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UC Irvine was founded 
19 years later in 1965
вĤƨƣШƣőĲƖĲШŔƚШċ
 connection!

Frederick Reines, first
Dean of the School
of Physical Sciences
1965-1972I was a postdoc

ŔŰШ[ƖĲĬќƚШ ĲƨƣƖŔŰŸ
Group 1985-1989



Herb Chen (working on idea for a 
heavy water neutrino experiment) 

Mike Moe and Steve Elliott (first measurement
of two-neutrino double beta decay)

The 8-kiloton
Irvine-Michigan-
Brookhaven
 Experiment

UCI: Wojciech Gajewski,
Danka Kielczewska, 
Bill Kropp, Hank Sobel 

1985-1989 was a heady 
time to be in the Neutrino
Group at UCI
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ÂċƨũŔќƚШŉċůŸƨƚ
1930 Letter

ÅљŉċũƚĲњШƚƣċƣŔƚƣŔĦƚШŸŉШ -14, Li-6
Å  conserve energy in the
       continuous b decay
       spectrum
Å  mass same order of
       magnitude as the electron
Å  small interaction coupling 
       (maybe magnetic moment?)

(Note: Neutron discovery in 1932)
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1934 Article of  Bethe and Peierls

љ-one can conclude that there is no
practically possible way of 
ŸĤƚĲƖƻŔŰŊШƣőĲШŰĲƨƣƖŔŰŸЮњ



вŊŸĲƚШŸŰШƣŸШĬŔƚĦƨƚƚШċШƓŸƚƚŔĤũĲШ9őũŸƖŔŰĲ-based
 radiochemical experiment

ìőċƣШŔƚШƓƖċĦƣŔĦċũШŔŰШΝΦΠΣШŔƚШĬŔŉŉĲƖĲŰƣШƣőċŰШΝΦΟΠв



Hanford Nuclear Reactor Complex - 1944



Alvarez article of 1947
proposes to use the
37-Cl method to find
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Proposed a 37-Cl experiment
with a nuclear reactor. Assumes
than neutrino and antineutrino
may not be different in reality (but 
also acknowledges that they might be)

Alvarez article of 1947
proposes to use the
37-Cl method to find
ƣőĲШŰĲƨƣƖŔŰŸв



Reine and Cowan
realizes there is
another possible
source of neutrinos

1951



(Reines, 1997)

Above ground nuclear testing was all
the rage in 1951



Liquid scintillator made from toluene + terphenyl fluor

Proposed ~1 ton neutrino detector with LS and eight PMTs.
 ÑőĲШљƖƨŰњШƽŸƨũĬШũċƚƣШΞШƚĲĦŸŰĬƚЮШ

El Monstro (1951)
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Amazingly, there was no 
problem getting a nuclear 
ĤŸůĤШŉŸƖШƚƨĦőШċŰШĲǂƓĲƖŔůĲŰƣв

7ƨƣШŔƣШƽċƚШŰĲƻĲƖШĤƨŔũƣв



Hanford Detector (1953)

Å 300 L of LS doped with cadmium (9 
MeV of capture gs)

Å  Two arrays of 45 2-in. PMTs and a 
coincidence circuit for positron and 
neutron like pulses. 

Å One bank also measured pulse height 
of positron signal

Å  18-channel 9 ms delay time analyzer 
electronics 

4 days of  Hanford 250 MW reactor produce as many neutrinos
as a 20 kT nuclear bomb - but have to deal with BACKGROUNDS



We built a cylindrical well into one of the detectors and proceeded to put quantities 
of steel, liquids, wax, and other materials into it for testing. We found that brass and 
aluminum were quite radioactive compared to iron and steel, and that the 
potassium in the glass envelopes of our photomultiplier tubes would contribute to 
the detector backgrounds

C. Cowan (1964)

Reactor backgrounds
required extensive
lead and borated wax
shielding

An active veto and passive
water shield were also later
added on top to shield
cosmic rays

They worried about internal backgrounds
from detector materials and instituted
large scale screening



(roughly consistent with the 0.2 counts/min expected)
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Reactor ON:    2.55 +/- 0.15 count/min
Reactor OFF:  2.14 +/- 0.13 count/min

g  0.41 +/- 0.20 count/min
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Savannah River P-Reactor 2250 MW by 1956

ÅBetter Shielding
ÅBetter Electronics
ÅMore powerful reactor
ÅLonger run time

ìőċƣќƚШ ĲĲĬĲĬе



Cd-Loaded
Water Tanks

LS Tanks 1400 L with
110 5-in. PMTs each

11 meters of concrete
shielding between 
the detector and
the reactor plus 12
meters underground

Savannah River Detector: 1956



LS mixing plant

Electronics truck

Wet sawdust shieldingCadmium-loaded  water tank



(from Los Alamos Science, 1997)



A Neutrino Candidate!



7ċĦťŊƖŸƨŰĬв



n вċŰĬШŔƣШƽŸƖťĲĬг



While looking around in my 
books I realized I borrowed
ƣőŔƚШĤƨƣШŉŸƖŊŸƣШƣŸШƖĲƣƨƖŰШŔƣв


