
Former Fermilab Director Leon Lederman 
called for improved public awareness of 
particle physics. 
(Photo Reidar Hahn) 

sanct Standard Model, with Keith 
Ellis of Fermilab in the quark corner, 
and William Marciano of Brookhaven 
as the electroweak contender. Ellis 
highlighted the consistent set of 
measurements now in place for the 
quark/gluon content of hadrons 
(structure functions), and how the 
kinematic coverage of these meas
urements is being extended with the 
advent of the HERA proton-electron 
collider at DESY, Hamburg. 

With electroweak measurements 
appearing to confine where the sixth 
('top') quark will turn up, Marciano 
warned against being too influenced 
by central 'predictions' for the top. 
Whatever its mass turns out to be, it 
will be much heavier than anything 
else, and this needs to be explained. 

John Cumalat of Colorado (charm), 
David Cassel of Cornell (bottom) 

and Walter Toki of SLAC (tau 
leptons) summarized the wealth of 

detailed data now building up on 
flavour physics. The final afternoon 
turned to theory, with Stephen 
Sharpe of the University of Washing
ton describing the aims and achieve
ments of lattice theory, while David 
Gross of Princeton covered recent 
theoretical developments, including 
attempts to explain the existence of 
quantum chromodynamics. 

Winding up the meeting, Leon 
Lederman was in fine form. After 
surveying the continued intactness of 
the Standard Model, he turned to the 
current level of support for high 
energy physics in the US. He de
plored the general public's lack of 
information on science in general and 
high energy physics in particular, 
which according to Lederman trans
lates into ignorance and apathy at 
congressional level. This should be 
countered, he urged, by well defined 
and thought out information cam

paigns organized by national science 
societies. 

The meeting was organized by 
physicists from Fermilab and local 
universities. Chairmen of the local 
organizing committee were 
Rajendran Raja and John Yoh from 
Fermilab. 

CERN 
A tale of two photons 

When precision data from the several 
million Zs carefully collected over 
several years by the four big experi
ments - Aleph, Delphi, L3 and Opal -
at CERN's LEP electron-positron 
collider have otherwise consistently 
underlined conventional physics, a 
hint of something unexplained quickly 
packs the seminar rooms. 

In 1991, the L3 experiment turned 
up two examples of Z decays produc
ing a muon pair accompanied by a 
widely separated pair of high energy 
photons, with the photon pair in each 
case taking some 60 GeV of energy 
(actually 58.8 and 59.0 GeV). Noth
ing to get excited about at the time, 
but ongoing data analysis tuned into 
this channel. This year two more 
events turned up, one again with a 
muon pair accompanied by a 60 GeV 
photon pair, the other with an elec
tron (electron-positron) pair and a 62 
GeV photon pair. 

At first L3 preferred to keep this 
quiet, and the news was not an
nounced at the major international 
meeting in Dallas last August. 

The first public announcement of 
the four unexplained events (out of a 
total of 1.6 million Z decays) came in 
a LEP Experiments Committee 
session at CERN in October. 

At the same session, Delphi 
spokesman Ugo Amaldi publicly 
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1) The superimposed detail in the top 
picture shows a complicated 
construction in conjunction wi th 
high precision. 

Rear panel of one 
of the four concially 
arranged TRD wire 
chambers 
This project was commiss ioned by the 
Universi ty of Bonn, designed and 
comple te ly produced together w i t h 
the Universi ty and instal led at DESY 
Hamburg. 

Al l componen ts were produced by the 
glass f ibre compress ion process, 
the outer surfaces were copperplated 
and the componen ts were bonded and 
machined so tha t they were ready to 
instal l . 
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revealed that his experiment had 
recently turned up two similar events, 
while a few weeks later the continued 
analysis of Delphi data found the first 
example of an event with a 60 GeV 
photon pair accompanied by two 
confined 'jets' of hadrons. L3 sees 
60 GeV photon pairs accompanied 
only by electrons or muons. 

The L3 analysis of radiative back
ground suggests that four events 
grouped round an energy of 60 GeV 
for the photon pair is highly unlikely, 
but spokesman Sam Ting says that a 
radiative fluctuation 'cannot be ruled 
out'. At the same time, the decay of 
some unknown heavy particle cannot 
be ruled out either. 'More data is 
needed,' he concludes. So far, Aleph 
and Opal have seen no excess of 
any such events. All four experiments 
have comparable Z samples. 

One of the unusual events seen by the L3 
experiment at CERN's LEP electron-positron 
collider, producing a 12.7 GeV positive muon, 
a 16.9 GeV negative muon, and a pair of 
photons carrying between them 59 GeV. 

While such a photon pair is one 
expected fingerprint of a Higgs 
particle, responsible for the symmetry 
breaking at the heart of the 
electroweak mechanism, a Higgs 
should also decay in other ways. 
These are not seen. 

Intriguingly, the AMY experiment 
looking at electron-positron annihila
tion at the TRISTAN collider at the 
Japanese KEK Laboratory, which 
scans lower energies than LEP, 
several years ago saw a small 
fluctuation in hadron production at a 
single energy very close to 60 GeV. 

Gaps in understanding 

A three-day workshop held at 
Fermilab last year highlighted what 
many physicists consider to be a 
new frontier area in strong inter
action physicsr loosely referred to as 
'small-x ', involving constituents 
which carry only a small fraction of 
the total proton momentum. But the 
workshop demonstrated how this 
generally involves a wider range of 
topics, blurring the traditional distinc
tion between 'hard' and 'soft' aspects 
of quark behaviour at high energy. 

The ideas have evolved out of a 
combination of theoretical progress 
and a search for new experimental 
opportunities. The first workshop 
devoted exclusively to small-x phys
ics was held at Hamburg and 
focussed on physics at the HERA 
electron-proton collider (July 1990, 
page 23). The focus of the latest 
(Argonne/Fermilab sponsored) 
meeting was the physics that could 
be explored at Fermilab's Tevatron 
proton-antiproton collider. 

The success of Quantum Chromo-
dynamics (QCD) as a theory of quark 
processes tends to hide the fact that 
its domain of applicability is limited -
there are still many everyday strong 
interaction phenomena that cannot 
be explained in terms of interacting 
quarks and gluons. 

The standard picture of a high 
momentum proton includes three 
'valence' quarks plus an indetermi
nate number of evanescent quark-
antiquark pairs (the 'sea') and 
gluons, each carrying a fraction x of 
the total momentum of the proton. 
The x distribution of the quarks and 
gluons - the 'structure function' -
changes or 'evolves' as the momen
tum of the probing particle increases 
(i.e. its wavelength decreases). The 
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