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= Scientific & Technical Motivation

Science Overview — VHE gamma-ray sky
Three selected science topics in brief
Experimental Technique

Planning for the Future - CTA

= Cherenkov Telescope Array (CTA) Concept

Science Drivers = requirements
CTA Design & Performance - Scientific Capabilities

= CTA Implementation & Status

Implementation: design and prototype telescopes
Present status (2016): status of sites, timeline, etc.
Key Science Projects (KSPs) — Core science — a few examples

= Summary



Very High Energy (VHE) Astrophysics

Highly Non-Thermal
Source EeV

Cosmic Rays

N T

Active Galactic
Nucleus (AGN)

y-rays provide, by far, the GeV/TeV
most direct information y—rays




VHE y-ray Sky c1997
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VHE y-ray Sky c2005

13 sources

Source Types
= PWN
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-
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VHE y-ray Sky c2016

Source Types

~160 sources , covering wide range of types 9 Pun

' XRB PSR Gamma BIN

' HBEL IBL FRI FSRQ LBL
AGN (unknown type)

' Shell SNR/Molec. Cloud

. Starburst

' DARK UNID Other

tevcat.uchicago.edu

Detailed source information: Spectra, Images, Variability, MWL ...




TeV + GeV y-ray Sky c2015

. ] Source Types
~160 sources , covering wide range of types 9 Pun

o ® HEL IBL FRI FSRQ LBL
= AGN {unknown type)

- # Shell SNR/Molsc. Cloud
- ® Starburst
. -
- ® DARK UNID Other
- -
® uQuasar Star Forming
Region Globular Cluster
Cat. Var. Massive Star

Cluster BIN BL Lac
(class unclear) WR

-180

tevcat.uchicago.edu

Detailed source information: Spectra, Images, Variability, MWL ...
+ FERMI-LAT map




VHE Astronomy Comes of Age

 Dominant expectation (pre-1990)
— Will find the “cosmic ray” accelerators — probably SNRs
* Reality (~2016)
— Astonishing variety of TeV* emitters
e Within the Milky Way
Supernova remnants
Bombarded molecular clouds
Stellar binaries - colliding wind & X-ray
Massive stellar clusters
Pulsars and pulsar wind nebulae
Supermassive black hole Sgr A*
« Extragalactic
— Starburst galaxies
MW satellites
Radio galaxies
Flat-spectrum radio quasars
‘BL Lac’ objects

Gamma-ray Bursts
*0.05-50 TeV




Three Selected Science Topics

= Supernova remnants & origin of cosmic rays

= AGN and intergalactic radiation fields

= Galactic Center & Dark Matter



Supernova Remnants

SN 1006

Blue: X-ray
Yellow: Optical
Red: Radio

(Credit:X-ray:

NASA/CXC/Rutgers/G.Cassam-

Chenai, J.Hughes et al.; Radio:

NRAO/AUI/INSF/GBT/VLA/Dyer, TeV gamma rays
Maddalena & Cornwell; Optical:

Middlebury College/F.Winkler,

NOAO/AURA/NSF/CTIO Schmidt

& DSS)




Supernova Remnants (SNRs)

“Standard Model” for high-energy

cosmic rays RXJ 1713-3946

Age = 1600y
=  Expanding shell of SNR & shock D =~1kpc

front sweeps up ISM material.

=  Acceleration of particles via
diffusive shock acceleration.

17h15m 17h11m

= Can supply and replenish CR’s if
€ ~ 5-10%.

Good model ... Is it right ?

CTA will:

= discover many SNRs, including
perhaps a few PeVatrons, and

= characterize them (morphology,
SED, etc.) much better than IC 443 IC 443

present-day instruments. Age ~ 30ky WISE — 22, 12, 4.6 um
D ~ 0.8kpc
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AGN: Extreme Variability

“Blazars”. AGN with jets pointed towards us
strong VHE emitters

PKS 2155-304 flare
arXiv:0706.0797
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VHE y-rays as Cosmological Probes

distant blazar

Extragalactic Background Light

The Gamma-rRay Horlzon

Mean Free Path

100 kpe = Cherenleov
TeLesaopes

Extragalactic Background
Light (EBL):

* OIR diffuse background
produced by star-formation
throughout history of universe.

