Cherenkov Telescope

Array (CTA) Project

F& KAl
(RERZE FHUEFHEE)

£ 1 0IEFERRS BT F—FEYRFORFAR & IFREHE)
T2 2%388-10H FENPHH




Outline

« CTA sHEOHE & IR

« BERF—LODED HEH




cr;&t:ﬁ CTA: XK ST JILF—H oV E B

MAGIC Phase Il (MAGIC-I + MAGIC-II) in 2009 >1000 sources will be discovered

Astronomers in EU

JAPAN, US




N o e S—
CTAﬁ CTA: KX STrILXT—H <R E Al

MAGIC Phase Il (MAGIC-I + MAGIC-II) in 2009 >1000 sources will be discovered

éhow Layer

IceCube

(; g

Astronomers in EU

JAPAN, US




CTAN CTA: Rittft BTHILF—H T REaIhE

MAGIC Phase Il (MAGIC-I + MAGIC-II) in 2009 >1000 sources will be discovered

Snow Layer K
u-v s
10 oYs at

IceCube

Astronomers in EU ( )

JAPAN, US




[TeVicm?s]

107" Systemati \‘\\\IO%I Crab -

Error OCB.Gl MAGIC ]
E. . ] 950hrs
T NMAGIC_Z~ | amy1

10" L

oc (AT) -112
Current B W

: Simulations 1% Crab 1

Background Limited Signlal Limited

10 100 1000 10" 10°
E [GeV]

107"




[TeV/CmQS]

10-12

10

10

AGNSs, Pulsars
1 GRBs

ESYStemati
Error «<B.G 1

Current
Sim

i 100

. MY Deep TeV Survey
Background I.—_',mlte

e

\‘\\“\ 100/0 Crab _

1 50hrs
oc(AT)-1

MAGIC

Cosmic ray sources
Knee in gamma

°°(A1:5 e

' 1% Crab
Slgnlal Limited

10" m—

1000
E [GeV]




cTAl  HERER & $AIUR




crAl  BARR & YATUR

e o
‘ ? I b
‘.\ R

SHRE Pulsars  Micro quasars
and PWNe  X-ray binaries




cTAl  BEHS & HATUR

.

SNRs Pulsars  Micro quasars ~ AGNSs
and PWNe  X-ray binaries




SNRs Pulsars  Micro quasars ~ AGNSs

and PWNe  X-ray binaries

N
20N s

~
S~
=

Origin of — pa matter  SPaCetime
cosmic rays & relativity Cosmology




Kifune Plot

Kifune Plot

.~ Asca

/s

. )00 sources
-~ Ginga GLAST, AGILE
s

- Tenma

p

,"Hakucho
Uhuru * .
‘ i .* EGRET
’ y-rays,- o HESS Il
,’ . ~MAGIC Il
X-rays! ’ o’
’ ,/COSB

-
o
w

y
. MAGIC
- HESS

; ,’HEGRA
VHE y-rays *Whipple

wn
Q
Q
|
-
(o]
wn
‘5 102
} .
Q
Ko
=
-
4

-
o

£

¢

" Whipple I

1980 2000
year




n
(¢}]
Q
—
-
]
7))
[T
(o)
—
Q
e
£
-
=

-
o
'S

-
o
w

—
o
N
T T TTT]

-
o

Kifune Plot

Kifune Plot

X-rays .

Uhuru

F 4
7

.~ Asca

/s
P

.~ Ginga
/.,
L’ Tenma

p

. "Hakucho .
f‘.
_+* EGRET ,
. & HESS I
o < MAGIC II

;- COSB

y-rays

rd

y
. MAGIC
- HESS

; ,’HEGRA
VHE y-rays *Whipple

£

¢

| ‘,I'Whipple |

1980 2000

year

)00 sources
GLAST, AGILE

D00 sources
CTA




CTAl  CTA H#E-/854—5—
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= Better morphological study

EREA
- Jt3Ek:20-30GeV ~ 1TeV (mainly extragalactic science)

« Several 23m class telescopes + some 12m class telescopes

= FEgFEk:20-30GeV ~ 100TeV (galactic + extragalactic science)

« Several 23m class telescopes + many 12m class telescopes + some 6m telescopes




A possible opt;@ﬁ: ..
Mixture of telescope types

Som%ntral big telescopes
Man"y: edium + Small Telescopes

A




CTAR CTARHH (db. 7 2 stations)

One observatory with two sites
operated by one consortium

Mainly ‘
extragalactic
science 2

Galactic plus
extragalactic
science




CTA% Design Study started

Milestones, tasks are defined in each WP

WP1 MNG Management of the design study
WP2 PHYS  Astrophysics and astroparticle physics

WP3 MC Optimization of array layout, performance studies and analysis algorithms
WP4 SITE Site evaluation and site infrastructure

WP5 MIR Telescope optics and mirror

WP6 TEL Telescope structure, drive, control

WP7 FPI Focal plane instrumentation, mechanics and photo detectors

WP8 ELEC Readout electronics and trigger

WP9 ATAC Atmospheric monitoring, associated science & instrument calib.

