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Particle acceleration to very high energies
is ublqultous throughout the Universe

~150 known
TeV sources

®prwn
® starburst

®HBL, IBL, FRI, FSRQ, LBL,
AGN (unknown type)

s Globular Cluster, Star Formi
Region, uQuasar, Cat. Var.,
Massive Star Cluster, BIN, BL
(class unclear), WR

® shell, SNR/Molec. Cloud,
Composite SNR

® DARK, UNID, Other
©Binary, XRB, PSR, Gamma
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High Energy Astronomy

Space-based instruments only

| y-ray

XMM, Chandra
Hubble  Suzaka, SWIFT HESS,

MAGIC,
NUSTAR, VERITAS
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High Energy Future?

Space-based instruments only

I—ﬂ | y-ray
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Hard to launch
bigger/better
detectors

XMM, Chandra
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NUSTAR,
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High Energy Future?

Space-based instruments only
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Hubble

Hard to launch H uge
bigger/better Potential

detectors

XMM, Chandra
Suzaka, SWIFT] HESS,

MAGIC,
NuSTAR, VERITAS
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Galactic cosmic rays
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Acceleration in AGN - Blazar
variability
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Aharonian et al. (2007)

Jet physics
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Lorentz Invariance Violation

AGN Mkn 501
MAGIC

- HESS

GRB 02092B  Fermi 09/2009

. ] v
e Fermi

GRB 080916¢

GRB 090510

Fermi 08/2009

!

AGN PKS 2155-304

L |
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K(z.)

Best limit to date is
via Fermi for a z=0.9
GRB

Ellis et al., Int. J. Mod. Phys.,
A26 (2011)
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Tev H Ig h | |g hts Results from HESS,

MAGIC and VERITAS

Microquasars: Science 309, 746 (2005), Science 312, 1771 (2006)
Pulsars: Science 322, 1221 (2008) Science 334, 69 (2011)
Supernova Remnants: Nature 432, 75 (2004)
The Galactic Centre: Nature 439, 695 (2006)
Galactic Survey: Science 307, 1839 (2005)
Starbursts: Nature 462, 770 (2009), Science 326,1080 (2009)
AGN: Science 314,1424 (2006), Science 325, 444 (2009)
EBL: Nature 440, 1018 (2006), Science 320, 752 (2008)
Dark Matter: PRL 96, 221102 (2006), PRL 106, 161301 (2011)
Lorentz Invariance: PRL 101, 170402 (2008)

osmic Ray Electrons: P
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++ EBL, Axions...
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& (can be used to measure
EBL, EG magnetic fields — Mrk 421
and search for axions)
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Dark matter detection

Fermi combined DSG analysis (10 DSGs), 2 years

T T TTTTT

Fermi combined DSG analysis, 10 years
Galactic Halo, 100 h, CTA array B (Ring Method)
Fornax Cluster, 100 h, CTA array B P, = 1.0°)
Segue 1 DSG, 100 h, CTA array B

T
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=" WIMP parameter space

102 10°
Moy [GeV] Doro et al. APh 43, 198, 2013
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The frontier of VHE gamma-ray astronomy

Key results that are still elusive:

« Galaxy clusters as cosmological stores of CRs
* No GRBs at VHE yet
- Dark matter annihilation signal

Key questions that remain:

 Are SNRs the primary source of Galactic CRs?

 What is the energy conversion mechanism in
pulsars?

 What is the production mechanism in AGN?
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CTA: The Consortium
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CTA Consortium 2014

5 continents Il

28 countries
80 parties

173 institutes
1138 members
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The CTA Science Themes

Theme 1: Cosmic Particle Acceleration

« How and where are particles accelerated?
« How do they propagate?

 What is their impact on the environment?

Theme 2: Probing Extreme Environments

* Processes close to neutron stars and black holes

* Processes in relativistic jets, winds and explosions
 Exploring cosmic voids

Theme 3: Physics Frontiers — beyond the SM

 What is the nature of Dark Matter? How is it distributed?
* Is the speed of light a constant for high energy photons?
Do axion-like particles exist?
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CTA Science Targets

adapted from
Distance—— kpc Mpc Horan & Weekes 200

SNR/PWN Blazars

.. Radio Gal.
I EIES

Pulsed

Current

V/
o S OSSN

quliding Starbursts Clusters GRBs +Dark Matter
Winds | _

 Guaranteed astrophysics

— Current detections are the tip of the iceberg
« Major discovery potential

— Including really fundamental physics

cherenkov telescope array

Cherenkov Telesco,




y-ray enters the
atmoesphere




y-ray enters the
atmoesphere

.

0.1 km? “light pool”, a few photons per m2.




y-ray enters the
atmoesphere

3 g@

10 nanosecond snapshot

0.1 km? “light pool”, a few photons per m2.




