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VIAGIG lelescopes

New technologies
to lower the threshold energy

17m diameter world largest Cherenkov tel.
0.1°High resolution camera

Hemispherical High QE PMT

Optical fibre analogue signal transmission
2GS/sec Ultra Fast FADCs

Fast rotation for GRB ~20secs/180deg.
Trigger threshold ~50GeV = ~25GeV

Upgrade from MAGIC to MAGIC Stereo
\A/_X\_gl;\!_@{/‘// el Regular operation since September 2009
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A R\t /;ﬁ ><l/ Angular resolution 1.0 deg = 0.6 deg
/| l /\ /Vj Energy resolution 25% =2 15%
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Resolution vs. Energy

Angular resolution
(39% containment) |
on Crab

Well below 0.1 degrees
above 200 GeV

We reach
at 1 TeV.

| MAGIC Crab Nebula, 50 - 110 GeV |

« 0.12 degrees « 0.09 degrees

Significance
o »
Significance




Started regular observations
from October 2008

— ON

Time=1.79h

Better hadron rejection : ' i Crab onEs, e OF 160
Better angular resolution (0:06 degrees)

Better energy resolution (25%-15%) ; MAGIC mono

Enhance the sensitivity over the
whole energy range
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Crab Nebula 3:5hr observation
with MAGIC-Stereo
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Smaller error bars
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sSensitivity of MAGIC Stereo

achieved (~0:8% Crab)
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MAGIC results




Detection of. Crab Bulsar
after 20 yearsilong effort

Published in Science in 2008
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he MMAGIC measurement clarified
the emission mechanism

Outer gap /Polar cap

E2 dF/dE [ MeV em? s™']

MAGIC 26 U.L. (20)
Celeste (14)
Whipple (15)

EGRET (17)

COMPTEL (17)

Outer-Gap Model (8)
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men we - Polar-Cap Model (27)
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Cosmic Ray accelerator

Active Galactic Nuclel
FRI, FRII Blazars
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ESRQ 3C279(z=0:536)" MAGIC
Most distant 100GeV AGN
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EBL upper iimit by VIAGIC
and HESS observations

Extragalactlc_Background L|ght

blaza -

Stecker et al., 2006, (fast evolution)
TMKO7 (this work)

Primack et al., 2005

Cosmic Microwave Background
Mazin & Raue, upper limit 2007
HESS upper limit, 2006

vl (nW m? sr’)

Probing new range
of the EBL

Green line: model of
Kneiske et al., tuned
to the 3C 279
spectrum using the L
I'=1.5 criterion !




V87 (ER-1 off-axis blazar) flare in 2008:
MAGIC; VERITAS; HESS; VLBA

[~ |VHE instruments M87 Jet
® VERITAS
A MAGIC

Y HESS.

g.

Chandra (2-10 keV)

— \ Model of 43GHz Radio flux
using the measured VHE gamma flux

VLBA (43 GHz) Flux [Jy]
®  nucleus (r = 1.2 mas) 1.2 r
mas|

B peak flux
jet w/o nucleus (1.2-5.3
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M8Y7 flare 1n 2008:
MAGIC; VERITA; HESS; and VLBA

radio lobe (B), angular resolution of i i pheric Ct telescopes

kilo-parsec plasma jet, 2 kpc (C
VLBA resolution (43 GHz
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MAGIC STEREO RESULTS




1IC310 (FER-1' Radio galaxy) is discovered, when
observing Perseus cluster/ NGC1275

SIGNIFICANCES

Time=20.65 h
ON=215, OFF=108.9
Sign.=7.55¢

Time=27.51 h
MONO 2009-2010 |oN=1392, OFF=1048.7

Sign.=8.630
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summary of VIAGIC

e MAGIC Stereo is working as expected or even
better

e Highly productive

® Many source detections, many source discoveries

® 66 publications last Syears (4 publications in Science)
3C279 detection, M87 big flare
Crab Pulsar, Gamma Ray Binary LS| +61 303

® Most of distant sources are discovered by MAGIC
= 3C2/79(z=0.536), PKS1222(z=0.436)

® L ast several months, 5 Alels are submitted




CHERENKOV
TELESCOPE




~23m telescopes

4 - 6° FoV

0.08 - 0.12° pixels

Parabolic/Hybrid f/D~1.2  12m telescopes
7 -8° FoV

0.16 - 0.18° pixels 4-7 m telescopes

Hybrid f/D =1.35 B

0.2 - 0.3° pixels
DC or SO /D 0.5-1.7




Possible array configuration

Configuration E:
LST x 4, MST x 23, SST x 32

Acceptance 3km2
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23m Large size telescope and
12m Middle size telescope

