
�� �� � �� � �
	 � � � � � �� � � �� �� � �� � �� � ��� � �

�� � �� �! " ��# �$ % & � � " '( )( * �(  &+ + ,- & � , � � & $

AMANDA

./0 120 3 4 5 / 6!70 .78 9: 12 :; : 68 :< =

> 30 ?: 170 @ 6!A B CD ; 0 BA 1 30 D D @E : 12 :; : 6F E : 12 :; : 6F CG HI JK L F >M G

NO PQ RS O TU S PV U WSX Y U WZ [ Y\] X ^_ W ` [ Y Ua P V P U ^ P



120 m

snow layer

� �� � ���

optical module (OM) 

housing
pressure

Optical
Module

silicon gel

HV divider

light diffuser ball

60 m

AMANDA as of 2000

zoomed in on one

(true scaling)

200 m

Eiffel Tower as comparison

Depth

surface
50 m

1000 m

2350 m

2000 m

1500 m

810 m

1150 m

AMANDA-A (top)

zoomed in on

AMANDA-B10 (bottom)

AMANDA-A

AMANDA-B10

main cable

PMT

�� �� � ��� 	 	
 ��  �� �� 
  �

� �� � �� � � � � �� � � � �� ��

�� � � � �
 � � � � �  � � � �

� � �� 
� �� � � �  � � �

� �� 
  � � � � � 
 �� � � � � 
 

� � �  �� � � �
 � 
 � � � � �"!

October 1
March 31
July 1
December 31

altitude [ km ]

at
m

os
ph

er
ic

 p
re

ss
ur

e 
[ g

/c
m

2  ]

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

10 2

10 3

0 20 40 60 80 100 120

# �$ � � � � �� � � � � � %� 
 � �

� � � �  � � �� � �  � & ��

�� �� � ��� 	 	 � � �� � � ��

' �� � ( ) ) )* � � � � � � '� �� !



µ

1

2

3

4

5

known CR spectra

air shower development

detector response
  calculation

photon
  propagation

muon
  propagation

CORSIKA

AMASIM

p, He, ..., Fe

MMC � � �
 � � � � � � �� � � � � � �  � � 

� 
 � �  �* � � � �  � � � � � � %�� �� �

# 	� � & 
 � � �  � � �  � � �  �

� � � � � � �� �� � �� %* 
 � � � � & �

�  � � �  � � �  � � �  � � � �

� � � �� �� � �� �  � � � � � � � � � � ��

� � �  � � 
 � �$ � � � � � �� %* 
 � 

� � � # 	� &!



AMANDA-B/II  Vertical Ice Map

z 
[m

]

horizontal projection [m]
no direct
m

easurem
ent

-100 -50 0 50 100

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

be = 1/λe [m
-1]

λ = 532 nm

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

de
pt

h 
[m

]

10
-1

� � � � � � �
 � � � � 
 � �  � $ � � � � 

� �� �� � �� � � 
 � � � � � � 
 � � � '!

� �* �$ � � � � � � � � � �� � � �

�� �
 � � � � �  � �� � 
  � � �� � � �

� �� �� � �� 
 � � � � � � � � �
 � �

� � � � 
 � � � � � � � 
 � � � �� �  �!

# � $ � � � � 
 � � � � � �� � � � � �� � � �

� � 
 � �! � � � � � �� � � � � � � � �

� � 
 � � � � � �� � � � * �� � � �

� �  �
 �
 $ 
 �
 � � � � � � � � �
 � � �

� �  � � � �  � $ � � � �  $ � � 
 ��

� �� �*  � �!



CORSIKA

QGSJET

VENUS

NEXUS

DPMJET

HDPM

SIBYLL

hi
gh

−e
ne

rg
y 

in
te

ra
ct

io
n 

m
od

el
s

MMC AMASIM

OM sensitivities

Ice modelsmamint

mamdiff

kgm

kurtstd

kurtsud

f125

bulk

asens

� � � 
 �
 � � � � ' � � � � �

 
 �  � �  � � � ' 
  � � � � � �

�
 �  � � � �� � � $ � 
 � � � � �

* 
 � � �� # 	� � * � � �

� � � � �� !

�� �� � N � �� � � � �� � � 	
 � � � N � 	
 � � T �� �

� VX � Y� �_ P � � P � � � �

�X UX � PS \ � � � �

� P ^� T U S PV W ^SX Y U \ � �

� �� T U S PV W ^SX Y U \ � � � �

�� � PV � Y\ X SX Y U � �

� W� � � U PV � ` �� P � � � � � � � Q ! � �#" Q ! � �%$ � � � � � � � $ � � � � �[
 � SX ] P &\ O Y' PV �] \ � � � R ( � () * + ( �� ) � � �



# � � � � � � � � � � � � $ � � �
 � � � � � �  � * 
 � � � � � �� � �

� � � ��� ��� � 
 � � � � �� �� � �� � � � � �  
 � � � � � �
  �

�  � � � ' � �  �
  � � � �� ' � � � � � � 
  � � �	 � 
	 � � � �� � � !

