
LEP dominates LP-HEP 

CERN's LEP electron-positron col
lider was the star of this year's ma
jor physics meeting - the Joint In
ternational Lepton-Photon Sympo
sium and Europhysics Conference 
on High Energy Physics (LP-HEP) -
held in Geneva f rom 25 July -
1 August. 

All major results so far f rom LEP, 
and there are plenty of them, are in 
accord wi th the Standard Model of 
physics - a dual picture wi th the el-
ectroweak unification of the elec
tromagnetic and weak nuclear 
forces on one hand coupled wi th 
the quantum chromodynamics 
(QCD) field theory of inter-quark 
forces on the other. 

Summarizing the meeting, CERN 
Director General Carlo Rubbia 
pointed out the need to probe this 
picture in as much detail as pos
sible. Far f rom being a closed 
book, the Standard Model covers a 
lot of uncharted territory, wi th the 
long-awaited sixth ('top') quark and 
the neutrino sector still being 'terra 
incognita', while the spontaneous 
symmetry breaking ('Higgs') me
chanism at the heart of the elec-
troweak unification, and the details 
of QCD dynamics, are still far f rom 
clear. 

LEP apart, the meeting reflected 
the continuing reluctance of the 
neutrino to give up all its secrets. 
The long-standing difficulty of pin
ning down the delicate violation of 
combined particle/antiparticle 
left/r ight switching (CP) symmetry, 
known for more than a quarter of a 
century but still not understood, 
was also a talking point. For both 
neutrino and CP-violation physics, 
insights f rom new areas are eagerly 
awaited. 

Wi th CP violation effects so far 
confined to the neutral kaon sector, 
Rubbia pointed out the need for ad
ditional CP violation investigations 
using B mesons (carrying the fifth 

Janet Carter of Cambridge and Opal - Preci
sion tests of the Standard Model with LEP. 

'beauty') quark, and the contribu
tions which could be made wi th the 
next generation of proton colliders. 

In their keynote talks on the final 
day, Rubbia and neutrino summariz-
er Rudolf Mossbauer surmised that 
the lower energy region, relying on 
reactors and the Sun, would supply 
the bulk of new neutrino informa
t ion. Mossbauer also looked for
ward to the advent of cryogenic 
detectors to open up new neutrino 
fields of study. 

Closing the meeting, Sheldon 
Glashow of Harvard highlighted the 
changing face of physics. For a 
century, researchers had been used 
to a steady stream of surprises to 
keep them on their toes and st imu
late thinking. According to Gla
show, the last major particle phy
sics surprise dates back to 1977, 
wi th the discovery of the fifth 
quark through the upsilon particle 
at Fermilab. 

The proposed big proton collid-
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Thomas Hebbeker of Aachen and L3 - QCD 
studies with LEP 

ers - LHC at CERN. and the US Su
perconducting Supercollider (SSC) 
- will surely reach beyond the 
Standard Model, declared Glashow, 
but until then the task is to exploit 
and test the existing picture. 

Nowhere is this happening better 
than at LEP. The four big experi
ments - Aleph, Delphi, L3 and Opal 
- at CERN's big ring were deftly 
treated at the meeting, wi th parallel 
session speakers using their own 
results as pointers but being careful 

to summarize results f rom all 
around the ring. 

For the subsequent plenaries, 
the LEP presentations featured a 
speaker f rom each of the four ex
periments - Janet Carter of Cam
bridge and Opal (Precision tests of 
the Standard Model), Thomas Heb
beker of Aachen and L3 (QCD 
studies), Michel Davier of Orsay 
and Aleph (Searches for new parti
cles), and Patrick Roudeau of Orsay 
and Delphi (Heavy flavour physics). 

The presented LEP data included 
more than a million hadronic Z de
cays seen by the four experiments 
combined. Janet Carter opened the 
plenary sessions, setting the tone 
wi th a mass of precision data on 
the Z resonance, together wi th di
rectional effects in lepton pair pro
duction, tau spin orientation, 
charged hadron production in gen
eral and B meson production in 
particular all supporting the Stan
dard Model and sharpening knowl
edge of specific parameters. 