* vy interaction probes EBL
density, uniformity, evolution.

* A way to measure/constrain
tiny intergalactic magnetic
field (IGMF):

B ~ 1010- 1018 G




Galactic Center

A, Archer et al.
VERITAS Caoll.

TeV vy-rays (2015)
VERITAS 1

Infrared

G0.940.1
Sagittarius A®

Galactic Latitude
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GeV & TeV emission is:

e Intense & non-thermal
e totally unexpected
e not understood !



Dark Matter Detection

S >
4 N\ = 8 /7 N
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Ultimate goal: Dark Matter Astronomy
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Exploring the non-thermal Universe “ASTRO”

SNRs
Bi ] Starbursts
NEGES : L _ AGN

Pulsars/PWN i, N ——

ot

: 2 ;
i S e Yy 2 et
o N 5,7 SMBH
A 5 o Ko | L > -
,

3 Al — mw(’-- ~ accretion,
/ 7 jets

Shocks SN activity =’}

Jets, winds Fermi Mech. Cosmic rays =
\GRBs

VHE y-rays

RITAS (preliminary)

Unknown\
(Gal Center) ™.

i P i o PBHs, QGrav
Dark Matter Cosmological Fields @

Probing New Physics at GeV/TeV scale “PARTICLE”




Summary of Key Science Questions

Bottom line: GeV and TeV gamma-ray sources are ubiquitous in
the universe and probe extreme particle acceleration, and the
subsequent particle interactions and propagation.

1. How are the bulk of cosmic ray particles accelerated in our Galaxy and beyond?
(one of the oldest surviving questions of astrophysics)

2. Can we understand the physics of jets, shocks & winds in the variety of sources we
see, including pulsars, binaries, AGN, starbursts, and GRBs?

3. How do black holes of all sizes efficiently particles? How are the structures (e.g. jets)
formed and how is the accretion energy harnessed?

4. What do high-energy gamma rays tell us about the star formation history of the
Universe, intergalactic radiation fields, and the fundamental laws of physics?

5. What is the nature of dark matter and can we map its distribution through its particle
interactions?

6. What new unexpected phenomena will be revealed by exploring the non-thermal
Universe?

Bonus science: optical interferometry, cosmic-ray physics, OSETI, etc.



_ —

Experimental Technique
&
Planning for the Future



Fermi Large Area Telescope (LAT)

N : 30 MeV-300 GeV
Anti-Coincidence Si Strip Tracker

Shield \

Gamma ray

Electro/ Positron
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Excellent survey
Instrument




Beyond 100 GeV

Nete = 'ﬁ,b(.)( x AYEQA x 1
> 100 Low, glven ~1 m2

for <10% b Yy wature for space exp. for a Php :
kot evvoy
e ——

Steeply falling spectrum:

x10 in Energy —-> divide by 100-500 in flux

« Large effective area needed to get detectable signals at VHE
* Natural detector: the atmosphere



Imaging Image in
atmospheric
Cherenkov

camera

Pulse is ~few ns duration

Effective area =
Cherenkov light pool

~10° m? !
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Imaging Image in

camera

atmospheric
Cherenkov

Pulse is ~few ns duration

Effective area =
Cherenkov light pool

~10° m? !




VHE Telescopes (2016)

IceCube




From current arrays to CTA

Light pool radius
R = 100-150m
= typical telescope Spacing

Sweeft spot for best
triggering &
reconstruction...
most showers miss it!

v Large detection Area
v More Images per shower
v Lower trigger threshold




How TO DO BETTER WITH IACT ARRAYS?

= More events, more photons
» Better spectra, images, fainter sources
v Larger light collecting area

v Better reconstructed events

and hence primary gammas
v Improved angular resolution

v/ Improved background rejection power

= More telescopes!

