Physicists Close in on a
Weighty Quarry

After a year of sightings, the Great (Heavy) Neutrino Hunt
seems about to capture the beast—or prove it a chimera

NEUTRINOS ARE AMONG THE SLIPPERIEST
creatures in the bestiary of particle physics,
passing through the earth without nudging
another particle. But this year they hit physi-
cists with a jolt. A series of experiments
hinted that one of the three known neutrino
species might be far more massive than most
physicists cared to contemplate—massive
enough, in fact, to shake the foundations of
particle physics and cosmology. Now several
groups of physicists have set out to hunt
down the unruly beast...or prove it a par-
ticle physics unicorn. If it does exist and
they do find it, says neutrino tracker
Wolfgang Stoeffl of Lawrence Livermore
National Laboratory, “it would be the big-
gest discovery in 20 years.”

The reason: No theory predicts such a
particle—on the contrary, all accepted mod-
els in cosmology and particle physics assume
that neutrinos are massless, or nearly so (see
box). While the heaviest neutrinos predicted
by theorists ranged from 1 to maybe 10
electron volts, this woolly mammoth alleg-
edly carries a mass of 17,000 electron volts
(kev). Not surprisingly, other physicists
thought this neutrino about as believable as
an abominable snowman back when John
Simpson, a physicist at Canada’s University
of Guelph, made the first heavy-nutrino
sighting in 1985.

But early this year, Simpson got precious
support from his former student Andrew
Hime, working with Nick Jelly at Oxford
University, Igor Zliman at Ruder Boskovic
Institute in Prague, and Eric Norman and
colleagues at Lawrence Berkeley Laboratory
(see Science, 22 March, p. 1426). Their
groups announced that they had come
across tracks of this physics Yeti, and sud-
denly the world was listening.

Not with universal approbation, of course.
The neutrino-spotters immediately found
themselves under assault by another camp,
led by Felix Boehm of Caltech, who had
looked for the monster neutrino using a
different experimental technique and found
nothing. Indeed, the argument between the
two groups is largely a dispute about the
relative merits of their competing instru-
ment types.

Both groups of neutrino-hunters seek
their prey by observing the outcome of
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radioactive beta decay—a process in which
an unstable nucleus in a radioactive isotope
emits both an electron and a neutrino. The
energy of the decay is divided between the
electron and the neutrino; by gauging the
electron’s energy, researchers can infer the
energy—which to physicists is equivalent to
mass—of the neutrino.

The solid-state detectors Norman and his
colleagues favor record the energies of the
decay electrons by sending them into a

“Many people say if we
see it, it’s true, and if
we don’, they arein
trouble.”

—Wolfgang Stoefll

crystal, where they knock other electrons
loose, creating a current that provides a
measure of energy. In the spectrum of elec-
tron energies recorded with these detectors
a big, 17 kev bite regularly appears taken
from the energy of a few electrons. The only
explanation Simpson, Norman, and their
colleagues can offer so far: The energy is
going into a 17 kev neutrino.

Boehm and the other nay-sayers gauge the
energies of the electrons from beta decay by
sending them into a magnetic field, which

deflects them into circular paths. The radii of
the circles indicates the electron energy, and
measurements made in this way suggest that
neutrinos aren’t stealing any detectable share.
In keeping with physics orthodoxy, the neu-
trino must be massless, or nearly so, say
Boehm and his colleagues.

Members of each camp staunchly defend
their choice of detector—and maintain that
their opponents have been misled. Norman
believes the agreement of his results with
those reported by the Prague, Guelph, and
Oxford groups argues that they are all see-
ing a real phenomenon. Not only do the
energy spectra all show a kink at the same
place (17 kev), but the kink always has
exactly the same size (indicating that about
1% of the emitted neutrinos belong to the
heavy species) and shape. “Personally, I find
it hard to believe that each of these experi-
menters is doing something wrong—a dif-
ferent something wrong in each case and yet
they are all getting the same answer. Nature
would really have to be conspiring against
us to do that,” says Norman.