The consistency of this informa
t ion, combined wi th precision 
measurements f rom other experi
ments, provides powerful limits on 
the top quark, now confidently pre
dicted to live somewhere between 
120 and 160 GeV. 

One suggestion of a non-stan
dard effect had come recently f rom 
Aleph, where the level of electron-
positron annihilations into t w o tau 
leptons accompanied by a pair of 
charged particles was significantly 
higher than the analogous channels 
wi th t w o muons and wi th t w o elec
trons. 

In a parallel session, Sau-Lan W u 
of Aleph revealed that the latest 
data do not continue this t rend, 
which moreover is not seen by A l 
eph and Opal at LEP, nor by the 
Mark II detector at Stanford's SLC 
Linear Collider (S. Wagner). 

Another non-standard hint had 
come f rom L3 (Juan Alcaraz) in the 
parallels, where high energy pho
tons accompanying an electron-po
sitron pair invited an explanation. 
Standard Model theorists were un
convinced. 

Speaking on LEP QCD results, 
Hebbeker pointed out the advan
tages of LEP for QCD measure
ments - high energy, high precision 
and relative freedom from hadronic 
masking (fragmentation) effects. 
The coupling strength of quark in-
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Rudolf Mossbauer -15 major neutrino ques
tions still to be answered. 

teractions (alpha-s) is measured in 
both Z hadronic decays and in the 
production of col l imated ' jets ' of 
hadrons. Comparison of the pro
duction rates of particles containing 
heavy and light quarks shows that 
alpha-s is independent of quark fla
vour, while the variation of jet pro
duction shows how alpha-s is 'run
ning' wi th energy. 

The experiments are beginning 
to probe many detailed hadronic ef
fects, including the production of 
hyperons, etc. The average number 
of charged hadrons produced is 
just above 20. Initial surveys indi
cate that hadron jets arising f rom 
gluons are softer and broader than 
those f rom quarks. 

Wi th no new particles yet to re
port f rom LEP, Michel Davier con
centrated on the Higgs sector, 
where LEP is at last beginning to 
shed some light on this obscure. 

but highly important, mechanism. 
Whatever it might be, and there is 
precious little indication, LEP exper
iments have now ruled out a lot of 
lower energy territory, and the 
Higgs must be heavier than 57 
GeV. 'The Higgs hunt is now on in 
earnest,' affirmed Davier. 

When the top quark is finally 
seen (all the smart money is on the 
CDF experiment at Fermilab's pro-
ton-antiproton collider) it might 
clarify the Higgs, but several speak
ers emphasized that this was not 
necessarily the case. 

Guido Altarelli had updated a 
new parametrization method to 
analyse detailed behaviour and help 
correlate Standard Model and non-
SM effects. This sort of evidence, 
according to Davier, needs to be 
monitored closely. On the evidence 
so far, Rubbia did not rule out a 
Higgs sighting at LEP after its ener

gy upgrade. Also preoccupied wi th 
Higgs were John Ellis of CERN and 
Graham Ross of Oxford, investigat
ing possible Higgs dynamics in 
talks on the Status of the Electro-
weak Sector and Beyond the Stan
dard Model respectively. 

Looking at heavy quark produc
tion at LEP, Roudeau showed how 
b quarks are a powerful probe of 
directional effects (forward-back
ward asymmetry), although ac
count has to be taken of B particle 
mixing. Charmed particles too are 
also a good source of Standard 
Model information and are begin
ning to be studied, while the para
meters of B mesons and tau lep-
tons now benefit f rom LEP data. 

Guido Martinelli of Rome des
cribed the status of QCD, showing 
how precision is improving and 
how more and more processes are 
becoming amenable to calculation. 
In this difficult work , approxima
tions are always attractive, but 
Martinelli remarked that perhaps 
only the unseen sixth quark is hea
vy enough to use this approxima
tion confidently. 

