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Threshold and sensitivity 

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

Important for point sources.
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atm
. Neutrinos
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Deterioration due to

� detection of 

� observation of (parts of)
� architecture

n nte ,

� 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

� �

P

2

�

�

3

�
 

24

�

�

3

4
5

1

�

�
�

+

!

& S
�

3

R

-

�
�

�

*

�

*

�

*

�

�

�

�

687
9

6;:

!

�

+

�

�

6

#

 

�
�

%

� �
�

 

<
�

�

*

�

�

<
�

 

�
'

R

=

>
?

!

�

+

��

�

�

�

 

%

�

�

*

�

�

2

*

�

<

*

�

@
BA

24

�

� !

 

�

'



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

�
'

(*)

�

�

)

,

+

� +

�� �
,

�

�

�

�




�� � .

�

��

R

,

�

�

�

�

�

!� �

*

%� -

,

�

%

 

#

! ��

*

��

P

! � �� � �

9

� !

S * &

 !

�

*

� �

-

.

2

!

�

� 

�

 !� � � ! � � �
�

9

&

*

�

S

%
�

*

� � � �� � ��

-

.

+
� �

�

<

/

2
0

4 4

�

'

R

1

!

�

�

2

!

* �

!

S

+
�

�

�

�

�

�

 

!

�

�

+ #

� !�

* & * S *

�

�

�

#

2

!

�

�
 

3

1

�
 

�
�

�

�
�

6

�

�

S
� � ��

�
�('

4
5

6
7

8
9

:
;

6

5

R

,

�

�

�

*

� !

S

2

!

�

�
 � 

�

�
�

 

�

*
� �

-

,

�

%

.

�

*
�

�

�

+
�

�

�

<

<>=

�

*

�

� �

<

�

*

��

?

-

.

�

�

�

!� �

*

%
�

9

&

*

�

S

%
�

*

�

� � ��
�

��

-

.

�

<
�

�

*

� !

S S

�

!
" "  

� � �

*

�

�

-

.

�

�

@

�

%

 

#

! ��

A

'

R

? BC

D
E ?

P

�

*

�

�

� �
 

*

� "

2

�
 

�

9

�

�

�

� �
�

+

2F F

;

'

R

D
E 0

D

=5

-

9

E 5

-

0

)

=

P

G

 

�

�

+

!

�

!

#

 

�
� � 

�

�

�

�

�

�
�

*

�

�

�

!

S S

!

�

*

�

�

�

'

R

E 5 C

)

P

=

>
?

�

�

2

!

 

+

� !

�

�

3

6

�

�

S��

� ��

�
�('

H

:

I

;

9

:
;

6

5

R

D

C

D
E ?

D

P

+

!

�

!

�

!

�

*

� "

'

R

$

��

1�%

&��

P

�

�

3

� 

�

J/�

�

�

9

*

� � 

�

�

!

 

!

�

*

�

�

'

K

L
6

5

687

M

7

9 <

:

7
A A

;

@
7 ;

@

N
7 ;

D

O

7
A

B D

�

:

<

G

;

=

H D

@

9 <

:

<

D

@

B

J J J

R

+

%

�

�

�

*

�

� �A

D

�

7
A

:

<
7 B

<

2

!

�

� P

%

!

S *

�

�

9

+
�

�

�

<

9

�

�

� �
�

 

!

�

%

 �

9 ' ' '

?

-

R

+

%

�

�

�

�

<
� �

1

*

�

�

*

� "

<

@

E

A

; B

:

A >

H

:

> A

7

-

R

�

*

�

��

�

<
�

2

�
 

S +

7

Q

�

7
A

:

<

B7

#

�
 

� � !

2

!

�

�
 

6

0

R

�

*

� ��

�

��
�

�

 

!

�

�

+

*

�

�

<
�

5

%

 

�

�
� !

�

��

%

�

�

 

*
� �

-

R

�

*

�

��

*

�

*

� !

�
�

 

#

� �

�
�

�

!
"

�

#

�
 

!

S

!

 "

�

S

>

A

D

�

7 ;

@

B H

<
7

@

H7

�A

D

T
7 H

:

'

�

5

+ +

5

6




�

!

5

�

� &

6

�

U

5

!

%

6

� �

 

�

 

%
5

!

� &

�

#WV

� &

(

�

%
�

!

�

�

+

X

Y

%

�

�

� $ �5

�

�

#

6

%

�

�

�
�

 

#

%

�

! !

&

6

� &

6

�

� &

.



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

�
�

�

�

�

�

�

���

�

�

� �




�� � �

�

�

�

�

�

)

	

�

�

)

�

	

)




R

	

*

� � � � �

*

�

%

�

+
� 




�

!

