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_ Solar Neutrinos: II. Experimental*

Raymond Davis, Jr.

Chemistry Department, Brookhaven National Laboratory, Upton, New York

The prospect of observing solar neutrinos by means of the inverse
beta process 0137(1f,e“)Ar37 induced us to place the apparatus previously
described1 in & mine and make a preliminary search. This experiment served
to place an upper limit on the flux of extraterrestrial neutrinos. These
results will be reported, and a discussion will be given of the possibility
of extending the sensitivity of the method to a degree capable of measuring
_the solar neutrino flux calculated by Bahcall in the preceding paper.2

The apparatus cogsists of two 500-gallon tanks of perchlorethylene,
CoCly, equipped with agitatoré and an auxiliary system for purging with
helium. It is located in a limestone mine 2300 feet below the surface3
(1800 meters of water équivalent shiel&ing, m.W.é.){ initially the tanks
were swepf completely free of air argon by purging the ﬁanks_with a stream
of helium gas. Ar36 carrier (0.10 cm3) was introduced aﬁd tﬁe tanks exposed

for periods of four months or more to allow the 35-d Ar37

activity to reach
nearly‘tﬁe saturatiOnvvalue. Carrier argon along with any Ar37 produced were
removed from the tanks by sweeping them in series with 5000 liters of helium.
Argon was extracted from the helium gas stream with activated charcoal at 78°K.

Finally the argon was desorbed from the charcoal, purified and counted. The

overall efficiency of the processing was determined by Ar36 isotopic analysis

* Research performed under the auspices of the U. S. Atomic Energy Commission.
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of the recovered argon. The recovery of carrier argon was always greater

than 95 percent. The entire argon sample was piaced in a small proportional

37

counter 1.2 cm long and 0.3 cm in diameter to measure the Ar”’ activity.

Pulse height analysis was used, and counts were recorded in anticoincidence
with a ring of proportional counters, and an enveloping NaI crystal. The
counter was provided with an end-window to permit exposure of the counting
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volume to Fe”~ X-rays for energy calibration and determination of the

resolution of the counter. The resolution, full width at half height for
the 2.8 keV Auger electrons from the Ar37 decay, was 26 percent. The overall

37 in the full peak was 46 percent., The counting

counter efficiency for Ar
rate with the sample was three counts in 18 days, the background rate for
the counter. Assuming this rate corresponds to real events and using the
efficiencies mentioned, the neetrino capture rate in 1000 gallons of CoCl,

-1 ,,37 -1

was < 0.5 per day, or-ther¢ﬁf<:3 X 10‘34 sec _Cl atom™ .

From a comparlson of the limit set by thls experlment to the calculated

2
35 1 c137 -1

capture rate of (4 * 2) b3 10 atom it is clear that the

sensitivity of the exﬁeriment Will-heve-to be increased by a factor of 100
to measure accurately the solar neutrino flux. If the vblume of perchlor-
ethylene were increased to 100,000 gallons one Wou}d expect 4 to 11 solar
neutrine captures per day. On the basis of experience obtained with the

present experiment an increase in the volume of liquid to 100,000 gallons

would not present any insuperable difficulties. The result of such an

experiment would provide a valid test for the present theory of the solar

energy generation process. The important features of the method are that

37 can be removed efficiently from large volumes of

small amounts of Ar
liquid by the simple procedure of sweeping with helium and that the character-
istic decay of Ar37 can be observed in a counter with an essentially zero

