
Glasgow conference 

Pierre Darriulat of CERN gives the summary 
talk at this year's International Conference on 
High Energy Physics, held in Glasgow. 
(Photos University of Glasgow) 

T he biennial 'Rochester' Interna
tional Conferences on High 

Energy Physics which tick the rhythm 
of high energy physics progress 
reflect the dominance of the 'Standard 
Model' - the picture of electroweak 
and quark/gluon interactions in a 
simple framework of six weakly-
interacting particles (leptons) and six 
quarks. Despite its limited intellectual 
appeal, after a decade of intense 
probing the Standard Model still 
refuses to budge. 

This year's Rochester event, held in 
Glasgow from 20-27 July, followed 
the trend. But conformity is not a 
synonym for a physics vacuum. The 
advent of high precision data from 
big colliding beam experiments 
provides a treasure trove of detailed 
information on particle characteristics 
and decays, so that Standard Model 
physics becomes charted in finer and 
finer detail. (A preliminary Glasgow 
report appeared last month, page 1.) 

However the map is far from com
plete, and as Glasgow summarizer 
Pierre Darriulat of CERN concluded, 
there is a lot to do while waiting for 
the next round, which will begin in 
about ten years when CERN's LHC 
proton-proton collider begins opera
tions. 

Top quark 

A new feature of physics in 1994, 
still firmly part of the Standard Model, 
is first evidence from Fermilab's 
Tevatron proton-antiproton collider of 
the long-awaited sixth ('top') quark. 
First presented at Fermilab earlier 
this year (June, page 1), the data had 
slightly matured at Glasgow. 

In the plenary sessions, Hans 
Jensen presented the top quark 
evidence from the CDF experiment, 
while Paul Grannis spoke for the 
companion Tevatron DO experiment, 

which has already definitely ruled out 
the top quark being lighter than 131 
GeV. 

After careful elimination of back
ground effects in the initial data 
sample, CDF found two spectacular 
events producing an electron and a 
muon, but none with an electron or a 
muon pair. It is almost impossible to 
explain these spectacular electron-
muon events by any other mechanism. 

In searches where the top leaves its 
fingerprint as a characteristic accom
panying particle containing the fifth 
('beauty' - b) quark and a confined 
'jet' of accompanying hadrons ('the 
nicest part of the analysis' according 
to Jensen), CDF sees six candidates 
using the vertex detector to pick up 
the short track stubs left by decaying 
B particles (containing a b-quark) and 
another seven through the analysis 
of weak decays producing a lepton. 

In total CDF sees 15 candidate top 
events (really 12, as several exam
ples are caught in two analysis nets), 
compared with an expected back
ground of six. 'This gives evidence 

for the top quark but does not firmly 
establish its existence,' declared 
Jensen. 

Seven CDF events have enough 
kinematical information to calculate 
the top quark mass, giving a value of 
174 GeV ± 10%. 

DO reports one example of a muon-
electron pair, and six candidates 
including jets. 'There is no significant 
excess over background,' said 
Grannis, adding that the interim DO 
result is consistent with no top 
production. 

Earlier in a parallel session, Keith 
Ellis of Fermilab had compared the 
top production rates as calculated 
from CDF and DO interim results 
with the theoretically expected value. 
CDF overshoots and DO under
shoots, making it tempting to com
bine the two small sets of data, but 
several speakers warned that this 
would be premature. 

If the top quark mass could be fixed 
to within 3 GeV, the consistency net 
of the Standard Model could trawl a 
value for the mass of the long-
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Ritchie Patterson of Cornell - weak and rare 
decays. 

Joel Feltesse of Saclay, spokesman for the H1 
experiment at HERA - 'The structure of the 
proton continues to be mysterious'. 

awaited higgs particle at the root of 
the delicate electroweak symmetry 
breaking mechanism which makes 
the Standard Model tick. 

Far heavier than any other known 
particle, the top quark could be trying 
to tell us something. The possibility of 
new insights into quark dynamics 
was underlined by Pierre Darriulat in 
his summary, who eagerly looked 
forward to more Tevatron top data. 
(During the conference, the Tevatron 
broke new luminosity records -
September, page 42 - promising well 
for the future.) 

Obviously the top evidence was 
high on Darriulat's summary agenda. 
As well as congratulating CDF in 
communicating these exciting new 
results, he underlined the close 
agreement between the top quark 
mass emerging from the Tevatron 
data and the limits now emerging 
from the world mass of Standard 
Model data, where the precision 
results from CERN's LEP electron-
proton collider play the major role. 

