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Po)aeHve HeEUTPYHO

Pacnapg pagnoaktuBHbIx agep (3emns)

Az) = AZ+1)+e +7 (E < 6 MaB)

Peakuun tepmogaaepHoro cuHtesa (ConHue,...)

p+tp =D+e"+v (E <10 MaB)

[Tpouecchbl HEUTPOHU3aLUUN, e~ €° — aHHUrMNAUua (SN)
e+p=n+vy, € +te =v+v (E<40M»3B)

Pacnag p,71, K... -me30HOB (BbiCOkue aHeprum)

p+AQZ)=... +7 (K,..) N=u+ v



Pervcrpaunsl HEMTDVHO

v+ A(Z) = A(Z+1) + e
Pamuoxumnueckuii merox (Cl, Ga)

V+p=n+e

AKupxve CUUHTHIUIATOPEI

v+e=vyv+e’

v+ AZ) = ...+ u(e v)
UepeHKOBCKUE AETEKTOPLI
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The unified spectrum of neutrinos

: under- optical: - air showers
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Solar v - deep ice - acoustics

Supernova burst (1987A)
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HEUTPUHO OT CONHUA

BonopoaHbI# LHKI E'(MsB) ITorok (cm?cl)
p+p—=D+et+vy 0-0.42 6 1010
p+p+e —=D+v 1.44 1.4 108
p+D=3He+y

3He + He=“*He + p + p
3He + ‘He = 7Be + v

D + 7Be—8B—=8Be*+ e + v 0-15 5.8 106
e+ ’Be="7Li + v 0.83 4.7 109
CNO umkn

p + 12C = 13N L Y

BN—13C+et+ vy 0-1.199 6 108
p+BC=U"N+y, p+1N=10+y

150=1N + et + vy 0-1.732 5108

p + 15N = 12C + 4He
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ve, CC, NC SNO (5 MeV) ' 2,90 + 0,08
ve SuperK (5 MeV) ' 3,406 + (0,04
1Ga + v, 2 71Ge + e- ' Ga-Ge (0,23 MeV) 2,52 + 0,03
ve Kamiokande II (7,5 MeV) | 0,48 + 0,08
371C1 + v, =2 37Ar + e- Cl-Ar‘(O,Sl MeV) 0,30 + 0,03
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1,7 - Low-background Chamber
2 - Baksan underground scintillation telescope
3 - Laser interferometer

4 - Acoustic gravitational antenna

S - Geophysics laboratory ;
6 - Gallium-Germanium Neutrino Telescope (SAGE):

% - for the further projects
: - EAS array “Andyrchy”
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SAGKE

Measurement of the solar neutrino capture rate with gallium metal.
NGa(v, €)"'Ge, E, =233 keV

e 168 runs for 18 year period (Jan 1990 — Dec 2007) give the result : 65.4+4'0_4.1 SNU

(1 SNU = 1 neutrino capture/sec in a target that contains 103¢ atoms of the neutrino absorbing isotope.

The weighted average of the results of all Ga experiments is now 66.1 +3.1 SNU
e There is good agreement between SSM prediction including neutrino oscillations and

Ga results.

® The recent test of SAGE with a reactor-produced 3’Ar neutrino source shown that SSM
predicted rate may be overestimated. (Although there are alternative explanations based on

transitions to sterile neutrinos or on quantum decoherence in neutrino oscillations.)

e A new test of SAGE is planed with a reactor-produced very intense neutrino

source to shed light on this question.

e SAGE is currently the only operating solar neutrino experiment which provides the
determination of the fundamental pp neutrino flux and a continuous monitoring of the low

energy solar neutrino flux with increasing sensitivity over very long time period.



Coaneunvie Helimpuno

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000
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Neutrino Reactions in SNO

oS,
® P

- measures total 8B v flux from the Sun
- equal cross section for all active v flavors
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Coaneuttbie Heilmpuno
Hetexktop SNO

CC v.+d—-p+p+e
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Borexino - 2008

m 8" PMT — 2212
m Scintillator — 278.

