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O IC RAYS

Energies and rates of the cosmic-ray particles
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e FRATORS IN COSMCH
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T IC ACC

BECIRS

proton acceleration In
shock waves (Fermi)

neutrino production

» proton interactions with
baryons and photons

» decay of pions and
Muons

simultaneous gamma
production in ¥ decays

Particle accelerator

beam dump
on target
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ESIBLE £X | RA-GALACTIC SOURCE OF
COSMIC RAYS: GAMMA-RAY BURSTS

Most powerful emissions of Y rays
L, = [0°'->° erg/s (sUmR[@aelc i
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ESIBLE £X | RA-GALACTIC SOURCESCIE
COSMIC RAYS: ACTIVE GALACTIC NUCLE

Massive black hole 1087 Mo

with collimated jets

Gas Disk in Nucleus of
Active Galaxy M87

Hubble Space Telescope

Brlghtes_t Obse r\/ed S'teady Wide Field Planetary Camera 2
e L =0 = [0% ergfs
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eS| ENERGY COSMIC RAYS

from Active Galactic Nucler?
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Source region, e. g.
surrounding dust clouds,

Source, e.qg. Galaxies...
Supernova,
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GRB Micro quasars

> Sources of cosmic rays
> Astrophysics of sources

» Acceleration and propagation

VLA Radio

Active galactic nuc

B

mission along the Galactic Plane

Mystery Source HESS J1745-3(

Dark matter Unknown sources
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ECIRE OF DARK MAIT TER PARTICLESE

Dark matter
26
» Presence Inferred from gravitational effects on

visible matter Dark energy
/0%

» Search for annihilation signal of dark-matter
particles

» Challenge: distinguish this signal from astrophysical
gamma rays

Parallel with other
SEElREnEs (&2

Edelwelss) Iec@HEEy
and production (LHC)

X HESS/VERITAS

10 % :—"""/‘

Predicted signal

from a dwarf galaxy

e b for neutralino mass
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BLAZARS:
EXCEPTIONAL FLARES
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» Dynamics of acceleration!?

» Vacuum dispersion from
quantum gravity?
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MULTI-WAVELENGTH ASTRONOMY
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HIGH-
ENERGY
GAMMA-RAY —

SKY

* AGN
@ Plerion (PWN)
O Shell type SNR
@ Binary system

m Other or unidentified
or ambiguous identification
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EIE CHERENKOV |

> Increase sensitivity
> Extend energy range

R mmpEeve an

-SCOPE ARRAY

ular resolution
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CTA: An advanced facility for
ground-based y-ray astronomy

and astro-particle physics

~~“and small
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SENSITIVITY
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BENDER OF SOURCES

Kifune Plot
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RS SRR e ded HdE S5, F MAGIC community
from 20 countries In Europe, Americas, Japan

» Priority project by European funding agencies ASPERA and
BN N\IEW —Se e R o acal

» Furopean Strategy Forum on Research Infrastructures (ESFRI)
Roadmap 2008

» EU calls for ESFRI projects for preparatory phase, and
for e-Infrastructure

Marsellle, CTA, December 4, 2009 Do)



WORK PACKAGE STRUCTUR

» Management, governance, legal aspects and financial model
» Preparing construction

» project office with system engineering and integration,
and contacts to industry

Rilslllicrentt telescope types
» keep structure for common aspects
» transition from vertical to horizontal structure for specifics
» Preparing operation

» data and user tools, computing, outreach...

Marseille, CTA, December 4, 2009 DS



CTA IN EU SEVENTH FRAMEWORK (FP7)
FUNDING APPLICATIONS

» INFRA-2010-2.2.10: Construction of new infrastructures -
breparatory phase

» bring the project to the level of legal and financial maturity
required to Implement the project (governance, logistical, also
technical work for prototypes and efficient start-up)

» INFRA-2010-1.2.3: Observatory Research e-Infrastructure

» coordination, deployment and further evolution of structured
information systems (Grid) — and development of user
configured tools and virtual research facilities

Marseille, CTA, December 4, 2009 24



ATMOSPHERIC MONITORING AND
INSTRUMENT CALIBRATION

Bl ipEraire density, thickness, refractive Index
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WHERE!?

» Establish a list of candidate site possible CTA — for both North and
South Hemisphere

» Flat Area: 3 x 3km? (SH),| x Ikm? (NH)
» Cloud Coverage: > /0% of clear nights
> Altrtude | 500—4000m

@ iEitide 50" N .. -30° S

» Atmosphere: transparent, dry and quite in general (low aerosol
content, reasonable relative humidity and wind speed)

» Infrastructure

Marseille, CTA, December 4, 2009 26



BRRAT LAYOUT

» Explore parameter space

> telescope diameter and focal
length

> telescope spacing

> camera size and pixel size
> read-out speed

> off-axis performance

> array height

— Performance In a given budget
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» 10! showers
with grid and
batch cluster
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1500

OPTIMIZATION WITHIN
A FIXED BUDGET

> Investigate > 45 array configurations o i 2
from a pool of 275 telescopes: sensitivity, ., 5
resolution, trigger; Einr
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PRELIMINARY RECOMMENDATION FROM
MC WORK PACKAGE

BIMPSSiihiiee telescopes types (or
o i ditferent PM 1's for HE

component) g 20T
2 24
» Regular grids used to explore field ™
of view and telescope separation ]
phase space L
1.41

» 60, 85, 120, 170 and 240 m 12e
spacing for all FoVs

: O ieure 7: Range of reasonable f/d ratio for a give [ for 2. arabolic
) 37 telescopes Wl-th 5 = Figure 7: Range of reasonable f/d ratio for a given FOV for 23 m parabolic

telescopes (blue), 12m Davies-Cotton telescopes (red) and 7m Davies-
Cotton telescopes (green). The telescopes used in the MC productions are

24 -te | esco pes Wl-th 8 O shown with circles.
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EREEIMIINARY RECOMMENDATION CONE

BRATIRCIasS [elescope
> field of view 6-3°
BRI 4 and Davies-Cotton oplics
epEltsize 0] 5-0.)°
R ENRING Ass [elescope
> field of view 5-6°
» /D of |.3..1.4 and parabolic optics
» pixel size 0.08-0.1°

BN el commendation yet for HE part but FoV =/

Marseille, CTA, December 4, 2009
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s COPE CONS TRUCTION

» Baseline designs for different
> diameter

» focal length

. » |larce-size telescope
» field of view 5 P

. > small-size telescope
> mirror arrangement

. > medium-size telescope
> alternatives

— Prediction of performance drive and control system

parameters and costs > energy management

Marseille, CTA, December 4, 2009 2



TOWARDS A ME

» Diameter |2 m
» Focal length 16 m
» Fleld of view 8°

e dnd ease of
construction

» Small deformations

S inall peint spread
function

> OlhiEs P

@G

Marseille, CTA, December 4, 2009
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UM -SIZE TELESCOPES CONT

Telescope in a pit

— A

» Price and performance reviews

» Collaboration between designers

Marseille, CTA, December 4, 2009



AGIS

» Schwarzschild-
Couder design

» Fleld of view

» Angular
resolution

o Flreiteinels

Marseille, CTA, December 4, 2009
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ERRGE-SIZE | ELESCOP

BRIIcRRdidrmeter 25 m

» Sensitivity down to 20 GeV
> Light weight for GRBs
Rlele caroon structure

» Light camera

» Active camera damping system

Marseille, CTA, December 4, 2009
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S | ELESCOPES

» Different ideas at
various stages

9000

3800

— 6000 ——
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e AND SAFETY SYST

» Motors

» Feedbacks

» Gears

» End switches

» Emergency system

A
A'Z" ,.‘.,! F Q’A

.éa’.m%t
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R OR DEVELOPMENT

» Hexagonal |.2 m w/ reflectance > 80% (300-600 nm)
» Technologies investigated looking at cost reduction

> all aluminum mirrors

» cold slumped glass mirrors

» carbon/glass fiber composite mirrors

» Coating (5102 w/ and w/o carbon admixtures, A, O3),
single- and multi-layer

» Mirror testing group

B SlileTmirror control desighs tested

Marseille, CTA, December 4, 2009



FAPIERA

» Improvements of classical PMTs

» super-bialkali and ultra-bialkall
cathode

> Alternative light sensors
sl s, oi2Ms

B liermmanice, costs, ..

Marseille, CTA, December 4, 2009
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PO O 1 UBES

el ciiflenilubes Enterprises

Pl A amatsu

e R9420-100 ====R9420

» accelerated aging

40
y Already now an improvement of
=25 Vs e 22 % compared to MAGIC tests
= P e N 48 % compared to H.E.S-S.
> Az N '
\ > after-pulsing
g 2 ]
£ 15
= N
: o
0 \h—
200 300 400 S00 600 700 300
Wavelength [nm ]

B Rch for all telescopes !

» build test-cluster
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e READ-OU | ELEC TRONICS

| -
K ’-«.‘ R S

RliciEnt techniques \“\wunnl//4

/

' ,\;\\‘)\;W‘f'“'""*f'f’f,

» memory depth
> speed
> effective range

» bandwidth
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B ciclentor performance
barameters and costs Example

FADC system based on
domino ring sampler
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FRONT-END ELECTRONICS

- BIRVACI@IN

» low noise, fast amplifier input w/ 1.9 GHz BW

(downgraded), DRS4 sampling chip (I |.5 bit dynamic
Relic s dlliicrential ADC, 5 Gsamplesss, 40N Sz

ENEGHA R

» two gain amplifier input, SAM (analog memory w/ |
bit dynamic range), low power ADC, 300 MB/s
serializer

» Fully digital camera

e itcain rADCs, FPGA ring buffer — dead-time
free operation

Marseille, CTA, December 4, 2009 4)



e [ RONICS

» High voltage system for camera PMTs

» special on control, safety, power

» Camera trigger

» different analog solutions (comparators, clipper) with
sectorization/ clustering

» FPGA based digital camera trigger in a three-stage trigger
structure

» Array trigger and clock distribution

Marseille, CTA, December 4, 2009 43



ARRAY OPERATION CENTER

|

>

I
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;,

2006

2007

2008

2009

2010

2011 | 2012

2013

2014 | 2015

% Startup meeting

% FP7 proposal

Array layout

% Consortium

*

FP7 proposal

Design and
Prototype
Phase

Com

ponents

Telescopes

Array construction

Science operatio

>

VERITAS

H.E.S.S. |l

Marseille, CTA, December 4, 2009
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R consoriium

> In EUropean process

» collaboration building

» work packages cover all topics
» CTA funding for design, R&D and prototype phase
Bisc BeEcSions first prototypes

» Pushing for start of construction in 2013

Marseille, CTA, December 4, 2009
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