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Origin of cosmic rays OV Vsqure
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Imaging Air. Cherenkoyv

lelescope

™

Gamma-ray

Air shower

Cherenkov light

— Light pool

Detection by
fast cameras
in telescopes

Cherenkov Light
50photons/m? (5 pe/m?) at 1TeV
= MAGIC 2 x240 m?2, HESS 4 x106 m?

T1

T2

ZR

T4

Typical parameters

Energy range 50GeV ~ 10TeV

CR rejection power >99%

Angular resolution ~0.1 degrees

Energy resolution ~20%

Detection area ~10°m?

Sensitivity ~1% Crab Flux (10-13 erg/cm?s)



I\/IAGIC EIESCOPES

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
Regular operation since September 2009

Sensitivity 1.6% Crab = ~0.6% Crab (50hrs)
Angular resolution 1.0 deg = 0.06 deg
Energy resolution 25% =» 15%




Angular Resolution in MAGIC
Stereo

MAGIC Crab Mebula, 50 - 110 GeV

Crab: 50-110 GeV

Data and MC agrees very well !!
~ 0.1 degrees at 100GeV
~ 0.5 degrees at 1000GeV

2D Gauss fit, Data

=1
iy
o
#

2D Gauss fit Monte Carlo

Significance

58% confainment, Data

68% confainment, MonteCarlo

Crab: E>250 GeV
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Significance
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Estimated Energy [GeV]




Started regular observations:
from October 2009

Better hadron rejection =
Better angular resolution (0.06 degrees)
Better energy resolution (25%-15%)

Enhance the sensitivity over the
whole energy range

ON (std stereo reconstruction)

Stereo event

001,

I Crab
-= MAGIC stereo

MAGICT  MAGIC I




Sensitivity of MAGIC Stereo achieved
(=0.6% Crab), factor s better than mono

Black — Julian data
Pink — Emiliano data
. Blue — Julian MC
-._ Green — Emiliano MC
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0.6%Crab MAGIC Stereo

10°

Energy threshold [GeV]




Sensitivity of MAGIC Stereo achieved

(=0.6% Crab)

GLAST (1yr)

107"

Crab
EF(>E) £
[TeVicm2s]

107"

-

AGNSs, Pulsars "‘“n, -
1 GRBS il l Cosmic ray sources
i T

T 10% Crab A

10

Knee in gamma

Current

- Sim a¥a 1% i:rab““‘:
1o [Background LimitedBSEANEEIRE  Signal Limited
10 100 1000 10" 10°

E [GeV]



Crab Nebula 3.5hr observation
with MAGIC-Stereo

TTTTT] T T TT1T]
® Fermi
% CGRO COMPTEL
A MAGICI
-+ MAGIC Stereo
== MAGIC Stereo fit

MAGIC Stereo
systematic uncertainty range
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Smaller error bars
in only 3.5 hours
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X-ray pinarie

Wide-Field Radio Image of the

RPRRc
JI\DO

-
(§)]

Opaque

Hydrogen and
Helium gas

Distance in 10° light-years

[y

5 Time after the Big Bang in 10? years O

Cosmology



Gamma-Ray Emission Processes(1)
Astrophysical process

[Electron acceleration Proton acceleration
X-ray(synchrotron) Hiah-enerav proton
L09  ANANAAAAS -
— g gyp
Gamma-ray

Magnetic Field NNANAANANAANAS 2.2
. v Gamma-ray(IC) oc E

-16 Nucleus
27K CMB photon E

amma-ray(|

/7

A

Energ




Gamma ray emission process
from DM Anninhilation

Dark Matter Annihilations Bergstrom et al.

