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• International 
partnership of North 
America, Europe, 
East Asia and Chile.
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ALMA is a telescope for 
all astronomers

ALMA Science Portal: https://almascience.nrao.edu/ - documentation, info, news and more!

https://almascience.nrao.edu/


What is ALMA?
•  66 reconfigurable, high precision antennas 

•  Receiver bands cover 35-950 GHz (since Cycle 10) 

•  Array configurations between 150 meters and >16 
kilometers: 192 possible antenna locations. 

•  Array Operations Site is located at 5000m elevation 
in the Chilean Andes. 

•  Provides unprecedented imaging & spectroscopic 
capabilities at mm/submm wavelengths.



12-m Array 50  x 12 m antennas

12  x   7 m antennas
  4  x 12 m antennas



ALMA Operations

ALMA User Support is centered at the ALMA 
Regional Centers:
– NA ARC – NRAO, NRC (NAASC)
– EU ARC + ARC Nodes (ESO …)
– EA ARC, ASIAA

The Joint ALMA Observatory (JAO) 
is responsible for operations in Chile 
• Santiago Central Office
• Operations Support Facility (OSF)
• Array Operations Site (AOS)



Santiago Central Office

• Location of science and technical staff 
• Where observatory operations are coordinated



Remotely operated from 
OSF Control room at 2900 m

ALMA array at 5000m 

Remote Operation at the Operations Support Facility

28 km Road



Array Operations Site



Array Operations Site

Antennas
AOS technical building



Array Operations Site

Antennas
AOS technical building

Correlator



• 66 reconfigurable antennas 

• Array configurations between 0.16 and 16 km



• 66 reconfigurable antennas 

• Array configurations between 0.16 and 16 km



𝛳 ≈ λ / bmax

bmax = maximum separation 
between telescopes in the array

Angular Resolution



𝛳 ≈ λ / D

Field of View

D = telescope diameter



𝛳 ≈ λ / bmin

bmin = minimum separation
between telescopes in the array

Largest Angular Scale



Resolution 
- given by the largest distance between antennas (~λ / Bmax) 

Field of view 
- given by the diffraction limit of a single antenna (~λ / D)  
- If source is larger than the field of view, then make a mosaic 

Largest angular scale that can be imaged 
- given by the shortest distance between antennas (~λ / Bmin) 

An interferometer is sensitive to a range of angular scales. 
Observe in multiple configurations to decrease Bmin and increase  Bmax. 

λ / Bmax   <  ϴ  <     λ / Bmin

Angular scales
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ALMA, Full Science 
50(+12+4)

Collecting Area 
Not only sensitivity but the 
collecting area (1.6 acres or 6600+ 
m2) + huge number of baselines 
provides excellent image fidelity 

Spectral Coverage 
Covers ten atmospheric windows 
with 50% or more transmission 
above 35 GHz 

Cycle 10 
43+ (+10+3)

Cycle 0 
16(+0+0)

14
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Capabilities
Imaging

PolarizationSpectral lines

9 receiver bands

Continuum VLBI



Single dish + Interferometer

Kong et al. (2018)

Single dish Interferometer Single dish + interferometer

• 12m array reveals information on small spatial scales 
• ACA reveals information on larger scales
• Combine both to recover small and large scales



Flux density and brightness temperature

: flux density (Janskys)   1 Jansky = 

σT – surface brightness 
sensitivity in K as related 
the point-source 
sensitivity in Jy (σS)  

A circular Gaussian beam 
related to the half-power 
beam width θ  
(the ASC input parameter) 

The ASC calculates both  σT and σS !   

: solid angle of “beam”

σT – surface brightness 
sensitivity in K as related 
the point-source 
sensitivity in Jy (σS)  

A circular Gaussian beam 
related to the half-power 
beam width θ  
(the ASC input parameter) 

The ASC calculates both  σT and σS !   