�

� 

�

� �

<

� �

S

� "

�

#

� 

6

�

�

S
� � �� �� �

'

R

D

�

�

� �

�

<
�

 

*

�

6

R

� �

&

� � 

�

�

+

9

S *

�

*

�

� � �

+ *�

%

� �

6

0

%1

� �

'

R




%

 

�

<

� �

1

�

�
�

�

*

�

� �

S

!

� �

�

+

9

&

%

�

�

�

3

<

!

 

+ S

�  

� ! �

<

!

& S��
'

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 PevnE

3 m7 = 10effV

NT - 200



�
�

�
�

�
�

�

�

�




�

�




�
	

�

�

�




�

�




�

�

�

�
�

�
�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

�


� �

�

�

12 floors per
tower

30m

34m

JB

R

�
�

�

�
���

���
� �

� +
�

�

� �

�

� 

<

�

*

�

!

�

*

%
�

�

�

 %

�

�

%  

� �

?

'

R

�

�

�

� �
  

� �

!

"

�
 

�

<

 � ��
�

� 

A

�� � � � �

�

A

+
� �

S

�

�

?

'

R

#

�

�

�

 

� �

�

�

 

�

�

�

�$

� �

%

"

 &

' M

�

'

R

(

) ) )

*

�

!

�
�

�

+
� �

�

<

;

+4 4

� !

�

!

*

S

!

& S��

!

�

	

�

S

� � �

*

�

�

?

'

R

$

�

�

�

 %�

�
�

�

�

+

�

�

S

%
�

�

P

,

-/. - - - X

%

*

0

�

�
�

!

�

�

�
�

'



�
�

�
�

�
�

�

�

�




�

�




�
	

�

�

�




�

�




�

�

�

�
�

�
�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

�
�

�

�

�

�

�

�

)

�
)

�

�

�

�

� �

�

� (

�

�

�

�

���

�

�

�




� �

�

R

�

!

�

%

!

 �

+4 4 +

P

?

�

�

S

�

�

�

�
�

�

�

#

1 D5 =	 $

-

!

� 0

+4 4

�

�

�

�
 

�

+
�

�

�

<

9

�

%

� �� � �

#

%

S

�

!

�

*

� "

�

#

�
� �

*

 

�

� �

�
�

�

!

S +

!

�

!

'

R

C

!

 

�

<

+4 4


P

?

� �

S

�

�

�

�
�

�

�

# G

 

�

�

� 

�

�

�

�

�

�

0

� �
 

<

 

�

+

%

��

+

�

*��

�

?

'

R

	C

�

*

" �

!

S

�

 

� !

+

�

%

�

9

�

!

�

�

#

�
 �

� !

�

!

*

S

!

& S��

9




�

*

S S

*

�

�

�

�

�
�

� �

 

*
" "

�
 

�

�

!

�

�
�

9

&

! �

�

"  

�

%

�

+

 

!

�

� � !� �

1

�
� �

�

�

+

'

R

C

%

�

�

�

 

! �

�

�

 

� ��

�

�

�

 

%

�

�

�

+

'



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

��

�

�

�

�

�

�

� � � �) � �

�

�




� � � �� � �

�

� )

���

	�


scale up

Development

Research and
"dilute"

S

Q

"

�

!

"

 &

6

�

�

�

!

"

*

��


 ) )�� 
 ) ) )
�

R

�
� � �

Q �

�

 

�

"��

�

�

D
E 	

D

=5

-��

24 4��

�

<

+

�

2 4

�

?

5

%

 ��

'

R

�
� � � �

*�

$

"

��

!

�

���

�� �

+

%

 

!

*

�"

#

+�$

�

S

�
%

&
$

"

! !
'

(

$

)

�

�

$
*

$

�

9

& '

+

"

!

$

"

'

"

 $

+

& �

�� �

+
, S

$.-

R

/

�

!

� ��

$

�

�$

�

�

$.- 0

-

�

$ '

1

�
2

!

,

'

"

1

�

+

1

!

354

�
"

S

+

"

$

G

S

!

$

�

4

�

�

�

$

�

1

+

�

!
�

+
,

2

!

+

�
"

4 - - - -

%

*

X

�

�

$�6

*

�

�

"

!

7

,

� �

*

�

 

6

*

�

�
�

�

8

' M

� ��

"

 

�

Q

"

�

!

"

 &
9

�

�

�

�

R

' M

�

"

�

!

�

 

� �

�

1
$

!

$

� &

+

"

$

1 ,

%

S

+

0

3

!

'

! !

$

"

2

'

!

+

�
"

+

"

�

'

!

