/

‘ e : i v . g - —— ! S : “ -

' TS
. The cu*nt status s e

oF the neutr1no t@lescope

. KMEse, ChibaUiv. = o - . ¥ %

- i ; _ ¢ s _.\o

@ =
i Unbwsratty



000
. 0000
The neutrino astronomy eooo
o0
Want to open the neutrino astronomy e
"\. ‘) g ‘ (;TMCiCAI\:'EFsFé&I\iIéI"Eé‘Eéégéﬁg%%%%g%g?E%%ﬁévQ—QAE
Aition Disk /‘ Line Emitting Cloud

Massive
Black Hole

AGNSs

Dark Matter

m particle physics

GRBsS

m Cosmic ray origin

GZK neutrinos

Exiotic
Supernova (monopole, Q-ball, etc...)
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Neutrinos should be there...

The source of cosmic rays will be the neutrino source.

py—>nx —uv,

=
Waxman-Bahcall limit {
£ c dN R=
Ed, ==¢t, — E2, —< 6
v vy, 852 H 472_ CR dECR E ..............
€. fraction of energy going to neutrinos g
If e=1, WB limit W NDA I

a—
WB limit

E f(l)vy ~2x107"° GeV cm™s™ s

The sensitivity of 1 km? size detector
is lower than WB limit.

7 8 9
log [E, (GeV)]
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00
0000
But, where? 3T
o000
o0
o
Where are cosmic rays generated?
— we don't know yet
(We know where electrons are accelerated)
— Neutrinos can tag it.
i -8
% - Konopelko et al., Ap] 597
> | (2003) 851 Mkn421
Note: if there is a photo-pion production, H I /\
roughly same amount neutrinos and a0 - \ SN
gammas are generated. i ,j/ / /"\\_d"*;
// L / m
Even more if we consider gamma-ray ,;:?" // **
absorption. / /
The flux (>1TeV) can be 104(cm-2s1) 2 \\
and detectable with 1 km? detector. / ||
(A. Aharonian et al., MNRAS 387,3, 1206-1214, 2008) \, I'| '||
N
Fitted with SSC model 1
14 | \ \ ! | | |I| ||
15 20 25
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The detection

metl Large Area Detectors for HE neutrinos

1TeV 00 Pe 1000 ZeV
Optical Detection Radio Detection Acoustic Detection
(ICECUBE-KM3NeT) (RICE, SALSA) (Prototypes)

; em cascade é.g v \
e
. | cascade |
em cascade

Medium: Seawater, Polar Ice Medium: Salt domes. Polar Ice ? Medium: Seawater. Polar lce,
| Salt Domes

v, (throughgoing and contained) : v (cascades)

ve. (contained cascades) ' v (cascades)

Carrier: Cherenkov Radio
Carrier: Cherenkov Light (UV- wsmle} Attenuation length: 1 km
Attenuation length: 100 m

Carrier: Sound waves (tens kHz)
Attenuation length: ~ 10 km

=T T T T
e e e L

: Sensors: Antennas
Sensor: PMTs Instrumented Volume: =1 km?
Instrumented Volume: 1 km?

~ @Neutrino 2008

Louvouivvier v YU UL I Y D

‘f Hydro(glacio)-phones
_H Instrumented Volume: =100 km?

q



B Optical Neutrino Telescopes

Lake Baikal

km

pr———]
D 1nomennn

AMANDA /
IceCube ...
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Baikal

deployed in lake Baikal

Long history
1.4 km depth
1980: R&D started

1993: NT-36 (36 PMTs with 3 strings)
1998: NT-200 completed (192 OMs (14.6"
PMT), 8 strings ~10° m3)

2005: NT-200+ (NT-200 + 3 outer strings)
completed

2006/7: R&D of Gigaton Volume
Detector(GVD)

2008: a prototype of GVD installed (testing
new PMTs and 250M SPS FADC)

> ; | i | BESR |l

2 eSS RS

75

© e 000000
P I

91-100 strings with 12-16 OMs
Alog(E)~0.1, AB<5 deg.

