
*Also at Oxford, see next month. 

10~6 Hz /kV /cm, the shift due to 
the electron magnetic dipole mo
ment is much larger, about 1 0 6 

Hz/G. To prevent a magnetic di
pole moment mimicking an EDM, 
magnetic field changes synchro
nous with the electric field are kept 
to below 1CT10 G. 

One source of a synchronous 
magnetic field is that due to the 
atoms moving in the electric field if 
the latter is not exactly parallel to 
the weak static magnetic field (de
fining the polarization axis). This ef
fect is minimized by using t w o 
counter-propagating thallium 
beams whose average velocity is 
close to zero. 

Despite their low beam energy 
and primitive cooling techniques, 
the experimenters are optimistic 
that they can improve their limit by 
the next order of magnitude in 
much less than the average five 
years! Further improvements may 
come with thallium beams of even 
lower energy. 

Massive neutrino? 
Evidence for a neutrino wi th a 
mass of 17 kiloelectronvolts - far 
heavier than any predicted by theo
ry - has been seen by scientists at 
Berkeley/ 

This new evidence, reported by 
Eric Norman and coworkers, sup
ports a claim made over five years 
ago by John Simpson of Guelph, 
Canada, for a 17 keV neutrino from 
the beta decay spectrum of trit ium 
(July/August 1985, page 241). 

This claim did not convince most 
of the scientific community and the 
noise subsequently died down. 
However interest revived in 1989 
when Simpson reported additional 
results from new experiments us
ing trit ium and sulphur 35. 

Norman's team set out to con
firm or disprove the latest Guelph 
observations, and their data now 
support Simpson's observations. 
Norman is planning a fol low-up ex
periment to clinch the result one 
way or the other. 

Neutrinos (of the electron type) 
from beta decay cannot be ob
served directly - they can only be 
inferred f rom their effects on the 
beta electron spectrum (it was the 
missing momentum in beta decay 
which led Pauli more than 50 years 
ago to postulate the existence of 
the neutrino). 

Neutrinos were long thought to 
be massless, but there is enough 
room for a small vestigial mass, 
and there is a big effort underway 
to try to measure this mass direct
ly. However a mass as substantial 
as 17 keV, a few per cent of that 
of the electron, is a surprise. 

Massless neutrinos would give a 
continuous beta spectrum extend
ing from zero up to the full decay 
energy. However if some of the 
neutrinos have a mass, less energy 
is available to the electrons, giving 
a 'kink' in the spectrum. 

Simpson measured the beta 
spectrum in a sample of tritium im
planted inside a detector - a crys
tal of silicon - to reduce noise and 
permit detection of very small ef
fects. However implanting the tr i
t ium in the crystal by bombardment 
may have damaged it. 

Norman chose another sam
ple/detector combination, using 
carbon 14 as the beta emitter and 
germanium as the detector crystal. 

Beta decay measurements wi th 
the carbon/germanium crystal got 
underway early last year and con
tinued for four months. This was 
fol lowed by two months of 
measurements with a plain german
ium crystal, closely matched to the 
original in size and other character

istics, to measure background. 
The kink in the beta spectrum at 

17 keV is extremely small, though 
statistically significant to 99 per
cent. Norman reported the results 
at the 14th Europhysics Confer
ence on Nuclear Physics, held in 
Bratislava, Czechoslovakia, in Octo
ber. He plans to repeat the experi
ment wi th a new carbon 14/ger-
manium crystal that will yield 10 
times as many carbon decays, thus 
greatly improving the reliability of 
the results. 

LAKE BAIKAL 
Underwater neutrino 
detector 
A new underwater detector soon 
to be deployed in Lake Baikal in Si
beria, the wor ld 's deepest lake 
wi th depths down to 1.7 kilo
metres, could help probe the dee
pest mysteries of physics. 

One of the big unsolved prob
lems of astrophysics is the origin 
of very energetic cosmic rays. 
However there are many ideas on 
how particles could be accelerated 
by exotic concentrations of matter 
and provide the majority of the Gal
axy's high energy particles. Clarifi
cation would come from new de
tectors picking up the energetic 
photons and neutrinos from these 
sources. 

So far, neutrino observations 
have relied on underground detec
tors to make initial measurements 
of particles f rom the sun and from 
the 1987 supernova. However 
these detectors might not be sensi
tive enough to probe the feeble 
fluxes f rom more distant sources. 
An alternative and less expensive 
approach towards large detector 
arrays is to go underwater. 
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Schematic of the six strings of photomulti-
plier arrays soon to be deployed for the un
derwater neutrino telescope project in Lake 
Baikal, USSR. 