$

�

<
:

	C

��

�

�
$

�

!

+
$ �

?

-

R

S

;

�

"

�

 

�
<

$

�� �

�

=

�

$  

!

+

*

$

*

�

S

2

&
$

>

?

(

&

@

$
A

 $

�

!

&

'

%

,

$ '

!

3

+

0

3�$

�

!

BDC

-

E

�� ��

�

�

7

�

 

�

�

�

�

�

$

�

� *

�

 

!

 

� �

�

�

�
�

R

F

��

!

�

�

G

� �

!

"��

�� �

$�6

!

"

�
 

�

�

H

$

1

2

 $

��

+

 $

#

*

�

S

2

&
$

,

%

)

'  

!

�

�

I

?J

-

R

K

 

�
�

��� �

�

�

!
�

�

"

$

"

!

< �

L

� '

S

P

&

'

+

"

!

$

"

'

"

 $




)

�

$ $

1�$

!

$  

!

�

�

-

R

M
N

��

!

O

"

 

�

!
�

$ $

�

!

"

�
 

�

	

+

&
$

)

�

�

 �
"

�

!
�

2

 

!

+

�
"

P

1�$

�

S

�
%

&
$

"

!

S�$

� �

!

3

'

"

1�$

!

$  

!

�

�

S

+ )

$

!

+

&
$.-

R

'

7

�

!

� � �

 

� �

�

�

�

Q

+

0

3�R

2

'

"

!
2

&

$

S

 

+

$

"

 

%

4

S

'

� 0
$ '

�

$ '

4

S

�

�

"

�

+

� $

4

1

+

�

$  

!

+

�
"

'

S

� $

"

�

+

!

+

*

+

!

%

-

RUT

T T



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

�'

(

�

� �

� )

*

+

�,

�

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


 


2

J

&

3

-

-

H

P
4

!

�
5

'

�

1

�

(

&

@
76

'

�

 

3 +

!

$  

!

2 �

$

4

&
$  

3

'

"

+

 '

.

�

!
� 2

 

!
2 � $ �

4

�

$ '

1

�
2

!

4

$

.�$

 

!
�

�
"

+

 �

4

 '

, .�$

�

4 - - -

-

8

$ ' �

2

� $ &$ "

!

� '

!

0

'

!
' "

+

'

!

$ �

!

�

+

!

$

�

.

'

" "

$

1

/

1�$

�

!

3

+J J J

&

3

-



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

��

� �

*
� �

*
�

���

)

*
�

��

�

�

	

*

)

�




 

�

�

8

� ) ) �
�

� /
 � E 


���

/ 
�

�

�
�

�

/ 


�




�

E

���
�

� ��� �
�

�� � �

�

�
�

�

�

�

�

�

� �

�

�

�

�

�

��

�

8

6

�

6

�

�

� �

!
9




�

�

�

7
�

�

�

� �

�

�
� �

�
�

� �
�

�"�

�

# �

$

/

�


 %
�&

�

� �

�

�

6

�

< �

-

'

"

�

!
�

2

&
$

"

!

�

)

!

3�$

=( ) 1*

��

�

0 �

'

& &
$

!

�

)

2

"

1

��

$

�

'

�

'

!

�

�

%

5

�

�

(

'

"

1

)

$ ' �

+
,

+

.

!
%

�

!

2

1

+

$ �

)

�

� �

$ � $ '

�

 

3

+

"

)

�

' �

!

�

2

 

!

2

�

$
-

-

1

�

�

�

�� '

.

+

" ��

$

�

'

�

'

!

+

�
"

4

'

� �

.

+

 '

!

+

�
"

,

%

2

-

8

'

�

 

3
+ J J

2

-

su
cc

es
s

rejected
TDR in 2007

proceed, proceed with
national

funding ?!

,"-
.

/
0

12

/

13 45
6

7

8:9
;

<>=
?

@
ACB

D>E F:G
?

G

=

9

H

9

?

A

7

@
JI

<

9

?

A

<

K

I G ; ; 9; ;

H

9

?

A

L

M:N

2

.

'

O

MQP
R

4

1TS

L

M

0R PU

O

M:N

MCV

'

O

M
P R

4W W W

7

XZY

Y
[

9
\

G

A

<

Y

?

]

<

A

^

<

?

D

B

;

A

\

E

O

P

1
S

_

S

.TP
U

`P

N N

S
a

`

M

'

.

U a

P

1

2

`

O

L

7

b

?

c

Y

\ H

G

A

<

Y

?

A

9 I

^

?

Y

d

Y

=

E

a

S '

1fe

P

2

O

4

1

'

O
'

O

a

'

R

L

U

P

a

O

4

P
R

e

.