Neutrino sessions can always be 
counted on for controversy. Wi th 
reports of 17 keV neutrinos f rom 
several experiments (John Simp
son, Guelph) in conflict wi th a 
range of null results, the neutrino 
sector was in relative disarray. 

Speaking on cosmology and par
ticle physics, M. Turner of Fermilab 
was also worr ied about the 17 keV 
neutrino. 'It f i ts nothing, so if it ex
ists it has to be important, ' he re
marked. Neutrino summarizer 
Mossbauer called for careful neutri
no experimentation in a sector so 
vital to physics progress. Remarka
bly little is known about such an 
important particle, he admitted, dis
playing a list of no less than 15 
major neutrino questions still await
ing an answer. 
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During the Joint International Lepton-Photon 
Symposium and Europhysics Conference on 
High Energy Physics in Geneva in July, di
stinguished Italian theorist Nicola Cabibbo 
(left), who is President of the Istituto Nazio-
nale di Fisica Nucleare, was awarded this 
year's High Energy and Particle Physics 

Prize of the European Physical Society in re
cognition of his many outstanding contribu
tions to the subject. July. The prize was first 
awarded in 1989, when the recipient was 
Georges Charpak of CERN. Right is European 
Physical Society President Maurice Jacob. 

Merging 
conferences 
This year's big physics meeting 
in Geneva was, as its convoluted 
name suggests, a one-off merger 
between two traditional series of 
biennial international conferences 
on high energy physics - the 
Lepton-Photon Symposium spon
sored by the International Union 
of Pure and Applied Physics (IU-
PAP), and the Europhysics meet
ing organized by the European 
Physical Society. 

These meetings take place in 
odd-numbered years, with the 
Lepton-Photon event preferring a 
venue associated with an elec
tron machine. With LEP now 
marking CERN's debut as an elec
tron Laboratory, this year's merg
er in Geneva was particularly apt. 

Even-numbered years see the 
traditional IUPAP 'Rochester' 
meetings, whose worldwide ve
nues aim to reflect the growing 
geographical spread of high ener
gy physics activity (Singapore in 
1990, Munich in 1988, Berkeley 
in 1986, Leipzig in 1984, Paris in 
1982.) Next year's event had ori
ginally been scheduled for Mos
cow, but Geneva IUPAP Particles 
and Fields Commission Chairman 
T. Fuji! announced that Moscow 
had backed down, and the 1992 
meeting would instead be held in 
Dallas, Texas, from 5-12 August. 

In 1993, the Lepton-Photon 
and Europhysics events once 
more go their separate ways, in 
Cornell (US) and Marseille 
respectively. 

In the coming year, the IUPAP 
commission will review the rota
tion of venues for the Rochester 
and Lepton-Photon series, includ
ing the definitions of the world 
regions on which the rotations 
are based. 

Prominent among them is the so
lar neutrino puzzle, where the flux 
of particles coming f rom the sun is 
considerably less than the ex
pected value. New experiments -
Gallex in the Italian Gran Sasso 
Laboratory and SAGE in the USSR 
- use gallium to get a more typical 
picture of the particles emerging 
f rom the deep solar interior, but it 
is still too early for these new 
studies to contribute. Barry Barish, 
summarizing non-accelerator exper
iments, looked forward to a first 
crop of gallium solar neutrino data 
next year. 

Another outstanding neutrino 
question is neutrino masses. Moss
bauer thought the improvement ex
pected f rom traditional measure
ments is now limited, and that neu
trino oscillations - cyclic variations 
in neutrino type - would be more 
sensitive. 

Wi th mixing well known and fair
ly accurately measured in the quark 
sector, it is interesting to speculate 
on what physics would look like if 
neutrinos behave in a similar way. 

Rubbia pointed out that the big 
passive experiments needed to 
look at neutrino effects would also 
be well suited to search for signs 
of proton decay, where the longest 
lifetime f rom minimal grand unifica
tion schemes has long been ruled 
out, but where other schemes 
could still allow a tiny hole for ba
sic nuclear instability. 

