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The CTA project is an initiative to build the next 
generation ground-based  
very high energy gamma-ray instrument 

http://www.cta-observatory.org 

The Cherenkov Telescope Array  
(CTA):  

the future in VHE gamma-ray astronomy 
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The CTA world map 
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In 1989 - 1 source, in 2013 – 145 sources 
 
Expectations for CTA  ~ 1000 sources 

TeVCaT 2013 

Figure 2: A map of the catalog of localized sources of TeV gamma-ray emission in Galactic coordinates as of November 2011, provided by the
online catalog TeVCat [14]

Figure 3: The Milagro survey of the Galactic plane. The z-axis is the
pre-trials statistical significance, with a fixed maximum of 7σ. Figure
from Abdo et al. [18].

sources, MGRO J2019+37, is not detected in these ob-
servations presents something of a mystery. The Tibet
ASγ air shower array, also at Yangbajing, consists of
∼ 750 closely-spaced scintillation detectors covering an
area of 36900 m2, and has demonstrated that this tech-
nique is also practical for the detection of bright TeV
sources [20].

4. Extragalactic TeV Sources

4.1. Blazars

Approximately 1% of all galaxies host an active nu-
cleus; a central compact region with much higher than
normal luminosity. Around 10% of these Active Galac-
tic Nuclei (AGN) exhibit relativistic jets, powered by
accretion onto a supermassive black hole. Many of the
observational characteristics of AGN can be attributed
to the geometry of the system; in particular, the orien-
tation of the jets with respect to the observer. Blazars,
which host a jet oriented at an acute angle to the line
of sight, are of particular interest for gamma-ray astron-
omy, as the emission from these objects is dominated by
relativistic beaming effects, which dramatically boost
the observed photon energies and luminosity.
The first extragalactic source discovered at TeV ener-

gies was Markarian 421 [11], a blazar of the BL Lacer-
tae sub-class. The extragalactic TeV catalog now com-
prises ∼ 50 objects, and continues to increase steadily
(Figure 4). Blazar SEDs show a double-peaked struc-
ture in a νFν representation of their spectral energy dis-
tribution (SED), with the lower frequency peak usu-
ally attributed to synchrotron emission of energetic elec-
trons, and the higher frequency peak to inverse Comp-
ton. BL Lac objects are further classified as low-,
intermediate- or high-frequency peaked, according to
the location of the peak of their synchrotron emission.
The majority (∼ 80%) of the known TeV blazars are
high-frequency peaked objects, in part because of inher-
ent biases in the target selection: initially, objects were

4

    



6 

Fermi
CTA?

Adapted from 
Tadashi Kifune

Ground-based
VHE γ-ray obs.

HE γ-ray
Satellites

X-ray
Satellites

10000

1000

100

10

1

Year
1960            1970           1980             1990           2000            2010

S
ou

rc
es        

Kifune plot 

Year 

N
um

be
r o

f s
ou

rc
es

 d
et

ec
te

d 



Telescopes, Mirrors (and Camera Sensors)

MST, 12m ø (PMTs)

SST-1M,       
4m Ø (SiPMs)

SST-2M ASTRI,
4m Ø  (SiPMs)

SST-2M GATE, 4m Ø 
(MAPMTs/SiPMs)LST, 24m Ø (PMTs)

SC-MST, 9m Ø (SiPMs)

The prototyped technological 
‘zoo’:
•  6 telescope structures
•  3 optical configurations
•  7 cameras
•  several different front-end and 

read-out electronics
•  …

Courtesy of Maria Concetta Maccarone  
                      INAF IASF/Palermo 



 
Three different arrays used in the preliminary  

Monte Carlo Prod-1 simulations  
 

Densely packed array  
of 12 m and 24 m  

telescopes 
à  focus on low E 

Wide spread array  
of 12 m telescopes 
à focus on mid and 

high E 
 
 

Mixed array of 7, 12  
and 24 m telescopes 

à Balanced sensitivity 
over large E-range 
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Point Source Sensitivity

array “E” :
59 telescope config. 
(analysis & layout
  not optimised yet)

€80M nominal cost

 
        Point source sensitivity       

 50h, 5σ 

Pulsars  
and high-z AGN 

Exploring the cutoff regime 
of cosmic accelerators 

 1yr 

1yr 
50h 

50h 



11 



12 

Site locations for the CTA Observatory 
 

                                     
 

