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The need for an Atacama Large Aperture Submillimeter Telescope
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Astrophysical observations at sub-millimeter and millimeter ((sub)mm) wavelengths allow us to study the cold,
dense, dusty molecular clouds that provide the raw material for the formation and growth of stars and planetary
systems. This matter remains mostly invisible at wavelengths outside the (sub)mm regime. Furthermore, (sub)mm
observations can probe the properties of star formation and of the interstellar and circumgalactic medium across all
redshifts, from our own Milky Way, out to the first galaxies that formed in the Universe. In particular, for the high
redshift galaxies, the brightest spectral lines that are diagnostics of the physical properties of both warm and cold
gas are red-shifted from the far-infrared into the (sub)mm bands, hence making them observable with a sensitive,
ground-based telescope.

A single dish telescope with a large field of view (FoV) can provide many resolution elements (beams) simulta-
neously on-sky and deliver dramatically faster mapping speeds than an interferometer, potentially by > 4 orders
of magnitude. These characteristics have enabled astronomers using the current generation of 10-m class single-
dish (sub)mm telescopes, along with interferometric follow-up, to go far beyond the biased “optical/IR” view of
the Universe. However, it is now clear that we are reaching the limits of the discovery capabilities of the current
generation of single-dish telescopes. This is especially true for extragalactic observations, where a significantly
greater sensitivity will be needed to detect low mass sources, which are more representative of the galaxy pop-
ulation, and higher redshift galaxies crucial for probing evolution and large-scale structures. While the Atacama
Large Millimeter/submillimeter Array (ALMA) provides exquisitely detailed, high-resolution observations, it is
worth noting that the combination of ALMA data with that from existing single dish facilities does not completely
compensate for ALMA’s limited mapping or for the loss of diffuse extended signals, which are intrinsically filtered
out by interferometric observations.

We present ongoing efforts to perform a design study for a next generation, large-aperture single-dish telescope
that will enable a transformational leap in (sub)mm observations, the Atacama Large Aperture Submillimeter
Telescope (AtLAST). Our design goals for AtLAST are defined by a set of key and unique scientific drivers
(e.g. [1]) and include: a 50-m diameter dish (surface accuracy of 20 µm rms), with high throughput and a 2 deg
diameter FoV, located at a high, dry site in the Atacama desert where the atmospheric conditions can accommodate
observations up to ∼ 1 THz. AtLAST will host the future generation of advanced instruments. A possible first light
instrument suite could be: a multichroic 0.5-1 megapixel continuum camera for ultra-wide field surveys; a 1000-
pixel heterodyne focal plane array for high spectral resolution (∼ 1 m s−1) line mapping; a direct detection ultra-
wide band (e.g. several octaves) integral field unit (IFU) with resolving power R∼300-1000 (spectral resolution
300-1000 km s−1), and a multi-banded heterodyne receiver with a high spectral resolution across the (sub)mm
spectrum. Finally, we envision AtLAST as an international facility telescope, with data made public after a limited
proprietary period, and we will explore ways to make the observatory fully powered by renewable energy.
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