Simulation:
Superimposed images from
8 cameras




Planning for the Future

What we know, based on H.E.S.S., MAGIC, VERITAS:

Great scientific potential exists in the VHE domain
» EXxpect many more sources & deeper probes for new physics

IACT Technique is very powerful

» Have not yet reached its full potential = large Cherenkov array

Exciting science in both Hemispheres
» Argues for an array in both S and N

Open Observatory - Substantial reward

» Open data/access, MWL connections to get the best science

International Partnerships required by scale/scope
» Project must develop the instrument and the observatory
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Science Drivers
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CTA Design (S array)

Science Optimization under budget constraints

Low energies

Energy threshold 20-30 GeV Medium energies

23 m diameter 100 GeV — 10 TeV

4 telescopes 9.5 to 12 m diameter High energies
(LST’s) 25 single-mirror telescopes 10 km? area at few TeV
up to 24 dual-mirror telescopes 3 to 4m diameter

(MST’s/SCTs) 70 telescopes
(SST’s)




Differential Flux Sensitivity

‘ cherenkov telescope array
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Galactic
Discovery

HESS/

Reach VERITAS

Survey speed:
x300 faster than HESS

HESS




Angular Resolution

8° CTA FoV

el HESS centroid
- A T *error

CTA O \ »%
centroid '
ergor

,r_
&%y

0.1°
Typical HESS CTA>1TeV
Example: Cen A Resolution




Transient Capability (< 100 GeV) (G

S. Inoue et al.,
arxiv:1301.3014

Hinton & Funk
arXiv:1205.0832
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CTA Implementation & Status



CTA Consortium

CTA is being developed by the CTA Consortium:

(full version shows pie chart with Japan FTE highlighted)

32 countries, ~1300 scientists, ~200 institutes, ~440 FTE



Status of Sites da

Spain
La Palma

Mexico -
San Pedro Ny

= .
Martir = %

hemisphere

Chile ' o
Paranal
Namibia

Aar

@® Under Negotiation @ Back-up Sites




Status of Sites cta

®,

-t
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.h

e =" NEWS: 19 Sept 2016
IAC-CTA agreement
signed

Spain
La Palma

Mexico
San Pedro
Martir

Chile

' Paranal

G ETEE TS
Wi laige Tolescopes

® Under Negotiation @ Back-up Sites

© Mag-André Bassl




CTA South Array

4 LSTs, 25 MSTs, 70 SSTs




Large 23 m diameter / f = 28m
390 m? dish area

TeleSCOpe 1.5 m mirror facets
(1 QT\ Co fin

\I—V | LI- 9 IIUIU UI VIUVV
0.1° pixels
Camera @ over 2 m

Carbon-fiber structure
for 20 s positioning

Active mirror control

4 LSTs on South site
4 LSTs on North site

Prototype construction
Underway (La Palma)

Major contribution
from JAPAN




Prototype at DESY (Berlm)

100m? mirroridish area
16 m focal length
1.2 m mirror facets

8° field of view \
~2000 x 0.18° pixels

25 MSTs on Soluth site

o . iMS]’s on North site
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Dual-Mirror MST

Schwarzschild-Couder design
(V. Vassiliev et al.)

9.7m primary, 5.4m secondary

11328 x 0.07° Si-PMT pixels

8° field-of-view

* Prototype under construction:
Whipple Obs. (Arizona, USA)

I

09-13-2016 16:11:45

http://cta-psct.physics.ucla.edu/




Small Sized Telescopes (SSTs) (o

3 different prototype designs

2 designs use two-mirror approaches (Schwarzschild-Couder design)
All use Si-PMT photosensors

e 7-9 m? mirror area, FOV of 9°

SST-1M SST-2M ASTRI SST-2M GCT
Krakow, Poland Mt. Etna, Italy Meudon, France
Contribution from Japan



Japanese Contributions to CTA ( cta

Major Contributions

+
HEE Software
Simulations
Science
Front-end gy
electronics (LST) . Light concentrator
g (LST)
| Ibaraki
Kyoto Y e el
Wi o R D
S & ZgRPID L\C“D(E\ ICRR | Mirror (LST)
by Shige @chi  Shiouges  : \ .. 3 -
SST-GCT ":;m:"‘““”%/ : s SIPM (SST)
@ =) e [ Nagoya
. e i L - Front-end (SST/
H. Tajima PMT (LST) (

electronics SCT)



CTA Phases (qa_.

