Nuclear Evidence That Neutrinos Have Mass

Several long-standing problems in astrophysics may now be resolved

Three physicists from the University
of California at Irvine have found evi-
dence that neutrinos have mass. Neu-
trinos are those elementary particles
called ghostly and elusive because they
interact only by way of the feeblest of
the three forces affecting elementary
particles, the weak force, and because
they were thought to have no rest mass.
If the findings hold up (related experi-
ments are ongoing in the United States
and Europe and new ones will surely be
starting up), the implications of massive
neutrinos will be greatest in the field of
astrophysics where at least three long-
standing problems could be explained.
The discovery apparently will not cause
extensive revision of elementary particle
theories.

The experiment by Frederick Reines,
Henry Sobel, and Elaine Pasierb of Ir-
vine actually did not detect a neutrino
mass directly. The investigators found a
phenomenon called neutrino oscilla-
tions, in which neutrinos of one type
transformed into different types as they
raced through the air at nearly the speed
of light. But existing theories for neutri-
no oscillation require that neutrinos have
mass. Some of the consequences for as-
tro- and elementary-particle physics fol-
low from the oscillation effect and others
from the existence of neutrino masses.

Measurements were made at the Du-
Pont Company’s 2000-megawatt Savan-
nah River nuclear reactor, which has a
long history of neutrino physics. Reines
and the late Clyde Cowan first directly
detected the existence of neutrinos there
in 1956. In the present case, the reactor
acted as a source of neutrinos of a partic-
ular type having energies of 10 million
electron volts or less. (Neutrinos belong
to the class of the lightest elementary
particles called leptons: electron, elec-
tron neutrino, muon, muon neutrino, tau
particle, tau neutrino, and the corre-
sponding antiparticles. The type of neu-
trino coming from the reactor was an
antielectron neutrino.)

The neutrinos collided with deuterium
nuclei in a 268-kilogram pool of heavy
water, where two types of reactions
could occur. The first produces two neu-
trons, but only if the neutrinos leaving
the reactor stay antielectron neutrinos.
The second, which produces a single
neutron, occurs whether the neutrinos
change identity or not. Helium-3-filled
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proportional counters detected the neu-
trons, thereby allowing the ratio of
double-neutron and single-neutron events
to be determined. The expected value
of the ratio could also be calculated
from theory. As Reines explained at
the Washington, D.C., meeting of the
American Physical Society late in April,
the ratio of ratios (experimental ratio to
theory ratio) should be 1 unless the anti-
electron neutrino was turning into some
other type during its 11.2-meter-long
travel from the reactor to the detector.
The observed value was 0.43 = 0.17,
which is a 3.2 standard deviation effect.
Further experiments at Savannah River
and elsewhere will be needed to confirm
the finding.

There are reasons for both skepticism
and optimism. On the skeptical side, a 6-
month-long experiment using the 57-
megawatt research reactor at the Institut
Laue-Langevin in Grenoble, France, by
physicists from the California Institute of
Technology, the Technical University of
Munich, and the Institut Laue-Langevin
has found no evidence for neutrino oscil-
lations, according to Felix Boehm of Cal-
tech. The group measured a different
quantity (positrons emitted when neutri-
nos collide with hydrogen nuclei) than
the Irvine researchers, however, and in-
terpretation of the results depends on
certain other data that are currently in
dispute. The Irvine ratio of ratios tech-
nique is much less sensitive to this un-
certainty.

On the optimistic side, there are nu-
merous reports of an as yet unpublished
experiment by researchers at the Insti-
tute of Theoretical and Experimental
Physics in Moscow who used an entirely
different technique to obtain a mass for
neutrinos. The experiment measures the
characteristics of the electron emitted
when tritium (hydrogen-3) decays. Pre-
vious attempts, notably by a Swedish
group some years ago, failed to find any
effect traceable to neutrinos having a
mass. Now the Soviet investigators have
determined a neutrino mass in the range
12 to 40 electron volts, according to
Carlo Rubbia of Harvard University.
(The mass of an electron is 511,000 elec-
tron volts.) American physicists are ea-
gerly awaiting publication of the work so
as to judge first hand what are now only
secondhand reports.

The consequences of neutrino oscilla-

tions and neutrino masses seem to be
greatest in questions of concern to as-
trophysicists. Three are of particular in-
terest:

1) Solar neutrinos. Theoretical mod-
els of fusion reactions in the sun lead to
predictions of the flux of neutrinos strik-
ing the earth. Careful measurements by
Ray Davis of Brookhaven over several
years have found only about one-third
the predicted number. Davis’s experi-
ment is sensitive only to electron neutri-
nos, which are the type emitted by the
sun. If electron neutrinos were turning
into muon and tau neutrinos on their way
to the earth, a good deal of the discrep-
ancy between theory and experiment
would be reconciled, although John Bah-
call of the Institute for Advanced Study
cautions other effects may also be impor-
tant.