Electroweak physics 

Dorothee Schaile of CERN, cover
ing precision electroweak tests, 
followed the top quark talks on the 
first day of the Glasgow plenaries. In 
a field dominated anyway by the 
weight of statistics from the four 
experiments at LEP, added precision 
now comes from improved luminosity 
measurements and a new calibration 
of LEP beam energy, potentially 
fixing the Z mass to within a few 
MeV. Not all these refinements have 
yet been incorporated in the ongoing 
analysis, and updated figures are 
continually emerging. While LEP's 
energy now takes account of tidal 
effects and other minutiae, a now 
predictable residual effect remains. 

LEP data provides more and more 
fixes on Standard Model parameters, 
with even once esoteric areas like 
tau physics and B production contrib
uting. Tuned to the Z, LEP cannot yet 
get at the Z's electrically charged 
companion, the W boson. A new 
precision fix on the W mass (80.23 
GeV) comes from CDF and DO at the 
Tevatron. 

A new but not unexpected 
electroweak effect involving the W 
comes from the HERA electron-
proton collider, where the falloff in 
neutrino production attains the 
energy region which reflects the W 
mass. 

A highly precise electroweak 
measurement is the left-right asym
metry in Z production by the SLD 
detector using polarized beams at 
the SLC linear electron-positron 
collider at Stanford (SLAC - May, 
page 11) and described by Mike Fero 
of SLAC in the early Glasgow parallel 
sessions. 

While not impossible, it is not easy 
to reconcile this precision result with 
the majority of the electroweak data. 

Darriulat, echoing C.K. Jung of DO in 
the parallels, pointed to the particular 
example of the W mass, which does 
not favour the SLD result. The offset 
between the SLD and 'other' results 
drives the world average limit for the 
top quark mass from 171 to 178 GeV. 
By itself, the SLD results centres on a 
top quark mass of 240 GeV. 

Third generation 

The top's companion quark in the 
heaviest quark duo is beauty (b). The 
properties and spectroscopy of the B 
particles containing this quark have 
now developed into a minor research 
industry. As well as the mass of data 
from the CLEO detector at Cornell's 
CESR electron-positron collider and 
final results from the now complete 
ARGUS study at DESY's DORIS 
ring, summarizer Darriulat pointed to 
many important contributions from 
LEP experiments, at CDF and at S 
using new microvertex detectors 
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Michal Turala's Glasgow overview of new 
detectors and experimental techniques 
showed the impressive progress being made 
to meet new physics challenges. 

These precision detectors immedi
ately around the beam collision point 
reveal the tiny track stubs left by the 
decaying b particles. 

In his talk on heavy quark physics, 
Patrick Roudeau of Orsay showed 
how the B quark sector is now 
emerging as another realm where the 
Standard Model reigns supreme. 
However there is still plenty of work 
to be done in pinning down B life
times and the details of many decay 
channels. 

While last year the sighting of a rare 
('penguin') neutral B decay into a K* 
and a photon by CLEO was a talking 
point (June 1993, page 1), a more 
general measurement by CLEO of 
the neutral B decay into any strange-
quark state and a photon gives a 
better fix on the underlying quark 
physics. 

This was one of the features of a 
memorable rapporteur talk on weak 
and rare decays by Ritchie Patterson 
of Cornell, who also showed how the 
third and heaviest lepton, the tau, the 

Standard Model's lepton partner of 
the t- and b-quarks, is also in better 
shape this year. In previous years 
some apparent shortfalls in certain 
decay sectors had given mild con
cern. ' 

Roger Forty of CERN showed how 
LEP experiments also see the actual 
oscillations between different neutral 
B states (rather than just broad 
evidence for mixing). Awaiting more 
B particles and the next generation of 
neutral kaon experiments, the CP 
violation scene features first results 
from the CPLEAR experiment at 
CERN's low energy antiproton ring. 

The structure of the proton contin
ues to be mysterious,' remarked Joel 
Feltesse of Saclay. As spokesman 
for the H1 experiment at HERA, 
Feltesse was naturally proud to show 
the new HERA results on the proton 
structure when the struck quark 
contains only a tiny fraction of the 
parent proton momentum. 

But first Feltesse preferred to look 
at results from CERN's NA51 muon 
pair experiment and from a compari
son of positive- and negatively-
charged W production by CDF. 
These show that the three valence 
quarks of the proton are accompa
nied by a collection of 'sea' quarks 
which is not flavour symmetric (more 
down- than up-quarks). The fresh 
crop of spin-dependent proton (and 
neutron) structure information (July, 
page 19) shows that constituent 
quarks carry at most only half the 
nucleon's spin. 

