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ALMA, the Atacama Large Millimeter/submillimeter Array, will be a sin-
gle research instrument composed of up to 80 high-precision antennas, 
located on the Chajnantor plain of the Chilean Andes in the District of 
San Pedro de Atacama, 5000 m above sea level.

ALMA will be the leading instrument for observing the cool Universe  
– the molecular gas and dust that constitute the building blocks of stars, 
planetary systems, galaxies, and of life itself. This material’s typical tem-
peratures of 3-100 K result in spectral energy distributions peaking at 
submillimeter through to far-infrared wavelengths. ALMA will also play a 
major role in studies of the cosmic microwave background. 

ALMA will operate at wavelengths of 0.3 to 9.6 mm, a waveband where 
the Earth’s atmosphere above a high, dry site is largely transparent, and 
offer unprecedented sensitivity and resolution. The 12-m antennas will 
have reconfigurable baselines ranging from 15 m to 18 km. Resolutions 
as fine as 0.005” will be achieved at the shortest wavelengths, a factor 
of ten better than the Hubble Space Telescope.

ALMA will be a complete astronomical imaging and spectroscopic 
instrument for the millimeter/submillimeter range, providing scientists 
with capabilities and wavelength coverage that complement those 
of other research facilities of its era, such as the Expanded Very Large 
Array (EVLA), the Extremely Large Telescopes (ELT), and the James 
Webb Space Telescope (JWST).

  Chajnantor

 ALMA Deep Field: Most of the galax-
ies that will be detected in sensitive ALMA 
images will have large redshifts. The top 
row shows the number of low redshift  
(z < 1.5) and high redshift (z > 1.5) galax-
ies expected from a simulated deep ALMA 
observation. Although the high redshift 
galaxies are more distant, much more of 
the dominant emission from warm dust is 
redshifted into the ALMA frequency bands. 
The bottom row shows that with an optical 
image, such as the Hubble Deep Field, most 
of the detections are of galaxies with z < 1.5. 
In stark contrast to the optical image, 80 
percent of the galaxies detected by ALMA 
will lie at high redshifts. The top images are 
from Wootten & Gallimore (2000, ASP Conf. 
Ser. Vol. 240, pg. 54). The bottom images are 
from K. Lanzetta, K. Moore, A. Fernandez-
Soto, and A. Yahil (SUNY).
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Mobile High Precision Instruments

The antennas are central to the ALMA project. Their quality 
and performance define the overall functionality of ALMA. 

The specifications of each antenna are 2” absolute point-
ing over the whole sky, 0.6” tracking, and a 25-micrometer 
RMS surface accuracy. These are very tight specifications 
for radio telescopes fully exposed to the harsh weather 
environment at 5000-m altitudes. 

In view of the difficulties in fulfilling these requirements, pro-
totype antennas were supplied by three companies: the 
AEC Consortium (procured by ESO), Vertex RSI (procured 
by NRAO for North America) and the Mitsubishi Electrical 
Company (procured by NAOJ, Japan). All three prototypes 
were extensively tested at the ALMA Test Facility in Socorro, 
New Mexico. Several groups of international experts, both 
internal and external to ALMA, reviewed the performance 
of the prototype antennas and concluded that, on the basis 
of the tested functioning, their expected performance at 
the ALMA site conformed to the technical requirements. 

The North American partners of the ALMA project, through 
AUI, signed a contract with Vertex RSI on July 11, 2005 to sup-
ply up to 25 antennas, with options to increase to 32 anten-
nas. On December 6, 2005 the ESO Director General signed 
a contract with the AEM (Alcatel Alenia Space France, 
Alcatel Alenia Space Italy, European Industrial Engineering 
S.r.L., MT Aerospace) Consortium to supply 25 ALMA anten-
nas, with options to increase the number of antennas to 32. 
The four 12-m antennas and the twelve 7-m antennas to 
be provided by Japan have been ordered from Mitsubishi 
Electrical Company.

