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• Astro-particle: at the border of particle  
physics and astrophysics/cosmology 

• Neutrino Astrophysics Motivations
• Physics Issues
• Results of Neutrino Telescopes on 

cosmic sources and dark matter 
• AMANDA, Baikal, ANTARES, km3
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n’s from sources or TD, exotics
nm’s: XSZ DUG�WUDFNV SRLQW� VRXUFHV��
GLIIXVH�IOX[ HV� Large acceptance, good 
angular resolution and energy reconstruction 
capabilities, S/N favourable at HE due to E-2

cosmic fluxes and E-3.7 for atmospheric ns

$ERYH�� �3H9�DOVR�GRZ QJRLQJ�HYHQWV
&DVFDGHV� almost SRLQW� OLNH�HQHUJ\ �
GHSRVLWLRQV�(worse angular resolution, 
better energy reconstruction)
QH¶V� �FDVFDGHV diffuse fluxes 
Glashow  resonance at 6.4 PeV 

QW¶V� �FDVFDGHV diffuse fluxes oscillations, 
regenaration effect in the Earth

SN collapse:

sudden increase
of average PMT
counting rate 
during ~  10 s
Ice better than
sea water

Atmospheric nm’s
and WIMPs

large statistics can
improve Dm2, sin22q
precision. Oscillatory 
pattern (Em from visible 
range) and topologies 
with different energies.
Limits of prompt n
models.
Dark matter in the 
core of Sun, Earth 
or Galactic Centre

3K\ VLFV�,VVXHV�RI�1 HXWULQR�7HOHVFRSHV3K\ VLFV�,VVXHV�3K\ VLFV�,VVXHV�RI�1 HXWULQR�RI�1 HXWULQR�7HOHVFRSHV7HOHVFRSHV

~10 MeV 10 GeV-1 TeV > 1TeV-100 TeV >10 PeV

QHSH +®+ +n

3D array of PMTs capable of Cherenkov light (350-600nm) detection emitted by 
relativistic charged particles 
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3UREHVRI�WKH�8 QLYHUVH3UREHV3UREHVRI�WKH�RI�WKH�8 QLYHUVH8 QLYHUVH
Photons: straight-line propagation but reprocessed in sources and extragalactic

backgrounds absorb Eg >  TeV  (pair production on IR, CMBR, radio)
Protons:  directions scrambled by magnetic fields (deflection< 1° E> 50 EeV) 
Neutrons: gct a10kpc for E~ EeV

UHE particles  (g, p, n, …)  
have small  path-lengths 
respect to Hubble scale

Absorption length of photons and protons

Mrk 501

Gal Cen

J+IR

J+CMWB

J+Radio

p  photopionpJo e+e-

� � � � �0 SF� ( a � � � � � � 7H9

Survey of remote regions 
and engines inside sources 
through neutrinos: small 
interaction cross section 
and undeflected  Þ
discovery potential
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7KH�FRVP LF�UD\ FRQQHFWLRQ7KH�7KH�FRVP LF�UD\FRVP LF�UD\ FRQQHFWLRQFRQQHFWLRQ

Cosmic neutrinos can 
provide an answer to the 
debated question:

Which are the sources of 
the HE cosmic rays      
(E>  1014 eV) ?

. LQHWLF�HQHUJ\ �SHU�QXFOHXV��H9�

NQHH�a � � � � �7H9

1 HZ �FRP SRQHQW
Z LWK�KDUG�VSHFWUXP "

DQNOHa � � �( H9�
� �SDU�NP � � \ U� �

~E-3

~E-2.7

Cosmic ray spectrum: 106 eV to ~1020 eV

~E-2.7
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. �+ �. DP SHUWHW�DO���DVWUR�SK�� � � � � � �

7KH�NQHHDQG�6XSHUQRYDH7KH�7KH�NQHHNQHHDQG�DQG�6XSHUQRYDH6XSHUQRYDH

SN as power source for galactic CRs:

the kinetic energy of ejecta supplies the   
right amount of power 

CR energy density: r E~  1 eV/cm3

~  B2
galactic � 8p  

Needed power: r E � �t esc  with galactic

escape time t esc ~  3 x 106 yrs Þ ~ 10-26 erg/cm3s

SN power: 1051 erg/SN +  ~ 3 SN per century in disk ~  10-25 erg/cm3s Þ 10% of 
kinetic energy in proton and nuclei acceleration

