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The CTA Observatory

CTA will have two sites (Spain & Chile) and three sizes of 

telescopes (LST 23 m, MST 10–12 m, and SST ~4 m) to detect 
gamma rays from 20 GeV to 300 TeV (see poster from Lab 
Saha in this session). Data will be public after a 1-yr 
proprietary period.  

Key Science Projects

The CTA Key Science Projects [1] are summarized in Fig. 1. 

Constraints from gamma rays and their propagation

CTA will be able to improve [2], by a factor of few over the current 

imaging atmospheric Cherenkov telescopes, the constraints on: 

• Extragalactic background light (intensity vs wavelength & redshift) [2]

• Intergalactic magnetic fields (strength) [2]

• Axion-like particles (mass & coupling strength, see Fig. 3) [2]

• Lorentz invariance violation (minimum energy for LIV) [2]

• Primordial black holes (evaporation rate-density) [3]
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ABSTRACT

The Cherenkov Telescope Array (CTA) is designed to improve the sensitivity to 20 GeV – 300 TeV gamma rays by a factor of 5 – 20 
compared to current instruments. It will provide the unprecedented capability to probe extreme astrophysical environments, explore 
fundamental physics, and search for dark matter (DM) signatures. In particular, the CTA DM sensitivity will reach the thermal relic cross-
section for DM masses above ~200 GeV, and extend to DM masses above ~1 TeV, which are inaccessible to other existing or upcoming 
experiments. Observations of extragalactic gamma rays enable tests of Lorentz invariance and measurements of the extragalactic 
background light, cosmological parameters, intergalactic magnetic fields, axion-like particles, and primordial black holes. CTA is an 
international project that profits from strong U.S. participation in technology development in the form of a novel dual-mirror 
Schwarzschild-Couder Telescope and in science planning. The U.S. support for CTA construction, if provided, will enhance the science 
reach of the observatory and ensure U.S. access to this transformational facility and the discoveries it will enable.

Fig. 2: Sensitivity of CTA to the DM annihilation signal (W+W-) from 
525-hour simulated observations of the Galactic center (GC) region 
(95% C.L.), reaching the ‘thermal’ cross-section ~>200 GeV [4]. 

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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Indirect Searches for WIMP Dark Matter

WIMPs are expected to self-annihilate to produce prompt 

or secondary gamma rays for a wide range of models. 


Constraints on Axion-Like Particles 

Gamma rays can interact with astrophysical magnetic 

fields to convert to axion-like particles (ALPs). If they 
reconvert to gamma rays before reaching Earth, they can be 
detected by CTA. 

Fig. 3: Projected CTA constraints on the mass and photon-coupling 
strength of ALPs (95% C.L.; 10-hour simulated observations of the 
radio galaxy NGC 1275 during a flaring state) [2]. 

Figure 8: Projected CTA constraints on ALPs, as a function of their mass, ma, and coupling
to photons, ga� . The green filled region illustrates the 95% confidence level exclusion region
obtained from CTA observations of a flaring state of the radio galaxy NGC1275. Purple and
blue filled regions illustrate exclusion regions from current-generation instruments. Salmon
pastel regions correspond to hints for ALPs from an additional cooling of white dwarfs (WD)
and an increased transparency of the Universe to TeV � rays, as labelled in the figure. Other
projected sensitivities are shown as green lines. The preferred parameter space for the QCD
axion is shown as a dark orange band. See Ref. [164] and references therein, updated here with
the LHAASO sensitivity derived in Ref. [165]. Figure created with the gammaALPsPlot
package, see https://github.com/me-manu/gammaALPsPlot.

from CTA will be dominated by systematic uncertainties in the model assumptions, as shown
in Fig. 7.

The mass range probed with CTA is too high to test recent claims for evidence of
ALPs [169, 170]. These claims are based on the modeling of Fermi-LAT observations of bright
pulsars and Galactic supernova remnants, which would be better described by accounting
for ALP-induced irregularities than by smooth functions alone. The parameters suggested
by these analyses are however incompatible with results from CAST and globular cluster
observations [160, 161].

Observations of several AGN can be combined to further improve the CTA sensitivity.
For instance, the �-ray source IC 310 is also located in the Perseus cluster and is detected up
to 10 TeV with the MAGIC telescopes [171]. Such studies will make CTA a prime instrument
for searching for dark matter in the form of WISPs, complementarily with searches for more-
massive dark matter candidates (see, e.g. Ref. [172]).
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Fig. 1: The CTA Key Science Projects [1]:

•Dark Matter Program: annihilation or decay (see Fig. 2)

•Transient follow-up/multi-messenger astrophysics program  

•Surveys of the Galactic Center/Plane + ¼ of the remaining sky  

•PeVatron candidates, star forming/active galaxies and clusters 
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