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CTA - the Cherenkov Telescope Array

An advanced facility 

for ground-based gamma-ray astronomy 
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CTA Ambitions and Performance goals

● Build on the extraordinary success of the current IACTs 
to create the future ground-based gamma-ray observatory

● Jump of factor 10 in sensitivity, down to mCrab: deeper VHE vision

● Very large spectral coverage: a few 10 GeV to above 100 TeV:
New source classes, explore emission mechanisms

● Improved angular resolution down to arc-minute range: fine mapping 

● Temporal resolution down to sub-minute time scale: 
 a VHE timing explorer

● Flexibility of operations: 
deep field, monitoring, survey, alarms                  

● Full sky coverage using North & South installations

● Can achieve these goals with 
two extended, mixed arrays of Cherenkov telescopes
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CTA Physics Targets
● See conclusions of many of the talks at this conference :

● De Lotto / Gérard “AGNs at VHE”
increased sensitivity for source class extension, fine timing

● Mazin “EBL constraints from VHE”: 
lower threshold and increased sensitivity for more distant AGN

● Raue “Cen A detection at VHE”
increased sensitivity and better angular resolution for variability, position, extension measurements

● Hadasch / Renaud “VHE galactic sources”
increased sensitivity, angular resolution, energy range for source class extension, population studies, fine 
mapping, emission mechanisms

● Nedbal “Galaxy clusters at VHE”
increased sensitivity to detect emission from this source class

● Naumann-Godo “SN1006 detection at VHE”
increased sensitivity, angular resolution, energy range for fine mapping and emission mechanism 
determination

● Vivier “Galactic centre at VHE”
increased sensitivity, angular resolution, energy range for position determination, spectral modelling 

● Fiasson “SNR / Molecular cloud interactions at VHE”
increased sensitivity, energy range to probe spectra of interactions of CR from SNR

● Bolmont “Lorentz Invariance Violation tests at VHE”
increased sensitivity to measure fast variability of distant objects

  … plus other topics not covered here or as-yet undiscovered
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CTA Concept: 50-100 mixed telescopes

Low-energy section
ex : 4 x large telescopes

Main array of 10m class
telescopes over 1 km2 area
100 GeV – 10 TeV
ex : ~ 28 telescopes

High-energy section
with a halo of telescopes
on 10 km2 area
ex : ~ 20 telescopes  
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CTA “Artist's View”

High-energy section
with a halo of telescopes
on 10 km2 area
ex : ~ 20 telescopes  
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CTA technical realisation

● The technology to build CTA is available, base-line solutions:
“Prototypes” exist with HESS-I/II, MAGIC-I/II ...  

● Great challenges concern cost and reliability/durability

● ~100 telescopes in remote locations ± 10k€ each  ± 1M€

● O(100 000) electronics channels ± 10€ each  ± 1M€

● O(10 000m2) mirror area ± 100€/m2    ± 1M€

● Require x10 increase in sensitivity with x10 cost factor

● Developments are under-way to address these issues
 (e.g., fuller integration of electronics functions on ASICs)

● Some parallel speculative research taking place,
planned design should allow integration if mature or 
in later upgrade cycles (e.g., SiPMs)

● Major studies proceeding on array optimization, mirror sizes, 
pixelization, field of view, etc... for best performance vs. cost
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The CTA Consortium

● > 50 institutes, 14 countries  (~ 300 scientists) 

● Present partners : 
Germany, France, Spain, Italy, Poland, Ireland, UK, South-Africa, 
Armenia, Switzerland, Finland, Czech Republic, Netherlands, Namibia

● Expression of interest by Japan (Jan. 2008)...

