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Abstract

The Cherenkov Telescope Array (CTA) project is an initiative to build the next generation

ground- based Very High Energy gamma-ray instrument. It will serve as an open observa-

tory to a wide astrophysics community and will provide a deep insight into the non-thermal

high-energy universe. To achieve such goals, it will offer full-sky coverage (with North-

ern and Southern hemisphere sites), an improvement in sensitivity by about an order of

magnitude, an enlarged span in energy (from a few tens of GeV to above 100 TeV), and

enhanced angular and energy resolutions over existing VHE gamma-ray observatories. An

international collaboration has formed with more than 1100 members from 28 countries all

over the world. The Spanish High Energy Astrophysics community is deeply committed to

CTA, with more than 70 scientists and technicians from 9 research groups currently involved

in building prototypes for several CTA subsystems. This participation covers a wide list

of items, both hardware- and software-related. The former includes telescope-level (camera

electronics and mechanics and telescope undercarriage) and observatory- level (array optical

calibration and atmospheric monitoring) elements. And the latter includes the design of

the data pipelines and the scheduling for observational proposals. In this report, the status

of the CTA project and the contribution of the Spanish community will be presented.

1 Introduction

Cherenkov telescopes have proven to be the most sensitive instruments of gamma-ray astron-
omy at Very High Energies (VHE), in the regime above 100 GeV. The Earth’s atmosphere
is not transparent to such high energetic photons, but it can be used instead as a detec-
tor medium, so that the cascade of secondary particles, which is produced when the cosmic
gamma-ray strikes the atmosphere, can be measured by ground-based instruments. In par-
ticular, the secondary particles radiate blue Cherenkov light, which is recorded by means
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of large reflecting telescopes and enables the reconstruction of direction and energy of the
primary gamma quantum.

The state of the art of research is represented by three existing infrastructures: HESS1,
in the Southern hemisphere, with four telescopes in operation since 2004, and a fifth one since
2012; MAGIC2 with one telescope in operation since 2004 and a second telescope starting
in 2009; and VERITAS3 with four telescopes in operation since 2007, with both MAGIC
and VERITAS located in the Northern hemisphere. More than 150 different sources of very
high-energy gamma radiation have been discovered and characterised with these experiments.

The Cherenkov Telescope Array (CTA) is a global effort, with more than 1100 partic-
ipating scientists and engineers from 28 countries, to deliver an observatory for astronomy
with gamma rays of energies above 20 GeV. CTA will aim to:

• Provide full sky coverage,

• increase the sensitivity compared to current instruments by a factor ∼ 10 over a wide
energy range from ∼ 20 to ∼ 300 TeV (Fig. 1 Right),

• improve angular resolution and Field-of-View (FoV) and hence the ability to charac-
terize extended sources,

• enhance surveying capability, and allowing for simultaneous observations of multiple
fields.

suggests an economic optimum in the cost per source-hour at
around a FoV of 6–8!.

Detailed studies related to dish and mirror technology and
costs, and the per-channel cost of the detection system, justify
the FoV and pixel size for the various telescope designs shown in
Figs. 1–5.

The detailed design of these telescopes, their structures, reflec-
tors and cameras, is largely based on well-proven technologies
developed for the telescopes of H.E.S.S., MAGIC and VERITAS, yet,
significantly improved in terms of reliability, availability, main-
tainability and safety (RAMS). Some novel design features are
extensively tested and benefit greatly from the general experience
gained in current projects.

The main design drivers for these telescopes are the following:
LSTs: The desire to rapidly repoint the telescopes for rapid GRB

follow-up motivates the choice of a light-weight structure of stiff
carbon tubes holding a 23 m diameter reflector, similar to the MA-
GIC design. At most, four of these telescopes will be used in each
CTA observatory. Their design is optimised to reach the best perfor-
mance with lowest-possible energy threshold. The baseline design
has a parabolic mirror with 27.8 m focal length, 4.5! FoV and 0.1!
pixels using PMTs (see Fig. 2).

MSTs: The MST design is a blend between the H.E.S.S. and VERI-
TAS concepts for a 12 m diameter Davies–Cotton reflector, opti-
mised for reliability, simplicity and cost-saving, given that of the
order of 30 such telescopes will be used at each site. The optical

design foresees 16 m focal length, 7–8! FoV and 0.18! pixels
(Fig. 3). Currently a full-scale prototype is under construction. In
addition to these telescopes, CTA is exploring a design for a dual-
mirror MST. This design might become a first extension of the
southern CTA array, where as many as 36 telescopes could comple-
ment the baseline MST array. It has a Schwarzschild-Couder optics
providing a 10! FoV and a very small plate scale. The latter allows
for much finer pixelation and the use of much cheaper photo sen-
sors (either multi-anode photomultiplier tubes or Silicon photo-
multipliers) in the camera. This is a completely new concept for
IACTs and a prototype to prove its viability is being constructed
(Fig. 4).

