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Abstract: The Cherenkov Telescope Array (CTA) is a project for the construction of a next generation Very High 
Energy gamma-ray observatory with full sky coverage. Its aim is improving by about one order of magnitude the sen-
sitivity of the existing installations, covering about 5 decades in energy (from few tens of GeV to above a hundred 
TeV) and having enhanced angular and energy resolutions. During 2010 the project became a truly global endeavour 
carried out by a consortium of about 750 collaborators from Europe, Asia, Africa and the North and South Americas. 
Also during 2010 the CTA project completed its Design Study phase and started a Preparatory Phase that is expected 
to extend for three years and should lead to the starting of the construction of CTA. An overview of the CTA project 
will be given and the status and plans of its Preparatory Phase will be discussed. 
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1. Introduction 
 
Very High Energy gamma-ray astronomy is consolidat-
ing as a new and very successful branch of Astrophysics 
and Astroparticle Physics. Exciting results have been 
obtained in the last few years by the current generation 
IACT (Imaging Atmospheric Cherenkov Telescopes) that 
have increased the number of detected sources from just 
a handful to about 150. 
 
The present generation of Cherenkov telescopes has 
allowed the first detailed observations of the sky using 
gamma rays of energies above 100 GeV and has revealed 
sources with complex and resolved structures in the cen-
tral band of the Milky Way and a plethora of extragalac-
tic sources. Based on the extensive scientific knowledge 
gained with the Cherenkov telescopes H.E.S.S. in Na-
mibia, MAGIC on the Canary Islands, and VERITAS in 
the United States, there is a high potential for lots of 
discoveries with a more sensitive gamma-ray observatory 
with full sky coverage in the energy range above some 
tens of GeV.  
 
This was the motivation that, back in 2005, gathered 
together the scientists of the VHE gamma-ray commu-
nity to propose the Cherenkov Telescope Array (CTA) 
concept. CTA is an European-initiated worldwide project 
which builds upon the success and convergence of 
H.E.S.S., MAGIC, VERITAS and CANGAROO and 
gathers the current expertise in the domain of most of the 

worldwide community with the aim to exploit the full 
potential of the IACT technique during the next two or 
three decades. 
 
When finally completed, CTA is expected to increase the 
sensitivity of actual observatories such as H.E.S.S., 
MAGIC or VERITAS by an order of magnitude. It will 
also expand the energy range coverage from some tens of 
GeV to about hundred TeV, opening a new window in 
the VHE domain never reached with such exquisite detail. 
Additionally, the ideal synergy between the Large Area 
Telescope (LAT) on board of the Fermi Gamma-ray 
Space Telescope and CTA will allow nearly seamless 
coverage from few MeV to hundreds of TeV. 
 
This observatory shall reveal of the order of thousand 
sources, an order of more sources than in the current 
VHE catalogues, allowing for example population stud-
ies of classes such as Pulsar Wind Nebulae (PWNe) and 
Active Galactic Nuclei (AGN). Due to its higher sensitiv-
ity and better angular resolution it shall be able to detect 
new classes of objects and phenomena that have not been 
visible until now and will greatly improve the chances 
for discovery in fundamental physics issues such as Dark 
Matter astronomy, Lorenz invariance violation or obser-
vational cosmology.  
 
CTA will serve as an open observatory to a wide astro-
physics community and will provide a deep insight into 
the non-thermal high-energy universe enabling scientists 
to tackle a variety of fundamental open questions con-
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cerning supernovae, compact objects such as pulsars and 
black holes, the galactic centre, star forming regions, 
active galactic nuclei, dark matter, quantum gravity, 
charged cosmic rays, the physics of jets, the Extragalac-
tic Background Light (EBL) and many more. 
 
The main performance goals of CTA to exploit the phys-
ics potential, the conceptual design of CTA and the pre-
sent status of the project are discussed in this write-up. 
An overview of the CTA project will be given and the 
status and plans of its Preparatory Phase will be dis-
cussed. 

2. The CTA performance goals. 
 
The main performance goals of the CTA project are: 
 

� A wide energy coverage: four decades, from some 
10 GeV to beyond 100 TeV 

 
� A sensitivity at least one order of magnitude better 

than any existing installation: about 1 miliCrab 
at the core energy regime around 1 TeV. 

 
� Improved angular resolution down to a few arc-

minutes and extended field of views to be able 
to do morphological studies.  

 
� Two observatories, operated under a common 

framework, for all-sky monitoring capability:  
Southern, with a wide energy range covering 
especially the Galactic sources; and Northern, 
with a focus on low energies for Extragalactic 
objects.  
 

