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Neutrinos and Beta Decay
1930, Pauli 1932, Fermi

1935, Goeppert Mayer 1937, Majorana

= ?
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Neutrino Physics is (almost) Impossible
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Thinking out of the box…
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Hanford Experiment

0.41+/- 0.20 events/minute
high background (S/N ~ 1/20) made the 
experiment inconclusive

300 liters of liquid scintillator 
loaded with cadmium
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inverse beta decay
νe + p → e+ + n

Reines, Cowan



1953: Project Poltergeist
Experiment at Hanford
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Karsten Heeger, Yale University ORNL, September 6, 2017 

inverse beta decay would 
produce prompt and delayed 
signal in neighboring tanks

target tanks (blue) were filled with 
water+cadmium chloride

tanks I, II, and III were filled with liquid 
scintillator and instrumented with 5” PMTs
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inverse beta decay
νe + p → e+ + n

A new design (1959)

The Savannah River Detector 
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target tanks (blue) were filled with 
water+cadmium chloride

tanks I, II, and III were filled with liquid 
scintillator and instrumented with 5” PMTs
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inverse beta decay
νe + p → e+ + n

shielding and background 
reduction is important!

A new design (1959)

The Savannah River Detector 
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Neutrino as a Probe of Other Physics

“…to see into the interior of a star and thus verify directly the hypothesis of 
nuclear energy generation in stars...” (Bahcall, 1964)

1938   Bethe & Critchfield  
p + p  →  2H + e+ + νe

1947 Pontecorvo,1949 Alvarez 
propose neutrino detection through 
37Cl + νe →  37Ar + e-

1960’s Ray Davis builds chlorine detector.
John Bahcall, generates first solar model 
calculations and ν flux predictions.

Light Element Fusion Reactions
p + p →2H + e+ + νe p + e- + p → 2H + νe

2H + p →3He + γ

3He + p →4He + e+ +νe

3He + 4He →7Be + γ

7Be + e- →7Li + γ +νe

7Li + p → α + α

3He + 3He →4He + 2p

99.75% 0.25%

85% ~15%

0.02%15.07%

~10-5%

7Be + p →8B + γ

8B → 8Be* + e+ + νe
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Pioneering Experiments

νe + 37Cl→ 37Ar + e-

1970 - 1994 SSM

only sensitive to νe

Ray Davis
Cl-Ar Solar Neutrino Experiment at Homestake

experimental talent
patience 
persistence
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Neutrino 98

Evidence for atmospheric neutrino oscillation.

Discovery of Neutrino Flavor Change and Oscillation
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Discovery of Neutrino Flavor Change and Oscillation
KamLANDSNOSolar νe Reactor νe

Φνe

Φνμτ

L/E

Neutrino oscillations imply that neutrinos have mass and mix.
Indication of new physics beyond the Standard Model.

Atrmospheric ν Super-K