SSTs: A rather large number (35–70, depending on cost) of
small-size telescopes spread out over a large area are needed to
reach the desired sensitivity at the highest energies. Therefore,
the cost per telescope is one of the strongest drivers in the choice
of the technology. In principle the SSTs could be designed as a sim-
plified and downscaled version of the MSTs. However, the need for
a large FoV due to the large inter-telescope spacing, would lead to
the cost of the camera dominating the total SST cost. Therefore, dif-
ferent solutions are being explored (Fig. 5). Possibilities are, for in-
stance, the use of compact dual-mirror Schwarzschild–Couder (SC)
optical design, with a very small plate scale (allowing for a small
and thus inexpensive camera) or Davies–Cotton telescopes with
cameras using the same new and inexpensive photosensor tech-
nologies that are proposed for the SC MST design. At present, dif-
ferent prototypes of both options are being developed to evaluate
the feasibility and cost.
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Fig. 6. Different possible array layouts with estimated construction costs within the assumed budget. The circle sizes (not to scale) identify LSTs (large circles), MSTs (mid-
size circles) and SSTs (small circles). The array with the most balanced performance in MC production 1 was array E.

Fig. 7. Differential sensitivity (in units of the energy-dependent flux of the Crab
nebula) for array E (50 h, 5r, 5% background, 10 events, alpha = 0.2, i.e. intervals of
the decimal exponent of 0.2 meaning 5 logarithmic bins per energy decade). Thin
lines with small symbols illustrate the limited impact of a reduced dynamic range
of the readout electronics (clipped at 1000 photoelectrons). The dashed black line
with diamonds, shows the sensitivity if there was no electron background.

Fig. 8. Integral sensitivity for CTA from MC simulations, together with the
sensitivities in comparable conditions (50 h for IACTs, 1 year for Fermi-LAT and
HAWC) for some gamma-ray observatories.

14 B.S. Acharya et al. / Astroparticle Physics 43 (2013) 3–18

Figure 1: Left: The basic CTA concept. Artists view of the central part of a possible array
configuration, including 4 LSTs, ∼ 30 MSTs, and ∼ 50 SSTs, at larger distances, scattered
over several square kilometres. Right: Integral sensitivity for CTA from MC simulations,
together with the sensitivities in comparable conditions (50 h for IACTs, 1 year for Fermi-
LAT and HAWC) for some gamma-ray observatories [1].

1https://www.mpi-hd.mpg.de/hfm/HESS
2http://wwwmagic.mpp.mpg.de
3http://veritas.sao.arizona.edu
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To cover the entire gamma-ray sky a Southern and a Northern site are planned for the CTA
observatory. Each site will combine imaging atmospheric Cherenkov telescopes of different
sizes, about 100 in the South and 20 in the North (as sketched in Fig. 1; left), to cover a
wide energy range. CTA will be an open, proposal-driven observatory, for the first time in
VHE astronomy. A review of the status of the project can be found in [1, 6] and references
therein.

The Spanish scientific community has been deeply involved in the CTA project since
its beginning. Groups from CIEMAT, IAC, ICE-CSIC, IFAE, UAB, UB, UCM, UJ have
formed a consortium (dubbed CTA-Spain) which participates in the design, prototyping and
management of CTA in a coordinated way.

2 Scientific motivation

The aim of CTA is to make significant contributions in every aspect of gamma-ray astronomy,
with special focus on the topics described below. All CTA-Spain groups have contributed to
the definition of these topics.

Cosmic ray Physics. According to the most accepted scenario, galactic cosmic rays are
accelerated in supernova remnants. During such acceleration and subsequent propagation
processes, these cosmic rays interact with the surrounding interstellar medium, thus produc-
ing gamma rays. Therefore, CTA should be able to detect such population of gamma-ray-
emitting SNRs, from which considerable insight into cosmic ray acceleration and propagation
can be gained. Other galactic cosmic ray accelerators involving compact objects, such as
pulsars, pulsar wind nebulae and gamma-ray binaries, will be also studied in this context. In
addition, instruments of the current generation have shown that cosmic ray interactions with
interstellar gas produce an observable gamma-ray flux from galaxies beyond our own. With
CTA, the number of detectable galaxies should dramatically increase. This would allow the
study of the connection between cosmic rays and star-formation processes in galaxies.

