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• Want to find and measure ντ  

• Atmospheric neutrinos are 
mostly νμ  

• PMNS Matrix provides mixing 
between flavor eigenstates 

• Can oscillate to ντ for right 
combination of L/E

Neutrino Mixing
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L/E
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Lots of energies, baselines available for atmospheric neutrinos!!
!

What does the oscillation probability look like?
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L/E
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L = 12742 km

Atmospheric neutrino oscillations and tau neutrinos in ice 
Arxiv:1004.3519
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νμ Oscillations
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νμ Oscillations
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Looking for tracks: 
νμ Disappearance

Looking for showers: 
ντ Appearance
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Appearance and 
Disappearance  

in IceCube
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DeepCore
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Oscillations in IceCube

IceCube/DeepCore’s low energy threshold is ~10 GeV 
!

νe, νμ, ντ look very similar near the threshold…
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L = 12742 km
νμ Disappearance

ντ Disappearance
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IceCube Energy Spectra
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IceCube Events
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Tau Appearance Events
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32 GeV 
ντ
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Tau Appearance Events
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32 GeV 
ντ
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ντ  
Oscillation Backgrounds
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νμ Disappearance
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νμ Disappearance
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But what about ντ ?
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ντ Appearance
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Preliminary

Oscillation signature in IceCube will be an excess of dim events 
Work is currently ongoing
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ντ Appearance
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Preliminary

DeepCore can potentially measure ντ normalization at high σ 
Work is currently ongoing
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Appearance in Other 
Experiments
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ντ Appearance in OPERA
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Evidence for νµ → ντ appearance in the CNGS neutrino beam with the OPERA experiment 
Arxiv:1401.2079v1

OPERA has 5 years of livetime and has seen 3 ντ candidates!
No νµ → ντ ruled out at 3.4σ.
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ντ Appearance in SuperK
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Evidence for the Appearance of Atmospheric Tau Neutrinos in Super-Kamiokande 
Arxiv:1206.0328

SuperK has 12 years of livetime and has seen ~180 ντ candidates!
No νµ → ντ ruled out at 3.8σ.



6/24/14

ντ Appearance in PINGU
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If approved and built, PINGU (IceCube-DeepCore upgrade)!
should reach DeepCore’s sensitivity within months 

PreliminaryPreliminary
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• Muon neutrinos have been measured with IceCube 

• Newer, more competitive analyses on their way! 

• Tau neutrinos are currently being identified 

• DeepCore should be sensitive enough for a 
competitive measurement 

• Other experiments already have results (but don’t 
have the statistics of IceCube)

Conclusions
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