
IceCube:

francis halzen

• IceCube

• PeV: cosmic neutrinos and the first high-

energy cosmic ray accelerator

• > 10 GeV: oscillations, tau appearance

• > TeV: sterile neutrinos

• next: generation 2-phase 1

icecube.wisc.edu



IceCube

5160 PMs

in 1 km3



total energy measurement

all flavors, all sky

isolated neutrinos interacting 

inside the detector

up-going muon tracks

(through the Earth) 

astronomy: angular resolution

superior (<0.4o)



GZK neutrino search: two neutrinos with > 1,000 TeV





muon

• lattice of photomultipliers

• speed of light in water < c

• muon travels from 50 m

to 50 km through the

water at the speed of light

emitting blue light along

its track

neutrino

interaction





• energy ~ [magnetic field B] x [accelerator’s size R]

• luminosity ~ a few percent of gravitational energy of…
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IceCube Trigger

43 seconds after trigger, GCN notice was sent
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IceCube 170922 

Fermi

detects a flaring

blazar within 0.1o

MAGIC

detects emission of

> 100 GeV gammas



Fermi sky: mostly bazars



MAGIC atmposheric Cherenkov telescope





• neutrino: time 22.09.17, 20:54:31 UTC

energy 290 TeV

direction RA 77.43o Dec 5.72o

• Fermi-LAT: flaring blazar within 0.1o (6x steady flux) 

• MAGIC: TeV source in follow-up observations

• follow-up by 12 more telescopes

•  IceCube archival data (without look-elsewhere effect)

•  Fermi-LAT archival data

multiwavelength campaign launched by 

IC 170922



search in archival 

IceCube data:

• ~100 day flare in 

December 2014

• accompanied by 

hardening of the 

Fermi spectrum





we identified a source of high energy cosmic rays:

the active galaxy (blazar) TXS 0506+056 at a 

redshift of 0.33

extensive multiwavelength campaign will allow us

to study the first cosmic accelerator



Victor Hess 1912



high-energy starting events – 7.5 yr

oscillations of PeV neutrinos over cosmic

distances to 1:1:1



high-energy starting events – 7.5 yr



high-energy starting events (starting) – 7.5 yr

Double cascade Event #1 Double cascade Event #2

“Bright” DOMs not used in reconstruction
Direction and two reconstructed cascades shown in dark gray



every astrophysical

model ends up in

the triangle

if not…

new physics!



Partially contained event with energy 5.9 PeV



• partially-contained PeV search

• deposited energy: 5.9±0.18 PeV

• typical visible energy is 93%

•  resonance: En = 6.3 PeV

work on-going

Glashow resonance: anti-ne + atomic electron  real W



one million

atmospheric

neutrinos…



oscillations at 20 GeV

IceCube

DeepCore

PINGU













eV sterile neutrino  Earth MSW resonance for TeV neutrinos 



no telltale structure

in the zenith angle

distribution



	

from 1  7 years of data soon