. 33
B t——————00 4 4 )+t @
o

L o e = S STy SR SR ST S
B



NESTOR (Neutrino Extended Submarine

Telescope with Oceanographic Research)

* Tower based detector
* Up- and downward looking PMTs
* 4000 m deep

+ Dry connections NESTOR TOWER 2t SN BN
» Test floor (reduced size, 12 m) :

with 12 PMTs deployed and
operated in 2003

BUOYS 168 PMTs (facing up & down)

—8®

32 m diameter
30 m between floors

3

42 FLOORS
3800m - - - [

20.000m’
Effective Area
for E>10TeV

Electro-optical cable

Kk 30km to shore station
— e
nchor o

*

15" PMT

— Going to KM3NeT and NuBE NESTOR (GRB search)
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| ton. B 28 |ReSR| =% |

ANTARES (Astronomy with a Neutrino

Telescope and Abyss environmental RESearch)

deployed in the Mediterranean sea
2.5 km depth

1996-2000: R&D
2001: The deployment started

The construction completed (2008/5/30)
(12 lines ~ 107" m3)

3x25x12=900 OMs (10" PMT)
300-1100 MHz ARS

technology proven. (although 12% of the 0 | { e
detectors had problems, but can be fixed.) ! ’ T 15
ready for KM3NeT s o » O L ¢ I
; 350m




ANTARES

Complementary Sky Coverage

AMANDA / ICECUBE ANTARES

+Mkn 421

Galactic
Centre

J. Carr @ Neutrino2008 e S
Position alignment

4

"
S Examplefor |
Sea current
v=25cmls

P = 22
. .

e e = = m)
r =(az-b In[l-cz])v?

Y o

[astro-ph] 0805'E§1i51\/2

0000
Line 2
150 m

70 m

10°

number of events
o
%)

=]

-1

-0.8

-06 -04

Good angular resolution
ANTARES Preliminary 2007

-0.2

Neutrino Candidates !

0

0.2

04 06 08 1

cos 6

1se



NEMO (NEutrino Mediterranean Observatory)

Mini-Tower
R&D for 1 km3 detector _unfurled

deployed in the Mediterranean sea

phasel: 2003-2007 @ LNS test site (2 km
depth)

A mini-tower (300 m) deployed Dec. 2006
(4 floor, 16 OMs, 10" PMT)
Some problems with the buoy

phase2: 2006-2009 @ Capo Passero site
(3.5 km depth)

A full tower (750 m, 16 floor)

under construction (plan to be completed
at beginning of 2009)

2008.06.27 22nd Neutrino seminar



|

@The AMANDA Detector |

:-’ Depth
AMANDA —50m | Overview of
AMANDA with
677 OMs on 19 strings (~107m3) theifel over
or comparison
Hamamatsu 8" PMT in S
glass pressure vessel e
Several readout systems .
(electrical, fiber-optic) - 1000m top view
DAQ electronics on surface - 200m
— 1500 m
Deployed in stages: A
AMANDA-II o
complete in 2000
Optical Module
L 2500m  200m
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The IceCube experiment

to detect VHE neutrinos from astrophysical
sources

deployed in the Antarctica glacier
>70 strings
>4200 photo-multiplier tubes (PMTs)

Detector volume: ~1km?3

ATWD 300MHz, effectively 16 bits

3 different gains (x16, x2, x0.25)

10 bits FADC for long duration pulse

Neutrino energy of above 100 GeV is
detectable.

40 strings are deployed so far, and taking
data as the biggest neutrino detector.

full detector @2009/10

l4g
Om

10 in
2008.06.27 22nd Neutrino se

IceCube

¢

. AMANDA-II




B Particle identification

Muon - IC 40 data

v, (cascade) simulation

16 PeV v_simulation

Particle identification possible from the topology




B Bright event 5

IC-40 e °e%e

vvvvvv

Estimated energy: 866 PeV
(by IceTop (preliminary))

In-ice detector also give the
consistent energy

Fon 1T10RG0 Fuent 1Q71R50N [annnne annnNme 1



1 KM3NeT

European community is proposing to build 1 km3 volume detector in
Mediterranean sea.

Mostly from ANTARES, NESTOR and NEMO.

 Design Study (2006-2009): o ] 9 &

. . . . ol ,y°° o ">
aims at developing a cost-effective design | & & & &
for the construction of a 1 km?3 neutrino :

telescope
 Preparatory Phase (2008-2010):
preparing for the construction by defining

the legal, financial ad governance issues : '
as well as the production plans of the CDR  TDR
telescope Com ponents Figure 9-1: Anticipated tlmellrje
(from E.Migneco@Neutrino2008) 2010: IceCube complete
Design goal

Life time 10 years without major maintenance, construction and
deployment < 4 years

Angular resolution 0.1 deg
Substantially better sensitivity than IceCube
(from E. Migneco@Neutrino2008)

See more the KM3NeT conceptual design report
— http://www.km3net.org/CDR/CDR-KM3NeT.pdf
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Point source search by AMANDA Il

Unfortunately, no signal so far...