Diffusive shock acceleration (Fermi 1st order) leads to power law spectrum with 
differential index     a ~  -2; but aobserved ~  -2.7 due to propagation effects and 
escape time from Galaxy  
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7KHNQHHDQG�WKH�DQNOH7KH7KHNQHHNQHHDQG�WKH�DQG�WKH�DQNOHDQNOH
Open problems for galactic sources: 

isotropy problem: @ E ~100 TeV ct esc ~  galactic disk 
thickness Þ significant anysotropies are expected but not
observed; 
Emax problem: from shock acceleration Emax~ Zx100TeV but
CR spectrum continues  
Elusive p0: produced in accelerated nuclei collisions with 
SN ambient material. Still not a clear evidence.

Ankle: E-2.7 at E~ 1019 eV could suggest a new light population                     10 
Protons are favored by all experiments. 

Extragalactic sorces:
-Galaxy cannot contain EHECR: at 1019 eV Larmour radius of CR p comparable 
to Galaxy scale. No evidence for large scale anisotropies correlated with 
galactic plane Þ EHECR are most probably not galactic.
AGASA : evidence for anisotropy 1018-1018.4 eV caused by a 4s excess from 
Galactic Centre and 3s from Cygnus (SUGAR) neutrons from Gal Centre?
-no such powerful galactic source candidates
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Fly’s Eye, HiRes, Yakutsk consistent with UHE protons +  GZK at 7s. AGASA 
(30% of total exposure) favors more exotic models. Change energy scale Þ no 
need of exotic models to explain EHECR!? Bahcall & Waxman, PLB 556 (2003)
Need, stereo data, larger statistics, cross-checks on energy calibrations
(systematic errors ~ 25%)

7KH�DQNOHDQG�WKH�* =. �FXW�RII7KH�7KH�DQNOHDQNOHDQG�WKH�* =. �FXWDQG�WKH�* =. �FXW��RIIRII [Greisen 66; 
Zatsepin & Kuzmin66]

GZK cut-off due to interactions of CRs (E>  5 1019 eV) on CMBR

1 event/km2/century

EHECR data in EAS and fluorescence detectors
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7RS� GRZ Q� decays of unstable or meta-stable particles produced by radiation, 
interaction or collapse of topological defects or decay of relic particles 
Z decays due to UHE n interaction on relic n’s (Weiler, 1982)

%RWWRP � XS (beam-dump model): cosmic accelerator +  interaction on matter
or g’s: p0 ® g-ast r onomy p± ® n-ast r onomy

Cosmogenic n’s: UHE n interactions on CMB (Engel Seckel, Stanev, 2001)

QSURGXFWLRQ�DQG�VRXUFHVQQSURGXFWLRQ�DQG�SURGXFWLRQ�DQG�VRXUFHVVRXUFHV

· - HWV�RI �$ * 1 ��* 5 %�ILUHEDOOV
· $FFUHWLRQ�VKRFNV�LQ�JDOD[ \ �FOXVWHUV��

* DOD[ \ �P HUJHUV
· <RXQJ �VXSHUQRYD�UHP QDQWV�������������

� S�RU�KHDY\ �LRQ�DFFHODUDWLRQ�
· 3XOVDUV��0 DJQHWDUV�� ODUJH�P DJQHWLF�

ILHOGV�
· 0 LFUR� TXDVDUV�� ELQDULHV�Z LWK�MHWV�

VHHQ�LQ�UDGLR�
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$ FFHOHUDWLRQ�$ FFHOHUDWLRQ�$ FFHOHUDWLRQ�

[Hillas 84;
Arisaka02]

Hillas Plot
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I rrespective of details of
acceleration mechanisms, 
Larmour radious cannot 
exceed accelaration site
dimensions

AGNs, n stars, GRBs and SNR, 
white dwarfs: intense 
magnetic fields and acceleration 
regions large enough to confine 
the particles to be accelerated
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Syncrotron IC

p0

+ DGURQLF�P HFKDQLVP V�LQ�VRXUFHV�" �+ DGURQLF�P HFKDQLVP V�+ DGURQLF�P HFKDQLVP V�LQ�LQ�VRXUFHV�VRXUFHV�" �" �
g-astronomy observations consistent with em mechanisms BUT first evidence in 
a SNR of hadronic mechanism? RXJ1713-39 CANGAROO, Nature 416 2002
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synchrotron