The energy range extending from a few 10's of GeV to 
above 100 TeV shall allow new source classes to be 
discovered, the emission mechanisms in the known 
source classes to be better investigated (e.g. comparison 
of leptonic vs. hadronic models in SNRs, binaries) and a 
wide parameter space together with a larger lever-arm for 
signal discrimination for possible Dark Matter 
annihilation sources to be explored.  
  
A jump of a factor of 10 in sensitivity over the currently-
operating experiments (down to a milliCrab level) should 
allow about an order of magnitude increase in the 
number of detectable sources by providing a deeper 
vision of the gamma-ray sky, and allow much finer 
temporal resolution for variable sources (e.g. AGNs). 
 
Additionally, an improvement in angular resolution will 
not only provide increased background rejection for the 
point-like sources (AGNs, binaries), but will allow also 
fine mapping of the extended  Galactic sources (PWNe 
and SNRs) and possibly the nearest extragalactic sources 
(M87, Cen A). An extended field of view will allow 
surveying the galactic plane and other specific regions on 
the sky and, combined with the enhanced sensitivity, 
discovering hundreds of new galactic sources.  
 

Given that the gamma-ray sky is already known to 
contain a rich catalogue of sources, full-sky coverage is 
most desirable, with Northern and Southern installations 
of the observatory, adapted to the sky coverage, i.e. 
better low-energy coverage for the Northern installation 
where the extragalactic sky would be the preferred target, 
and with a wider energy range for the Southern one for 
which the region around the Galactic plane will be fully 
accessible. 
 
These goals could be achieved by means of two extended, 
mixed arrays of Cherenkov telescopes (detailed below) 
with the additional advantage that such large, extended 
arrays would have an inherent flexibility of operation, 
allowing both deep field investigations and surveys, in 
parallel with monitoring of the brightest variable sources 
and reactivity to alerts from other instruments. 
 
3. Conceptual Design of CTA 
 
On the basis of the experience with the current genera-
tion of IACTs, it is clear that the technique to achieve the 
goals of the CTA is available: extended, mixed arrays of 
Cherenkov telescopes, (see fig.1) with a gradation in 
telescope performance:  
 
Detection at the highest energies, from 10 to 100 TeV, 
encounters the major difficulty of the sparseness of the 
signal even from strong sources. This leads to the re-
quirement of an extended array comprising a couple of 
tens of telescopes over ~10 km2 of small size (~5-7m 
diameter) but with very wide Field-of-View (FoV, 7—10 
degrees) in order for air showers to be seen in stereo by 
widely-separated detectors, and relatively coarse pixeli-
zation (~0.25 degrees or larger).  Such an array is mainly 
required on the Southern site, where Galactic sources - 
unaffected by absorption of the extragalactic background 
light - are the preferred target. 
 
In the core energy range from 100 GeV to 10 TeV, where 
the current generation of ACT telescopes operates most 
efficiently, an extended array is also required for in-
creased collection area, providing a higher proportion of 
“golden events” where the shower impact parameter is 
contained within the array (giving better angular resolu-
tion and increased sensitivity), and which will also pro-
vide flexibility of use of sub-arrays for different targets. 
An array of a few tens of telescopes covering ~1 km2, of 
mid-size (10-13m diameter), with wide FoV (5-8 degrees 
for mapping of extended objects) and moderate pixeliza-
tion (0.2 degree or smaller) is under consideration. 
 
At the lowest energies, a central section of a few large 
telescopes (20-25m diameter), with improved photo-
detector performance and a FoV of 4-6 degree with finer 
pixelization (~0.1 degree) will provide access to the 
lowest energies, and therefore to the most distant AGNs 
and to Galactic sources with steep spectra (e.g. pulsars), 
as well as linking up to the spectral information provided 
by satellite detectors (Fermi, AGILE) at lower energies. 
 

Vol. 9, 79



32ND INTERNATIONAL COSMIC RAY CONFERENCE , BEIJING 2011 

 

The parameters concerning the mix of telescopes, layout, 
mirror area, camera pixelization, and the electronics’ 
trigger and sampling rapidity have been part of a Design 
Study within the CTA consortium that was completed by 
mid 2010, and were optimized in a multi-dimensional 
parameter space with consideration given to performance 
for the physics goals, and to cost and reliability/durability 
(of particular importance for such a large project of long 
duration, since the installations will operate as an obser-
vatory, with a life-time of the order of 30 years).  