But the neutrino nay-sayers maintain that
there wouldn’t have to be a conspiracy—
just some systematic effect that occurs in
solid-state devices. After all, not much is
known about how electrons behave in crys-
tals, says Livermore’s Stoeffl. “You have all
kinds of effects”—vibrations of the crystal
lattice called phonons and electron oscilla-
tions called plasmons—that could put spu-
rious kinks in the solid-state signal, he says.

Norman and his solid-state colleagues
think the magnetic-spectrometer camp is in
no position to criticize their technique. He
charges that Boehm’s instruments record a
distorted electron-energy spectrum, because
the efficiency with which they capture elec-
trons varies with electron energy. What’s
more, he says, even though the spectro-
meters evade some solid-state effects by
snaring the electrons in a magnetic field
instead of a crystal, the electrons are still
generated by radioactive decay in a solid
sample, where unknown solid-state effects
could skew their energies, perhaps masking
the signature of a heavy neutrino.

Hoping to resolve the bickering, several
groups, including Stoeffl’s at Livermore,
have been sorting out the factors that might
account for the conflict. The result: They’ve
devised a new series of tests that nearly
everyone in the field thinks will settle the
question once and for all, when taken to-
gether. “If you do good experiments and
you don’t see it,” Norman concedes, “then
it’s not a neutrino.”

This new round of experiments will rely on
magnetic spectrometers, just as Boehm’s did,
but they are designed to skirt the drawbacks
of Boehm’s setup well enough to win over
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even Norman. Stoeffl, for ex- %’

ample, will measure a whole
electron-energy spectrum at
once—a technique that Nor-
man concedes will minimize
the distortions that plague
existing spectrometers. And to
rule out any solid-state effects
in the electron source, the beta
decay in Stoeffl’s instrument
will take place not in a radio-
active solid but in a gas—in

£

unexplained.”

“There is definitely
something interesting
going on that is still

—Thomas Bowles

source and not others, the ef-
fect can’t be caused by a neu-
trino. “If it really is a 17 kev
neutrino it should show up in
a variety of sources,” he says.

Even a “no” answer will be
more interesting than it
sounds, Bowles says. The
solid-state researchers must be

see it, it’s true, and if we
don’t, they are in trouble.”

this case radioactive tritium (a

hydrogen containing two neutrons). He adds
that the detector is also designed to screen
out electrons from stray beta decays in the
solid walls of the sample container.

The result of these precautions, say many
physicists, should be an instrument at least
10 times more sensitive than existing mag-
netic spectrometers—sensitive enough to
capture the massive neutrino, if it exists.
Stoeffl himself thinks the results should
break the current impasse by the end of next
year: “Many people in the community, in-
cluding Norman and Simpson, say that if we
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The neutrino community
won’t have to rely on Stoefil alone to settle
the issue: Frank Calprice at Princeton Uni-
versity and Thomas Bowles at Los Alamos
National Laboratory also think they have the
problems that bedevil magnetic spectrom-
eters under control. Bowles, for example, is
coping with the possibility that he might be
misled by some solid-state effect in the elec-
tron source by running neutrino tests with a
variety of different electron sources: nickel-
63, sulfur-35, and carbon-14. “No one has
yet done this search in a systematic way,” he
says. If the kink effect shows up with one

seeing something; even if it’s
not a neutrino but just some interesting
solid-state effect, Bowles would like to get
to the bottom of it. “We have discussed [the
original] measurements, and we agree there
is definitely something interesting going on
that is still unexplained. We want to know
what it is that’s causing this effect.”

And if the verdict on the heavy neutrino
is yes? Even if a series of positive answers
convinces both camps of neutrino hunters,
Stoeffl says, it may take other physicists a
while to swallow it. “Most physicists are
skeptical because it doesn’t fit into the stan-
dard model of particle physics,” he says. “If
we had expected it everyone would believe
it now.” m FAYE FLAM
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