23m LST designed by MPI group

12m MST designed by DESY group

——— D=273mm
e D=330 mm
—— D=76 mm
= Aluminum D=70,..,130

— CF 100mm, 80mm
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All sky observatory
(2 stations in North and South)
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_ —— ~ 100MEuro
Galactic plus )y Namibia: Kohmas Highland 1800m
extragalactic iy ®"  Chile: La Silla 2400m i
science ) Argentina: El Leoncito 2600m
Argentina: Puna Highland 3700m
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CTA?” Galactic sources

HESS-like - HESS exposure - HESS sources

AGIS/CTA - Flat exposure - Population

i

Galactic sour
~400 sources

Where is PEVAT

:) N @l?@ations: Digel + Funk (Stanford) + Hinton (Leeds)




cTa% Kifune Plot
i (expectation fromilog 'S=log'N)

Kifune Plot
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CTArSpecificationand Fhysics

SNRs New sources

Morphology .

OmdeR'l

TeV - All sky map
Galactic diffuse

Sensitivity x10
(10-"*erg cm=2s-1)

Energy Res. x2
(10% @ 1TeV)

Angular Res. x3
(2 arcmin @1TeV)

Low Threshold E
x2 (20GeV)

Large Accept. x30
(3x 10°m? >1TeV)

Fast rotation
20 sec/180°

Better S/N x3
>99.9%

High Time Res.
x10 (~1sec)

All Sky
Observatory

Flexible modes
Scan / Monitor

/ B

/ s
/ 2 tars :
s [ % P o

ime after the Big B

Distant AGNs osmol

\itt, Space and Time




SNR Study
RX J1713 HESS + Fermi

x» Color HESS observation Concaved spectrum (non-linear effect)??
Contour Suzaku X-Ra
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SNRS In different

evolutionary stages

I~ ® W51C
B IC443
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Pulsar Wind Nebula HESS J1825-137
Energy Dependent Morphology

e Major galactic TeV source population

® Associated with relatively young (<10° year old) and 0.8-2.5TeV
energetic pulsars

Generally believed that we see
inverse Compton emission of
TeV electrons

1% of Spin-down energy goes to PSR J1826-1334
VHE gamma rays o

HA (hours)
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140
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: ® » e Clear evidence for cooling of
15[ electrons in the Nebula
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Gamma ray bursts
UHECR source?

Binary neutron stars
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Dark Matter
Gamma ray from DM Annihilation

Dark Matter Annihilations

Heavy Elements:

Neutrinos:

Noutralino continuum gamma ray
flux towards galactic centre -

NFW model, AQ=10"" sr

Free Hydrogen
and Helium:
4%

Dark Matter:
25%

Dark Energy:
0%

contribution:
Internal
bremsstrahlung

Photon Flux [cm™s GeV ]

—— Background, E,*’

— = 300 GeV neutralino added
50 GeV neutralino added

z 3 456
10 100
Photon energy [GeV]

L.B., P.Ullio & J. Buckley 1998 T. Bringmann, L.B., J. Edsjé, 2007




Tentative time schedule

Southern Site

FP7 PP application

Applications

FP7 DS application ASPERA
application
ESFRI application l

A4

Northern Site

13

14

Array layout

Telescope design

Component prototypes

Telescope prototype

Array construction

Partial operation

Array

CTA general meetings -

Zeuthen




Recommendations and supports

the European strategy——77
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Decadal Survey in Astronomy
and Astrophysics in'US

®

New Worlds
New Honzons

in Astronomy and Astrop!’{ysucs

-

"Report Release e-Townhall
Keck Center of the National Academies
August 13, 2010

Ground-based projects ranked in order:
Large-scale

Large Synoptic Survey Telescope (LSST)
Innovations Program

Giant Segmented Mirror Telescope (GSMT)
Atmospheric Cerenkov Telescope Array (CTA)




summary of . GilA

e \VVHE gamma ray astronomy is now blooming!!

® H.E.S.S., MAGIC and VERITAS are producing a lot of physics
results.

® There are still many open questions about High Energy Universe.
® \Ve need the next generation instrument = CTA

e CTA will achieve excellent sensitivity, higher resolutions and
wider energy coverage

® CTA is now a big international project (700 scientists from 100
institutes)

® It will be a unique facility for high energy gamma ray astronomy
next 20 years

® Observation will reach to the very deep universe
® Distant AGNs(z<2.5), GRBs(z<6)
® History of Universe: Structure formation, Star formation
® Challenges
e Search for DM
® Test the special relativity using long flying high energy photons