Black holes, jets and the star-forming history of the Universe. Supermassive black
holes in the centres of active galaxies produce powerful outflows that offer excellent condi-
tions for particle acceleration in shocks. CTA aims to measure large samples of such active
galaxies of various types to study particle acceleration and gamma-ray emission processes.
The observations of rather close-by radio galaxies can also shed light on the formation of the
jet and its connection to the central black hole properties. In addition, Galaxy Clusters and
Gamma Ray Bursts (GRB) will be studied in this context. Finally, the observations of some
of the most powerful and most distant sources, the quasars, can tell us about the galaxy
and the star-formation history of the Universe, which is imprinted in the amount and energy
distribution of the extragalactic background light. On their way from a quasar to Earth the
VHE gamma rays interact with this light and are absorbed. For a reliable estimate of the
amount of this light, a large sample of spectra of Active Galactic Nuclei (AGN) needs to be
measured, which CTA should provide with its largely increased sensitivity.
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Fundamental Physics. A major open question in modern physics is the nature of dark
matter. The most popular candidates are weakly interacting massive particles (WIMPs). The
annihilation of such particles should produce detectable gamma-ray signals. CTA will have
a much larger potential for dark matter detection than the current generation of IACTs. In
addition, the improved energy coverage and resolution will make CTA an excellent experiment
for other fundamental physics questions, such as searches for axion-like particles, effects of
quantum gravity and other violations of Lorentz invariance.

3 CTA observatory

In order to achieve the above-mentioned performance, CTA will require three types of tele-
scopes to cover a broader energy band, Large Size Telescopes (LSTs, 23 m diameter), Mid
Size Telescopes (MSTs, 12 m), and Small Size Telescopes (SSTs, 4–6 m). Figure 2 (left) shows
the baseline design for the LST. CTA-Spain participates in a wide variety of CTA activities.
A description of the activities where the Spanish contribution is more important follows.

3.1 Large size telescopes

The purpose of LST is to enhance the sensitivity below 200 − 300 GeV and to lower the
effective threshold down to 20 − 30 GeV. The science case of LSTs is the observation of high
redshift AGNs up to z ∼ 3, GRBs up to z ∼ 10, and pulsars and galactic transients. LST
will surely expand the VHE astronomy domain to cosmological distances and fainter sources
with soft energy spectra. Additional details of the LST project can be found in [3].ICRC 2013 Template
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1 CTA Large Size Telescope
During the past few years, Very High Energy (VHE) gamma
ray astronomy has made spectacular progress and has estab-
lished itself as a vital branch of astrophysics. To advance
this field even further, we propose the Cherenkov Telescope
Array (CTA) [1], the next generation VHE gamma ray ob-
servatory, in the framework of a worldwide, international
collaboration. CTA is the ultimate VHE gamma ray obser-
vatory, whose sensitivity and broad energy coverage will
attain an order of magnitude improvement above those of
current Imaging Atmospheric Cherenkov Telescopes. By
observing the highest energy photons known, CTA will clar-
ify many aspects of the extreme Universe, including the
origin of the highest energy cosmic rays in our Galaxy and
beyond, the physics of energetic particle generation in neu-
tron stars and black holes, as well as the star formation his-
tory of the Universe. CTA will also address critical issues
in fundamental physics, such as the identity of dark matter
particles and the nature of quantum gravity.

CTA consists of three types of telescopes to cover a
broader energy band, Large Size Telescopes (LSTs, 23m
diameter), Mid Size Telescopes (12 m), and Small Size
Telescopes (4-6 m). The purpose of LST is to enhance the
sensitivity below 200-300GeV and to lower the effective
threshold down to 20-30GeV. The science case of LST is
the observation of high redshift AGNs up to z ≤ 3, GRBs
up to z ≤ 10, and pulsars and galactic transients. LST surely
expands the domain of science to the cosmological distances
and fainter sources with soft energy spectra.

2 The Structure of the Large Size Telescope
The telescope geometry is optimized to maximize the cost
performance by Monte Carlo simulations and toy models.
The baseline parameters are defined with the dish size of
23 m and the focal length of 28m, leading then to f/d = 1.2.