2) Missing light in galaxies. A funda-
mental parameter in astronomy is the
mass to luminosity ratio of astronomical
objects. A continuing problem for as-
tronomers has been to explain why the
ratio for galaxies is much larger than that
for nearby stars and why the ratio for
clusters of galaxies is much larger than
that for individual galaxies. The ex-
planation must involve matter that does
not emit radiation. If the mass of neutri-
nos was in the range from 5 to 20 elec-
tron volts, says Gary Steigman of the
Bartol Research Foundation, neutrinos
would tend to be more tightly gravita-
tionally bound to larger objects than
smaller ones in just the right way to ac-
count for the missing light.

3) Evolution of the universe. In a Big
Bang model of the universe, the universe
could keep expanding forever or it could
reach a point of maximum extent and be-
gin contracting back to its starting con-
figuration of an infinitely dense point. Al-
though not all astrophysicists are in
agreement, probably more agree than
not that the total amount of mass in the
universe is insufficient to reverse the
present expansion. If, however, neutri-
nos, which are thought to be roughly as
numerous in the universe as photons,
had a mass of about 100 electron volts,
then the added mass would be sufficient
to cause the universe to contract even-
tually. As Reines says, this would have a
profound effect on the way we think
about the cosmos and our place in it.

. —ARTHUR L. ROBINSON

0036-8075/80/0516-0697$00.50/0 Copyright © 1980 AAAS 697



	Article Contents
	p.697

	Issue Table of Contents
	Science, Vol. 208, No. 4445, May 16, 1980
	Front Matter [pp.641-662]
	Letters
	Radioactivity in the Urals [pp.652-655]
	Significant Sevens [p.655]

	Science, Technology, and the Court [p.661]
	Nuclear Processing and Isotopes in the Galaxy [pp.663-669]
	Global Crop Forecasting [pp.670-679]
	A Federalist Strategy for Nuclear Waste Management [pp.679-684]
	News and Comment
	No Go for Satellite Sanctions against Iran [pp.685-686]
	Cloning Gold Rush Turns Basic Biology into Big Business [pp.688-692]
	Hybridomas: A Potent New Biotechnology [pp.692-693]

	Briefing
	Vance, in Last Act, Turned to Iran Scholars [p.687]

	Research News
	New Codes Coming into Use [pp.694-695]
	Quake Prediction by Animals Gaining Respect [pp.695-696]
	Nuclear Evidence that Neutrinos Have Mass [p.697]

	Book Reviews
	The Private Oppenheimer [pp.698-700]
	Correlates of Achievement [pp.707-709]
	Exemplars of Engineering [pp.727-730]
	Archeology of the Arctic [pp.732-733]

	Assessing the Energy Situation
	untitled [pp.701-702]
	Science on Capitol Hill [p.703]

	The Life of Malthus
	untitled [pp.703-704]
	A Varied and Colorful Career [pp.704-705]
	Formative Efforts in American Science [pp.705-706]
	An Institution for Rational Amusement [p.706]

	Handedness and Mental Function
	untitled [pp.709-711]
	Thirst and Drinking [pp.711-712]

	Psychology and the Law
	untitled [pp.712-713]
	Limitations of Judgment [pp.713-714]
	The Fortunes of a Psychologist [pp.714-715]
	Wundt and after [pp.715-716]

	Evolution: The Paleobiological View
	untitled [pp.716-717]
	Invertebrate Phylogeny [pp.717-718]

	Mammals in the Age of Dinosaurs
	untitled [pp.718-719]
	A Fortuitous Experiment [pp.719-720]
	The Order Primates [pp.720-721]
	Taxonomic Exploration [pp.721-722]

	A Segment of Biochemical Research
	untitled [pp.722-723]
	DNA Studies Brought Up to Date [pp.723-724]

	Letters between Physicists
	untitled [pp.724-726]
	Of Accelerators and Theories [p.726]
	Collisions [p.727]

	Female Roles: Ethnography Reread
	untitled [pp.730-731]
	Anglo-Americans Observed [p.731]

	Agricultural Adaptations
	untitled [pp.733-736]
	Drought [p.736]
	Volcanism in Human History [pp.736-738]
	A Legendary Wetland [pp.738-739]
	Preservation Efforts [p.739]

	Reports
	Oil Shales and Carbon Dioxide [pp.740-741]
	Soot in Urban Atmospheres: Determination by an Optical Absorption Technique [pp.741-744]
	Clarkforkian Land-Mammal Age: Revised Definition, Zonation, and Tentative Intercontinental Correlations [pp.744-746]
	Saturn's Luminosity and Magnetism [pp.746-748]
	Endothelial Cells of Bovine Pulmonary Artery Lack Receptors for C3b and for the Fc Portion of Immunoglobulin G [pp.748-749]
	Nitrous Oxide from Soil Denitrification: Factors Controlling its Biological Production [pp.749-751]
	Impaired Brain Growth in Neonatal Rats Exposed to Ethanol [pp.751-753]
	Flavor-Illness Aversions: The Peculiar Roles of Odor and Taste in Memory for Poison [pp.753-755]

	Back Matter [pp.739-772]





