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Charged cosmic rays vs. gammaCharged cosmic rays vs. gamma--rays rays 
and neutrinosand neutrinos

charged particles

γ,ν

ν



1996:
3 sources

2008:
~ 75 sources

TheThe skysky in TeV in TeV gammagamma raysrays





Neutrino Neutrino fluxesfluxes

under-
ground

optical:
- deep water
- deep ice

- air showers
- radio
- acoustics
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High energy neutrino telescopes
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Mount ErebusMount Erebus
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1.station1.station

Februar 1957: Die erste Südpolstation



sundog4sundog4

1967 – 74:  Neue Südpolstation
Design-Kriterien

15- 20 Jahre Betriebszeit
Maximale Besatzung:  33



Photograph of the Photograph of the 
ModelModel



End of FY00 Summer SeasonEnd of FY00 Summer Season
Februar 2000



A3 & B2 Structural SteelA3 & B2 Structural Steel





Dezember 2005





Installation
1996-2000

677 optical modules
on 19 strings

AMANDA



Hot Water Drilling Hot Water Drilling 

2 MW power





ν + nucleus
μ + nucleus

neutrino event
in AMANDA



cosmic
proton

≈15 km

π+

 μ+
e+

νe
νμ

νμ

„atmospheric“
neutrinos



AtmosphericAtmospheric NeutrinosNeutrinos

spectrum
measured

up to
>100 TeV



SearchSearch forfor Point Point SourcesSources

AMANDA-II: 2000-2004 (1001 live days)  4282 ν  from Northern hemisphere
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δ=90º

24h 0h

3 yr max significance
3.73σ→ 1.5σ

5 yr max significance
3.74σ→ 2.8σ

Max Significance
δ=54º, α=11.4h

3.38σ

95 of 100 background maps 95 of 100 background maps 
(data randomized in RA)  have a point with significance ≥ 3.38 (data randomized in RA)  have a point with significance ≥ 3.38 σσ

AMANDA final AMANDA final analysisanalysis (7 (7 yearsyears, 6595 , 6595 eventsevents))



FluxFlux limits limits forfor EE--22 point point sourcessources

Energy Range (90%): 1 TeV – 3 PeV



ES 1959+650ES 1959+650

Year2000 2001 2002 2003
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Flux of
TeV photons

(arb. units)
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Arrival time of 
neutrinos from the
direction of the AGN 
ES1959+650



MultiMulti--MessengerMessenger MethodsMethods

H.E.S.S.
CANGAROO

small overlap in 
the visible sky

MAGIC
NToO – follow-up 
neutrino alerts plus 
long term gamma obs.

VERITAS
Long-term gamma-ray 
observations used for 
light-curves studies

27th September to 27th November 2006
Five alerts sent
Result: 3 observations
No coincidence …

+ + opticaloptical followfollow upsups, AGILE, GLAST, , AGILE, GLAST, ……



• Bartol Research Inst., Delaware
• Anchorage University 
• Pennsylvania State University
• UC Berkeley
• UC Irvine 
• Clark-Atlanta University
• Univ. of Maryland
• University of Wisconsin-Madison
• University of Wisconsin-RiverFalls
• LBNL, Berkeley
• University of Kansas
• Southern Univ., Baton Rouge

• Bartol Research Inst., Delaware
• Anchorage University 
• Pennsylvania State University
• UC Berkeley
• UC Irvine 
• Clark-Atlanta University
• Univ. of Maryland
• University of Wisconsin-Madison
• University of Wisconsin-RiverFalls
• LBNL, Berkeley
• University of Kansas
• Southern Univ., Baton Rouge

• Universität Mainz 
• Humboldt Univ., Berlin 
• DESY, Zeuthen 
• Universität Dortmund
• Universität Wuppertal
• MPI Heidelberg 
• RWTH Aachen

• Universität Mainz 
• Humboldt Univ., Berlin 
• DESY, Zeuthen 
• Universität Dortmund
• Universität Wuppertal
• MPI Heidelberg 
• RWTH Aachen

• Uppsala University
• Stockholm University

• Uppsala University
• Stockholm University

Chiba 
University

Chiba 
University

• Universite Libre de Bruxelles
• Vrije Universiteit Brussel
• Université de Mons-Hainaut
• Universiteit Gent 

• Universite Libre de Bruxelles
• Vrije Universiteit Brussel
• Université de Mons-Hainaut
• Universiteit Gent 

Univ. of Canterbury, ChristchurchUniv. of Canterbury, Christchurch

University of OxfordUniversity of Oxford

University UtrechtUniversity Utrecht

University LausanneUniversity Lausanne

IceCube



AMANDA

IceCube



IceTop

IceCube

Air shower detector
80 pairs of ice 
Cherenkov tanks
Threshold ~ 300 TeV

Goal of 80 strings of 60 
optical modules each

17 m between modules
125 m string separation

2004-2005 : 1 string

2005-2006: 8 strings

AMANDA-II
19 strings
677 modules

2006-2007:
13 strings deployed
Current configuration
- 22 strings
- 52 surface tanks

Completion by 2011.
2007/08: add 14 to 18 
strings and tank stations

1450m

2450m

2007-2008: 18 strings



IceTop

IceCube

Air shower detector
80 pairs of ice 
Cherenkov tanks
Threshold ~ 300 TeV

Goal of 80 strings of 60 
optical modules each

17 m between modules
125 m string separation

2004-2005 : 1 string

2005-2006: 8 strings

AMANDA-II
19 strings
677 modules

2006-2007:
13 strings deployed
Current configuration
- 22 strings
- 52 surface tanks

Completion by 2011.
2007/08: add 14 to 18 
strings and tank stations

1450m

2450m

2007-2008: 18 strings

DESY: DESY: 
--¼¼ of of opticaloptical modulesmodules
-- frontfront--endend electronicselectronics
-- European European datadata centercenter
-- softwaresoftware, , analysisanalysis



