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Ankle !
1 part km-2 yr-1!

knee !
1 part m-2 yr-1!

T. Gaisser 2005!

Cosmic rays!

743<2&)A+>3)+51)M%8($254)O48$&%3)



T)

High energy  
neutrino astronomy: 
Small fluxes, 
Need large detectors,  
Note wide energy range 

MeV energy  
neutrino astrophysics 
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By 1999 the following ingredients for a large IceCube proposal were 

obtained. 
•  A strong international collaboration has formed.  
•  It had been demonstrated that  

–  the ice is excellent down to 2500m depth.  

–  Drilling technology is established and modeling has improved such that fuel 
and logistics requirements are solid (they were conservative). 

–  The deep Antarctic ice is suitable for building a large neutrino telescope. 
(AMANDA had seen neutrinos consistent with predictions.) 

–  A detector technology was demonstrated that would require only limited 
maintenance and power. 

•  During the proposal process (2 years) AMANDA-II was completed 
and the first results solidified the above statements. 
–  Challenge that needed to be demonstrated before the final award was 

given, was that a University based collaborative research effort could make 
the transition to a very large project with adequate management etc.  
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Synchronized to GPS time every  !10 sec "
Time calibration resolution = 2 nsec "

H2@2(+")B:9&+")0418"%)\HB0])

Digitized 
Waveform 



X0L)$%3:453%)/))
B:9&+")&'+$+&(%$239&3)4;)HB0)

•  H%(+2"%1)<%+38$%<%5(3)25)"+#)+51)+5+">323)
4;)(%3()1+(+_)

•  VBA0I/BM#$%B$4%V7B/B@.5/0fBM#$%#J%.75%
O@5V"I5%D7#.#3"AM6A05/%?"I5C%%
RC%9IIB-0"%#"/012"3%4"5.6.1"7.))1""
%!89&+#:"/9;&<:6..515775"=/>#9(!)$1?@A)

^t+<:"%Y)
X0L)$%3:453%)(4)'2@')+<:"2(81%):8"3%3)

+]  0+25):8"3%)

#]  O%&451+$>):%+U)18%)(4)85838+")
%"%&($45)($+d%&(4$2%3)

&]  X$%/:8"3%)\;$4<)a$3()1>5+41%,))+$%)
#%"4S)3:%)('$%3'4"1_)J+25)$+94)
+&&4$1225@)(4)a$3()1>541%)@+25]))



L2<%)$%34"8945Y))
KC53);4$)#$2@'():8"3%3)

•  L2<%)12I%$%5&%)
#%(S%%5)
5%2@'#4$25@)HB03)
a$%1)S2(')\#$2@'(])
h+3'%$):8"3%3Y)C)53_))

•  V4$)OX^):8"3%3)+11)d2f%$)\N)53%&]))



M423%)#%'+=24$)

•  G%$>)"4S)5423%)$+(%)18%)83%)4;)"4S)
$+124+&9=2(>)@"+33)+51)@441)X0L)
&'+$+&(%$239&3_)

•  !=%$+@%)$+(%)e)3%534$)\S)1%+19<%]Y)
) )FQT_P)we/)FW_F)?i))

•  3%534$)5423%Y)3(+#"%)+51)+3)%t:%&(%1_))

!%3-5@%/5-#A"M#$%#J%$5"./0$#%%
530--0#$%6/#LA5%#J%1BAB@M@%-"65/$#TB%
@#/5%@#AAB6-5% 0       5      10  sec 

 7485()$+(%3)

32<8"+(%1)&485()$+(%3);$4<))
CDU:&)38:%$54=+)&4""+:3%)



!_)*+$"%,)-./0+12345)
Nm)

QW)3($25@3)
\Q)H%%:)74$%])
QC)6&%L4:)3(+9453)
mTQT)4:9&+")3%534$3)

C)#2""245)(453)4;)2&%)



•  O4<%)58<#%$3)$%@+$125@)$%"2+#2"2(>Y)

