
Ten years ago, on 25 January 1983, a press 
conference announced the discovery of the W 
particle at CERN's proton-antiproton collider. 
Herwig Schopper, CERN's Director General at 
the time, holds up a copy of the CERN Courier 
showing the characteristic tracks recorded in 
the UA1 detector. Around him, left to right, are 

Carlo Rubbia and Simon van der Meer, who 
went on to receive the Nobel Physics Prize in 
1984, CERN Research Director at the time 
Erwin Gabathuler, and Pierre Darriulat of the 
UA2 experiment. 

(Photo CERN 245.1.83) 

merits which finally saw it. It set the 
stage for the masterstroke discovery 
of the Z several months later, and for 
the award of the Nobel Physics Prize 
the following year to Carlo Rubbia 
and to Simon van der Meer, the 
inventor of the stochastic cooling 
technique which made antiprotons 
tractable. 

Over the years, the UA1 experiment 
at CERN went on to collect 625 Ws 
(273 decaying into a muon and a 
neutrino, 323 decaying into an 
electron and a neutrino, and 29 ex
amples with the rare tau lepton and 
its neutrino), while UA2, which could 
not see muons but ran for longer, 
saw 3559 Ws, including about 
170 producing tau leptons. 

The W hunt was joined later by 
Fermilab, where the ongoing CDF 
and DO experiments at the Tevatron 
proton-antiproton collider together 
have details on nearly thirty thousand 
Ws*. Proton-antiproton annihilation 
was for several years the only source 
of Ws and Zs, but this Z market dried 
up with the arrival of CERN's LEP 
electron-positron collider in 1989, 
which has gone on to provide Zs by 

the million. 
However until the LEP energy 

upgrade (January, page 1) is ready 
for physics in 1995, proton-antiproton 
collisions remain the sole source of 
W particles. The 1990 precision W 
mass measurement by UA2 was 
crucial input to the consistency 
calculations supporting the Standard 
Model. These have reached an 
impressive level of accuracy, particu
larly with LEP's energy now being 
known to 20 parts in a million. 

CERN's proton-antiproton collider is 
no longer operational, but Fermilab's 
collider experiments continue to 
compile valuable W data. Probing 
deep into the electroweak picture to 
prise out information on the 'Higgs 
mechanism', the vital but obscure 
spontaneous symmetry breaking at 
the heart of the electroweak picture, 
needs a fix on the missing sixth 
('top') quark from Fermilab's collider, 
and a still more accurate measure
ment of the W mass. 

(*By an odd coincidence, the tenth 
anniversary of Carlo Rubbia's historic 
W seminar at CERN was 'marked' by 
another memorable presentation, this 

* F e r m i l a b W s 
A f te r r eg i s te r i ng 2 2 W s in 1 9 8 7 , C D F w e n t 
o n to log 6 , 3 8 0 in t h e 1 9 8 8 - 9 T e v a t r o n 
co l l i de r run - 4 , 8 0 0 in t he e l ec t r on c h a n n e l , 
1 ,400 in t h e m u o n c h a n n e l a n d 1 8 0 
a c c o m p a n i e d by t a u l ep tons . In t h e c u r r e n t 
r un , C D F h a s s e e n 9 , 7 0 0 a n d 4 , 4 0 0 in t h e 
e l e c t r o n a n d m u o n c h a n n e l s respec t i ve l y , 
w h i l e DO's ini t ia l W s a m p l e h a s 6 , 7 0 0 w i th 
e l e c t r o n s , 6 0 0 w i t h m u o n s . 

time from the most recent physics 
Nobel, Georges Charpak.) 

More spinoff from spin 

Despite playing* a major role in 
today's Standard Model, spin - the 
intrinsic angular momentum carried 
by particles - is sometimes dis
missed as an inessential complica
tion. However several major spin 
questions with important implications 
for the Standard Model remain 
unanswered, and recent results and 
new technological developments 
made the 10th International Sympo
sium on High Energy Spin Physics, 
held in Nagoya, Japan, in November, 
highly topical. 

