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(Direction), Energy
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Neutrino Oscillations:
Direction, Energy, Flavor

Dark matter search (WIMPs):
Direction, Energy

Cosmic point sources:
Direction, (Energy)
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Determination of Λattenuation

Distance (m)

lo
g(

D
2 /Φ

L
E

D
)

Λattenuation

41  ±  1stat  ±  1syst m

D: Distance between LED and PMT

ΦLED: LED luminosity to obtain a constant current on PMT
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line (PSL) line (MIL)

100 m

100 m

100 m

 12 m

(deployed Oct. 2001)

Main Electro
Optical Cable

connected to JB
both lines

by NAUTILE
in March 2003 

current profile
Sound velocity,

Optical beacon,
transmissiometer,
acoustic receiver

seismometer,
acoustic
transmitter/receiver

storey with LCM
(local control

storey with MLCM
(master local

module)

control module)

string socket with
acoustic release

Prototype sector

recovered July 2003)
(deployed Dec. 2002,

Mini instrumentation

(deployed Feb. 2003,
recovered May 2003)

(deployed Dec. 2002)
Junction Box (JB)
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time(s)

burst fraction:
time fraction above baseline * 1.2

baseline rate

Low rate, burst fraction < 1%

High rate, burst fraction ~37%
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Heading vs. date

(data from compasses in preproduction line)

days since April, 1st

(data from mini instrumentation line)

Current direction

Current velocity
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!� &  ) 0) � & ! �*) 12 2 3
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Threshold and sensitivity 

(e.g. photo sensor spacing).
depend on detector design 

Important for point sources.
E(GeV)

10 10 10 10 10 104 5 6 7 8 9

10

10

10

10

10

−9

−7

−8

−6

−5

2E Φ (E)

atm
. Neutrinos

WB limit

Deterioration due to

− detection of 

− observation of (parts of)
− architecture

ν ντe ,

− detector volume

screening by Earth.
Sensitivity depends on

km3 sensitivity (?)

how large is the real diffuse flux?

  upper hemisphere.

Some links between physics requirements
and design considerations:

5 6 7 � 6�� B < H B H; B7�

R 1��� � S��� �� �� ��� ��� � !" �� #$ �� 1�% &��('R ) &� � � � " ! S ! � � * � �� � �� 'R $ � � � !� � + � � *� �� � %  ��� �� � * � *� * ��'
5 6 7 A 7, > <A 7 G 7 @ : B�

R - % . � */�� �� � S %� � �� � � !� %  ��� � � * �� � % � *� � 0 %1 � � P2 �� 3 �  24 �� 3 45 1 ��� + ! & S � 3

R -�� � * � *� * �� �� 6879 6;: !� + ��

6 # �� % � �� < �� *� � < � �'R = >? !� + �� � � � % � � * � � 2 * � < *�@BA 24 � � ! � '
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72 m

18.5m

The BAIKAL  NT-200  Neutrino Telescope

6.25 m

calibration laser
array electronics

electronics

~200 m

string

OMs

module

module

svjaska
electronics
module

21.5m

18.6 m

6.25 m

6.25 m

(1996)
NT-96

To Shore

Enhanced NT
(profile)

NT - 200

100 m

14
0 

m 70
 m

Enhanced NT
(top view)

 = 3 PevνE

3 m7 = 10effV

NT - 200
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12 floors per
tower

30m

34m

JB
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scale up

Development

Research and
"dilute"
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( � � � � ) * + �, �

Instrumented
volume:
1.2 km3

looking PMs.
Up− and down−

connections.
Underwater

64 towers,

20m arm length,

64 PMs per tower,
4096 altogether.

16 arms each,

arms 40m apart.

1.4 km

- =A !$ " � +* $ � + !$ $A � . �� ' ! + �" /0 ' � � 1 ' � � $ � �4 1�$ � ! 3
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TDR in 2007
proceed, proceed with

national
funding ?!
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� � & �� �&
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ANTARES

NEMO

NESTOR
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- �U O M ` ' .U a PU Sa O MS L P l 5 ' OSa
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( � � ), (� ��� , �� )�

Software tools

Material and
deployment

Cables & connectors

Photo sensors

Physics

� - � 4� � 45 � � - � 5 6
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hybrid PM

Light guides

Light 

A "CB DE F �E � �G H�

7h na M � ; @ I L ` MR O M 4 4 ' OP aU � P OP LSR LP a WJ 'a �S LSR L M O M_ S 'a S ' 9 M O �

4 P 9e � M ' N S OSa ; @ LW
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composite−structure Junction Box:
NEMO design for a 

to be filled with oil
steel vessel

synthetic material
(e.g. GRP)
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µ 2   Pa

µ4   Pa µ10   Pa

µ20   Paµ  40   Pa

d~4cm

L
~5

m

~1km

ν

Learned, 1979

Dedenkov et al, 1994

Askaryan et al, 1979

Shower with 10 PeV:
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"disk−like" acoustic signal

E=10PeV,
400m distance
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Frequency [Hz]

signal range for
acoustic detection

(wind dependent)
surface agitation

thermal
noise

traffic noise
Heavy

precipitation
Heavy
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