Telescope Structure Design

Instrumentation

During CCAT’s scientific lifetime, detector arrays
will become available that are many times larger
than those in present-day cameras. To accommodate new large-format cameras and enable
large-scale galaxy and molecular cloud surveys, the
optical design is optimized for a wide ﬁeld of view.
The telescope will have an elevation over azimuth
mount and will be in an enclosure to reduce wind
buffeting and solar heating. To achieve high aperture efficiency for short wavelength observations,
the primary mirror will have an active surface. The
mirror surface will be made of machined aluminum
tiles on a thermally stable CFRP support structure.

CCAT’s scientific objectives emphasize wide-field
imaging and surveys, hence large multi-color
cameras are planned as initial facility instruments.
A short wavelength camera will cover the 200,
350, and 450 μm telluric windows with an array of
~55,000 absorber-coupled MKID detectors subtending a 12′ field of view.
Extending the technology now under development
for the CSO, the long-wavelength (740–2,200 μm)
camera will use an array of antenna-coupled MKIDs
with frequency bands defined by microstrip bandpass filters. The field of view will be 10′ at 850 μm
and 20′ at 2,100 μm. A broad-band, multi-object,
direct-detection spectrometer is planned for measuring both the redshifts and the ISM properties of
galaxies, while an array of high-resolution heterodyne receivers will enable dynamical studies of
molecular clouds.
CCAT also provides a platform for ongoing development of novel instrument technologies.

Telescope Summary
Aperture
Wavelength
Field of view
Angular Resolution
Pointing
Half wavefront error

25 m diameter
200 –2,200 µm
1°
3.5″ (λ/350 µm)
0.35″
10 µm rms

Array of millimeter-wave antenna-coupled MKIDs
for the MUSIC instrument on the CSO.

CCAT Engineering Design Phase is partially supported by
funding by the National Science Foundation’s
Division of Astronomical Sciences
12/12

www.CCATObservatory.org

Submillimeter Astronomy with CCAT
Overview
CCAT will be a 25 m telescope for submillimeter
astronomy located on Cerro Chajnantor in northern Chile. CCAT will combine high sensitivity, a
wide field of view, and a broad wavelength range
to provide an unprecedented capability for deep,
large-area, multicolor submillimeter surveys. Science objectives include studies of galaxy formation
and evolution throughout the history of the Universe; the hot gas pervading clusters of galaxies;
star formation, protoplanetary disks, and debris
disks in the Milky Way galaxy; Kuiper belt objects in
the outer reaches of the Solar System; and comets.
Instrumentation will include bolometer cameras,
multi-object direct detection spectrometers, and
heterodyne receiver arrays.

The Site: Cerro Chajnantor, Chile
Consistently superb observing conditions are crucial
for achieving CCAT’s scientiﬁc objectives. For this
reason, CCAT will be located at 5,612 m on Cerro
Chajnantor. This is one of the driest places on
Earth. Atmospheric transmission at the site has
been measured since May 2006 and results have
shown that the 350 μm zenith optical depth is < 1
(corresponding to < 0.6 mm PWV) 50% of the time.

Below CCAT, the Chajnantor Plateau (5,000 m) is
home to several astronomical observatories, including: ALMA, APEX, APX, CBI, NANTEN, and ASTE.

Scientific Objectives
CCAT will have an unprecedented capability to
make deep, large-area multi-wavelength submillimeter surveys that address key astrophysical problems:
Galaxy Formation and Evolution: CCAT will detect
hundreds of thousands of high-redshift starburst
galaxies, aiming to resolve the cosmic far-IR background radiation into individual sources. The star
formation history of the universe, the evolution of
the submillimeter galaxy luminosity function, and
the comoving number density and clustering of
submillimeter galaxies will be measured.

Protoplanetary and Debris Disks: CCAT will survey
nearby young star clusters to determine the prevalence and evolution of protoplanetary and debris
disks, identifying targets for high-resolution imaging
with ALMA.
The Kuiper Belt and Comets: CCAT will determine
basic physical data – sizes and albedos – for hundreds of Kuiper belt objects (TNOs) and enable
study of the origin of the Earth’s oceans by measuring deuterium abundances in comets.
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Submillimeter

Visible & Submillimeter

Visible

The Andromeda Galaxy observed in the submillimeter by the
Herschel Space Observatory with a visible image for comparison. Submillimeter observations (left panel) reveal cool interstellar gas and dust and embedded star formation that are not
seen at visible wavelengths (right panel). Image credit: Robert
Gendler (visible) ; ESA / Herschel / SPIRE / HELGA (submillimeter)

Dark Matter and Dark Energy: CCAT’s high resolution images of the Sunyaev-Zel’dovich effect in hundreds of clusters of galaxies will show how clusters
form and evolve, aiding the determination of the
dark energy equation of state and other cosmological parameters.
View of the CCAT site near the summit of Cerro Chajnantor,
Chile, looking northeast (G. Gull/Cornell)

collapse to form stars. In nearby clouds, CCAT will
determine how the core mass function is related
to the stellar mass function, down to brown dwarf
masses. Heterodyne array receivers on CCAT will
trace how gas flows from large-scale diffuse clouds,
to filaments, and finally to star-forming cores.

Star Formation: CCAT will provide a comprehensive census of cold, dense molecular cores that
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