


Outline

e Motivation: to understand
— the end of the galactic cosmic-ray spectrum
— the transition to extra-galactic cosmic rays

e Concept:
— composition vs energy reflects sources

e Status:
— 2005: data with 10* m2 on surface & 1 string
— 2006: running with 10° m2 & 9 strings

e Plan: 10° m? & 80 strings in 5 years

KEK, Feb 27, 2006 Tom Gaisser



Direct measurements

Energies arnd rates of the cosmic-ray particles
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B. Peters on the knee and ankle

<A> should begin to decrease again

Peters cycle: systematic increase of < A > for E > 30 X Eppee

approaching E,.,
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Rigidity-dependence

e Acceleration, propagation
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Where Is transition to extragalactic CR?

Original Fly’s/ Eye §1993): HiRes new composition result:
«| transition coincides with ankle transition occurs before ankle
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log(FLUX * E® in eV’m?s™'sr)

M. Nagano and A. A. Watson: Ultrahigh-energy cosmic rays
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KEK, Feb 27, 2006

Models of galactic particles,

E > knee

Fine-tuning problem:

— continuity of spectrum over factor
300 of energy implies relation
between acceleration mechanisms

Axford:
— reacceleration by multiple SNR
Jokipii & Morfill, VAlk:

— reacceleration by shocks in
galactic wind (termination shock or
CIRs)

Erlykin & Wolfendale:

— Local source at knee on top of
smooth galactic spectrum

Need measurements of
composition to E > 1017 eV

Tom Gaisser

Volk & Zirakashvili, 28" ICRC p. 2031
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New experiments for knee to ankle

« KASCADE-Grande (e / u)
e Tunka (air Cherenkov)
 TALE (hybrid)

 LOPES (radio)

e IceCube ( e/ energetic u)

— Primary E to ~1017 eV now
— to ~1018 eV when complete

KEK, Feb 27, 2006 Tom Gaisser 10



Air Showers with IceCube

2400 m

3 =50

KEK, Feb 27, 2006 Tom Gaisse 11



N IceCube

T ‘ IceTop: air shower array
“ | / » 80 Stations / 2 Tanks each
S0m Fim » 2 DOMs each per tank
. » 125 m grid, 1 km?2 at 690 g/cm?
T v Ejres ~ 300 TeV for > 4 stations
| » Useful rate up to ~EeV

AMANDA

A 324 m

IceCube: deep ice array ”
« 80 Strings / 60 DOMs each

« 17 m DOM spacing

= 125 m between sfrings

|. Taboada * 1 km? instrumented TAUP-2005. Zaragoza




lceCube
Digital Optical Module

Cable Penetrator Assembly
\ PMT High Voltage Base Board
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Science with IceCube/lceTop

e IceCube neutrino astronomy

— Looks for neutrinos from interesting objects like
accreting black holes

e IceTop makes IceCube a 3D air shower array
— Origin of high-energy cosmic rays
— Controls background for neutrinos

* Ratio surface/deep signal sensitive to nuclear
composition of primary cosmic rays

KEK, Feb 27, 2006 Tom Gaisser 14
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Muon / electron ratio reflects
nuclear composition of primaries

Calculations of Ralph Engel,
presented at Aspen, April, 2005
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lceTop station

~5-10 TeV

Two Ice Tanks 2.7 m? x 0.9 m deep (scaled-down v n of Haverah, Auger)
Integrated with IceCube: same hardware, software
Coincidence between tanks = potential air sho

Local coincidence with no hit at neighboring stati
Signal in single tank = potential muon

Significant area for horizontal muons

Low Gain/High Gain operation to achiev

Two DOMs/tank gives redundancy again
because only 1 low-gain detector/is n

leeCube
Drill Hole

25 m

To DA

Junction box

L3 HiE

f

muon in deep detector

mic range
of any single DOM

ded/pger station

wo DOMg: 17 PMT
One hygh -gany, one low -gam m each tank

L3

/ 10m

Tom Gaisser
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DOMSs in IceTop

KEK, Feb 27



Filling tanks (Dec 2005)

Use filtered water from drill system

KEK, Feb 27, 2006 Tom Gaisé.er 19



Station 39




Insulate &
darken tanks
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Station: 30

Waveforms in a 4-fold

shower
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Calibration with muons
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How to interpret waveforms?
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KEK

Fluctuations in tank response

Mcharge) batwoon DOM 62 and 64 in tank 29B

4

Alc harge)Naverage char

-2

.40-

00

1000

1500

2000

2500 2000

average charge (PEs)

| 4charge) betwoen LG DOMS In bank 334 and 398

charge)

=]

Alcharge)/averag

4

o

2000

4000

5000

average charge (PEs)

Faz 38 Left paned: Fhuetuataoms m tank respomss bo sygnals measuned by ocanpermg
the resipomeas of two DOMs e the saome tank to azr showerse Raght paned;: Shoser-froat
Auctuatans measuad by oomparmg sonss of two tanks at the same stataon to aar

ahomns,



munber of events
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Shower reconstruction with IceTop4
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String21-lceTop coincidences

1n-ice reconstruction
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Spectrum of visible energy

energy deposition in 8 IceTop tanks
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Surface map of lceCube in 2008 {actual)
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Now running in IceTop:
16 stations, 32 tanks, 64 DOMSs

Surface map of lceCube in 2006 {actual)
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A coincident event

( taken with RealDAQ, animation by Dima )
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More events,
. Feb 2006
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Expectations for IceTopl6

lceTop 06: Spectrum of observed energy in 32 tanks
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Total deposited energy (GeV)

Tom Gaisser

Coincidence rate of >=4-folds
with 9 strings expected to be
approximately 0.02 Hz

IceTop 06: N-station distribution for 4-fold threshold
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Plan to complete IceCube in 2011

lceCube String Locations ~ 125m apart

IceTop in 2006




Summary

e First year’s operation (1 string, 8 tanks)
— Timing accuracy maintained to 3 ns over 2.5 km
— Demonstrates IceCube will work as planned

e 2006: 9 strings, 16 stations in operation
— Hardware running since beginning of February
— Verification and Commissioning in progress

« Plan for completion in five more years

* |lceCube with IceTop:

— Neutrino telescope & 3D air shower array
— Coincident events from 300 TeV to 1 EeV

KEK, Feb 27, 2006 Tom Gaisser
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