IC p0 decay

Multiwavelength g spectrum for 
Crab Nebula produced by leptons
and nuclei powered by young 
pulsar (pulsar wind neubula)
Also hadrons
Bednarek & Bartosik, astro-ph/0304049
Amato, Guetta, Blasi, astro-ph/0302121

%XW�DQ\ �* H9 �HP LVVLRQ�VKRXOG�EH�
FRP SDWLEOH�Z LWK ( * 5 ( 7�P HDVXUHG�
IOX[ HYHQ�LI �QRW�FRLQFLGHQW�Z LWK�
&$1 * $5 2 2 �VRXUFH
(Reimer et al, A&A 390, L43 (2002)) 
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7KH�OLQN�ZLWK J DVWURQRP \ �7KH�7KH�OLQN�ZLWKOLQN�ZLWK JJ DVWURQRP \ �DVWURQRP \ �
Neglecting g absorption  (large uncertainty) F n ~ F g   
1st order Fermi acceleration mechanism: harder spectra than atmospheric n’s

365 %� � � � � � � &HQ�; � 365 %� � � � � � � �9HOD�365 %� � � � � � �
61 � � � � �5 ; - � � � � � � � �3. 6� � � � � � � � &UDE 0 U. � � � �0 U. � � �
&\ JQXV�2 %� �%/ �/ DF�+ � � � � � � � � �� &�� � $ �� ( 6�� � � � � � � � �
&DV�$ � ( 6�� � � � � � � �� �0 � �

9 BL Lacs
4 Plerions
3 SNRs
1 binary
1 association 
of stars

ANTARES SURVEY
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8 SSHU�ERXQGVRQ�; �JDODFWLF�IOX[ HV8 SSHU�8 SSHU�ERXQGVERXQGVRQ�;RQ�; �� JDODFWLF�IOX[ HVJDODFWLF�IOX[ HV

Less restrictive than WB for objects (quasars
and AGNs) with different spectra (E-1 with 
variable cutoff) or optically thick

Cosmic p accelerators produce CRs, g’s and n’s with comparable luminosities 
Ultimate bound of any scenario involving n and g production from pions: 

diffuse extra-galactic g background E2Fn < 6 10-7 GeV /cm2 s sr (EGRET)
Measured UHECR flux provides most restrictive limit (Waxman & Bahcall (1999)                                    
- optically thin sources: n produced in photohadronic interactions  escape                        
- magnetic fields do not affect CR during propagation            
- CR flux above the ankle (> 3 ´1018eV) are extragalactic protons with E-2

spectrum  Þ E2Fn < 4.5 10-8 GeV /(cm2 s sr)

(Mannheim, Protheroe& Rachen (2000):
Magnetic fields and uncertainties in 
photohadronic interactions of protons 
can largely affect the bound as these
effects restrict number of protons 
able to escape 
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nm

' HWHFWLRQ�SULQFLSOH��QP DVWURSK\ VLFV�' HWHFWLRQ�' HWHFWLRQ�SULQFLSOHSULQFLSOH����QQPP DVWURSK\ VLFV�DVWURSK\ VLFV�
n interaction cross-section very low Þ

huge detectors (km3) not feasible 
underground!
Markov/  Greisen idea (1960)

Target is surrounding matter 
M = r  RmS (Em = 1 TeV :   Rm = 2.5 km)

;1 +®+ ±
-

mnm

)(

3d PMT array reconstructs mtracks through hit 
times by ~200 Cherenkov g/cm  and energy 
through charge. 
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1 HXWULQR�WHOHVFRSH�SDUDP HWHUV�1 HXWULQR�1 HXWULQR�WHOHVFRSH�SDUDP HWHUV�WHOHVFRSH�SDUDP HWHUV�
Sensitivity: in the absence of a signal 

The experiment constraints at 90%c.l.  any signal that would produce        
< nS>  =  m 90%c.l.(n0,< nB> ). I f no data yet nobs =  < nB> .