South (10 km2  for 4 LST, 25 MST, 24 SC-MST, ~70 SST) 
 
           Chile – Cerro Armazones (ESO)       2500 m (asl) 

 
           Namibia – Aar                                   1650 m 
 
 

North  (1 km2 for 4 LST, 15 MST) 
 
USA – Meteor Crater (Arizona)                        1680 m  
 
USA – Yavapai  (Arizona)                                1670 m  
 
Mexico – San Pedro Martir (Baja California)    2434 m    
 
Spain – Teide (Tenerife)                                   2290 m        
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Cerro Armazones –  
one of the two selected sites in the South 

E-ELT blasting 

CTA atmoscope 
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The CTA Observatory – the first open TeV observatory 

Time for observations: open time + consortium time  
 
Open time : Guest Observers via observing proposals 
  
Consortium time: core program (e.g. surveys) 
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Array Control and Operation CTA as an open observatoryCTA science data flow  
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Timeline towards the CTA Observatory 

2008 – 2010        Design Phase (array layouts, telescope design)  
 
2011 – 2014        Preparatory Phase (telescope & component prototypes) 
 
In 2014                Site selection, 
                            Creation of legal entity (for site negotiations, production  
                                                                  phase, etc.) 
 
                            Preparation for a Critical Design Review in 2015 
                             
2016 –  …            Array Construction Phase, Site development 
 
In 2018                Partial operation         



Main characteristics of CTA 

High sensitivity - 4 orders of magn. dynamic range in flux (max,min) 
 
Wide spectral range  -  from 20 GeV to 100s of TeV 
 
Angular resolution up to 0.02 deg, 10-20” source localization 
 
High time-resolution (superior to Fermi-LAT) – flares, GRB, other  
                                                                          short time-scale events  
 
Large field of view – survey and serendipitous discoveries of AGN, GRB, other 
                                 
Surveying capabilities – full-sky survey at O(1%) Crab in ~ 1 year 
 
Monitoring capabilities – possible use of sub-arrays for monitoring e.g. AGN 
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CTA selected by ESFRI  
as one of the projects 

eligible for implementation 
support under 
Horizon2020 

3 
E" 

 

A""EX 

Prioritisation of Support to ESFRI Projects for Implementation 
 

1. Three Priority Projects for implementation 

• EPOS: European Plate Observing System  

• ELIXIR: The European Life-Science Infrastructure for Biological Information 

• ESS: The European Spallation Source 

2. Implementation Support 

• ECCSEL: European Carbon dioxide Capture and Storage Laboratory Infrastructure 

• EISCAT-3D: The next generation incoherent scatter radar system 

• EMSO: European Multidisciplinary Seafloor & Water column Observatory 

• BBMRI: Biobanking and Biomolecular Resources Research Infrastructure 

• ELI: Extreme Light Infrastructure 

• CTA: Cherenkov Telescope Array 

• SKA: Square Kilometre Array 

• CLARIN: Common Language Resources and Technology Infrastructure 

• DARIAH: Digital Research Infrastructure for the Arts and Humanities 

3. Support for Sustainability and European Coverage 

• CESSDA: Council of European Social Science Data Archives 

• SHARE: Survey on Health, Ageing and Retirement in Europe 

• ESS ERIC: European Social Survey" 
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THE EUROPEA% U%IO% EN 

 
Conclusions on the implementation of the roadmap for the 

European Strategy Forum on Research Infrastructures 
 

COMPETITIVE)ESS Council meeting 
Brussels, 26 May 2014 

 
 

The Council adopted the following conclusions: 

"THE COUNCIL OF THE EUROPEAN UNION 

RECALLING its Conclusions of 11 December 20121, endorsing the Commission Communication 
on 'A reinforced European research area partnership for excellence and growth'2, and emphasising 
the need for renewing and adapting the mandate of the European Strategy Forum on Research 
Infrastructures (ESFRI) to adequately address the existing challenges and also to ensure the follow-
up of implementation of already on-going ESFRI projects after a comprehensive assessment, as 
well as the prioritisation of the infrastructure projects listed in the ESFRI roadmap; 
 
TAKING NOTE of the ESFRI report of 7 April 2014 entitled the prioritisation of support to ESFRI 
projects for implementation; 
 
1. WELCOMES the contribution of ESFRI to the objectives of the European Research Area and 

to achieving the Innovation Union commitment on research infrastructures. 