2.1 Azimuth System
The main objective of LST azimuth system is to allow the
telescope to turn along its vertical axis. It has been designed
by the CTA-Spain consortium. The telescope structure rests
on six bogies equally spaced in a hexagonal array. Each
bogie has two wheels that turn in a double rail system (figure
1). The azimuth driving system is an inner spur gear (crown)
of about 24 m diameter. The two bogies withstanding most
of the weight have two pinions powered by servomotors,
turning the telescope. The spur gear assures that the azimuth
system turns always, either if the bogie wheels are sliding
or not. Bogies and rail are covered in order to extend the
azimuth system lifespan.

2.2 The azimuth substructure of the telescope
The azimuth substructure (lower part of figure 2) is a space
frame structure with carbon fiber reinforced plastic (CFRP)
tubes designed by the MPI Munich group together with
MERO-TSK. It is basically a copy of the azimuth substruc-
ture of the MAGIC telescope[2]. The main difference is
the use of large diameter CF tubes instead of steel tubes
to lower considerably the weight of the telescope down to
60-65 tons. The design comprises 134 tubes of which only
eight are reinforced steel tubes. These tubes connect the
bogies with each other and the central axis.

Figure 1: Design detail of the azimuth system.

Figure 2: Structure of the telescope mount (simplified,
without bogies, mirrors and camera).

2.3 The mirror support dish
The mirror support dish is a double layer space frame
and also follows closely the concept of the MAGIC
telescopes[2]. The basic LST elements are CFRP tubes of
either 80 or 100 mm diameter arranged in a tetrahedral struc-
ture using the patented MERO construction principle. The
proposed tetrahedral structure is the stiffest basic element.
Moreover, the tetrahedral configuration offers an ideal sup-
port for the planned hexagonal mirror panels, which can be
fixed at the three corners of the tetrahedra of the top layer
close to the nodes. The nodes are made from aluminum
spheres and each one machined with threads such that a
nearly parabolic profile can be approximated. In total the
space frame will comprise 2630 CF tubes and 950 nodes.
The breaking strength of one tube is expected to be over 80
tons at 35◦C, hence a single tube should be strong enough
to hold the entire telescope.

2.4 Elevation system
Across the backside of the dish the space frame structure
is extended to carry the semicircular drive ring. This space
frame section is made in part by heavier steel tubes to
help counterweight the telescope support structure. The
declination drive ring is formed by a bent I-beam acting
as a support for a chain bolted ever 5 cm to the beam. The
I-beam has a machined surface to act as a rail for the box

Figure 2: Left: the baseline design for an LST of 23 m diameter, with 4.5◦ FoV and 1880
pixels of 0.1◦ diameter. Right: design detail of the azimuth system.
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LST structure and reflector system. The telescope geometry is optimized by Monte
Carlo simulations and toy models in order to minimize the cost performance ratio. The
baseline parameters are defined with the dish size of 23 m and the focal length of 28 m,
leading then to f/d = 1.2. Figure 2 (left) shows the baseline design for the LST structure,
which largely follows the MAGIC telescopes concept. It comprises several subsystems: the
azimuth substructure and the mirror support dish, both based on space frame structures
with carbon fiber reinforced plastic (CFRP) tubes; the camera support structure, relying
on an arch formed by three curved sections for each of the arms, also using CFRP tubes,
and 28 steel cables to stiffen the arch; and the azimuth and elevation systems, with their
corresponding drive motors.

The azimuth system, which is responsibility of the CTA-Spain group at IFAE, will
allow the telescope to turn around its vertical axis. The telescope structure rests on six
bogies equally spaced in a hexagonal array. Each bogie has two wheels that turn in a double
rail system, as shown in Fig. 2 (right). The two bogies withstanding most of the weight have
two pinions powered by servomotors, turning the telescope. Bogies and rail are covered in
order to extend the azimuth system lifespan.

The global reflecting surface of the LST must have a parabolic shape to keep the
isochronicity of the optics. The entire reflector dish consists of 198 hexagonal mirrors with
spherical shape, in a few sets of slightly different focal lengths. The dish overall parabolic
shape will suffer deformations due to several causes. Therefore, an active mirror control
system will be used to correct such deformations.

Figure 3: Camera mechanics design.
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LST camera. Based on simualtion studies, the LST camera, placed at the focal plane of
the reflector dish (see Fig. 2; left), will have a field of view of 4.5◦. It can be divided in three
different parts: the Focal Plane Instrumentation (FPI), the Readout Board (RB) electronics
system and the global camera elements. All three parts go inside a sealed structure with
temperature control.

