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Origin of “ Space-time
: Dark matter .
cosmic rays & relativity Cosmology
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>1000 sources will be discovered
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#Z8| T )L 2=—7818: 20-30GeV ~ 100TeV

= 20-30GeV. = j= R A 4%(2<2) DR ZE . R+ FHIFEIE. EBL &
S S A DI e SRR

= 100TeV => fRIAl=FF f5IR D 2E

10fEDEEE R £ (HESS, MAGICH )

= EAISN AR IAZ3012(1000-2000)
« BXE ~1mCrab

S D HE 73 HEEE
= Better morphological study

EXRE A
« JdCFBK:20-30GeV ~ 1TeV (mainly extragalactic science)

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

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

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




A possible option:
Mixture of telescope types




CTA observation modes

o Very deep field




@ CTA observation modes

Monitoring

4 telescopes O
| O Monitoring
Deep field

—Monitoring
- 4te|escope ~1/2 of telescopes

. Deep field O

4 Telescopes

~1/3 of telescopes:
Monitoring

1 telescope




CTA observation modes

Survey mode:

Full sky at current
sensitivity in ~1 year




CTAQ CTA{=sEHy (A6, F 2 stations)

One observatory With two sites
Operated by one consortlum

Mainly
DUELEIEHI
science

Galactic plus
extragalactic
science




Design Study started
in Jan. 2008

Milestones, tasks are defined in each WP

WP1

WP2

WP3
WP4
WP5
WP6
WP7
WP8
WP9
WP10
WP11
WP12

MNG

PHYS

MC
SITE
MIR
TEL
FPI
ELEC
ATAC
OBS
DATA

QA

Management of the design study

Astrophysics and astroparticle physics

Optimization of array layout, performance studies and analysis algorithms
Site evaluation and site infrastructure

Telescope optics and mirror

Telescope structure, drive, control

Focal plane instrumentation, mechanics and photo detectors
Readout electronics and trigger

Atmospheric monitoring, associated science & instrument calib.
Observatory operation and access

Data handling, data processing, data management and access
Risk assessment and quality assurance, production planning
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Array layout

Telescope design

Component prototypes

Telescope prototype

Array construction

Partial operation

11

Concep. Detailed
Design  Design
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Configurations: 97 tel. hybrid system ‘

Hybrid system of
- 12 600 m2 class tel.
- 85 100 m? class tel.
with 1.4* larger f.o.v.
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i CTA preliminary M.C. Study
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Impact of Pixel size
to the Angular resolution

in degrees)

68%

Angular Resolution (R
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» Optimization is on-goin
275 telescopes
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crA' Report from M.C. group

* How many telescope sizes?

® Current studies show that we can get close to the goal sensitivity
curve within budget for an array with 3 telescope sizes

® 24m,12m,7m (L, M, S)

10
® e.g. array E (see Wiki page) .
; :
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CTAEF‘ Scientific potential of CTA

& / ,
/\_i / . \_ Current

5 B l Sensitivat
; - ensitivaty
n,g 3 )5) % hY ak U1 oz
L \ :
....... L e I S R R i) e e e e R PSR TD == 2222, ¢ 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




Great success!!

HESS D ERA[EH—
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Galactic sources

v

o » Guaranteed sources
CTA*®

~

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

HESS-like - HESS exposure - HESS sources

Galactic sources
- 200~400 sources with CTA

AGIS/CTA - Flat exposure - Population

Where is PEVATRON???

Simulations: Digel + Funk (Stanford) + Hinton (Leeds)




Guaranteed sources
Extragalactic sources

Redshift z

-90°

2009-02-25 - Up-to-date plot available at hitp//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




First “simultaneous” GeV-TeV spectrum of Mrk421
Good agreement between these 2 different instruments.

