
Higgs for the masses 

Encompassing electromagnetism 
and the weak nuclear force, ex
plaining phenomena ranging f rom a 
bolt of lightning to the beta decay 
of a nucleus, the electroweak pic
ture is one of the big success sto
ries of twentieth-century physics. 
However it is still incomplete, and 
new information f rom CERN's new 

.LEP electron-positron collider in the 
final decade of the century could fill 
in the gaps. 

The setting for the picture is the 
way quantum labels such as iso-
spin and electric charge may be 
transformed in space and t ime, 
known as Yang-Mills gauge theory. 
This was an attempt to generalize 
the success of quantum electrody
namics, but always seemed to de
mand that the carriers of the field 
(the gauge bosons), analogous to 
the photon in quantum electrody
namics and carrying one unit of in
trinsic angular momentum (spin), 
were massless. 

Final magnets for LEP 

On 26 May, the final magnets 
for CERN's new LEP electron-po
sitron collider moved smoothly 
into position guided by Director 
General Carlo Rubbia and by 
Herwig Schopper, who as 
CERN's Director General from 
1981-88 oversaw so much of 
the preparation and construction 
work for the 27-kilometre ma
chine. 

The installation ceremony was 
a fitting focus for a 'Schopper 
fest' in honour of the retired Di
rector General. 

LEP magnet installation sym
bolically began on 4 June 1987 
when then French Premier Jac
ques Chirac and Swiss President 

Pierre Aubert helped put the first 
magnet into position. In the in
tervening two years, LEP's im
pressive inventory of 3280 ordi
nary dipoles, over 800 quadru-
poles, 500 sextupoles, over 600 
correcting dipoles and various 
other magnets has been preci
sion placed in the 27-kilometre 
ring. 

The next major LEP milestone 
is the vacuum system, sched
uled for completion in June, ex
cept for finishing touches in the 
regions around the four experi
ments, themselves the scene of 
final preparations for the injec
tion in July of the first beams 
into the completed ring. 

LEP physics 

CERN's new 27-kilometre LEP 
ring will soon be supplying its 
first electron-positron colli
sions. This is the first in a 
series of articles outlining 
some of the physics objec
tives. 

CERN Director General Carlo Rubbia (left) 
and Herwig Schopper, CERN's Director 
General from 1981-8, activate the ma
chine to install the final magnet for 
CERN's new LEP electron-positron collid
er, scheduled to become operational in 
July. 

(Photo CERN 441.5.89) 
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Superconducting radiofrequency accelerating 
cavities will push LEP's collision energy 
higher and provide more scope for finding 
the essential 'Higgs' spontaneous symmetry 
breaking mechanism at the heart of the elec-
troweak theory. Here a cavity is under test 
in the SPS ring. 

(Photo CERN 281.8.88) 

Under everyday condit ions, the 
electroweak picture must ensure 
that the long-range electromagnetic 
force, mediated by the massless 
photon, carrying unit spin, looks 
very different to the short-range 
weak nuclear force, carried by a 
trio of heavy particles, but each 
also carrying one unit of spin. The 
trio - the positive and negatively 
charged W and the electrically neu
tral Z bosons - were discovered at 
CERN's proton-antiproton collider 
in 1983. The problem was to ac
commodate the W and Z masses 
without spoiling the underlying 
symmetry. 

The essential ingredient is spon
taneous symmetry breaking -
when a theory wi th symmetric 
equations has solutions that are 
not symmetric. For example the 
equations of electromagnetism are 
symmetric but their magnetic solu
tions need not be - selecting an 
orientation of electron spins in the 
ground state of a ferromagnet 
spontaneously breaks the symme
try. 

In quantum field theory, spon
taneous symmetry breaking pro
duces massless and spinless 
('Goldstone') particles, whose use
fulness for electroweak unification 
was not immediately apparent. 

In the mid-60s, several theorists 
(including P. Anderson, R. Brout, F. 
Englert, G. Guralnik, C. Hagen, P. 
Higgs and T. Kibble), helped piece 
together another symmetry break
ing scheme which eliminates un
wanted massless particles. Appar
ently massless 'Goldstone' parti
cles would combine wi th apparent
ly massless gauge bosons to make 
field particles wi th mass, while re
taining the underlying symmetry. 

In the electroweak picture, the 
Higgs mechanism contrives to give 
masses to the W and Z bosons, 
while keeping the zero mass pho

ton, by selecting out a preferred 
isospin direction with the Higgs 
field, leaving the electromagnetical-
ly neutral photon unaffected. 