2. ACKNOWLEDGES the work done by ESFRI to identify priority projects which are mature 
enough to be under implementation 2015-2016 and whose timely implementation is 
considered essential to extend the frontiers of knowledge in the fields concerned. 

                                                 
1 Doc. 17649/12 
2 Doc. 12848/12 



CTA science:  

astrophysics, cosmology, fundamental physics 

  Origin of Cosmic Rays                                                 Black hole particle accelerators     
- Particle accelerators: SNR, PWN, pulsars,                  - Blazars, radio-galaxies, AGN, GRB 
                                               micro-QSOs                     - EBL, galaxy clusters, cosmic magnetism 
- Related: massive SFR and starburst galaxies 
  

  Fundamental Physics 
- Search for annihilation signatures of WIMPs   
- Search for Axion-like Particles 
- Testing Lorentz Invariance Violation 
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Gamma-ray signatures of CR 
acceleration, 

propagation and confinement 
 
 

SNRs and Molecular Clouds: 
 

             - better quality spectral studies 
                 (cut-offs, breaks, etc)  
 
               - population studies 



Supernova remnants: shells and acceleration properties 
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HESS images	

1 degree	


Several shell-type supernova remnants have been already 
resolved as TeV gamma-ray  shells: in support for shock 
acceleration of particles to hundreds of TeV energies at 
supernova remnant shocks 
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Figure 13: Left: H.E.S.S. map of gamma-ray excess events for RXJ 1713.7-3946 - the first SNR shell to be resolved at TeV energies. Figure from
[116]. Right: The broadband SED of Tycho’s SNR from [124], together with models for the various emission components (dominated by hadronic
processes in the gamma-ray band). See paper for details.

gamma-rays [130]. Given the ubiquity of bright TeV
PWN, this now seems the most likely explanation for
the TeV source. A similar conclusion may arise for
the first TeV source to be linked with a massive star
association, TeV 2032+4130 (coincident with the Cyg
OB2 association). In this case, the LAT pulsar (PSR
J2032+4127) is sufficiently energetic to explain the TeV
emission, although no PWN has been detected as yet.
Other unidentified sources which have been linked

with massive star clusters and associations include
HESS J1646-458 (Westerlund 1) [131], HESS J1614-
518 (Pismis 22) [132], HESS J1848-018 (W43, which
hosts Wolf-Rayet star WR121a) [133] andW49A [134],
a massive star forming region. For all of these, however,
the evidence that particle acceleration in stellar winds is
the driving force behind the gamma-ray emission is not
definitive (e.g. [135]).

5.6. Compact Object Binary Systems

Despite many early unconfirmed claims, the first
definitive detection of a TeV gamma-ray binary system
was not published until 2005. The population has grown
slowly, and now consists of four clearly identified sys-
tems, plus marginal evidence for transient emission as-
sociated with Cyg X-1 [136]. The gamma-ray emission
from binaries is believed to be powered either by accre-
tion (most likely onto a black hole), or by a pulsar wind.
In the case of accretion, particle acceleration takes place
in relativistic jets (e.g. [137]). In the pulsar wind sce-
nario, the acceleration occurs either in shocks where the
pulsar wind encounters the circumstellar environment
(e.g. [138]), or possibly within the pulsar wind zone
itself [139]. The detection of Cyg X-1, if confirmed,

would be extremely important, since there is no doubt
that this system hosts a black hole. This is in contrast
to all of the other TeV binaries, in which the compact
object is either known to be, or may be, a neutron star.
Here we briefly summarize the results for each of the
four well-studied objects.
PSR B1259-63/LS 2883: This was the first gamma-
ray binary system to be firmly detected at TeV energies,
and the first known variable VHE source in our Galaxy
[140]. The system comprises a 48 ms pulsar orbiting a
massive B2Ve companion. The orbit is highly eccentric
(e = 0.87), with a period of 3.4 years. The TeV emis-
sion exhibits two peaks, approximately 15 days before
and after periastron. Various authors have attempted
to explain the double bumped VHE lightcurve within
a ’hadronic disk scenario’, in which a circumstellar disk
provides target material for accelerated hadrons, lead-
ing to π0 production and subsequent TeV gamma-ray
emission [141, 142]. The 2007 H.E.S.S. observations
disfavour this, since the onset of TeV emission occurs
∼ 50 days prior to periastron, well before interactions
with the disk could be expected to play a significant role
[143]. Leptonic scenarios have also been discussed in
e.g. Kangulyan et al. [144].
The recent discovery of an extended and variable

