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- US Funding by NSF
- Awardee Is University of Wisconsin

—> IceCube belongs to the class of MRE
(Major Research Equipment) projects.

-> IceCube has recently made the official step
from the R&D phase (Year 1 and 2) to the
Implementation phase, I.e. it is installed as
MRE project.
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Design and Technology
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80 Strings
4800 PMT
Instrumented
volume: 1 km?3
Installation:
2004-2010

AMANDA

"South Pole
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Drilling: from Amanda to IceCube

Amanda lceCube

Heat (surface) 2 MW 5 MW
Time to 2400 m 120-140 hours 35-40 hours
Fuel (gal/hole) 10,000 -12,000 7,000 - 8,000

Set-up Time 5-6 weeks 18-25 days
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Drilling

Amanda (3-reel) and ICECUBE (1-reel) Drill

FIFo = (d/d0)”*(p/po)™”
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Hole #19 - Depth vs. Time
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Digital Optical Module - (DOM)

- Captures waveforms with
- 250 MHz first 500 ns
- 40 MHz over 5000 ns

- Time-stamps each pulse
-r.m.s. <5 nsec

- Dynamic range
- 200 PE over 15ns
- 2000 PE over 5000 ns

- Dead time <1 %

-=> Noise rate < 500 Hz

PhotomultipliD

33 cm
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Digital Optical Model Block Diagram
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DOM Main Board - March 2003
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DOR PCI-Card

Read-out of 8 DOMs (2 per twisted pair cable)

C.Spiering, VLVNT Workshop

18



String -

Electronics in the ice

\

DAQ
Network
Architecture
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Amanda DOM test string

DIGITAL
| Front End | AMANDA
Digital
copper analog Tes_t
twisted fiber optic | String
pair cable
Digital
L Optical
- Module
\
«————— local
coincidence
( —_— ] cable

- timing 3.5 nsr.m.s.

Power Supply

- cable length << 1 ns r.m.s.

- gain drift << 0.2% per week

- down going muons as expected
- 15% of events have > 1 hit
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DOM Time Synchronization
Offset Measurement

Time O
Synchronization

Surface

: At (down)
I

Reciprocal /DOM

Active
Pulsing

For identical electronics: Al (down) = At (up) = 12 Twuntar ip= i)

Dtdown — Dtu p: 1/ 2(T dt)

round-trip"




Physics Gapabiliies
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Effective Area of IceCube
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Effective area vs. muon energy

- after trigger

- after rejection of atm m

- after cuts to get the ultimate
sensitivity for point sources ,,
(optimized for 2 benchmark spectra)




Angular resolution as a function of zenith angle
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Energy Spectrum Point Source Search

Events / (Year*Bin)
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Blue: after downgoing muon rejection
Red: after cut on N,; to get ultimate sensitivity
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Energy Spectrum Diffuse Search

Events / Year

10° E 10° . 2
Atm v o v-Signal (E™)
—
3 w 3
L —  Level 2 T L
~ N, > 228 g
107 W q0?
10 10
1 1
= rjl\ -1
10 10
o 1 2 3 4 5 6 7 8 8 o 1 2 3 4 5 & 7 8 8
log,,(E, / GeV) log,,(E, / GeV)

Blue: after downgoing muon rejection
Red: after cut on N,; to get ultimate sensitivity
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lceCube sensitivity vs time

Diffuse Fluxes Point Sources
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Search for diffuse excess of extra-terrestrial
high energy muon neutrinos
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Limit on all neutrino flavors
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| |
Expected sensitivities
to steady point sources

2001
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2007
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Supernova Monitor

Amanda-l|

B10:
60% of Galaxy

A-lI:
95% of Galaxy

¢ Count rates

lceCube

10/7/z




icelop
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lceTop Station Schematic

ToDAQ

lceCube
Drill Hole

Two Ice Tanks
3.6mé¢x1m
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15m

Two DOMs: 10" PMT
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Functions of IceTop

e |ceCube calibration with the help of
downgoing muons (absolute pointing, angular
resolution, detector geometry, ice atten.)

« Anti-Shield (helps to reject downgoing
muons from independent air showers)

e Chemical Composition (IceTop measures
electron component, IceCube muon
component)
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Schedule

03-04
04-05

05-06
06-07
0/-08
08-09
09-10

drill equipment to Pole

first strings

(proof that 16/season are feasible,
prepare 6 full strings)

12 strings

16 strings

16 strings

16 strings

remaining strings

10/7/2003
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03-04  drill equipment to Pole

04-05  first strings
(proof that 16/season are feasible,
prepare 6 full strings)

05-06 12 strings

06-07 16 strings

07-08 16 strings

08-09 16 strings

09-10 remaining strings

Cost including personnel, contingency and overhead: ~ 250 M$
Detector: ~ 55 M$, logistics including drilling: ~ 40 M$
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Addendum on Lake Baika
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The Baikal
Collaboration

nstitute of Nuclear Research, Moscow

rkutsk State University, Irkutsk

DESY Zeuthen, Zeuthen

Moscow State University, Moscow

Nishni Novgorod State Technical University
State Marine Technical University, St.Petersburg
Kurchatov Institute, Moscow

JINR, Dubna
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Baikal History

NT-200 NT-200+

upgrade

first 2 neutrino
candidates

Baikal will stay largest H.E.
neutrino telescope on northern
hemisphere until Antares/Nestor
will have installed arrays with
100-200 OMs and will nicely
complement Amanda. 43

One of the first neutrino
events recorded with the
1996 four-string version
of the Baikal Telescope




NEUTRINO TELESCOPE NT-200
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Baikal Upgrade NT200+

_1DD _-.l. -.

—150 '..l..

—200

=250

cascades

0 25 50 75 100125150 175 200 225 250

10/7/2003

R, m

36 additional PMTs ® 4 times better sensitivity !
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<= Alesson on electro-corrosion

1+

unexpected electro-corrosion after > 6 years
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oints of problems
( / P Prooi

1+

> —~ nd

Two out of four cables have broken during installation works in Spring 2003.

Detector runs only with 5 strings in 2003. Two new cables in March 2004.
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End of Talk
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