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® HE v emission — What'it can tell
®/Theoretical Bound of v fluxes

® Extremely High-Energy v generation

® Cosmic v detection — the current status
® |ceCube : reachable to EHE v universe
® Charged particle astronomy?
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origin and,acceleration of cosmic rays
understandicosmic cataclysms
find new kind'of objects?

neutrino properties (v_, cross sections ..)

Proton-induced
cascade

><| dark matter (neutralino annihilation)

tests of relativitiy ...
search for big bang relics ...
effects of extra dimension efc. ...




NEUTRINO BEAMS: HEAVEN & EARTH
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You cannot expect too many V!

py — (p,n@

L, 2 TeV/EGRET
observations !!
/. @V

\ 4
Cosmic Ray
observations!

Synchrotron

cooling
You cannot expect too high energies




DUMAND test string

FREJUS
MACRO

NT-200

Q

£ derivedfromKknown limits-on extragalactlc protons—+-y-fay flux




EHE(Extremely HE) v

Synchrotron cooling of p .£.
Production sites with low B

-/ Intergalactic space!!

»/-burst
*Topological Defects/Super heavy Massive particles

Kvoto 2009
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GZK v fluxes (EeV~ZeV!)

_Ve

il

m=0 Zmax=2
m=2 Zmax==2
m=2 Zmax=4
m=4 Zmax=4

qI"'«Tl

rm—
e
N
'Tu
D
N
a9
£
Q
-
D
R
™
LU
my
=

ok
thI T T T

1613
Energy [eV]
Y oshida and Teshima 1993
Y oshida. Dai. Jui. Sommers 1997

Kyoto 2009




Parameters involved in calculation. Predicted fluxes.

Parameters

Y spectral injection index
m  activity evolution index

Z z of formation of sources

max

£,/ density of matter
H

o, Hubble constant

B intergalactic magnetic field
7.0,/7,0, local enhancement
E

max

maximum acceleration energy in source

Orientative order of magnitude

[1-3
3-5
[1-4
0.2-1]

50-80 Km/s/Mpc]
B<1nG]

7]

E .. >4 102 eV]

(Diego Gonzalez-Diaz, Ricardo Vazquez, Enrique Zas 2003)
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(Diego Gonzalez-Diaz, Ricardo Vazquez, Enrique Zas 2003)

CR and v-fluxes for different models
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Z-bursts Concept

Our Galaxy

="

100million ly

E=5x10" eV




Itis the “standard" particie physics
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CRs extending to
superEHES!
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Z-burst constraints
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EHE Neutrino Fluxes
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Where the source of
(Extremely)-high energy v?

My $100 goes to
My $1goes to
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(E)HE v generation needs
target ph

Aresonance in
the photopion production

E, E ~0.25 12 [Gel)

r ~300,E ~ MeV
r~300,E ~ eV - E,>102eV~1ZeV

E ~ eV 23
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Energy limit!

Life is not so easy...

Synchrotron cooling supresses the intensity? YES”

obs _ obs
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(Highly biased)
conclusion ©

@ Cosmic neutrinos come from

GRBS Ev~Pel

+

GZK + GRBS(p-synch) Ev>Eel

All “diffusive/background” fluxes
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lceCﬁbe

= Cosmic v detection

Neutrino Telescopes — ANTARES,
lceCube etc.




How to build a v

detec 5T ' cOosMic ray

lceCub




Cherenkov

light cone
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Detector

*Infrequently, a cosmic neutrino is
captured in the ice, i.e. the neutrino
interacts with an ice nucleus

In the crash a muon (or electron,

or tau) is produced

—

interaction

»*

*The muon radiates blue light in its wake
*Optical sensors capture (and map) the light




Optical Cherenkov
Neutrino Telescope Projects

ANTARES

La-Seyne-sur-Mer, France

DUMAND

Catania, Italy ¢ . ' Hawaii
(cancelled 1995)
NESTOR

Pylos, Greece




ANTARES Layout

+ 12 lines
- 25 storeys / line
* 3 PMT / storey

Junction
box
1

Readout cables




Amundsen-Scett"Station South Pole

Depth \
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top view
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IceCube

80 Strings

4800 PMT

Instrumented

volume: 1 km3 (1 Gt)
IceCube is designed

to detect neutrinos of1400 o
all flavors at energies

from 107 eV (SN) to

1020 eV

y

Dy
t‘"l‘t‘t‘t‘t‘i‘”ffq'.""'l"|
LT TO) FETe e
LA ST

AR NN
XXKIT]

lceCube




BeoM A MDDl =X T

< 2o > lceTop
lceTop - --- '_‘___.#c't““ 160 tanks
“ -7-1-7-"- - 7 frozen-water tanks
TTTTTHTT TSR 2 OMs / tank

IceCube

14 =
1500 i

AMANDA

lceCube Ir=i
80 strings =
60 OMs/string W | 7
- 17 m vertical spacing

125 m between strings

First year deployment (Jan 2005)

4 IceCube strings (240 OMs)
8 IceTop Tanks (16 OMs)

1 " -

IceTop Tank deployed in 2004

10” Hamamatsu R-7081



AMAND &K~ I I

syt T

Who are we ?




Detection of v ,v , v,

direction determination
by cherenkov-tight-timir




Color displays: LE Primary Channels
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v, Excess of cosmic
@ neutrinos? Not yet ...