The first antennas supplied by Vertex RSI were delivered in 
Chile during the second half of 2007. The first antenna to be 
supplied by the AEM Consortium is expected by the end 
of 2008. Despite the later delivery of the first AEM antenna, 
both suppliers are expected to deliver their 25th antenna by 
the end of 2011. The four Japanese 12-m antennas have also 
been delivered to the Operations Support Facility (OSF).

  Artist’s impression of the ALMA Array

  The three prototype antennas at the ALMA Test Facility in Socorro  

ALMA Sensitivity Goals for the 12-m Array

For an integration time of 60 seconds, a spectral resolution of 1 km/s, the RMS flux density, ∆S, and brightness temperature sensitivity, ∆T, with a 
64-antenna array and maximum effective baseline, Bmax, will be:

                    Bmax = 0.2 km        Bmax = 14.7 km
Frequency   Continuum   Spectral Line     Beam            Beam
    (GHz)       ∆S (mJy)       ∆S (mJy)    (arcsec)  ∆Tcont (K)  ∆Tline (K)   (arcsec)  ∆Tcont (K)  ∆Tline (K)

     110         0.047     7.0         3.18    0.0005    0.070     0.038       3.3    482
     140         0.055     7.1         2.50    0.0005    0.071     0.030       3.8    495
     230         0.100         10.2         1.52    0.0010    0.104     0.018       6.9    709
     345         0.195         16.3         1.01    0.0020    0.167     0.012     13.5  1128
     409         0.296         22.6         0.86    0.0031    0.234     0.010     20.5  1569
     675         1.042         62.1         0.52    0.0108    0.641     0.006     72.2  4305

Specifications

         12-m Array      Atacama Compact
                  Array (ACA)

Array  Number of Antennas up to 64      12 (7 m) + 4 (12 m)
   Total Collecting Area up to 7240 m2     460 + 450 m2

   Angular Resolution  0.02˝ (l/1 mm)(10 km/baseline) 5.7˝ (l/1 mm)
   Baseline Lengths  15 – 18 500 m

Antennas Diameter    12 m       7 m, 12 m
   Surface Precision  < 25 mm       < 20 mm, < 25 mm
   Offset Pointing   < 0.6˝       < 0.6˝

Correlator Baselines    up to 2016      120
   Bandwidth    16 GHz per baseline    16 GHz per baseline
   Spectral Channels  4096       4096
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ALMA will offer an unprecedented combination of sen-
sitivity, angular resolution, spectral resolution, and imag-
ing fidelity at the shortest radio wavelengths for which the 
Earth’s atmosphere is transparent, opening a new window 
onto the origins of galaxies, stars and planets. It will be able 
to produce detailed images of the formation of galax-
ies, stars and planets in both continuum and the emission 
lines of interstellar molecules. It will show the birth of stars 
and planets forming in gas clouds in our galaxy and, fur-
ther afield, it will observe galaxies in their formative stages 
towards the edge of the observable Universe, which we see 
as they were roughly ten billion years ago. 

In particular, with ALMA astronomers will be able to: 

• Image the redshifted dust continuum emission from evolv-
ing 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 like the Milky Way, but at a redshift z ~ 3 in less 
than 24 hours of observation. 

• Reveal the kinematics of obscured galactic nuclei and 
quasars on spatial scales smaller than 100 pc.

• Assess the influence that chemical and isotopic gradients 
in galactic disks have on the formation of spiral structure.

• Determine the dynamics of dust-obscured protostellar 
accretion disks, the rate of accretion and infall from the 
nascent molecular clouds, the mass distribution over the 
disk and the structure of molecular outflows.

• Image the gas kinematics in protoplanetary disks around 
young Sun-like stars with a resolution of a few astronomical 
units out to a distance of 150 pc (roughly the distance to 

the star forming clouds in Ophiuchus or Corona Australis), 
enabling the study of their physical, chemical and mag-
netic field structures and detection of the tidal gaps cre-
ated by planets undergoing formation in the disks. 

