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The IceCube Upgrade
Design and goals

Goals:
● Study neutrino properties
● Provide an improved 

detector calibration ⇒ 
renalysis of IceCube data

● IceCube Gen-2 Research & 
Development effort

7 strings - 693 Optical sensors:

● Calibration devices

● 277 D-Eggs

● 14 PDOMs 

● 402 mDOMs
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Neutrino physics
In the low energy regime

Low energy muon neutrino as seen in DeepCore (Gen-1) and Upgrade

Projected sensitivity to muon neutrino disappearance using the 
IceCube Upgrade with 3 year of data ⇒ very competitive with 
long baseline neutrino accelerator experiments

Check on the unitarity of the PNMS matrix: are there sterile neutrinos 
out there? 10% tau neutrino appearance precision achieved in 1 
year,  (>3x better than current world-best DeepCore)
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mDOM rises
Behold!

https://docs.google.com/file/d/1zdKuDzhTq7lB7Lmawvala0r60fQVSXX8/preview
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mDOM design overview
A reminder

The 24 PMT mDOM design is inspired by the multi-PMT (31) approach first taken by the KM3NeT collaboration



Page 6APC meeting - 12.05.2022

DESY 

JGU Mainz

WWU Münster

TU Dortmund

RWTH Aachen

BU Wupperthal

FAU Erlangen

KIT

The mDOM team
A big German team!

What I had asked as a picture…

mDOM team in September 2021 during mDOM workshop at 
DESY 
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A very collaborative work
Our DESY team

● Summer Blot: FAT preparation
● Nora Feigl: Testing… testing..
● Timo Karg: in charge of… everything?
● Marko Kossatz: electrical engineer, bubble whisperer
● Sarah Mechbal Testing…1..2…testing
● Matthias Schust: mechanical engineer, mDOM integration
● Kalle Sulanke: Senior electrical engineer, mainboard, ICM, fieldhub 

design, boat master



    A progress report                                      
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Progress and upcoming milestones
Time… it only moves forward…

The present

Spring 2022

mDOM Final Design Review

(success!)

DFL and optical FAT
 commissioning

Production moves to SXF 
hangar 

Resolution of the vexed 
bubbles issue

mDOMs ready for shipping from 
DESY + MSU 

Integration and FAT on first 20 mDOMs

Production Readiness Review

Summer 2022 May-September 2023
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Bubblegate
A year long problem

Bubbles would appear after degassing and curing of optical gel, and 
bubbles would grow during freezing, delaminations would appear

Bubbles are not without poetry…

https://docs.google.com/file/d/1xIiqP9pifdEXW-JEANe3kEbwdZrnDpxS/preview
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Putting Bubblegate behind us
Resolution

current designdesign a year agoTwo changes were done: 

1. Change design of support structure: 
○ Reflectors are now glued to the support 

structure and no longer held with small clips

○ Switch the 3D printing method, surface is 
now chemically smoothed and the smoothing 
of the surface 

2. Change the potting and degassing procedure during 
integration

○ Favor a “low pressure approach” where the 
module is degassed at 2 mbar before the gel 
is poured and degassed a low pressure

Thanks to the intense efforts from Matthias Schust and Marko 
Kossatz, the first module integrated with this method resulted in a 
drastic decrease of bubbles, even after multiple days of freezing!

Can you see 
bubbles? No you 
can’t…
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Integration facility
At Schönefeld

In March 2022, the integration site 
moved from the DESY campus to 
a hall near the old Schönefeld 
airport, where a clean room was 
installed



Page 13APC meeting - 12.05.2022

In April 2022, the mDOM team presented to a review panel made of 
IceCube members the results from the design verification completed 
with the 8 DVT modules already in existence

Final Design Review
Design Verification Tracker
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Example of a requirement
SPE Time Resolution
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Example of a requirement
SPE Time Resolution

We find that the standard deviation of the the 
transit time is 3.31 ns, below the 5 ns limit defined 
by the requirement
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Example of a requirement
Linearity measurement

The linearity of the mDOM is one of its most crucial 
performance requirements
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Environmental requirement
Mechanical, pressure, temperature

Could the mDOM withstand transport, deployment? Will it live a long beautiful life?

Mechanical test: high level land transport

Pressure test

Thermal shock test

https://docs.google.com/file/d/1jcxvs43ykJVPIqfAf00M1BSnEy2oVfam/preview
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FAT: Final Acceptance Testing
Dark Freezer Lab

Month-long test where the 20-30 mDOMs will 
undergo temperature cycling whilst most important 
detector characteristics are being tested

Inside the DFL: work mode Inside the DFL: party mode
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Optical FAT
Long term testing

In late April, the optical FAT setup, developed at FAU Erlangen, was installed at DESY: it 
consists of a laser + filter wheel + collimator + diffusor system and 24 fibers that are 
placed directly onto the center of each PMT in a holding structure
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Summary and prospects
Though the future remains unknown

● Though the statistic is low the team is confident about having 
identified the root of the bubble trouble, and how to mitigate it

● Forward we move! mDOM production is about to start. Delays are 
caused by supply chain issues in electronic parts procurement

● The Dark Freezer Lab is ready to welcome its first batch of mDOM for 
FAT testing: hardware and software support have been developed
 ⇒ We shall learn how to run a month-long series of test in a robustly 
automated manner



The end
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Strings layout
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PNMS matrix
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A lexicon
A guide to mDOM-speak

● DVT: Design Verification Testing, the checking of all the 
predetermined physics and engineering requirements for the 
detector

● FDR: Final Design Review, internal review to approve the final 
mDOM design

● FAT: Final Acceptance Testing, the month-long test each module 
will undergo in the DFL and in the optical setup before being 
shipped away

● DFL: Dark Freezer Lab, the freezer container you may or may not 
have noticed sitting next to the IceCube Lab

● Mini-fieldhub: Interface device between devices and computer

● Bubble-gate: A bad thing that happened
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Organization of the package
Behold the power of organigrammes

  Click here for the interactive version of the
  diagram

● Built following the model of 
STF 

● An important aspect is the 
storage/query of test results 
in the fatcat_db

● Now includes basic 
interfacing with the Dark 
Freezer Lab
modem for FAT

● Multiple DVT tests are 
already included in the 
package

The basic idea behind T-mDOM is to be able to run 
a set of X tests on Z modules by just running a 
single line:
python3 run_test.py mDOM_find_calibrated_values

https://docs.google.com/drawings/d/1exHGhqEq0Blpk9tFyRX7kbYjkjphT0aNdlP10JW1BGE/edit
https://github.com/WIPACrepo/T-mDOM
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Environmental requirements
mDOM torments
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Linearity measurement setup
Light Tight Box
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Light measurement setup
Light Tight Box
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Bubbles I
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Bubbles II