Search circle: 2.25-3.75 deg.

Search for clustering in northern hemisphere
« compare significance of local fluctuation to
atmospheric v expectations 2000-2006 6595 events

Preliminary  g=9qe Max Significance
0=54° a=11.4h
3.380

3 yr max significance
3.730 - 1.50

-
T S R TR 1]

5
Significance

- & -
T FF 3

5 yr max significance
3.740 — 2.80

Angular resolution: 1.5-2.5 deg.

-l
-



o000
' o000
Point source search by IceCube cecs
o000
(Y )
o
IC-9
s 3
233 v in 137 days o3
Consistent with atmospheric V E f: \ . j.s
No signal g Wa . P
10 ) QZ o A B o A . 0.5
‘0”00 B e Po o 00 Y000 gp WM
» N right a1sa(?ension = - g
1C-22 I , R
~5000 v in 250 days 3
Resolution 1.5 deg. $ 8
5 times better sensitivity than IC-9 § 15
(Better than AMANDA 5 years!) ;5
Soon to open the blinded box —o

180
. ) . right ascension
Diffuse result is also coming
Scrambled in right ascension
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" Full IceCube 1yr (e

b4

= Point source sensitivity
[ Preliminary
i =
i e F n .
- | : Nm g_ o B e
| 'E 107 : ;Du = Lo
E !i | o E w u mo O
-
L 010 ANTARES 1yr (expect) | -
LU TR Ll
3 B = MACRO 6 Yr.
% A AMANDA 3.8 Yr. W/O Sys. S T o
o 10711 E AMANDA 3.8 Yr. Sens, W/O Sys,
L = IceCube Q String (137 d.)
M3NeT|1yr (expedt) " leecube 22 5uin pred.
L L—seerdrriian ceCube 80 String (1 Yr.., pred.)
10712 E| ------ ANTARES (1 Yr., pred.) W/O Sys.
I:I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-80 -60 -40  -20 0 20
Declination

ect)




e
% FF T3 TT

Diffuse neutrinos

Even though we can’t resolve signals from each source, we can
integral signals in all sky and should see some excess.

E2 dN/dE [GeV cm™ s sr1]

—t
<
=

—h
C
(52}

10

107

-

D

L 111K
o

ANTARES 1 yr (expect)

—h—

AMANDA-II 2000 atms.v, data (prelim.)

Barr et al. atmsy + prompt atms.v
Honda et al. atms.v + prompt atms.v
Max uncertainty in atms. v

Frejus

MACRO

. AMANDA B-10 1997 v, diffuse

AMANDA-II 2000 Cascades (all-flavor/3)*
AMANDA B-10 1997 UHE (all-flavor / 3)*
Baikal 1998 - 2002 ( all-flavor / 3 )*

RICE 1999-2005 ( all-flavor / 3 )*
AMANDA-II 2000 unfolding (prelim.)
AMANDA-II 2000-3 v, limit

W&B limit/2 (transparent sources)

Full lceCube 1 yr

*assumes a 1:1:1 flavor ratio at Earth

w_ | IIIIII|'| | IIIIII|] | IIIII“l | IIIIII|]

7 8 9
log_ [E, (GeV)]

But, no excess so far




The cosmogenic neutrinos

+
PYoxk 2?7

—
o
[

lllll] | IHH"I | IHH“] | IIIIHI[ I IIHIHI | HIHHI

-
o
IS

L~
L
o
)

~

>
]

S

—

[m)

=

o~

w

)
%

ey
o
)

107

10°
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"guaranteed source"

GLUE'04
Auger differential

Baikal

AMANDA

A

GZK neutrinos

[arXiv:0712.1909]
FORTE'04

uger integrated

1 lmml 1 num] 1 nmd 1 nmJ ] |||||||| ] ||||u|

10" 10" 10" 10%

2008.06.27 22nd Neutrino seminar

107 10% 10%°
Neutrino Energy [eV]