The symposium covered a wide 
range of physics, reflecting the 
diversity of spin effects, however four 
main themes were - the spin content 
of the nucléon, tests of symmetries 
and physics beyond standard mod
els, intermediate energy physics, and 
spin technologies. 

Opening the meeting, T. Kinoshita 
reviewed the status of measurements 
of the anomalous magnetic moment 
(g-2) of the electron and the muon. 
The forthcoming experiment at 
Brookhaven (September 1991, page 
23) will probe beyond the energy 
ranges open to existing electron-
positron colliders. For example muon 
substructure will be opened up to 
5 TeV and Ws to 2 TeV. 

R.L. Jaffe classified quark-parton 
distributions in terms of their spin 
dependence, pointing out their left-
right attributes, and emphasized the 
importance of measuring transverse 
spin distributions through lepton pair 
production. 

The intensive efforts to resolve the 
proton spin content were extensively 
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The Spin Muon Collaboration experiment at 
CERN is looking hard at the inner spin 
structure of the proton and neutron. Seen here 
is the pipe of the polarimeter which measures 
the spin of the emerging muons. 

(Photo CERN EX28.1.93) 

covered, and new data from a range 
of upcoming experiments is eagerly 
awaited. 

Interpretations of experimental data 
included a suggestion from J. Softer 
to test sum rules in spin experiments 
at Brookhaven's RHIC collider 
through asymmetries in W-boson 
production. S. Brodsky demonstrated 
calculations on polarization mecha
nisms including higher order effects, 
in particular for charmonium and 
lepton pair production in negative 
pion-proton collisions. He success
fully reproduced the kinematical 
dependence of charmonium produc
tion. 

A new approach to quark spin 
through jet 'handedness' was pro
posed by A.V. Efremov, and could be 
reached through analysis of LEP 
data. 

Long-time spin specialist A. 
Yokosawa summarized results with 
200 GeV polarized proton and 
antiproton beams at Fermilab (which 
come from hyperon decays). Com
parison of the asymmetries seen in 
various production processes in the 

proton-proton and proton-antiproton 
channels is interesting. New results 
came from channeling using bent 
crystals (January, page 28). 

Another Fermilab speciality is the 
magnetic moments of hyperons, 
reported by K. Heller, K. Johns, K.B. 
Luk and J.T. Lach. Results have 
been updated and extended, and it is 
difficult to explain all the phenomena. 

The high precision Standard Model 
measurements and possible contri
butions from beyond were presented 
by several speakers. As well as 
results from the LEP electron-posi
tron collider at CERN, including now 
results from tau polarization, the 
availability of polarized beams at 
Stanford's SLC collider gives an 
additional window on left-right asym
metry. This was considered by K. 
Hagiwara to be a very sensitive 
probe for the Standard Model and 
possible physics beyond. However 
high polarization levels are called for. 

C. Lulec reviewed nucleon-
nucleon(antinucleon) scattering. 
Narrow structures reported at the 
Japanese KEK Laboratory have not 

been seen at Saclay's Saturne II. 
Conventional phase shift analysis 
continues to yield important results. 

A.P. Kobshkin reported that a 
reduced nuclear model in quantum 
chromodynamics (QCD) reproduces 
the polarization transfers seen in 
deuteron-proton scattering. Recent 
results from the Japanese RIKEN 
cyclotron were presented by H. 
Sakai, while continuous electron 
machines in Bonn and Mainz were 
dealt with by W. Meyers. J. Cameron 
showed how the charge symmetry 
breaking seen in polarized proton-
neutron scattering shows rho-omega 
mixing. A new experiment is 
underway at TRIUMF, Vancouver. 

The polarized proton/neutron data 
from LAMPF, Los Alamos, and the 
kinematics of proton scattering from 
Indiana have been analysed in terms 
of hadron mass shift in dense matter 
suggested by QCD sum rules. 

Intermediate energy spin physics 
was represented by polarized beam 
storage rings at Indiana, CELSIUS 
(Uppsala) and COSY (Germany), 
with additional information coming 
from internal gas jet targets, and from 
the 'Grand Raiden' high resolution 
spectrometer at Osaka. 

