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Ankle !
1 part km-2 yr-1!

knee !
1 part m-2 yr-1!

T. Gaisser 2005!
Cosmic rays!

Candidate sources 
(accelerators): 

Cosmic ray related: 
–  SN remnants 
–  Active Galactic Nuclei 
–  Gamma Ray Bursts 
Other:  
–  Dark Matter 
–  Exotics 
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High energy  
neutrino astronomy: 
Small fluxes, 
Need large detectors,  
Note wide energy range 

MeV energy  
neutrino astrophysics 

))M%8($2543)



M%8($2543)
Gamma astronomy limited in energy scale.  

Above 100 TeV, universe is opaque for 
photons, due to pair-production off 
background radiation fields (CMB, IR)  

Cosmic ray sources may be optically thick 
for gammas but not neutrinos; reveal 
“hidden” sources 

Neutrinos are unique and complementary 
astrophysical probe 

FDCD)[8">)FZ) \)

108 TeV 

1 TeV 

Distanc
e 
 to 
AGNs 

Photon propagation distances (P. Gorham) 

The sun, “seen” in 
MeV neutrinos by 
Super-Kamiokande  

The Crab, in 
infrared (Spitzer), 
optical (Hubble),  
x-ray (Chandra)  
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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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60 photomultipliers/string 
Installation time:  
10h/string 
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50 m

1450 m

2450 m

2820 m

IceCube In-Ice Array
86 Strings, 60 Sensors
5160 Optical Sensors

AMANDA-II Array
(Precursor to IceCube)

Deep Core
6 Strings - Optimized for low energies
360 Optical Sensors

Eiffel Tower
324 m

IceCube Lab

IceTop
80 Strings each with
2 IceTop Cherenkov Detector Tanks
2 Optical Sensors per tank
320 Optical Sensors

IceCube

Bedrock

2004 Project Start    1 Hole
2009 Current Status    59 Holes
2011 Projected Completion 86 Holes
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+5+">m%)1+(+);4$)3'+14S25@)4;)&43<2&)$+>)
:$2<+$2%3c))

•  H%e&2(W)\)s  (KPDD)%=%5(3)4;)KFQDDDV)/)
&45323(%5()S2(')%w:%&(+945c))
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H%(%&(4$)4:%$+945,)$+(%3)

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

–  d45@%$)<845)($+&X3)TX<)3&+"%V)

–  6<:$4=%1)+5+">323)(%&'52v8%3)

Strings! Year! Livetime ! μ rate 
(Hz)


ν rate (/
day)


angular 
resol./°


AMANDAII ! 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!



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

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

–  d45@%$)<845)($+&X3)TX<)3&+"%V)

–  6<:$4=%1)+5+">323)(%&'52v8%3)

Strings! Year! Livetime ! μ rate 
(Hz)


ν rate (/
day)


angular 
resol./°


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

–  d45@%$)<845)($+&X3)TX<)3&+"%V)

–  6<:$4=%1)+5+">323)(%&'52v8%3)T%w:%&()39"")32@52e&+5()2<:$4=%<%5()25)('%);8(8$%)
39""V)

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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