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The Atacama Large Millimeter/submillimeter Array (ALMA3 n imaging radio telescope of up
to 64 12-m antennas which can be moved to fixed stations attreggacama plateau of northern
Chile to form antenna configurations extending from 150 nbtmua 15 km. Astronomical images
will thus be made with moderate spatial resolution (arourard second and above) or high
resolution (0.1 arcsecond or better, down to 10 milliarogéls). ALMA will provide the highest
fidelity images over small and large fields of view by combgnitata from the main array of 12-m
antennas with the ALMA Compact Array (ACA), a set of 4 12-meamtas and 12 7-m antennas
distributed over 50 m. The Atacama desert where the ALMA mmas will be deployed is at
5000 m elevation. This site was selected because of itsretdryness in order to lower the
atmospheric phase noise and attenuation and, hence, toippthe interferometric sensitivity in
all of the 10 receiving bands spanning the range 30 GHz to 1 ™z briefly comment on the
major ALMA science objectives, present some of the main el of the telescope, outlining
technical difficulties and innovations, and conclude wiith ¢xpected sensitivity and the probable
date for early science operation.
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1. Introduction

ALMA, the Atacama Large Millimeter/submillimeter Arrayis the largest radio telescope
ever constructed on Earth. Its construction is carried out in the Atacas®atde 5000 m high
plateau of northern Chile (Figufé 1) under an international agreemeniving Europe, North
America, Japan and the host country Chile. ALMA will explore the Unigarsthe millimeter
(mm)/submillimeter (submm) up to 1 THz (300 micrometers) with as many as 66 moveable an
tennas (50 +16 antennas, see next Section) arranged in variouguratifins extending from 150
m to about 15 km. ALMA is designed to map with high or moderate spatial resolth®seold
regions of the Universe optically invisible but bright in the mm/submm. It will beciventerpart
of the present and future large optical/IR telescopes (VLT, VLT-1 artdré ELT and James Webb
Space Telescope). ALMA, with unrivalled sensitivity, imaging quality, spatia spectral reso-
lutions, will become the major instrument to understand the processes leaditay formation
in nearby and very distant galaxies, or leading to the formation of proteansystems around
young stars. Undoubtedly, it will impact a huge range of topics rangimm Btudies of the early
Universe to studies of the Sun and other Solar System objects. At the sama @ vision of
the molecular complexity in the distant and nearby Universe is expected tgentdrMA will be
complemented at lower frequencies by the E-VLA and the future SKA ardgher frequencies,
by the ESA Herschel satellite which will bridge the range from 1 THz to thdrfea Red.

2. Main specifications

ALMA is the result of ambitious science objectives and of new technologioasibilities
to surpass all existing mm/submm telescopes in: (i) frequency coverage QupHz), (ii) col-
lecting area (about 10 times above that used in present mm arrays), éiigllosensitivity (best
receivers, high elevation site and broad bandwidth), (iv) spectsaluton and correlator config-
uration versatility, (v) spatial resolution (baseline extent up to 15 km allowgrr@ach around 10
milliarcseconds at the highest frequencies) and (vi) imaging quality. ALMAgasawill be ob-
tained with antennas placed on fixed stations selected to provide, acctydiimgulations, good
high or low spatial resolution images at all declinations except for the @nedisle North sky
(the ALMA latitude is about-23’). ALMA is expected to surpass the best instruments available
now in the mm/submm, IRAM, CARMA or the Sub-Millimeter Array, simultaneously in atiaf
above items (i) to (vi). In addition, ALMA will be able to accurately measure k&8s parameters
simultaneously, a unique feature compared to existing mm-wave interferometers

1The Atacama Large Millimeter/submillimeter Array (ALMA), an internationsiranomy facility, is a partnership
of Europe, North America and East Asia in cooperation with the Republ€hile. ALMA is funded in Europe by
the European Organization for Astronomical Research in the Southemisghere (ESO), in North America by the
U.S. National Science Foundation (NSF) in cooperation with the Natioregd®eh Council of Canada (NRC) and the
National Science Council of Taiwan (NSC) and in East Asia by the Natimstitutes of Natural Sciences (NINS) of
Japan in cooperation with the Academia Sinica (AS) in Taiwan. ALMA constrn and operations are led on behalf of
Europe by ESO, on behalf of North America by the National Radio Astron@bservatory (NRAQO), which is managed
by Associated Universities, Inc. (AUI) and on behalf of East Asia leyNational Astronomical Observatory of Japan
(NAOJ). The Joint ALMA Observatory (JAO) provides the unified leatigp and management of the construction,
commissioning and operation of ALMA.
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Figure 1: General view of the Chajnantor plateau at an altitude of 5®0Before any antenna station

has been constructed. The central LO system and the conel@ee Sections 5 and 6) are installed in
the technical building visible in the middle of this imageheTinstrument in the background is the APEX
telescope. Credit: ESO.

Various science requirements have been identified to define the ALMAitathequirements
later used for the engineering implementation. As an example, the ability to deteefiission
from CO or ionized carbon in a normal galaxy at a redshift of z = 3 in leas 84 hours was
used to define the total collecting area. For several engineering seeasdiecause of the imaging
constraints which require to reconfigure the antennas, the prefeltdiba was to fabricate several
tens of 12-m antennas. ALMA is primarily designed as an imaging radio tglesddlith nearly
200 antenna stations distributed across the ALMA Operations Site (AO®patrh the array can
be expanded and contracted as required by the science programs whiggloé a specific antenna
transporter (Figur§] 2). Optimum (u,v) coverage and reliable images withonigtoderate spatial
resolution (from 0.1 arcsecond or better to 1 arcsecond or aboveptaimed by combining the
12-m array configurations with the twelve 7-m antennas of the ALMA Coinpaay (ACA). The
spatial information in sources more extended than the primary beam is losteviduit can be
recovered by observing in total power mode more time than in the interferomsade; this is
performed with the four 12-m antennas of the ACA.

High quality imaging up to the highest frequencies requires the design ohbylpljase stable
array. This is achieved by preserving the phase information within angeahe instrument with:
(i) a special transport and control system of the Local Oscillator us#teiheterodyne receivers
installed behind each antenna, and (ii) a dedicated water vapour radianséaled at each antenna
to compensate for the pathlength changes due to the residual atmosphéaet the incoherent
effects of the atmospheric phase fluctuations are compensated, eithgicbynbining the water
vapor content measured above each antenna with an atmospheric mdnjefast switching to a
nearby calibrator in order to freeze the properties of the residual alrapspAn accurate amplitude
calibration is also required to obtain the highest quality images; the ALMA gaalbisnd 1 to a
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