Discovery potential: signal flux such that probability that signal+ background 
produces an observation that gives the required significance (e.g. 5s)

number of sigmas respect to background= N/sqrt(B) µ Ö(AT) / Dq
Dq =  angular resolution  AT =  exposure

Source luminosity to have 10 events/km2/yr with N = fQ/EQPQo P AT at 100 TeV
Ln ~4pd2 fn ~ N 4pd2 5 ·10-12/[AT (km2 yr)]  in erg/s

Pulsars/SNRs/magnetars/mquasars Þ 1035 erg/s (5 kpc)
AGN/BL Lacs/GRBs Þ >  6 ´1043 erg/s (>100 Mpc)
W&B limit on extra-galactic optically thin sources:  4.5 10-8 E-2 GeV cm-2 s-1 sr-1

~ 200 ev/yr/km2
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6HQVLWLYLW\ �6HQVLWLYLW\ �DQG�DQG�' LVFRYHU\ �SRWHQWLDO' LVFRYHU\ �SRWHQWLDO
ICECUBE estimates

astro-ph/0305196

Diffuse fluxes

Discovery potential:
A flux of 1 10-8 cm-2 s-1 sr-1 GeV 
producing 5 s excess would be 
detected with probability
of 70% after 5 yrs of 
ICECUBE data taking

Sensitivity
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( YHQW�UDWHV�( YHQW�UDWHV�( YHQW�UDWHV�
Galactic sources: not constrained by limits based on UHECR data
Promising candidates: young SNRs with fast rotating pulsar, magnetic field 
~ 1012 G accelerating heavy ions (Protheroe, Bednarek, Luo, 1998) and 
mquasars (Distefano et al, 2002) Largest predictions: GX339-4 and SS433 180-
250 ev/yr/km2 

Expected rates in ANTARES 
t= 0.1 yr after explosion MACRO

Point-spread function

MACRO
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Opacity of Earth

7KH�( DUWK�VKDGRZLQJ�7KH�7KH�( DUWK�VKDGRZLQJ�( DUWK�VKDGRZLQJ�

n interaction length 

~ Earth diameter @ 40 TeV

Area for neutrinos entering the Earth 

ANTARES
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geometrical surface

Ratio of selected event rate to incident flux on a detector
( IIHFWLYH�DUHDV( IIHFWLYH�DUHDV( IIHFWLYH�DUHDV

ANTARES: 0.01-0.07 km2

for hard spectra bulk of the events at 10-100 TeV

known sources
fit quality

Event rates depend on effective area (volume): includes reconstruction 
efficiencies, depends on absorption length, coincidence requests to suppress 
backgrounds, strongly dependent on spectrum and analysis requirements

ICECUBE: at >  100 TeV also
upper hemisphere
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$ QJXODUDQG�HQHUJ\ �UHVROXWLRQV$ QJXODU$ QJXODUDQG�DQG�HQHUJ\ �UHVROXWLRQVHQHUJ\ �UHVROXWLRQV

Reconstruction resolution
limited by phototube TTS
and light diffusion in water  

Energy resolution lg(Erec/EMC)5 HVROXWLRQ�
GRP LQDWHG�E\
UHFRQVWUXFWRQ
/ LP LWLQJ �YDOXH a � �� � ƒ

5 HVROXWLRQ�
GRP LQDWHG�
E\ �NLQHP DWLF
DQJ OH TQP

P

Q
Factor 3

Factor 2

Methods based on total amplitude 
on PMTs compared to a MIP and on 
dE/dx estimators.
Also NN.
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&RVP LFQ2 VFLOODWLRQV�&RVP LF&RVP LFQQ2 VFLOODWLRQV�2 VFLOODWLRQV�
Muon neutrinos are strongly absorbed >  100 TeV while nt undergoes
regeneration through CC + t decay.  Cosmic n's at surce: ne:nm:nt =  1:2:0 (if m's 
decay) Þ oscillations with atm n's parameters and L ~  Mpc Þ ne:nm:nt =  1:1:1

QW�QP� 2.85, 1.29 (reduced to 1.11 1.07 for E-2)

QH� QP secondaries/nt : 37%,6% (reduced to
2.2%,0.2 for E-2)

E-1 diff. spectrum

Double Bang events marginally
detectable in km3: 2-5 ev/yr
Bugaev, TM, Sokalski, ICRC03
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7KH�EDFNJURXQGV�7KH�7KH�EDFNJURXQGV�EDFNJURXQGV�
Problem: 2 orders of magnitude uncertainty
on current predictions of prompt ns

· Atmospheric n's
· Atmospheric m's (sea/ ice shielding)