background, There are, however, a number of other processes that could
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produce Ar37 at these 10Q levels in a tank of perchlorethylene in an
undergoqnd mine; these other effects constitute‘an undesirable background.
Alvarez’ made a thorough analysis of these unwanted effects in his original
proposal some years ago. In general, backgroundveffects may arise from
cosmic ray muons, from fast neutrons from the surrounding rock wall, and
from nuclear reactions arising from internal contaminations in the liquid.
Cosmic ray backgrdund effects underground arise by the 0137(p,n)A:37
reaction from the protons produced in muon interactions. The magnitude of
this background effect can be calculated from measurements made at a depth
of 25 m.w.e.” where the nucleonic component is essentially eliminated, and
the Ar3/ is produced by muons, At this depth an Ar37 production rate of
210 atoms per day was observed in 3000 gallons of CCl,. Below this depth
the Ar3/ production should decrease with the product of the muon intensity
and the cross section for star production by muons. The following table
lists the muon intensities® and cross sections’ used to calculate the Ar37

production by muons at 1800 and 4000 m.w.e.

Table T
Depth below Muon intensity Muon star production Ar37 production
surface,v u's em~Z sec~! ster~! cross section, rate per day for
m.w.e. em? /nucleon 10° gallons CyCly,
-3 -30
25 2 x 10 3x 10 6500 (measured)
1800 2 x 1077 17 x 1070 3.5
4000 6 x 1079 22 x 10730 0.14
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It may be noted from Table I that the éalculated rate at 1800 m,w.e. is

below the limit set by the present 1000-gallon éxperiment. However it is
clear that a large scale experiment would have to be performed at a much
greater depth. If the proposed experiment were conducted in a mine approxi-

37 would be a factor

mately 4500 feet deep (4000 m.w.e.) the muon produced Ar
of 30 below the expected rate of 4 to 11 per day from solar neutrinos.

Ar37 may also be produced in the liquid by energetic neutrons.
Neutrons having an energy above 0,97 MeV will produce protons by the exo-
thermic 0135(n,p)835 reaction with sufficient energy to produce Ar37 by
the 0137(p,n)Ar37 reaction. This effect was evaluated by irradiating the
liquid with a Pu-Be neutron source. These measurements gave a yield of
one Ar37 atom per 1.4 x 106 neutrons absqrbed. Fast neutrons from the
surrounding rock could produce one Ar37 atom per day if the neutrom flux
on the surface of the 100,000-ga110n tank (26 ft diameter x 26 ft high)
were 4 x 107% neutrons cm’2 min-l. The fast neutron flux may be kept below
this value by a water shield,.the thickness depending on the uranium and
thorium content of the rock wall,

37 production in the materials

Internal contaminations leading to Ar
of the tank or the liquid itself canmnot be shielded out, and would serve
as an inherent background that could not be separated from a neutrino signal.
We have, however, found that the thorium and uranium content of perchlor- .
ethylene wés less than 2 x 10-9 gm per gram, At this level internal neutron

37

pfoduction is unimportant, less than 0.0l Ar”" would be produced per day by

these neutrons., However, even at this uranium and thorium level the sulfur

content must be below 0.5 percent to reduce the Ar37

produced by the
834(a,n)Ar37 reaction to less than one per day.
We may conclude from the above considerations that an experiment

using 100,000 gallons of pure perchlorethylene in a mine 4500 feet deep,
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properly shielded from fast neutrons would have a background Ar37 production
rate at least a factor of ten below the expectea rate from solar neutrinos.
It should be noted that if a positive result were obtained from such an
experiment there would re;ain‘a small ambiguity in interpretation because
of the possibility of a galactic source of neutrinos., A possible method
of distinguishing between solar and galactic neutrinos would be to take
advantage of the eccentriéity of the earth;s orbit and measure the 7 percent
difference in solar neutrino intensity between aphelion and perihelion.
With a signal as low as 7 per day (a total of 350 Ar37 atoms) such an
experiment would be marginal, but if a somewhat higher signal was observed
such a test would be possible.

Dr. John Béhcall, Dr. R. L. Sears and Prof. W. A. Fowlerbof the
California Institute of Technology have provided much of the theoretical
and experimental infofmation that makes this experiment meaningful. I
would like to thank them for keeping me informed of these developments.
Also I wéuld like to acknowledge the assistance of Robert L. Chase for

designing the low background counting system,
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