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IceCube	

5160 PMs 
in 1 km3	



muon track: time is color; number of photons is energy 



up-going muon track from muon neutrino ( 9 PeV) 



shower initiated inside the detector by electron neutrino (1 PeV) 



 
muons detected per year: 
 
•  atmospheric*    µ                ~ 1011 
 

•  atmospheric**   ν à µ          ∼ 105 

•  cosmic              ν à µ         ∼  10

* 3000 per second                ** 1 every 6 minutes



neutrino flavors in IceCube 
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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 





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 



 
look at the cosmic rays directly 
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dipole rotates from the 
direction of the local 
magnetic field at TeV  

energy to the direction 
of the Galactic center  

at PeV energy possibly 
reflecting nearby sources 

(in the Orion region?) 



after subtraction of dipole and quadrupole 
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supernova burst: light from  

F PMT noise low (280 Hz) 
F detect correlated rate increase  
      on top of PMT noise when  
      supernova neutrinos pass  
      through the detector 
 

++→+ enpeν



106 eventswith2nsecsampling



•  equivalent detection volume 
     of a 2 megaton SuperK-style 
     detector 
 
•   1 million events from 10 kpc 
 
•   neutronization electron 
      neutrinos 
 
•  energy measurement from 
     two-photon correlation   

starting points of neutrino showers from supernova 





Participation in SNEWS 

coincidence 
server @ BNL 

Super-K 

alert 
LVD 

IceCube 

Borexino… 

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

…several hours advanced notice to astronomers … 



Livermore Garching 

quark star black hole 
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1992 Cline meeting at UCLA 

AMANDA 



late decay of PeV-mass dark matter 





spectrum is not a power	
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Sun Galactic Centre 

Earth 

Dwarf galaxies 

Galaxy clusters Galactic Halo 





32



χ

WIMP Capture and Annihilation 

DETECTOR

n 
νµ

 χ + χ à W+ + W-  à ν + ν
   or    à τ+   +  τ-   à ν + ν



supersymmetry on 
the back of an 

envelope 
arXiv 9404252 
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•Csun = 2 Cannihilation (equilibrium)

given a cross section on protons and a branching ratio of  
the annihilation products into neutrinos (via τ, b or W for  

instance) the model is seen or ruled out 
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•Csun = 2 Cannihilation (equilibrium)

given a cross section on protons and a branching ratio of  
the annihilation products into neutrinos (via τ, b or W for  

instance) the model is seen or ruled out 

astrophysical 
assumptions !!! 

 
number of protons 

in the sun 
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IceCube 79 data starting events à lower energy



sun 

mχ =1TeV mχ = 50GeV

atmospheric	ν
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1 TeV wimp signal 
at 90% CL limit 50 GeV wimp







•  software to test your own model 
     (cross section/branching ratios) 
•  IceCube data available 

http://arxiv.org/abs/1601.00653 

perform your own 
IceCube dark matter search 



Limits after 3 years (6 soon) 
spin dependent (A2=1) 



Limits after 3 years (6 soon) 
spin independent (A2 handicap) 
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wimp annihilation in the center of the Earth 



IceCube drilling to best low 
background site on Earth: 
 
à  radio-pure ice 
à  no seasonal variations 
    (temperature, humidity,…) 
à  shielded from cosmic rays by 
    IceCube veto 
 
•  DM-ice, DeepCore upgrades 
 
•  $1.25M per string of 60 ten inch   
PMTs (data to your pc, includes 
logistics)  
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e τ

µ
oscillate over cosmic 

distances to 1:1:1 



neutron
decay
(1:0:0)

neutrino decay

pion & muon
decay
(1:2:0)

muon-suppressed
pion decay

(0:1:0)
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new physics ? 
 

otherwise… 
every model 
ends up in 

 the triangle 





one half million 
atmospheric 
neutrinos… 





neutrino reconstruction 





oscillations at 20 GeV 

IceCube 
 
DeepCore 
 
PINGU 



SuperK 

IceCube 



coming soon 





projected sensitivity 



oscillations at 20 GeV 

IceCube 
 
DeepCore 
 
PINGU 



and with PINGU 



•  oscillations at 10 GeV energy and above 
•  same oscillation parameters measured in a new  
     energy range.  



neutrino	mass	hierarchy	?	





~ 10 GeV : hierarchy revealed by 
 “large” matter effects in the Earth 

(mostly) neutrino + antineutrino - 

sign Δ13 : hierarchy ! 
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eV sterile neutrino à Earth MSW resonance for TeV neutrinos  



number of νµ observed versus zenith angle 

22
4134

2 eV0.4Δm0.1θsin ==

~ 2000 events per bin 



number of nu-mu events versus cosθ in IceCube 40

Δm2 = 0.4 eV2 and sin2θ34 = 0 à0.5 
Arman Esmaili 
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GUT monopoles 



superluminal motion 



 
tests

•  equivalence
principle

and
•  Lorentz
invariance

…general
relativity

will not last
200 years…
M. Turner

IceCube
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