International
Convention

1 Design l

2 Pre-Construction

Construction Phase

3 Pre-Production

Advance

LTPIVYIHTHITIIL

PPRRS 5 Operations

& MoU

e Signed MoU for construction and site agreements in 2016

o Site preparations start in 2016 (N) and 2017 (S)

e Construction period of 4-5 years

 Initial science with partial arrays possible from 2018 (N) and 2019 (S)
 Note: LSTs in N completed on earlier time scale



CTA: An Open Observatory (4

cherenkov
c a telescope
array

CTA Users

Users of
high-level
data products

Sky maps,
catalogs

Definition,
Data Products Components
and Support Proposals KSP

Users of Open Time CTA

archival users Consortium
data with
—— Key Science
after 1 year Projects

All data on public archive after ~1 yr proprietary pe/r;ié'd



Important MWL Synergies (..
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picture based on available information



Dark Matter
Programme

Key Science Projects (KSPs)

Star Forming
Systems

o

Galactic
Plane Survey

—— PeVatrons ——

M| —— Transients ——

O
o Galaxy

Clusters}

LMC
Survey

Galactic
Centre

‘ cherenkov telescope array




Galactic Plane Survey (GPS)

Full-plane coverage: longitude + 180°, latitude b = 10°
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3 L . - J. Knddlseder &
Fine detail revealed with ~arcmin PSF CTA Consortium

SNRs / PeVatrons: Discovered in GPS - deep follow-up observations



Dark Matter Reach (qa_.

102 . ' ' '
[ = « CTA Sculptor bb (500h) == Fermi dSph (4 yrs + 10 dSphs)
ol -+ CTA GC bb {500h) ~ - Fermi dSph (10 yrs + 30 dSphs)|-
10 SR A = - CTA GC WW (500h) Thermal Relic Cross Section i M. Wood et al.
5 LN 1 -
. CTA GC 77 (500h) o0e PMSSM Models arxXiv:1305.0302
= HESS GC NFW (112h) o0e pMSSM Models (Excluded) |

b

<ov> [cm® s71]

30 | '
10755 2.0 2.5 3.0 35 4.0

WIMP Mass [Ioglo(E/GeV)]

Sensitivity below thermal relic in TeV mass range
- critical reach, not achieved by direct detectors or LHC



CONCLUSIONS cta

cherenkov telescope array

With many discoveries, VHE y-rays are now a-well- -recognized '
ncfrnnh\lcrr‘nl rllcmnlmn & nnrf of nrn\r\lmg m|||f| mnccnngnr

scrence |
'VHE photons explore non- thermal unlverse and aSpects of ‘ | '
__fundamental physrcs -

Outstandrng science potentral & power of atmosphenc
: Cherenkovtechnrque —) CTA | | i

Outstandrng sensitivity & resolutlon over wide energy range et
Far-reaching key science program ¥
Open observatory with data released to public
CTA requires a broad partnership of countries and
communities — with a major contribution from Japan




= We’ve learned a lot from previous/present experiments

With many discoveries, VHE y-rays are now a well-recognized
astrophysical discipline

Outstanding science potential & the power of the atmospheric
Cherenkov technigue - CTA

= Cherenkov Telescope Array (CTA)

Outstanding sensitivity & resolution over wide energy range
Far-reaching key science program

Open observatory with all data released to public

US contribution focused on novel, high-resolution SC telescope
CTA requires a broad partnership of countries and communities

= |n next decade, CTA will start to provide high-quality data, not seen
with any HE/VHE technique, but there is still a great deal to do !
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CTA Main Scientific Themes Cta

Cosmic Particle Acceleration
— How and where are particles accelerated?
— How do they propagate?

— What is their impact on the environment?

Probing Extreme Environments
— Processes close to neutron stars and black holes
— Processes in relativistic jets, winds and explosions
— Exploring cosmic voids

Physics frontiers — beyond the Standard Model
— 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?

More information on Astroparticle Physics, Vol. 43, 1-356 (2013) & CTA Contributions to the 2015 ICRC Conference
[arXiv:1508.05894]



The HE Milky Way

Extended sources, size typically few 0.1°

H.E.S.S. (TeV) few 10 pc

. o 9 o>
.,
e - B Ng . -
-

Fermi-LAT (GeV)

Courtesy of W. Hofmann




Is the Universe too Transparent ?