The camera mechanics and cooling systems, which are responsibility of the CTA-Spain
group at CIEMAT, are defined to fulfill the required working and environmental conditions
inside the camera, and the positioning requirements of the camera pixels. The mechanics
design (Fig. 3) allow the grouping of FPI and RB elements in 7-pixel clusters, while main-
taining a strong constraint coming from the structure of the LST, which requires that the
total camera weight does not exceed 2000 kg.

The FPI refers to the camera pixels and their ancillary electronics, and is based on
PhotoMultiplier Tubes (PMT) with peak Quantum Efficiencies of 47%. The PMT signals
are conditioned with custom-design preamplifiers dubbed PACTA (Fig. 4; top left) developed
by a CTA-Spain group at UB, before reaching the RB electronics. PACTA is a wide dynamic
range preamplifier with low power consumption and low noise.

The RB electronics system is based on analogue sampling memory chips DRS Version
4 (DRS4). The signal of each pixel, after it is conditioned in PACTA, is sampled at the DRS4

!

!

5 5 

PreAmplifier for CTA (PACTA): prototypes 
5 

PACTAv1.2b chip 2 mm2 

QFN32 package 
Back from foundry Oct. 2012 

PACTAv1.4 chip 2 mm2 

QFN32 package 
Back from foundry Oct. 2012 

ARRIVED TODAY (10/10/2012) !!!! 

PACTA V1.4 

Figure 4: Top left: PACTA chip for the FPI system. Top right: prototype of the network of
Backplane Boards. Bottom: trigger components on a MST cluster RB.
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at a 1 GHz rate. When a trigger is generated, the analog signals from the DRS4 are digitized
by an external slow sampling (30 MHz) ADC. The trigger system, which has been developed
by CTA-Spain groups from CIEMAT, IFAE, UB and UCM, is producing this trigger signal
by evaluating the analog signals from pixels, clusters and cameras of neighboring LSTs in
a multi-level approach, and then distributing it throughout the camera RBs. The proposed
solution for the LST camera trigger can be also adopted by the MST cameras. Figure 4
(bottom) shows some trigger components under test on a MST cluster RB, while in Fig. 4
(top right) a prototype of the network of Backplane Boards is presented, which will be used
to distribute the trigger signal, along with additional servicing, to the RBs.

Finally, a group from UCM is taking care for the RAMS protocols of the LST project.

3.2 Observatory-wide developments

In order to obtain the required performance in a complex system like CTA, it is required
to pay attention to many items regarding the whole observatory. CTA-Spain is taking a
leading role in some of these items, such us the definition of the proper methods to calibrate
the response of the telescopes and monitor the atmospheric conditions. For the former, a
CTA-Spain group at UAB is leading the design of a Central Laser Facility [5] (CLF, sketched
in Fig. 5; left) to inter-calibrate the optical properties of all CTA telescopes. For the later,
groups at IFAE and UAB are participating in the construction of a Raman Lidar [4] (a
prototype is shown in Fig. 5; right), which will allow to measure the atmospheric extinction
due to aerosols and molecules.

A CLF for the CTA
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

parts can be controlled to a precision better than the known
telescope sensitivities, the CLF can ultimately serve for an
absolute calibration of each telescope or the whole obser-
vatory.

The geometry of the setup has to be chosen such that
each camera observes roughly the same part of the laser
beam. At the same time, one should avoid to observe the
beam at a place where scattering of light is strongly influ-
enced by aerosols, i.e. the observed part of the laser beam
has to be always above the Planetary Boundary Layer, or
above the Nocturnal Boundary Layer, if present. Hence a
minimum height of∼2 km is required, depending on the
atmospheric conditions on site. One could now think of a
very close device, even one situated at the very center of
the CTA observatory. However, in this case the closest te-
lescopes will observe an almost infinite part of the laser
beam, since the cotangent of the zenith angle of observa-
tion and the FOV of each pixel are involved. On the other
hand, a very distant device, observed at a high zenith an-
gle, makes the observed laser path long and extending to
very high altitudes. In the end, an optimum distance has to
be found somewhere in between.
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Fig. 1: Sketch of the introduced geometry. The brown band
in the background sketches the nocturnal boundary layer.