A relatively new feature of the 
neutrino sector is limitations on 
neutrino parameters f rom cosmolo
gy - reflecting the important role 
these particles play in basic phy
sics. Graham Ross showed how 
the 17 keV neutrino candidate is 
tightly constrained by cosmology. 
Turner, in his cosmology talk, des-
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cribed how nucleosynthesis fo l low
ing the Big Bang excludes the tau 
neutrino mass f rom the range be
tween 0.5 and 25 MeV. Wi th the 
ARGUS experiment at DESY indi
cating it to be lighter than 35 MeV 
anyway, the tau neutrino does not 
have a lot of room left. 

CP-violation can be accommo
dated in, but not explained by, the 
Standard Model. T w o major high 
precision experiments, one (NA31) 
at CERN and the other (E731) at 
Fermilab, have for several years 
been patiently accumulating and 
analysing data on the decay of neu
tral kaons into pairs of charged and 
neutral pions. 

Over the years, batches of data 

Computing in 

The increasingly important role 
played by computing and comput
ers in high energy physics is dis
played in the 'Computing in High 
Energy Physics' series of confer
ences, bringing together experts in 
different aspects of computing -
physicists, computer scientists, 
and vendors. 

The meetings have been held ev
ery one or t w o years since 1980 
when the series was initiated in Bo
logna, and are traditionally organ
ized under the initiative of the local 
organizing committee. For the re
cent conference in Tsukuba, Japan, 
the local organizing committee was 
chaired by Shinkichi Shibata of the 
Japanese KEK Laboratory wi th an 
international advisory committee 
through the LISTSERV electronic 
conference system. 

f rom these t w o experiments have 
come in wi th different values for a 
parameter related to the 'ratio of 
ratios' - the relative decay rates of 
long- and short-lived neutral kaons 
into neutral and charged pion pairs. 
Now each wi th samples of more 
than t w o million neutral kaon de
cays, the experiments do not ne
cessarily disagree, but the agree
ment could be better, making any 
precise interpretation difficult. 

A fresh CP violation feature was 
a preliminary result f rom the CP 
LEAR experiment at CERN's low 
energy antiproton ring, where evi
dence has been seen for different 
decay properties of particle and an-
tiparticle. 

The sessions began wi th John 
Thresher (CERN) who raised var
ious questions on the computing 
environment of the 1990s - the 
major factors being evolution of 
computing environments due to 
appearance of high-performance 
microprocessor-based worksta
tions and world-wide large collabo
rations for experiments at the plan
ned big hadron colliders (SSC/LHC). 
K. Amako (KEK), M. Delfino (Barcel-
ona,CERN), D. Notz (DESY), and 
T.Nash (Fermilab) reported on the 
current status of HEP computing in 
their respective laboratories, each 
facing the transition f rom main
frame-based centralized computing 
to a distributed or collective com
puting environment wi th various 
types of machine - mainframe, su
percomputer, computer farm, and 

In the plenary session, J . -M. Ger
ard of Louvain looked hard at the 
framework of CP violation, where 
the limited room for CP violation 
appears to hinge on limitations on 
quark transitions, and on empirical 
isospin selection rules long known 
but still not understood. 

Looking to the future, wi th plans 
for complementary particle physics 
machines to attack the high energy 
and high precision frontiers. Carlo 
Rubbia was optimistic. 'Nature has 
put the answer to many questions 
within our reach,' he concluded. 

By Gordon Fraser 

workstat ions, linked by networks. 
The transition appears to be coher
ent. 

David Wil l iams (CERN) asked 'Is 
the role of the mainframe termi
nated ?', anticipating a rundown of 
the mainframe emphasis in the next 
five years. But he is still worr ied 
about performance of the distri
buted system in data I/O and soft
ware and operational stability w i th 
out the mainframe. 

L.R. Cormell (SSCL) reported on 
the recent installation of the com
puter facilities at the US Supercon
ducting Supercollider (SSC) Labora
tory, where a ' farm' has been in
stalled for batch jobs and interac
tive front-end workstat ions for 
physics/detector simulation of SSC 
experiments. There is no main
frame-like system. 

high energy physics 
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