
Making corrections 
correctly 

pressive results f rom lattice calcula
tions which avoid the problems be
setting a traditional perturbation ap
proach. An example was a calcula
tion of the electric dipole moment of 
the neutron. L. Alvarez-Gaume 
(CERN) looked beyond the Standard 
Model, particularly in the direction of 
string theories. 

The widespread application of 
Standard Model predictions was em
phasized by M. Rees (Cambridge) 
who explored links between cosmo
logy and particle physics, and H. 
Meyer (Wuppertal) reviewing non-
accelerator experiments. The rela
tive abundance of different helium 
isotopes in the universe appears to 
limit the allowed number of neutrino 
types to three. 

Summarizing, L. Maiani (Rome) 
emphasized that wi th everything fit
ting so well into the Standard Model, 
there is a need to explore higher ener
gies to understand where the Stan
dard Model comes f rom. For this, 
new accelerator techniques are 
needed to attain these energies, 
complemented by new detector 
technologies to withstand high rates 
and high radiation doses. These as
pects were covered by W . Schnell 
(CERN) and R. Wigmans (LAA Pro
ject) respectively. 

Non-physics attractions included 
a memorable concert by Victoria de 
los Angeles, who delighted the au
dience wi th a recital of Spanish 
songs from the Renaissance to con
temporary composers. 

From Fernando Barreiro 
and Wulfrim Bartel 

The standard 'electroweak' picture, 
synthesizing electromagnetism with 
the weak nuclear force (via the 
gauge symmetry group SU(2) x 
U(1)) agrees so far wi th all exper
imental results. Despite these im
pressive successes, it is only a 
crude overall check of the model 
since only the results of first-order 
approximations (perturbations) 
have been verified. 

The importance of radiative corrections in 
high energy electron-positron physics. For a 
hypothetical 92 GeV resonance for the Z 
particle - the electrically-neutral carrier of 
the weak nuclear force - in a spectrum of 
pairs of charged muons are shown non-pho
tonic corrections (fine dashed line), the re
sult (dashed line) of adding first order quan
tum electrodynamics corrections, and the re
sult (solid line) of second order corrections 
applied to the first curve. 

Refined calculations in modern 
field theory use successively finer 
approximations (perturbations) 
f rom a series expansion of possible 
interaction mechanisms, including 
multiple exchanges of the field par
ticles transmitting the forces. 

For a model to be elevated to 
the statusrof a theory such as 
quantum electrodynamics (QED), 
such higher order effects - called 
radiative corrections - have to be 
carefully checked by precision ex
periments. 

Although the Z particle - the el
ectrically neutral carrier of the weak 
force - was discovered at CERN's 
proton-antiproton collider back in 
1983, precision studies of the Z 
become possible only with the ad
vent of experiments at the new 
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high energy electron-positron col
liders - Stanford's SLC linear collid
er and CERN's 27-kilometre LEP 
ring. Thus electroweak physics is 
about to enter a fascinating phase, 
paralleling the era forty years ago 
when QED, then a fledgling theory, 
met the challenges of the measure
ment of the Lamb shift and the 
anomalous magnetic moment of 
ihe electron. 

Calculation of electroweak radia
tive corrections (EWRC) first needs 
a prescription for dealing wi th the 
otherwise troublesome infinities of 
higher order terms in a consistent 
way. This is known as a renormali-
zation scheme. Furthermore, while 
the QED radiative corrections at 
low energies are typically less than 
one per cent, under SLC and LEP 
conditions corrections become 
substantial. Thus an essential part 
of LEP and SLC physics is to en
sure that these corrections are cal
culated to high precision and incor
porated systematically in the analy
sis of the experimental data. 

To push this effort, a NATO A d -
/anced Research Workshop 'Radia
tive Corrections: Results and Per
spectives' was held at the Universi
ty of Sussex, UK, f rom 9-14 July. 
The Organizing Committee included 
F. Boudjema and N. Dombey (Sus
sex), F. Dydak (CERN), F. Berends 
(Leiden) and C. Verzegnassi 
(Trieste), and the Workshop was 
sponsored by CERN, the UK 
Science and Engineering Research 
Council, the University of Sussex 
and NATO's Scientific Affairs Divi
sion. 

T w o major themes for working 
groups were the choice of renor-
malization scheme and the imple
mentation of radiative corrections 
in electron-positron experiments. 

The first group was led by M. 
Bohm (Wurzburg) while B.F.L. 
Ward (Tennessee State) gave a re

view of the present situation. Until 
recently, EWRC calculations 
adopted a number of different ap
proaches but now theorists gener
ally agree on a scheme where the 
perturbation parameter is the fine 
structure constant (1/137) and the 
other parameters are the masses of 
the field particles, including the Z 
and its electrically charged partner, 
the W . While the fine structure 
constant is known and the Z mass 
will soon be measured to great ac
curacy, a precise fix on the W 
mass will not be available for some 
t ime, suggesting that the weak in
teraction (Fermi) constant f rom 
muon decay should be used in
stead. 

In the minimal standard model 
(one Higgs particle) the vital elec
troweak mixing is fixed by the ratio 
of the W and Z masses. However 
M. Veltman (Michigan) in his open
ing talk and A. Sirlin (NYU) in his 
summary both emphasized that 
data should be analysed in a gener
al way which did not assume this 
relationship, the mixing parameter 
being measured independently by, 
for example, the forward-backward 
asymmetry of Z decays into pairs 
of muons or tau leptons. G. Altarel-
li (CERN) described how this work 
is being influenced by the increas
ing belief that the expected but so-
far unseen sixth ('top') quark is 
heavier than initially suspected. 

The second working group was 
led by R. Kleiss (CERN), wi th P. 
Rankin (Colorado) giving the re
view. Wi th an objective of attaining 
a tenth of a per cent precision at 
the Z peak, high order QED correc
tions came under special scrutiny. 
As these corrections may be ex
tremely sensitive to kinematic res
trictions ('cuts') of the experimental 
data, 'Monte Carlo' electron-posi
tron event simulators are required. 
J . Campagne (Saclay), G. Bonvicini 

(SLAC), and S. Jadach (Cracow) 
were among those presenting their 
latest results and there is now no 
serious disagreement between the 
different groups. Kleiss emphasized 
that experimentalists should agree 
on their cut procedures so that dif
ferent experiments can be com
pared. If not, a second-best option 
was to publish both corrected and 
uncorrected data. 

A third working group, led by 
W . J . Stirling (Durham), looked at 
the interplay of the radiative correc
tions f rom the electroweak picture 
and from the QCD (quantum chro-
modynamics) description of inter-
quark forces. 

Z. Kunszt (Zurich) and J.H. Kuhn 
(MPI, Munich) reviewed the role of 
QCD in electron-positron physics 
while W. Hollik (Hamburg) analysed 
EWRC in the context of the elec
tron-proton collisions scheduled 
from the HERA machine now under 
construction at the German DESY 
Laboratory in Hamburg. The need 
for precision knowledge of the 
QCD perturbation parameter was 
stressed. G. West (Los Alamos) 
showed the dangers of using per
turbation theory when unexpected 
large coefficients can limit the pre
dictive power of a series expansion 
approach, and called for a practical 
algorithm to estimate the coeffi
cients of the perturbation series, 
particularly in QCD. 

In his closing talk, A. Sirlin ad
mired the radiative correction pro
gress made over the past few 
years, especially by the contribu
tions of many young physicists to 
a subject unfashionable until only 
recently. 

From Fawzi Boudjema 
and Norman Dombey 
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