
The Laboratory has also con
firmed its intention to reserve 
about $ 7 5 M for smaller experi
ments. A schedule for selecting 
these will be announced later this 
year, after further PAC discussions 
in the summer. The current view is 
to set a relatively late date for the 
proposals, to benefit f rom ad
vances in high energy physics and 
detector technology that may occur 
between now and SSC startup, 
planned for 1999. 

BERKELEY 
Looking for the 
electron's electric 
dipole moment 
An elementary particle can act as 
an electric dipole only if the invar-
iances of left/r ight reflection (parity 
- P) and time reversal (T) are vio
lated. So far no such electric dipole 
moment (EDM) has been found. 

This is not too surprising since 
the Standard Model plus the six-
quark (Kobayashi-Maskawa) des
cription of quark flavour coupling 
predicts no electron EDM larger 
than 10~ 3 7 e-cm. However other 
models can accommodate much 
larger electron EDMs, and finding a 
value much larger than 10~ 3 7 e-cm 
would be clear evidence for new 
physics. 

Over the past 25 years the ex
perimental upper limit to the elec
tron EDM has improved five orders 
of magnitude. The most recent im
provement, a factor of seven over 
previous measurements, comes 
f rom the Lawrence Berkeley Labo
ratory, where Kamal Abdullah, Con-
ny Carlberg, Eugene Commins, Har
vey Gould, and Stephen Ross have 
set a new experimental limit of 
1CT2 6 e-cm (published in Physical 

At Lawrence Berkeley Laboratory, an atomic 
beam magnetic resonance apparatus with 
separated oscillatory fields is used to look 
for an electric dipole moment of the elec
tron. Heated thallium atoms defined by nar
row slits are collected on a magnetic sub-
state by optical pumping with 378 nm (UV) 
light linearly polarized along the direction of 
a weak applied magnetic field. 

Review Letters,65, 2347 , 1990). 
The Berkeley experiment (which 

uses no accelerator) searches for 
the EDM by measuring its energy in 
an electric field. While this is im
practical for a free electron, it is 
feasible using a valence electron in 
a heavy atom. 

An atomic beam magnetic re
sonance apparatus wi th separated 
oscillatory fields is used to make 
the measurements. Heated thallium 
atoms defined by narrow slits are 
collected in a magnetic substate 

by optical pumping with 378 nm 
(UV) light linearly polarized along 
the direction of a weak applied 
magnetic field. 

Atomic transitions are induced 
by a pair of radiofrequency loops 
1.2 m apart around a set of elec
trodes producing an electric field of 
1 0 5 V / c m . An EDM shows up as a 
difference in the transition frequen
cy when the electric field is re
versed. 

While the shift in frequency due 
to electron EDM is no larger than 
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The core components in myon spectrometers, 
more than 21,000 Cerenkov counters from Schott. 

In search of the structure of matter, energies and 
directions of myons need to be determined. Quarks, as 
they are called, and other instable fractional parts of 
atoms are generated when highly accellerated electrons . 
and positrons collide. 

To produce precise proof of the spectrum of these 
elementary particles more than 21,000 Cerenkov glass 
blocks made by SCHOTT are in use. These lead silicate 
glasses; such as SF3, SF5 and SF 57, are successfully 
employed in the myon spectrometers OPAL and DELPHI 
(at CERN) and JADE (at DESY). 

The extreme properties inherent in glasses from SCHOTT 
make possible the precision - which is beyond imagina
tion - required for these experiments: 

• High density of glass - short radiation length. 

• High internal transmittance in the Cerenkov radiation 
wavelength range. 

• High refractive index - low detection limit for fast 
particles. 

• High radiation resistance - long service life. 

HED-1, the newly-developed scintillation glass from 
SCHOTT, is another important medium of detection for 
high energy particles in nuclear physics. As compared 
with lead silicate glasses, its luminous efficiency is 
substantially higher, while energy decomposit ion is also 
higher. 

Special glasses from SCHOTT contribute toward maxi
mum performance results in all fields of science and 
research. 

SCHOTT GLASWERKE 
Geschaftsbereich Optik 
Verkauf Optisches Glas 
Postfach 2480, D-6500 Mainz 
Telefon 0 61 31 /66-0 HSCHCTT 
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*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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