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phyé'iés motivation

<] origin and acceleration of cosmic rays
< understand cosmic cataclysms
< find new kind of objects?

<l neutrino properties (v, Cross sections ..)

Proton-induced
cascade

dark matter (neutralino annihilation)

Inverse-Compton
scattering

o tests of relativitiy ....
« search for big bang relics ...
« effects of extra dimension etc. ...
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GRBs might be a solution........
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(E)HE v generation needs
target photons!

Aresonance In
the photopion production

— zop or 7*n [

0.01
Gamma Beam Energy (GeV)

I"~300,E,~MeV - E,~10 16 @\/ ~ 10 PeV
I'~300,E~eV

c-ey97 Proton-synchrotron model
! . (Totani 1998)
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Life is not so easy...

Synchrotron cooling supresses the intensity? YES”

obs _ obs
Esyn= 15?" 1= 'T.rest( = ) ts;lrn gumagﬁt md( =

IR

mag égurad (Equipartitinn)

2. -1 T 1L
£ = 2x10 (‘Imt_erg) aa(r § (B xm“ V)ZE_E €an = 3.4X10° £} <<
€gyn ~1 —=» E, =10 eV (L _

~E_ I
GZK
300 ) *
&(( m* _
2007/9/4 @'% "y




. 2y TeV/EGRET
" observations !!
— v I
il evy
Cosmic Ray

observations!
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EM cascades lead to
the diffuse y-ray BG
In the GeV range
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Synchrotron cooling of u ...
Production sites with low B

Intergalactic space!!

*GZK Production

*Z-burst

*Top Down Model --

Topological Defects/Super heavy Massive parti(ﬂ%
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“HE cosmic—ljay
induced neutrinos

The main energy range: Ev ~ 109710 GeV
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Ratio: Yoshida to ESS (omOp3 lambda=0.7) Fluxes
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Hard primary proton spectrum

o]
Q

‘_: 10 +

*.; trong evolution of sources

o

R Unlikely case, but

E, 1l * Flux >> Waxman.Bahcall

i 16° - 5l » GeV diffuse y OK with EGRAT

* Reachable even by present
detectors.
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“"Top Down models don’t die

andard Mo (/e

Top-Down neutrinos . .
decays/interaction of massive particles .
(topological defects, SUSY, micro black hole, --*)

The main energy range: Ev ~ 1011715 GeV
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n models don’t die
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I o Recycling y in
L, &g 100 GeV region
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" xplore Particle Physics

v Flux measurement
Rate =V QT® Naoc & ¢g(Ev) exp(—Nao X)

Detector+ Interaction Absorption
Geometry

v,
& ~
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- xplore Particle Physics

v Cross Section measurement !
Rate =V QT® Naoc ® ¢(E ) exp(—Nio X)

Detector+

Geometry G7K
v
FLUX

Absorption

Kusenko, Weiler PRL. 2002 Downgoing events / Upgoing events

Tyler, Olinto, Sigl PRD. 2001 ow(E >10° GeV) <~10™ cm?

v,
s -
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Extra | imension

Tyler, Olinto, Sigl PRD. 2001 (
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Model Independent limits

BH production limit
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Chiba University

' Completed by 2011

The IceCube Observatory
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EHE Neutrino Underground
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FRXZ

Chiba University

a' And Comlng horlzontally
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u BG Data-MC comparison

— atmospheric p simulation model

I .................. .................. .................. .......... A. ISh_Ihara ICRC (2007) I

.......................................................
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—" Chiba University

The 2006 9-string real data
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> TFRrZ.
Upper bound of HE flux
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a' A “projected” sensitivity

lceCube

g

Full IceCube
5 yr sensitivity
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v Search by the EAS detectors

Deeply penetrating Vast Background
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Z (km)
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New definition of active
volume
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shower front
Oscar Blanch-Bigas after 1 atm

after 3 atm
ICRC 2007 |

_______________ + 20% electrons
.z in equil. withmuonsf _______.
B e e e S Sy s
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Select “young” showers
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Oscar Blanch-Bigas

ICRC 2007
_ —_ v MC
Then search for “horizontal” events e Data
8w g g
‘l'ua 10° ‘l'ua mié' :uﬁ 10¢
I R P R
§ 10 ; g w?_ ' ﬂ 5 10 wﬂ#ﬂ;w by
z z HH' z g™
| g il
R TV R T 07 i e b 0" 0.05 A5 D2 02s 0.3
length ! width Mezn speed [m ns"] EMS speed [m n5'1]

“0” events In the data survives the horizontal cuts

\
Upper limit of v_ flux
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K. Martens et al
ICRC 2007/astro-ph07074417

1. search for horizontal events - low zenith (88.1 — 95.1 deg)
2. search for lower events in the atmosphere (R,<20km)

“134” events In the data survives the horizontal cuts

“Scattered” laser events off haze

\
Upper limit of v_ flux
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The radlo detection

V interaction Polar diagram E(o) field

EM shower .

