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Refer excellent review by Juan Jose Hernandes-Rey on the first day...

Astrophysical probes

O Radio/IR/optical/X-ray photons probe (mainly)
thermal Universe.

o Non-thermal, violent Universe needs to be
explored by other probes.

O General cosmic-rays: lose directional information
due to deflection by the Galactic magnetic field

O Probes which keeps directionality
Highest energy cosmic rays
Gamma-rays

Neutrinos

Dark matter

Gravitational waves




Utilization of directionality at present

Probe Detector AO Field of view

Highest CR AS array ~1° ~T Sr
Fluorescense ~1° ~T Sr

Gamma-rays |AS array ~1° ~T Sr
Atmospheric ~1 ~0.01sr
Cherenkov

Neutrinos Water/ice ~1° 2T Sr
Cherenkov

Dark matter Nuclear recoill N/A 47 Sr

Grav. wave Interferometer |several deg |—2m sr




[Taken from Klas Hultqvist's presentation]

Probes have intrinsic length
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: . Presented_ by Markus Roth
Highest energy cosmic rays: L} 2

Pierre Auger project

Malargue, Argentina
1600 (1200) surface detectors

Malargie,

4 (3.9) fluorescence telescopes JEk i.ﬁu;m; i
Stereo hybrid measurement

Event: 1364365
Los Morados

lg(E/eV)~18.2
(8,p)=(63.7, 148.4) deg

Los Leones

Ig(E/eV)~19.3
(8,9)=(63.7, 148.3) deg _

lg(E/eV)~18.1
(6,9)=(63.3, 148.9) deg




. . Presented by Markus Roth
Highest energy cosmic rays:

Pierre Auger project: energy spectrum
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AEIE: currently dominated by fluorescence yield uncertainty (15%),
fluorescence detector calibration (12%) and event statistics appear

soon!




. . Presented by Markus Roth
Highest energy cosmic rays:

Pierre Auger project: new results

Galactic center region Photon flux limit above 101%V
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Highest energy cosmic rays:  Tobe
completed in

Telescope Array experiment — March 2007

Millard county, Utah, USA(39.1°N, 122.9° W) ~1400 m a.s.l.
Surface Detectors (SDs)

Scintillations detectors: 576 Fluorescence Detectors (FDs)

3 m? x 1.2cm x 2 layers

1.2 km separation, 830km? | i | L_ls
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Highest energy cosmic ray detectors in
the world




. . Presented by Klas Hultqvist
High energy neutrinos:

IceCube at South Pole

IceCube Deployment = ...

. SRt 4 2006-2007:
/L/' 8 strings thus far
|ceTop . i Aim for 13
Air shower detector | . i
Easy onice... | ‘
i 2005-2006: 8 strings
w,| 8
"' 2004-2005 : 1 string
Inice i
70-80 strings of 60
optical modules each fo
cherenkov detection | AMANDA
" 19 strings
T4y, » 677 modules

C Eiffelomer

10

Completion by 2011




High energy neutrinos:
IceCube sensitivity

Presented by Klas Hultgvist

Diffuse muon neutrino flux
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Aynutdikov et al. Astrop.Phys. 25(06)240

Other interests:

*TeV neutrino-gamma
connection

*GRB coincidences
*WIMP search

sSupernova detection
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Presented by Juan A. Aguilar Sanchez

High energy neutrinos:
ANTARES

~ 12 nes (900 PMTs)
» 75 storeys / line ! . Mediterranean

+ 3 PMTs [ storey Sea (42050’N,
6°10’E) at
2500m depth, in
the south coast
of Toulon
(France).

* 4 lines already
deployed.

*To be
completed in




Presented by Juan A. Aguilar Sanchez

Sky coverage by neutrino telescopes

AMANDA (South Pole) ANTARES (43° North)

Centre

NEMO (Capo Passero, Sicily) at a
depth of 3500 m) ANTARES + NEMO +

16 storey towers in 2007 NESTOR

NESTOR (lonian Sea, Greece at a
depth of 4000m)

4 floors in 2007
KM3Net design study started in 2006

KM3NeT

13




Presented by Juan A. Aguilar Sanchez

Neutrino telescopes 1n the world

ANTARES + NEMO +

~ _ NESTOR |
4
KM3NeT JE¥E

Dumand

IceCube . Amanda

kolkata, 13012007 Juan A Aguilar




Presented by Jodi Cooley

Direct search for dark matter

WIMP
LY

}@ Terrestrial Particle

\ Detector
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DRIFT 1/2

energy transferred appears in
‘wake’ of recoiling nucleus
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N = number of targets in detector
ny = local neutralino density
<Oy> = scattering cross section
(mean over relative WIMP-detector velocity)
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Presented by Jodi Cooley

Direct search for dark matter: CDMS 11

Experiment located in the Soudan
Underground Mine, MN, USA (2070 mwe)

rr.I Passed Timing OUTSIDE
Nuclear Recoil Barnd

e
n

Passed Timing INSIDE
Nuclear Recoil Band

Most recent results based on 6 Ge (250 g)
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Presented by Jodi Cooley

Direct search for dark matter: near future

90% CL upper limits assuming standard halo, A? scaling
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Comment: Dark matter anisotropy

O Dark matter velocity hitting a detector fixed on
the Earth surface

— — — —

V= Vdispersion T VGaIactic T Vorbit T Vrotation

~10-3c: random motion in halo

- Vdispersion

" Veaactic — 7%x10%c: Galactic rotation
" Vi —1.0x10-4c: Earth orbit
Y, ~1.5x10-%c: Earth rotation

rotation

O Directional dark matter can detect these
motions except Vyigpersion Via anisotropy

= EX. Track detectors, anisotropic crystal scintillators,...