How to do better?

* More events

— More photons = better
spectra, images,
fainter sources

« Larger collection
area for gamma-rays

 Better events

— More precise
measurements of
atmospheric
cascades and hence
primary y-rays

* Improved angular
resolution

* Improved
ba_ckg_round Simulation:
rejection power Superimposed images

@ More telescopes! from & cameras
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Flux Sensitivity
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Angular resolution
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CTA galactic plane survey
simulation

HESS

Cherenkov Telescope Array SciNeGHE 2014




CTA: The Observatory
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The CTA observatory

39MST  35/70 SST

~100 Cherenkov
telescopes at two sites
(Northern and Southern
Hemispheres)

Three different classes
of telescope to span

ener range
gy 9 CTA - North CTA - South

10x flux sensitivity and 4 14 4 25 35/70
spectral range

5x angular resolution

For the first time an
Open Obervatory with
community access

3 km?
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Large Size Telescopes
(LST)

23 m diameter

389 m? dish area

28 m focal length

1.5 m mirror facets

4.5 deg field of view 0.1-deg
pixels

Camera diameter over 2 m

Carbon-fibre structure
Active mirror control

4 LSTs on South site

4 LSTs on North site
Prototype will be the 1st telescope

Cta Cherenkov Telescope Array SciNeGHE 2014




Medium-Sized Telescopes (MST)

Optimised for ~100 GeV
to ~10 TeV range.

100 m?2 dish area
16 m focal length
1.2 m mirror facets

8 deg field of view ~2000
x 0.18 deg pixels

25 MSTs on Southern
site, 15 MSTs on
Northern site
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Schwarzschild-Couder MST
Extension

 9.6-m primary, 8 deg
FOV

Pixel scale allows SiPM
camera

Potentially could extend
MST array from 25 to 49
telescopes

Rouselle et al. arXiv 1307.4072
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Small-Sized Telescopes (SST)

 Optimised for > 10 TeV
 Up to 70 SSTs on Southern site

* Three telescope designs and several
camera options under study:

- Conventional single mirror, PMT camera
— Single mirror, silicon sensor camera

— Dual mirror optics, silicon & MAPMT
camera

Cta Cherenkov Telescope Array SciNeGHE 2014




Single-mirror SST (SST-1M)

Silicon camera
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Dual-mirror SST (SST-2M)

ASTRI

Si camera
module using &
S&HASIC §
(CITIROC)
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Dual-mirror SST (SST-2M)

GATE dual-mirror SST

CHEC protoype cameras MAPM & Silicon
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Monitoring
4 telescopes
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'CTA SCHEDULING

O PeV Deep Field

using SSTs

Large zenith angle
observations ‘from
other hemisphere

*

O

GeV observations
using LSTs

Monitoring
1 telescope

= CTA North and South through single portal, AO, identical tools

= Queue mode scheduler taking into account actual sky conditions,
sub-arrays & conditions requested in proposal, priorities, TOOs




Timeline

« 2012 July “By signing this Declaration of
Intent, the signatories — Ministries and
Fundlng Agencies — wish to express their
common interest in participating in the
construction and operation of CTA.” signed
by 13 countries.

2013 Nov PTDR

2014 Site selection proceeding — negotiations
started

2014 Preparing for creation of interim CTA
legal entity (GmbH)

2014 Q3 TDR
2016 Start construction
2020 CTA complete

Cta Cherenkov Telescope Array SciNeGHE 2014




Sites: Candidates

two sites-to coverfull sky
= at20°-30°N, S

.
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CTA PP site evaluation F) RO C E S S &Egescwe array

CTA scientific site Sept 2013

Site Selection
Committee ranking

South: start the Resource Board |
negotiations for selection of sites for April 2014

Aar/Namibia and negotiations

ESO/Chile, keeping
Leoncito/Argentina
\__as a third option. Site negotiations
[ North: postponed
Final site selection




Site Panoramas
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COUNCIL OF
THE EUROPEAN UNION

Conclusions on the implementation of the roadmap for the
European Strategy Forum on Research Infrastructures
COMPETITIVENESS Council meeting
Brussels, 26 May 2014

Implementation Support

The Council adopted the following conclusions:

"THE COUNCIL OF THE EUROPEAN UNION

RECALLING its Conclusions of 11 December 2012', endorsing the Comj ECCSEL: European Carbon dioxide Capture and Storage Laboratory Infrastructure
on 'A reinforced European research area partnership for excellence and gr|

the need for renewing and adapting the mandate of the European Strategy!

Infrastructures (ESFRI) to adequately address the existing challenges and EISCAT-3D: The next generation inCOheI‘ent scatter I'adar system
up of implementation of already on-going ESFRI projects after a compreh
well as the prioritisation of the infrastructure projects listed in the ESFRI1

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
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