AB(w)
The Askaryan effect

Conditions for coherent radio emission

1. Net exccess charge

2. Agps > Shower dimensions

MHz — GHz antenna array

1 Coherence!!
W~ (NeAqQ) 52
( q)ﬂz 00000/0'5}17/.-90

J. Alvarez—Muiiiz & E. Zas (2005) o0 0000 OGO
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Long Duration Balloon
suspends the ANITA

antenna array. it

produces a coherant radio
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A neutrino induced cascade g T
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Incident neutrinos -
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The Instrument
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K.I. Palladino 30" ICRC Merida, Mexico H.E.2.3 Saturday July 7, 2007
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Calibration of the Askaryan effect

@SLAC 109x 28.5 GeV e
)

2x1010 e*e- in the target ice
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BGs

~ 300 MHz radio array ; ?ﬁgrtigglogiisv,\;aveform background

@ the south pole 3. AMANDA PMTs (< 250 MHz)
0.6 - - - - - - 100
0t
0.2} e
ﬂ e ': Hs FE I_'!:.-*:'-""%
E D B = i ; LN | R AR _:E HH‘ 2
} D 2 L gusn LEa .;.- o s i I-"- T T T u E
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0.4 HCh. 14 = _
3 EM Veff<1 sigma ...
06HCh 11 + HAD shower Veff -
0.8 Cha
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: 0.001 L U S
Time (ns) 10 100 1000 10000 ‘00000 12+06
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[ L o S O

 \ IceCube2006 Anita-lite ] ANIta
I = . . Barwick et al PRL 2006

HiRes
Martens astro-ph/0707

J(E) E? [GeV omlsec’sr’]
)
I
|

------------------- Auger
163 Bigas ICRC 2007
IceCube
;;;;;; Ishihara ICRC 2007
o Y ok PV PP PP all v flavors
10° 10° 1¢° 1¢° 10" 10" added
Energy [GeV] assuming

. - ~E-2 .
Note: Auger/HiRes assumes ~E*# ! 1:1-1 ratio
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‘7'2 \ IceCube2006 Anita-lite /] ANita
a i | Barwick et al PRL 2006
0! -
™ B B \ % _ _;-= Hi
' - \ - iRes
§ 19 ~Full IceCube Auger 2 = Martens astro-ph/0707
‘é year
% A Auger
o Bigas ICRC 2007
NIEI 10 IceCube
,,,,,,,, Ishihara ICRC 2007
s jper | ; ; — all v flavors
.I—|I | | | | | | | l | | | | | | | l | | | |
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. - ~E-2 .
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3

E2 dN/JE [GeV cm? 51517

2,

3

10° -

Gary Hill et al.

-

AMANDA-II
4yr NuMu analysis

m_

5 6

IIIIIIII| L1 111K

i

AMANDA-I 2000 atms. v, data (prelim.)
Barr et al. atms. v + promgt atimss. v
Honda et al. atms. v + prompt alms. v
Max uncartainty n ahins_ v

Frejus

MACRO

AMANDA B-10 1997 v, diffuse
AMANDA- 2000 Cascadas (all-flavor / 3)*
AMANDA B-10 1997 UHE (all-flavor / 2)*
Baikal 1998 - 2002 { all-Havor £13 )°

RICE 1939-2005 { all-flavor / 3 )°
AMANDA-I1 2000 unfolding (pralim.)
AMANDA-I| 2000-2002 UHE limit {prelim.)
AMANDA-I 2000-3 v, limit

WA&E limit/2 (transparent sources)

Full leeCube 1 yr

* assumes & 1:1:1 flavor ratic at Earth

7 8 9
log_ [E_(GeV)]
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Cascade channel
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Optical Cherenkov

Neutrino Telescope Projects

ANTARES
La-Seyne-sur-Mer, France

BAIKAL

DUMAND
Hawaii
(cancelled 1995)

Catania, Italy

NESTOR
Pylos, Greece

IceCube, South Pole, Antarctica 50
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=7 Km3 telescope in the north

 EU funded the joint activity for a European-scale
Design Study for a km® v-telescope in the
Mediterranean Sea

— KM3NeT. ANTARES-NEMO-NESTOR consortium

http://www.km3net.org/
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v point source business

AMANDA (South Pole) ANTARES (43" North)

- Mknaf501
st s, g i Al "
\ SS433 y SS433

Galactic
Centre




mean atm. flux
(Volkova, 1980,
Sov.J.Nucl.Phys.,
31(6), 784)
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yray flux
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» Markarian 421

m Muecke et al.: Model of Markarian 421 as High frequency peaked BLLac in
the Proton Synchrotron Blazar model (N, ¢,,~ O )
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ummaly

* Measurement of the high energy v Is the final
resort to explore the Cosmic Ray Universe !
o bxtremely High Energy v detection will be
realized within 10 years!
Probe CR sources at cosmological distances
Probe particle physics — extra dimensions!

e |ceCube + ANTARES/NEMO etc covers the
entire sky now.
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Understanding of
the EHE cosmic ray sky

Auger/TA find
clusters?

Yes!

NO ....

v

Source Evolution
Max. Energy

v

Penetration Power

2007/9/4

>

ID source by
VHE y

But just a local universe

Size of observable universe
4 10,000 Mpc

Accessible
volume

-6
~10 of
observable
universe

Region restricted
by GZK cutoff
200 Mpc

of



Understanding of
the TeV cosmic ray sky

Y \Y

Correlation with Point Source
Molecular clouds (Dark source)
2007/9/4
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