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The energy frontier in astronomy
Universe opaque to photons for ¼ of the spectrum

   I. Bartos & M.Kowalski, 2017
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10 yrs of IceCube - a first view on the PeV Universe
Some highlights

2013: Discovery of cosmic PeV neutrino flux 
2018: Evidence for Blazars as neutrino sources 
2020: Observation of first tau neutrino (2011.03561) 

      & Glashow resonance interaction (νe @ 6.4 PeV) 

  

Sky map of cosmic neutrinos

https://arxiv.org/abs/2011.03561
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Scientific objectives for IceCube-Gen2

1. Resolving the high-energy sky from TeV to 
EeV energies 

2. Understanding cosmic particle acceleration 
through multimessenger observations 

3. Revealing the sources and propagation of 
the highest energy particles in the universe 

4. Probing fundamental physics with high-
energy neutrinos, e.g. cosmic flavor physics 

Questions emerging after 10 years of IceCube operations
Example: neutrinos from Kilonovae / GW sources

2008.04323

///ppt/slides/arxiv.org%5Cabs%5C2008.04323
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The IceCube Gen2 array

Credit: DESY & SciComLab
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The IceCube Gen2 facility at the South Pole
Wide-band observatory: Optimizing scales for leading sensitivity from 109 to 1020 eV 

Credit: DESY & SciComLab

under construction completed in 2010 
uptime >99% 

IceCube-Gen2 planed construction: 2024-2032 

Gen2 white paper: 2008.04323

https://arxiv.org/abs/2008.04323
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The IceCube Gen2 array
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Developments towards IceCube-Gen2
IceCube Upgrade / IceCube Gen2-Phase I

• Unprecedented sensitivity to atmospheric neutrino 
mixing parameters and neutrino mass ordering 

• Detailed calibration of ice properties  

• Essential R&D for IceCube-Gen2  

• Fully funded. Total costs ~40 MEuro, German 
contribution ~25% (funded by BMBF/Helmholtz) 

• Sensor work package lead by Germany 

• Essential contributions to calibration devices 
(POCAM, Acoustic Module)  

• Construction ongoing, until recently on track to 
deploy in 2022/23, but due to Covid we are now 
forced to re-baseline to 2023/24.

mDOM: -400 of 700 Upgrade 
sensors are mDOMs, developed 
and produced in Germany
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Developments towards IceCube-Gen2
IceTop enhancement and RNO-G

Radio station:  
(2010.12279)

• RNO-G, to be located at Summit Station, 
Greenland, co-leadership from Germany  

• Array of radio sensors to measure neutrinos 
above 10 PeV, baseline technology for Gen2    

• Funded, deployment: 2021-2023

• Enhancement of IceTop (surface array of 
IceCube), through scintillators and radio surface 
antennas, under German leadership 

• Unique cosmic ray science and vetoing 

• Baseline technology for Gen2 

https://arxiv.org/abs/2010.12279
https://arxiv.org/abs/2010.12279
https://arxiv.org/abs/2010.12279
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Developments towards IceCube-Gen2
Status

• CDR phase completed and published along 
scientific goals in our White Paper 

• PDR to be completed fall 2021 

• Project office assembled (incl. project director, 
project engineer, …) 

• DESY and KIT submitted joint proposal for 
Helmholtz Forschungsinfrastruktur 

• German groups leading surface and radio effort 

• Community workshops scheduled for next 
semester: 

• Polar science (18-20.1.2021) 
• Gen2 science (Spring 2021)

Extended Gen2 White Paper:  
2008.04323

>30 related contributions to 
Snowmass 2021, Astro2020 
Decadal Survey 

https://events.icecube.wisc.edu/event/128/
https://events.icecube.wisc.edu/event/128/
https://arxiv.org/abs/2008.04323
https://arxiv.org/abs/2008.04323
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Instrumentation and Operation costs 

Expected contributions to instrumentation based on number of 
collaborators: GER fraction 25% or ~40 MEuro Gen2 DOM (baseline): 

represents 2/3 of the instr. 
costs; to be produced in 
large quantities in GER 

Right: Alternative concepts 
also being developed by 
German groups

Annual operation cost estimated at 9 MEuro, similar to IceCube.  
GER fraction: 400kEuro p.a. common fund and ~1.5 MEuro  
equivalent in-kind services (computing, software, etc)

IceCube ($M) IceCube Gen2 ($M)
Optical/surface array 112 152
Radio array - 26
Total instrumentation 112 178
Project, implementation, polar 
support, data systems

166 169

Total 278 347
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Timeline

! ongoing re-baselining due to Covid
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• IceCube, completing construction 10 years ago, delivered several breakthroughs in neutrino 
astronomy and pushed the boundaries in cosmic ray science as well as neutrino physics 

• German groups deeply engaged in preparing next generation technology, with several 
funded projects underway (IceCube-Upgrade, IceTop extension, RNO-G)   

• IceCube-Gen2 designed and optimized to harvest the enormous scientific opportunities, e.g. 
a uniquely sensitive neutrino observatory, ranging from GeV to beyond EeV in energy 

• Getting ready to start IceCube-Gen2 construction soon!

Summary


