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■ The IceCube experiment

νμ

μ

AMANDA‐IIIceCube

1km3

IceTop
deployed in the Antarctica 

glacier

~70 strings

~4200 photo-multiplier tubes 
(PMTs)

Detector volume: 1km3

ATWD 300MHz effectively 14 

bits

3 different gains (x15, x3, 

x0.5)

10 bits FADC for long duration 

pulse

Neutrino energy of 107(SNs)-
1020eV is detectable.

9 strings are deployed. The 
l l
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■ The IceCube 
deployment
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■ The system check

1 p.e. distribution Gain check

Time resolution

~1 ns

Multiplicity distribution

A. Achterberg et al., Astropart. Phys., 26, 3, 155-173 (2006)
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Calibration of IceCube detector is difficult once installed. (flusher 
and atom. neutrino) 

→ Calibration of detectors before the installation is important.

We calibrate PMTs and DOMs. (Absolute calibration and 2D sensitivity 
scan.)

■ Calibration of PMTs and Digital Optical 
Modules (DOMs)

Main board

metal cage Flasher board

Optical gel

HV board

10 inch PMT

DOM
PMT

Normal checkNormal check: (1/10)
Linearity of the PMT gain
dark noise rate
charge resolution

Golden PMTsGolden PMTs: (1/60)
normal check +

2D sensitivity scan
Absolute calibration

Hamamatsu Chiba Univ. Wisconsin Univ. Chiba Univ. South Pole
makes all PMTs assembles DOMs

check all DOMs 
(under low temperature)

Linearity of the DOM gain
dark noise rate
component check
cold reboot
communication test

Golden DOMsGolden DOMs: (1/80)
2D sensitivity scan
Absolute calibration
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■ The absolute calibration of PMTs and DOMs using 
Rayleigh scattering in N2 air

N2 laserN2 

CRAY system by N. Sakurai

QE = ph.e.s / photons

The Rayleigh scattering is well understood!

N2 laser (337nm)

The measured QExCE is 20% less

Strange…
To be checked
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■ New calibration system in a freezer

LED

ND filter
～50%

Reference PMT 
Absolutely calibrated 

Slit 1mm

IceCube PMT
(TA3447)

We can calibrate detectors absolutely even at low tem
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20.0%
(365nm)

20.3%
(470nm)

14.4%
(520nm)

7.11%
(572nm)

22.0%
(365nm)

18.1%
(470nm)

11.8%
(520nm)

5.25%
(572nm)

TA3453 TA3460

Good correlation !!Good correlation !!

■ The QEs of PMTs

(@room temperature)
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■ The QEs of Golden DOMs

lower than PMT QElower than PMT QE

Effect of glass and gelEffect of glass and gel

To be checked wellTo be checked well

(@room temperature

8 GDOMs to the 8 GDOMs to the 
pole tpole this yearhis year
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pγ2.7K →π± + X →μ± +ν →e± +ν's

S. Yoshida, ICRC2005, 
Rapporter talk

The GZK cut off exist?

IceCube sensitivityIceCube sensitivity
(10 years)(10 years)

Test the GZK model by IceCube
S. Yoshida et. al. (2004) Phys. Rev. D 69 103004

■ The extremely high energy 
neutrinos

νμ νe

μ

e

π
νμ

EHE-C
R
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■ The 9 strings EHE data 
analysis

The highest event so far

(4x104 p.e.)
0.14 Hz

Slope = -

0.14

NDOM>50

NDOM>80
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GZKμ Atmospheric μ GZK τ

IceCube Preliminary

■ The MC simulation

μ
ν

The GZK and 
atmospheric flux are 
taken into account.

The detector MC 
included.
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9 strings 
event rate
+τ 0.13 events/year
Atmospheric μ
     0.009 events/year

GZK μ
GZK τ

Atmospheric μ

9 
Strings

■ The event rate

IceCube preliminary

80 
Strings 80 strings

event rate
+τ 0.66 events/year
Atmospheric μ
     0.033 events/year
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■ The EHE event reconstruction

P({n} |{μ}) =
μi

ni

ni!i=1

k

∏ e−μi

μμ: model: model
n: observed n: observed 

Waveform based reconstruction, using likelihood.

IceCube preliminary IceCube preliminary

10101717eVeV ReconstructedReconstructed
MC trueMC true

dis<500m σ~1°
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■ Summary
IceCube is working with 9 strings.

We are working both on hardware and software for EHE 
neutrinos.

We calibrate PMTs and DOMs (2D absolute). 8 GDOMs to the 
pole this year.

We are analyzing 9 strings EHE data with MC data.
■ The future plan

In this austral summer, we will (hopefully) deploy 14 more 
strings. (23 stings in total)

The disagreement of the QE by N2 laser has to be investigated 
well.

Analyze data more extensively with MC data.

Need to develop a reconstruction method better.
Physics is coming. Stay tuned!Physics is coming. Stay tuned!
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