3 ton

s Energy region — (250 — 800) KeV

m SSM (osc.) — (49-

=4) counts/day 100ton

without osc. — (75x4) counts/day 100ton

Exp. — (49 £ 3) cpd/100 tons



*Borexino is located under the Gran Sasso mountain which provides a shield
against cosmic rays (4000 m water equivalent);

Core of the detector: 278 tons of liquid
scintillator contained in a nylon vessel
of 4.25 m radius (PC+PPO);

15t shield: 890 tons of ultra-pure buffer
liquid (PC+quencher) contained in a
stainless steel sphere of 6.75 m radius;

External nylon vessel; it is a barrier
against Rn emitted by PMT and s.steel
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2214 photomultipliers pointing towards
the center to view the light emitted by
the scintillator (1843 with opt. concentr.)

2™ shield: 2100 tons of ultra-pure water T

contained in a cylindrical dome; . i‘
200 PMTs mounted on the SSS pointing outwards to detect light emitted in the x4
water by muons crossing the detector;
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PC filling completed

BOREEING

TAUP 2007 Gianpanlo Bellim - University and INFIY Milano




Counts /(10 keV » day »* 100 toans)
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Fit in the En. Range: 240-800 keV

cpd/ 100 tons
__'Be:47 +7
__ ®Kr:22 +7

10Bj+CNO: 15

by |

210Po(res.): 0.9 + 1.2

Syst error © 25%

Free parameters:’Be, CNO+21Bi,®Kr, *19Po (residual)

> /INDF=41.9/47

TAUP 2007

Gianpanlo Bellim - University and INFIY Milano
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Coaneunpie Heilmpumo

= Gallium |—= Chlorine > SuperK , SN
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Solar Neutrino Survival Probability

e MSW-LMA Prediction
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Probes of the Earth’s interior
* Deepest hole is about 12 km

¢ Samples from the crust (and the
upper portion of mantle) are
available for geochemical analysis.

* Seismology reconstructs density
profile (not composition) throughout
all Earth.

Geo-neutrinos: a new probe of Earth's mterlor

Ilal'l.ll"ﬁ‘

v They escape freely and instantaneously from
Earth’'s interior.

v They bring to Earth’s surface information about
the chemical composition of the whole planet.




Crugt D-33 b

Probes of the
Earth's

Upper Martlke 32-470 Km

Lowver Mantke &70-2900 km

Outer Core 2900-5150 km

interior —_—

= Deepest hole is e
about 12 km.

= The crust (and
the upper
mantle only) are M T ce =Seismology
directlybl Y |1 | | reconstructs density
accessibleto |5, | profile (not
geochemical |7 ﬁ =S Eompogition)
analysis. i1 "L throughout all Earth.

T Depth { km)




Open questions about natural
radioactivity in the Earth

1-What is the
radiogenic contribution eSS,

4 - \What is hidden in the

Earth's core?
to terrestrial heat

(geo-reactor,
production? A wr LR )

2 - How much
Uand Thin

the crust?
5 - Is the standard

geochemical model
3 - How much U and (BSE) consistent

Th in the mantle? with geo-neutrino data?




Geoneutrinos: anti-neutrinos from the Earth

= Uranium, Thorium and Potassium in the Earth release
heat together with anti-neutrinos, in a well fixed ratio:

Q T 112 Eax €y €y

Decay [MeV] [10°y1] [MeV] [Wike] [kels]

B 5 ph QY He + 6o+ 61 51.7 4.47 3.26  0.95-10% 7.41-107
R Th S ph 46 He + de+ 4V 428 14.0 225 0.27-10% 1.63-107

YK SY"Ca+e+v 1.32 1.28 131 036:10% 2.69-10%

= Earth emits (mainly) antineutrinos, Sun shines in neutrinos.

= Different components can be distinguished due to different energy
spectra.

= Geoneutrinos from U and Th (not from K) are above treshold for
inverse B on protons:

‘;+ n—>e++n—1_RI\/IeV‘



KamLAND

Kamioka Liquid Scintillator Anti-Neutrino Detector

i3 s 34% photo-coverage with
T e oTm om o 1325 17” and 554 20" PMTs

2 flavor neutrino oscillation most sensitive region

127Am*[eVAl[m] ) Am® = (1/1.27) - (E[MeV]/L{m]) - (/2)
EMeV] ~ 3 x 10~ %V?