M

R

S

U a

P `S L L

M

R 0

7

b

?

c

\

G ;

A

\

B

I

ACB

\

9

g

;

B

[ [

Y

\

A

L

M

O

S

4

1
S

U

.
P

h

N

S

R

O

P

a

S `P

_

S
a

h

4

L

3
P

a

S L

O
'

O

MQP
R

4

N

'

M

R

O

S

R

'

R

`S

7

i

B

G

d

<

A

E

G ; ;

B

\

G
?

I 9

7

j

9; Y

B

\

I 9 9
k

[

d

Y

\

G

A

<

Y

?

l

2

R

1

M

R 0
4

.
S

0

'

.

' L

U

S `

O

L

4

N

'

R

'

0
S

N

S

R

O

7

m

; ; Y I

<

G

A

9

D

; I

<

9

?

I 9;

M

R

O

S
a

l

' `S L

l

P

a

2

L'

0
S

n

h

n

M
P

.TP

0

M

L

O

L

4

P `S '

R

P

0a

'

U

3
S

a

L

4

0
S P

.TP

0

M

L

O

L

4

S

R

_

M

a

P
R N

S

R

O
'

.

L `

M

S

R

O

M

L

O

L

4W W W



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

��

��

���

� (

�

)

� ,

���

)

�

�
�

�

�

*
�

�

�

�

�

�

�

� ,

�

�

*
�

$

&

	

�

�

�


�

� &

�

�

�&

�

� 

�

�

�

�

�

�

�

���

�

�

�

���

ANTARES

NEMO

NESTOR

�

� �&

	

�

�

�

�

�

�

& �
�

�

�& & �& &

�

�

�

�

&

�

-

�

U

O

M

` '

.

U a

P
U

S
a

O

M

S L P

l

5

'

O

S
a

/

'

n

LP

a U

O

M
P

R

�

L ` '

O O

S
a

M

R �

3��

-

0

�

a a

S

R

O

_

S

.TP

`

M

O

h

'

R

� �

M

a

S `

O

MQP
R

�

-

�

'

O

�

h

N

S

O

a

M

` L

�

a

_

S

h

L

�

-

�

MQP .

�

N

M

R

S L `S

R

O

' `

O

M

_

M

O

h �

-

�

MQP

l

P

�

.

M

R �

�

-

�

S

�

M:N

S

R

O
'

O

MQP
R

�

-

L

S P

.
P

�

M

` '

.

L

O
'

n

M

.

M

O

h �

-

W W W

��
�

4 5 4

�

42

�

�

-

�

6

-

%
�

�

�

� �

�

�

���
�

�

&

�

�

�

�

O

a

P
R �R

'

O

M
P

R

'

.

M

R

O

S
a

S L

O

L

'

R

�

U

P

.

M

O

M

` '

.

'

a � � N

S

R

O

L

M

R

_

P

.

_

S

�

W

-

�

�

�

�

�

& �

�"�

�

�

� 

� �

�

�

�

�
�

�

�

�

! 5

'

O

S
a R

�

'

.

M

O

h �

!

�TS

U

O

�

�

!

�
S P

.
P

�

M

` '

.

S

R

_

M

a

P
R N

S

R

O

�

!

�

M

L

O
'

R

`S

O

P L

�
P

a

S

�

!

M

R

l

a

' L

O

a

�

`

O

�

a

S

W

-

%
��

�

&

�

�

� 


�

�

"

�

#

)

�

a

O

�
S

a

M

R U

�

O

U a

P

_

M

�TS � n

h

a

�

R R

M

R �

P

l

U a

P

O

P

O

h

U

S L

W

#

$

a �

�
N

S

R

O

L

a

S
_

M

S

5

S

� n

h

$

U

1 =

0
W

#

%

P

O

`

.
S '

a

5

�
P

�
S `

M

�
S L

W W W

-

�

� �
�

&

"

�

�

�

�

`P
R

O

M

R

�
S

O

P P

a �

'

R

M
V

S `P

N N

P
R

S

'

P

a

O

'

R

�

L

O
'

a

O

�

U

' `

O

M

_

M

O

M

S L

W



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

��

(

�

�

)

,

(
�

���

,

�

�

)

�

Software tools

Material and
deployment

Cables & connectors

Photo sensors

Physics

�

- � 4�

�

45

�

�

- � 5
6

-

�

�

�

�

��

& �

� �

�

�

� �
�

�

&

�
�

& �

�

�
�

�

� 
�

�

�

�

&

�
�

& �

�

T T T

�

4

S

O

S
a N

M

R

S L

N

S `

�

'

R

M

` '

.

L

O
'

n

M

.

