
Beta decay spectrum - Necessity of a neutrino

2-body decay should give mono-energetic 
electron

But observed spectrum is continuous



Detecting neutrinos



The original idea



Determine the temperature of the core of the sun



Neutrinos in the sun



Homestake mine experiment

Chemically 
extracted the 
Argon and 
counted it 

Saw 1/3 of what 
was expected



The solar neutrino problem



More data - Super Kamiokande



Super-K



Concept
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The solar neutrino problem



A great idea

Ask Canada to loan 
you its reserve of 

heavy water



The Sudbury Neutrino Observatory

1000 tonnes D2O

12m Diameter Acrylic Vessel

1700 tonnes Inner H2O Shield

PMT Support Structure
9500 PMTs w/ 55% coverage

5300 tonnes Outer H2O Shield

Urylon Liner and
Radon Seal

Located on the 6800ft Level in Creighton Mine,
Sudbury ON



Sudbury



Sudbury













The mine







The SNO underground control room





The detector



Neutrino event



Event separation



The overall results



Neutrino oscillationsNeutrino Oscillations

Vacuum Oscillations

Two flavor survival probability
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Neutrino oscillationsDescribing the Solar Data
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Need "m2 ~ E /L 

(roughly Earth - Sun distance)



The future
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Neutrino Mixing

The CKM Matrix for

the Neutrino Sector
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Atmospheric Rector/Accelerator Solar 

Maximal ~45° ?? Small <12° Large ~33°



Absolute Mass
Mass hierarchy

Additional Neutrinos

CP Violation

Majorana vs. Dirac
Why is mixing so large?

Why is θ13 so small?



The Nature of Matter/Anti-Matter

60m

60m THEIA:  Water-based liquid 
scintillator



SK