: Brightness temperature (Kelvin)



Sensitivity

k

Kelvin-Boltzmann constant

: Independent of the angular resolution.  However,



• Source diameter = 12” 
• Stot = 15 mJy

Example: Imaging an extended source



Example: Imaging an extended source

• Configuration 1 (3.5 h) 

• 𝛳  = 1.7 arcsec @ 230 GHz 

• ΔSν = 9.5 microJy / beam 

• ΔTB = 0.07 milliK 

• Nbeams ~ (12/𝛳)2 ~ 50 

• <Sν> = 300 microJy / beam 

• <SNR> ~ 32
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ALMA Receiver Bands in Cycle 10

Top quartile weather conditions

1



Setting up the correlator:  Basebands

• Each baseband is a 2 GHz wide
• The 4 basebands can be in one sideband or distributed between the two
• Each baseband can be split into 4 spectral windows



Spectral windows
Bandwidth 

(MHz)

Spectral 
resolution 

(MHz)

Spectral 
resolution 
@ 345 GHz 

(km/s)

Number 
Channels

1875 31.2 27.1 120
1875 0.976 0.85 3840

938 0.488 0.42 3840

469 0.244 0.21 3840

234 0.122 0.11 3840

117 0.061 0.051 3840

58.6 0.0305 0.027 3840

For dual polarization mode and for 1 spectral window per baseband

“continuum”

} “spectral line”

Higher spectral resolution reduces processed bandwidth.
More spectral windows per baseband reduces spectral resolution.



Example Correlator Setups:  Band 3
CO isotopologues and chemical survey



Example Correlator Setups:  Band 6
Deuterated chemistry



Example Correlator Setups:  Band 7
Chemical survey of disks



Applying for ALMA Time
• ALMA Call for Proposals released once a year 
• Regular proposal deadline is mid of May 

- Cycle 10: May 10th, 15 UTC. 
• Director’s Discretionary Time (DDT) proposals accepted any time 

• Important documents @ ALMA Science Portal 
- Proposer’s Guide 
- ALMA Technical Handbook 
- ALMA Primer 
- Observing Tool Guide
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Hours of observing time

Steady state
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• Request what you need to do your science 

• Yeah, but how much time can I really ask for?

How much time can I ask for?



Cycle 9 Acceptance Rate (Grade A+B) vs. Requested Time  





• Documentation on ALMA Science Portal 

• Help Desk  https://help.almascience.org 
- Questions usually answered in 2 days 
- around-the-clock staffing near the ALMA proposal deadline 

• ALMA provides calibrated data and representative images 

• ALMA Archive  http://almascience.org/aq 
- 1 year proprietary period (6 months for DDT) 
- provides calibrated data and images

ALMA Support

https://help.almascience.org
http://almascience.org/aq


A big thanks to everyone who make ALMA such a success 



Science!



• Locate the earliest galaxies a few 
hundred of million years after 
the Big Bang. 

• Oxygen [OIII] present at z=9.11 
(13.28 billion light-years away) 
when Universe is  350 Myr old! 

• Implies star formation started 
250 Myr after Big Bang!

Hashimoto et al. (2018)



PHNAGS Large 
Program – 
Schinnerer et al;  17 
papers.

- Sample of 74 
nearby galaxies. 
- CO observations. 
- 100,000 

molecular clouds.



Images of disk before ALMA

Andrews+ 12Kwon+ 11

20 au20 au

Proto-planetary disks before ALMA



Images of disk before ALMA

Andrews+ 12Kwon+ 11

ALMA Partnership+ 2015; Akiyama+ 2016 Andrews+ 2016; Huang+ 2018

20 au20 au

Proto-planetary disks with ALMA



DSHARP Cycle 4 Large Program – Andrews et al;  10 papers, 2019, ApJL 869



2020 Breakthrough Prize 

EHT Collaboration et al, 2019 
- 6 papers in ApJL 875

EHT – 1st image of a black-hole shadow