M

O

h

�

L

M

�R

M�

` 'R

O

M:N

U

' `

O

P
R

P

_

S
a

'

. .

`P L

O

�

W W W

-

�

�

�

�

�

�

�

�

� �

� �

��

�

�

�

�

&

�

0

P L

O

'

R

� .TP
R �

e

O

S
a N

'

_

'

M

.

'

n

M

.

M

O

h

P

l

�
S S

U

e

LS ' L

�

n

N

'

a

M

R

S L

	




'

P

a

O

l

P

a

�

R

�
S

a

5

'

O

S
a

`P
R R

S `

O

M
P

R

L

�TS

U

S

R

�

L P
R

�TS

O

S `

O

P

a

�
S

U

O

�

W

-

%

�

&

�

�
�

� � �

�




"

�

�

�& �

�

& �

�

&

�

4

S

U

S

R

�

L P
R

5

'

O

S
a

O

a

'

R

L

U

'

a

S

R

`

h

'

R

�

P
R

' `

O

M

_

S '

a

S ' '

R

�

S

�

`

M

S

R

`

h

P

l

U

�
P

O

P LS

R

LP

a

L

W




�

�

�

�

)

' `

O

P

a

+

M

R

'

_

S
a

'

�
S

�

M

L

O
'

R

`S

�

M

_

S L

l

' `

O

P

a

�

M

R

�TS

O

S `

O

P

a

L

MCV

S

5

M

O

�

L'

N

S

R

�

N

n
S

a

P

l

LS

R

LP

a

L

W

-

�

�
�

�

�

�

�

� �

	

&

�
�

�

��

�

�

�

�

�

�
�

�

& � � �

�

�

�

���

�
S

U

S

R

�
S

R

`S P

l

S

'

S `

O

M

_

S

_

P

.

�

N

S

W



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

' '

(

)+* �

*

�

�

,

-*

.

-

/

4
0

4

�

- 1 � 4 �

�

3 - 1

�

5
6

2

'

R

`

a

S ' LS '

a

S ' '

R

�

S

�

`

M

S

R

`

h

W

2

3

S

O
'

M

R P a

M:N

U a P

_

S

O

M:N

S a S LP

4

�

O

MQP
R

W

2

�

n

O
'

M

R

�

M

a

S `

O

M
P

R

'

4

LS

R

L

M

O

M

_

M

O

h

W

2

3

S

�

�

`S `P L

O

L

W

2




R

L

�

a S

4TP
R �

e

O

Sa N L

O
'

n

M

4

M

O

h

M

R

�
S S

U

e

LS ' S

R _

M

a

P
R N

S

R

O

W

5

1 1. - 12

6

45
6

2

7

h

n

a

M �

U

�
P

O

P N

�

4

O

M

U

4 M

S a L

8

LS S

n

S

4
P

9

:

W

2

7

h

n

a

M

�

U

�
P

O

P

�

MQP �
S L

8

7; <

L

:

W

2

$

_

'

4

'R `

�TS

U

�
P

O

P

�

MQP �
S L

8

$; <

L

:

W

2

;

�
P

O

P ` '

O

�
P

�
S

M:N

U a

P

_

S

N

S

R

O

L

8

L

U

S `

O

a

'

4>=

�

'

R

O

� N

S

�

`

M

S

R

`

h

:

W

2

?

' L S

4

S `

O

a

P
R N

�

4

O

M

U

4

M

` '

O

M
P

R

8

?


@

:

	

hybrid PM

Light guides

Light 

A

"CB

D
E

F

�

E

�

�G H

�

7

h

n

a

M

�

; @

I

L `

M

R

O

M

4 4

'

O

P

a

U

�
P

O

P LS

R

LP

a

W

J

'

a �
S LS

R

L

M

O

M

_

S '

a

S '

9

M

O

�

4
P

9

e

�

M

'

N

S

O

S
a

; @

L

W

K
B

L

B

�CM


N

B

O

P
Q E

P
R 
S 


T

B

O

M

L

E

�

2

�

U

O

M:N

M
V

S

�
S P

N

S

O

a

h U

#

O

a

'

R

L

l

S
a

e

O

M
N

S L

U a

S '

�

M:N

U a

P

_

S

�

O

P

V

8
W

R

L

:��

#

`P

a a

S

4

'

O

MQP
R

P

lYX

'

R

�[Z

M
N U

' `

O

U

P L

M

O

MQP
R

L

W

2

\

LS

4

M

�

�

O

�

�

M

�
S L

O

P

�
S

O

S
a N

M

R

S

4

M

�

�

O

�

M

a

S `

O

MQP
R

W



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

'
�

�

� �

�+*

�

�

�

,

�

�

�

�

�

���

�

�
�

-

�

�

�

*

,

	�


�


 ���

� �
�

2

�

O

M

�N

M

	

Q

�CE

P

E Q

P

�

B E

N

P

M Q

"

M

�

B

�

$

%�

$

3 


���

W� �

U

V

8
��

�

?