The polarization information from 
SLAC, both in the proton structure 
and in Z production, displays the 
power of the new strained semicon
ductor techniques (July 1993, page 
5). 

Physicist Hallstein Hogaasen of Oslo and his 
wife sailed to Glasgow from Norway in their 
boat 'Emotion', which during the Conference 
was moored on the River Clyde in front of the 
Conference Centre. 

HERA data now probes deep inside 
the low x (momentum fraction) 
region, so that the increasing rich
ness of nucleon quark/gluon content 
first seen last year is both continued 
and accelerated. This hints at a large 
variation in gluon content for the 
proton. A flat gluon content can be 
ruled out under these conditions. 

Another continuing feature of the 
HERA data is the 'rapidity gaps', the 
kinematical bunching which suggests 
that sometimes the incoming electron 
probes the proton 'diffractively' -
analogous to what happens in elastic 
scattering. 

This could be due to the 'pomeron' 
which mediates the 'bounce' of 
elastic scattering (March 1992, page 
4). The pomeron might be made of 
hard gluons, the carrier of the inter-
quark force, but carrying no net 
quark/gluon labels. 

Experiments at lower energies have 
long been searching for 'glueballs' -
particles made of glue but no quarks. 
In his survey of light particle 

Proton structure 
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spectroscopy, Claude Amsler of 
Zurich had displayed new scalar 
states from the Crystal Barrel experi
ment at CERN's LEAR low energy 
antiproton ring which reinforce the 
case for glueballs. 

Darriulat warned against expecting 
a single 'golden' glueball, and looked 
forward to new understanding from 
the emerging spectroscopy of gluon-
rich states. 

Glasgow papers on line - Mick Draper (right) 
and Jean-Yves le Meur of CERN's Document 
Handling group. 

Elsewhere 

The Glasgow neutrino content 
largely echoed what had been said at 
the Neutrino 94 meeting in Eilat 
(September, page 2). However post-
Eilat were new results - from Beijing 
of the tau-neutrino mass limit at 29 
MeV, from the Swiss PSI Laboratory 
of the muon-neutrino mass limit at 
160 keV (see page 14), and from a 
Russian study of the tritium beta-
decay spectrum indicating an elec
tron-neutrino mass limit of 4.5 
electronvolts. Insight from this Rus
sian mass study could help under
stand the puzzling negative mass-
squared numbers coming in from 
other mass surveys. 

In theory, hot news in Mike Green's 
field and string theory overview was 
the proposal from Ed Witten and 
Nathan Seiberg for a fully analytic 
two-dimensional supersymmetric 
theory. Green wondered whether the 
tumultuous physics conditions at the 
horizon of black holes could probe 
the otherwise unattainable Planck' 
energy range where a new range of 
force unification should set in. 

Highly entertaining and scientifically 
informative was Rocky Kolb's sum
mary of astro-particle physics, while 
Michal Turala's overview of new 
detectors and experimental tech
niques showed the impressive 
progress being made to meet new 

physics challenges. 
The future is too important to be left 

to the experts,' observed Maury 
Tigner in his survey of the accelera
tor scene. 

Marking the break between the 
initial parallel sessions and the final 
plenaries, a keynote address by 
Robert Hughes, the UK's new Under-
Secretary for Public Service and 
Science, emphasized that in the 
intense competition for funding, top 
quality science needed sound for
ward planning and should provide 
good value for money. 

The Glasgow meeting, catering for 
close on a thousand physicists and 
with four streams of parallel ses
sions, was memorably organized by 
a project team under David Saxon. A 
feature of the meeting was the 
availability of conference papers 
through CERN's preprint server. 

During the Conference, a meeting 
of the sponsoring International Union 
of Pure and Applied Physics (IUPAP) 
committee decided that the venue for 
the next Rochester, from 25-31 July 
1996, would be Warsaw. 

Report by Gordon Eraser 

Glasgow on-line 

For the Glasgow Conference, the 
Document Handling group of 
CERN's Administrative Services 
Division collaborated with the 
organizers to setup an electronic 
database for all submitted ab
stracts/papers. Papers submitted 
in TeX were converted into 
PostScript while those received 
as manuscripts were scanned 
and converted into appropriate 
TIFF format. This electronic 
database was accessed via the 
CERN Preprint server, which 
uses World Wide Web (WWW). 
Anyone with access to WWW 
could consult the list of abstracts, 
ordered by parallel session, and, 
if the paper had been supplied, 
view the text Information on 
contact people and speakers was 
also available. The transparen
cies of the Glasgow plenary talks 
are now public on WWW. 
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