Figure 1 shows a sketch of the introduced geometry: a
pixel of one CTA camera, or a complete camera, sees the
laser beam above a heighth from ground, under a zenith
angleθ . If the telescope is located at a distanceD from the
CLF laser, the pixel or camera will observe photons from
a laser path lengthdx in the atmosphere and the following
relation holds:

dx =
D2+h2

D/ tan(FOV)−h
. (1)

Figure 2 shows the behavior ofdx for different discussed
FOV design values [11], when plotted against the distance
D. There is a broad minimum ofdx found between around
1.6 and 2.6 km, which could be a possible location of the
CTA-North with respect to the laser (Figure 2 top). The
observed path lengths of the laser beam differ by less than
8 %, for all telescopes of a same type, even in the case of
an 8◦ wide-field camera. The suggested solution for the
position of the CTA means that the telescope closest to
the laser facility observes the laser track under a zenith
angle of around 33◦, depending slightly on the camera
FOV, and the farthest telescope points to the laser beam
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Fig. 2: Equation 1 plotted for different FOV values for the
camera (full lines) and single pixels (dotted lines). At the
bottom in the center, the possible locations of the CTA
(top: Northern array, bottom: Southern array) are suggest-
ed. At the right side, the relative differences in path length
are printed, between the minimum and maximum value of
dx within the suggested position of the CTA. The legend
shows also the corresponding range of zenith angles (z).

under a zenith angle of around 50◦. For the more extended
Southern array, telescope positions from 1–5 km for the
CLF are proposed, yielding observed laser beam length
differences between 30% and 50%, the latter for the case
of the small telescopes with a 10◦ FOV (figure 2 bottom).

The resulting typical transit times of the light pulses
for the currently used design FOV values for the different
telescope types of the CTA range then from tens to hundred
nano-seconds for the individual pixels and several micro-
seconds for the entire camera. These numbers can only
be reduced by lowering the height of the observed laser
path, at the cost of a bigger contribution of aerosols to the

!Figure 5: Left: sketch of a CLF principle of operation. Right: prototype of a Raman Lidar.

In addition, groups at IFAE and UCM have also participated since the initial stages
of the CTA project in the Monte Carlo simulation required to optimize the telescope and
observatory layout. Figure 6 shows one of the possible CTA layouts tested with Monte Carlo
simulations, in search for the optimum array configuration, as well as the sensitivity for that
layout. These simulations have also permitted the characterization of the different CTA
candidate sites in terms of their expected scientific performances.

Finally, Spanish groups are also involved in the CTA control and operation. In this
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MC design and optimization of CTA
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

The evaluation of the expected performance of the dif-
ferent telescope designs, of sub-arrays of equal telescopes
(LSTs/MSTs/...) as well as the combined performance of
the whole CTA instruments planned for the southern and
northern hemispheres is evaluated by the Monte-Carlo sim-
ulation method. These simulations are using CORSIKA [4]
for the simulation of the particle showers in the atmosphere
and sim telarray [5] for the detector simulation. Differ-
ent analysis methods have been applied to the resulting data.
See [6] for more details.

2 Monte Carlo simulations
The simulations for an instrument like CTA require sub-
stantial computing resources, in particular for simulating
enough background events (mainly proton-induced show-
ers), due to the excellent gamma-hadron discrimination and
angular resolution of the instrument. Apart from a small
number of initial simulation sets for demonstrating that the
expected performance of CTA is not unreasonable and a
large number of small-scale simulations for optimization of
the individual telescope types, the main effort has gone and
is still going into two large-scale simulation sets.

DB

E I

Telescope type:

Large tel.

Medium

Small size

Medium (WF)

2000 m

Fig. 1: A selection of layout candidates for a southern CTA
site. Top row: Array ‘B’ (best low-energy performance)
and Array ‘D’ (best high-energy performance). Bottom
row: Intermediate layouts with the best overall physics
performance, Arrays ‘E’ and ‘I’, the latter with 3 LSTs of
412 m2 mirror area, 18 MSTs of 100 m2, and 56 SSTs of
37 m2.

The first one, termed prod-1, was based on initial and
conservative assumptions of telescope parameters. It was
carried out for hypothetical sites at altitudes of 2000 m and
3700 m, respectively. Part of these simulations were set up
to correspond to an elevated nightsky background, corre-
sponding to partial moon light. In all of these prod-1 simula-
tions a total of 275 telescopes was simulated, including five
different types of telescopes. The performance parameters
as evaluated for many different subsets, each matching a
given cost envelope, were subjected to many different astro-
physical test cases. These tests narrowed down the configu-
rations or layouts with overall best performance to a class
of intermediate layouts, although individual astrophysical
problems could be be better studied with more compact
or more widely spaced arrays. The preferred intermediate-

layout candidate, ‘Array I’, is illustrated in Figure 1. See [6]
for the overall prod-1 layout, the assumed telescope types,
and details of evaluated subsets.