���

�
�

� � :"!

2

#

E

�$

B

G

M

&

B

�

%M

O

Q

	 N 


P

F

M

O

&

'

�

�

� &

')(

�

�

&* � �

4

�+

�

* &,

-

+ + &
. /

&
,

�

,

�

�

/

&� � �

/ *

&

0 4

�

.

�

�

&

/

&

9

�

*

�

-

�

�

*

-

0

�

�

-

&
,

1

,

�

�

&+ & &

4 -

, �

!

8

$

%�

$

3 


�

/

&

9

�

*

�

W� �

U

V

8
2 @ 3

1

� �

: :

2

4�5

B

�

E

P

F

M

O

Q

P

E

6

F
7

F

P

�8

'

�

*

1

�
� &

' '

1

-

4:9

*

� �

�

;

1

�

�

�

&

/

�

;

�

�

�

�

�
�

. / *

&

/

&
*

�

-

&
,

1

4

�

&

�

;

�

,

9

.

0

�

*

&

'

+ &
. /

&
,

�

,

�

�

	

'

� �

�

�

�
�

.

&

/

�

*

1

�

1

0 4

�

	

2

H

E

F

O

P

B

O
E

O

%B

8

7

&

9

.

1

,

�

<

� �

/

(

� � 1 &

/

�

*

1

�

-

&
,

�

/

�

*

�

� 1

*

1

*

�

,

� �

<

�

<

�

&

=

� �

/

>�

?A@

��

?A@
B B B

&

'

�

;

�

'

9

,

+

�

-

&
,

1

4

-

�

�

	

C

D
� E �

�

2

S

E Q

P

M

5

P

F

%E

7 �
E

P

E

P

�

E

O

Q

N

F

Q Q

F

M

O

8

;

*

&

F

�

'

*

&
.

<

�
G

�

4

&

/ .

�

,

�

�

-

,

-

,

<:9

�

�

*

�

!

< 3 < @

�
�+

;

,

&

4

&
H

� U

&
,

� + &

4

&
* /

�

* /

;

&

�

& � �

,

� &
*

	

2

I

B E

7

FKJ

B

�

B E

�

M

L

PNM

F

P

O

5

E Q Q

F

L

B

P

M

5

P

F

%E

7

B

7

B

N

B

O

P
Q

8

Q

*

�

<:9

+ � �

/

&

9

�

*

+ &
,

�

9

. /

�

-

&
,

R

Q

1

G

&

-

<

�

'

1

-

4:9

*

� �

R

Q

S
.

1

-

,

�
�

,

1

,

+ �

(

'

*

� �

T

!

2

A

�

F

$ $

B

�

E

O

�

U

7

P

B

�

M

O

Q

O

M

�

B

8

@

1

�

0

�

-

,

�

�

1

4 4

�

< 4

1

�
�

*

�

&

9

� �

4

1

�
� �

� �
� +

;

,

&

4

&
H

�

!

V

4 4

&

9

�

'

&
* .

&

<

- F

+ 1

�

-

&
,

�

�

&

.

1

�

+

;

�

;

�

,

� �

<

� &

'

<

1

�

1

�

1

=

-

, H

!



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

'
�

�

�

�

.

�

�

� �
*

,

-

�
�

�

.

�

�

�
*

,

-

�

E

�

�




	

E




�
�

�

��



 


2

M

F

P

O

Q

P

E

O

� O

F

$

O

5 �

B Q Q

L �

B

Q

�

�
� �

4

R

Q

�

-

�

1 ,

-
9

.

!

2

M

F

P

O

Q

P

E

O

�

%M

� �

M Q

F

M

O

Q

�

-

�

1

,

-
9

.

R

Q

+ �

*

�

1

-

, �

�

,

�

;

�

�

-

+ �

R

Q

?

3;

8

H

4

1 � �

*

�

-

,

'

&
*

+ �

<

/

4

1 �

�

-

+

:
!

�

L

� �

B

O

P

F

O

Q

P

E

7 7

E

P

F

M

O

Q E

7

N

M Q

P

B
�

%

7

L

Q

F

L

B

7��

L

Q B

P

F

P

E

O

F

L

N

�

N

E

P

B

�

F
E

7

E

O

�

N

E %

O

F

O

F

O $

B
�

5

B

O

Q

F

L

B

���

�

�



�

�

	

�
�

�
�

2

�

M

N 5

M Q

F

P

B Q

P

�

L

%

P

L

�

B Q

\

� � � �

/

1

*

1

�
�

.

