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IceCube/DeepCore
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Detection in IceCube
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IceCube Science
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IceCube Science
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Standard Model & Neutrinos
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Generic Oscillation (Atm. Disappearance)
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Measurement

9

up-going
down-going

θ

*

*
νμ

ντ

~1
2,
70
0k
m

Tau Neutrino Appearance

Muon Neutrino Disappearance



D. Jason Koskinen - Here, There, & Everywhere 2021

IceCube/DeepCore
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DeepCore Reality
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9.28 GeV νµ: 4.9 GeV muon, 4.5 GeV cascade

Animation
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• ~60k neutrino candidates in 3 years of DeepCore data 

• Upcoming 8-year analysis is expected >250k neutrino 
candidates

IceCube-DeepCore Oscillation
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*arXiv:1901.05366
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• Neutrino flavor eigenstates are related to mass eigenstates via the 
PMNS unitary mixing matrix 

• The 3 conventional angles (θ12, θ13, θ23) fully describe the 3x3 
mixing matrix only if the mixing matrix is unitary

Neutrino Oscillation
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• Minimal assumption direct experimental constraints for 
PMNS unitarity need to be improved upon

Unitarity
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*arXiv:1508.05095

Updated global analysis can be found in arXiv:2008.01088
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IceCube-DeepCore 𝜈𝜏 appearance
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*arXiv:1901.05366

Data fit in [energy, cos(zenith), PID] space 
Searching for 3D distortions (shape-only)
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DeepCore 𝜈𝜏 appearance results
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Nominal expectation
Unitary 3  PMNSν

  template scaled relative to 
unitary expectation
𝜐𝜏
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DeepCore 𝜈𝜏 appearance results
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Nominal expectation
Unitary 3  PMNSν

  template scaled relative to 
unitary expectation
𝜐𝜏

Fewer ντ

More ντ

???

3x3 PMNS is subset of NxN? 
New fundamental force or non-standard 

interactions?
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DeepCore 𝜈𝜏 appearance results
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  template scaled relative to 
unitary expectation
𝜐𝜏

IceCube Work in Progress

Take away message
• World-leading  appearance measurement 

precision @ DeepCore
• Results consistent with standard oscillation picture

Coming soon
New measurement with ~5x statistics

ντ



D. Jason Koskinen - Here, There, & Everywhere 2021

What’s Next?
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• Expand  
• Leading results from 2019 

• Neutrino Oscillations 

• Dark Matter 

• Low-energy neutrino 
transients 

• IceCube Upgrade 
• Deployment goal of 

2022/23… before COVID 

• 10x improvement for new 
energy region

IceCube Future
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IceCube
DeepCore

IceCube Upgrade
High Energy Array

New Optical Sensors
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• Dense instrumentation within inner core

IceCube-Upgrade
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DeepCore Upgrade

Detected Light

30 GeV  νμ
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• Dense instrumentation within inner core

IceCube-Upgrade
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DeepCore Upgrade

Detected Light

4 GeV  νμ
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• Major improvement in detection rate and energy/direction 
resolution

Upgrade Performance
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 CCνe
DeepCore Upgrade

 CCντ

3x improvement @  
appearance energies

ντ
Huge increase in <10 GeV ν rate

Enhanced rate for all oscillation energies
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Upgrade & Oscillations
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 appearance sensitivity (1 yr)ντ

10% precision after 1 year
(6% after 3 years)

 disappearance sensitivity (3 yr)νμ

Competitive with long 
baseline experiments in 
disappearance channel

•   appearance is Upgrade primary physics goal 

• Broad oscillation program 

• Conservative treatment of systematic uncertainties, event selection, and 
reconstruction resolutions

ντ
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Conclusion
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IceCube is unlocking the fundamental particle 
physics secrets of the neutrino

Neutrinos and multi-messenger astronomy are an 
incredible new window into our Universe
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Backup
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Low-Energy 
Astrophysical 
Neutrinos & IceCube
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Skymap
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*ESA/Gaia/DPAC
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Neutrinos + Astronomy
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10 TeV 10 PeV1 TeV100 GeV10 GeV1 GeV100 MeV10 MeV

IceCubeDeepCore

10 TeV 10 PeV1 TeV100 GeV10 GeV1 GeV100 MeV10 MeV

DeepCore 3-year 
(1901.05366)

Other higher-energy IceCube 
analyses begin ~100 GeV

*ESA/Gaia/DPAC
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• Use event selection developed for neutrino oscillations to 
search for transient astrophysical sources 

• Find neutrino multiplets from generic point sources 

• Localized in time and space

DeepCore Neutrino Astronomy
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IceCube Preliminary
Simulation
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• Generic spectra is based on a sub-photospheric gamma ray burst. Tested 
using spectra peaked at 20 GeV and 100 GeV.  

• 3-years of data is consistent with of background of atmospheric neutrinos 

• Work in progress to include DeepCore and lower energy neutrinos within 
the global multi-messenger family

Result

31

*arxiv:1301.4236
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• IceCube + DeepCore collects > 100k isotropic neutrinos at trigger level, tens 
of thousands have undergone oscillation. Even single percent final analysis 
efficiency contains 1,000s of atm. ν events/year

Oscillation w/ DeepCore

32

Oscillation 
Minima 

@12700 km
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Neutrino Mass Ordering
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Neutrino Mass Ordering
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1
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• Inverted/Normal ordering has up to 20% different in oscillation 
probability for specific energies and zenith angles (baselines)


