 
width/resolution

B9 + B10: choice of LSB vs USB 
done for each baseband



Summary

• 4 independent spectral windows

• 2 GHz to 31.25 MHz bandwidth 

– 1, 2, or 4 polar. products

– 8192 channels

• *OR* 2 GHz continuum

• NB: real bandwidths are smaller:      real resolutions are higher:
– 1800 instead of 2000 MHz                1.2 to 2 times the channel

– 938 instead of 1000 MHz                  spacing

– 469 instead of 512 MHz

– 234 instead of 256 MHz

– 117 instead of 128 MHz

– 58.6 instead of 64 MHz



Summary

• 4 independent spectral windows

• 2 GHz to 31.25 MHz bandwidth 

– 1, 2, or 4 polar. products

– 8192 channels

• *OR* 2 GHz continuum

• Anything more?



Each mode comes in 2 to 4 flavors: 2,3, or 4 bits 
correlation and Nyquist/twice Nyquist sampling �
gain in sensitivity but loss in spectral points



Summary

• 4 independent spectral windows

• 2 GHz to 31.25 MHz bandwidth 

– 1, 2, or 4 polar. products

– 8192 channels

• *OR* 2 GHz continuum

• The resolution of each mode can be degraded to increase the 
sensitivity (more bits correlation and/or higher sampling) 

• Anything more?



Multi-regions 
modes

• Goal = observe several spectral windows in one baseband

• Multi-regions: basic mode can be split in several windows 

• Basic unit = 62.5 MHz regions

• Spectral windows share the same mode, i.e. the same resolution, 
polarization output, etc

• Example: 500 MHz x 4096 channels x 2 Pol (122 kHz resol.) 

� 8 spectral windows of 62.5 MHz

x 1024 channels x 2 Pol (122 kHz resol.)

• Only possible with modes 125 MHz – 1 GHz





Four spectral 
windows with 
same spectral 
resolution

8192 channels 
in total



Multi-resolution 
modes

• Goal = observe several spectral windows in one baseband

• The modes can be degraded in order to use only a fraction of the 
correlator � reduce number of channels, free correlator 
resources for another window

• Spectral windows are independent, can have different 
resolution, polarization output, etc

• 1 GHz x 1 pol x 8192 channels     100% correlator

1 GHz x 1 pol x 4192 channels      50% correlator

125 MHz x 1 pol x 8192 channels    100% correlator

125 MHz x 1 pol x 4192 channels    50% correlator

• Not all modes/combinations possible (e.g. 2 GHz � 100% only)





Four spectral 
windows with 

different spectral 
resolution

8192 channels in 
total



Summary

• 4 independent basebands 

• Basic modes:

– 2 GHz to 31.25 MHz bandwidth / 8192 channels

– Each mode have sub-modes [more sensitivity, less resolution]

– Continuum mode

• Multi-regions modes:

– Several windows per baseband

– All with the same width/resolution

• Multi-resolution modes:

– Several windows per baseband

– Different widths/resolutions [less than in basic modes]



Early science

• 4 independent basebands 

• Basic modes:

– 2 GHz to 31.25 MHz bandwidth / 8192 channels

– Each mode have sub-modes [more sensitivity, less resolution]

– Continuum mode

• Multi-regions modes:

– Several windows per baseband

– All with the same width/resolution

• Multi-resolution modes:

– Several windows per baseband

– Different widths/resolutions [less than in basic modes]



Early science

• 4 independent basebands 

• Basic modes:

– 2 GHz to 31.25 MHz bandwidth / 8192 channels

– Each mode have sub-modes [more sensitivity, less resolution]

– Continuum mode

• Multi-regions modes:

– Several windows per baseband

– All with the same width/resolution

• Multi-resolution modes:

– Several windows per baseband

– Different widths/resolutions [less than in basic modes]

Limitation: the 
four basebands 
are not 
independent: 
must share the 
same mode



Early Science
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Early Science

42158.6

421117

421234

421469

421938

4211800width

9774882441226130.515.37.6MHz Band-

Spacing of spectral points  (kHz) FDM modes

Number of cross-products as a function of 
bandwidth/resolution for one baseband

Highest priority modes (ASAC)

4211800width

31.315.67.8MHz Band-

Point Spacing (MHz)TDM modes

NB: must use 4 cross-products for B7, because 
polar. not identical on all antennas



Observing Tool

• In the Observing Tool (demo on Wednesday)

– Choose 4 or more spectral windows

– Choose lines

• The OT finds receiver tuning 

– Choose a correlator mode = resolution/width

• The OT proposes the list of modes available









Conclusion

• Early Science: 4 spectral windows + restrictions

• Full ALMA: a very flexible system

– Easy to define simple settings 

– Much more difficult to optimize complex settings

• Bure-like scripts available in ASTRO 

• Exercise with the OT as soon as it is available



ACA?

• ACA (12 x 7m antennas) has its own correlator

• Very different design (XF vs FX)

• But will provide the very same modes 
(bandwidth/resolution) than the main 
correlator

�Needed to merge the data into one single set