� ^O � � �
� �

	 �
	 � %�� & �	 � � % �  � � &

� �
� ��

� � � �	 �

*  � � � � 
 � � � � � � � �
 � � � � � � � $ � � �
 � � � � �  �
 � ' ��

� � �
 � � � � �  � � � � �  � � � � �  � � �  � � � �
 � � �  �
 �
 $ �


 �
 � � �  � � � �
 � � � � � � � � � �
 � � �� � � 
 � �! # � � $ 
  � � � �

� % � ^O & �  � 
  � � � �
  � 
 � 
  � � � � � �� �� � �  � � � � �

� � � ��
�

� �
%�� � � ! "$#� "$# &� �

%%� � � "'& � ! "$(� "$( &� � )

� ^O � 	 %� � � � &

	 � ^O � �
� �

� � � � � � � ! "$#� � � � � � � "'& � ! "$(

�  � � � � �� � � � � � � � � � � � �� � 
  � � � * � � 
 � �� 
 � � �

�
 �  � � � ^O + � � � � � � � � �  � 
  � � � � � � %� � � �, � &� � 
� !

h

h

2

1

µ

h

NchNch,0

E0

log10(Elost [ GeV ])

en
tr

ie
s

1

10

10 2

10 3

10 4

10 5

-3 -2 -1 0 1 2 3 4 5



log10(Nch)

en
tr

ie
s 

[ p
er

 e
ve

nt
 ]

10
-4

10
-3

10
-2

10
-1

1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1

p3

p 2

γ

2.56
2.66
2.76
2.86
2.96

data

mc
-11

-10.5
-10
-9.5

-9
-8.5

-8
-7.5

1.45 1.5 1.55 1.6 1.65

p3

p 1

γ
2.56
2.66
2.76
2.86
2.96data

mc

10
11
12
13
14
15
16
17
18

1.45 1.5 1.55 1.6 1.65

� � � % � * � & � 
 � �� 
 � � �
 �  
 �� �* 
 � 

� % � & � %� � � � � � ! � &�
� , � � � % � �� �

�� &

(

�  �� � �� � � � � � � � � � � � � � � � �  � 
  � � �

�� � � � � � � �� � � 
  � � � � � � � � � �
 �  % ) �

� )� � � � )� ( & � � � �� � � � � 
 � � � �  � �� �

�
 � 
 � � � �� � � � � � � � � � 
  � � � �  � �  � � �

� � � � �� 
 � � � � � � � !



� �� �� ��

one of the strings 1-19 removed

all strings used

alternative cross talk cleaning

reduced sensor sesitivity (-40%)

file number

γ 
- 

co
rr

ec
tio

n

-0.1

0

0.1

0.2

55 60 65 70 75

� � �� � � � � �� �  � �� � � �� � �� � � �� � � �

� �� �
 � 
 � ' * 
 � � � � � � � � � � � � � � � � � �

� � � � � � � �
 �  �  �  � � � �  � �  �
 � � � �

� � 
 � � � � � ��

��� Q � +) � � �� � � �) (	 � � � � + �X ^ P �	 � � � �
 � WS] �	 � � � �� � ^ Y Ua �� Q � + �	 � � �Q

� � � � � � * + � � � � � � � � �	 � � � �Q �X ^ P �	 � � � � 
 � WS] �	 � � � �) � ^ Y Ua �� � � � �) 	 � � � � +

d h
n q

s

v
[9]

[5]

γ 
(H

)

d
h

n q

s

v

[9]
[5]

Φ
0 

[m
-2

s-1
sr

-1
T

eV
-1

]

2.5

2.55

2.6

2.65
2.7

2.75

2.8

0.08
0.1

0.12
0.14
0.16
0.18

0.2
0.22

_ P\ � Z S \ a Y V 	
 � � � N � � 	
 � �� � � � � � �� �� � N � � T �� � � � �� � � �a Y V � �



�� � �� � � �� � �

�! � � �� � � � � � � �  � �  � � � �� �  � � �� �� � � � �� � � � � �  � � � �  � � �� � � � $ � � 
 � �

�
 �  � 
  � � � � � � � � � � �
 � � � � �
 �  � � � �
  � �!

( ! � � �  � � � 
 � � � � � � �  �
 � � �  �* 
 � � � �� 
 � �
 �  � �� � � ��� #� 	 � ��
 	� � # �

�  � � 	 � #  
 �  � �  � � � ' 
  � � � � � �
 �  � � � � � �!

� ! � � �� 
 � �� � 
 �� � � �
 �  �� � � � � � � � �  � � � �� � � � � � � � � � � � �� � 
  � ' � 
 � � � � �

�� �
 �  %� � � � � � � 
 �  � � ��  � � � � � �� � �  � � ! � � � � �� � '! �� � �� � 
 � � �* � � � � &


