
  

 IceCube:
Detection of optical 

Cherenkov in-ice at the 
South Pole



Halos

IceCube



Arrival



Why is Antarctica a good place to do cosmic ray astronomy?
● Ice is clear:  Latten(l=400 nm)~120 m; Lscattering(l=400 nm)~45 m Latten(l=1 m)~1500 m; 

Lscattering(l=1 m)~10 km

● Ice provides a stable pre-made “lab”: The medium is the message

● Far from anthropogenic noise
● 3 km elevation 

– close to shower max

88o C / 12000 cc/sec water / 5 MW / 2 cm/s



Drill Tower side view





IceCube Site

      nozzle delivers 
•  13 liters/second
•  7 MPa
•  90 degree C

 4.8 megawatt heating plant
• Drilling in two phases



Hole drilling







Toba eruption

the optics of the ice



instrumented volume: x 10
same budget as IceCube





DOMs=Digital Optical Module



22 November 2013



radius ~ number of photons
time    ~ red  purple

89 TeV

time



2 events, including highest energy muon energy observed: 560 TeV
=> PeV energy neutrino



above 100 TeV

• cosmic 
  neutrinos:
  
• atmospheric
  background
  disappears

atmospheric      neutrino cosmic
100 TeV 

10—100 events
per year for fully
efficient detector



1
9

cosmic neutrinos in 2 years of data at 3.7 sigma



starting events; towards lower energies

atmospheric C.R. muons cosmic n

PeV neutrinos
absorbed in the Earth

warning:
• spectrum may not be a power law
• slope depends on energy range fitted



where do they come from (3 year data)?

hottest spot 7.2%: consistent with diffuse flux with fllavor 1:1:1?



Galactic

correlation with Galactic plane: TS of 2.8% for a width of 7.5 deg



hadronic gamma rays ?
p+ = p- = p0





cosmic
neutrinos

Fermi
gammas

E-2.15



as some (all?) gamma ray sources produce neutrinos,
we are close to detecting neutrinos from known high

energy gamma ray emitters (one neutrino per photon)

neutrino event rates from gamma ray sources



Overlay with gamma-ray catalog



And overlay with TA/Auger



Place limits on neutrino source fluence



SuperK

IceCube



oscillations at 20 GeV

IceCube

DeepCore

PINGU



et

moscillations over cosmic
distances to 1:1:1





290 TeV (22Sep17) neutrino!



TXS 0506+056



DeepCoreIceCubeNGIceCube (1/2/3) Spacing 1  (120m): 
IceCube (1 km3) 
+ 98 strings (1,3 km3) 
= 2,3 km3 

Spacing 2 (240m): 
IceCube  (1 km3)  
+ 99 strings (5,3 km3) 
= 6,3 km3 

Spacing 3 (360m): 
IceCube  (1 km3) 
+ 95 strings (11,6 km3) 
= 12,6 km3 

(increase in threshold not important: only eliminates energies where 
the atmospheric background dominates)

Possible future expansion scenarios
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