
Gamma rays from the universe → fundamental physics and cosmology 
CTA: The Cherenkov Telescope Array

• Dark Matter

• Axion-Like Particles

• Primordial Black Holes

• Lorentz Invariance Violation

• Cosmic IR/Optical Background

• Intergalactic Magnetic Field
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CF6: CTA — A New Facility for Very High-Energy �-Ray and Cosmic Ray Astrophysics

The Cherenkov Telescope Array (CTA) will be a next-generation instrument sensitive to �-rays and cosmic
rays (CRs) in the very high-energy range (VHE, E &100 GeV). The CTA design consists of two large
arrays of imaging atmospheric Cherenkov telescopes (IACTs) that detect VHE �-rays and CRs through the
observation of Cherenkov light produced in air showers initiated by these particles. The arrays, one in the
Northern and the other in the Southern hemisphere, will provide full-sky coverage by combining IACTs
optimized for different energies in the 20 GeV–300 TeV range. CTA builds on the pioneering U.S. legacy
of the Whipple 10-m �-ray telescope and the current-generation VERITAS telescope array, as well as the
HEGRA, MAGIC, and H.E.S.S. projects abroad.

For fifty years, IACTs have used optical systems that are based on a single mirror, prime-focus Davies-
Cotton or parabolic design. The U.S. participants in CTA have led an international collaboration to build and
demonstrate an innovative 9.7-m dual-mirror prototype Schwarzschild-Couder telescope (SCT) for CTA,
which has the potential to transform the field by offering major improvements in angular resolution and off-
axis sensitivity over a wide 8� field of view.1–5 The SCT design, which incorporates original ideas for the
optics, mechanics, and electronics, has a cost comparable to existing IACTs of similar aperture. Simulations
show a ⇠ 30% sensitivity improvement for an array that uses SCTs when compared to conventional prime-
focus telescope designs, resulting in nearly a factor of two reduction in observation time for most sources.6;7

The wide-field design also improves the sky survey speed, observations of extended sources, and searches for
poorly localized or serendipitous transients (e.g. gravitional wave or neutrino events). The first detection of a
VHE �-ray source with the prototype SCT was recently achieved,8;9 validating the technological approach.

A European Research Infrastructure Consortium (ERIC) is currently being formed to manage the CTA
Observatory. When the ERIC is approved (currently anticipated in 2021), construction will officially begin
on northern and southern CTA arrays that will be reduced in scope compared to the full design. This initial
construction phase will be followed by operations and enhancement phases in which the arrays are operated
for science and additional telescopes are added to enhance the scientific performance. We are working to
add ten or more SCTs to CTA during the enhancement phase.
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Figure 1: CTA sensitivity curve10 (black) and H.E.S.S. limits11

(magenta) for WIMP dark matter signatures based on Galactic Cen-
ter observations. Upper limits from Fermi-LAT observations of
dwarf galaxies12 are also shown. CTA results will constrain the
thermal relic abundance level for a wide range of WIMP masses.

A detailed discussion of the CTA
scientific capabilities can be found
in the volume Science with the
Cherenkov Telescope Array13 and in
recent white papers submitted to the
Astro2020 Decadal Survey.14–18 The
remainder of this letter presents a brief
introduction to the capabilities of CTA
to address critical issues at the Cosmic
Frontier, such as indirect searches for
dark matter (DM) and tests of funda-
mental physical laws. How the addi-
tion of (SCT) telescopes to CTA can
enhance the outcomes of these studies
will be a topic of investigation during
the Snowmass study.

CF1: Indirect Searches for

WIMP Dark Matter with CTA

Among the prominent particle candidates for DM are weakly interacting massive particles (WIMPs), which
are expected to self-annihilate to produce prompt or secondary �-rays for a wide range of models. The
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CTA dark matter: arXiv: 2007.16129

CTA fundamental physics and 
cosmology: arXiv: 2010.01349

Justin’s Talk about CTA at P5 

https://arxiv.org/pdf/2007.16129.pdf
https://arxiv.org/pdf/2010.01349.pdf
https://indico.fnal.gov/event/58272/contributions/261988/


the prospects of multi-messenger astrophysics  
with next-generation gamma-ray and neutrino observatories

CTA & IceCube (Gen2)

• Neutral messengers for extreme cosmic accelerators.


• Gamma rays must be produced together with neutrinos. 


• The brightest neutrino sources ≠ the brightest gamma-ray sources


• Need to understand the extreme environments in sources. 

CTA uniqueness: Transient discovery potential, 
angular resolution, energy coverage/resolution.  
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