Energy coverage of 5 orders of magnitude without GAPS.
:‘V Important for modeling of the source

o Fermi MAGIC
5 ~100 days /5. caveat ~27 hours of data
5 (FoV~20%) = / 1 not-EBL corrected
;1 010 —
° 4 -
= _
o .
L _

10_11 — _:
: | =
- 80 GeV 400 GeV B
Pre || minary Overlapping region + :
Jan20,2009 - April30,2009
10—12 Egi:i:J.l,E..........J.....J....l..J..I.J.J.J.;\.........J.....J....I..J..J..LJ.J.E.........J......l...I...L.J..l.lJ.é..........l.....I...J...I..|..l.I.l.é..........I.....J....l..l..l.E
107 10° 10° 10° 10° 4

10
E [MeV]




EBL (G =25 EDEZE(S L4/ R IIT

TMKO?7 (this work) = Primack et al. (2005)

; == == == energy threshold of MAGIC Stecker et al. (2006)
Primack et al. 2005

Kneiske et al. (low limit) 2004 3C279,z=0.536
Stecker et al. (base evolution) 2006

lhtrinsl.c

3
gamma-ray energy (TeV)

— 3c¢279, slope -2.5
—— Primack 05
—— Kneiske Low

Stecker Base previously newly opened
known region by MAGIC

differential flux, dN/dE [TeV"' cm?2 s1]
oS

30 40 50 100 200 300 1000 2000
Energy, E [GeV]
redshlft z




CTAQ tAxtsh: B F EHERDIRT

SIRILF— ﬁ'ﬁ% X EL\&:%&LEE%E

- If Gravity is ‘a Quantum theory,
.~ at a very shortidistance it may show a very complex
“foamy” structure.due to quantum fluctuation.

Long Wavelength

Use gamma ray beam from AGNsS/GRBs

A M “to study the space-time structure
Short Wavelenth

W\N\" .~ Energy 1000GeV ~ 10-°E,

Distance 100~1000Mpc (10%%-17sec)

5 S '\‘ ‘
E, = % ~122%10Y GelV : " \isible time delay ~ 1 - 10 sec

o

Linear deviation:

&1 <0

Quadratic deviation:




AGN H5DH T iFE 2
Mrk501 by MAGIC, PKS 2155 by HESS

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

Mgg; > 0.26 x 1018GeV Mog: > 0.72 x 1018GeV
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F (600-1200 GeV) [cm?

1 I 1 |
120
Time - MJD53944.0 [min]

s’

With CTA, we can have ~10sec time resolution
for the fast variation

F (1200-10000 GeV) [cm?




CTA" Possible New Classes of Sources

Galactic Diffuse Wy
GRBs

0.5 Degree

Starburst galaxies :
Galaxy mgrgers Clusters of galaxies Dark Matter Annihilation




For pulsar studies
the low threshold energy is essential

MAGIC result: Published in Science in 2008

By measuring the spectrum around cutoff
or at high energies is important to distinguish
the emission model

«

=}
»
)
E
3

Polar cap: double exponent
Outer gap: simple exponent




Binary neutron stars

After glow
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Gamma ray emission process
from DM Annihilation

Bergstrom et al.

Neutrinos:

T LB L LR |

Noutralino continuum gamma ray
flux towards galactic centre -

NFW model, AQ=10" sr

Free Hydrogen
and Helium:
4%

Dark Matter:
25%

Dark Energy:
70%
contribution:
Internal
bremsstrahlung

Photon Flux [cm™s GeV ]

—— Background, E,*’
— = 300 GeV neutralino added
50 GeV neutralino added

W BRI BRI BRI TR ETITT BRI METTIT AT BT B ETTT BT |

sl

z 3 <56
10 100
Photon energy [GeV]

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




Complimentarity with the direct
search experiment

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

by Xenon10. Green points §§ . Expected Sensitivity
-are allowed. [ / by Ferml

p—
o
'

~ S Present approximate limit
from direct searches
(XenonlO experiment)

S=(N,ov), .,./M’ (107 cm’s 'Gev’)