100 p - - -

B Biamr

source

ﬁ—f_ Earth

AXxion conversion ?7?
Sanchez-Conde et al.,
arXiv:0905.3270



Dark Matter Results

y-ray DM limits

i
5 )

3

av) (em

Comparison with Ground-based Telescopes (bb)

102! .
= Fermi-LAT Combined ~50 hours
""" VERITAS Segue 1 R

1022 === HESS Galactic Center (Allu et al., 201 2)

10 23

Preliminary

10! 10° 10*

Mass (GeV)

Thermal Relic Cross Section
{ov) =3 % 107 %%cm3 st

R.A. Ong, Nobel Symposium 154

No signal (yet)

= Limits approaching the thermal relic
Cross section.

=  Gamma-ray instruments probe high
mass region not easily accessible by
other techniques

But ...

T. Daylan et al
arXiv:1402.6703

3.0-106

z.0-10~8

E® dN/dE (GeV/em?®/s/sr)

-1.01076

NFW, y=1.26

0.5 1.0 5.0 10.0 50.0
E, (Gev)

GeV excess in GC

very significant.
seen by multiple authors.

consistent with DM profile and
30-40 GeV mass.

Complicated region with multiple
astrophysical components.



The Cherenkov Telescope Array ‘ Cta




The Cherenkov Telescope Array ‘ Cta

4 x 23 m @ Large Size Telescopes (LST)
~20 GeV to ~ 1 TeV range




The Cherenkov Telescope Array ‘ Cta

25 x 14 m @2 Medium Size Telescopes (MST)
~100 GeV to ~10 TeV range




The Cherenkov Telescope Array ‘ Cta

70 x 4 m @ Small Size Telescopes (SST)
few TeV to few 100 TeV range




Effective Area for
Gamma-Ray Detection @




Flux Sensitivity (Crab units) (o

For detection in each 0.2-decade energy bin

10 Ll Ll lllllll ) I lIIIlIl 1 1 IlIlIII ] ] LELELLELEL

Array | 50 hours LST —e—
5 sigma MST
SST 2

all —=—

background and
systematics limited

0.1

Differential sensitivity (C.U.)

0.01

100

001 041 1 |
Energy (TeV)



CTA Observing Time

Pl-led
Projects:
“GO time”
or
“Open Time”

Pl-led
CTA Projects:
Observing “GO time”

Time Key Science or
Projects “Open Time”

DDT

Host
reserved
time

Member
Time
for
Members
and
Associate
Members

also open for

Non-
Members

cta

Scientific
excellence as
criterion for
selection

Long term balance
between
participating
countries to be
monitored

All data
accessible on
public archive
after 1 year
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cherenkov telescope array

Full Sky Coverage

>60° zenith

Known sources:
T TeVCat
Galactic targets:
@ Supermnova remnants
® Pulsars
Extragalactic targels:
® Blazars

Eowewst gt i
o T
GuescEC L

B JoeToyE e
LT
Pakagaaris Lageis
* Drausrs




Angular Resolution

~ few arc-mins over most of the E range

=
-~

~~-.._ HAWC

-
"'l-_.
-

—
L =]
-

7

Angular Resolution 6, (deg.)

Requirement

CTA

102 =

| JJIIJlI | IIJJIIJI | llIIIIIl 1 IIIIIIll |

107 107 1 10 10°
Energy/(TeV)

Angular resolution critical for %

Source morphology and identification N Rla
Galactic-Center ol * " 4
reglon cr.o.‘rSF HE?_S?SF
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cherenkov telescope array

CTA Collection Area

Region where data is

coriticalls, nnnderl
T T ] T T 1111 T T 1 U|:|z|5_|uu"y||u\,= |V | o TTT]

I
7k WD, GUB. — IC 443
107 E E 10
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- - 1 w F
a ¥ 4 2 C
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W] - . Energy (eV)
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Energy (eV)

A_.~107 m? above 10 TeV

coll

Crucial for:
High-energy spectra, discovery of Pevatrons - Origin of CRs



Site Selection Two sites to cover full sky
at 20°-35° N, S

s - e Se .