WP10 OBS Observatory operation and access

WP11 DATA Data handling, data processing, data management and access

WP12 QA Risk assessment and quality assurance, production planning
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Array layout
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CTA"’Jg CTA preliminary M.C. Study

Configurations: 97 tel. hybrid system
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CTA% Scientific potential of CTA
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Mpc - i Gpe
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Ll " Y & Sensitivity
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_______ e 8 e e e e e L SRRV OGO 22222227 Future
Sensitivity
Galactic Extragalactic

B Current instruments have passed the critical sensitivity threshold and
reveal a rich panorama, but this is clearly only the tip of the iceberg

® Broad and diverse program ahead, combining guaranteed
astrophysics with significant discovery potential




reat success!!
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CTA% Guaranteed sources

SNRs Micro quasars Un-ID sources
X-ray binaries Dark Sources

Pulsars

HESS-ike - HESS exposwre - HESS sowrces

Galactic sources
. 200~400 sources with CTA

AGISICTA - Fist exposure - Population

Where is PEVATRON?7??

Simulations: Digel + Funk (Stanford) + Hinton (Leeds)
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Guaranteed sources
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2009-02-25 - Up-to-date plot available at http//www.mppmu.mpg.de/~rwagner/sources/

27 sources (2 x FR-I, 24 BL Lac(HBL, IBL, LBL), 1 x FSRQ)

~800 sources with CTA
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-~ _-Extragalactic Background ™ -

Primack et al. 2005

Kneiske et al. (low limit) 2004
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cm% MExtsh - 8 F 5 HIEGE DR

B |f Gravity is'a, Quantum theory,
_at a very shortdistance it may show a Sy complex
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C A?S AGN 550D > ka2
205 Mrk501 by MAGIC, PKS 2155 by HESS

Mrk501(z=0.03) MAGIC observation PKS2155(z=0.116) HESS observation

Mqgq > 0.26 x 10'8GeV Mqgs > 0.72 x 10'8GeV
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With CTA, we can have ~10sec time resolution
for the fast variation




CTA Possible New Classes of Sources

Starburst galaxies

Galaxy mergers Clusters of galaxies Dark Matter Annihilation
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CTAﬁ Possible New Classes of Sources

Clusters of galaxies Dark Matter Annihilation




For pulsar studies
the low threshold energy is essential

MAGIC result: Published in Science in 2008

> Emission in different energy bands

By measuring the spectrum around cutoff Sm; ijOAgls
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CTA" Gamma ray bursts

Binary neutron stars

After glow
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Gamma ray emission process
from DM Annihilation

Bergstrom et al.

Noutraino comiruum gamma ray
flux 1owards galactc centre
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CT A*ﬁ Complimentarity with the direct
search experiment

L. Bergstrom and J. Edsjo, 2008
Red points are excluded

by Xenon10Q. Green points 1§ . EXpeCted Sensitivity
are allowed. . / by i
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CTA?S Telescope structures:
g HESS / MAGIC / HEGRA as prototypes

MAGIC: 17/m

HESS Il: 28m
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MAGIC vs...

RX-78-2: 18.0m, 43.4t
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Mirrors must be cheap and
good quality

BACKING SHEET

Replication techniques probably _ —» HONEYCOMB

more promising for large-scale 7
low-cost production, compared - Sy CEET

to grinding / milling of mirrors




ctA® High QE photosensors

Halmamalstk

SPECTRAL RESPONSE CHARACTERISTICS
Meotal Package PMT (TO-8 Type)
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Analogue Ring Samplers

economic high performance readout

DRS3 (--> DRS4) SAM

12 x 1024 samples 2 X 256 samples

up to 5 Gsamples/s up to 2 Gsamples/s
11.5 bit effective range 12 bit effective range
450 MHz bandwidth 350 MHz bandwidth
25 mm?2




Data center and
operation center for CTA

CTA

« Challenges
* Huge data rates —
(~PBytes/yr) E | —
= Observatory
Automatic calibration and analysis for users

« Organization structure
= Array operation center
= Data handling and analysis center
= Science operation center
« Lots of man powerélocal technician, operation

crew, professional data analyzers for the science
operation)




CTA*’i Recommendations and supports

ASTROPARTICLE PHYSICS

Do Ewropean strategy

Pusopesm Sy aiy v Tor
o Bewan b lediasdon e

ASTRONET Roadmap

High Priority project HATE S & FiTaE

Ground based projects Phys & Technology O
T, 570V D
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CTA Japan fH#f% 4l

PI Fa KHI GREER)
(P1 3L 4R © 7V — T NEHI O F5E)
Chair of Institutional Panel MIH B CGRBORS:)
% work package coordinators
+ ELEC (BF[Hli#) # Hil (FHERE)
+ FPI (FEAmimaids) HE W1 (EERE)
+ MC (Monte Carlo) T B (ICRR)
+ PHYS (Physics) Fhid  FR{ (KEK)
7 R84 4 —

+ FIE BEE (Max Planck Institute for Physics)
+ HE ZEBR (SLAC—&AdEKRY)

X v N—84 040 &
+ (CTA Japan s —24R—> % Z& C 72 3 \» http://cta.scphys.kyoto-

u.ac.jp/)
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