P(ve — ve) =1 — sin® 20 sin?(

reactor neutrino : sensitive to LMA solution



Physics Target in KamLAND

04 solar neutrino 1.0 geo neutrino

observed energy (MeV)
reactor neutrino - supernova neutrino

solar neutrino

Vg £

neutrino detection by electron scattering

reactor neutrino
geo neutrino FY

‘\e-l- prompt
L”e p f ‘x‘
RN SRR SRR R j\ ’\'f delayed

-
mean capture time \
~ 200 usec on proton n° 'Y

|
anti-neutrino detection by inverse beta-decay




Ixcnepumenm KamLAND

Savannah River
Bugey

Rovno
Goesgen
Krasnoyark
Palo Verde
Chooz

107 10" 10"

Distance to Reactor (m)



Running and planned experiments

250 Mantle
200 Crust

150 ¥ Reactor
100

Signal [TNU]

* Several experiments, either running or under

construction or planned, have geo-v among their
goals.

* Figure shows the sensitivity to geo-neutrinos from " gy
and together with reactor background. —




In two years 152 counts in the
geo-neutrino energy range:

Background is dominated by:

-fake geo-neutrinos from
3C(at,n) (42% 11)

Events por 017 MY
)

—
=]
T T T T

18 20 22 24 28 28 1.0 32
Artinautring snargy, E_ (Mal])

The result*™ is N(U+Th)=28 ,.*'° geo-neutrino events from
U+Th in the Earth (one event / month !)

A pioneering experiment, showing that the technique for
identifying geo-neutrinos is now available.




Events [ (0.425 MeV

3001

250F

50

Geo Neutrino Estimation
Analysis : KamLAND (rate + shape + time) + SNO

geo neutrinos (U, Th)

(]

=

=]
TT T ] TT1

150F

100F

— no oscillation

arcidental
13 (c.n) 16y

| preliminary

—— KamLAND data
best-fit oscillation
mm Expected Geo W,

— best-fit oscl. + BG
+ Expected Geo v,

1 2 3 4 3 6 7
Epn::up: (MeV)

Reference model (16 TW)

S
8

U :56.2 event (28.9 TNU)

Th:13.1 event (7.6 TNU)

model expected
* 69.3 events (36.5 TNU)
[ 1 [

- | Th/U mass ratio |
15 fixed : 3.9 /

/
/

S 5 B /
! prehmmary{;

300
Ny + Np,

U+Th = 74.975); event

39.4%:: TNU
(previous result : 57.47355 TNU)

TNU (Terrestrial Neutrino Unit) = events/1032 target-proton/year



KamLAND result — 2007

I.Shimizu, TAUP, 14 September, 2007

s Exposure — 2881 ton-year
s BSE model expectation — 69.3 events

(U: 56.2, Th: 13.1). H(U + Th) = 19 TW
H(Earth) = (30 — 44) TW

Experimental — 74.9 £27.3 events



Detection of Supernova Bursts

o Remember SN-
1987A

o Expect

o msec pulse from
leptonization

Background| Noise o Few-second-pulse from
_ erenanlines

0 O
o O

SN 1987A

a
o

Hooon O -
O O O O

oy
O

' . .o _
20k \ ':.-’.*‘ % n} ,}"5. ..".,."'\':‘- .. \""’}".'.1 “‘:,: e +p—o>n+ Vo (1 OmS)

Number of Photomultipliers

e +e" >v +v, (10s)

733 35 37 39 41 43 45 47 49
Time (UT) on 23 February 1987

o Av. energy a few MeV
12 neutrinos in KAMIOKANDE (figure)

8in IMB, 3in Baksan 2 1hreshold of
v telescope > 10MeV



Muon Flux/(cm?.s)
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Baksan Neutrino Observatory

peak Andyrchi

=

EAS array
"Andvyrchi®

Distance (km)

44200

J700

3200

2700

2200

1700

Altitude {m)



® Depth: 850hg/cm”
® Size: 17/mx<17mx11Im
* Number of tanks: 3150

* Tank size: 70cmx70cm 30cm
* Angular resolution: 2¢

* Time resolution: 5 ns

® Trigger: 10Mev in any plane
* Rate: 17 Hx

* upward/downward: 10-7




e Athmocdeprble Helimpuno

Super-Kamiokande

50,000 ton water Cherenkov detector (22.5 kton fiducial volume)

Optically separated INNER and OUTER detector

i=is

n
e W

L

41.4m

40m

1000m underground (2700 m.w.e.)
11,146 20-inch PMTs for inner detector
1,885 8-inch PMTs for cuter detector