= Information on Vg,ersion If dark matter mass known

18



Presented by Goetz Heinzelmann

High energy gamma-rays:

H.E.S.S.

Method: Imaging Cherenkov telescopes
|

Gamma-ray l

~ 10 km Particle shower

Ay
/ image analysis

stereoscopic observation

improves measurement of
direction

energy

particle type

and background
suppression
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Presented by Goetz Heinzelmann

High energy gamma-rays: .

(Extragalactic

ESS — blﬂZﬂfS Background

Light)
Blazars (BL Lac)
discovered /observed by EITEEA

source red shift flux
discovered confirmed
name [crab units]
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Presented by Goetz Heinzelmann

High energy gamma-rays:
H.E.S.S. — other extragalactic objects

Radio galaxy M87 Star burst galaxy NGC253

Time variability
suggests
process near BH

M 87 (H.E.5.5.) a .'-_" : 1 CANGARCTHI
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Presented by Lowry McComb

High energy gamma-rays:
H.E.S.S. — Galactic sources

28 public galactic sources

Supernova remnants Pulsar.wind nebulae
RX J1713.7-3946 Crab Nebula
RX J0852.0-4622 (Vela Jr) Vela X
G0.9+0.1 G313.3+0.1 (Rabbit)

G12.82-0.02 Kookaburra
MSH 15-52

e @ ol 9.18 0-0. 7
- m HESS J1825 137
HESS J1809-193
The Galactic Centre HESS J1718-385

J1745-290 (Sgr A*) Dark sources
Diffuse-emission HESS J1303-631

HESS J1614-518
HESS J1708-410" Eernlohr

Binary systems
LS 5039
PSR B1259-63




Presented by Lowry McComb

ligh energy gamma-rays:

[.E.S.S. — HESS J1023-575

Daclination [J2000)

Right ascension (J2000)

Positi Il inciclent with _
U\;?essl.tgrrrt?ng ;ﬂlnﬂl s WeStefhjl’ld 2

Source significance 9¢

Extended source Young stellar cluster

Dotted circle = 1g best fit Westerlund 2 in HIl region RCW
A =\WR20a 49.

¥=\WR20b

] Contains VWR20a, a massive
CR accelerated in bubbles blown by Wolf-Rayet binary (both ~70
massive stars in ISM? M.} and WR20b, another WR.

23



Presented by Masahiro Teshima

T

1oh energy gamma-rays:

MAGIC

sLa Palma, Canary Island

*17m diameter world largest Cherenkov
tel.

*High resolution camera

*Analogue signal fiber transmission
*Fast rotation for GRB < 40secs
*Trigger threshold 40-50GeV
«Sensitivity ~2.5% of Crab (50hrs)
*Angular resolution ~0.1 degrees
*Energy Resolution 20-30%

*MAGIC-II is under construction and will
be completed in the fall of the next year
to improve sensitivity by factor of two

| _E? x Differential Spectrum_|
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Presented by Masahiro Teshima

High energy gamma-rays:
MAGIC - results

MAGIC Highlights in
the Cycle-l observation

Crab Nebular  gajactic Center ~ HESS J1812  HESS J1834  LSHG1 303 Mrk421 (0.031)
SZA & LZA HCo cloud Micro-Quasar

New Source

Mik501 (z=0.034) 1ES2344 (z=0.044) Mrk180 (0.045) 1ES1959 (0.047) 1ES1218 (z=0.18) PG 1533 (Z2>0.25)
Newr source Nevw Source New source




Mori / LeBohec, Adelaide WS, 2006 Dec

High energy gamma-rays:
CANGAROO-IIT / VERITAS

«Japan-Australia collaboration Mainly US collaboration in Arizona,
iIn Woomera, Australia USA

*Four 10m telescopes since *Four 12m telescopes almost read
2004 March S e e

1996 First Proposal to Smithsonia

2000 DOE funds VERITAS R&D

2003 March VERITAS funded for 4 telescopes in U.S.

) by DoE & NSF!

Stereo observation results: 2004 Feb. Prototype Telescope at testsite operational
2004 July site at Kitt Peak approved!

