
IceCube: beyond neutrino astronomy

• detecting a Galactic supernova explosion

• neutrino oscillations: the mass hierarchy

• search for sterile neutrinos

• search for dark matter

• muon astronomy: search for the sources of the

Galactic cosmic rays

•…

IceCube.wisc.edu



supernova burst: light from

 PMT noise low (280 Hz)

 detect correlated rate increase 

on top of PMT noise when 

supernova neutrinos pass 

through the detector
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• equivalent detection volume

of a 2 megaton SuperK-style

detector

• 1 million events from 10 kpc

• time of neutronization to a few

milliseconds

• energy measurement from

two-photon correlation 

starting points of neutrino showers from supernova





Participation in SNEWS

coincidence

server @ BNL

Super-K

alert

SNO

LVD

AMANDA

(IceCube)

http://snews.bnl.gov astro-ph/0406214

IceCube will follow this year

…several hours advanced notice to astronomers …

http://snews.bnl.gov/
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atmospheric neutrino spectrum





1500

2500

low energy core for IceCube

AMANDA

Deep Core

concept: define fiducial volume. 

contained vertex with no hits in 

outer “veto” region is a 

candidate for a downward  

neutrino.

nstrings ´height ´ p lscatt

2( ) » ten Mton



IC79 DATA, DeepCore event





oscillations in DeepCore [energy ~30 GeV; 5.6 sigma] 

13

Vertical Horizontal





measured at 10 X

higher  energy



neutrino mass hierarchy ?



neutrino oscillations in Deep Core

resonance in effective θ13 angle traversing the Earth diameter at 10 GeV

hierarchy

(sin2(2q13)=0.1)

t appearance

m disappearance





~ 10 GeV : hierarchy revealed by

“large” matter effects in the Earth

(mostly) neutrino + antineutrino -

sign D13 : hierarchy !
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DeepCore (+6 strings):11 hits PINGU (+20 strings): 83 hits

8 GeV muon-neutrino
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3

3+1

matter effect

of eV sterile ’s ?



number of m observed versus zenith angle

22

4134

2 eV0.4Δm0.1θsin ==

~ 2000 events per bin



number of nu-mu events versus cosq in IceCube 40

Dm2 = 0.4 eV2 and sin2q34 = 0 →0.5
Arman Esmaili























zenith angle

two analyses

matter effect

of eV sterile ’s ?



3

3+1

matter effect

of eV sterile ’s ?



do not try this at home
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zenith angle

two analyses

SYSTEMATICS !!!

• K/p ratio

• zenith acceptance of

modules

• ice

• CR flux,composition

[IceTop helps]



zenith angle distribution 40-string data



59 strings





Esmaili et al., 1206.6903

DeepCore
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WIMP Capture and Annihilation
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given a cross section and a branching ratio into neutrinos

the model is seen or ruled out



▪ indirect rates are dictated

by the interaction cross section

of WIMPS with hydrogen.

→ no unknown astrophysics

▪ in the neutrino case there

is a direct connection between

theory and observation and the

background is understood.

indirect dark matter detection
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IceCube 79 data starting events → lower energy
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1 TeV wimp signal

at 90% CL limit
50 GeVwimp
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indirect dark matter detection in the sun
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cosmic rays

in IceCube
10 TeV

to several

100 TeV

10 TeV

2 KHz

3 deg resolution

• galactic

• not solar

• highest energies

approach the “knee”
• gyroradius < 1 pc in

microgauss field

• closest sources

> 100 pc





IC59

IC22 and IC40 : muon astronomy (!)

IC40

IC22

Different geometries, same 

structure



40 TeV

skymap on large scale (>20 degrees)



after substraction of dipole and quadrupole:

small scale structure

Abbasi et al., ApJ, 740, 16, 2011 arxiv/1105.2326



dipole anisotropies 

motion of the Earth in the

frame of the cosmic rays

• solar dipole:

motion of the Earth

around the sun

• motion of the Sun

relative to the Galaxy

(Compton-Getting)

220 km/s



Compton-Getting effect

• 0.35% effect ( if frame of the CR is the Galaxy )

• inclined relative to the equatorial plane

• easy !

• not seen 

equatorial coordinates:

right ascention and declination



40 TeV

100 TeV

200 TeV

400 TeV

1 PeV

10 PeV

IceCube 79 → energy dependence of anisotropy

• non-diffusive effects in propagation of the particles?

• nearby supernova remnant(s)?



look at the cosmic rays directly





7/18/2012 SCAR Open Science: Portland, Oregon 69

Vela: nearest supernova remnant

and strongest gamma source in the sky

IceCube IceTop



Wolfendale – Erlykin

Single Source Model

-- a recent, nearby Supernova IIa --

the rare high energy particles at the end of the

spectrum are produced by the closest source





the relevant energy range of cos-
mic rays producing PeV neutrinos

Galactic or extragalactic?



IceCube & PINGU collaborations