1000 m

West is left

North is up

Type:

             

 23-m LST

 12-m MST

 7-m SST

 4-m SST

 SC-MST or MST

             

Fig. 2: The layout of telescope positions included in the
prod-2 round of large-scale simulations for CTA design and
optimization.

The second round, prod-2, takes these results into con-
sideration in the layout of its 229 telescope positions, some
of them used for more than one type of telescope. A total of
seven different types of telescopes are included in the simu-
lations (two different types of MSTs and four different type-
s of SSTs). See Figure 2 for the overall prod-2 layout. Tele-
scope parameters were also adapted to current designs, in-
cluding optical design, camera design, photosensor parame-
ters, as well as trigger and readout. For several telescope
types the simulations handle different kinds of telescope-
level triggers in parallel, such that they can be evaluated
and compared at the level of final instrument performance –
like sensitivity. The prod-2 simulations are currently being
carried out for three different candidate sites at altitudes
between 1600 and 3600 m. While prod-1 only recorded one
ADC sum per read-out channel, the prod-2 data includes
traces (samples) of pulses in all pixels, allowing for more
advanced signal measurement methods.

3 Analysis
Several sets of analysis tools [6] were used to process the
MC data and to evaluate the expected instrument perfor-
mance. Some of these tools were derived from the analysis
tools of current Cherenkov telescope systems like H.E.S.S.,
MAGIC, and VERITAS, while others were developped
mainly for the purpose of CTA MC data analysis. The
baseline analysis method is basically following traditional
Hillas-parameter based stereo analysis methods, with a few
additional gamma-hadron selection cuts. Figure 3 shows
the expected sensitivity of the intermediate-layout ‘Array I’
subset of prod-1 derived with the baseline analysis method,
for 50 hours of observation time. Some of the advanced
analysis methods make use of additional information like
the time gradient along the images or image profiles, some
apply simultaneous fits to all images. All of the advanced
methods use some machine-learning method like Neural
Networks, Random Forrest, or Boosted Decision Trees for
gamma-hadron selection. As a result, the advanced methods
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Fig. 3: On-axis differential point source sensitivity of
one subset of prod-1 (“Array I”, solid black line with
filled squares) and its components, 3 LSTs (red, open
circles), 18 MSTs (green, open squares), 56 SSTs (blue,
open triangles) in 50 hours of observation time, as derived
with the baseline analysis method at 20◦ zenith angle, for a
site at 2000 m altitude. Differential sensitivity here assumes
an independent detection (5 sigma significance, ≥10 excess
events, and more than 5% of the remaining background)
in each energy bin. One Crab Unit (C.U.) here is 2.79 ·
10−7/(m2 s TeV)×(E/TeV)−2.57.

can achieve quite substantial improvements in sensitivity as
compared to the baseline analysis method, at least in parts
of the wide CTA energy range. A comparison of the expect-
ed sensitivity for ‘Array I’ in different analyses is shown in
Figure 4.

4 Selected results from prod-1 simulations
The prod-1 round of simulations demonstrated that the ini-
tial expectations on the CTA performance were quite real-
istic, except perhaps at the lowest energies where gamma-
hadron selection capabilities are limited by shower fluctua-
tions and possible systematical errors in the subtraction of
remaining backgrounds have to be taken into account. As
Figure 3 demonstrates, CTA will achieve a high sensitivity
down to energies of about 20 GeV, even with the very con-
ventional photo-multipliers assumed in prod-1 simulations,
with the few LSTs being responsible for the sensitivity be-
low 100 GeV, where the MSTs start taking over. While SST-
s of the 7-m class could have thresholds as low as 200 GeV,
their wide separation prevents high-quality data from SSTs
alone below a few TeV. The sensitivity can be expected to
be dominated by the MSTs between about 200 GeV and 4
TeV, with MSTs dominating to even higher energies when
high quality data is required for the best possible angular
resolution. Above a few TeV – depending on the implemen-
tation – the much larger area covered by the SSTs (at the
southern site) results in effective detection areas growing to
several square kilometers, for some layout candidates close
to 10 km2.