Large detectors for SN neutrinos

MiniBooNE (190) LVD (400) Super-Kamiokande (8500)
Borexino(100) Kamland (330)

Amanda(50000) _ \W% In brackets events for a SN
lceCube10° at distance 10 kpc




Supernova in lceCube

100 000 Jy
rza kajor |
Sextansz
ChwarF
Baodtes Ll b
Chwarf ISE Wg:?r Draco

Chmarf

rda Major |
kil "-.-'-.-"al

' S agittarius

Large: : : Cregarf
I~ Mag'ﬂ,:"gzjg ~ 56 S|gnal for SN of 1987A strength
Cheaarf 5 :
: ‘Small : ] .
; Ma%‘?!ﬂ*&'c Dark noise in
5 # gculplgcur IceC u be

Optical Modules
is only ~ 250 Hz !

Farnas
DhvwarF



4.4 Mton—A Magic Size

32 kton

4.4 Mton

ol Galaxy ® Reach of burst mode
) QETIC R,
SE Catalog (E 5 ev EﬂtS)
O+
i-.z [
v,
i , [ ®
‘ / Scaled by 104 events
/ J+ t o from a supernova at
Aax &% 10 kpc at 32 kton
s 1) .
7 S5 O é detector
A =82~
|~ _~"Continuum z
- Limit ® 4.4 Mton detector can
take us beyond the
Distance D [Mpc] O

Based on work in preparation with J. E Beacom and H.Yliksel



Summary of Neutrino Detection from Nearby Galaxies

® |-Mton detectors allow us to collect SN neutrinos from nearby
galaxies with a rate of ~ | / yr

® Burst mode reaches up to 4-5 Mpc with a 4.4-Mton detector
(e.g., TITAND)

e Within 4 Mpc, the SN rateis ~ | / yr
® S0, we can collect SN neutrinos at a rate of > 10/ yr
® We can learn time and energy distribution of SN neutrinos

® This also provides us precise information of the time of

gravitational core collapse, invaluable for gravitational wave
searches



SN rate

S.Ando, February 24, 2007, Hawaii

s Galactic SN rate is ~ a few/century
s Within 10 Mpc SNe occur with a rate of
> 2 -3/year

N - Mton neutrino detector enable us to
collect SN neutrinos at a rate of N/year

TITAND - 4.4 Mton ~ (3 = 5) Mpc



4 4-Mton Detector: TITAND

See talk by Y. Suzuki, or hep-ex/010005




DSNB Searches (Detection Upper Bounds)

Super - K (Malek etal. 2002) : anti- v,

E > 18MeV, F, < 1.2cm—“sec-! @ 90 %

e+

Mont Blanc (Aglietta etal. 1992): v,
F, (25 - 50 MeV) < 6800cm Zsec! @ 90 %

Super - K (Lunardini 2006) : v,

E.> 18MeV, F, < 5.5cm-2sec-!' @ 90 %

e
SNO (vp. +D > e +p + p):
Beacom & Strigari (2006) : F, < ~1cm-2sec T

SNO (Aharmin etal. 2006) : F, < 70 cm -2 sec -’

@ 90 %



UV & Optically (SDSS) Motivated SN Rates

s

Ry o (1+2)%5 for z < 1

Royg @ (1+42)P for z > 1
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Strigari et al. 2004




Recent Data Favors The Upper End Of The
Concordance Region

Detection Is Near ! (?)

Hopkins & Beacom 2006




K. Nishikawe " talk

Super-Kamiokande

50,000 ton water Cherenkov detector (22.5 kton fiducial volume)
Optically separated INNER and OUTER detector

41.4m

1000m underground (2700 m.w.e.)

40m 11,1486 20-inch PMTs for inner detector

1,885 8-inch PMTs for cuter detector



Super-Kamiokande
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Ammocgepnvie neiimpuno

