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What I will talk about Χ 

Main goals, detectors,  challenges, particle sources and methods 

Main physics areas studiedΥ  αbest ofά examples 

The core program: point sources and diffuse search 

The future:   

ïDense sub-detectors to test neutrino properties (PINGU, ORCA) 

ï Increase volume with low density instrumentation (KM3Net, radio Χύ 

Conclusions 

Foremost, neutrino telescopes are discovery experiments! 
Χ factor 1000 sensitivity increase within  last 15 years  



Main Goals 

 Measure fluxes of  

 atmospheric muons     (250 Million per day) and  

 atmospheric neutrinos (> 200 per day)  

 

at higher energies & with better statistics than  

previous experiments 

 

Any deviations from what is expected is new  

neutrino physics or  

new astrophysics 

Realistic:  Understand more about origin, composition and  cosmic ray interactions 
Dream:     Dark matter, new, rare particle interactions, galactic supernovae, etc.   

muons and neutrinos 
from air showers 



Detectors and Challenges 

three working neutrino telescopes:  

Å NT-200 (Lake Baikal) 
Å Antares (Mediterranean) 
Å IceCube (South Pole) 



ANTARES 
Χ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎǘŀǊǘŜŘ нллм ς 2003 
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full data taking since 2009 

12 strings,  885 optical sensors 



Deployment at location 

2475 m depth 



IceCube detector 

Plot includes envisaged αPinguά 
low energy extensionά  
 

5160 sensors (optical modules)  
on 86 strings 
 
­1 km3 sensitive volume 

~98% of all sensors working 
  
~99% data taking efficiency 
     ΧΦ  оср days of the year 

Χfull data taking from May 2011 
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ÅOn board HV, 330 MHz digitization, 
and rate measurements (1.6ms bins) 

ÅLow power:  3.75 W 

ÅLow noise: ~ 540 Hz 

ÅFast timing: betw. DOMs: Dt < 5 ns  

ÅLarge dynamic range: 
  - 103 pe   / 10 ns 
  - 104 pe / 1 µs 

The IceCube Digital Optical Module 

ns 



  

Technical and support issues 



The crux (and fun) of natural media 

IceCube: 

no access access to site during Austral winter 

special infrastructure / experts needed for drilling 

detector frozen in, ŎŀƴΨǘ be repaired  

tilted dust layers causing variable scattering and absorption 

 
Antares/Km3Net:  

40-K radioactivity in sea water causing noise  

sea currents, detector movements, corrosive environment 

macro-organisms emitting bursts of light 

sedimentation Χ 



The crux of natural media 

dust layers in the ice with slight tilt along line of prevailing wind 

tilt 

é similar all over Antarctica 

100000 y 40000 y 

dust causes scattering and absorption 

http://icecube.berkeley.edu/~bay/dustmap/7way.eps
http://icecube.berkeley.edu/~bay/dustmap/array.eps


Scattering and absorption at Pole 

Ice extremely clear but not uniform in depth, wavelength dependent é. 
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Anisotropy of scattering 

Alignment of ice crystal grains and  
      impurities intimately related 

 
Ice undergoes vertical compression and 

      longitudinal externsion along flow 

Important at larger distances Χ 
particularly for cascades Χ 
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Å 40K decays and microorganisms( rate ~60 kHz, local coincidence ~ 12 Hz) 

Å light bursts from macro-organisms  (triggered by currents) 

14 

ΧΦthe crux of natural media (ocean) 

60 kHz 

40K 

40Ca e- 

Cherenkov photons 



ΧΦthe nice thing about natural media 

ÅAlmost daily detection of sperm whales é.  

Å Surprise, as they had been thought to have disappeared  from the region é 

Acoustic signal in 0-25 kHz range 



17 m 
 

125 m 

Coarse detectors to maximize volume 

5 TeV muon 

e.g. IceCube 

7 m 
 

~ 60 m e.g. Antares,  DeepCore 

42o 

muon 

muon neutrino 