• Detect the photospheres of stars in every part of the 
Hertzsprung-Russell diagram and resolve the photospheres 
and chromospheres of giant and supergiant stars within a 
few hundred parsecs. 

• 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.

 A simulation (Wolf & D’Angelo, 2005) of ALMA observa-
tions at 950 GHz of a disk shows an embedded protoplanet 
of 1 Jupiter mass around a 0.5 Solar mass star (orbital 
radius: 5 AU). The assumed distance is 50 pc or 100 pc as 
labeled. The disk mass is set to that of the Butterfly Star (IRAS 
04302+2247) in Taurus. Note the reproduced shape of the 
spiral wave near the planet and the slightly shadowed 
region behind the planet in the left image. Image courtesy 
of S. Wolf.

 The Horsehead Nebula at different wavelengths. In the 
optical, dust obscures star-forming activity in the Horsehead 
Nebula. In the infrared, the hot, thin layer of dust around 
the cloud glows. At radio wavelengths, both dust and mol-
ecules glow, providing a wealth of information on the inter-
nal structure, density and kinematics of optically invisible 
regions. ALMA will map the glowing emission (the two right-
most panels) at the resolution of the optical image (leftmost 
panel).

100 pc 50 pc
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Infrared (ESA/ISO/ISOCAM) Optical  (ESO)Radio CO 3–2 Line (CSO)Submm (APEX)

A World Class Observatory in the Desert

The ALMA Array Operations Site (AOS) will lie in an unusual setting: 
the Altiplano de Chajnantor, a plateau at an altitude of 5000 m in the 
Atacama Desert in Chile, selected for its dryness and altitude. The ALMA 
Observatory will not only be unique because of its ambitious scientific 
goals and the unprecedented technical requirements, but because of 
the difficulty of working in such a harsh environment, where the array of 
antennas must operate with high efficiency and accuracy.

The ALMA Observatory will operate from two distinct sites, both far from 
the comfortable living conditions of modern civilization. The ALMA 
Operations Support Facility (OSF) will be the base camp for the routine 
operation of the observatory. It is located lower than the AOS, at an 
altitude of about 2900 m. This is quite high for everyday living, but still 
acceptable for a major astronomy project.

The Operations Support Facility (OSF) 

At present, all ALMA site contractors and their staff live on site at the 
OSF. Special camps have been erected and can accommodate up to 
500 workers.

The OSF is also the focal point of all Assembly, Integration, Verification, 
and Commissioning (AIVC) activities for the antennas and other high 
technology equipment, after preliminary acceptance and prior to 
moving the equipment to the AOS. Ultimately, the OSF and its Technical 
Facilities will become the center of all the scientific activities related 
to the daily operation of the Joint ALMA Observatory. The OSF will be 
the central location for running the observatory and taking care of all 
maintenance and operations. Once the observatory is in operation it 
will be the workplace both for astronomers and the teams responsible 
for maintaining the telescopes. The quality of all ALMA data will be 
assessed at the OSF. 

Respecting Culture and Nature

Although it is one of the most ambitious high technology scientific proj-
ects, activities on the ALMA site have not only focused on building the 
world’s most advanced and challenging astronomical ground-based 
observatory, but have considered the history and environmental con-
cerns of this unique region. The remains of a small local settlement 
located along the access road at km 21 have been rebuilt, in consulta-
tion with the last owner and an archaeologist from San Pedro. This now 
serves as a museum and an interpretive center for local cultures and 
history

  Satellite view of Chajnantor

OSF Site (15 km) AOS Site (43 km)

  The AOS Technical Building

 Constructing and ensuring access to the 
remote OSF and AOS sites has required sub-
stantial efforts by the ALMA project. The OSF 
site, at 2900 m altitude, is about 15 km away 
from the closest public road, the Chilean 
highway No. 23. The AOS is a further 28 km 
from the OSF site. So one of the first projects 
to be completed by ALMA was to construct 
an access road not only to the OSF, but also 
to the AOS. This 43-km road runs at high 
altitude and is wide enough to transport a 
large number of 12-m antennas.
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