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a billion ton neutrino detector



blue light travels 100~200+ meter



volcanic ash layer



neutrino travels
through the earth

and …
through the detector

deep detector shielded 
by water or ice



muon

• lattice of photomultipliers

• shielded and optically
transparent medium

neutrino

nuclear
interaction

ice converts a neutrino
to blue light



Photomultiplier Tube

1 cm
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particles produced in a nuclear reactions produce blue 
light in water



Where are we ?

South Pole

runway

AMANDA-II

Amundsen-Scott South Pole Station



AmundsenAmundsen--Scott South Pole stationScott South Pole station

South Pole
Dome

1500 m

2000 m

AMANDA



IceCube detects the faint
blue glow from the nuclear
reaction resulting from the 
head-on crash of a neutrino

with an atom of ice





the IceCube project transforms
a billion tons of ice into a particle physics detector

photomultiplier
starts its journey

to 2500 m



2 days per hole
3.5 cm/second

drilling and deployment
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125 m



IceCube Site

5 megawatt power plant



one of 21 drill modules arrive in antarctica



Requires 
Kilometer-Scale
Neutrino 
Detectors
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IceCube deployments

2004-2005 : 1 string

2005-2006: 8 strings

2006-2007: 13 strings

Completion 2011 :

•80 strings
60 modules 

each•17m between
modules •125m between 
strings •1 km³ ; ~1GTon

1997optical modules in ice:
•AMANDA 677
•IceCube 1320

Counting house: commissioned in January 2007



2006-2007:
13 Strings

2005-2006: 
8 Strings

2004-2005 :
1 String

2007-2008:
18 Strings

1450 m

2450 m

2008-2009:
18+1 Strings

since jan 09 

59 out of 86



Seeing:
Cosmic Messengers

• visible light ( Alhassan 1000 )

• light of other wavelengths:
blue, red, infrared, 
X-rays, radiowaves,….



Crab Nebula

in 1054 a star
explodes in the
constellation
Taurus



neutrinos ?



Seeing:
Cosmic Messengers

• light ( Alhassan 1000 )
• light of other wavelengths:

blue, red, infrared, 
X-rays, radiowaves…

• neutrinos instead of 
photons (particles of light)



     

Telescope  User date Intended Use Actual use 

Optical Galileo 1608 Navigation Moons of Jupiter

Optical Hubble 1929 Nebulae Expanding  
Universe 

Radio  Jansky 1932 Noise Radio galaxies 

Micro-wave Penzias, 
Wilson 1965 Radio-galaxies, noise 3K cosmic 

background  

X-ray Giacconi … 1965 Sun, moon   neutron stars 
accreting binaries

Radio  Hewish, 
Bell 1967 Ionosphere Pulsars 

γ-rays  military 1960? Thermonuclear 
explosions 

 Gamma ray 
bursts 

 

 

New Window on the Universe
Expect Surprises

New Window on the Universe
Expect Surprises



You can see a lot by looking

Yogi Berra



muon

neutrino

nuclear
interaction

once in a while…



μ

• lattice of photomultipliers

• shielded and optically
transparent medium

ν



ννμμ + N + N →→ μμ ++ XX

muonmuon neutrinoneutrino
interactioninteraction →→ tracktrack

AMANDA Event 
Signatures:

Muons



IceCube 22



IceCube 
event 

22 strings





IceCube 

background:
downgoing cosmic

ray muons

~ 1500 per second

signal:
upgoing muons

initiated by
neutrinos

~ 10 per hour



one in 106 muon tracks is produced by a neutrino





1555 Events1555 Events
AMANDA II 2000



AMANDA skyplot 2000-2003

Preliminary

3369 events below horizon



AMANDA skyplot 2000-2007

6695 events below horizon



the hottest spot location is: Ra 153.5 , Dec 11.5  
events: 11        background: 3.3
-log10(p-value) :  6.14 (4.8 sigma)

happens in 63 out of 104 scrambled maps, or the
probability is ~ 0.01



Is ice the solution, reallyIs ice the solution, really……??
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