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The neutrino as a new messenger

@ Interaction of cosmic particles :

o ~ : cut-off ~ 10*eV/, mean free path ~ 10 Mpc

o p: cut-off ~ 5 x 10'%eV/, mean free path ~ 50 Mpc
@ Deflection of charged particles :

o Al ~ L(kpc)%

o In the Galaxy Af ~ 12° at 10%eV
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Introduction

Neutrinos in the Universe
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TeV Cosmic neutrinos and their detection
Production of Cosmic Neutrinos

Origin of Cosmic TeV Neutrinos

Ambient N Proton-induced
photon or i cascade

1 PeV Protons

synchrotron

Inverse-Compton
scattering
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TeV Cosmic neutrinos and their detection

Production of Cosmic Neutrinos
Practical Detection of Cosmic Neutrinos

A Hadronic origin for v emission ?
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Detection of Cosmic TeV Neutrinos

‘Atmospheric muons
~1/s reco.

cCosmic neutrinos

Y
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TeV Cosmic neutrinos and their detection

Production of Cosmic Neutrinos
Practical Detection of Cosmic Neutrinos

Event Rate & Detector Size
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Event Rate & Detector Size

Event Rate N, & Luminosity needed |

N, < @, X Pipsorption( 0, E) X oy x R, X A
bsorpt ( ) , | I 1%

cross-section  y range  Effective Area for p
v

d \? E 1= a7\ 1
[, = 47d?d, ~ 10%*°N,, v i erg/d
" <4Gpc> (100TeV> (km2yr o

@ o~ 1for E, <100TeV, o« ~ 0.5 above 100 TeV
@ Blazars ~ Gpc, L ~ 10*" erg/s = A, ~ 1 km?
o Galactic Sources L, ~ 10°° erg/s for A, ~ 0.1 km?
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Antares : Description & Performances Detector Description
Physics Performances

Antares Detection Principles

Shower :

Good energy
L resolution ~30%,
; poorer angular
resolution >1

Track :

Good angular resolution
(<0.3° @ E>10 TeV),
poor energy resolution
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Antares Layout

Iﬁlooim T £ :
r =m & 12 lines

3%25 PMTs/line

Full Completion in 2008
@ March 2006 : Line 1 — September 2006 : Line 2

@ January 2007 : Lines 3-5 — 10 Lines in December 2007
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Antares : Description & Performances Detector Description

Antares basic element : a storey

Optical Beacon

with blue LEDs:

timing calibration
crastro-ph/0703355

Titanium frame
support structure

Optical Module:
10" Hamamatsu PMT in
17" glass sphere
photon detection
=~NIM A555 (2005) 132

Local Control Module (Ti):
Front-end ASIC, DAQ/SC,

Hydrophone:
PDWDM, acoustic
Clock, tiltfcompass, power positioning
distribution. ..
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Sky Coverage & Sensitivities

MAGNETARS
MICROQUASARS

® Galactic Centre

X-RAY SOURCES

L& 3

GElastic coardinalas

ANTARES (430 N) 3.5% sr lceCube, AMANDA (South Pole) 2x sr

Gl aciic coardinatas
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Antares : Description & Performances Detector Description
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Sky Coverage & Sensitivities
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Acoustic Positioning

Antares in Operation : Calibration

Acoustic Triangulation
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Acoustic Positioning
Time Calibration

Antares in Operation : Calibration 40 4 Calibration

Time Calibration with LED Beacons

&

- Texp [nS]
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Antares in Operation : Calibration

40 i Calibration

Calibration with *°K decay
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D. Zaborov, Coincidence studies in ANTARES : K-40 and muons,
Young Scientists Forum - 2
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Reconstruction

Muon Bundles

Showers

Neutrino Candidates
Atmospheric muons flux

3D view of a real upward event

run 25929, frame 61770, A = -5.02

Lt s
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Muon Bundles

Antares in Operation : First signals

Muon Bundles

amplitudes of hits
&  hit<15pe
1.5pa<hit<25pe

Ll 2.5 pa < hit < 3.5 pe

- 35 pe < hit < 4.5 pe
45 pa<hit <55 pe

- hil > 5.5 pa

+ Lo

'''''''' Likceslihoed Fit

o .
1 5
I = 5y .

E ._“é+ .+
1 +
r i £ #F T

F 4 4 L
[} - ] (!.
: + +
3 * 5 L+
e ! ;+"'
0L "-.'
M-
a

C. Picq, Determination of cosmic muon multiplicity in ANTARES,
Young Scientists Forum - 2
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Showers

Antares in Operation : First signals

Showers

250 250
= - ANTARES preliminary 2006
200 = MC simulation of shower 200 Data
150 150 =
100 [ 100 '
= true muon track + + =
50 = \ reconstructed muon track 50 = +
E oE Lt | ., E b
N - n t N - + +
-50 ;_ ' \hits from the muon -0 ;_ + +
100 £ . 100
150 150 L
- ““premsstrahlun -
- il g . .
200 = shower hits 200 C
_250:|||||||||||||| ||||||||||_250:||||||||||||||||||||||||||||
-2000 -1000 0 1000 2000 -3000 -2000 -1000 0 1000 2000 3000
time (ns) time (ns)

Thierry Pradier - ULP & IPHC/DRS Rencontres de Moriond EW, 1-8 March 2008



Antares in Operation : First signals Sewiiing Cemelelies

Zenith Angle Distribution
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Antares in Operation : First signals

Atmospheric muons flux

Atmospheric muons flux
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Perspectives

Conclusions & Perspectives
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Angular & Spectral Resolution
Reconstruction
Data-MC Comparisons

Back-up : Angular & Spectral Resolution
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Kinematics
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Reconstruction

= AfO ~ 0.2°

reconstruction
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Angular & Spectral Resolution

Back-up : Angular & Spectral Resolution

lod,, EIJ e (GEV)

Energy estimation

@ < 100 GeV : u path
@ > 1 TeV : amount of light

AE, o
= 45 ~0-3,
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Angular & Spectral Resolution

Back-up : Angular & Spectral Resolution

Ep
g
2105 PAverage energy loss
=, of muon in water
10
10k
10} Energy estimation
10 ® < 100 GeV : i path
1 @ > 1 TeV : amount of light
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Angular & Spectral Resolution
Reconstruction
Data-MC Comparisons

Back-up : 3D Reconstruction

Muon Track

5 parameters fit : x° minimisation

Optical Module +L( K )

Vg \ sinfc

@ 1o, 97 gbaXOa.yO
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Reconstruction

Back-up : Reconstruction Quality

ANTARES preliminary 2007
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Data-MC Comparisons

Back-up : Comparison Data-MC, Line 1 data
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Data-MC Comparisons

Back-up : Comparison Data-MC, Lines 1-5 data
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