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The IceCube Neutrino Observatory

June 18, 2014 Tania R. Wood - University of Alberta

•  Very large scale hybrid 
observatory

DOM -Digital Optical Module
 (PMT + daq)
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Tania R. Wood - University of Alberta!August 3, 2012!

Neutrino Telescopes - Principle of detection for 3 flavors

Tracks:  
•  through-going muons
•  pointing resolution ~1°

Cascades:  
•  Neutral current for all flavors
•  Charged current for νe and low-E ντ
•  Energy resolution ~10% in log(E)

Composites:  
•  Starting tracks
•  high-E ντ (Double Bangs)
• Good directional and energy resolution

Tania R. Wood - University of Alberta
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Nature 484, 351-354 !
(19 April 2012)!
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• The Largest systematic uncertainty in the signal 
prediction comes from light detection efficiency 
in a DOM in situ (in the Antarctic ice).  

• For example, varying the efficiency by 10% in the 
simulation changes the predicted atmos_nu rate 
by 11% in this analysis.  

• Key is to reduce the systematic

• Challenge, transition from lab to in situ. 

• If we have a source we can identify very well 
then we can identify that energy deposition 
directly for the DOM in the ice and greatly 
reduce this systematic.

Motivation example:

Table taken from ‘Measurement of the Atmospheric νe 
flux in IceCube,’ Phys. Rev. Lett. 110 (2013) 151105

Atmospheric Neutrino Spectrum Measurement
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-Atm. μ/ν trigger ratio is ~106

-Vetoing algorithms expected to reach 
at least 106 level of background 
rejection for v physics analysis.

-We have become experts in 
identifying muons

-Turn this around, and you have an
  excellent, high statistics calibration 

source 

Atmospheric Muons 
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DOM (PMT + DAQ)

Muon Track

study region

- Use only charge from DOMs in the study region
- Bin collected charge on a given DOM (PMT + DAQ modules)
  based on the track-to-DOM Cherenkov distance 
 

Distance based
on Cherenkov angle that 
light travels to the DOM

Tania R. Wood - University of Alberta

IceCube Array
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Muon Energy

- Use well reconstructed muons 
that have an end point of their 
track within 50m of our detector 
boarders, ie ‘stopping tracks’ 
- Systematic effects are a larger 
issue at lower energy where we 
have less event information. 
- Use as low an energy as 
possible a sample which can still 
take advantage of our High 
Energy tools and have very good 
(~2deg) track direction resolution 
-Energy~80GeV
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Data – IceCube with 79 out of 86 
     strings detector configuration
          - 37.3 days of data
          - 0.6% passing rate
         - 70 000 muons in sample 
MonteCarlo:
           ~17 000 muons

Event selection isolates an unbiased sample of 
well reconstructed, minimum-ionizing single muons

Tania R. Wood - University of AlbertaCAP Congress 2014

Event selection: 

Monte Carlo (MC) event direction 
reconstruction vs Monte Carlo true direction:
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Event DOM efficiency is calculated by
comparing charge in data to Monte Carlo

DOM
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Taken from J.Feitzeig Plenary
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Data has more charge than simulation:
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Too Close Too Far

Data has more charge than simulation:
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Deriving the DOM module efficiency:
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DOM

Summary
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BACK UP  SLIDES:
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Deriving the DOM module efficency:Uncertainty on Dom Efficiency is 3.0 %
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Deriving the DOM module efficency:Uncertainty on Dom Efficiency is 3.0 %
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Noise Noise Noise ..
 - Average dark noise rate     540Hz (atmospheric muons, 
radioactivity (~ppb.)). Artificial deadtime of 250μs -> 285 s 28Hz
  - Very Stable in time and only slightly with depth (slightly 
elevated correlated dark noise rate at the bottom of the detector 
where the ice is warmer (~-10 degC)
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