D. Barber surveyed electron polari
zation in storage rings, now seen at 
LEP (CERN), TRISTAN (KEK) and 
HERA (DESY, Hamburg). An effort is 
underway at LEP to acheive higher 
and faster polarization using asym
metric wigglers and orbit corrections. 
A scheme to overcome depolariza
tion effects using 'partial snakes' is in 
progress at Brookhaven's AGS 
(December 1991, page 9). 

On ion sources, proton polarization 
of more than 80% with optical pump
ing at TRIUMF was reported by P. 
Schmor (December 1991, page 10), 
and a polarized gas jet target of the 
atomic beam type developed at 
Heidelberg by E. Steffens, where the 
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proton density is more than 10 1 4 per 
sq cm. 

T. Niinikoski looked at polarized 
solid target developments, where the 
high deuteron polarization in organic 
materials through r.f modulation is 
impressive. High polarizations in 
lithium compounds have been 
achieved at Saclay, LAMP F and PSI 
(Switzerland), and the possibility of 
proton polarization at room tempera
ture proposed by the Kyoto/KEK 
group is intriguing. S.Y. Lee ex
plained polarized beam acceleration 
with 'snakes', indicating the possibili
ties for major ongoing projects. 

Highlights of the parallel workshop 
on polarized electron sources and 
electron spin polarimeters were 
summarized by T. Nakanishi. 
Remarkable progress in 
photoemission from semiconductors 
has been seen in recent years. 
Nagoya has obtained 86% polariza
tion with strained gallium arsenide, 
while SLAC/Wisconsin has achieved 
7 1 % with indium gallium arsenide 

(May 19.91, page 6). More complex 
superlattices have been investigated 
by a KEK/Nagoya/NEC group. 

Turning to the future, A.D. Krisch 
looked at what is in store at UNK, 
Fermilab and the US Superconduct
ing Supercollider. RHIC at 
Brookhaven will also offer interesting 
polarized proton possibilities. KEK's 
12 GeV proton machine will cover a 
complementary kinematic range. 

P. Taxil showed how polarized 
beam physics at future large proton 
colliders will probe beyond the 
Standard Model, while D. Burke 
looked at what electron-positron 
colliders will offer. Spin physics will 
continue to be a fruitful field. 

From Akira Masaike 

Tau production and decay in experiments at 
CERN's LEP electron-positron collider 
provides valuable precision information on 
Standard Model parameters. 

Light cone approach 

One of the most challenging prob
lems in theoretical high energy 
physics is to compute the bound-
state structure of the proton and 
other hadronslrom quantum 
chromodynamics (QCD), the field 
theory of quarks and gluons. 
The goal is not only to calculate the 
spectrum of hadron masses from first 
principles, but also to derive the 
momentum and spin distributions of 
the quarks and gluons which control 
high energy hadron interactions. 

One approach to these difficult 
calculations is to simulate QCD on an 
artificial lattice. Recently, several new 
methods based on "light-cone" 
quantization have been proposed as 
alternatives to lattice theory for 
solving non-perturbative problems in 
QCD and other field theories. 

The basic idea is a generalization of 
Heisenberg's pioneer matrix formula
tion of quantum mechanics: if one 
could numerically diagonalize the 
matrix of the Hamiltonian represent
ing the underlying QCD interaction, 
then the resulting eigenvalues would 
give the hadron spectrum, while the 
corresponding eigenstates would 
describe each hadron in terms of 
its quark and gluon degrees of 
freedom. 

The new ingredient which appears 
to make this method tractable is 
quantization on the light-cone - as if 
the observer were travelling at the 
speed of light. For example if a laser 
is shone along the z-axis of an atom, 
the scattered photons determine the 
coordinates of each electron at a 
fixed value of t-z/c, where c is the 
speed of light. The equations of 
quantum electrodynamics then 
predict the electron coordinates at 
later values of t-z/c. 
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