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VHE Gamma Ray Astronomy D IF 1K

HT-TEFHDZE (VHE 102eV Gamma Ray Astronomy)H¥B<

FxLIA7EER ~130 sources >100GeV
IR)LEX—5EE  50GeV ~10TeV ;
FHEIEHERE >99.9%

+9q -

A E 5 fEEe ~0.1 degrees

IRILF—RFRRE~20%

R mEE ~10°m?

BE ~1% Crab Flux
' (1013 erg/cm?2s)

HESS Galactic plane survey
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The best candidate”? RX J1713.7-3946

Model curves: " Model curves: ;
Proton acceleration Electron acceleration .
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¢ |t seems that the lepton-dominated case is favored, given the Fermi-LAT

measurement and the low ambient gas density.

¢ F. Aharonian: “Life might be more complicated” By Stefan Funk
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Crab Pulsar with MAGIC Mono

MAGIC result: Published in Science in 2008

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

Polar cap: double exponent b
Outer gap: simple exponent
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Crab Pulsar with MAGIC Stereo
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Galactic Center (Fermi + HESS)

0.3-3 GeV 3-30 GeV 30-300 GeV
Constant L ~1.9 x 103°erg/sec

Flare L~ 1.9 x 10%* erg/sec
(10yr flare 300yrs ago)
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Fermi Gamma Ray Bubbles

Source for Cosmic rays
above knee??

Re-acceleration of CR?

ddapimd gl poppasad g g el Li.:"r“-:.lxlet. EI'SIIE"I"‘LIEJ.-? I!| wddiaal,
B KASCADE (QGSIET 01)
& KASCADE (SYHEILL 2.1)
KASCADE-Grande { 2009)
Hiles |
10" = a Hikesll
= Ausger (2010)
- 10°
i 10 -
Symmetry suggests relation to Galactic Center _E 1o* r
Hard Energy Spectrum (dN/dE ~ E2) TS o
Extends up to 10kpc above the disk (cooling time problem) o' ¢
Edges are not Clear .ﬂ. g ":"r TN . --+rr'|n-r|-h+ T ) T rfrH“f.i' ‘1-“1-"1 .I‘ f""lef.lf -11-.‘—:.;_
10 o 10 10 £ I:t"v"llﬂ 10 o 10

Chernyshov et al. 2011




IRAIRI DRIK - R EHEI TV D HZR

EE LRI —FHEDER?

FRI, FRII Blazars

SYNCHROTRON
PHOTON

PROTON - INDUCED
CASCADE

SHOCK

T
'Black, 1| INVERSE - COMPTON
? “f "/ SCATTERING

8 B KBH 107-101° Mg,

SESRAIM(FR SR 2<3)

HUTHRIN—RB (2<6)



Number of extragalactic VHE Sources (51)

50
45 —
-
-

A 75— -
5] el
E _ '.
S 35 aL =
5 | 38
v E
o 30 7 L
g | SH
I 25 (] Q =
(0 et < w»vn U -
S . e G 4o gt
= 20 e e = E -

15 =
S =
- < 10 r’r,..fﬂ E

5 1 ©guas

o el
; e

1990 1992 19954 1996 1998 2000 2002 2004 2006 2008 2010 2012

Years




Mrk421 MWL SED
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EBL (Extragalactic Background Light)

.- Extragalactic Background Light™
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EBL upper limits by MAGIC and HESS

Stecker et al., 2006, (fast evolution) L
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AR TRING S EFRIRS =S Observations of High redshift AGNs and GRBs will
= _-3-_'@ Y-EE IR AR allow us to study the star formation history.

FH Hﬁféﬂﬁ%ﬁ%ﬂ%*j’ér—!l:‘h)b#—h _,-;?%’i EBL represents integrated redshifted star light.
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What is the Reionization Era?

A Schematic Outline of the Cosmic History
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Test for Lorentz Invariance

Fast time variation of VHE gammas from AGN
Mrk501 by MAGIC, PKS 2155 by HESS

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

Mgg; > 0.26 x 108GeV | Mge; > 0.72 x 1018GeV
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M87 flare in 2008:

MAGIC, VERITAS, HESS, VLBA
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Second most distant 100GeV source

FSRQ PKS1222 (4C +21.53) (z=0.432)

Significances
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GRB 080916C
Fermi results

+CTA simulation

- normalize to GBM
light curve

- extrapolate
GBM+LAT spectra
with Y. Inoue EBL

- stmulate with
D. Mazin’s tool

T. Yamamoto, Y. Inoue
& R. Yamazaki
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CTA Simulation:

Expected Light curve for GRB at z=4.3

CTA performance study by S.Inoue, Y.Inoue, T.Yamamoto, et al
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Galactic Latitude (deg)

Morphological studies of UHECR potential sources Cen A (3.4Mpc)

Moskalenko et al.
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Starburst galaxies, NGC253 (by HESS), M82 (VERITAS)
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Starburst Galaxies

. ‘q Abramowski et al. 2011, in prep _[::‘npnl‘rmm .
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There is an extra bump in electron energy spectrum

NEErbY Pulsars or DM?