K. Mase



Neutralino scatters and loses energy

D Wl M P Searc h Becomes trapped in gravity well

Annihilates to pairs of SM particles
SM particles decay producing n

Xlo |

D
e
o
e
e
o®
.
""""
.
e
o®
.
.e
0
o®

ag > Ogr AMANDA-II 2001

(CDMS+XENON 10

SUPER-K 1996-2001
BAKSAN 1978-95

MACRO 1989-98 7|

Ef=1GeV

0.05 < Q b’

IceCube + ~:
DeepCore

4
*
*
£
*
+
+
*
+

2L h
[IE LTI T
st

t
*
*

Muon flux from the Sun |[km'2 yr'l')

110 + %0 — I, gg, WHW-, 2070
%1° a1 = HOpp HO%, Z0HO 5, WHH, WH*

Neutralino Mass (GeV)



lceCube Deep Core

o Extend IceCube sensitivity to neutrinos with
energies below a few hundred GeV

Q
Q

Q

Replacement for AMANDA

Six strings with 60
high-QE PMTs each (HAMAMATSU
super bialkali)

Use very clear ice at bottom of IceCube

0 Already budgeted

2008.06.27 22nd Neutrino seminar

| Quantum Efficiency : ZD0063 |

s &  Hamamatsu QE : ZD0O063
oy
L
-

@ QE(room temp) : ZD00E3

-
_\I\M“\I\Ill\l\ll\l\l\.‘-“‘ | -
'Ebo 300 400 500 600 700 800
wavelength [nm]

Measured at Chiba Univ.

O Deep Core /

(O IceCube

1#) HOLE QRDER 0809

2006/7
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SN Neutrino Search

Bursts of low-energy (MeV) neutrinos
from core collapse supernovae

V.t p—>hn+e'
The produced positron is emitted almost isotropically

Detection via rate increase of the dark noise rate
x 102

20 MeV
Positron 1300 - AMANDA sees 90% of the galaxy
_ showers . Gount rates - IlceCube will see out to the LMC
/N ] L Magellanic Cloud, ~50 k
f / ,&ﬁ ~ _ - | (Large Magellanic Clou pc)
e c 12601 «Simulation
OM g % (IceCube)
~ ; 1240+
/ s
' gy f © 1220p

i e %,
ijj ,/7’7( {1pem 1200 Kl

O(10cm)_long tracks 1180!

0 5 10sec

SNEWS (SuperNova Early Warning System)
is a collaborative effort among Super-K, SNO,
LVD, KamLAND, AMANDA, BooNE and

No pointing, no energy gravitational wave experiments

Record noise rate in 500 ms (~6x10° event/bin,
stat. err. very small)

2008.06.27 22nd Neutrino seminar K. Mase



shawer depth (rodiction lengths)
1 20

E7)

+
=1}
=
3
I

Radio detectors

1962: Askaryan predicted coherent radio
emission from excess negative charge in an
EM shower (~20% due to mainly Compton
scattering)

100

meosured paok field strength {4 m-T)

Eralegl

a0

2R10° |-

—"

Askaryan effect
2001: confirmed at SLAC R

distance along shower axis {am)

Saltzberg& Gorham et al. PRL 2001

rurnber of model shower particles {e*

several experiments to detect EHECRS

using Askaryan effect: AR AR B
102 SLAC T464 June 2002
Parkes 64 m dish v—ray showers in rock salt
—~ 10
n
RICE s
4
GLUE < 0.1
. ®
64m Kalyazin telescope & 0.01
a
FORTE 8 10~
(=8
ANITA g 10
&
@ 10-8
5
10-%
10-7
1018 1078 107 1018 107
electromagnetic coscade energy (eV)
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2008.06.27

ANlTA (Antarctic Impulsive Transient Antenna)

detect radio wave from showers using Askaryan
effect

view: 1.5 M km?! (Tokyo-Hakata: 880km)
sensitive: 0.2-1.2 GHz

2003-4: ANITA-lite (2 hones)

2006-7: full ANITA

35 days, 3.5 orbits, good data: ~10 days
2008-9: ANITA 2

x5 event rate (by mainly lowering the threshold)

balloon at ~37km altitude

cascade produces \,
UHF-microwave EMP antenna array

|'\?/ on payload

== IR\

earth

~B600km to horizon

observed area:

- 56" ~1.1 M square km
T Cherenkov cone |

s 15t orbit

s 3] OTDIL
ws At partial orblt

a4

- N W

K. Mase



June 2006, SLAC T486: "Little Antarctica”

Cherenkov
cone

Relative Cherenkov Power

10% 10%
Shower Energy, eV

! Partially coherent

coherent

standand gein dor
uppr home

lower Sare

bl

dscoee

| s | | |
0 20 &0 60 0 20 40 60 0 20 40 €&
elevation angle B{degrees), with respect to beamine

P. Gorham, SSI 2007

SLAC e showers
with composite
energy same as
UHE neutrinos

= 1089 x 28 GeV
= 2.8 x 1019 eV

Coherent radio
power consistent
with theory

1st direct
observation of
radio Cherenkov
cone

11 of 26




ANITA geo-location of borehole cal events

—— ANITA Flight Fath

A R Expect ~ cAt/2D altitude & azimuth

Recansinuciod RF Source Positon | ¢ At ~ 40-60 ps, D ~ 1m (horizontal) to 3
Payload track during

m (vertical)
this segment /> ¢ Altitude: 0.21° observed, 0.3° expected
¢ Azimuth: 0.8° observed, 1.7° expected
Multiple baselines improve constraints
Pulse-phase interferometry works well!

leo km Minna Bluft

Hack 1slanac

white sland 2 = S .
lly Field (TX) wEzenith r\ Mesn 0050 £ /;Mn‘_“
- e H . \\
ROSS ICE SHELF g | g i L{” i
: } ‘ “
Reconstructed event . ' T

-
]
i <
1 7
e
-

N

locations
0 c=—130.8km ROSS SEA \

...‘u/.imulh

Ross ice shelf

Thanks to JiWoo Nam, NTU
Broadband antenna

P. Gorham, Neutrino 2008 17 of 25
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Initial unblinded higher-threshold event set 000

~19K events (9.6K Vpol &

y ‘ Event reconstructed : 5 .
6 H—pol even £S without CW Filtering 10K Hpol) are impulsive &
: S e reconstruct to Antarctic ice

S ) O x
Al _ - locations

Exclude all repeating
locations (H,V,H+V)

Exclude single events within
~50km from known sites

After cluster+camp
rejection:

= 0 V-polarized (no askaryan-
like signals=» no neutrinos)
SRS = 6 H-polarized events left ¢ Askaryan (eg, neutrino) signals
OO INGT1; strongly favor vertical polarization

“camp” = any man-made installation, active or not = Only top quadrant of Cherenkov

e most are inactive, many may be gone in fact “clock-face” escapes TIR at surface

 but exposed metals could discharge = Fresnel coefficient transmits more Vpol
(TM) than Hpol (TE)

P. Gorham, Neutrino 2008 19 of 25
¢ Reflections from above-the-horizon
sources tend to strongly favor
horizontal polarization
Rte/Rm > 3:1 over most of ANITA
acceptance
= =» Hpol events cannot be neutrino
candidates but could be
= Air shower radio (geo-synchrotron)
= Solid-state relays on satellites

2008.06.27 22nd Neutrino seminar



ANITA sensitivity cecs

o000
( X
" T I T Y Y T T T T I T T T ] T T o
107 Limits: Vo7 AMANDA-2008
QR (oll flovors,1:1:1) ©—© RICE-2006
108 ©O—© ANITAlite-2005

% Auger-2007

10° - % FORTE -2004
:"‘ " - ©O—© HiRes-2008
B 10 % H m|TA_2ooa-(preliminory)
.- - >,
= A8 R o
' v >~
_ ) e preliminary
~ 10 \G\ v
R Y Py
u et . X v"_'-.' . '.‘ -
Q 1 TS o . N ' \\'
- 4 . S -‘.‘.'“
v 0.1 GZK v Models: \ - . >
a \ RN,
L v e SOluroted N e \
0.01 WL RN N
1 0—3 QAAREOONG, std_model \\ ) J.~.\' ";::, \\
_ RN,
_____ minimal )
. 0-‘ n \\ \ % \
10-5 A | 1 1 1 | 1 \.n_ PSS & L‘ L | A ’