Noﬂh:
La Palma (Spain) selected as 1st priority

ESO/Paranal (Chile) selected as 1

st priority

= - gl B TN
e — S e N T
BT e




Site Selection  Two sites to cover full sky, Cta

latitude 20°-35° In N, S

USA — Meteor Crater

Spain — La Paima

i Argentina —
Y | eoncito
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cherenkov telescope array

CTA Key Science Projects (KSPs)

)
<

KSPs

v

Science Questions

Dark Matter (ErlEwns Galactic (=i Cosmic Ray | Star-forming G‘:I::c‘;teic Galaxy

Programme LR Plane Survey CEIEEES RLEIEEIES PeVatrons . Clusters
Survey Survey Nuclei

Understanding the

Origin and Role of

Relativistic Cosmic
Particles

Probing Extreme
Environments

<
<

Exploring Frontiers

in Physics (! i i

Nine KSPs + DM Programmed are proposed

Here, show just a few of the KSPs ...



WIMP DM Complementary Approaches

WIMP Dark
Matter Particles
Ecn~100GeV

+afew pip, did
Anti-matter




WIMPs: a More General Framework

Gluon Interactions Quark Interactions Lepton Interactions

DM interacting with gluons DM interacting with quarks DM interacting with leptons
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Galactic latitude

galactic latitude

cta

cherenkov telescope array

Galactic Plane Survey (GPS)

Entire plane surveyed to < 3.8 mCrab - several 100’s of sources

gniiiiiang
Ll “:"i A Ly
o Fiy y 4 !,r
& L) Wt i

. 38
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¢
Fa ey
12h
3° 57° §
0° 60° 3
=
—30 _630 g
70° 60° 50° 40° 30° 20° 10° 0° 350° 340° 330° 320° 310° 300° 290°
galactic longitude
\ 0 | | [[[ T | BN {1 (111 /1 (V1] 1] || |||
o0 10 5 3 2.3

sensitivity [mCrab]



Galactic Center (4

CTA Galactic Key-Science-Projects (CAR projection)

Very deep exposure
around SGR A*,
covering central source,
DM halo, radio lobes

Kepler SNR>

<€—— GPS pointings

Galactic latitude
0T
fe)
0
-0G¢
RX J1713

HESS J1745-303

Deep exposure in

10° by 10° region,

to edge of Gal. bulge,
Covering radio spurs,
base of Fermi bubbles,
Kepler SNR

Galactic longitude



Extragalactic Survey (da_.

Survey ~1/4 of sky (adjoining GPS)

+90r°

Fermi/LAT 1FHL catalog
. Detectable sources within CTA surveys

[ AGNs detected by IACTs

-180°

AGNs in CTA ExGal Survey: 144
Sources CTA Gal Plane Survey: 486

galactic latitude (deg)

Sources in Fermi/LAT Catalog: 416
AGNSs detected by IACTs: 52

galactic longitude (deg)

« Unbiased sample of blazars, log N — log S, extreme blazars, etc.
* Wider coverage of serendipitous events — e.g. GRBs
» Unexpected phenomena — e.g. ULIRGS, Seyferts, dark clumps,




Extragalactic Survey (qa_.

Blazar luminosity function
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Telescope Specifications (qa_.

SiPM Cameras

A

[
»

3 SST types
SCT
“medium” “medium 2-M”
Number 4 (S) 25 (S) <24 70 (S)
4 (N) 15 (N) (S and N)
Energy range | 20GeVto | 200 GeVto | 200 GeVto | >few TeV
1 TeV 10 TeV 10 TeV
Effective > 330 m? > 90 m? > 50 m? >5m?
mirror area
Field of view > 4.4 > 70 > 70 > 8°
Pixel size <0.12° <0.18° < 0.07° < 0.25°
~PSF 680
Positioning 50 s, 90 s, 90 s, 90 s,
time 20 s goal 60 s goal 60 s goal 60 s goal
Target capital 7.4 M€ 1.6 M€ <2.0 M€ 500 k€
cost




LA PALMA ( da

e Canary Islands, Spain

* Observatorio del Rogue de los Muchachos

e EXisting observatory, under management by
Instituto de Astrofisica de Canarias (IAC)

Site of LST prototype & existing MAGIC telescopes



LA PALMA - Possible Layout Cta




ESO/PARANAL

e —— —————————

. Atacama Desert Chlle
e Below Cerro Paranal

e Existing observatory, under management by
Euro pean Souther_nl _Observatory (ESO)

Cerro Paranal
Very Large Telescope

e

© Marc-André Besel

cta

cherenkov telescope array

. —

Vulcano Llullaillaco
6739 m, 190 km east




ESO/PARANAL - POSSIBLE
LAYOUT & PQWER: .