E* J(E) (GeV’m™s™'sr™)
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Still lots of things to do for future observations

Distance ——— kpc Mpc Gpc
Adapted from Horan & Weekes 2004

SNRs, PWNe, Binaries Blazars

Pulsed emission Radio Galaxies

e ... and in particular, we clearly don’t see emission beyond ~100 TeV



All sky observatory (North and South)

One observatory with two sites operated by one consortium
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Possible array configuration

T [ E Configuration E:
» i LST x 4, MST x 23, SST x 32
1000~
: Q o
i B 0 e Acceptance 3km?
I o o
S00 [ 0o WO 8
B i, o OO @ .
o o QO ga}, Qo W AT T TR R T— T
: 0 "rﬂﬁ. 0 - 50 hours i EI-_IT:JL“ E;g
_ o E) O ?} o i ?;?%TE E, without 4 large =
I~ even
-500— O ” O © o -':.*- 1 3 0.2 dex v
- o . o u:
g o O % . .","
-1000 § sl \ % F E
- k: - B N ol ]
_11LJLL_11111|JILll1ll:11|11§ Mg o
41000 -500  © 500 1000 £ | 0 A
X UE Ny F 3
: e ]
0.001 L i3 i il i PO N W | I I B A i L i iyl
0.01 0.1 1 10 100

Energy (TeV)




Design: 23 m Large Telescopes

optimized for the range below 200 GeV

27.8 m focal length 400 m? dish area
4.5° field of view 1.5 m sandwich
0.1° pixels mirror facets

On (GRB) target
in < 20 sec.
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Carbon-fibre
structure



Design: Medium-Sized 12 m Telescope

optimized for the 100 GeV to ~10 TeV range

16 m focal length
7-8° field of view
0.18° pixels

100 m?2 dish area
1.2 m mirror
facets
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Dual Mirror Option (SCT)

Schwarzchild-Couder
dual miror MST option
being explored at US for
15t CTA-South expansion




Monolithic
secondary mirror

Design: Small 4-6 m Telescopes

cover the range above few TeV across 10 km?

One of four
options for
telescope
structure

Multi-Anode PMT camera option

Under study:

dual-mirror optics with compact photo sensor arrays
single-mirror optics

PMT-based and silicon-based sensors

| Primary mirror with
=» Not yet conclusive which solution is most cost-effective Y

hexagonal panels
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1510mm KARLRFERAST—DRE
2.7mm BIAR+60mm7F7ILEN=_HL+2.7mmB TR

Measurement at 2f (R = 55.4m)
(Target: 23 x1.2 x2 =55.2m)

~0.04 x 0.1 degress (in Diameter)
(target: 0.03 x 0.03 degrees)

Weight = 45kg (requirement 40kg)



1200mm R AORLERmFEAIT—DE

Core Material -- Aluminum foam

30mm thick closed Aluminum foam
2.7mm thick glass mirrors

Focal length:16125mm (Target:16000mm)
PSF: ~20mm in diameter (cf. PMT 50mm)
Reflectivity at 350nm :94%

Weight : 29kg

Good PSF (Point Spread Function)
Satisfy requirements

- -
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350nm T95% % 513
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Sputtering Cr + Al + Si02 + HfO2 + Si02

Reflectivity (%)
2 3 ¥ 8

2

200 300 400 500 600 700 800

Wavelength (nm)

4 Target materials: Cr, Al, SiO2, HfO2 — multi layer coat can be done in one process

Mirror Moving stage for uniform coating

900
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CTA LST Mirror M EBAFIK;
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out0
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MUXout
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DRS4 out
out5
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MUXout

Depth: 4096 cells/ch _
ROI: 60 cells 8ch serial output

Multiplexed differential
output at 25 MHz
(up to 33 MHz)

*40ns/DRS4 cell
in parallel

Ethernet
PHY

12bit

ADC
(

FyrBqL
10 kHz trigger : 7.7%

-6 )| 5 kHztrigger: 3.9%
PM£4 6 1 99 v
Signal from
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LST-Camera 265 clusters/1855 pixels

(0.1°EU+t )L, 1887 4.4°, E= < 2 ton)

1720mm

Clusters 1.33kg x 265 <400kg
Two cooling plates <500kg

Plex glass < 70kg
Cables, Switching hub < 100kg
Power module <150kg

Supporting frame < 100kg
Skin of Camera < 200kg
Interface with Arch < 100kg
Garage door < 200kg

Total <1820 kg

< 2 tons
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Prototype cooling plate which
accommodate 37 clusters (259PMTs)
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FOV = 2.90 degrees in FTF (in MST)
Pixel pitch = 50 mm (0.098 deg in LST)

Dimension 0.64m? x 20mm
Weight = 34kg =» 25kg (after machining)

Weight / cluster = 670g/cluster
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Project Management Organigram
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Chair: Project Manager J. Carr
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http://www.cta-observatory.jp
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Site selection

-

Expect propa‘gﬁ_}s
forupto @
4 Northern sites
by end of 2011

Proposals for .‘ —~ Ry

6 Southern sites e proposals for sites due 6/2011 (S) and 12/2011 (N)
= evaluation and downselection to (at most) 2 x 2 sites in

progress
final selection planned for early 2013
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