radio structure in PSR B1259-63/LS 2883 at phases
far from periastron provides definitive evidence that
non-accreting pulsars orbiting massive stars can pro-
duce variable and extended radio emission at AU scales
[145]. This is important, since similar structures in
LS 5039 and LS I +61◦303, where the nature of the
compact object is not certain, have been used to argue
for the existence of jets driven by accretion onto a black
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RXJ 1713.7-3946  
The first SNR resolved at TeV 

(H.E.S.S.) 

Tycho’s SNR 
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Figure 3: Left: simulated distribution of Galactic core-collapse SNRs. The Sun and the
Galactic center are depicted by the red cross and the black dot, respectively. Middle:
Fraction of SNRs visible with zenith angle < 45�, for a ground-based instrument located
at the same latitude as the H.E.S.S. experiment, as a function of distance from Earth
(dashed line). Configurations B (in black), D (in red) and I (in blue), for an observing
time of 20 h, and for three known VHE-emitting SNRs: Vela Junior (circles), RCW 86
(downward triangles) and RX J1713.7-3946 (upward triangles). Open symbols refer to
the horizon of detectability, filled symbols to the horizons of resolvability. Right: same as
middle, except that the original CTA PSF from the configuration files has been improved
by a factor of 2.

correct, virtually all the TeV bright SNRs in the Galaxy will be detected.
However, for distances larger than the horizon of resolvability, identifying an
object as an SNR might be di�cult in the absence of observations at other
wavelengths. As a consequence, a significant fraction of the SNRs that will
be detected by CTA will be classified at first as unidentified sources.

2.2. Spectral studies of supernova remnants with CTA: probing cosmic ray

acceleration

Another important issue to be investigated is the capability of CTA to
perform spectral studies of SNRs and identify possible spectral features such
as breaks or cuto↵s. This is of crucial importance in order to determine
with good accuracy the spectral shape of the underlying CR population (be
they hadrons or electrons) which are responsible for the gamma-ray emis-
sion. To date, a spectral cuto↵ in the TeV range has been clearly identified
only in the spectrum of the bright SNR RX J1713.7-3946 [50], for all the
other (fainter) TeV-bright SNRs the statistics at high energies does not per-
mit to draw firm conclusions on the spectral shape. Determining the cuto↵
energy in the gamma-ray spectrum is required in order to obtain informa-
tion about the maximum energy of the particles accelerated at SNR shocks.
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Acero et al. 2013 Config. I 20 h, RXJ1713-like, at d=3.0 kpc

0.00 0.05 0.10 0.15 0.20 0.25 0.30
Distance from center (deg)

0

2

4

6

S
u

rf
a

ce
 b

ri
g

h
tn

e
ss

 (
E

xc
e

ss
 c

o
u

n
ts

 p
e

r 
a

rc
m

in
2
)

Config. I 20 h, RXJ1713-like, at d=3.0 kpc
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Figure 2: Radial profile of the RX J1713-like SNR from Figure 1 (data points) fitted with
a gaussian profile (blue line) and a shell (red line). The latter fit is clearly favored.
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Population Studies of PWN 
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Active Galactic Nuclei  
with CTA 
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Predicted AGN detections with CTA 
based on extrapolations of Fermi-LAT spectra 

for a maximum observation time of 50 hr per source 

Zech et al. 2012 

˜170 



PKS 2155-304 
in quiescent state 

Various hadronic and leptonic models can often fit present available 
spectra of HBL 
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Figure 5: Extensive multifrequency measurements showing the spectral energy distribution of Markarian 501 for observations in 2009. Emission
from the host galaxy is clearly visible at infrared/optical frequencies. The VERITAS data are divided to show both the average spectrum (red
circles), and the spectrum during a 3-day flare (green triangles). Figure from Abdo et al. [22]

gies, particularly during intense flaring episodes, and
three FSRQs have recently been detected by IACTs
(PKS 1222+21 [30] , PKS 1510-089 [31] and 3C279
[32]).