Rejection: direction and energy,
time for bursters 

Prompt n’s: Costa, Astrop. Phys. 16 (2001)

At m. muons

At m. n

106

d
F

/d
W

cm
-2

s-
1

sr
-1

cosq

2400 m of  
dept h
E > 1 TeV
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For T�> 90º transmission loss     
< 1.5% in 1 yr (and saturates)

7KH�7KH�&KHUHQNRY&KHUHQNRYUDGLDWRUVUDGLDWRUV����VHDVHD��ODNHODNHZDWHUZDWHU
%,2 ) 2 8 / ,1 * �

$ 1 7$ 5 ( 6��$ VWURS��3K\ V�� � �� � � � � �

NEMO-ANTARES
Baikal campaigns

ANTARES      l att = 30-45 m l abs = 40-50 m
NEMO l att = 30-45 m l abs = 50-70 m  l scatt > 200 m
NESTOR l att = 55 ±10 m
Baikal l att = 10-20 m l abs = 10-30 m l scatt > 100 m
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$ P ELHQW�$ P ELHQW�EDFNJURXQG��EDFNJURXQG��� �� � ..

NEMO
§ �� � �kHz

Toulon
§ �� � kHz

Noise on a 8” PMT

b- decay 40K +  ~ MHz bioluminescence bursts. Correlation drops with distance 
< 5% dead time/PMT
NESTOR: 75 kHz on 15”
Lake Baikal (no 40K) 50 kHz on average seasonal dependent
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,&(,&(

· Bubbles Þ depth < 2000 m and scattering; 
angular response of OMs depends on depth 
and drill-hole bubbles
l abs ~  100 m l scat ~  25 m 

· Not recoverable
· No 40K in ice, optical module + electronics 

0.5 kHz in AMANDA
positive for SN collapse searches

· Not chemically aggressive

SPACE

VLJQDO�( P  �� � � * H9

VLJQDO�( P  �� �7H9
· surface: arrays for calibration and 
composition measurements. 
Platform for deployment
(AMANDA, Baikal)
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3RLQW�OLNH�VRXUFHV3RLQW3RLQW��OLNH�VRXUFHVOLNH�VRXUFHV

AMANDA B-10 130 d
En> 10 GeV 
(d,RA) =  11.25°´ 12° grid

ApJ 583 (2003)

MACRO final result ~ 6 yrs
3° cone <Em>  >  1.5 GeV

SK ICRC2003-Neutrino02 
4.6 yr < Em>  >  3 GeV

E-2 n spectrum

365 %� � � � � � �

PTXDVDUV��
* ; � � � � �
&LU; ��

southern
sky

northern     
sky
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5 HVSRQVH�) XQFWLRQV5 HVSRQVH�) XQFWLRQV5 HVSRQVH�) XQFWLRQV
How different experiments (different threshold, acceptance dependence on E) 
compare?
For hard spectra (e.g E-2) threshold effects are modest since response curve
peak at 10-100 TeV for all experiments. Muon limits are less model dependent 
than n limits

D
��

X
�

ORJ � � ( Q � * H9�

AMANDA

ANTARES

MACRO
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' LIIXVH�IOX[ HV�RI�QP
' LIIXVH�' LIIXVH�IOX[ HV�IOX[ HV�RI�RI�QQPP

$0 $1 ' $ �QP��� � � �G�
� DVWUR� SK� � � � � � � � � �
� �� �� � � � * H9 FP � � V� � VU� �

$0 $1 ' $ �8 + ( �! � � � � H9 � �
� �� �� � � � * H9 FP � � V� � VU� �

0 $&5 2 � �
� �� �� � � � * H9 FP � � V� � VU� �

$VWURS�3K\ V�� � �� � � �

%DLNDO�
� �� �� � � � FP � � V� � VU� �

$VWURS�3K\ V � � �� � � �

NP � �� , &( &8 %( � � �
H[ SHFWHG�VHQVLWLYLW\

Hypotheses: no oscillations. With oscillations 
models lower by factor ~ 2 
(+  few regeneration from nt ) 

Limits for E-2

spectra
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QP ' LIIXVH�IOX[ �OLP LWV�IRU�GLIIHUHQW�VSHFWUDQQPP ' LIIXVH�' LIIXVH�IOX[ �IOX[ �OLP LWV�OLP LWV�IRU�GLIIHUHQW�VSHFWUDIRU�GLIIHUHQW�VSHFWUD

