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Charged cosmic rays vs. gamma-rays
and neutrinos

charged particles
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Particle Generation in AGN Jets
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High energy neutrino telescopes

Antares
Nestor, Nemo
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1967 — 74: Neue Sudpolstation

Design-Kriterien
15- 20 Jahre Betriebszeit

Imale Besatzung: 33
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Depth

— 2500 m

677 optical modules
on 19 strings

Installation
1996-2000

AMANDA



Hot Water Drilling

2 MW power
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Search for Point Sources

24h

AMANDA-II: 2000-2004 (1001 live days) 4282 v from Northern hemisphere

No significant excess found



3 yr max significance O =90° Max Significance
3.730 > 1.50

O =54°, a=11.4h
3.380

5 yr max significance
95 of 100 background maps 3.740 — 280

(data randomized in RA) have a point with significance 2 3.38 ¢



& Flux limits for E2 point sources
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Multi-Messenger Methods

27th September to 27th November 2006 BEPZams=5g
Five alerts sent

Result: 3 observations
No coincidence ...

VERITAS < | 'MAGIC
Long-term  gamma-ray. NToO — follow-up
observations” used for RESR 7D AR e neutrino alerts plus
light-curves studies Yo

st long term gamma obs.
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Air shower detector
80 pairs of ice
Cherenkov tanks
Threshold ~ 300 TeV
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Goal of 80 strings of 60
optical modules each

17 m between modules
125 m string separation” . |
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2007/08: add 14 to 18
strings and tank stations
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o s - 2006-2007:

13 strings deployed

2005-2006: 8 strings

2004-2005 : 1 string

AMANDA-II
19 strings
677 modules

Eiffeltornat

Completion by 2011.



2007-2008: 18 strings = sosecose
S o = e s 2006-2007:
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/ 13 strings deployed
IceTop T —

Air shower detector
80 pairs of ice i .
Cherenkov tanks M L 2005-2006: 8 strings
Threshold ~ 300 TeV il

Tagg $INEL

T 1450m i

-/s of optical modules

IceCube ]
\ i - front-end electronics

Goal of 80 strings of 60
optical modules each - European data center

| - software, analysis

17 m between modules

125 m string separation . CIE AR AR 24m
2450m o R

Eiffeltornat

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

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

1 45
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Goal of 80 strings of 60
optical modules each

17 m between modules

- 1450m i

125 m string separation =
2450m

]

IceTop

- Angular calibration
of IceCube

- mass composition
of cosmic rays
(with IceCube)

- veto for IceCube

124m

Eiffeltornet
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lceCube

IceTop /

Air shower detector
80 pairs of ice
Cherenkov tanks
Threshold ~ 300 TeV
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Measured Effective Scattering Coefficient
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IceCube Coll, J. Geophys. Res. 111 (2006) D13203
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Drill Camp

lceCube




Hot Water Drilling

- 5 MW power
- 16 m? fuel




Hot Water Drilling

lceCube ‘

String 49 Dril/Ream/Deployment Profile
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Deployment




The Digital Optical Modules (DOM)

Cable Penetrator Assembly
PMT High Voltage Base Board

High Voltage Generator &
Digital Control Assembly

Flasher Board

Mu-Metal Magnetic Main Board

Shield Cage

Delay Board

Glass Pressure /

Sphere

PMT



3—' Search for Point Sources

lceCube ‘

First lceCube skymap, IC-22, 2007 data

,hot spot” has 2.4 ¢ after correction for trial factors
- Consistent with background
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e:d  Point sources: the progress

lceCube

Tremendous progress in sensitivity over last decade

- point source limits/sensitivities .
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Shadow of the moon (our ,first
point source”)

m Detect downward muons from
cosmic ray interactions

m CRs are shadowed by the moon
m Moon diameter 0.5°

m Seeing the moon shadow proves
— Absolute pointing about 1° or better
— Angular resolution about 1°

observed: 88202 events
expected: 89522 events
deficit: -1320 events
error: 315 events

significance: -4.2 ¢

IC40 (2008)
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Limit on diffuse extraterrestrial fluxes
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Gamma Ray Bursts

“ & Vela Satellite 1969

Jet with I' ~300-1000
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-ﬁ' Coincidences with GRB

lceCube

Off-Time Bl Always Blind
- Prfc:z?r 10 n:, or Timf hour Check for coincidences with
"h" ~ BATSE, IPN, SWIFT
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Dark Matter Searches

1) ,Direct” search

~
DM scattering in o
underground detectors \

2) ,Indirect” searches
Neutrinos from
DM annihilations

—— 3) produce
v DM particles

-‘,A’ #
b

at LHC
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Relativistic Magnetic Monopoles
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:ea' Relativistic Magnetic Monopoles

Baikal 4 years
AMANDA-Il 1 year
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:a' Relativistic Magnetic Monopoles
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Detection by
enhanced
noise rates

Earir;a
Chwearf

Dark noise in
lceCube

Optical Modules
is only ~ 320 Hz !

Supernovae in IlceCube
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. Supernovae in IceCube
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A fantastic year 2008

.
7 year skymap g
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| High-statistics sky-map IceCube

High statistics
of neutrinos
in ANTARES




3-‘ Summary

lceCube ‘

QO no positive detection yet, but already testing
realistic bounds

0 IceCube reaches 1 km?3 x year by early 2009

0 entering region with fair discovery potential.
Most interesting period 2009-2013 !

0 Coming soon:

0 New record sensitivities for dark matter, magnetic monopoles
and other exotica

QO Particle physics with 72 million atm. neutrinos

0 Determination of cosmic ray mass composition with alternative
method

Q IceCube is ready for the next Supernova
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