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Introduction Motivation

IceCube Gen2

A new Detector
• Use opportunity to improve optical modules
• Match optical module properties specific to the detector
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Introduction Motivation

Ice Absorption

Potential
• Unused light < 350 nm
• nCherenkov light ∝ 1

λ2

Ackermann et al.(2006),
Journal of Geophysical
Research (Atmospheres),
111, D13203
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Introduction Concept

Wavelength-Shifting Optical Module (WOM)

Advantage 1
UV sensitivity

Advantage 2
Low noise
Advantage 3
Large passive
detection area

Advantage 4
Smaller drill holes
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Introduction Concept

Wavelength-Shifting Optical Module (WOM)

Outer Dimensions
• Height = 1.3 m
• Width = 11 cm

Inner Dimensions
• Height = 0.9 m
• Width = 9 cm
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Achievements WLS Paint

Wavelength-Shifting Paint Development

Properties
• Effective from

250− 400 nm
• ≈ 100 % absorption
• Emission above 400 nm
• > 90 % quantum efficiency

Ingredients
• Binder = Paraloid B72
• Pigment = Bis-MSB + P-terphenyl
• Solvent = Toluene
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Achievements WLS Paint

Paint Application

Dip coating
• Well reproducible thickness
• Smooth surface
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Achievements Light Guide

Light Guide Development

Adiabatic Light Guide
• Determined with a ray tracing simulation under area conservation
• Crosschecked under phasespace conservation (Étendue)

• r = r0 + r0
η2−1 −

√(
r0

η2−1

)2
+ r0

η2−1y2 fitted to simulation
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Achievements Timing

Timing

Time resolution
• Subnanosecond LED pulser
• Measurement for a 90 cm tube at 45 cm PMT distance
• FWHM ≈ 5 ns
• Decay constant = (3± 0.3) ns
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Achievements Choice of PMT

Characteristics for a Possible Choice of PMT
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PMT
• Possible choice the Hamamatsu R11920 PMT (CTA)
• PMT noise 10− 20 Hz for relevant temperatures
• Peak quantum efficiency of 40 %
• Noise for whole setup has to be measured
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Achievements Efficiency

Capture and transport efficiency
• Measurement for 25 cm
* Scaled to match PMT results, due to limited acceptance
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Achievements Pressure Tests

Pressure Tests with the Pressure Vessel

Pressure Tests
• New module shape
• New glass type (quartz glass)
• Up to 5250 psi (≈ 360 bar) for 1x10 min + 1x20 min
⇒ No cracks
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Achievements Inner Structuring of the Glass Vessel

Inner Structuring of the Glass Vessel

ice airglass
n=1.33 1.48 1.00

ice airglass
n=1.33 1.48 1.00

α

Lenticular arrays to improve transmittance
• Structure changes change the acceptance
• A gain of 37 % is possible in theory
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Conclusion & Outlook Conclusion - Outlook

Conclusion
• Highly effective wavelength-shifting paint
• Fully working coating technique
• Adiabatic light guide manufactured
• Capture & transport efficiency ≈ 50 % for 25 cm distance.

Outlook
• Further investigation into structuring the glass vessel
• Electronics adaption
• Assemble of a complete prototype
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Backup

Backup
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Backup

Water Transparency

By Kebes at English Wikipedia
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Backup
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Backup

Efficiency - Photodiode Setup
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Backup
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Backup

WLS Efficiency
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Backup

WLS Absorption
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Backup
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Backup
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Backup
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