•  !&&8<8"+(%1)"2;%9<%)+3)4;)!:$2")C,)FDCCY)CN,TDD)
HB0)>%+$3)

•  `43()HB03)18$25@)1%:"4><%5()+51);$%%i%/25)\;+2")
&4<<23324525@]Y)CFR))

•  `43()HB03)+o%$)38&&%33;8");$%%i%/25)+51)
&4<<23324525@Y)CQ)))
•  !338<25@)&453(+5();+2"8$%)$+(%Y)L'%)6&%78#%)3%534$3)

S48"1)"2=%);4$))+#48()RTD)>%+$3)\0L[V]_)

A%"2+#2"2(>)4;)3%534$3)
/)38$=2=+")$+(%3)#%;4$%)+51)+o%$)&4<<23324525@)



!"#$%#&'$()*) +,-$./#0102314156
-2#7$8#293:#;$< =>10:#9156$?@$A19B?>91> C*C

Predicted 15-year DOM survivability
(post-deployment)

90

92

94

96

98

100

Feb-05 Feb-06 Feb-07 Feb-08 Feb-09 Feb-10 Feb-11

Date (month-year)

S
ur

vi
va

l R
at

e 
(%

)

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

+,.//#012345673859: ';7<'#
=788>92=?;29@#<A7<5A3B

+-."-#0C7D?9: ';7<'#
=788>92=?;29@

/(*E#$%&'

+,."*#0FBGA7@59:
H&I#JA5?K'

"".++#0L5DMN7AK:
?9G#"".+E#0$7>M&>:
@7#62@6#=>AA59;

(E.E!#0O?AJ?9P7MJ5?9:
';7<'#=788>92=?;29@

+,./*#0Q'<>GG59:
'37D'#G7D9

(,.E(#0R''5S:
<A7G>=29@#J?G#G?;?

+!/E#$%&'

"/.(/#0T?>A79:D233 97;#
@7#;7#2=5J77;

*).E"#0IA2U>5;A>8:
2'#37'; ").E/#0VA?JJ?: ?9G#

"-.((#0T=6?9@7:
W?23>A5'

**.-*#0T=?<672G5>8:
?9G#**.-/#0L2''?9:

<A7J358

E,.((##0X>'2332:
G2G9Y;#32K5#><@A?G5

(-+/#$%&' (("E#$%&'

E(.*,##0$73MO>3G>A:?9G
++.-"#0TK7A<27959:

A587Z5#[#A5';7A5#").
*!#0\<<3?9G:

/).E*#0]569?6?9: ?9G#
/).E/#0F>85A>': @7#

62@6#=>AA59;



B:%$+945+")38::4$(Y))
67`)<+25(%5+5&%)
KWD)U.):4S%$)(4)%"%&($452&3)
PD)J[e1+>)
F)S25(%$4=%$3)
38<<%$):4:8"+945)\+$4851)m/R):4:)H%&)/)x+5]))



NP)

FDDDy)cTDDJ%G)
6&%)
&43<2&)$+>):'>32&3)

)<+33)251%:%51%5())
)%5%$@>)$%34"8945,)
)&4<:432945)

=%(4)
&+"2#$+945)



V"+3'%$)%=%5(3)83%1);4$)&+"2#$+945)

!"")3%534$3)+$%)%s82::%1))
S2(')+)3%()4;)CF)`^H)h+3'%$3_))
!)ND)53):8"3%)4;)45">))
CD)#2""245):'4(453)\TDD5<])
23)=232#"%)(4)+)123(+5&%)4;)WDD<_)

L'%3%)<%+38$%<%5(3)+$%)83%1))
(4)&+"2#$+(%)('%)1%(%&(4$))
/)9<%))
/ )@%4<%($>))
/ )4:9&+"):$4:%$9%3)4;)('%)2&%)



L'%)6&%)23)=%$>)&"%+$)
^I%&9=%)3&+f%$25@)"%5@(')=3)H%:(')