Yrnoseoe pacnpepaeneHue

300 300 60

Sub-GeV e-like Sub-GeV u-like multi-ring
P < 400 MeV/c P < 400 MeV/c Sub-GeV u-like
200ty | 200 40
+ .._*;tqq:—#*__’_
100 100 + 20 Upward stopping 1
+ + 100
-+
Sub-6GeV 0 0 0 75
-1 05 0 056 1 -1 05 0 05 1 -1 05 0 05 1
Euis < 1.3 GeV 4, 400 50 |-
i) Sub-GeV e-like Sub-GeV |i-like muli-ring @ -+
é P = 400 MeVi/c 300 P =400 MeV/c 100 Multi-GeV p-ike = 25 +
0 200 2 o
i e NP A Foe 3 CTososorezo
2 100 - 50 2 cosB
E 100 £ 400 -
E 4 é Upward through-going 1L
0-1 05 0 05 1 0-1 ()5 0 05 1 l3—1 05 0 05 1 300
150 Multi-GeV e-like 150 Multi-GeV p-like \' PC 200
50
c 100
Multi-Gev |1 + 100 00
i 0
E. > 1.3 GeV 1 08 06 04 02 0
VIS 50 50 50
+ cosf
0 0 0
-1 05 0 056 1 -1 05 0 05 y -1 05 0 05 1

cosb cosb cosb



Ammocgeprvie nelimpuno

V>V, ocumnnaumm

10-2 - I - I ' I ' I ' I '
[ 1.5%x108 eV2 < Am2 < 3.4 x 103 aV2

sin220 > 0.92 at 90% CL
Best Fit:

—_ sin220 = 1.02

S Am2= 2.1 x 103 eV2

Q ¥2 = 174.9/177 dof

o ¥2 = 465/179 dof for no osc

-
<]
10°° | |

L | L
8 0.85 0.9
sin“26

1 ] 1
07 075 O

1 ] 1
0.95

199%

95%
90%

168%
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The unified spectrum of neutrinos

: under- optical: - air showers
Cosmological v )
ground - deep water - radio
Solar v - deep ice - acoustics

Supernova burst (1987A)

leactor anti-v

/

Background from old supernova

o®

Terrestrial anti-v

Atmospheric:

v from AGN

GZK v
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1 103 10° 10° 102 10" 10=
eV keV MeV GeV TeV PeV EeV
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pp core AGN | | py blazar jet
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log(E/GeV)
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Depth

— 1500 m

— 2000 m

— 2500 m

AMANDA-II

677 optical modules
at 19 strings

Installation
1996-2000



2 MW power
J-4 days /2 km




Dark sector

South Pole
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D6beKThl (HanpasneHun)
MccnenoBaHuns
= [IpUpoAHbIE MOTOKU HEMTPUHO BbICOKUX (E >

15 B) aHeprun (NMomuck noKasnbHbIX
MCTOYHMKOB HEUTPUHO).

s YacTmubl TeMHOM MaTtepumn (NMOUCK
MaCCMBHbIX C/1TaboB3anMOAENCTBYIOLLMX
yactuy - WIMP).

s MarHMTHbIE MOHOMOJIN.

s [Inpdy3HbIM MOTOK HEUTPUHO CBEPXBbLICOKUX
(E>10 T3B) sHeprum.
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Neutrinos

E thr ~ 15GeV
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Skyplot

(galactic coordinates)

- With looser cuts, 1998-2002: 372 events. N (>15G6eV)/N (>16eV)~1/7
—> A higher statistics neutrino sample
for Point-Source Search.

- MC: 385 ev. Expected (15%BG).



Skyplot AMANDA and Baikal
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AMANDA-II: 2000-2004 (1001 live days) 4282 v from Northern hemisphere

No significant excess found



[ovck OONONHUTENbHOro NOTOKa MIOOHOB,
06YyCNOBNEHHOrO HEUTPUHO OT aHHUMNALMY YacTyl

dPpdekTUBHAA IUVIOWIAAb PErHCTPALMH
OKOJIOBEPTHUKAJIbHBIX MIOOHOB CHU3Y
HEUTPUHHBIM TeJsieckoniom HT-200
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WIMPS: neutrinos from Sun




WIMPSs: neutrinos from Sun

_.-'_'H E T I I TTTT I| T T T T TTTT T T T T TTT IE
= - = = = BAKSAN
o - ° Og>og"CDMS  ooeee MACRO |
= sl T SUPER-K
10° -
2 - AMANDA-II3
g - IceCube sensii.
m |
E 10 4 = —
el - -
g - .
S B j
m 3 m =1
= 107 ¢ E
= C -
E : ool e o e o s o e o :
ol ol e ol o e e ol ol ol ol ol ol ol ol ol e o
: 2 o o e o o e e o oo o oo o e o
= 107 : E
E ol o e o o e o e o o o o o o o - E
- & & .
] +*
- : i
10 - = - =
S E 3
- é : & ]
| (=] [ ] [ ] -
[ L ] [ ]
1 | | .1 L. IT L 1] g | | |1
2 |
10 10 10

Neutralino Mass (GeV)



NT-200 — nmouck ApKHUX 00bEKTOB
(GUT-monoputes, nuclearites, Q-balls ...)
Tpurrep N, ;>4 B untepBaie dt=500usec
Kpurepuu oréopa - N,;>1 ¢ N,;,~>14

Kpurepun oréopa N,. > 35 ch, cBer cuusy
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Crpaterna noumcka cobbiTun OT HEUTPUHO
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Limit on diffuse extraterrestrial fluxes
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AMANDA HE analysis

Baikal

IceCube muons,
1 year

Icecube,
muons & cascades
4 years



IceCube

o 4800 Digital
Optical Modules
on 80 strings

o 160 Ice-Cherenkov
tank surface array
(IceTop)

: o 1km:3of
- instrumented Ice

o Surrounding existing
AMANDA detector



~lceCube

South Pole Station

gt S e
F e
AMANDA
Skiway
Geographic Dark sector
South Pole
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IceCube Laboratory and Data
Center




IceCube Deployment

50 m

lceTop ——

Air shower detector
Threshold ~ 300 TeV

1
500,

Inlce \

planned 80 strings of 60
optical modules each

17 m between modules
125 m string separation®.,

Completion by 2011

= pe

P — P ——

i e et seiiitriloiieiieieidlcagedlvinisivieieiiieininky
_:-.-.-.;mxmmt_&tunﬁtmtmm............. =
T

Crahiice 2007

2006-2007:
13 strings deployed

Altogether: 22 strings
52 surface tanks

2005-2006: 8 strings

2004-2005 : 1 string

First data in 2005
first upgoing muon:
July 18, 2005

™~ AMANDA
19 strings
", 677 modules

Eiffeltornet



"uraTtoHHbIv (kM®) BoaHbin [eTexTop Ha

03.Bankan
'::::.:.:::E°\
91 rupnaHaa (12 OM) j/
= 1308 OM AN
N o
—l/

- 3(PPEKTUBHBLIU 06bem
ANg perncrpaumu

1308 optical modules

kackagoB (E>100 TeV)
o 91 strings
~ 0.5 -1.0 km?! 1 g
oo 9 (0.7 - 0.9) km?
Sﬁi 33 detection volume
— Mopor perncrpauumu 1
MHOOHOB oo

10 - 100 T3B SR



[ InakH
(CTpaTErnYecKmm)

2008 - 2009 — 3aBepLieHne paboTbl Ha NPOEKTOM
netektopa HT1000 (BAIKAL-GVD).
2009 - 2014 - wmsroTtoBsieHMe n nNpuobpeTeHne
KOMMJIEKTYIOLLNX 3/IEMEHTOB
2010 — 2012 — pa3BepTbiBaHME MEpPBOU
ovyepean (0.1 — 0.3) kyb6 KM
2014 - BTOpast oyepenpb (0.3 — 0.6) Ky6 kM
2016 - TpeTbs odepenb (0.6 — 0.9) kyb kM
[locTOSsHHO — noaaepXxaHne paboTocnocobHocTn, Habop
N aHann3 gaHHbIX HT200+......... HT1000



The
Mediterranean
approach
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Flux of Ultra-High Energy Neutrinos

AMANDA: Optical Cherenkov
in South Pole ice

RICE: Radio Cherenkov in
South Pole Ice

GLUE and

KALYAZIN-RAMHAND:
Earthbound search for Radio

Cherenkov in Lunar Regolith
(RAMHAND - Radio
Astronomical Method of Hadron
And Neutrino Detection, 1989;

KALYAZIN — Radio Telescope
near Moscow)

FORTE: Satellite search for
radio Cherenkov in
Greenland ice

ANITA-lite: prototype search
in 2003

Theory:

E.AN/HE, (kmZsr'yr)
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s GZK p: Neutrinos from GZK process It the UHELK TIUX IS primarily protons
s GZK Fe: Neutrinos from GZK process if the UHECR flux is primarily iron
= TD: Neutrinos from a top down theory of UHECR origin (cosmic string loops or

monopolonium)

s Z-burst: UHECRs originate from interactions of UHE neutrinos



Injection pont

Electrons & photons
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The big picture