8 10 12 14

log,o(neutrino energy E ) GeV
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00
: : 0000
AU RA (Askaryan Uunder ice Radio Array) 0000
surface Counting
o _ junction house
3 DRMs (digital radio module) deployed box
(2006-7) in ice at IceCube site A N
broad dipole antena centered at 400 MHz
The R&D is in progress . P
c
2 £
U ("'J
. . Digital radio module 2 -
A signal candidate J E
O L 4
O A
Quad ¢ 7~
hﬁo_%@:/ % 2_/_ ggr?eiroio E E
™
™ O
ROBUST B rdFPGA e R ',T,‘i;fg’ce f =
acl
£
&
“
CoyTo %'(0 B
a/[bl_ “‘\3
Ajo, To el Y
"hlt %1 antenna ° \ d
AURaS

sEbs, 844818
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00
. 0000
J Acoustic Detectors oo
o0
A pressure wave is generated instantaneous following a sudden deposition of o
energy in the medium (neglecting absorption: O(10 km) at 10 kHz )

Accelerator Experiments: results and open questions

Recent measurements (2000’s)

Brookhaven NL (Harvard, SLAC) 1979

Uppsala: 177 MeV p

E=10"-10""5 eV

Bipolar pulse observed

Unclear dependence on temperature
Other contibution to observed pulses ?

200 MeV proton beam (LINAC)
Spill time 3 to 20 us

Beam diameter 4.5 cm

Energy deposited in water 10'°>10%' eV
Bipolar pulses observed

Dependency on Cp, T and on beam
diameter confirmed (about 10%
uncertainty)

ITEP Synchrotron: 100, 200 MeV p
E=10"°-10% eV
Measured pressure increses linearly with E

Erlangen Laser Nd-YaG
E=10"7 -10" eV

Dependence on C,
confirmed

Hall
Eli
; 4 d=4.5m

x
S 2100 em
=
"

Spitt Yoeme & E0paaec |

¥ 2 3 &
ENEAGY DEPOSITION (10w}
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/B

. 'SPATAS tector
Acoustic Detectors (cont'd) &W

There are many R&D for the use

SPATAS (@ IceCube) § ice
SAUND g ;
ACORNE : |,
AMADEUS (@ ANTARES) ‘;:} "
3
NEMO-OnDE (@ NEMO) 2
Depth/ km

@Baikal

measuring the midium property and noise.

effort to reconstruct events

Measured noise by SAUND

E EL ) ————— i bhoses Dt
u‘—| T . = k e e
J L J_ | ‘g B0 ————— i < S Comesion
_'1._ —_— -' ‘E - et e = [ B+ HydRee G eciof
;su' T i
£ anf—
anf—
20 g
w0 T
a | | L1 L1 ! Loyl
5 10 15 20 25 30 35 40
Freq DkHzl

2008.C R
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000
Hybrid Detector eecs
o0
[
Hybrid IceCube+Radio+Acoustic (IRA)
) : nuooo 'llceb"‘bel
~100 km? effective volume at ‘o s 4 o o o & Hiheua

GZK enel’g|es ] ST ........ ........ ........ ....... ....... ........ ........ ........
~100 strings on 1 km spacing 2T e e e e e e e

T o Mo X 0
gé o000 & FeHE o o0 o0 0
y : b PSS
qEko.ie a0 Yokt 0o 0 0. 0]
L 6 6 6 e o o o o6 o
© 0 o o o 6 o0 o
T L P TR
0 0 9 o 0 9 Lo
e T
[+ ] a e O [} o
_5 | | | | i | I | |
-5 -4 -3 -2 -1 O 1 2 3 4 5
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B How Kifune plot will be for VHE neutrinos?see

Number of sources

Voo
'XXXX
Number of sourcs vs time ::::
10000 T T T T ‘_. T ® O
Log |
scale i
1000 B X_rays .-"” _
’f' EGF{E'I:
S Yy
100 B ’I.r" q{—raysfﬂff,f' _
VHE vy—rays
’.r. J’.‘- -4' O‘
woF L COSE o= AVHEneutrinos?
r}:’ .SAS—E '.’I ICR02003 -““
1 _." . I . ] .-r" . I . ‘i
1960 1970 1980 1990 2000 2010
Year

“Kifune plot” ©Rene Ong 2002



Summary

Very high energy neutrinos should be generated
where the cosmic rays are generated.

One neutrino source will open the astronomy.

A 1 km? detector can possibly detect it. (reaching
the WB limit)

A detector having a larger effective volume is more
feasible to detect. The efforts are being made for
such detectors.

Who will open it?
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