1

�
�

*

-

1

4 4

1

�

�

*

�

U

&

9

�
�

*

4

1

�

�

*

1

H

1

-

,

�

�

+ &
* *

&�

-

&
,��

-

, ,

�

*

4

1

�

�

*

1

H

1

-

,

�

�

/ *

� � �

9

*

�

!

�

!

H

!

� �@

�
� �

<

� �

-

H ,

!

2

H

B %

OCE

O

F

%E

7

Q

P

�

L

%

P

L

�

B Q

8
�

�

*

9

� �

-

, H

�

�

�

&

9

�

*

�

�

�

�

+

!

:

U

\

� � &

'

?

3;

� � �

.

�

/

&� �

-

0 4

�

!

composite�structure Junction Box:
NEMO design for a 

to be filled with oil
steel vessel

synthetic material
(e.g. GRP)



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

'(

)

�

* *

�
+

, -

.

/
0

�

1

�

�




�
�2 3

465

�

	87

�

�

�

�

	:9

E

�

	

��

;

�


<

�

2>=

�7 E


��

�

�

�

�




	

�

�

�

�


��

�7 �

3
�

	

�

?

�




�

4��


 �

4��

�

	

�

3

4��




�

1

�

�

D

	

�

�


 


E

�

� E

�

�

@

�




� �

3

�

	

�

E




7 �
�

D

	

�

	

�
�

�

1

A

E


2

� E

�

�

�

�

�

�

;
B

C
D




�
E

�

	




�

D

F

7

�


 


�

�

�

D�� �

� 7

�

�




�

�

�

�

�7 E




E


 
��

G

1

H

�

� �

�
�

I

�




�

3
� E

�

�

@

�




�

	

�

	

�

	

E

�

�

D

�

�

�




�

E

	

�

;

�

�

D

	

�2

;

�


 3


�

3

E

�

�




5

3

4

E ��

1

J

	

�
� �7 E



� ��

�




5

C

7 �

H
�


��

3


�

K
� 7

�

E

�

D

L

7 �

� �
�

�

	

�

5




	

;

�

�

	

�
�

MON

2

�

;

�




	

�

�

	

�

4
�


 �

�
P

�


 �

�

9

�




Q



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

'
�

���

�
�

�

�

�

�

�

�

�

��

�

�

�
�

-

���

�

,

�
�

	

��

+ �

�
�

�
+

�

�

� �




m 2   Pa

m4   Pa m10   Pa

m20   Pam 40   Pa

d~4cm

L~
5m

~1km

n

Learned, 1979

Dedenkov et al, 1994

Askaryan et al, 1979

Shower with 10 PeV:

hadronic/elm
. show

er

"disk�like" acoustic signal

E=10PeV,
400m distance

� �




�

<
�

�

<
�

�

�

�

�
�

� �

�
�

�

�
�

�

�

�
�

�

�

� � �
!

"
#

$

%

&
'�(

)

*

'
(

)

+

(,

!

�

#.-

/

0

1
2

/
3 3

4
5

/ 4
5

+

6
7

8

9
:

7

8

9

;

"
<

=

"

#

:

,

�?>

�

	:9

E

�

	

>

�
@

A

BDC
E H

F

E

C
G H

FH

IKJ

H

9

G

<

L

G

M

C

N

F

E

O

P

C
E H

FRQG

H

P
9

S

F

<

F

N

FT

N

H

E

JVU

A

W

F

N

FT

N

L

H

G

H

I

N

;

F

;

C

<

E

H

G

L

T

X

F

P

S

U

J

;

H

M

F

E

O

Y[Z

C T T F
\

N

C
G

T F

U

A

]

F

G

J

L

N

L

G

L

ND^

N

H C

P P

G

F
_

N

E

L

G

H

`

C

G

H

E

J
U

A

a

H

S \

P

F

S

F

G

N

C
E

^

N

H

E

C

b

L

H

c

a

F

E

F

G

d

H

e

S

F

N

f

H

b

L

G

L

T F

�
gh

a

�

F
i

\

F

E

L

S

F

G

N

j

V
k

l

� W

l

�

U



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

'�

�

� �

���

+

�
�

�

�

� �
�

�

�
�

�

�
�

�

J.Acoust.Soc.Am.34(1962)1936
G.M. Wenz,

10 102 103 104 105

Frequency [Hz]

signal range for
acoustic detection

(wind dependent)
surface agitation

thermal
noise

traffic noise
Heavy

precipitation
Heavy

B

>

�

2

4

	


�

��


�

�

	

@

A

�

\

N

L

S

C

P

T H

G

b

L

N

L

H

G

J

�

�

d

S

b

F
\

N

f��

�

C T

d��

E

H

_

G

b��

���

�
C

�

�
���

�

�

�

  
�

�

C

L

G E

C
G �

F

!

