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Why the neutrino ?

Neutrino v :

Weakly interacting - Source exploration on cosmological distances
— Access to the heart of sources
— Weakly interacting - large detection volume required
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Potential sources of neutrlnos
GALACTIC SOURCES: SNR RX J1713.7-3946

39 Aharonian et al, A
Supernovae, 449 (2006) 223-2 0
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Supernova remnants, : -
Micro Quasars: RISt B0

Quasar Microquasar
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spinning BH PanmaF
~10%Mg 1-10 Mg T =
v ﬂm. Dark Matter : annihilation of
hast galaxy aceretion dise companion star , W’ neutralinos inside massive objects

T~103K T~ 106K
D~ 10° km D~ 10% km

radio emission radio emission

(Sun Earth Galactlc Center)

radio lobe
(not always present)

EXTRA GALACTIC SOURCES:

Gamma Ray Bursts

Nuclei:




Electromagnetic or hadronic
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HESS, Astron. Astrophys. 449:223-242, 2006

5 - EGRET
C i #{ ower law with exponential
s L __,gl_ltpﬁ .
" o
Z |1 kinematics includ
w 4en- Hadronic
scenario

Systematic error band

Il\l 1 1 IIIIII| 1 1 IIIIII| 1 1 \IIIII| 1 1 \IIIII|
10° 10'° 10" 10" 10"
Energy (eV)




Neutrino 3D PMT
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_J[J” ﬁ .t Good
Variable dynamic range C_herenkov y {'[IJE Li £%._energy
20pe/40ns, 35pe/25ns, LIclaiMigelaalva; T’}: i ‘_l'j' resolution
500 pe/3.3 ns over 420 ns [ % ) “t O %)),
g Needs to be’ Ve iﬁ o+ Y
Threshold ~1/3 pe s 11 41 poor
. a fi t i& i1 angular
thhe flnglle/ : [+ Ii [ !]: resolution
1 photo-electron PIS o-e/ec ol +1 4 1|L 1| (0(10°))
0123456780910 ;420 H" lL l
A0 e j-ﬁf”_.-'-**’L:__:_-"_“-“;"“—‘-'"1"-_;'*-'—'- e e [ T
Francais Montanet
_Charged_ current lJ. Measurements:
interaction e track: Time (o(ns)), amplitude (30%)
(W) Good angular resolution & position of hits (0(10 cm))
(O(degree) @ E>10 P
TeV),

: L trajectory or shower
poor energy resolution
(factor 2-3) measurement



ignal & Ba

bg [E, ‘FlxE,)] (f)

muons & muons from neutrinos)

ckgrounds

Down-going atmospheric background (direct

p1 q sea ‘atmospheri
~H N background/ ™ .

i’ N (muon neutrinos),
Ty S ¥
3 SV 1;, 'y ] p

-
A Neutrino

107 &

109 ¢

dP /K) an? st s
=)

e

10715

2400 m depth
E >1TeV

v

muons induced
from atmospheric v

T

4
| T I? '
atmospheric i
¢ @
3

109 : ° _ | Astrophysical

muons

r b
A . . . !
04 04 i T _—~
s i A n >/
L VA
el telescope

" looks
downwards__
and uses Earth
as target and
muon filter :

L]

neutrinos

\ 4

Very intense atmospheric muon flux

0.8 -0.6

CcoS eu

P I P IR R B
04 0.2 0 02 04 006 08

’
AV
% i
1




ANTARES
el = BAIKAL
42°50’N, 6°10’E \Y tEIES_QQ €S 54°50'N,104°20°E
2475m depth, . e 1367m depth
sea water INAF ISP I Il water of Baikal Lake

3 PMTS/floor
) b (flrst prototype NT36
12 lines of 25 floor ® 1993, first stationary

(total 900 PMTs) / > Nl ‘string: 1984)

this Summer. S ' 2 PMTs/storey
NEMO G .- 8 strings of 12
36°20'N,16°E \ il \ “.storeys (total 192
3500m depth L NS P 3 [V s) + 3 outer
sea water L " X strings of 6 storeys
4 PMTs/floor. V N o’ o ;dd|tonna| OMs

EuTen i org .. : " i urrently operating
mini tower of 4 . T .

floors.
Final design: |
Towers of 16 NT36_NTZ2 NTOG i NS

floors (64 PMTs) B4
NESTOR
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3800m depth | AL o St A .
sea waterp AMANDA: uth Pole, ICE 900 2350m depth 1 PMT/floor:
12 PMTs/floor AMANDA-B ,(1996) 4 strings, 80 PMTs

One floor AMANDA-B10(1997):.10 strings, 302 PMTs

immersed in 2003. GUdal it 11(2000->now):19 strings, 677 PMTs

Final design :
towers of 12 floors
144 PMTs

ICECUBE (2450m depth): °
80 strings of 60 storeys (4800PMTs). 40 strings deployed



VISIBLE SKY

AMANDA _
ICECUBE =

Never
visible

On maps :
microquasars (green)

TeV sources (blue) ANTARES, NEMO
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BAIKAL, 1367m depth

2 PMTs/floor

8 strings of 12 floors (total 192 PMTs: NT200, since 1998)

+ 3 outer strings of 6 floors (total 36 additonnal PMTs: NT200+, since 2005)

4 km to shore

Winter ice enable \
(L

deployment and
maintenance

——bL_—==

15" PMTs
1 Mton at 1 PeV




BAIKAL, 1367m depth

2 PMTs/floor

8 strings of 12 floors (total 192 PMTs: NT200, since 1998)

+ 3 outer strings of 6 floors (total 36 additonnal PMTs: NT200+, since 2005)
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BAIKAL, towards a km? project :

Sparse instrumentation:

91 strings with 12/16 OM= 1308 OMs
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Depth

AMANDA-II

— 1300 m

— 2000 m

top view
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200 m

| 2500 ONE PMT / storey

AMANDA-II:
19 strings,
677 PMTs
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since 2000
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Point source search : AMANDA sky maps : no significant excess
Skymap (2000-2004

B Baret, EPS-HEP 2007
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Point source search : AMANDA sky maps : no significant excess

B Baret, EPS-HEP 2007 2000-2004
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AMANDA diffuse flux search (astro-ph 0705.1315)

E2 dN/dE [GeV cm? s1sr]

—

SR L ®  AMANDA-Il 2000 atms. v, data (prelim.)
E E Barr et al. atms. v + prompt atms. v

B 1 ------- Honda et al. atms. v + prompt atms. v

— = |:| Max uncertainty in atms. v

E EEEEEEEEEEEEN] E —a&—— Frejus

— — | mmmmEEr YACRO

— | teeeeseiienes AMANDA B-10 1997 v, diffuse

E E —B— AMANDA-II 2000 Cascades (all-flavor { 3)*
| TP 560006 AMANDA B-10 1997 UHE (all-flavor / 3)°
I —| | —=—— Baikal 1998 - 2002 { all-flavor / 3 )°

; ; ——— RICE 1999-2005 ( all-flavor £ 3 )*

B T — AMANDA-I 2000 unfolding (prelim.)

AMANDA-II 2000-3 v, limit
WEE limit'2 (transparent sources)
Full lceCube 1 yr

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

Ice Cherenkov Tank

b

Air shower
2i detector

Diffusely reflecting Iine,

threshold ~
300 TeV
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ICECUBE expected performances (M Ribordy,
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ICECUBE commissioning (M Ribordy, Moriond 2008, G Hill, v2006)
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NESTOR

3800m depth

12 PMTs/storey
12 storeys/tower
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Sphere |
m 32 m diameter floor
‘ 30 m between floors
A TOWER &=¢ ooy
2l 144 PMTs — _ e
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G. Aggouras et al. | Nuclear Instruments and Methods in Physics Research A 552 (2005 ) 420439
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3 e 2003 operation:
S 1 Atmospheric muon flux.
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Zenith Angle (degrees)

Fig. 18. Distribution of the Zenith angle (#) of reconstructed
tracks for the data (triangles) and Monte Carlo (solid points)
event samples. The insert plot shows the same distributions on a
linear scale.
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Plans :
KM3NeT participation:

An example from: Recent Results from Nestor,LK Resvanis, Neutrino Oscillations in Venice, 2006, (p.461-474)

100m diameter , Optical Modules every 18.5 m ¥ 5
1 floor y i
Deployment of these structures: v v Moy

specialized surface vessel (Delta-Berenike
platform) developped by the NESTOR
collaboration 13 towers

of 12 floors
(5928 PMTs):
~ 1 km?3

NuBe-NESTOR (collaboration with US physicists):
(Neutrino Burst Experiment-NESTOR) :

search for 100 TeV neutrinos

in coincidence with GRB emission.

