
The real voyage is not to travel to new landscapes,The real voyage is not to travel to new landscapes,
 but to see with new eyes. . . but to see with new eyes. . .
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antarctica









  new South Pole stationnew South Pole station



IceCubeIceCube construction construction  

•• 1 million pounds of cargo 1 million pounds of cargo
•• C-130 planes: > 50 flights C-130 planes: > 50 flights

05-0605-06



IceCubeIceCube construction  construction 



one of 21 drill modules arrive in antarctica



Hose winch
Drill tower

IceTop TanksHot water
generator

5 megawatt hot water drilling system5 megawatt hot water drilling system



 



Where are we ?

South Pole

runway

AMANDA-II

Amundsen-Scott South Pole Station



astronomy without light



Seeing:
Cosmic Messengers

• visible light ( Alhassan 1000 )
• light of other wavelengths:
  blue, red, infrared, 
  X-rays, radiowaves,….



IbnIbn al- al-HaythamHaytham
El El BasriBasri
AlhazenAlhazen



Crab Nebula

Supernova shocks
expanding in 
interstellar medium



X-ray  Picture

Infrared Picture



neutrinos ?



     

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 

!-rays  military 1960? 
Thermonuclear 

explosions 

 Gamma ray 

bursts 
 

 

 New Window on Universe?
        Expect Surprises



the “professional” reason



•protons  > 108 TeV
•photons > 10 TeV
•neutrinos > 102 TeV

Nature’s Accelerator ?



Cosmic Rays Observations

    first discovered in
1912 by Austrian
scientist Victor
Hess, measuring
radiation levels
aboard a balloon at
up to 17,500 feet
(without oxygen!)



solar flare shock acceleration

Coronal mass
 ejection

 09 Mar 2000



           ~102 Joules
       ~ 0.01 MGUT

dense regions with exceptional
gravitational force creating relativistic
flows of charged particles, e.g.

• dense cores of exploding stars
• supermassive black holes
• merging galaxies

Acceleration to 1021 eV ?



supermassive supermassive 
black holeblack hole

active galaxy

•accretion disk
•jet



Georges LemaitreGeorges Lemaitre
believed that cosmicbelieved that cosmic

rays where primordialrays where primordial
radiation from the Bigradiation from the Big

BangBang



why neutrinos ?





What is the world made off ?

• neutrons,
and

• protons and electrons,
that

• switch their identity
 back and forth in

“nuclear reactions”



• There is also a 
neutrino

• Just high school 
physics

• We cannot see it
anyway

Whoops, a correction….



JohnJohn
BahcallBahcall

cosmic sources cosmic sources 

cosmic rays ~ photons ~ neutrinoscosmic rays ~ photons ~ neutrinos



I have done a terrible thing, I have
invented a particle that cannot be

detected.

Wolfgang Pauli



Requires 
Kilometer-Scale
Neutrino 
Detectors



Fred Fred ReinesReines

proposed neutrinosproposed neutrinos
asas

cosmic messengerscosmic messengers



SuperKamiokandeSuperKamiokande in the Japanese alps in the Japanese alps





a one billion ton neutrino detector ?



neutrino travels
through the earth

detecto
r



Photomultiplier Tube

1 cm



                       optical sensor



neutrino

nuclear
reaction

• infrequently, a cosmic neutrino
  crashes into an atom in the ice
  and produces a nuclear reaction

detecto
r

 muon

neutrino travels
through the earth
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particles produced in a nuclear reactions produce blue 
        light in water



• blue light produced in nuclear reaction 
• optical sensors capture (and map) the lightneutrino

nuclear
reaction

• infrequently, a cosmic neutrino
  crashes into an atom in the ice
  and produces a nuclear reaction

detecto
r

 muon

• infrequently, a cosmic neutrino
  crashes into an atom in the ice
  and produces a nuclear reaction

• muon travels kilometers in the ice



Northern hemisphere detectors

Nestor

March 29, 2003
1 of 12 floors deployed
4000 m deep
completion: 2006

Antares

March 17, 2003
2 strings connected
2400 m deep
completion: start 2006

Baikal NT200

1100 m deep
data taking since 1998
new: 3  distant strings



Amundsen-Scott South Pole stationAmundsen-Scott South Pole station

South Pole
Dome

1500 m

2000 m
[not to scale]

AMANDA



Drilling Holes
with Hot Water

The Optical Module

Building   AMANDA



 



• blue light produced in nuclear reaction 
• optical sensors capture (and map) the lightneutrino

nuclear
reaction

• infrequently, a cosmic neutrino
  crashes into an atom in the ice
  and produces a nuclear reaction

detecto
r

 muon

• infrequently, a cosmic neutrino
  crashes into an atom in the ice
  and produces a nuclear reaction

• muon travels kilometers in the ice



ν telescope : AMANDA event

energy deposited in OM

time recorded on OM



ννµµ + N  + N →→  µµ + + XX

CC CC muonmuon neutrino neutrino
InteractionInteraction
                                →→  track  track

AMANDA Event 
Signatures:
Muons



1555 Events1555 Events
AMANDA  II  2000



AMANDA skyplot 2000-2003 

Preliminary

 3369 events

below horizon



Year2000 2001 2002 2003

May June July

Flux of
TeV photons 
(arb. units)

0

1

2

3

νν

gamma-rays detected by
TeV gamma telescopes

Arrival time of the neutrinos
from the direction of
ES1959+650 detected by
AMANDA

need a larger

detector



AMANDA: proof of concept



    down

background
cosmic ray

muon produced
in the atmosphere

100 per second

up

neutrino 
traveled 
through the
earth

10 per day

the
challenge !





100 m

absorption



         Glaciology with Light



    volcanic ash layer



icecube





IceCube
February

2006



Drilling

ICECUBE

2450 m

AMANDA

AMANDA String 19 drilling time (h)



string cable: 2500 m, weight ~ 6 tons



Digital  Optical Module

Photomultiplier Tube



Digital Optical ModuleDigital Optical Module

mainmain
boardboard

LEDLED
flasherflasher
boardboard

HV boardHV board



                                  sample of events

IceCube/IceTop
coincident event

first IceCube
neutrino



GZK event: cosmic ray + cmb photon 
  10 EeV neutrino



From New Scientist:

AMANDA discovers 
cosmic neutrinos 6/1

The Worlds Biggest Physics Experiments
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