.. for now use number of hit channels as energy variable ..

muon neutrinos (1997 B10-data) cascades (2000 data)
aCCepted by PRL preliminary (2000 data)
o e e e N L L L L O L O DL N O
g ' S 10% ® experiment -
? Data © = ]
; T | P A0S, ¥, E’, i ‘ | background MC
--------- 10°E |
10 ¢ L [ g —— E?signal MC (v,) |
2 | qC) 10 — 3
e 9 : E
e i L :
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cuts determined by MC - blind analyses !
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Point source search in
AMANDA I

Search for excess events in Sky bins for up-going tracks

<] 697 events observed above horizon
><] 3% non-neutrino background for 6 >
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no clustering observed - no evidence for extraterrestrial neutrinos ...
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Mrk 421 sensitivity (AMANDAR)

can be compared to our

Infrared absorption corrected TeV y - emission spectrum for Mknd421 {non-flare state)

best upper limit

(sensitivity shown here)
s

— Fit of the measured o
spectrum from HEGRA -
(Low) g

Allowed range for the
emitted flux
AMANDA sensitivity

TeV y-ray spectra are
modified by red-shift

dependent absorption
by intergalactic IR-UV
background

—
o
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-
=
&

Amanda 4-year sensitivity ( [ )

Amanda 4-year sensitivity ( E-




DUMAND test string

FREJUS
MACRO opaque for neutrons

NT-20
AM/EN%A-W neutrons can escs
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Mannheim,Protheroe and Rachen (2000) — Waxman, Bahcall (1999)

I derivedfromknown limits-on extragalactic protons—+-y-ray flux
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lceCube

GIGA-ton detector!!
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+8.4454e-06 s




Arriving-Extremely Horizontally

(oPNAY" ~ 600 (G/1032cm?2)%!(p/2.6g cm3) -1 [km]

Involving the interactions generating
electromagnetic/hadron cascates

UN — uX e*e

4
| Kyoto 2005

lceCube
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Palr Creatlon
PhotoNucl.

Energy loss profile in UHE/EHE

¢

10'° |

Stochastic Loss
Initiating high energy
Cascades!

lceCube




Products

Decay Pair/decay . -
Weak Bremss | N

Decay Decay Pair Decay ~ Decay
Weak Bremss Pair Pair PhotoNucl.




GZK spectrum @ IceCube depth

lceCube

i qunward

5 3

dN/dE E “[GeV cm “sec ]
oI—I.
[ ]
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1 | 1 1 1 1 1 1 1 1 . 1 1 4 1 1 1 | 1 | | 1 1 1 1 1 1
10° 168 10'° 10'2 10° 168 10'° 10'2
Energy [GeV] Energy [GeV]

Atmospheric muon! -a major hackgrond
But so steep spectrum

Kyoto 2005




Down-going events dominate...

Atmospheric ) IS attenuated faster...
lceCube

GZKY 1000m
-E > 10 PeV i
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m EHE events!
‘. Downward

1. 4km

Tkm

Ice y e




afl Signal(GZK) Vs Atm/u

Very Preliminary

log (E [GeV]) log (E [GeV])




afl Signal(GZK) Vs Atm/u

Very Preliminary
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We MEASURE

lceCube
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@ We MEASURE

lceCube in km ”"
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IceGuhe EHE v Sensitivity

lceCube 90% C.L. for 10 year observation

® S.Yoshida, R.Ishibashi, H.Miyamoto, PRD 69 103004 (2004)
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& lceCube : The Present status

lceCube

8tring Locations
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Target Volume
k) = Idﬂ (X - 2000g)AQ, Ez)

For Monocular Detectoin, analytlcally

R t =
N1.1x16 4kn') akﬁ 27+|og40E v)—log(S."N)

[Km sr g cnizj
v Yoshida et al Ap) (1997

Effective Aperture
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r~/Na o (Ey) T(Ev)
o 6x10° 2.8x10°

04

1EIE Vv (&)

-3 04
1.8x10 By (2.7 4l —log(S/N
rs1.8x 1DEeV( +094 ay? —loa( ) [kmisr] Icec

[k m's K]




Charged Particle
Astronomy?

® E>>10 EeV > A 6 ~ a'few deg




29" IGRC Pune

Event cluster > 40 EeV

AGASA, HiRes > 40 EeV

.

~l 0o

n o

N

1
0

No significant excess: AGASA'S triplet Pch ~0.28
[Westerhoff, this conference) §  TFXF

Chiba University



AGASA triplet story

- e 11 L
) T e )
[Westerhoff, this conferencel (g =~ ="
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BL Lac Correlation: New Claim

Most recent claim by Gorbunov is based on published HiRes data.
It uses a 10 EeV threshold, so it is a new claim.

# i #
Magnitude Redshift 6cm Radio Flux  Obj. CR Sample i Pairs Prob.

: th AGASA >48 EeV -4
Catalog: Veron (9" Ed.) BL Lacs Yakutsk >24 EeV 65 : 8 <10

z>01o0r .
m<18 unknown Seecm > 0.17 Jy HiRes > 24 EeV 66 ) 0

Catalog: Veron (10" Ed.) BL Lacs AGASA >48 EeV 65
correlated with EGRET sources Yakutsk >24 EeV

no cut no cut no cut HiRes > 24 EeV 66

Catalog: Veron (10" Ed.) BL Lacs AGASA > 40 EeV 57

m<18 no cut no cut HiRes > 40 EeV 27

Catalog: Veron (10" Ed.) BL Lacs HiRes >10 EeV 271

m<18 no cut no cut

Gorbunov et al., JETP Lett. 80 (2004) 145.

(Finley, this conference)




29" ICRC Pune

© Ruger:7x AGASA by 30" ICRC
= HiRes: <2 years STEREO data to he analyzed.

dataset for testing the “BL Lac”

= New ohservatory in the Northern sky
Telescope Array

 EHE yamma ray/Neutrino search
EAS detector- Sleeoiiete
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