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IceCube introduction

• Module positions

• Number of photons

• Arrival time

Information Reconstruction

• Energy

• Direction

• (Flavor)

GeV TeV PeV

Optimized for neutrino energy:
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Optical module history

1x10″ PMT

Digital Optical Module
(DOM)

330 mm

dual … Ellipsoidal 
Glass … 
(dEGG)

Multi-PMT Digital 
Optical Module 

(mDOM)

IceCube

2x8″ PMT 24x3″ PMT 16x4″ PMT 18x4″ PMT

IceCube Upgrade IceCube Gen2

Long Optical Module 
(LOM16)

Long Optical Module 
(LOM18)

A single module (combination) will be 
implemented in Gen2 ➟ Gen2OM

Combine mDOM & DEGG 
knowledge for Gen2OM

mDOM & DEGG improve 
upon Gen1 DOM



Why? How? What?

Gelpads!

➢ Gel acts as optical coupling between vessel & PMT

➢ Novel concept to enhance photon capture

➢ Shape comes from PMT glass envelope, inner vessel surface and 

is constricted by an opening angle

➢ Preproduce instead of pouring gel into an assembly

➢ Gelpads are a key component for the performance and integrity

During Prototyping

• External 3D-printed molds for shape and vacuum formed 

polymere sheets for surface smoothness

• Push gelpads (after curing to PMTs) towards inner vessel surface 

via spring loaded mechanism
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Topic I: Module prototyping - Gelpads
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Gelpads quality needs to be a consistent! 

Testing items

• Quality control: Transparency/surface smoothness after demolding

• Module assembly: Adhesion to vessel surface after curing to PMTs

• Module environment tests: Observe possible delamination in   

Freezer + underpressure 

• Mechanical tests: How much force can gelpads withstand?

• Optical tests: Measurable increase in photon detection

• Prototype tests (2023): Vibration, Mechanical shock, thermal shock, 

pressure test
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Topic I: Module prototyping

No 

delaminations/ 

bubble formation 

@-45°C after 7 

days

Gelpads survive 

close to 10kg.

Within the module, 

much less force 

will be acting upon 

gelpads.



Two vendors (Hamamatsu & NNVT) are developing new 4″ PMT models for us

• Our requirement: As short as possible with minimum compromise in 

performance 

• Our feedback influences their development

Some selection criteria/PMT specs: 

• Detection efficiency

• Time resolution

• Background

• …

Each PMT characteristic is further wavelength and temperature dependant                  

as well as influenced by magnetic fields…
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Topic II: PMT characterization

(You don‘t need to read all of that. 
Detection efficiency and time resolution are most 
important for reconstruction)



PMT characteristics go into detector simulation used for reconstruction
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Topic II: PMT characterization

Quantum efficiency Transit time
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Geant4 (Monte Carlo based) simulation includes geometry, particle interaction, absorption lengths, refractive indices, … 

Effective area (cm²) is our measure of module performance 
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Topic III: Simulation studies

DOM

DEgg

mDOM
LOM16

LOM18



• Reminder: DOM (IceCube) dEGG/mDOM (Upgrade) LOM16/LOM18 (Gen2)

• Study optimal PMT positions & angles, opening angles of pads…   ➟ check if real life implementation is possible
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Topic III: Simulation studies

Mean effective Area vs wavelengthEffective Area vs zenith angle (@400nm)
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• The pressure vessel is made from 

borosilicate glass (>10kg)

• Trace amounts of isotopes 

➟ radioactive scintillation

• Temperature dependant (thermal quenching)

• This is IceCubes dominant 

background source!

Characterization by γ-spectroscopy shooting 

γ- & α-particles at glass samples of the vessel, 

thus deducing 4 parameters
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Topic IV: Module background estimation

Spectrum (which)
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Topic IV: Module background estimation

*Pictures shown here are from my Masterthesis (mDOM) – LOM values (that can be shared) are still in the making

Two viable manufacturers for the pressure vessel (Nautilus & Okamoto)

To do:

• Measure spectrum in dependence of temperature for both glass types

• Measure borosilicate components

These results are also used in the detector simulation, go into power consumption calculations and much more.

