The mystery of the missing neutrinos

The search for solar neutrinos in a South Dakota
gold mine has turned up fewer than theory predicts

by Dietrick E. Thomsen

Stars are the natural domain of nu-
clear physics. In them elements are
manufactured by fusing light nuclei
into heavy ones. Thus is produced the
energy that stars give off, and in the
various interactions the elusive particles
called neutrinos are formed.

The existence of the neutrino was
postulated to balance the energy equa-
tions of nuclear beta decay. Physicists
had seen that a number of atomic nu-
clei decayed radioactively by changing
a neutron to a proton and emitting an
electron in the process.

But there seemed to be some energy
lost, and according to a most basic law
of physics, conservation of energy, that
should not happen. The neutrino was
postulated to make up that deficiency.
It had to be without electric charge
since charges balance in beta decay,
and it had to have very little interac-
tion with other matter since no di-
rect evidence of its existence was then
available. Twenty-five years after it
was postulated, the neutrino was finally
directly observed in 1953.

The sun is our nearest and most rep-
resentative star and the only one from
which there is a reasonable hope of re-
cording many neutrinos. An experiment
to detect solar neutrinos has been un-
der way for some time in the Home-
stake gold mine at Lead, S.D., by a
group of physicists from Brookhaven
National Laboratory. Recent results,
described by Dr. Raymond Davis Jr.
at the meeting of the American Physi-
cal Society in Seattle in late August,
show fewer solar neutrinos than there
ought to be. This, he says, is a mystery
that at present no one can explain to
the satisfaction of all the different kinds
of specialists involved.

Because neutrinos are so unlikely to
interact with other matter, a very large
detector is necessary. The one in the
Homestake mine is a tank containing
100,000 gallons of the dry cleaning
fluid perchloroethylene (C,Cly). The
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fluid was chosen for its high chlorine
content and relatively low cost. The ar-
rival of a neutrino in the detector may
convert a nucleus of chlorine to one
of radioactive argon 37. In any 50 days
of observation the experimenters ex-
pected about 25 argon 37 atoms to be
produced in the Homestake tank.

Argon is chemically inert, and there-
fore when it is formed, it is not chemi-
cally bound as its parent chlorine is.
It is merely in solution in the per-
chloroethylene. It can be removed by
circulating helium through the liquid.
The argon 37 is then absorbed by a
charcoal trap, and the trap is placed in
a proportional counter.

An argon 37 nucleus decays by cap-
turing an electron from its own atom.
This produces a readjustment of elec-
trons that results in emission of an elec-
tron with 2.8 kilo-electron-volts energy.
This is what the counter looks for.

The tank is placed 4,850 feet under-
ground to minimize the effects of par-
ticles other than neutrinos. Still it must
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contend with argon 37 produced by
mu mesons from cosmic rays and by
slow neutrons from radioactivity in the
surrounding rock. One of the gases
produced by underground nuclear ex-
plosions is argon 37, so the experi-
menters must also take account of pos-
sible increases in atmospheric argon
37 accidentally released by underground
tests. One-quarter cubic centimeter of
atmospheric argon somehow gets into
the tank per 100,000 gallons of liquid.

Mu-meson production of argon 37
is measured by placing small tank cars
of perchloroethylene at various levels
in the mine and comparing the amounts
of argon 37 in them. Slow-neutron pro-
duction is measured by placing a known
neutron source at the large tank. Late-
ly a water shield has been built to filter
out the slow neutrons.

Atmospheric argon 37 is more diffi-
cult to estimate since few systematic
observations of it have been made (ar-
gon comprises about one percent of the
atmosphere, and most of that is non-
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100,000 gallons of cleaning fluid records about one neutrino in three days.
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Davis: Can the boron 8 be wrong?

radioactive argon 40). Dr. Davis thinks
that nuclear explosions may have in-
fluenced one of the three experimental
runs so far analyzed. It showed much
more argon 37 than the other two, and
the Americans, Russians and Chinese
all exploded tests at the time. Dr. Davis
wishes that the three governments would
give him advance notice of tests, but
he expresses little hope of ever getting
the information.

When all the background is sub-
tracted, argon 37 atoms attributable to
solar neutrinos amount to about 0.34
=+ 0.30 atom per day. Thus they are
detecting on the average only about
one neutrino arrival every three days
instead of the one every two days they
expected. Though the statistics are still
poor, Dr. Davis declares that there is
a definite discrepancy between theory
and experiment. No one knows why.