Neutrinos:
0.3%

Meutraline continuum gamma ray
flux towards galactic centre -

NFW model, AQ=10"" sr
Free Hydrogen

and Helium:
4%

Dark Maltter:
25%

Dark Energy:
T0%

New
contribution:
Internal
bremsstrahlung

-
3
‘w
'E
-,
>
3
™
=
S
2
o

Background, E, %7
— = 300 GeV neultralino added
50 GeV neutralino added

L.B., P.Ullie & J. Buckley 1998 T. Bringmann, L.B., J. Edsjs, 2007




VHE SKymap

VHE vy-ray Sky Map
(EY>100 GeV)

2010-11-11 - Up-to-date plot available at hitp2/iwww.mpp.mpg.de/~rwagner/sources/

106 sources (45 Extragalactics + 61 Galactics) in Nov 2010

y-ray sources

Blazar (HBL)

Blazar (LBL)

Flat Spectrum Radio Quasar
Radio Galaxy
Starburst galaxy
Pulsar Wind Nebula
Supernova Remnant
Binary System
Wolf-Rayet Star
Open Cluster
Unidentified

@
|
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O
m
o
A
¢
&

Blazars, FSRQs, FR-I, Starburst galaxies = SNRs, PWNe, Pulsar, Binaries, un-IDs







0lane survey
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SNR Study
RXJ1/71S HESS + Fermi

s Color HESS observation
Contour Suzaku X-Ray _

IBO

—-39.5 ﬂ"@ 10

a0

{r 420
?’ do } I-'I —s—— Farmi LAT (24 manths)

— s+ HESS (Aharonian at al, 2007)
— Baererhko & Voselk 2010

E2dN/dE [ MeV cm2s-]

L 40

Elisen ot al, 2010 (n2dominated)
PSF Zirakashwill & Aharonian 2010 (M0 deminated))||
Zirakashyill & Aharanian 2010 (1G/2 mixed)
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MAGICI Shell type SNRS
IC443(MAGIC J06106)

: Composite image
.| With X(Chandra),
Radio(VLA),

Optical (DSS)

MAGIC J0616

. Tm

r':g /n° decay
index~3.1 *-:
5
£
p proton spectral break
E . ~ 70 GeV/c
E o O Fermi
TL| ¢ ¢ VERITAS
o o MAGI
3EG J0617+2238 A A EGRET

Pulsar CXOU J061705.3+222127
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MIPS & IRAC Fermi | LAT H.E.S.S.

24 (red) & 8.0 (green) um 2-10 GeV >1TeV
Miju Kang et al. 2009 ApJ 706 83 arXiv:1104.1197v1 ICRC 2009

\F li!ﬂﬂ
150

100
50

=50
-100

One of the most luminous star forming region (distance ~ 6kpc)
W51C is a medium age (~30kyr) Super Nova Remnant

Shell of the remnant is interacting with surrounding molecular cloud
Discovery by Fermi/LAT (GeV) and HESS (4.4 o at 1TeV)

Promising candidate SNR to test and study cosmic ray acceleration
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] MAGIC data polnis
statistical error
Fermi LAT data poinis
sysiematic error
statistical error

H.E. 5.5, flux measurement
assumad slope = -2.4 +-0.4
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SNRSs In different
evolutionary stages

® W51C

1C443

® wi4

10'30k I L] as I i
A We can study SNRs in different
evolutionary stages

IR
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Crab Nebula spectrum
Fermi and MAGIC-Stereo

® Fermi
% CGRO COMPTEL
A
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Smaller error bars
in only 3.5 hours
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Pulsar Study

MAGIC result: Published in Science in 2008

Emission in different energy bands
MAGIC

By measuring the spectrum around cutoff : >60 GeV
or at high energies is important to distinguish 0
the emission model

Polar cap: double exponent
Outer gap: simple exponent
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Crab Pulsar

Spectrum: P1 + P2

o MAGIC Unfolded (Tikhonov)
=10 Power Low Fit to MAGIC
Fermi
Fermi Exponential Cutoff
Fermi Sub-exponential Cutoff
Fermi Power Law
Combined Power Law Fit
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PhD Thesls of :
- Takayuki Salto 2010
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Number of. extragalactic
VHE Sources (45)
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Cosmic Ray accelerator
Active Galactic Nuclel
FRI, FRII Blazars