Measurement is not corrected for intrinsic PMT dark rate (~30 s-1), 

so it matches better than shown below



Stuff I introduced here
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Summary & outlook

Prototyping

Gelpads

• Adhesion & surface       
quality from different 
mold materials

• Coupling to vessel

• Optical quality

Module level

• Assembly

• Module enviroment & 
shock tests

• Scaling to mass    
production

PMTs

Mechanical

• Dimensions

• Glass quality

• Reflectivity

Characteristics

• Timing

• Efficiency

• Dark rate

• Pulse types

• …

Simulated 
module 

performance

Effective Area

• Wavelength 
dependance

• Photocathode 
homogenity

Performance 
studies

• PMT positioning

• Gel pad opening 
angle

• Gel pad axis tilt

Simulated 
module 

background

Scintillation 
parameters

• Yield

• Spectrum

• Time distribution

• Specific activity

Rate estimation

• Glass suppliers 

• PMT dark rate

• Module selection

Omitted details

Stuff other LOM people 

are doing

LOM timeline

• 2023 Spring: Design Verification Testing (DVT) for IceCube Upgrade

• 2023 Winter: IceCube Upgrade LOM Final Design Review (FDR)

• 2025/26: Deploy 12 LOMs (+2 spare ones) in IceCube Upgrade

Systematics



Markus Dittmer | Astroparticle School 2022 Obertrubach-Bärnfels | 5th-13th October 13

Backup
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Theory section



Why neutrinos...?
• Cosmic ray sources produce various 

messengers
• Intergalactic magnetic fields deflect 

charged particles
• Only gammas or neutrinos point back 

to source
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Cherenkov radiation
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Scintillation theory

Deposited energy by particles (in boroscilicate glass)

Absorption & emission band model

Scintillation spectrum (NaI crystal doped with Tl)

Scintillation Yield
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Gelpad section



(This one is from Chiba which has the nicest explanation. The one from Madison and mine are 

different. We all went for independant designs to explore which of the multiple option works best. For 

mass production the design will be changed to injection molded parts with clip/snap features)
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Gelpad jig
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PMT section
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PMT magnetic field dependance
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Knowing your PMT is important!

Timing:

• 1 ns ≙ ~15 cm photon travel distance

• Time systematics translate into track misreconstructions!

• Time budget for Upgrade 5 ns

Gain and efficiency:

• Energy reconstruction depends on number of photons

• Uncertainty in efficiency directly translate to uncertainty on number of 
detected photons

• Estimate for number of detected photons:

# detected photons = pulse charge / mean charge

3 m
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Module section
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Simulation section
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pressure vessel

background
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Isotopes in pressure vessel glass

• Pressure vessel 13 kg borosilicate glass (VITROVEX®)

• Trace amount of isotopes from natural decay chains

and 40K

• Gamma spectroscopy measurement results in:

➢ 238U chain 4.61 Bq/kg

➢ 232Th chain 1.28 Bq/kg

➢ 235U chain 0.59 Bq/kg

➢ 40K 61 Bq/kg

• ~50 radioactive isotopes, ~3k decays/s per mDOM
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Scintillation time distribution

• Fit distribution with sum of exponential decays

• Consider dark rate and correlated background!

• Fit / data agreement stops improving at 7 exponential 

decays
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Other
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Scaling towards mass production

• Manufacture gelpad molds from injection molding -> 4 I.M. dies needed for LOM16 (6 for LOM16)

Gel dispensor PMTs/Gelpads transported 

on trays of ~20 to use as 

a single batch

Curing in controlled environments 

(12 h @ 50°C vs 48h @ room temp)
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Acceptance testing of all PMTs
(mDOM)

• PMTs tested for requirements in

Aachen and Dortmund at –20°C

• Many tests including:

• Gain calibration

• Timing

• Dark rate

• ...
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Pressure test


