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ICECUBE Upgrade:  𝝂-oscillations’ high-statistics era
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PROJECTIONS
Fits of standard oscillations to 3-year 
Upgrade-only expectation performed:

Sample, systematics & selection
• MCEq 𝜈'() flux + GENIE sample
• Events limited to Upgrade volume 
• No noise or 𝜇'() contamination
• DeepCore detector systematics
• Adapted DeepCore event selection

Parameterised reconstruction & PID
• Reconstruction tuned to 𝜈* cascade 

with DeepCore 𝜈+/𝜈* relative 𝜎(cos 𝜃,)
• DeepCore PID up-scaled such that 50% 

of 𝜈+ CC at 10GeV are tagged as tracks

𝜈--appearance → 𝑵𝝂𝝉 𝟔% precision *
>4-fold improvement on current world best

𝜈+-disappearance → Limits on 𝛥𝑚/0
0 & 

𝑠𝑖𝑛0 𝜃0/ competitive with long-baseline 
accelerator experiments *

OSCILLATIONS
Near maximal 𝝂𝝁 → 𝝂𝝉 oscillations
for 𝛰(10 GeV) Earth-crossing 𝜈'()

IceCube’s baselines access high-E
oscillations with 𝑸𝟐 ≳ 𝟐𝒎𝝉 for 𝝂𝝉 CC

The Upgrade will access features of 𝜈'()
oscillations at high-(L/E) for the first time

Constrains 𝚫𝒎𝟐𝟑
𝟐 & 𝒔𝒊𝒏𝟐 𝜽𝟐𝟑 with rich, 

higher-order oscillations space

𝑃(𝜈+ → 𝜈*) matter effects sensitive to 
mass-ordering, signal in 𝜈 or 𝜈̅ < 10GeV

PHYSICS REACH
Atmospherics at IceCube
• 86% of 𝝂𝝉 global data is from IceCube 𝜈'()
• Only multi-channel experiment sensitive to 
𝜈--normalisation used to probe unitarity

Standard oscillations measurements
• 𝜈--appearance: 𝑵5" ≠ 𝟏 ⇒ non-unitary mixing 
⇒ BSM, steriles, non-standard interactions

• 𝜈+-disappearance: Constraints on atmospheric 
oscillation mass splitting & mixing angle
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ICECUBE DETECTOR
High-energy 𝜈-telescope

5160 optical sensors over 1km3

Gton ice Cherenkov medium

DeepCore
Infill of low-E Mton array

Sensitive to 𝝂𝒂𝒕𝒎 oscillations
Earth-crossing L≲ 13,000 km 

IceCube Upgrade
7 columns of new sensors

Multi-directional PMTs
10x IceCube density

Extending low-E coverage and event information

Performance gains with the Upgrade
3x number of hits per neutrino interaction

* 2x energy resolution → 3x for 𝜏-appearance energies
* 3x zenith (𝜽𝒁) resolution → impacting sin0(𝜃0/) constraint

2x detection efficiency → 10x efficiency below 10 GeV
* 2x 𝝂𝝉 rate, 3x 𝝂𝝁 rate → 𝜈'() every 15 mins

* Conservative estimates not based on recent advances in ML-based reconstruction & PID
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