�#"

�

�

d

���

U

A

] L

� G

C

P

$
%

C T

d��

E

H

_

G

b
�

&

S

C
G

^

f

^

b

E

H

\

f

H

G

FJ

\

F

E

J

L

� G

C

P�'

&

F

(

T

L

F

G

N

J

L

� G

C

P

)

P

N

F

E

L

G �

'

&

J

\

C

N

L

C

P

C
G

b

N

L

S

F T H

E E

F

P

C

N

L

H

G

J

O

%

FC

S

I

H

E S

L

G �



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

'(

�
� �

�

�

�

�

�

) *

�

�

+-,

.
�

� �

/
�

021 �

�-3 �

�

�

	


@

465

&
7

$

8

!

9

:

&5 $ 9 &

: :

�

;

&
<

�

�

8

&

!
=

8

�

> �
?

�
�@

�

A
B

9$

9DC

;

$

E <

&

C

F

�

�

@ �

 
GIH

J

$

C

�

>

$

!

K

A

L

F

G

F

E

C

N

L

H

G

X

C T
M

_

J

L

N

L

H

G

H

I

C T H

_

J

N

L

T J

L

� G

C

P

J

A

a

f

C
E

C T

N

F

E

L

�

C

N

L

H

G

H

I

T H

S S

F

E

T

L

C

P

f

^

b

E

H

\

f

H

G

FJ

�

�

L

F

�

H

Q

%

C J F

b

�

A

W

F

e

F

P

H

\ S

F

G

N

H

I

T C

P

L

%

E

C

N

L

H

G

J H

_

E

T FJ

A

W

F

e

F

P

H

\ S

F

G

N

H

IKJ

\

FT

L

C

P

L

�

F

b f

^

b

E

H

\

f

H

G

FJ

A

W

F

e

F

P

H

\ S

F

G

N

H

IKJ L

S

_

P

C

N

L

H

G

J H

I

N

M

C
E

F

A

W

F

e

F

P

H

\ S

F

G

N

H

IKJ L

� G

C

P

)

P

N

F

E

J C
G

b

N

E

L

� �

F

E

J

A

N

FC

S

N

FJ

N

J C

N

O

\ \

J C

P

C

�
P

F

%

U

�   

Y

�

A

Q

M

_

L

\ S

F

G

N
H

I

�

l
R S

l

g Q

]

J

N

E

L

G �

J

M

L

N

f f

^

b

E

H

\

f

H

G

FJ

�

P

C

N

F

�   

�

�



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

7

,

�

�

�

/

�

� � �
�

�

�

�

�

�

�

�

�

�

,

/ �

�

���

�
	




�
�

��

�




�
�

	

�

�

�

�

�
�

� �

�

�

�

�

	

�




�

� 


�




�

�

�

� 
 � �

�

�
�

�

�

�

�

�

	


 �

�

�

��

t in ms

p 
in

 P
a

-0.1

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

150 200 250 300 350 400 450 500 550 600 650

�

� 


�




�

�

�




�
�

	

�

�



�
�

�

�
�

�
�

�

�

�

�

�

	




�

�

�
�

�







�

�

�
�

�
�

�

�
�

�

��� �
�

�
�

�
� �

�
� �

 

�

!

"

#
$

%

&

!

"

� � �

7

6

���

� �

�

,

��

�� �

�

�

�

�

� �

�

0
1>

�




�

�

1

	

	

�

	 1

�

��


� 
 �



�

	 �

��







�




�

��

�

�

�

�

�

	




	

�

�



	

�




�

�

�

3

	


�

�

�

�

�

��


�




�

1
 





�

1

�

	

�

�

�

�

� 
 
 �

�




3

	

�

��

�

	

�

�

�

	

3

	

�

�

�

� 1


�




�

�

1

�

�
�

��




�

	 1

�



�

�

�

�

�

�

��

	

�! 

�

�

1


�

1 	

�

�

"

�

�

�

"




�

� 	$#

"

�

	

	 � 1

�

�-3 �

�

�

	


�

%

�

�




�

	

�

1


�

�

�
�

�

�� �

	


�

�

��


�

�

	 1

�




�-3

	




�

�

	


�




�

	
&

�




��

#

�

	

� 
 


	
 � 


�

�

	




	

�

��


�

�

0
'

(

0

� �

�

	

�
3

�

�




� 


	

�

�


