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Detecting neutrinos

Frederick Reines (left) and Clyde L. Cowan, Jr. with the control equipment
used in their first tentative observations of the neutrino at Hanford, Washington,
in 1953. Their definitive detection of the (anti) neutrino was performed at Savan-

nah River, Georgia, three years later.
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Reines’ first idea to detect neutrinos ...

Nuclear
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Determine the temperature of the core of the sun




Neutrinos In the sun
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Homestake mine experiment

37¢ 37 :
Ve + ”Cl = AT+ ¢

Chemically
extracted the
Argon and
counted it

Saw 1/3 of what
was expected




The solar neutrino problem
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More data - Super Kamiokande
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Concept

Catching Neutrinos

About once avery 90 minukes, a neutrino in‘eracts ir the detector
chamber, generating Cherenkoy radlation. This optical equivelent of
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— 125miliongallon
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. Mountains filter ou: other signals
' | that mask neutrino detection.
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The solar neutrino problem
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Ask Canada to loan
you Its reserve of
heavy water




The Sudbury Neutrino Observatory

Located on the 68001t Level in Crelghton Mme

T 1000 omes .0

’y\"é«' <

12m Diameter Acrylic Vessel

PMT Support Structure
9500 PMTs w/ 55% coverage

Urylon Liner and
Radon Seal
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The mine
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The SNO underground control room
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Neutrino event
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—vent separation

Radius

Energy
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The overall results
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Neutrino osclillations

Two flavor survival probability
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Neutrino osclillations
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The future

Maximal ~45° 77 Small <12° Large ~33°
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Aass hierarchy

Majorana vs. Dirac

Leptons
CP Violation

Why is mixing so large?

Why is 013 so small?



The Nature of Matter/Anti-Matter

Sanford Underground
Research Facility

Fermilab

..........
"""""

—— e e — e — j

THEIA Water-based liquid |
scintillator |

A e e — —— -:J