Dumand Rice AGASA
FIENS Lueer Rice GLUE

: Anita, Auger
Baikal/Amanda

Berezinsky

Waxman-Bahcall limit

lceCube/
North KM3

Sensitivity to 10-1000 TeV
HE diffuse neutrino fluxes







WIMPSs: neutrinos from center of
Earth

Muon flux from the Earth n‘[km'2 yr 1}
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Baikal — GVD
Schedule Milestones

s 06-07 R&D, Testing NT200+

= 08 Technical Design

= 08-14 Fabrication (OMs, cables,
connectors, electronics)

s 10-12 Deployment (0.1 — 0.3) km3

s 13-14 Deployment (0.3 — 0.6) km3

= 15-16 Deployment (0.6 =0.9) km3-

Overall cost with logistics ~ 20 MEuro
Detector ~ 16 MEuro Logistics, including infrastructure ~ 4

MEuro
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Signal amplitude, Pa
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Very preliminary
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Under Construction: will be operational at Pylos the summer of 2007

prar: 5 shids

NEEXTQPY

DELTA BERENIKE

CENTRAL WELL-BALASTED PLATFORM
DYNAMIC POSITION KEEPING * 20m
OPERATING UP TO SEA STATE FORCE 4 beaufort
HEAVE COPENSATING WINCHES
EACH SIDE IS 40 m LONG
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Teopeanecmle OIrpaHUYICHUSA HA BCJIUIUHY

AuGPy3HOro MNOTOKA HEMTPUHO BHICOKHX
JHEPIrUH U IKCNEPHUMEHTAJIbHbIC BEPXHHUE
npeaesabl HA BeJIMYMHY IMOTOKA ¢ ¢popmoit
cnekrpa ~E2
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= ®(E), GeV cm?sts™

Diffuse Flux Limits
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BankanbCKNii HEUTPUHHDIN
3KCNEePUMEHT




AMANDA

" Hot water drilling




Search for fast monopoles (p > 0.8)

N, (A) =n*(g/e)* N, (L) =

= 8300 NYM(}\“) 7*%10 18 Chudakov—Parker limit
g=137/2, n=1.33 ?
~E =1 0’ GeV °
OHYA

AMANDA B10
MACRO )

° ° ° o '1E
Event selection criteria: 10 | BAIKAL
I Present analysi

hit channel multiplicity - N,. > 35 ch,
upward-going monopole -

>(z-Z)(t-t)/(6,5,) > 0.45 & 0> 100° ;
10

~06 08 1
Background - atmospheric muons et




The case for >1 Uw/Ice -
Telescaones

(1) Complete siky cove

Sky coverage in Gal.Coordinates

! Lake Baikal

(and Mediterranean...)

Visibility: below local horizon
- white = 100% visibility

Ay “ - black = ,blind region*
T . s “J"South Pole (amanpa)
@ = galactic center



OrpaHvueHuns Ha onddysHbIe NOTOKN HEVTDVHO
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TCOpCTI/I‘lECKI/Ie OIrpaHUYICHUSA HA BCJIUIUHY

AuGPy3HOro MNOTOKA HEMTPUHO BHICOKHX
JHEPIrUH U IKCNEPHUMEHTAJIbHbIC BEPXHHUE
npeaesabl HA BeJIMYMHY IMOTOKA ¢ ¢popmoit
cnekrpa ~E2
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NT-200+ - intermediate stage to
Gigaton Volume Detector (km3 scale)
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- enclosed volume 5 Mt, V(E) > 10 Mt-250 We s

AMANDA II - 10 Mt_5,, "o d s .. .
ANTARES - 10 Mt—35o -1 110100 1000 PeV
NESTOR (7 towers) - 30 Mt |

. . — s | | | . . | \
- high resolution of cascade vertex and™*%° - 0 080 300

cnergy =P NEUtrino energy 15 23 . 40 Mton




CONCLUSIONS

>> Borexino just started the study of the various solar
neutrino sources below 2 MeV, with a real time
detection ( pp,’Be, pep, CNO)

>> The program includes also the study of the
antineutrinos (from Sun, Earth, Reactors)

>> Borexino in also a useful observatory for the
Supernova

>>A study of the neutrino magnetic moment with an
artificial source is also considered

|||||||

TAUP 2007 Giangaolo Bellini - University and INFN Milano 'ﬁ
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