Effective area ~ 2 km?



NEMO, 3500m depth,
4 PMTs/storey
16 storeys/tower (64 PMTs)
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NEMO mini-tower
(4 floors, 16 OM)

Phase 1 (Dec. 2006) : 1 mini-
tower installed at a depth of < .
/

2000 m, 30 km offshore
© M*'R@i‘ Isabella Amore : NEMQ

Catania (still in operation)
| ——  Phase 1: construction,
operation and first

results, ISAPP 2007

40m

Full project :

Electronics container
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NEMO km?3 M Circella, NUPPAC-05
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M Circella, NUPPAC-05
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MEDIUM PROPERTIES for
Cherenkov light propagation

effective scattering
BAIKAL Aabs ~20m & Aeffsca~300m@ 470 nm A /(1-<cosB__>)
AMANDA J)Mabs~70m & Meffsca~ 25m @ 470 nm 0 scattering
NESTOR Aatt ~55m @ 460 nm: A att includes abs & sca
NEMO Aabs ~70m @ 440 nm ®Scattering
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OPTICAL BACKGROUND : additional light
coming from medium

0K : beta emitter
e 1.12 MeV~40 vy




ANTARES
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Muon EFFECTIVE AREAS

BAIKAL NT200 2000 m* @ 1 TeV

AMANDA 19 strings 30 000 m? (ICECUBE: 1 km?)
NESTOR 1 tower 20 000 m?

NEMO 9x9 towers, 140m spaced 1 km?
ANTARES 12 lines 20 000 m?
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Muon Effective Area
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ANTARES expected sensitivities

90% c.l. limits and sensitivities on Vi E? diffuse fluxes
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From the simulation ...

12 lines

MC TeV muon traversing the detector.




... to the data : 2006, the first line:

Line 1 analysis, May-September 2006,
low sea current : 10 days equivalent

750 Atmospheric muon flux
- ANTARES preliminary 2006 estimate
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... to the data : 2006, the first line:

Line 1 analysis, May-September 2006,
low sea current : 10 days equivalent

250 — Atmospheric muon flux
: ANTARES preliminary 2006 estimate
200 = . (Zenith angle <-> depth)
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1005 " : 2006 -
- ey : Antares -
50 / + = 1078 = E
E of b, S -
-50 2010 L —;
E ++ + + E ? : ?
-100 — 5 = '-ﬁ, E
- o + E g 53-?:_. =
-150 + 0121 L4 -
- oM g o =
200 - e =
_250_I 1| 1 1 | I I | | I I | | I I | | L 1 1 1 | I 10_14: | | IIIIII| | | IIIIII| .
3000 2000  -1000 0 1000 2000 3000 1 10 100

time (rnS)r Depth (km water equivalent)



2007: 5 lines: Up going neutrino candidate
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file:///home/jpe/antares/confs/olympie/a3d_run25929_frame61770.anim2.gif

Atmospheric muon bundles
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“Online” reconstruction with 5 lines
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Applied quality cut : likelihood method
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Absorption of atmospheric muons in water
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Improvement of performances : calibration (position)
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Calibration/monitoring with Potassium-40
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Improvement of performances : calibration (time)
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Calibration : a KM3NeT idea on test in ANTARES framework ?
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CONCLUSION

BAIKAL (fresh water) & AMANDA (ice) are the first high
energy neutrino telescopes;

They have already proved the feasibility and interest of
such devices.

The first “underwater atmospheric neutrinos” were
reported in 1995 by the BAIKAL collaboration.

Reliable atmospheric neutrino results are now available.
Preliminary astrophysics results are produced.
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