AMANDA, astro-ph/0303218

Flux limits for different spectra
are similar in the region where 
response function peaks
(~ 100 TeV)

AMANDA excludes at 90%c.l.
proton blasar model by
Szabo and Phroteroe, 92;
quasar core model
(Stecker & Salamon,91)
at the level of SSDS 92

Factors from predictions
on prompt neutrinos

ANTARES 1yr sensitivity a 
factor 20 better than SSDS 92

solid lines: limits
dashed: models
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Hn

mn

' LIIXVH�IOX[ HV�RI�DOO�IODYRUV' LIIXVH�' LIIXVH�IOX[ HV�IOX[ HV�RI�RI�DOO�IODYRUVDOO�IODYRUV
Em cascades: ~108 g/TeV cylinder of ~10-15 cm; hadronic cascades ~20% 
lower light yield, longer (8.5 m @ 100 TeV) Þ point-like
Calibrations in situ do not allow energy resolution better than a factor 1.3-1.6(AMANDA) 

Hypotheisis: n oscillations
ne:nm:nt =  1:1:1
limits for 1 flavor ´ 3
AMANDA II  (197d) 
Neutrino Telescopes 2003
Baikal ICRC2003 (ne)

AMANDA II (ne)(prelim)
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If WIMPs in galactic halo get accumulate in Earth, Sun, Galactic Centre and 
annihilate Þ flux of GeV-TeV neutrinos

Capture rate C µ Annihilation rate GAµ

At equilibrium 

27%
4.4%

73%

Dark Energy

Matter 
(Baryonic)

The picture after WMAP

Best candidate: LSP in MSSM
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hard spectra: cc® W+W-,ZZ
soft spectra: cc® EE
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8 SSHU�OLP LWV�RQ�QHXWULQR�LQGXFHG�P XRQIOX[ HV
Neutralinos in Sun

Neutralinos in Earth
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Oscillations not included in models

hard channel

Models in lower region: c mostly bino
upper: mostly higgsino

when c mostly bino annihilation amplitude and 
spin dependent capture in Sun much reduced
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Direct / Indirect
Direct detection: observation of nucleon recoil in low background experiments

region of cosmological interest

spin independent
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TheNeutrino Telescopeworld map
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AMANDA B-10:302 OM's/10 strings
1500-2000 m depth
Results recently published on atm

n’s (30% sys), diffuse muon fluxes
& cascades (6-1000 TeV), UHE n’s 
(> 10-5000 PeV), WIMPs, SNs
Ang. resolution 3.9� (EAS check)
E resolution ~ 30-60%
Effective area Em>  10 TeV >  104 m2

AMANDA II : 677 Oms about factor of 
10 and larger acceptance at horizon

120 m

400 m

SOUTH POLE



Baikal Neutrino Telescope
1100 m depth in Siberian Lake 3.6 km off-shore 51� N 104� E, surface EAS (also
acoustic) on ice platform Ang. res 4�    192 OMs on 8 strings 

� � P

Planned upgrade 2003-4: Mar 03 
1 prototype string deployed
Future: GVD  1300 OMs/91 strings

140m
� � �FP �
4 8 $6$5 �
30 7V

6\ EHULD
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1 ( 672 51 ( 672 5
~ 20 km off-shore close to Pylos (Peloponnesus, Ionian Sea) at about 
4000 m depth 36� 5'N 21� 34'E

30 km EOC laid and damaged in Jun 00
Repaired in Jan 02
Counting room fully operational
Basic element: hexagonal floor 
diameter 32m, rigid arms in 
titanium or sea-resistant alluminium 
2 up-down looking PMTs
1 tower: 12 floors vertically spaced by 
20-30 m

http:/ /www.nestor.org.gr

Test deployments 1996-2000: a string with 6 PMTs reconstructed muons and
measured the vertical muon intensity between ~3- 4 km  
Apr 2003: 1 floor (12 PMTs) at 4000m is taking data (consistent with 40K)  
2004 full tower deployment Þ aims at 7 towers  
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$ 1 7$ 5 ( 6$ 1 7$ 5 ( 6