IceTop

InIce

Air shower detector
80 pairs of ice 
Cherenkov tanks
Threshold ~ 300 TeV

Goal of 80 strings of 60 
optical modules each

17 m between modules
125 m string separation

IceCubeIceCube
Current configuration
- 22 strings
- 52 surface tanks

1450m

2450m

IceTop
- Angular calibration

of IceCube 
- mass composition

of cosmic rays
(with IceCube)

- veto for IceCube



IceTopIceTop



AMANDA now
operating as part
of IceCube

IceTop

InIce

Air shower detector
80 pairs of ice 
Cherenkov tanks
Threshold ~ 300 TeV

Goal of 80 strings of 60 
optical modules each

17 m between modules
125 m string separation

2005-2006: 8 strings

AMANDA-II
19 strings
677 modules

2006-2007:
13 strings deployed

IceCubeIceCube
Current configuration
- 22 strings
- 52 surface tanks

1450m

2450m

AMANDA now
operating as part
of IceCube



Measured Effective Scattering Coefficient

IceCube Coll, J. Geophys. Res. 111 (2006) D13203



IceCube Laboratory and Data CenterIceCube Laboratory and Data Center

Commissioned for operation
in January 2007



Drill CampDrill Camp



Hot Water Drilling Hot Water Drilling 

- 5 MW power
- 16 m³ fuel

per hole



Hot Water Drilling Hot Water Drilling 



DeploymentDeployment



TheThe Digital Digital OpticalOptical ModulesModules (DOM)(DOM)



SearchSearch forfor Point Point SourcesSources

„hot spot“ has 2.4 σ after correction for trial factors
Consistent with background

First IceCube First IceCube skymapskymap, IC, IC--22, 2007 22, 2007 datadata



First IceCube First IceCube skymapskymap, IC, IC--22, 2007 22, 2007 datadata

MadisonMadison
analysisanalysis

DESYDESY
analysisanalysis



point source limits/sensitivities

20122012

Tremendous progress in sensitivity over last decade

Amanda 1999



ShadowShadow of of thethe moonmoon ((ourour „„firstfirst
point point sourcesource“)“)

Detect downward muons from Detect downward muons from 
cosmic ray interactionscosmic ray interactions
CRsCRs are shadowed by the moonare shadowed by the moon
Moon diameter 0.5°Moon diameter 0.5°
Seeing the moon shadow provesSeeing the moon shadow proves
–– Absolute pointing about 1° or betterAbsolute pointing about 1° or better
–– Angular resolution about 1°Angular resolution about 1°

IC40 (2008)IC40 (2008)



SearchSearch forfor
diffuse diffuse 
extraterrestrialextraterrestrial
fluxflux



Toy model



exclusion
limit for this model

Toy model



Limit on diffuse Limit on diffuse extraterrestrialextraterrestrial fluxesfluxes

AMANDA HE analysis

Baikal

IceCube muons, 
1 year

Icecube, 
muons & cascades
4 years

GRB (WB)

2003

2006

2009

2013



Gamma Ray Gamma Ray BurstsBursts

Vela Satellite 1969

Jet with Γ ~300-1000



AMANDA limit from 408 bursts

1997-2003

Waxman-Bahcall
GRB prediction
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Check for coincidences with
BATSE, IPN, SWIFT

close to WB
within < factor 2

with IceCube:
test WB within
a few months

CoincidencesCoincidences withwith GRBGRB



DarkDark Matter Matter SearchesSearches

χ

χ

χ ν

1) „Direct“ search
DM scattering in
underground detectors

2)  „Indirect“ searches
Neutrinos from
DM annihilations

3)  produce
DM particles
at LHC

Sun

Erde





RelativisticRelativistic MagneticMagnetic MonopolesMonopoles
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≈ 8300



RelativisticRelativistic MagneticMagnetic MonopolesMonopoles

Baikal              4 years
AMANDA-II 1 year



RelativisticRelativistic MagneticMagnetic MonopolesMonopoles

IceCube-9 preliminary



Supernovae in IceCubeSupernovae in IceCube

Signal for SN in GC

Detection by
enhanced
noise rates

0       5      10  sec

Count rates

Dark noise in
IceCube
Optical Modules
is only ~ 320 Hz !



Supernovae in IceCubeSupernovae in IceCube

5σ signal for SN of 1987A strength



R&D on R&D on AcousticAcoustic DetectionDetectionSPATSSPATSSouth Pole Acoustic Test Setup

302 m

125 m

250 m

A,B,C: 2007
D       : 2008





A fantastic year 2008

1450m

2450m

7 year skymap
AMANDA

IceCube 
50% complete

ANTARES fully
operational

High statistics
of neutrinos
in ANTARES

High-statistics sky-map IceCube



SummarySummary

no positive no positive detectiondetection yetyet, , butbut alreadyalready testingtesting
realisticrealistic boundsbounds
IceCube IceCube reachesreaches 1 km1 km33 ×× yearyear byby earlyearly 20092009
enteringentering regionregion withwith fair fair discoverydiscovery potential. potential. 
Most Most interestinginteresting periodperiod 20092009--20132013 !!
ComingComing soonsoon::

New New recordrecord sensitivitiessensitivities forfor darkdark matter, matter, magneticmagnetic monopolesmonopoles
and and otherother exoticaexotica
ParticleParticle physicsphysics withwith ½½ millionmillion atm. atm. neutrinosneutrinos
Determination of Determination of cosmiccosmic rayray massmass compositioncomposition withwith alternative alternative 
methodmethod

IceCube IceCube isis readyready forfor thethe nextnext SupernovaSupernova
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