Within these guidelines, there is 
still a lot of room to manoeuvre, 
and as it stands the electroweak 
picture gives no handle on the 
Higgs particle masses. As yet no 
sign of any Higgs particle has been 
found. Light Higgs, in the few MeV 
range, would show up in precision 
analysis of muonic atom X-ray 
spectra, in the decay of excited nu
clear states and in very low energy 
neutron-nucleus scattering. Meson 
decays are another potential source 
of Higgs particles. Unsuccessful 
searches in kaon decays, for exam
ple by the NA31 experiment at 
CERN, probably rule out Higgs 
lighter than a few hundred MeV. 
Wi th heavier mesons, such as B-
particles and upsilons, the mass 
limits can be pushed higher. Most 
Higgs options below 3.6 GeV now 
can be ruled out, and the continu

ing search has to await the opening 
of new energy frontiers. 

This is where LEP comes in. The 
immediate goal is to provide 46-47 
GeV beams and home in on the Z 
boson near 93 GeV, the electrically 
neutral carrier of the weak nuclear 
force. The Z is coupled to the 
Higgs mechanism, and if the as
sociated particles are light enough, 
they could show up in Z decays ac
companied by a pair of muons, a 
pair of neutrinos, or a photon. As 
well as uncovering the Higgs parti
cle, this search would also show 
how it can decay, providing addi
tional valuable information. 

Unless the Higgs particle is very 
light, the interesting Z decays are 
quite rare, and would need about a 
year's accumulation of Zs, even 
wi th LEP operating near its design 
luminosity of 1.7 x 1 0 3 1 (the initial 
level will be lower, see May issue, 
page 5). 

The long-awaited sixth ('top') 
quark has yet to make an appear-
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Spontaneous symmetry breaking happens 
when a theory with symmetric equations 
has solutions that are not symmetric. For 
example the equations of electromagnetism 
are symmetric but their magnetic solutions 
need not be - selecting an orientation of el
ectron spins in the ground state of a ferro-
magnet spontaneously breaks the symmetry 
inside each microscopic 'domain'. 

ance, and LEP's collision energies 
(approaching 100 GeV initially) 
could at last cross the top thresh
old and open up a new particle 
spectroscopy. This would be a ma
jor physics achievement in itself, 
but in addition the decay of some 
of the top quark-antiquark bound 
states could be sources of Higgs 
particles. However investigations at 
the proton-antiproton colliders at 
CERN and Fermilab suggest that 
the top quark may be so heavy that 
decays into Higgs particles would 
be relatively infrequent. In addit ion, 
if top quark spectroscopy per
versely brackets the Z mass, then 
physicists will have to carefully un
ravel the t w o effects. 

A subsequent LEP goal will be to 
increase the beam energy using su
perconducting radiofrequency cavi
ties so that the colliding electrons 
and positrons can produce a pair of 
W particles, the electrically charged 
carriers of the weak nuclear force. 
If the Higgs mass is in the right 
area, the colliding particles should 
also produce Z/Higgs pairs. 

Wi th the advent of LEP, physi
cists are eagerly waiting the first 
tangible information on the vital but 
mysterious symmetry breaking me
chanism behind the so successful 
electroweak theory. 

Computing in 
high energy physics 

Computing in high energy physics 
has changed over the years from 
being something one did on a 
slide-rule, through early computers, 
then a necessary evil to the posi
tion today where computers per
meate all aspects of the subject 
f rom control of the apparatus to 
theoretical lattice gauge calcula
tions. 

The state of the art, as well as 
new trends and hopes, were re
flected in this year's 'Computing In 
High Energy Physics' conference 
held in the dreamy setting of Ox
ford's spires. The 260 delegates 
came mainly from Europe, the US, 
Japan and the USSR. Accommoda
tion and meals in the unique sur
roundings of New College provided 
a special atmosphere, with many 
delegates being amused at the idea 
of a 500-year-old college still mer
iting the adjective 'new'. 

The conference aimed to give a 
comprehensive overview, entailing 
a heavy schedule of 35 plenary 
talks plus 48 contributed papers in 
t w o afternoons of parallel ses
sions. In addition to high energy 
physics computing, a number of 
papers were given by experts in 
computing science, in line wi th the 
conference's aim - ' to bring to
gether high energy physicists and 
computer scientists'. 

The complexity and volume of 
data generated in particle physics 
experiments is the reason why the 
associated computing problems are 
of interest to computer science. 
These ideas were covered by Dav
id Will iams (CERN) and Louis Hertz-

David Williams (CERN) sets the scene at the 
Oxford Conference on Computing in High 
Energy Physics. 

(Photo RAL) 
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