Telescope structures:
HESS /| MAGIC /| HEGRA as prototypes

HESS II: 28m
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Ttsx Intematiceal GrebH & Co. KG
Maz-Margemnghasen-5v 5

D-F7084 Wirzberg
T, (09:31) 85700  Fas: 10031) 56 70-405

13 Juli 2009




MERD-TSK intemational GmbH & Co. K
Max Mengetrghauscn S, 5

D-97084
Tl (0011 88700 Fax: 3631) tn 70400

13 Juti 2099
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.4 Mirrors must be cheap and
good quality

CTA"

: : : __— BACKING SHEET
Replication techniques probably s ——— . o\cycous

more promising for large-scale N
: REFLECTING SHEET
low-cost production, compared \

to grinding / milling of mirrors




SPECTRAL RESPONSE CHARACTERISTICS ———— SR WL

HPD without WLS
Metal PaCKage PMT (TO‘B Type) PMT with lacquer (MAGIC-I)

Ultra Bialkali
Photocathode
Pl L

( |

Super Bialkali
Photocathode
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Quantum efficiency [electrons\photon]

300 400 500 600 700 800
Wavelength [nm]

Hamamatsu &
Photonis reach GaAsP HPD: SiPM

45% QE 50% PDE About 60% effective PDE wiill
==> 40% PDE be realistic




% 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

DGND DVDD DTAP A0 A1 A2 A3
O

DOMINO WAVE CIRCUIT

MUXOUT / i i raavar
CHANNEL 0 OUTO . oo
oo £ B =

ENAERATR

ouT2
ouT3

ouT4
ouTs
ouTe
ouT?
ouTe

CHANNEL 9 - ouT9

i (LI 1
CHANNEL 10 ouT10

CHANNEL 11 [ ouT11

BIAS
ROFS

STOP SHIFT REGISTER SSROUT

RSROUT

O O
AGND AVDD




Data center and
operation center for CTA

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

+ Organization structure
= Array operation center
« Data handling and analysis center
= SClence operation center
+ LLots of man powerélocal technician, operation

crew, professional data analyzers for the science
operation)
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ASTROPARTICLE PHYSICS

the European strategy——77

A

hesp e

ASPERA Roadmap
Magnificent Seven

pers-euiong

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

ASTRONET

The ASTRONET
Infrastructure Roadmap:

A Strategic Plan for European Astronomy

ASTRONET Roadmap

High Priority project
Ground based projects

Ground-Based Projects

5 C
r‘ ]
| i
/ '
5 /\ﬁ‘ 3
2
—_ :

211 2013 2015 2017 2019 2021 2023 2025

Recommendations and supports

E S Forum
on ;::P:E l:?::g’l{u:t:xres S F R I %

EUROPEAN ROADMAP
FOR RESEARCH
INFRASTRUCTURES

Roadmap 2008

UPDATE 2008

CTA is newly added
in 2008 update

8 Infrastructures
from Physics and eng




summary

SIRILF—AONHERILFZDOHS EZLIVFEE

IACT BT = CTA == ZE#E0) IACT Array
x [EEBAISESREBIRDA TS DFEE
= B9 IEEE:
« Broad band: 20-30GeV ~ 100TeV.
« BXE10fZ: 10mCrab & ~1mCrab
« A HZRESNS: 1~2 arcmin

SLRILF—KIXEDSE
s KRIZZLDE. SRAIZRNNFHGER, DTy TORIFIE Bl (X., EREEZEE)
s SUEFREIafREEIC LD L T7—BERBZE
= EBL D z i&kFHE
s FLOVISRADERE: IN)LH—, GRB, J5ARF—., RFKIK, fit
« ZEYE EXHE-EFENNE. BEEYE., FHH

BA LA a—)L
= 2009 3. Array Design ZiR7E
= 2010-2013 JOAKBAT
= 2013- 2018 2%
= AGIS &7t in some day ?
=  Community, Funding Agency, EU D5 DER1VSZ &