“Suppose there is something wrong
with the boron 8,” he suggests. Ac-
cording to theory, beta decay of boron
8 nuclei is supposed to be the main
contributor of the solar neutrinos that
the Brookhaven experiment is able to
detect, and boron 8 is thus the main
candidate for blame if something is
wrong. But so far no one is willing to
admit that it could be off.

People who make theoretical models
of nuclear processes in the sun insist
that their rumbers and proportions are
correct. Nuclear physicists, who have
repeatedly measured the cross sections
for the various interactions involved,
insist that the numbers they supply to
the theorists are accurate. Dr. Davis
and his colleagues are sure that their
experiment is virtually flawless. For the
moment the discrepancy is a mystery to
which no one can supply the key. O
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THE ADOPTED CHILD—Joseph G. Ans-
field, M.D.—Thomas, C. C., 1971, 56 p., $5.75.
Discusses the emotional aspects of adoption
from the point of view of the psychiatrist
specializing in adolescent psychiatry.

EDUCATORS GUIDE TO FREE SCIENCE
MATERIALS—Mary H. Saterstrom, Ed.;
John W. Renner, Consult—Educators Pro-
gress Service, 1971, 12th ed., 419 p., paper,
$9.25. Up-to-date, descrnptlve information on
currently available free audiovisual media

~and other aids, arranged by subject.

ELECTRONICS SELF-TAUGHT WITH EX-
PERIMENTS & PROJECTS—Jim Ashe—
TAB Bks., 1971, 288 p., illus.,, $7.95; paper,
$4.95. Written for hobbyists, expenmenters
and students, book tells how to set up a
home lab, shows why certain things are done,
how devices and circuits work, and how to
design your own circuits.

THE FAMILY AND ITS FUTURE: A Ciba
Foundation Symposium—Katherine Elliott,
Ed.—Churchill (Williams & Wilkins), 1970
230 p., illus, $11. Papers and dxscussnons
range from an analysis of family roles, and
parental responsibility for adolescent maturity,
to changes in concept of parenthood.

THE FAMILY BOOK OF PREVENTIVE
MEDICINE: How to Stay Well All the
Time—Benjamin F. Miller, M.D. and Law-
rence Galton—Simon & Schuster, 1971, 704
p., $12.95. Up-to-date, broad coverage in-
corporates the most significant developments
in the concepts and practices of disease pre-
ven.ion and in promoting physical, mental
and emotional health.

INJECTABLE SOLUTIONS AND ADDI-
TIVES: Compatibilities, Incompatabilities,
Routes of Administration—Thomas J. Fowler
—Springer Pub. Co., 1971, 32 p., paper, $3.25;
wall chart, paper, $3 Brmgs together wxdely
dispersed information and presents it in con-
veniently tabulated and chart form.

THE MODERNIZED METRIC SYSTEM:
The International System of Units (SI) and
its Relationship to U.S. Customary Units—
National Bureau of Standards—GPO (NBS-
SP 304), 1971, 29”x45” chart, paper, 50¢.
Wall chart, depicts and defines the six base
units of measuring length, time, mass, tem-
perature, electric current and luminous in-
tensi y.

A NEW PHOTOGRAPHIC ATLAS OF THE
MOON—Zdenek Kopal, introd. by Harold
C. Urey—Taplinger, 1971, 311 p., 214 plates,
drawings, $20. Spec1ﬁcally desxgned to reflect
the recent breakthroughs in both astronomy
and space science, attempts to provide a com-
posite pic'ure of the moon in a selection of
photographs obtained from space-borne tele-
scopes and cameras.

PERSPECTIVES IN THE HISTORY OF
SCIENCE AND TECHNOLOGY—Duane H.
D Roller, Ed.—Univ. of Okla. Press, 1971, 307
, plates, $9.95. Based on a symposium, the
papers and commentaries offer a cross-section
of research and attitudes in the study of the
history of science, ranging from energetics
controversy and the new thermodynamics, to
highway technology and highway policy.

THE POLITICS OF CITY REVENUE—
Arnold J. Meltsner—Univ. of Calif. Press,
1971, 303 p., diagrams, $10. A study of
bureaucratic politics, investigates how officials
get money to govern Oakland, Calif., a city
typical of many U.S. central cmes, where
fiscal resources dwindle while social problems
increase.
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