An important aspect of CTA simulations is related to site-
selection criteria, in particular the altitude of the observatory
but also the geomagnetic field. A high-altitude site has, in
terms of energy threshold, the benefit of being closer to
the shower maximum, as discussed in more detail below.
A large magnetic field, on the other hand, deflects charged
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Fig. 4: Differential flux sensitivity of layout candidate
‘Array I’ given as a function of the estimated energy, for the
baseline/MPIK (green squares), IFAE (red circles), SAM
(blue downward triangles) and Paris-MVA (black upward
triangles) analyses [6] as well as the DESY analysis (cyan
diamonds) [7]. The Crab Unit (C.U.) flux (solid black
line) is shown for comparison, together with its 10%, 1%
and 0.1% flux levels (black dashed lines). The differential
sensitivities are optimized for an observation time of 50 h.

particles, spreading out the resulting Cherenkov light over
a larger area and hampering the shower reconstruction and
gamma-hadron discrimination. For a study of the combined
impact of altitude and geomagnetic field on the energy
threshold of CTA see [8], based on simulations of four
LSTs. The impact of different site altitude alone on a full
CTA installation is illustrated in Figure 5 for the four layout
candidates shown in Figure 1 and discussed in more detail
below.

5 Work in progress
The prod-2 round of CTA MC production is well on the way,
with simulations for the first two of initially planned three
candidate sites being close to complete and simulations for
the third candidate site ongoing (expected to be complete by
mid-2013). The main bulk of these simulations is intended
for evaluation of the relative advantages of different site
altitudes at different energies, extending the altitude studies
from prod-1 shown in Figure 5. The lowest energies are
seen to benefit from a high-altitude site – being closer to
the shower maximum, and the Cherenkov light less spread
out as a consequence, the energy threshold will always
be lower at a high altitude. At higher energies – already
below 100 GeV – the situation gets more complex since at
a very high altitude (above 4000 to 5000 m) more and more
particles may reach ground level, complicating the shower
reconstruction and gamma-hadron discrimination. Most
of these ground-level particles appear close to the shower
axis while multi-TeV showers can be observed at larger
impact parameters. For these high energies, a high-altitude
site is clearly a disadvantage since the lateral distribution
of Cherenkov light falls off more rapidly at high altitudes
(smaller detection area) and light from the shower maximum
is seen at larger angles w.r.t. the shower direction (large
instrument field-of-view required, with cost implications).
The main task of the prod-2 round will be to find a good

Figure 6: Left: one of the possible CTA layouts (dubbed array I) implemented in the Monte
Carlo simulations. Right: sensitivity curves, in Crab Units, obtained from Monte Carlo
simulations for array I, including the contribution for the different telescope sub-arrays, as
detailed in [2].

respect, a group at ICE-CSIC is designing the scheduling system, which will permit the
organization of the observations in a time-efficient way. Groups from IFAE and UCM are
also leading the task to define the data model that will allow to establish the data reduction
and dissemination schemes, in the scope of an open observatory and relying on the Virtual
Observatory initiative. Figure 7 shows in a schematic way the CTA Observatory operation
and its interplay with the scientific community, highlighting the CTA-Spain participation.

Figure 7: CTA Observatory control and operation scheme, with the activities contributed by
CTA-Spain groups highlighted with red boxes.
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4 Spanish candidacy for CTA Northern site

As already mentioned, the CTA Observatory will run two sites, one in each hemisphere. For
the CTA Northern Site (dubbed CTA-North), Spain has proposed two candidate sites at the
Observatorio Roque de los Muchachos (ORM) in La Palma island and the Observatorio del
Teide (OT) in Tenerife island, both run by the IAC. The CTA Consortium has characterized
all candidate sites, which have also been subjected to the evaluation of an external panel.
Both reports are currently under the revision of the funding agencies that are supporting
the CTA project, and will choose during the Spring of 2015 the final locations for both
CTA-North and CTA-South.

Both the IAC and CTA-Spain are fully supporting the Spanish CTA-North candidates
sites. In addition, the IAC and groups from IFAE, UAB and UCM, have contributed to
characterize those sites as part of the CTA Consortium revision.

5 Conclusions and outlook

The CTA project has been developed during the last 8 years to build the largest ground-based
gamma-ray open observatory, which will have one site in each hemisphere and will enhance
the sensitivity of the current observatories by one order of magnitude. The international CTA
Consortium has been set to design and construct this observatory. The project is currently
in its prototyping phase, and during 2015 it will undergo both a Critical Design Review and
the final selection of the Northern and Southern sites. Provided the review is passed, the pre-
production phase will immediately start, so that by the end of 2019 the observatory should
be fully operational.
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