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Green Bank,  West Virginia, USA
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Wilner et al. (2002)

Optical

PMS star

protoplanet

ALMA
Disk seen as 
“silhouette”



•

����������������	
���


� �

��������� �!�"#��!�!$��%&�'���������%(!�(��!�!$��%

Nearby galaxies in HDF

Source: K. Lanzetta, SUNY-SB

Distant galaxies in HDF



M82 from ISO, Beelen and Cox
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Nearby galaxies in ALMA

 Deep Field

Source: Wootten and  Gallimore, NRAO

Distant galaxies in ALMA 

Deep Field; spectroscopy also!



•Key science goal includes

•Image protoplanetary disks to detect tidal gaps 
created by planets undergoing formation in the disks;

•Image normal galaxies like the Milky Way (in CO or 
CII line, for example) out to Z=3

•Precision imaging at high angular resolution(0.1”) 

�

General Science Requirements, from ALMA Project Plan v2.0:
“ALMA should provide astronomers with a general purpose telescope which they can use to study 

at a range of angular resolutions millimeter and  submillimeter wavelength emission from all 
kinds of astronomical sources.  ALMA will be an appropriate successor to the present 
generation of millimeter wave interferometric arrays and will allow astronomers to: 

• Image the redshifted dust continuum emission from evolving galaxies at epochs of 
formation as early as z=10;

• Trace through molecular and atomic spectroscopic observations the chemical 
composition of star-forming gas in galaxies throughout the history of the Universe;

• Reveal the kinematics of obscured galactic nuclei and Quasi-Stellar Objects on spatial 
scales smaller than 300 light years;

• Image gas rich, heavily obscured regions that are spawning protostars, protoplanets and 
pre-planetary disks;

• Reveal the crucial isotopic and chemical gradients within circumstellar shells that reflect 
the chronology of invisible stellar nuclear processing;

• Obtain unobscured, sub-arcsecond images of cometary nuclei, hundreds of asteroids, 
Centaurs, and Kuiper Belt Objects in the solar system along with images of the planets 
and their satellites;

• Image solar active regions and investigate the physics of particle acceleration on the 
surface of the sun.
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•ALMA

• Early Science

The mm/submm Spectrum:

Focus of ALMA

� Millimeter/submillimeter photons are the most abundant photons in the 
cosmic background, and in the spectrum of the Milky Way and most spiral 
galaxies.

� ALMA range--wavelengths from 1cm to ~0.3 mm, covers both components to 
the extent the atmosphere of the Earth allows.

slide by Al Wootten
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Latitude: -23°

Altitude: 5000mSantiago

Paranal

La Serena

Located at 5000m (16,500 Ft) site in 
the Atacama desert in northern Chile



•ALMA

• Early Science

• ‘B11’
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AOS Technical Building
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