A unique additional case is the TeV detection of
IC 310, a “head-tail” radio galaxy in the Perseus clus-
ter, possibly hosting a low-luminosity BL Lac nucleus
[33]. Head-tail radio galaxies display a distinctive radio
morphology, consisting of a bright “head” and a fainter
“tail”, which is believed to be the result of their rapid
motion with respect to the intracluster medium. The
source was originally identified as a VHE emitter in an
analysis of the highest energy (> 30 GeV) Fermi pho-
tons by Neronov et al. [34], and then subsequently de-
tected from the ground by MAGIC [35]. Neronov et al.
considered the intriguing possibility that the emission
might originate with particles accelerated at the bow
shock formed by the interaction between the relativistic
outflow from the galaxy and the intracluster medium.
This scenario is ruled out by the detection of variability
in the TeV flux by MAGIC, and the more familiar BL
Lac mechanisms are now favoured.

Figure 4 also shows the distribution of measured red-
shifts for 41 TeV AGN. Some of these measurements
are rather uncertain, since BL Lac optical spectra, by
definition, do not contain strong emission lines. The

most distant object detected is 3C279 [32], with a rel-
atively modest redshift of z = 0.5362. The population
is truncated at large distances due to the absorption of
TeV gamma-rays by electron-positron pair production
with the low energy photons of the extragalactic back-
ground light (EBL). This effect is energy dependent, and
can strongly modify the observed VHE spectra of extra-
galactic sources. While this limits the observation of
more distant TeV sources, it also provides a mechanism
by which to infer the intensity of the EBL, using rea-
sonable assumptions about the intrinsic TeV spectra at
the source [36]. The EBL provides a calorimetric mea-
sure of the complete history of star and galaxy forma-
tion in the Universe, but is difficult to measure directly,
due to the presence of bright local foreground sources
of emission, such as zodiacal light. Presently, all of
the TeV blazar measurements are consistent with a rel-
atively low level of EBL, with the constraints derived
from VHE measurements now approaching the lower
limits derived from galaxy counts [37, 38, 39].

TeV blazar observations have also been suggested as
probes of other physical phenomena, such as the ac-
celeration and propagation of ultra-high energy cosmic
rays [40, 41], or, more speculatively, the production of
axion-like particles [42, 43]. Various authors have also
discussed the possibility that TeV observations may be

6

Markarian 501 in 2009 (3-day outburst) 



30 

A flare from PKS 2155-304 as 
detected with the HESS 
telescopes (July 28, 2006).  
The data are binned in one 
minute intervals.  
 
(Aharonian et al. 2007) 

Variability down to minute time scale  
à  emitting zone smaller than Rg or 

very high bulk Lorentz factor 



Studies of Extragalactic Background Light  
with CTA 
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Slide from Johannes Knapp 
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Raue & Mazin 2010 
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CTA will allow for the observation of the unabsorbed part of the spectrum, 
together with the signature of attenuation at higher energies 

Raue & Mazin 2010 
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Dark Matter and Fundamental 
Physics 

CTA prospects to search for CDM particles         
        signatures:  
 
- in dwarf satellite galaxies of the Galaxy  
 
 - around the Galactic Center 
 
 - in clusters of galaxies 

 

CTA prospects to constrain high energy 
violations of Lorentz Invariance 
relative to current limits (Fermi). 



36 

 
WIMP parameter space 

Exclusion diagram 
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Prompt GRB light curves  and AGN light curves 
are used to determine 

 the lower limit of Quantum Gravity scale by 
detection of  the delay  

between the arrival times of photons at different 
energies 

The Lorentz invariance violating (LIV) part  
in the dependence  

of the photon momentum on its energy 
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Fermi LAT and GBM light curves of GRB 090510  

(Abdo et al. 2009) 

 
EQG,1 = ξ1 EPlanck  

 
ξ1 > 1.2 

 

Current lower limit on the QG energy scale  
due to possible linear dependence of the speed of 
light on photon energy: 

To test quadratic or higher order 
dependencies 
the sensitivity of CTA will be needed 
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             CTA – Summary 
 
- The1st ever open IACT observatory 
 
- Entire sky coverage 
 
- Performance capabilities superior to major present-day IACTs  
 
- Huge discovery potential for astrophysics, physics and cosmology 
 
- Strong support from EC and national funding agencies 
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