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Overview

The mDOM and its background mechanisms

Background parameter determination

Simulation of background in the optical modules
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The multi-PMT digital optical module
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Directional sensitivity

Larger e [edtive area

[IceCube-Collaboration]
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Background sources in the mDOM

(/ connector
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Ice features no optical activity

PMT holding o Module main background source.

structure

Dark rate of PMTs

O-ring _ maimboard © Enhqnc_ement by conductive objects in
. proximity of photocathode (reflector)
PMTbase N\ = Optical cross-talk between PMTs
Radioactive decays in pressure
«—__ pressure
oMt~

Vessel vessel (gel+PMT glass)
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Radioactivity inside glass and gel

Vitrovex and Benthos glass:

238 chain (4-9 24 )
232Th chain (1-2 2 )
2354 chain (0.5-0.8 2 )

‘0K (0-70 £2)

QSI gel feature no measurable activity
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Scintillation basics

Q Conduction band

Empirical parametrisation:

WVV\,V Spectrum
Eg Lifetime T: 1(t) CeI¥T
Yield (amount of photons per depos-
ited energy)

Valence band
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Measuring the scintillation spectra

Picoammeter
PMT
DAQ &
controls
Monochromator

—— Sample
—> Radioactive source

Glass excitation with radioactive
source

Wavelength selection with
monochromator

Photon detection with small PMT

[Hamamatsu R7600U-200 Datasheet]
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Intensity (a.u.)

Spectra with *Sr-B and >’ Am-a-source
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Correcting the spectra
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onochromator

Photon absorption in sample -
- Simulation (Geant4)
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Corrected spectra

t Probably most of the luminescence in UV-region is absorbed in the sample
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Measuring the scintillation lifetime

t Excitation with weak®***Am- -source
( 2:83kBq)

t Measurement of100 s waveforms
after trigger event

t Save hit time of all photons inside
waveforms
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Time distribution of all samples

. P
t Multi-exponential decay t:1(t)= ; iexp( t=;)
I All samples feature 3 decay constants
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Lifetime temperature dependence

Mean lifetime; — = 4
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Determination of scintillation yield

# emitted photons -
dep. energy

yield = <

t Measure rate from excited sample

t Simulate the setup using di erent
yields and interpolate for measured
rate

t Correct for PMT dark rate andhir
scintillation
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Glass and gel scintillation yield: Rate

Rate caused by air luminescence simulated and corrected
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Glass and gel scintillation yield
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Simulating the background
In the optical modules
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Simulation results for the IceCube optical module

t In Benthos 242 % higher
2381 activity than Benthos 1
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