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Deployment
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IceCube Detector

Surface:
2835 m a.s.l

1450 m

2450 m

2620 m

IceTop Surface Array
81 Stations
x 2 Tanks
x 2 DOMs

= 324 DOMs

“InIce” Volume Detector
86 Strings
x 60 DOMs

= 5160 DOMs

540m



4

Connection:
Single twistedpair cable

Power: 
3.75 W

Bandwidth: 
1Mbit/s

DOM
(Digital Optical Module)
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10 inches
(2535 mm)
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SPE Peak
Gain: 5∙107

arxiv:1002.2442

Dark Noise
Gain: 1∙107

Threshold 0.25 p.e.
6 s time window

300 s1

Radioactive
Decay

Thermal
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PMT Time Resolution
laboratory measurement using laser

2.2 ns Gaussian
(1.2 ns  2.7 ns)
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IceCube
Nominal

Translation from I to U:

50 W

PMT Saturation

Laboratory
1 DOM

Insitu
Many DOMs
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Prepulses, Afterpulses

Prepulse:
Electrons skipping dynode

Afterpulse:
Ionization of residual gas
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Prepulses, Afterpulses

Afterpulses:
Ions of different masses(?)
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Absolute Calibration

2d scan
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PMT Acceptance
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“FrankTamm” Formula
(Cherenkov Light Emission)

PMT Acceptance

1958
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“FrankTamm” Formula
(Cherenkov Light Emission)

PMT Acceptance
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“FrankTamm” Formula
(Cherenkov Light Emission)

PMT Acceptance

Ice Absorption

Not included!
(Handled by

photon propagation
in simulation)
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Main Board

PMT Signal Digitization
Local Coincidence Trigger Condition

Calibration Equipment (LEDs)
Slow Control and Monitoring
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arxiv:0810.4930

Simple Sketch



18In Action (Lab, Idling)
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Voltage

Gain

IceCube Nominal (107)

SPE Peak

Dedicated Calibration: Only once per year(!)
Continuous monitoring based on physics data.
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Trigger (Single DOM)
Threshold: 0.25 p.e.
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“Local Coincidence”:
DOMs communicate with their neighbors

Waveform digitization is initiated 
only if adjacent modules triggered (within 1 s)
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IceCube Laboratory (ICL)

(To Trigger and Event Builder)
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J. Kelley et al.: AIP Conf. Proc. 1630, 154 (2014)

“Cascaded Binary Merge Tree”

Detector Triggering

Continuous sorting of hit stream (60k/sec)
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Detector Triggering

Main Physics Trigger: 
Simple Majority Trigger requiring 8 DOMs with Local Coincidence

“SMT8”
Rate: 2100 s1 (99.9999% atm. muons) 
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Readout Window: [10s ; +22s]

[3km; 6.6km]

Color: Time
Volume: N

pe
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Local Coincidence:
Full Waveform

No Local Coincidence:
Time Stamp
Amplitude
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DOMs with Local Coincidence
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ATWD
(Analog Transient Waveform Digitizer)
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ATWD
(Analog Transient Waveform Digitizer)

Custom chip developed
at LBNL (Berkeley)

Sampling Rate:
300 Mhz / 422 ns (128 bins)

Two chips on board, 
used alternatingly.

Input range: 03V

Three amplifiers for large
dynamic range.

Output: 13 bit (01023)
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1.6∙1019 As ×107/108 s × 50×16 × 3V/ 1024 counts 
= 3040 counts

One PhotoElectron

Discriminator Threshold

Gain Width Amplification Range
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Raw Digitization

x16

x2

x0.25
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Raw Digitization
Calibrated
Waveform

x16

x2

x0.25
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FADC
(Fast Analog to Digital Converter)

x16
x2
x0.25

Sampling Rate: 40 MHz  
Time Window: 6,400 ns

No deadtime!
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Raw Digitization

FADC

ATWD

Calibrated
Waveform



35

65cm

93cm

130cm
DOM DOM

water

perlite

snow

x2 x81

IceTop Tank

view from above, unfrozen

lowdensity,
thermally insulating

volcanic mineral
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Muon Peak
/EM Bkg

Tank Calibration

Source: T. Waldenmaier, DESYZeuthen

Snow reduces EM signal,
muons unaffected

Snow Height
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Oldest
(2005/06)

Newest
(2009/10)

a.u.

Effect of Snow Coverage
(Reconstructed Shower Core Position)
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Ice Flow Ice Thickness
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Detector deployed in ice formed
from ca. 90,000 to 36,000 years ago.

Strong climatic variations!

Vostok Ice Core, source: wikipedia
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Insitu measurement
of photon scattering
with “dust logger”.
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2050 meters below surface:
Intransparent “Wall” dividing

detector into two parts! 



42

M. Ackermann et al.(2006), J. Geophys. Res., 111, D13203

Optical Ice Properties



43

M. Ackermann et al.(2006), J. Geophys. Res., 111, D13203

Optical Ice Properties

Would not be a problem if...
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M. Ackermann et al.(2006), J. Geophys. Res., 111, D13203

Optical Ice Properties
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arxiv:1301.53 61

Layers of high dust concentration

EeVscale vertical CR shower
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Next Time:
Events!
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