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In this article, we describe the status of the Cherenkov Tel-
escope Array Observatory (CTAO) and some of its science 
cases of interest for the Swiss Community involved in it. 
CTAO is dedicated to the measurements of gamma-rays 
from the ground between 20 GeV up to about 300 TeV. 
Gamma-rays are emitted in acceleration processes hap-
pening in powerful accelerators typically generated by cat-
astrophic events, such as shocks of supernova remnants, 
pulsars and pulsar wind nebulae, or jets of black holes, by 
exotic objects populating our universe, such as magnetars 
or the so-called Fermi Bubbles departing tens of kiloparsecs 
from the core of our galaxy.

Gamma-rays are detected indirectly by measuring the 
Cherenkov light emitted by the electromagnetic showers 
they generate in the atmosphere. The atmosphere is used 
as a calorimeter. In this calorimeter also numerous cosmic 
ray hadronic showers are generated, representing a back-
ground for the measurement of gamma-rays from astro-
physical point-like or extended sources. The electromag-
netic showers can be discriminated among the 5 orders 
of magnitude more numerous hadronic showers by using 
an imaging technique, Imaging Air Cherenkov Telescopes 
(IACT). A mirror, composed of many facets, focuses the 
Cherenkov light produced by gamma-rays as a flash in the 
atmosphere lasting about 5 ns on the plane of a camera with 
ns-sensitive photosensors. A telescope can reconstruct the 
image of the source as a probability density distribution of 
many gamma-ray events. These produce elliptical images in 
the camera with their main-axis pointing to the center when 
the telescope is on axis with respect to the source. When 
multiple telescopes observe the same shower the precision 
in reconstructing the source improves as well as the back-
ground rejection capability.

CTAO will be a distributed research infrastructure composed 
of two arrays of tens of telescopes, one in the North at La 
Palma in the Canary islands and the other at the ESO site of 
Paranal in Chile, the Headquarter in Bologna at the Istituto 
Nazionale di Astrofisica   1 (INAF) premisis, a data science 
management centre in DESY-Zeuthen, and 4 off-site data 

1  http://www.inaf.it/en

centres processing the about 2 Pbyte per year data from 
the sites and about 20 Pbyte per year of simulated data. 
Switzerland will host one of the four offsite data centres at 
the supercalculus centre of CSCS. This data centre is being 
developed for astronomy with big data in Switzerland in syn-
ergy with the Square Kilometre Array Observatory (SKAO). 
CTAO involves the University of Geneva (UNIGE), ETHZ, 
EPFL, and the University of Zürich and it is coordinated by 
UNIGE.

CTAO is a landmark in the European Strategy Forum of Re-
search Infrastructures (ESFRI) roadmap together with SKAO 
and the European Extremely Large Telescope (E-ELT) and 
it is the first priority of the APPEC (AstroParticle Physics 
European Consortium   2) roadmap. The final submission of 
the application process to the European Community for the 
establishment of its final legal entity has been submitted. In 
2023 the ERIC   3 will be in place and the construction works, 
which already started, will proceed at full speed and last 
5 years. CTAO will lead the multi-messenger field as gam-
ma-rays allow to reconstruct the morphology of sources, 
allowing to understand how particles are accelerated and 
how they escape from the sources, as well as the evolution 
with age of the source. This is being already observed by 
the current generation of arrays Major Atmospheric Gamma 
Imaging Cherenkov Telescopes   4 (MAGIC) and High Energy 
Stereoscopic System   5 (H.E.S.S.), and CTAO will have im-
proved sensitivity by about a factor of 10.

Switzerland has a long-standing tradition in high-energy 
astrophysics and joined CTAO in 2005 also founding its 
initial interim legal entity, the CTAO GmbH. MAGIC is co-
ordinated by ETHZ and UNIGE also participates to it. The 
two MAGIC telescopes, with mirror diameter of 17 m, are 
located close to the first of the CTAO telescopes, the Large 

2  https://www.appec.org/
3  https://research-and-innovation.ec.europa.eu/strategy/

strategy-2020-2024/our-digital-future/european-research-infrastructures/
eric_en

4  http://magic.mppmu.mpg.de/
5  https://www.mpi-hd.mpg.de/hfm/HESS/

The Large-Sized Telescope (LST) prototype, the LST-1, passed its 
Critical Design Review (CDR) in June 2020. Credit: Otger Ballester (IFAE)

This image illustrates all three classes of the 99 telescopes 
planned for the southern hemisphere at ESO's Paranal Observa-
tory, as viewed from the centre of the array. This rendering is not 
an accurate representation of the final array layout, but it illustrates 
the enormous scale of the CTA telescopes and the array itself.
Credit: Gabriel Pérez Diaz (IAC)/Marc-André Besel (CTAO)/ESO/ N. Risinger (skysurvey.org)
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Size Telescope (LST-1) with 23 m mirror diameter. This is 
already producing first results for science commissioning. 
The contribution of Swiss institutions has been discussed 
in detail as well as the potential of the observatory in the 
current multi-messenger scenario including neutrino tele-
scopes, such as IceCube and gravitational wave interfer-
ometers. As gamma-ray bursts have been recently meas-
ured by MAGIC and H.E.S.S. and the Laser Interferometer 
Gravitational-Wave Observatory   6 (LIGO) and Virgo   7 have 
seen gravitational waves in coincidence with gamma-rays, 
we expect to unravel the mistery on gamma-ray bursts. Also 
neutrino telescopes and MAGIC have seen a joint flare of 
a blazar, a flaring black hole in the core of an active gal-

6  https://www.ligo.caltech.edu/
7  https://www.virgo-gw.eu

axy. which is most probably responsible with other similar 
powerful sources for the extragalactic cosmic rays and the 
gamma-ray background light. CTAO will also search for dark 
matter by looking at the possible signature of axions in gam-
ma-ray spectra from blazars or scanning the galactic centre 
and other massive clusters searching for the annihilation or 
decay products of dark matter in standard particles.

CTAO had also many technology-returns for instance in 
the field of photosensing with silicon detectors, digital elec-
tronics, advanced analysis based on machine learning and 
likelihood methods. CTAO will take data for about 20 - 30 
years serving a broad community of enthusiastic scientists 
and powering the multimessenger network with many alerts, 
while fascinating the broad public unraveling the highest en-
ergy universe.