2475m2475m

350m350m
activeactive

Electro-optical
submar ine cable

~40km

Junction boxJunction box

Readout cablesReadout cables

anchoranchor

floatfloat

Electronics containersElectronics containers

~60m~60m
Compass,Compass,
tilt metertilt meter

Optical moduleOptical module

Acoustic beaconAcoustic beacon

~100m

12 equipped lines
75 OMs/ line

6KRUH VWDWLRQ��

http:/ /antares.in2p3.fr
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' HWHFWRU�' HSOR\ P HQW��' HWHFWRU�' HSOR\ P HQW��DFKLHYHP HWV�DFKLHYHP HWV�DQG�SODQQLQJDQG�SODQQLQJ

Jun 00: Jun 00: 
implosion testimplosion test

Collaborat ion formedCollaborat ion formed

Technical design report  completedTechnical design report  completed
Mar 01: sea bed surveyMar 01: sea bed survey

Oct  01: Elect ro Opt ical Cable Oct  01: Elect ro Opt ical Cable 

Deployment  of 12 linesDeployment  of 12 lines

RR&& D and Site evaluat ion D and Site evaluat ion 
programme to select  a suitable siteprogramme to select  a suitable site

Apr 02: 900 OM product ion at  Apr 02: 900 OM product ion at  SaclaySaclay

Nov 99Nov 99-- Jun 00: “ demonstratorº  line Jun 00: “ demonstratorº  line 
deployment  + operat ion deployment  + operat ion ÞÞ atmospheric atmospheric mmss

1616--17/ 03/ 03 Connect ions by submarine       17/ 03/ 03 Connect ions by submarine       
12/ 02/ 03 Inst rumentat ion line deployed12/ 02/ 03 Inst rumentat ion line deployed

24/ 12/ 02: Prototype line deployed24/ 12/ 02: Prototype line deployed
77--9/ 12/ 02: Junct ion box deployed9/ 12/ 02: Junct ion box deployed
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Layout of  ANTARES sit e
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, &( &8 %(

60 OM/str ing ver tically spaced by 17 m

Construction: Austral 
summer 2004/5 for 6 yrs
First strings will take
advantage of AMANDA II
Founding request:
$295.2 M
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1 ( 0 21 ( 0 2
$ FWXDO�SURSRVDO�RI�JHQHUDO�OD\ RXW�IRU�. P$ FWXDO�SURSRVDO�RI�JHQHUDO�OD\ RXW�IRU�. P �� GHWHFWRUGHWHFWRU

·Q��� � �WRZ HUV��� � �VWRUH\ V�WRZ HU���� � � �P �LP SOHP HQWHG

· � � � � �30 7V

P DLQ�HOHFWUR�RSWLFDO�FDEOH

P DLQ- %

� � � �P

� � � �P

� � � � �P

http:/ /nemoweb.lns.infn.it

1 ( 0 2 �5 ' �, VVXHV�
· selection of the optimal site for 

km3 in Mediterranean (Capo Passero)
· R&D on materials and mechanical 

structures suited for long-term 
measurements in sea water and on 
low power consumption electronics  

· feasibility study and physics 
simulations

· Test site off-shore Catania: first 
multi-purpose underwater Lab 
connected to shore in real time

6KRUH�VWDWLRQ

28 km Electro28 km Electro--Optical Cable Optical Cable 
(installed Sep01) to JB and
splits for 2 sites
NEMO site and
GEOSTAR (seismologic
monitoring),...
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&RQFOXVLRQV&RQFOXVLRQV
· Astroparticle physics is a field in expansion (discovery potential)
· International coordination:

- PANAGIC Par ticle and Nuclear  Astrophysics and Gravitational International Committee

- ApPEC Astropar ticle Physics European Coordination (6th framework Programme) 

Research network: High-energy Probes of the Cosmos 
Design Projects: R& D towards a Cubic K ilometer  Water  Cherenkov Neutr ino Telescopee

Development of advanced photo-detectors and associated components 

· AMANDA and Baikal are already producing results at the level of SK and 
MACRO, AMANDA II  1 order of magnitude better

· ANTARES prototype lines taking data at 2500 m 
· NESTOR: Mar 2003 1 floor with 12 OM's at 4000 m connected to shore by 

28 km EOC taking data
· Towards a km3 detector: 2 detectors in upper and lower emisphere are needed    

to ensure full sky coverage and different systematics
· ICECUBE: construction in austral summer 2004-5

ANTARES/NEMO joined their efforts to study feasibilty of Med detector