● Others interested : Argentina, Denmark, Russia, Sweden 

● Coordination/discussions with US scientists, who work on a project 
similar to CTA: AGIS, Advanced Gamma-ray Imaging System 

● Regular general CTA meetings since 2006 
(Berlin, Paris, Barcelona, Padova... next in Cracow) 

● Tasks distributed among “Work-Packages”:
(Science, Site, Simulations, Telescope and Mirrors, Camera with focal 
plane instrumentation and electronics, Data, Calibration and 
atmospheric monitoring, Observatory, Quality and risks). 
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CTA Task Breakdown & Coordinators (FP7-driven)
WP Work Package Coordinators

1 MGT Management of the design study
Spokesperson search under way... 

2 PHYS Astrophysics and astroparticle physics Diego Torres – ICREA 
                     & Institud de Ciencies, Barcelona

3 MC Optimisation of array layout, performance 
studies, and analysis algorithms. 

Jim Hinton – University of Leeds
Giovanni Lamanna – LAPP IN2P3/CNRS

4 SITE Site evaluation and site infrastructure R. Paoletti – University of Siena

5 MIR Design of telescope optics and mirror Mosé Mariotti – University of Padova

6 TEL Design of Telescope structure, drives, 
and control systems

Michael Panter – MPIK Heidelberg

7 FPI Focal Plane Instrumentation, 
photodetectors, light-guides, mechanics

Razmik Mirzoyan – MPIP Munich

8 ELEC Read-out electronics and trigger Pascal Vincent – LPNHE IN2P3/CNRS

9 ATAC Atmospheric monitoring, associated 
science, and instrument calibration

Manel Martinez – IFAE Barcelona

10 OBS Observatory operation and access Aimo Sillanpää – Tuorla  Obs./Turku Univ.
Stefan Wagner – Landessternewarte Heidelberg

11 DATA Data handling, processing, management, 
and access

Christian Stegmann – ECAP Erlangen  
Adrian Biland – ETH Zürich 

12 QA Quality assurance and risk assessment Michael Punch – APC IN2P3/CNRS
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Design study phase of CTA

● Aims : 

● optimize the performance and reliability
● lower the costs  (150 M€ class project)

● Optimize the array layout: 
fine tuning of dish size, FoV, pixel size, spacing and arrangement

● Improve photo sensors and electronic signal recording

● Analyze array trigger schemes

● Optimize telescope structure, optics and mirrors

● Prototypes before large scale production

● Atmospheric monitoring and selection of 2 sites, S and N

● Develop tools to operate a user facility and provide data access
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WP PHYS - Physics Missions

● Summarize the key physics topics for CTA, define sub-coordinators

● “Observing proposal” writing for an ideal instrument 
(currently 23 available) with synthesis made by coordinator

● Define “benchmark” sources 
and the instrument characteristics required

● Study the impact on physics results given estimates 
of instrument response for different configurations (from WP-MC)

● Interface with other observatories

● Define list of priority sources 
which will serve for observation programme 
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Physics impact of better sensitivity & angular resolution

Galactic plane as seen by HESS

CTA view

CTA/AGIS Simulations
Digel + Funk (Stanford) + Hinton (Leeds)
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Expected CTA angular resolution

● Model for galactic sources with the CTA expected sensitivity

● 0.2 deg for energies > 50 GeV (6 deg FoV)



 

1313Moriond, Feb 1-8, 2009Moriond, Feb 1-8, 2009 CTA – Cherenkov Telescope Array      M. Punch CTA – Cherenkov Telescope Array      M. Punch 

Expected CTA angular resolution

● Model for galactic sources with the CTA expected sensitivity

● 0.2 deg for energies > 50 GeV (6 deg FoV)

● 0.05 deg for energies > 1 TeV (6 deg FoV)  … pessimistically
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WP MC – Monte Carlo goals

● Implement and test the different configurations proposed 
(telescope types and array layout) in order to 
optimize performance for a given cost:

● Sensitivity over the spectral range

● Angular and energy resolution

● Background rejection

● Base configurations defined by “Toy Model” methods 
developed  based on full simulations (France, UK)

● Several configurations are being fully simulated with
simulation codes extended from the previous generations 
(Germany, France)

● Some finer studies carried out in parallel,
(e.g. usefulness of fine temporal information 

per pixel or per telescope)
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CTA: sensitivity gain with example configuration

“small” = 14m
“large” = 28m

(K. Bernlohr, 2008)
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WP-SITE: Site evaluation and site infrastructure

● Choice of potential sites based on 
existing data (meteo, satellites)

● Criteria defined based on:

● Atmospheric transparency

● Light pollution

● Cloud cover

● Absorption (dust, …)

● Altitude (1600-3500m)

● Wind (speed <40km/h)

● Area available

● Infrastructure

● Roads, hospitals, accessibility...