Pulsar wind nebula Vela X 2005 Feb. telescope 1 operational
2005 Tohono O’'odham Nation files complaint --> site

*SNR RX J0852.0-4622 shutdown

2005 Fall Telescope 1 & 2 start operations @ FLWO

basecamp
*NGC 253 (U-I—-) 2006 Decision to built VERITAS-4 at basecamp +
operate ‘07-(09 26
*Blazar PKS 2155-304 flare 2006 Dec. Kitt Peak site issue still unresolved ...




) Presented by Sunil K. Gupta
High energy gamma-rays and cosmic rays:

GRAPES-3

*Air shower experiment by Japan-Indian collaboration
since 1992 at Ooty, India

«380 -Plastic Scintillator detectors (1 m? area)

«3712 -Proportional Counters (6m x 0.1m x 0.1m)
deployed in 4 crossed layer configuration
as 1 GeV muon detector of area 560 m? .

«15000 m? — Ooty Radio Telescope (326 MHz.)

L




Presented by Sunil K. Gupta

High energy gamma-rays and cosmic rays:

GRAPES-3 — some results

Cosmic ray energy spectrum
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Presented by Ramesh Koul

High energy gamma-rays:
HiGRO (Himalayan y-Ray Observatory)

o 7 Element HAGAR (High Altitude GAmma Ray) experiment
wavefront sampling telescope

o 21m dia. MACE (Major Atmospheric Cerenkov Experiment)
Cerenkov imaging telescope

O Site: Hanle, Ladakh (32.7°N, 79°E, 4200m a.s.l.)
= Limited time for out door work (May-Oct)
m Road transportation of equipment (May-Oct)

m 2m optical telescope functioning for 5 years
> ,.. e T




Presented by Ramesh Koul

I :Zigh energy gamma-rays:

HiGRO / HAGAR
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In commissioning phase now



Presented by Ramesh Koul

High energy gamma-rays:
HiGRO / MACE

«20GeV threshold, 337m2 (=20m¢), tessellated parabola
*Alt-azimuth mount, —250t, 45m high

*1000 pixels camera, GHz digitization electronics, 2m X 2m X 2m
sLinux based DAQ, capable of handling event rates up to a few kHz
*First light expected: June 2010
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Rene Ong, ICRC2005 OG2 rapporteur talk

VHE Experimental World
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MILAGRO: A. Abdo, Santa Fe Workshop, May 2006

Dittuse source 1n Cygnus? (1)

= Crosses are 50
EGRET sources

= Contours are 45
EGRET diffuse -
model

= TeV/matter correlation
good in Galactic
latitude

= Brightest TeV
Region
— Coincident with 2

EGRET sources 30 b, 3
(unidentified) - TeV J2032+4130

3EG J2016+3657 / ‘ Cyo X-3

3EG J2021+3716 25 4= 2

Analysis in progress

Declination (deg)

200 295 300 305 310 315
Right Ascensigr (deg)

Map of Significances
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Tibet: Amenomori et al., Science 314, 439 (20006)

Dittuse source in Cygnus? (2)

n
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R.A. (deg) R.A. (deg)

(D) and (E) show significance maps of the Cygnus region [pixels in
radius of 0.9° and sampled over a square grid of side width 0.25° for
(E)] for data from 1997 to 2005. The vertical color bin widths are 0.69
SD and 0.42 SD for significance in (D) and (E), respectively. Two thin
curves in (D) and (E) stand for the Galactic parallel b=£5°. Small-scale
anisotropies (E) superposed onto the large-scale anisotropy hint at the
extended gamma-ray emission.

34




Dittuse source 1n Cygnus? (3)
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MILAGRO: A. Abdo, Santa Fe Workshop, May 2006
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Tibet: Amenomort et al., Science 314, 439 (20006) >
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R.Ong, rapporteur talk, ICRC2005

"Evolution” in number of objects
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Presented by Masahiro Teshima

CTA (Cherenkov Telescope Array)

NEXT GENERATION IACT

CF‘A HESS and'MAGIC collaborations

All sky observatory
Nerth-South two stations
Covering 10GeV-100TeV

One possible scenario:
~10 centralhuge telescopes 38
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VHE Log(S) — Log(N) plot

o HESS HESS-I ~30 sources
MAGIC-I ~20 sources

0O MAGIC

Log(N) ~ -1.0 Log(S) ???
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HESS-II ~60 sources
MAGIC-Il ~40 sources

i
]
=
E
=
=
o
B
Q
-

s

CTA 10x (MAGIC+HESS)
CTA South 300~600 srcs.
CTA North 200~400 srcs.
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Final words

O

Mysteries of highest energy cosmic-rays will be solved soon

(1 hope).

m Hybrid detectors on both hemeisphere!

High-energy neutrino sources should come up shortly.
m They are guaranteed hadronic accelerators!

Everyone hopes extensive search for Dark Matter will bear
fruit in near future.

m Now they are reaching sensitivities for discovery!

High-energy gamma-rays are now established astrophysical
probes, and efforts to extend frontiers are enthusiastic.

m Hadronic vs electronic origin: still ambiguous...need more data!

Evolution of astroparticle physics is fast!
Stay tuned!
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