^I
_)O
&+
f
%$
25
@)
"%
5@
('
)q<

r)

25)25(%$5+"))$%=2%S)
;4$):8#"2&+945)



!#34$:945)"%5@(')=3)H%:(')
!
#3
4$
:9

45
)"%
5@
('
)q<

r)



!#34$:945)"%5@(')=3)H%:(')
!
#3
4$
:9

45
)"%
5@
('
)q<

r)

! L'%)O48(')X4"%)6&%)23)=%$>)&"%+$)+51)S%"")851%$3(441_)
\5%S):+:%$)25):$%:+$+945])
! !()1%:('3)#%"4S)FCDD<)2()%=%5)#%f%$)('+5)%t:%&(%1)
+51)('%5)+338<%1)25):$%=2483)<41%"3_)
!)^t&%""%5()<%128<);4$):+$9&"%)1%(%&945)



^=%5(3)



743<2&)$+>3)@%()3(8&U)25)('%)0445)j))
H4%3)6&%78#%)3%%)('%)<445)\3'+14S]z)



0445)3'+14S)4#3%$=%1)25)<8453)j))
6&%78#%):425(3)25)('%)$2@'()12$%&945g)

7%5(%$)4;)<445)23)3:4()45))
(4)+):$%&23245)4;){D_C)1%@$%%3_))

B#/*>*'/0">&C+&D'/+'%"E&#$""
?F"G,:""H"6.">&CI/"



H%(%&(4$)4:%$+945,)$+(%3)

•  H%(%&(4$):%$;4$<+5&%):+$+<%(%$3)25&$%+3%);+3(%$)('+5)('%)58<#%$)4;)
3($25@3))

–  `45@%$)<845)($+&U3)\U<)3&+"%])
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Strings! Year! Livetime ! μ rate 
(Hz)

ν rate (/
day)

angular 
resol./°

AMANDAII
(19)  !

2000-2006 ! 3.8 years ! 100! 5 / day! 2.4!

IC22! 2007! 275 days! 550! 18 / day! 1.4!

IC40 ! 2008! 375 days! 1100! 38 / day! 0.75!

IC59 ! 2009! 360 days! 1900! 129 / day!

IC86test ! 2011! 1 day! 2650! 0.5!
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Strings! Year! Livetime ! μ rate 
(Hz)

ν rate (/
day)

angular 
resol./°

AMANDAII
(19)  !

2000-2006 ! 3.8 years ! 100! 5 / day! 2.4!

IC22! 2007! 275 days! 550! 18 / day! 1.4!

IC40 ! 2008! 375 days! 1100! 38 / day! 0.75!

IC59 ! 2009! 360 days! 1900! 129 / day!

IC86test ! 2011! 1 day! 2650! 0.5!
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–  6<:$4=%1)+5+">323)(%&'52s8%3)

Strings! Year! Livetime ! μ rate 
(Hz)

ν rate (/
day)

angular 
resol./°

AMANDAII
(19)  !

2000-2006 ! 3.8 years ! 100! 5 / day! 2.4!

IC22! 2007! 275 days! 550! 18 / day! 1.4!

IC40 ! 2008! 375 days! 1100! 38 / day! 0.75!

IC59 ! 2009! 360 days! 1900! 129 / day!

IC86test ! 2011! 1 day! 2650! 0.5!
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Strings! Year! Livetime ! μ rate 
(Hz)

ν rate (/
day)

angular 
resol./°

AMANDAII 
(19) !

2000-2006 ! 3.8 years ! 100! 5 / day! 2.4!

IceCube 22! 2007! 275 days! 550! 18 / day! 1.4!

IceCube 40 ! 2008! 375 days! 1100! 38 / day! 0.75!

IceCube 59 ! 2009! 360 days! 1900! 129 / day!

IceCube 86 
test !

2011! 1 day! 2650! 0.5 (est)!
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