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- The non-thermal untverse

- Petecting VHE Y rays
- Sclence Case

- CTA

with ma ny thanks to
) Hinton, W Hofmann, R White
for informations and slides
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VHE gamma rays (Tev)
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VHE gamma rays (Tev)
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VHE gamma rays (Tev)
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VHE gamma rays (Tev)
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VHE gamma rays (Tev)
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stereo observations



Y rays and Coswmie Ray background

Cherenlkov Cherenkov

Light




February 21, 1953 NATURE

The Early Pays
3 H Light Pulses from the Night Sky
associated with Cosmic Rays

In 1948, Blackett' suggested that a contribution
approximately 10-¢ of the mean light of the night-sky
might be expected from Cerenkov radiation® pro-
duced in the atmosphere by the cosmic radiation.
The purpose of this communication is to report the
results of some preliminary experiments we have
made using a photomultiplier, which revealed the

thank Mr. W, J. Whitehouse and Dr. E. Bretscher
for their encouragement, and Dr. T. E. Cranshaw for
the use of the extensive shower array.
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10 m Whipple Telescope

1989: Detection of
the Crab Nebula

50 sigwaL Ln 50 h,
with 159 pixel camera
and Hillas image
analysts.




HESS, NamtlbLa
detects Crab
L 20 seconds

1% Crab tn 25 h
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4 x 12m telescopes ,ﬁ:;
X 5° FOV, 0.16° '
960 pixets




"_- -




Gamma RAY Solkees

A SUPErnova remnant shetl



Frow. particles to radiation.

sy nchrotron

energy flux/Decade
e2 F(€)

Radio nfrared

LIWVeErse Compton

e\SJ /

CMB. IR, VIS

CosSMLe
electron
accelerators

S Y nehrotron
radiation

Visible Light X-rays

lnverse Co mp’cow
vq:scatteriwg

VHE gamwma rays



Frow particles to radiation
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M'wroqu.asa rs:

Pulsars:

SUPErNOVA rEMNANES:
Galactie Centre:
Galactic Survey:

Starbursts:

Active Galactie Nucelet:

TeV Astronomy Highlights

Sclence 309 (2005) F46
Sclence 2312 (2006) 1771

Sclence 322 (2008) 1221
Nature 432 (2004) #5
Nature 439 (2006) 695
Sclence 30F (2005) 1839

Nature 462 (2009) F70
Sclence 326 (2009) 1080

Sclence 214 (R006) 1424
Sclence 325 (2009) 444

EBL: Nature 440 (R006) 1018
Sclence 320 (R008) #52
Park Matter: Phys rev Letters 96 (2006) 221102

Lorentz tnvariance: Phys Rev Letters 101 (2008) 170402

Cosmic RA Yy Blectrons:  Phys Rev Letters (2009)

Results from HESS, MAGIC and VERITAS



How to do evew better ?

A future observatory weeds:

'fOY € > Tev: %Ok
bigoger collection area \ e e,
(t.e. Large array of telescopes, wider FOV) I’Lég;
for E < Tev:

better background rejection

6%(
, ' \é’/»q/
(t.e. Large array of telescopes, wider FOV €y £ =

for multiple shower tmages) \;}'



cherenkov telescope array

... an advawnced facility for ground-based gamma-ray astronomy



Seilentifie Objectives:

Origin of the galactic cosmic rays

Also

Pulsars § PWN

UHECR sitgwnatures

Role of ultra-relativistic particles tn i aw

in clusters of galaxies, AGN, Starbursts...

Micro qua

The physies of (relativistic) jets and shocks S vay bin

Dark Matter annthilation / deca Y

Lorentz

Invartance violation

COSMALE

cosmic magnetism

FIR-UV radiation,




wish list for CTA:

- Higher sensitivity at Tev energies (x 10)
more sources, detatls Ltn extended sources

- Lower threshold (some 10 GeVv)
pulsars, distant AGN, source mechanisms

- Higher energy reach (Pev and begowd)
cutoff region of Galactic accelerators

- Wider field of view
extended souwrces, surveys

- mproved angular resolution
structure of extended sources

- Higher detection rates
transient phenomena



VCV% C.ood reviews ASTROPARTICLE PHYSICS
for CTA: ASPERA:

ASTRONET:

ESFRI:

European Strategy Forum
on Research Infrastructures E S F RI
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Infrastructure Roadmap:

A Strategic Plan for European Astronomy

EUROPEAN ROADMAP
FOR RESEARCH
g INFRASTRUCTURES

The ASTRONET Infrastructure Roadmap: A Strategic



Boosting sensitivity § resolution:
Arrays of CherenRov telescopes

Shower
Light pool

o

—300 M. —

Single telescope



Boosting sensitivity § resolution:
Arrays of CherenRov telescopes

Shower
Light pool

o) (@) (@)

—300 M. —

Single telescope



Boosting sensitivity § resolution:
Arrays of CherenRov telescopes

Shower
Light pool

o) o o
sweet

Sp ot

—300 M. —

Single telescope



Boosting sensitivity § resolution:
Arrays of Cherenkov telescopes

Shower
Light pool

o) (@) (@)

Single telescope



Boosting sensitivity § resolution:
Arrays of Cherenkov telescopes
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Core armg:
WmCrab sewsiti\/itg
Ln 0.1-10 TeV range

Not to scale !



Low-energy section
energy threshola

of some 10 GeV

(a) bigoer dishes or

Not to scale !



Not to scale !

Low-energy section

energy threshola

of some 10 Gev

(a) bigoer dishes or

(b) dense packing /
high-RE sensors
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The Cherenkov Telescope Array

e A factor 10 more sensitive than current Lnstruments
4

o A ~— £ 150M International Prqjeat

. Iy Ll .;”? L & ;'7; = v. - ,- g} {J! ' 'vr IVJ;" "-L'v- /.

Baseline: 50-100 Cherenlkov telescopes




The Cherenkov Telescope Array

e A factor 10 more sensitive than current Lnstruments
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Price Tag: €100 + 50 M

what s the best tnstrument for this money?

Optimise performance (within budget),
(parawmeters: telescope size, type, pixel size, FoV, arra Yy layout)
design for wass production, lLong-term operation
and Low maintenance
L.e. cheap, reliable, modular ...



A real obser\/atorg with = 100 telescopes.

Low-energy section

Medium Energles:
High-energy section

~24m teLescopes

S s

N

 multi-Tev energ



A real obser\/atorg with = 100 telescopes.

Low-energy section

Medium Energles:

High-energy section
~224wm telescopes




CTA observation modes ' |
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one 0bsewator5 with twe sites - operated bg oWne CONSOrtLLLM

Ma LVLL5
extragalactic
sclemce

Galactie and
extragalactic
sclence

Selection of sites by 2012
10 km? (S) flat area 1.5-4.0 ki altitude, mintmeum clowd cover, eastest access, ...



own Stmeulations ...

y ray stmulations are straight forward:

- energles are relatively low (i.e. sims are fast)

-y ray showers can be simulated well (RED)

- hadronic background can be measured
(t.e. nwo urgent need for sims of p, He, ...)

handshake between CORSIK.A and detector stmulations
alread Y ~109 showers stmaulated



Y rays and Coswmie Ray background

Cherenlkov Cherenkov

Light




Performance
caleuwlations
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Exawmples of subarrays

(of same cost)

n - y o ©
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dense array of low density array of  array of 7, 12 and

12 § 24 w tels. 12 m telescopes 24 m telescopes

+ low € +  high/medivum € + good sensitivity

- high € - lowE across full energy
ranoe

main trade-off: quawntity vs quality of events
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Performance: Sewnsitivity
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Threshold:

Limited by number of
Ch. photons collected

- larger telescopes,

- odense packing of tels.

- better photo detectors
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Medium reglon:
limited by signal / BG
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- better photow st
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Performance: angular and energy resolution

Angular Resolution Iy (degrees)
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Angular Resolution

SN 1006




Performance:
Energy Area Ang.Res E.Res FOV
o :

TeV km? arc min

0.03 0.003 12 30 45
0.3 0.1 4 13 6-8

3 I 2 8 7-9
30 3 1.5 / 8-10

| RSR—— ——

e — ,wm;*“ g .k

(VWP rovement (relative to HESS) }
Diffuse continumm: ~X5
Angular resolution for point sources: ~X2
FoV for surveys: ~ X2 ‘
Energy resolution for Lines: ~x1.5 E

all-sky survey for point-like emission line sources: = x 30 ‘g
pointed observation of a 0.5 continuum source: ~X5
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Mean Free Path

The Gamma Ray Horizon
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adapted from
Horan & Weekes 2003

—p Distance kpc Mpc Gpc

SNR/PWN i Blazars
\ ] ] Radio Gal.
CILETES
Pulsed / \
Current \

Sensitivity

Flux

Future=— / /

Colliding Starbursts  Clusters GRBs  +Dark Matter
Winds +UHECR Sig.

o Current Lnstruments are sensitive enough to reveal a rich panorama,
but this is clearly only the tip of the iceberg

e Broad and diverse program for CTA, combining
guaranteed astrophysics with significant discovery potential



CTA expectation:

HESS ~500 h

CTA e)qbeo’catiow: 1000 SOUYCES
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Building blocks could be ...
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HESS | : ~1.5 M&/tel HESS 1L : —11 ME£/tel MAGIC : —5 ME/tel

This would exceed target cost by 1.5 -2 x
we need to be cheaper !1!

(nstrument reL'LabLL'Ltg to be tncreased by > 10x S
for high data quality and to Limit operating costs 9&4}0
e
, , Oxae(‘ Qee QLL
we believe we can build evew better telescopes ‘y, &,
wider field of view, better resolution, ‘@e qg(o
’ ’ N
Lmproved photo sensors § electrontes Qé&[
F4

Lacking tools to operate a user facility and to hawdle data
Observation scheduling § system control
Science data centre and data access tools






CTA as aw opew observatorg

Scientific community

Data products - J
Observer - ~a
| NS A

o ———

Virtual Observatory

P \0

Proposal

| CTA observatory

Evaluation + selection. Data dissemination
preparation and reduction

- )} -
B i GEANT
CEEE

Scheduling Execution =nabling Crids
for £-sciencE

Validation




The Preparatory Phase

Directorate

Finance
Committee Finances
Orgawntsation (qovernance, Finance, Legal...) [_]

Technical
Committee

Constructlon (Finalise Design/Implementation plans,

Site selectlon/deve LD‘P ment) Program

Committee

0perat£ow (observatorg, Data, ...)

Science-based optimisation of the observatory,
detailed design work, layout, hardware options,
mechantcal and electronic engineering

Mownte-Carlo stmulations, data awaLas'Ls development,
ph 3sics/astroph gsics studties




CTA Members: 25 Countries
>F00 soientists and engineers from >100 nsitutions

Argenting, Armenia, Austria, Brazil, Bulgaria, Czech Republic, Croatia, Finnland,
France, Germany, Greece, (ndia, ttaly, treland, Japan, Nawmibia, Netherlands, Poland,
Slovenia, Spain, South Africa, Sweden, Switzerlanod, UK, USA




CTA Lis the global next generation project
... a precise and sensitive probe of the extreme universe

it has a huge potential for

I . | ..,H#. \v‘v‘sah‘ .




More Details:

general info:
www.cta-observatory.org

ArXiV:1008.3703 /

120 pages

Design Concepts for the

Cherenkov Telescope Array
CTA

An Advanced Facility for Ground-Based
High-Energy Gamma-Ray Astronomy

The CTA Consortium

May 2010



http://www.cta-observatory.org
http://www.cta-observatory.org