Neutrinos hitting water nuclei 
produce muons (by charged current 
interactions), which in turn give tiny 
pulses of Cherenkov radiation 
which can be monitored by large 
arrays of photomultipliers. Since 
the high energy muons tend to 
maintain the direction of the pri
mary neutrino, such an array would 
work as a neutrino telescope wi th 
an angular resolution of one or t w o 
degrees. 

T w o deep underwater neutrino 
projects are taking shape - DU-
MAND, in the Pacific Ocean near 
Hawaii (June 1988, page 29) and 
in Lake Baikal, where the final goal 
is to construct a full-scale muon 
detection array covering 100,000 
square metres. Such an ambitious 
project involves many logistic prob
lems and needs to be attacked 
stepwise. 

In the ten years since the idea 
was first put forward, the project 
has adopted a technique of using 
the lake's ice cover, up to a metre 
thick in late winter, as a platform to 
deploy detector strings at depths 
down to 1350 metres. These 
strings do not have to be hauled up 
when the ice melts. Since 1984, 
four tests have been mounted us
ing an initial detector design wi th a 
flat photocathode 15cm in diame
ter, transmitting data to the shore 
station 4.5 km away. 

As well as showing the feasibili
ty of the approach, these tests 
gave important new limits on mag
netic monopole fluxes and for dark 
matter searches. In addition to the 
physics, this work also contributed 
to advances in marine and ice tech
nology, detector design and data 
transmission (using an armoured 

Two of the second-generation photomulti
pliers developed for the Lake Baikal neutrino 
telescope. The complete detector will use 
200 similar such devices. 
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Giant Read-Out Boards? 
Epoxy laminates FR-4 
1300x4400 m m 
p r o d u c e d by 

[ D I T R O N r 

have been chosen for the 
cons t ruc t i on of the " R e a d -
Ou t B o a r d " of the had ron 
ca lo r imeters of the ALEPH 
and DELPHI de tec tors . 

S tandard p r o d u c t i o n : 
• FR-4, G-10, G-11 r ig id laminates 

for p r in ted c i rcu i t boards 
• th in laminates and prepreg 

fo r mul t i layer boards 

DITRON sri 
Via Mul ino Vecchio, 85 - 28065 CERANO (NO) ITALY 
Tel.: 0321/728294 - 726548 - Telex: 331565 PENCO I 
Telefax: 0321/721645 
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Comparison of spin effects (measured by 
left-right asymmetry - left-hand axis) in the 
production of neutral pions by polarized pro
tons and antiprotons at Fermilab for differ
ent fractional momenta (integrated over a 
range of transverse momentum). The right-
hand axis is the ratio of reaction rates for 
opposite beam particle spins. 

optical cable). 
In 1987, the groUp was ready to 

embark on a second stage detector 
using an improved photomultiplier 
wi th a 35-cm diameter hemispheri
cal head developed initially by Phil
ips and subsequently at the Novo
sibirsk Laboratory. This detector, 
christened NT-200 (a neutrino tele
scope wi th 200 photomultipliers), 
is now under construction. 

A t depths of up to 1.1 km, this 
3 ,000 sq m array will use six 
strings each containing 16 optical 
modules wi th twin pressure-
housed photomultipliers. Measure
ments wi th prototype equipment 
showed that muons can be de
tected up to 10 metres in the clear 
Baikal water. This determined the 
string spacing (about 25 metres) 
and the module array on each 
string (about 7 m apart). 

NT-200 's main goal will be to 
measure upward-travelling muons 
f rom neutrino interactions to within 
1.5 degrees against a substantial 
background of downward muons. 
Some hundred events per year are 
expected from atmospheric neutri
nos, hopefully augmented by a few 
signals f rom distant neutrino 
sources such as binary stars, 
young supernovae or the galactic 
centre. 

Additional goals are the investi
gations of cosmic ray muons and 
the continuing search for dark mat
ter, as well as biological studies 
and hydrography. 

The Baikal collaboration includes 
several Soviet institutes (notably 
the Moscow Institute of Nuclear 
Research and the University of Ir
kutsk), the High Energy Physics In
stitute of Zeuthen/Berlin and KFKI 
Budapest. 

While the basic technical prob
lems of the detector are solved, 
the deployment of the six-string ar
ray in 1993 is still a challenge. 

FERMILAB 
High energy spin 
effects 
While many physicists would agree 
that it is important to study interac
tions of different isospin states (for 
example comparing proton and 
neutron data), many of them also 
accept as normal data averaged or 
integrated over ordinary spin. 

However an ongoing programme 

at Brookhaven studying elastic 
scattering (where the incoming par
ticles 'bounce' off each other) pro
duced marked spin effects which 
are not well understood (Septem
ber/October 1990, page 34). Our 
understanding of particle interac
tions should not be influenced by 
which observables are easy to 
measure and which aren't, and until 
a clear understanding of spin ef
fects emerges, it is important to 
continue and extend these studies. 

Insights at higher energies and 
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