Figure 1: Schematic view (not to scale) of the baseline layout of the 
CTA South array consisting of 3 types of telescopes, with diameter 
sizes of approximately 6m (about 30 Small Size Telescopes -SST), 12m 
(about 30 Mid-Size-Telescopes -MST) and 24 m (about 4 Large Size 
Telescopes -LST), covering the full energy range from few tens of GeV 
up to >100 TeV. The details given in the sketch for each telescope type 
are discussed in reference 1. 
 
 
The main outcome of these optimization studies is that 
the CTA performance goals can be achieved within the 
foreseen budget, as can be gleaned for the sensitivity in 
figure 2. 
 
All the work performed during the Design Study phase of 
CTA is summarized in reference 1. 

4. The CTA Preparatory Phase 
 
4.1 Present status and plans 
 
Although CTA started as an European initiative, 
presently it combines the worldwide experience of all 
relevant communities working with atmospheric 
Cherenkov telescopes: Europe, US, Japan and India. The  

groups from US (formerly AGIS collaboration) and India 
joined in 2010, with the US groups proposing a major 
upgrade to the Medium Sized Telescope subarray, 
possibly with a new technology consisting of dual mirror 
Schwartzschild-Couder Telescopes (SCT) still under 
development. At this moment (Summer 2011)  CTA is a 
Consortium of about 800 scientists and engineers from 
about 140 institutions from 25 countries. 
 
The CTA project started in fall 2010 a three-year EU-

funded Preparatory Phase with the goal of being ready to 
start  the construction of the Northern and Southern 
arrays by the end of 2013. The budget estimated in 2006 
for the construction of CTA was about 100 MEuros for 
the Southern array and 50 MEuros for the Northern one 
(counting only material investment) and the expected 
construction time is of about 5 years. Therefore the 
present aim of the CTA Consortium is having the two 
sites of the CTA Observatory with the telescope arrays 
fully deployed by 2018, although partial operation may 
start already by 2015-2016 when the deployed telescopes 
shall provide already a much better performance than the 
existing installations.  
 
It is worth mentioning here that, unlike the existing 
IACT installations, the observatory character of CTA 
will open this infrastructure to a much wider community, 
which will appear as “users” who apply for observation 
time, as in traditional astronomical observatories. 
 
 
4.2 Summary of Preparatory Phase activities 
 
The CTA Preparatory Phase will address a number of 
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crucial prerequisites for the approval, construction and 
operation of CTA. It broadly splits into two themes: 
investigation of the science possible with CTA and 
technical and administrative aspects of building and 
operating a telescope array. The CTA Preparatory Phase 
activities are organized in a sizable number of work-
packages that we're going to discuss briefly here.  
 
In what concerns the science possible with CTA, a very 
important activity has started with the goal of 
establishing links (LINK work-package) with all the 
scientific communities (Particle Physicists, 
Astrophysicists, Astroparticle Physicists,...) that could 
take advantage from the existence of CTA and vice versa. 
 
 

Figure 2: Sensitivity obtained from Monte Carlo simulations for a 
Southern CTA telescope array with an estimated cost within the initial 
budget (see text) compared with the sensitivity of some existing instal-
lations. 
 
Besides that effort, the Consortium continues the 
exploration of the physics potential of CTA and its 
feedback in the optimization studies through the MC 
group, that performs the Monte-Carlo simulations to 
characterize the performance of candidate realizations of 
CTA. The optimization of the array layout and general 
telescope characteristics are achieved via quantitative 
assessment of candidate array performance on key 
science topics. This work package also provides input for 
the development of reconstruction and analysis tools.  
   
In what concerns the technical aspects, one of the main 
activities during the CTA Preparatory phase is the 
detailed design and prototyping of the three kinds of 
telescopes foreseen. The telescope activities are grouped 

under the task leaderships SST, MST and LST for 
respectively the telescope systems of small, medium and 
large size together with SCT for the Schwartzschild-
Couder telescope of medium size proposed by CTA-USA. 
These leadership tasks also encompass the responsibility 
for the system engineering of the systems. The 
corresponding work packages: SST-STR; MST-STR; 
LST-STR and SCT-STR will provide comprehensive 
studies of the structure, mirrors, motorization for each 
telescope system. The work packages TEL (Telescope 
Structures) and MIR (Mirrors) were started during the 
Design Study phase and have provided the basis for the 
STR work packages.  The TEL work package continues 
to develop a common approach regarding the types and 
control of telescope servo systems, and the development 