/

Gamma factor ~10

SYNCHROTRON
PHOTON

PROTON - INDUCED
CASCADE

SMBH 107-10%° M

VEYAGED



EXtra-galactiC SOUrCesS
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2010-11-11 - Up-to-date plot available at http://www.mpp.mpg.de/~rwagner/sources/

45 sources ( 3 x FR-I, 2 x Starburst galaxies, 4 x FSRQs, 36 BL Lacs)




PKS 2155-304 (HESS Gbservation)
Spectral Energy Distribution

e [iIme-averaged
SED is well
described by a
single zone SSC
model:
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Highest energy electrons (y,>2x10°) produce the X-ray emission, but
contribute relatively little above 0.2 TeV



Mrk424. MWL SED
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FSROQ SC279 (zZ=0.536)" MAGIC
Most distant 100GeV AGN

© 1993
a1991 & MAGIC — Primack

4 2003
rF's —
1007 MAGIC Stecker

0 1996 flare
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EBL (EXtragalactic Background Light)

=

: = -~ . -Extragalactic Background Light - ~_ -

= w= == TMKO7Z (this work) Primack et al. (2005)

‘ w= wm == energy threshold of MAGIC Stecker et al. (2006)
Primack et al. 2005

Kneiske et al. (low limit) 2004 3C279,z=0.536 n
opacity for gamma-rays

Stecker et al. (base evolution) 2006
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—— Primack 05
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EBL Upper
HESS obse

Mt by MAGIC and
rvations

Stecker et al., 2008, (fast evolution)

2,

vl ("W m? sr)

Probing new range

ofthe EBL —

Green line: model of
Kneiske et al., tuned

TMEKO7? (this work)

Primack et al., 2005

Cosmic Microwave Background

Mazin & Raue, upper limit 2007
= HESS upper limit, 2006
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Second most distant 100GeV. source
FSROQO PKS1222 (4C +21.53) (z=0.4306)

Significances

>10 sigma
In 30min

~10mins doubling time
maybe inconsistent with EC model

Fermi - 2.5 hrs —— Exponential fit (y*=4.45/3)

-+ MAGIC
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slope: (1.30= 0.15)% 107 s*

e Linear fit (;°=5.68/3)
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VIS8Y. flare 1n 2008:
MAGIC, VERITAS, HESS, VLBA

VHE instruments
® VERITAS
A MAGIC
¥ HESS

" Core &
Tnner Jet

Chandra (2-10 keV)
—— knot HET-1

II|II[I|I

VLBA (43 GHz)
®  nucleus (r=1.2 mas)
" peak flux
jet w/o nucleus (1.2-5.3 mas|

s 1 i 1 i | " 1
02 Apr 2007 02 Jul 2007 01 Oct 2007 01 Jan 2008
Time

i 1
01 Apr 2008

Model of 43GHz Radio flux
using the measured VHE gamma flux
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M8Y. flare 1n 2008:
MAGIC, VERIJA, HESS, and VLBA

1.2 . 1 ® 2008a0.5
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Morphological studies of UHECR potential sources
Cen A (S:4MpcC) & Cen B (56MpC)
Moskalenko et al. 0805.1260v1

PKS 1343-60 = Cen B
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IC310 (FR-1"Radio galaxy) 1S discovered, when
observing Perseus cluster / NGC12v5

Significance sky map of Perseus cluster

_— observation with MAGIC in 2009-2010

1
+ NGC 1275
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Gamma ray bursts

Binary neutron stars

After glow
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10 GRBS observed by Fermi

GRB

duration

# of events
> 100 MeV

# of events
>1GeV

delayed
HE onset

Long-lived HE
emission
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GRB 080916C

