
LEP results were updated at the Singapore 
meeting (see page 3). 

NEUTRINO 90 
Shop window for 
LEP/Underground 
sunshine 

Sixty years after its prediction and 
35 years after its discovery, the 
neutrino, the otherwise invisible 
particle carrying off 'missing' ener
gy in radioactive beta decay, still 
provides compelling physics. 

The Neutrino 90 meeting held at 
CERN in June, the 14th in a series 
which began at the Meyrin Labora
tory in 1963, reflected the contin
ued enigma of this puzzling particle. 
Despite heroic efforts, some basic 
neutrino properties - mass, flavour 
oscillation - are so subtle as to 
elude measurement, and can only 
be sketched in as experimental lim
its. 

While the 1987A supernova has 
made neutrino astronomy respecta
ble (May issue, page 18), a much 
closer extraterrestrial neutrino 
source - the sun - continues to 
challenge the ingenuity of experi
menters. However Neutrino 90 in
cluded first reports f rom several 
new telescopes looking for neutri
nos and other particles, promising 
important new insights in the next 
few years. 

A scoop for Neutrino 90 was the 
first comprehensive batch of data 
f rom the four experiments - Aleph, 
Delphi, L3 and Opal - taking data 
since August last year at CERN's 
LEP electron-positron collider. Initial 
1989 data quickly showed that the 
Universe can contain only three 
types of neutrino (December 1989, 
page 18). This landmark result 
showed that physics has room for 
just three kinds of weakly interact
ing particles (leptons) - electron, 
muon and tau, and six types of 

At the Neutrino 90 meeting at CERN, E. 
Fernandez of Barcelona gave a compilation 
of Standard Model results from the four 
experiments - Aleph, Delphi, L3 and Opal -
taking data at CERN's LEP electron-positron 
collider. 

quark, grouped into three pairs -
up and down, strange and charm, 
bot tom (or beauty) and top. 

Wi th more than 100,000 Z de
cays under their belts in 1989 and 
about twice that number in only the 
first half of this year's run, the four 
experiments had polished their neu
trino limits, taken a detailed look at 
weak decays, carefully studied the 
way the Z (a mediator of the weak 
force) produces strongly interacting 
particles (with implications for 
quark field theory), simplified the 
scenario for 'dark matter', and 
pushed up the mass limits for 
possible new particles. In particu
lar, preliminary results f rom Aleph 
and L3, combined with input f rom 
other sectors of the Standard Mod
el, ascribed the long-awaited 

sixth ('top') quark to the mass re
gion between 100 and 180 GeV*. 

Neutrinos from the sun 

The pioneer study of solar neutri
nos - the South Dakota Homestake 
Mine experiment led by Ray Davis 
- has now been accumulating data 
for 20 years. As well as discover
ing that the observed neutrino sig
nal is only about half what is ex
pected (the 'solar neutrino puzzle'), 
K. Lande of Pennsylvania pointed 
to possible ten-year cyclic effects, 
perhaps correlated to sunspot ac
tivity or to solar geometry. 

Wi th less data accumulated, but 
wi th directional effects giving addi
tional information, the Japanese 
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Kamiokande underground experi
ment confirms the solar neutrino 
puzzle, but does not see marked 
time variations, claimed spokesman 
Y. Totsuka. 

The puzzle could be resolved by 
new detecting media picking up 
more representative solar neutrino 
information. Newcomers on the 
scene are two studies using gallium 
- the Gallex experiment using 100 
tons of solution in the Italian Gran 
Sasso underground Laboratory 
(May 1989 issue, page 1), and the 
SAGE Soviet/US effort using 30 
tons of metal at Baksan in the Cau
casus (June, page 16). Both should 
soon start providing a new w indow 
on solar particles and help disen
tangle effects due to neutrino pro
perties f rom those arising f rom so
lar mechanisms. Preliminary SAGE 
results do not rule out a lower so
lar neutrino flux in the lower energy 
region. 

Introducing the meeting, CERN 
Director General Carlo Rubbia had 

highlighted the solar neutrino ques
tion and its deep implications for 
physics. 'If we knew the Kurie plot 
of the neutrinos emerging from the 
sun, we would know everything,' 
he declared. (The Kurie plot is the 
traditional way of displaying the 
spectrum of beta decay.) 

Looking at extraterrestrial 
muons, rather than neutrinos, is 
another Gran Sasso study, 
MACRO, which began operation 
last year and has intercepted some 
800 ,000 muons from outer space. 
G. Giacomelli of Bologna described 
an initial sweep for sharply defined 
muon sources. Await ing its first 
muon 'star', MACRO has corre
lations wi th the signals picked up 
by the Extensive Air Shower array 
1400 metres above on top of the 
mountain. 

On the neutrino mass front, pre
cision measurements of trit ium 
beta decay at Zurich and at Los A l 
amos now give the lightest (elec
tron-type) neutrino even less mass 

room to move - less than 15.4 
and 12.5 electronvolts respect
ively. 

There was a time when big ex
periments using neutrino beams 
were the flagships of the fixed tar
get experiment fleet. Now not 
many of these neutrino flagships 
remain, but proposals for future ex
periments have been aired so that 
high energy neutrino beams do not 
become history. Alvaro de Rujula 
reviewed ongoing experiments, to
gether wi th projects in the pipeline, 
proposals awaiting a decision, and 
ideas for discussion. Neutrino oscil
lations and the detection of the tau 
neutrino are major goals. 

Wi th about 300 participants. 
Neutrino 90 was a major meeting, 
but still 'compact ' enough to be ac
commodated on the CERN site, and 
assisted by imaginative organiza
tion under the chairmanship of 
Klaus Winter. Wi th neutrino pion
eers Bruno Pontecorvo, Fred 
Reines and Jack Steinberger 
among the participants, the event 
provided a fascinating snapshot of 
science's relentless march into the 
unknown. 

Wi th the Standard Model in im
peccable shape despite the ons
laught of LEP, the 'Higgs mechan
ism' triggering the symmetry 
breaking at the heart of electrow-
eak synthesis remains a complete 
mystery. Guido Altarelli of CERN 
described the modest region 
where, according to LEP, the Higgs 
particle(s) can be excluded. How
ever Carlo Rubbia wagered that su-
persymmetry could have an import
ant role to play, and looked for
ward to a 'neutrino and photino' 
meeting by the year 2 0 0 0 ! 

Y. Totsuka of Tokyo (right) gave the latest 
results from the Japanese Kamiokande un
derground study. Left is Neutrino 90 session 
chairman, neutrino pioneer Fred Reines. 
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