● Local support
FriOWL site selection tool
http://www.iapmw.unibe.ch/research/projects/FriOWL/
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WP-SITE: Site evaluation and site infrastructure

● Precise measurements to follow 
on small number of candidates:

● Site visits for 
evaluation of infrastructure

● Atmospheric measurements by 
LIDAR, photometry, balloons

● Current list of potential sites, 
to be completed:

● Argentina, Namibia, 
South Africa

● Canaries & Morocco
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WP TEL – Telescope structure goals

● Three telescope sizes being studied 
for full energy-range coverage, 
size S/M/L for diameters 6/12/23m

● “Standard” optics (no secondary) as base-line
● Field of view adapted to telescope size 

/ physics goals / cost (6-8° for S/M, 5° for L)
● Dish type adapted to size (spherical for S, parabolic for L)
● f/D as large as affordable (1.4 – 2)
● Use of commercial positioners (S/M, L?)
● Stiffness adapted to active mirror control for PSF < 1mrad
● Elastic deformations of structure only
● 30 year lifetime (cf. Whipple > 40 years old)
● Failure rate an order of magnitude below current
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WP TEL – Telescope structure

● Some of the sample designs... 
several other labs working on the question (IRFU, ...)

● Drive and safety concepts (DESY...)

● Active mirror control concepts (ETH Zurich)

6m diameter
MPI-K / IFJ PAN

12m diameter
ANL

23 m23m diameter
MPI-P
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WP MIR – Mirror performance goals

● Area 1-2.5 m2

● Shape = hexagonal

● Weight < 30 kg/panel 

● PSF < 0.6mrad 
(or 1/2 pixel size)

● Rigidity

● Operating temperature range: -10° C to +30° C. 

● Reflectance > 80% for wavelengths in the range from 300-600 nm

Proven Solutions exist:
● Aluminzed glass

(HESS solution, but with new hot/cold slumping technology)
Average cost, suffers from ageing, high weight

● Machined Aluminium on alu honeycomb (MAGIC solution)
High cost, low ageing, low weight
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WP MIR – Mirror New Options

New Solutions proposed:

● Mirrors in carbon-epoxy composite
Probable low cost, low weight, unknown performance

● Mirrors in polyeurethane foam with glass front face (CEA Saclay)
Probable low cost, low weight, unknown performance

Frosting problem known/likely for these types if back-aluminized.
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WP FPI – Focal Plane Instrumentation

● Clear decision (with ELEC) to have a fully-integrated camera

● Advantages: Communication of data rather than signals, 
reduction in cabling,  modularity at the camera level 
(spare = camera)

● Disadvantages: heavier camera, 
all-weather protection or shelter required

● Testing Camera protection window, Winston cone light-guides either 
with mylar foil or aluminium deposition on moulded form

● Mechanics for light-weight, robust, easy-access cameras under 
study, including automatic lids, integration of calibration systems for 
PMTs, telescope pointing, etc. (with WP-ATAC)
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WP FPI – Focal Plane Instrumentation

● PMT measurement of many samples (standard, super/ultra-bialkali, 
hemispherical window, multi-anode, flat-panel...) in coming months.

Photonis PM
test samples
@ MPI-P

● Studies of new technologies (SiPM, APD) a future 
upgrade option, with camera design for easy 
inclusion, where possible



 

2424Moriond, Feb 1-8, 2009Moriond, Feb 1-8, 2009 CTA – Cherenkov Telescope Array      M. Punch CTA – Cherenkov Telescope Array      M. Punch 

WP ELEC - Electronics
● Analogue pipeline solution for the in-camera acquisition, 

several GHz-sampling most probable solution (existing SAM, DRS3, 
future DRS4, NeCTAr, from IRFU/IN2P3 and PSI/Pisa). 
Aim to integrate the maximum functionality in ASIC (=cost+reliability)

