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1. ALMA Basics



ALMA Arrays

12m array

ACA
(7m array + TP array)

See Cycle 12 “A Primer”

50 antennas for 12-m Array

12 antennas of 7-m Array

4 12-m antennas for single-dish observations

     (Total Power; TP)
*Band 1 TP is not provided in Cycle 12

ACA



Three Important Angular Scales

• Resolution element of image

• Determined by the maximum 
baseline length (λ/Dmax)

Angular 
Resolution 

(AR)

• The largest structure that can be 
imaged without missing flux

• Determined by the minimum 
baseline length (λ/Dmin)

Maximum 
Recoverable 
Scale (MRS)

• FoV of a single telescope pointing

• Equal to antenna beam size

Field of View 
(FoV)

TW Hydra (Tsukagoshi+ 2019)

Smoothly distributed emission over 
the disk with some variation.
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Mosaicking / Multiple Pointing

• Angular structure that is larger than single pointing FoV, or multiple 
sources spread over a larger area, must be mosaicked or used 
multiple-pointing observations.

Single pointing Mosaicking Multiple pointing



Frequency Bands
• 10 receiver bands (Band 2 is unavailable now)

• Multiple band data cannot be 
taken simultaneously in a single
execution
(except for B2B phase transfer)

• Atmospheric opacity and phase
stability tends to be poor at 
higher frequencies and at frequencies         
near water absorption lines
✓Requires good weather condition 

Cycle 12 “A Primer”



Receivers



Frequency vs. Weather



Instantaneous frequency coverage (B3-8)

• ALMA receives signals in two sidebands (green-ish color).
• Up to four basebands with 2-GHz width can be placed either in a sideband or two 

sidebands. (Red boxes. Not possible to put 3 in one sideband and 1 in the other. )
• Up to four spectral windows (spws) in each of basebands (blue-ish bars) .
• Each spw forms a final contiguous spectrum (You will not receive data outside of 

spws)

Upper sidebandLower sideband



Instantaneous frequency coverage (B9-10)

• For Bands 9 and 10 (Double Sideband system), up to four basebands can be placed 
in a sideband. The same number of basebands is automatically placed in an 
opposite sideband. 

• Allows to place up to four spectral windows (spws) in each of basebands (blue-ish 
bars) .

• You may suppress one sideband by using LO-offsetting only if TDM or FDM with 
1.875GHz BW is selected.

Upper sidebandLower sideband



Instantaneous frequency coverage (B1)

• Band 1 employs single-sideband system (SSB).

• Up to 4 basebands with 2-GHz width are placed in a sideband.

• Allows to place up to four spectral windows (spws) in each of these 
basebands (blue-ish bars) .

Single sideband



Frequency Resolution

The 4x4 bit modes 

✓  are only available for                           

the 64-input Correlator

✓ provide higher correlator efficiency 

for a given spectral resolution and 

integration time compared with the 

2x2 bit mode



Polarization

• ALMA can provide full polarization products (XX, YY, XY, YX) so that one can 
produce Stokes I, Q, U, and V images.

• At least ~3-hrs observation is required to calibrate instrumental polarization.

Antenna m

Antenna n
ALMA correlator

Xpol, Ypol

Xpol, Ypol

𝑋𝑚𝑋𝑛
∗ = 𝐼 + 𝑄

𝑌𝑚𝑌𝑛
∗ = 𝐼 − 𝑄

𝑋𝑚𝑌𝑛
∗ = 𝑈 + 𝑖𝑉

𝑌𝑚𝑋𝑛
∗ = 𝑈 − 𝑖𝑉

Dual

Full

XX

OT⇒



2. Cycle 12 Capabilities



What’s New in Cycle 12?

• Full-polarization in Band 1 on the 7-m Array with a single pointing

✓ The polarization accuracy and capability will be the same as in Bands 3-7

• Improved Active Phasing for VLBI observations

✓ The flux density thresholds for active phasing is reduced by sqrt(8) relative to 

the thresholds in Cycle 11

• Multi-epoch monitoring with the EHT in Band 6 (see Section 3.4)

• Band-to-Band (B2B) calibration allowed for Large Programs

✓ Regular programs may continue to propose for B2B as in previous cycles



Capabilities Offered in Cycle 12

• Number of antennas
• ≧43 antennas in the 12-m Array.
• ≧10 7-m antennas (for short baselines) and 3 12-m antennas (for single 

dish) in the ACA.
• Receiver bands

• Bands 1, 3, 4, 5, 6, 7, 8, 9, and 10.
• 12-m Array Configurations

• C-1 through C-8
• Single-dish spectral-line observations are provided 
    in Bands 3 through 8 

(Section 4.2 of Cycle 12 Proposer’s Guide) 



Configuration

See Technical Handbook



Config. Schedule



Notes on 4x4-bits (introduced from Cycle 10)
• User can choose 2x2-bits or 4x4-bits in 

the Spectral Setup.

• 4x4-bits provide a better sensitivity at 
fixed spectral resolution and integration 
time.

• This mode is only allowed for the 
5 FDM setups  with the 12-m and 7-m 
array.

• 4x4-bits mode cannot be used in 
the same baseband with 2x2 bit 
modes, but a mixture of basebands 
using 4x4 and basebands using 2x2 
is allowed.



https://almascience.nao.ac.jp/documents-and-tools

https://almascience.nao.ac.jp/documents-and-tools
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