of implementation guidelines regarding interlocks and 
safety systems. The MIR work package continues to 
investigate different mirror production technologies and 
reflective coatings, to develop methods to evaluate 
mirror facets by measuring wavelength-dependent local 
and global reflectivity and facet point spread function 
and to carry out accelerated mirror aging tests. The work 
packages SST-CAM; MST-CAM; LST-CAM and SCT-
CAM are responsible for the technical design of the 
cameras for the corresponding telescopes. These 
activities will take over at an appropriate time from the 
work packages FPI (Focal Plane Instrumentation) and 
ELEC (Camera Electronics) that started during the 
Design Study phase. FPI provides common concepts for 
the photon capture and conversion part of the imaging 
cameras, including, for example, light sensors and 
amplifiers, light guide systems, power supplies for the 
light sensors, mechanics and cooling systems of the 
cameras. FPI is responsible for the evaluation of 
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components from different manufacturers, especially of 
photon detectors and HV systems, and for developing 
methods of quality control for mass production. ELEC is 
concerned with the trigger, digitization and readout 
electronics of the cameras, with the aim of deriving cost 
effective solutions that can be used across several 
telescope types. ELEC will optimize readout options, 
which can then be adapted by the camera prototype 
projects and later will evaluate inter-telescope trigger 
options following existing concepts. In parallel, ELEC 
will develop and provide tools to evaluate the 
performance of prototype cameras, and test and verify 
electronics sub-assemblies during mass production. 
 
Since the atmosphere is an integral part of our 
instruments, a dedicated work-package ATAC 
(Atmospheric Monitoring and Calibration) is focused 
towards atmospheric monitoring, associated science and 
instrument calibration, with the goal of better 
understanding the atmosphere as part of the detector and 
the calibration of the optical properties of the telescopes.  
 
Another fundamental Preparatory Phase activity the 
software development. There the work is splitted into 
three work-packages, namely  ACTL, CEIN and DAFA. 
ACTL (Array Control) will design a failure-tolerant 
system integrating both an automatic control layer and a 
software layer for the control and operation of single 
telescopes as well as the telescope array. CEIN 
(Computing and E-Infrastructures) will develop and 
implement the infrastructures for efficient and high 
performance data management and data archiving. The 
work package will develop the science user gateway 
including user-configured tools for access to shared 
computing resources, tools for data access, data 
processing, and data analysis as well as the 
implementation plans for the offline e-infrastructure. 
DAFA (Data Facilities) is responsible for defining and 
implementing data formats, data archives, and analysis 
tools to guarantee the efficient analysis of data. 
  
A crucial activity during the Preparatory Phase is the site 
selection and two work-packages deal with this issue: 
SITE (Site Characterization) identifies possible locations 
for the arrays of the CTA Observatory based on 
meteorological, geological, geographical, political and 
social criteria and SDEV (Site Development) provides a 
plan for the development of, and infrastructure at, the 
sites of the CTA observatory. 
 
For what concerns the administrative aspects, the group 
of work packages LEGAL, GOV and FINANCE 
collectively studies possible legal frameworks, 
governance schemes and financial models for organizing, 
constructing and operating CTA. Recommendations will 
be made to the Consortium and to the Resource Board. 
PROC (Procurement) develops policies for procurement 
and industrial involvement for the implementation phase 
of the CTA project and to produce an industrial 
capability register. The related work package IRD will 
establish a coherent interfacing of technical work 

packages with companies to promote industrial R\&D 
where possible. 
 
Last but not least, OUTR (Outreach) will provide the 
initial means of engaging the public as well as decision 
makers with CTA and produce an Outreach Plan for the 
future phases of CTA. 
 
Summarizing, the CTA (Cherenkov Telescope Array) 
consortium is meeting the challenge of preparing an 
installation fulfilling the above goals in a Preparatory 
Phase work that started by fall 2010 and which aims to 
result in 2013 in the start of the construction of two 
arrays of telescopes that meet the requirements explained. 
 
More information about the CTA project and its 
Preparatory Phase organization and activities can be 
found in http://www.cta-observatory.org/  
 
Summary 
 
The Cherenkov Telescope Array (CTA) is presently the 
worldwide project for the next generation of ground-
based Cherenkov Telescopes for Very High Energy 
(VHE) Gamma ray astronomy.  
 
The CTA project started in 2010 a three-year EU-funded 
Preparatory Phase with the goal of being ready to start 
construction by the end of 2013. For that phase the vast 
amount of activities needed is organized in a number of 
Work Packages whose work is advancing. 
Prototypes of components, systems and even some 
telescopes are being constructed, which shall allow the 
final decisions to be made and construction to begin in 
2013, with aim of completing the deployment of both 
arrays by 2018. CTA will then be the major observatory 
in VHE gamma-ray astronomy, combining guaranteed 
astrophysics and physics returns with significant 
discovery potential. 
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