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Extreme-High Energy accelerators from Nature

AGN, blazar, GRB, FRB, Hypernova, galaxy clusters...

M87 jet

A beam with ~kpc 

Images from wikipedia
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「ニュートリノで拓く素粒子と宇宙」

Exploration of Particle Physics and Cosmology with Neutrinos 

Arxiv 1903.04333v1

High energy neutrinos:

cosmological baselines 
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Arxiv 1903.04333v1
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Trip to the bottom of the world

Equivalent more than 3000 m

南極点
90 degree South
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IceCube Observatory 
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Show some pictures of southpole 
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A smaller version of ‘IceCube’ in Tokyo...
https://www.teamlab.art/w/crystaluniverse
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https://www.teamlab.art/w/crystaluniverse


Discoveries by IceCube

● Astrophysical neutrinos >200 TeV

● Cross-section measurement at nu energy beyond 

accelerators 

● First possible nu source TXS0506+056 (blazar)

● First Glashow resonance detection

● First tau neutrino candidate [this talk]

Future

● Where are most of neutrinos from? (diffuse source) 

● Related to UHECR sources? Acceleration mechanism? 

● Cosmogenic neutrinos? 

● Galactic neutrinos? 

● Charm from atmospheric nu?  

● ...
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Cosmic-
rays

Tau neutrinos not generated at source

Muon and electron neutrinos from pion/muon/neutron decays

Neutrinos as ideal cosmic messenger



https://en.wikipedia.org/wiki/Ternary_plot

tau
e

mu
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Courtesy to Stachurska

https://en.wikipedia.org/wiki/Ternary_plot
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Courtesy to Stachurska
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Result till 2015
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New physics

Arxiv 1903.04333v1
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Tau signature 

64.79%17.82%

17.39%
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Cascade and track 

channel already detects 

tau but not event-by-

event. Need tau feature 

to fit tau norm 
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Three 

strategies to 

search for tau 

@IceCube
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M Usner, PhD thesis



10 milliseconds data taking. ~3000 Hz, 1 TB data per day

10% satellite transferred  

20



21



Analysis 1: double bang
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M Usner, PhD thesis



Analysis 1 Double bang: signal and background 
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M Usner, PhD thesis



Results from analysis 1: found two candidates

Event double-double

7.5 years livetime
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M Usner, PhD thesis



Result from analysis 1
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Analysis 2 & 3 Double pulse 

Simulation

Machine-learning

Vs

Human cuts
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https://arxiv.org/abs/1702.05238

Full results see 

ICRC2019, M 

Meier, D Xu, L Wille

https://arxiv.org/abs/1702.05238


Also found two events. One is the same with analysis1
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The second candidate from analysis 2&3 

Score ~0.68
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Differential upper limit for tau

● Orange: LLGRB, red: LLAGN, green: multi-component 

2019 

IceCube

2016 

IceCube

30



Need a larger detector!
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Conclusions 

● nuTau appearance for 100TeV-10PeV with cosmological 

baselines possible with IceCube

● Flavour measurements with tau can shed light on the 

acceleration environment of high-energy-neutrino sources

● Possible to test beyond standard models 

● Three independent tau searches found one common tau 

candidate, full statistical analysis for event-by-event tau 

probability in progress 

● Preliminary results are consistent with expectations from 

astrophysical spectrum 

● Need a larger detector…
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