Fermi results
+CTA simulation

- normalize to GBM
light curve

- extrapolate
GBM+LAT spectra
with Y. Inoue EBL

- simulate with
D. Mazin’s tool

T. Yamamoto, Y. Inoue
& R. Yamazaki
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CilA Monte Carlo:

EXpected Light curve for GRB at z=4.3

CTA performance study by S.Inoue, Y.Inoue, T.Yamamoto, et al
GRB 080916C, z=4.3

z=4.3, E>30GeV, 0.5 sec time bin

>30GeV, 0.5 sec bin
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By Y. Inoue & S. Inoue using
D. Mazin’s simulation tool
for the CTA collaboration
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Summary ot VHE gamma ray astronomy

e The VHE gamma ray astronomy started with the discovery of VHE emission
from Crab by Whipple observatory in 1989

e The third generation telescopes, HESS, MAGIC and VERITAS are increasing
the number of VHE sources very rapidly (1-2 sources/months)

e More than 100 of VHE gamma ray sources
® SNRs, Pulsar, PWNe, Binaries / BL Lacs, FSRQs, FR-I, Starburst Galaxies

e Galactic sources: SNRs
® \We can see several SNRs in different evolutionary stages with the different energy spectra

e (Galactic sources: PWNe
® Most popular galactic sources, asymetric morphologies, energy dependent morphology

e Nearby bright BL Lacs show the intensity variation of x 50

® Mkn421, Mkn501, PKS2155

® \Very fast time variations of a few minutes are found in Mkn501 and PKS2155
e Distant sources:3c279, PKS1222

® The room for the extra component (Pop-Ill) in EBL is now very slim
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~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 8-10° FEoV

0.2 -0.3° pixels
- O /D 0.5-1.7




POSSIDle array configuration

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

Acceptance 3km2

500




Kitune Plot

(expectation from log S -1og N)

Kifune Plot
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All'SsKy observatory
(2 stations 1n North and South)

One elhservatory With twae sites operated by eGne consortium

Mainly - arﬂﬁés:ﬂ_ﬁ;é;kﬁ‘a,'Tenerife 2400m
iERERE "'a-n__l?-._edro Martir 2800m

science

#,

~ 100MEuro

Namibia: Kohmas Highland 1800m
®  Chile: La Silla 2400m =

Argentina: El Leoncito 2600m

Galactic plus
extragalactic
science

£ Argentina: Puna Highland 3700m

= .




HESS-like - HESS exposure - HESS sources

AGIS/CTA - Flat exposure - Population

Galactic sourses
200~400 sources wi

Where is PEVATRON?"

Simulations: Digel + Funk (Stanford) + Hinton (Leeds)
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Specification and PhysiICcs

&

0.9 Tivgrre

SNRs New sources

PSR J1826.133

Morphology W

)

Origin of CR W |

TeV - All sky map
Galactic diffuse

Sensitivity x10 (10

l4erg cm=s1)

Energy Res. x2
(10% @ 1TeV)

Angular Res. x3
(2 arcmin @1TeV)

Low Threshold E
x2 (20-30GeV)

Large Accept. x30
(3x 10°m? >1TeV)

Fast rotation
20 sec/180°

Better S/N x3

High Time Res. x10

>99.9% (~1sec)
All Sky Flexible modes
Observatory Scan / Monitor

Space and Time



23mM Large size telescope and
12m Middle'size telescope

23m LST designed by MPI group
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Recommendations and SsUupports
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Decadal Survey in Astronomy and
Astrophysics in us
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Ground-based projects ranked in order:
Large-scale

o Large Synoptic Survey Telescope (LSST)
 Innovations Program

» Giant Segmented Mirror Telescope (GSMT)
 Atmospheric Cerenkov Telescope Array (ACTA)
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sSummary: CGilA

e CTAwill provide
® 10 times better sensitivity
® wider energy coverage (10GeV-100TeV)
® All sky observation
® -~1000 VHE sources

e High quality data will be delivered
® Better energy resolution (10%)
® Better angular resolution (2arc min)

e Time schedule
® Preparatory Phase until 2014
® Construction phase: 2015-

e Cost ~200MEuro
® Contribution from CTA-Japan ~20% of total cost

e Expected contribution from CTA Japan
® L|LST Camera
® GHz sampling readout electronics
® Large size mirrors

o ALK CXEEHFENNN=LFET,
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