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IceCube Upgrade
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IceCube Upgrade Project Scope

• Neutrino Oscillation Physics (“Physics”)
• Primarily with a dense array of photosensor modules in the deep, clear ice
• Modules of two types (D-Egg and mDOM)

• Ice & Detector Calibration Improvements (“Calibration”)
• Enhances the science return of the full IceCube array, including prior data
• Devices on each optical module (cameras, LED pulsers, inclinometers, etc.) and stand-

alone modules (POCAM, Pencil beam, Acoustics, pDOM)

• Research & Development toward Gen2 IceCube (“R&D”)
• Small numbers of various R&D sensors, potential optical modules, test stands for radio 

detection, and tools for managing the Gen2 strings

• And in order to build this array, we require the drill & installation system with 
three Field Seasons (FS1-FS3) on the ice in 2023-24, 2024-25, & 2025-26
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Project Scope
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7 strings of detector embedded within current DeepCore / IceCube strings
693 Optical sensors:
 • 278 D-Eggs (2x 8” PMT)   • 402 mDOMs (24x 3” PMT)
 • 14 PDOMs    • Calibration devices
 • Readout through IceCube DAQ • Common communications (ICM board)
Additional objectives/devices:
 • R&D modules   • Measurements of the ice properties
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Deep-ice Sensor Modules

D-Eggs awaiting FAT

D-Egg Dark Freezer Lab
Modules are in the boxes

mDOM integration

LOM-16 model

WOM prototype
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Calibration Devices in the Upgrade
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Onboard D-eggs, mDOMs and pDOMs:
● LED flashers
● Fixed focus cameras and illumination LEDs
● Mainboard-mounted magnetometers and accelerometers

Precision Optical 
Calibration Module 

(POCAM) (21) PencilBeam
(11) Acoustic Module (10)

Sweden Camera 2.0 (5)

Pointable, zoomable camera



Surface bits
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•FieldHub and DOM power supplies at DRTS
•mDOM mainboard for FieldHub testing
•FDOR cards, front plate assembly
•White Rabbit network testing loopback 
closeup
•White Rabbit switch for FieldHub optical 
input testing
• Performance metrics for mDOM on-board 
Feature extraction from simulated data



IceCube-Gen2
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>30 PeV > 3 TeV >0.5 TeV > GeV
under construction,
installation in Dec 2025

IceCube-Gen2: A wide-band observatory

completed in 2011

Optimizing scales for leading sensitivity from 109 to 1020 eV 



2.6 PeV deposited

Instrumented Volume: 8 km3

9600 optical sensors on 
120  strings 

The Optical Cherenkov Array

Gen2 optical array

Gen2 Gen1

The main detector component.
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Higher Sensor sensitivity —> Larger Muon Effective Area

Factor 3 more photons 
detected 
—> 
- Lower energy threshold
- Angular resolution: 0.1 - 0.3°

IceCube

IceCube-Gen2

Gen2

Gen1



The Surface Array

Veto for larger and purer sample of PeV 
neutrino candidates
High accuracy for cosmic rays in the PeV 
to EeV region

particle physics in air showers
cosmic-ray astrophysics

Reference design of Surface Array:
one station per optical string (120)

4 pairs of scintillators enabling low 
threshold for veto
3 radio antennas increasing 
accuracy at high energies



Area: 500 km2

Ice target: 1000 km3

Heritage: RICE (South Pole-AMANDA), ANITA (Antarctica 
from balloon), ARA (South Pole-IceCube), ARIANNA 
(Antarctic Coast),  RNO-G (Greenland) 

The Gen2 radio array

361 stations

The phased array trigger was 
successfully tested in ARA, is now used 
in RNO-G.

RNO-G: 

- Currently in construction in 
Greenland

- 35 stations, 7 deployed (10% of Gen2) 

- Serves as prototype array for Gen2. 

Energy range from 30 PeV to well beyond EeV

100m



1. Logistical Support provided by NSF’s Office of Polar 
Programs made IceCube possible.  

2. IceCube Gen1: 9.5 million lb of cargo + fuel, 300 LC 130 
missions. Construction occurred simultaneously with the 
South Pole station completion and South Pole Telescope 
construction.

3. Logistical Support requirements are well understood.  

4. Strategies for logistical support exist. 
1. Population of 60 people: → Temporary lodging 

summer camp.
2. Cargo: Overland traverse is scalable (and lower cost 

than air transport). 

5. All logistical support will be on project budget. 
Successful logistics will require high-level prioritization 
and strategic planning at NSF’s Polar Program.

C17 transport (J. Donnenfeld)

Amundson Scott South Pole station (WikiMedia)

Logistical Support



Logistical Support Example: LC-130 flights 

IceCube average:~40-45/season

Project Year
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LC 130 aircraft

Overland traverse

Gen2



The Drill
ICU = IceCube Upgrade
EHWD = Enhanced Hot Water Drill
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