1500

1000

500

cta

cherenkov telescope array

-500

-1000

-1500

@LST

B @ MST

-1500

© SST

OsCcT

-1000 -500 0 500 1000 1500 meters




LST Full Prototype (qa_.

Mirror prototype
(cold-slump, Sanko)

Camera Front

Prototype
Camera 4
desig n Top Lid

| White Target
Optical Window
I Dome Shape

Camera Middle

Area = 1.96 m?
Mass = 47 kg

¥ Yl

LED system

Bottom Lid




MST Cameras and Mirror Control [

Prototype automatic Flash-ADC + digital trigger + rack electronics
mirror control (AMC) (“FlashCAM”)

Capacitor pipeline + analog trigger +
fully-contained “drawers” (“NectarCAM”)

Nectar-board
prototype



SST-2M-GCT Camera + Module

Lid Pointing
\ LEDs

Enclosure 32
Photosensor
modules

- LED
Flasher

~0.4 m

coolin
~45kg ~450 W J

Photosensor module



cta

cherenkov telescope array

Silicon-PMT Camera

DigiCam Slow Control Board Preampilifier board Hexagonal sensors Light guides



SST-2M -ASTRI Focal Plane (o

Photon Detection Module Each PDM works
PDM independently from the others

ASTRI Focal Plane

S11828-3344M1
the ‘Unit’

geometrical

dead area

4x4 Units > 1 PDM

56x56mm
_ _ (64 channels) :
Logical pixel 37 PDMs - Focal Plane
6.2x6.2mm 560x560mm
=0.17° (1984 channels)

(4 channels)
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cherenkov telescope array

Observing Schedule (S, Yrs 1-2)

Target Overview

» Essentially complete observations Muminer of s BN 731

Mumber of total targets: 113
Mumber of planned targets: 110 petals

Observation completeness according to all the targets:
92.96% | Details

Observation completeness according to the planned
targets: 55.49%

E N o ° = %
& CJU = i z
| o '. @ e a )
™ o L=
o o 00088 :glt‘
Essentially all KSP

Right Ascension f.(l;-ijlf*n’-*\:'l-: - o - ; .
T T T e observations completed
In the two years.




Two-Mirror Telescopes (qa_.

Schwarzschild-Couder (SC) Design

Cross—sectional plane X [m]

Vassiliev, Fegan, Brousseau U i'—,}&ﬂ
Astropart.Phys.28:10-27,2007 o, ;\Qw
5 )«
4._
-
l _ | = Reduced plate scale
2_ ............. ..... ............... ..... B - Improved PSF
1_ ............ o . A . m Unlform PSF acrOSS f,O_V_
0 : : : B
1 e -» Low-cost small
Ll telescopes with compact
N __———] | sensors(SST-2M)
4 ﬁﬁ?‘% - 2 H|gher-performgnce,
- e ——— cost-effective, medium

1 0 1 2 3 4 5 6 7 8 9 10 1 telescope (MST-SCT)

Cross—sectional plane Z [m]

3 telescope prototypes within CTA are using two mirror designs -
All make use of Si-PMT cameras.



SCT Prototype Development (4.

Prototype panels for Prototype under construction in Arizona
primary mirror (M1)

Camera design, backplane and elements

Individual (64-chan)

Camera module TARGET-7
ASIC
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SCT - Superior Imaging

Made possible by SiI-PMT's !

“Baseline”
Single-Mirror
Telescope
Images
8° field of view
0.18° pixels
1,570 channels

[ I I

et e et eeestte _ r|Background:
y-ray Shower Proton Shower
Energy: 1 TeV Energy: 3.2 TeV
SCT g ;
Two-Mirror : :
Telescope : :
Images
8° field of view
0.067° pixels

11,328 channels




Key Science Projects & GO Programme

Key Science Projects

= Ensure that important science questions for
CTA are addressed in a coherent fashion and
with a well-defined strategy,

= Conceived to provide legacy data sets for the
entire community

Example: galactic and
extragalactic
surveys

=  Deep investigation of known sources

= Follow-up of KSP discovered sources

= Multiwavelength campaigns

= Follow-up of ToOs from other wavebands /
messengers

=  Search for new sources

Proposal-Driven User Programme