● NeCTAr
  Amplification followed by long analogue pipeline (17-bit dynamic)
  Pixel-level trigger comparator controlled by DAC level
 On-board ADC for conversion
 Digital FIFO and serializer for data transmission
 Ethernet-output?
 Goal 300€/channel incl. PM

 DRS4 chip

DRS4
1024 sampling cells per channel 
High speed 6 GHz, 
High density 8+1 channels/chip 
High resol. 11.5 bit 
Timing resol. 3 ps
Readout speed 30MHz

Low power (10-40 mW / channel)

Low cost (~ 10$ / channel, 
excl external components)

But, External ADC needed
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WP ELEC - Electronics
● Camera-level Trigger, by sectors / clusters (not critical), 

(INFN Pisa/Padova, MPI-P)

● Read-out using the maximum of 
commercial components / protocols... 
e.g., GigaBit ethernet via UDP, 
perhaps on ASIC, 
5MB/sec per module in camera, 
GigaBit switches in-camera send data 
to central processing farm (MPI-K)

● Inter-telescope trigger with 
central array clock-distribution over fibre 
(à la Antares), event time-stamping, 
real-time (re)programmable coincidence 
determination (APC/MPI-K)
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Other Working Packages

● ATAC: Atmospheric monitoring, associated science, instrument calibration

● Will evaluate the tools needed to monitor the atmosphere (e.g. 
Cloud cameras, Raman Lidars, balloons), with tests possible (SITE)

● OBS: Observatory

● CTA will operate as an observatory, with open time and data 
accessible rapidly to a large community

● OBS will plan for the coordination of operations (maintenance, local 
personnel, technical operations, time requests and planning, data 
pipeline...

● DATA: Data handling, processing, management and access

● Plan data architecture, for telescope control, observation planning, 
access to ~0.5 PB/yr of data in various forms (raw, DSTs, maps...)

● QA: Quality and Risk assessment



 

2727Moriond, Feb 1-8, 2009Moriond, Feb 1-8, 2009 CTA – Cherenkov Telescope Array      M. Punch CTA – Cherenkov Telescope Array      M. Punch 

Time-line for CTA Design Study & Beyond

06 07 08 09 10 11 12 13

Site exploration

Array layout

Telescope design

Component 
prototypes

Array prototype

Array construction

Partial operation

Design Study

Very funding dependent!

System fully operational in 2018
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CTA in context of HE/VHE Gamma-Ray Facilities 

Illustration from J.A.Hinton

Should have rewarding overlaps with Fermi (2nd
  phase), Simbol-X (2015-2020), 

& other large projects... AUGER, LOFAR, ALMA, JWST 2013+, E-ELT 2017+, 
SKA & pathfinders (2015/2019+), KM3NeT, IXO, LISA …
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CTA on the road(map) 

● CTA is supported by the European Astroparticle community
● ASPERA roadmap, AstroParticle ERAnet, created by ApPEC (group 

of funding authorities from several European countries)

For this roadmap, CTA is now one of the “magnificent seven”, and 
one of the two most advanced along with km3net (September 2008)

● ASTROnet roadmap, support from the astrophysics community

● ESFRI, the European Strategy Forum on Research Infrastructures
update to its 2006 roadmap
CTA promoted from “emergent” to full inclusion as “future goal”

● Perhaps will skip over FP7 Design Study phase now, 
to go directly to “preparatory phase”?

● Currently “design study” is advancing 
using national (rather than European) funding
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Near and Far Future Horizon for CTA 
● CTA design study being organized, 

working packages more or less advanced

● Design solutions (mostly) exist, large cost & reliability challenges

● The search for the secret ingredient (funding!) is proceeding

● CTA is open for new collaborators
● Contact organizers to express interest

● Next general meeting in 11-12th May in Cracow, Poland

● CTA web-page: www.cta-observatory.org

● CTA will be the 
major observatory in 
VHE gamma ray astronomy, 
combining guaranteed 
astrophysics and physics 
returns with significant 
discovery potential

For talks on CTA, please 

contact CTA Speakers Bureau

If requesting funding under CTA “logo”, 

please coordinate with workpackages


