
ALMA & CCAT



ALMA: Atacama Large Millimeter/sub-mm Array
CCAT-p: Cerro Chajnantor Atacama Telescope (prime)

ALMA: 66 dish (7, 12 m) interferometer



ALMA: Atacama Large Millimeter/sub-mm Array
CCAT-p: Cerro Chajnantor Atacama Telescope (prime)

CCAT-p: single dish, 6 m diameter

Concept art



Sub-mm



ALMA: Atacama Large Millimeter/sub-mm Array
CCAT-p: Cerro Chajnantor Atacama Telescope (prime)

ALMA:
35--940 GHz (8.5--0.32 mm)

CCAT:
100--1500 GHz (3--0.2 mm)

https://almascience.nrao.edu
/about-alma/alma-site

https://almascience.nrao.edu/about-alma/alma-site
https://almascience.nrao.edu/about-alma/alma-site


Call this range 10--0.1 mm or 
1 cm to 100 micron.

d = 6 m yields
7′ at 10 mm
4″ at 0.1 mm

d = 16 km yields
0.15″ at 10 mm
0.001″ at 0.1 mm

ALMA: Atacama Large Millimeter/sub-mm Array
CCAT-p: Cerro Chajnantor Atacama Telescope (prime)



Molecular gas
● H2 has no dipole moment
● CO(1-0): rotational energy state transition (angular momentum is quantized)
● Common lines: http://www.astro.wisc.edu/~sparke/book/errata/table1-8.pdf
● CO notes: http://w.astro.berkeley.edu/~ay216/08/NOTES/Lecture19-08.pdf

Sunyaev-Zel’dovich effect
● CMB photons inverse compton scatter off electrons’ thermal (tSZ) and bulk 

motion (kSZ)

https://science.nrao.edu/facilities/alma/naasc-workshops/nrao-cd-columbia18/AA_
2018_2_Science_Columbia.pdf

Sub-mm science

http://www.astro.wisc.edu/~sparke/book/errata/table1-8.pdf
http://w.astro.berkeley.edu/~ay216/08/NOTES/Lecture19-08.pdf
https://science.nrao.edu/facilities/alma/naasc-workshops/nrao-cd-columbia18/AA_2018_2_Science_Columbia.pdf
https://science.nrao.edu/facilities/alma/naasc-workshops/nrao-cd-columbia18/AA_2018_2_Science_Columbia.pdf


Sub-mm science
https://almascience.nrao.edu/observing/highest-priority-projects

EHT VLBI (Sgr A*, M87): https://eventhorizontelescope.org/simulations-gallery

https://almascience.nrao.edu/observing/highest-priority-projects
https://eventhorizontelescope.org/simulations-gallery


ALMA





ALMA Interferometry
Considerations (ALMA Primer)

● Angular resolution
● Maximum Recoverable Scale (MRS)
● Field of view
● Spectral resolution
● Noise
● Dynamic range



ALMA - technical handbook
1. Introduction
2. Array Components
3. Principles and Concepts of Interferometry
4. Receivers
5. The Correlators
6. Spectral Setups
7. Imaging with ALMA
8. Observing Modes
9. ALMA Sensitivity Calculator

10. Calibration and Calibration Strategies
11. ...
A. Antennas

https://almascience.nrao.edu/documents-and
-tools/latest/documents-and-tools/cycle6/alm
a-technical-handbook

https://almascience.nrao.edu/documents-and-tools/latest/documents-and-tools/cycle6/alma-technical-handbook
https://almascience.nrao.edu/documents-and-tools/latest/documents-and-tools/cycle6/alma-technical-handbook
https://almascience.nrao.edu/documents-and-tools/latest/documents-and-tools/cycle6/alma-technical-handbook


CCAT-p



CCAT-p
● Single-dish, high sensitivity and large FOV (~6 deg.!)

○ “Intensity mapping”: f_gas(z)
○ kSZ effect from clusters

● Multiple instruments
● Crossed Dragone design

○ Large FOV, preserves pol
○ https://arxiv.org/abs/1206.2402
○ Optics tubes to populate FOV
○ Pathfinders (~1 m) in recent yrs

https://arxiv.org/abs/1206.2402
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http://www.ccatobservatory.org/docs/ccat-technical-memos/ccatp_im_v2.pdf

http://www.ccatobservatory.org/index.cfm/page/science/science-facts/kSZ.htm

https://arxiv.org/abs/1206.2402
http://www.ccatobservatory.org/docs/ccat-technical-memos/ccatp_im_v2.pdf
http://www.ccatobservatory.org/index.cfm/page/science/science-facts/kSZ.htm






Adjacent or overlapping telescopes on EM spectrum
Far-IR: Herschel, SOFIA, Origins (decadal)

Sub-mm single dish: Caltech Sub-mm Observatory, IRAM 30m (Spain), LMT 
(Mexico), JCMT 15m (Hawaii), SMT 10m (Arizona) & 12m ALMA prototype (Kitt 
Peak), SPT 10m (SP)

Sub-mm interf: PdBI->NOEMA (French Alps), CARMA (CA now defunct), SMA 
(Hawaii/CfA), Simons Observatory (Chile, CCAT-p design)

Lower freq: JVLA (and ngVLA), GBT, GMRT





REFERENCES
ALMA Community Day at Columbia last year, hosted by Statia Cook / NRAO:
https://science.nrao.edu/facilities/alma/naasc-workshops/nrao-cd-columbia18/prog
ram

NRAO Essential Radio Astronomy (Condon & Ransom):
https://science.nrao.edu/opportunities/courses/era/

ALMA science portal:
https://almascience.nrao.edu/

Notes from an undergrad radio course: 
https://casper.berkeley.edu/astrobaki/index.php/Undergraduate_Radio_Lab
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