
The biggest problem of them all 
High level discussion? At the recent 
symposium on Particle Physics and 
Cosmology organized by CERN and the 
European Southern Observatory (ESO), 
G. Burbidge of the US Kitt Peak National 
Observatory (right) confers with ESO 
Director L. Woltjer. 
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A resurgence of confidence in our 
understanding of basic processes 
has led to attention turning once 
again towards the Biggest Problem 
— the origins of the Universe. 

This new confidence was well de
monstrated by a novel and intriguing 
symposium — 'Large Scale Structure 
of the Universe, Cosmology and Fun
damental Physics', held at CERN last 
November, organized jointly by 
CERN and the European Southern 
Observatory (ESO). It brought to 
gether about 200 specialists, mainly 
f rom Europe and roughly equally di
vided between allegiances to particle 
physics, cosmology and astrono
my. 

In the cataclysmic conditions of 
the first few minutes after any 'Big 
Bang' which formed the Universe, 
particle physics and cosmology 
were one and the same. 

During the subsequent twenty 
thousand million years or so. Nature 
has been much less spectacular and 
nothing has occurred to match these 
initial f i reworks. Meanwhile the clues 
left by the Big Bang have mellowed 
wi th age. Thus, apart f rom occasion
al attempts by geniuses like Einstein 
and Gamow, the physics of the ex
tremely large and the extremely 
small have until lately gone their own 
ways. 

Now modern space astronomy 
promises to overcome the difficul
ties which constrain earthbound 
observations. This, together wi th 
the appearance of attractive new 
theoretical ideas, promises a great 
deal for the future. 

The symposium was particularly 
well t imed. The discovery at CERN 
last year of the W and Z particles 
which transmit the weak nuclear 
force showed that the long quest to 
unify the electromagnetic and weak 
forces has now borne fruit. The com
bined electroweak picture is now vir
tually textbook physics. 

However for many particle theo
rists, the excitement of the electro-
weak picture had died down long 
ago. Without waiting for its exper
imental confirmation, these brave 
souls had dared to attack the next 
stage of unification — synthesizing 
the electroweak scenario wi th the 
theory of strong interactions, and for 
good measure throwing in gravity 
too. 

Such 'Grand Unified Theories' 
(GUTs) naturally encompass enor
mous ranges of energy, and what 
happens under laboratory conditions 
is only a remote corner of their do
main. The theories extend out to the 
extreme temperatures which must 
have existed in the primaeval fireball 
of the early Universe. For the 'GUT-
ters ' , attention has turned away f rom 
laboratory experiments towards 
observations from astrophysics and 
the implications of the new ideas for 
cosmology. Thus the formation of 

the Universe has now become a nat
ural focus of study for both macro-
physics and microphysics. 

The ideas behind unified field the
ories were described at the sympo
sium by P. Fayet of Paris. One of the 
spin-off predictions is the unstable 
proton, however wi th the latest data 
suggesting that the proton half-life is 
longer than about 1 0 3 2 years, the 
simplest grand unification schemes 
look as though they have to be mod
ified. In particular, the decay into a 
neutral pion and a positron sug
gested by the 'minimal' grand unified 
theory is not seen. 

One possibility is to construct big
ger GUT theories wi th more free pa
rameters. Fayet also pointed out the 
advantages of 'supersymmetry' — 
the extension of conventional as
signments of particles wi th integer 
and half-integer spins — which offers 
other channels for proton decay. 

Supersymmetry predicts many 
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Dimitri Nanopoulos energetically described 
unified field theories and their implications 
for the early Universe. 

(Photo CERN 591.11.83) 

new particles (in fact it doubles the 
number which are thought to exist so 
far). Intellectually appealing though 
the theory might be, no signs of 
these extra particles have yet been 
seen. However in his introductory 
talk, D. Sciama of Oxford had sug
gested that space astronomy might 
furnish the missing evidence and 
make supersymmetry respectable. 

These (and other) additional parti
cles predicted by unified gauge theo
ries provide new ways of accounting 
for the vast quantities of 'dark mat
ter' now thought to exist in many gal
axies but which are not directly ob
servable. Possible explanations of 
this dark matter were explored by 
S. Faber and J . Silk of California. 

Directly after Fayet came E. Fiorini 
of Milan, covering the experimental 
search for proton decay and other 
signs of grand unified theories. There 
has been a great effort in this sector 
in recent years, and some of the 
more ambitious new projects are 
only just starting up. Last year, the 
Kamioka study in Japan went live, as 
did a small portion of the detector 
being built by a Franco/German team 
in the Fréjus road tunnel. 

Presenting the data accumulated 
so far, Fiorini only awarded an expli
cit lifetime (some 1 0 3 1 years) to the 
Kolar Gold Fields experiment in India, 
the first to produce ( 1982) a few can
didate proton decays. This Indian/ 
Japanese team has now seen a new 
event of possible interest. 

Newer experiments (particularly 
the giant Irvine / Michigan / Brook-
haven study using several thousand 
tons of water) scan much larger 
volumes and should be more sensi
tive. These studies have yet to repro
duce the Kolar results and suggest 
instead that the proton likes to live 
for longer than 1 0 3 2 years. Clearly 
these scanty statistics will need t ime 
to settle down before a f irm proton 
lifetime can emerge. 

Inflation 

In his introductory talk, D. Sciama 
also suggested that the idea of 'infla
t ion ' in grand unified theories has 
given a major boost to cosmology, 
declaring that it could be the most 
important development since the 
discovery of the 3K cosmic back
ground radiation in the mid 1960s. 
(For a good introduction to these 
new ideas, see the article by John 
Ellis and Dimitri Nanopoulos of CERN 
published in our July/August 1983 
issue, page 211.) 

Later in the symposium, Nanopou
los energetically described the sce
nario for this cosmic inflation. The 
initial fireball (about 1 0 ~ 3 5 seconds 
after the Big Bang) had a symmetrical 
vacuum state, and the symmetry 
of the theory was perfect. Sub
sequently there was a phase change 
to the unsymmetrical vacuum (spon
taneously broken symmetry). How

ever this phase change did not hap
pen directly. Instead the initial sym
metric phase became 'supercooled', 
so that when the phase change f i 
nally came (about 1 0 - 3 0 seconds), 
there was a tremendous release of 
energy which reheated the fireball to 
some 1 0 1 4 G e V , giving the fledgling 
Universe a chance to be ' reborn' , and 
setting off mechanisms which cre
ated baryons. 

Inflation has a number of appealing 
features. It provides a natural expla
nation for the Universe being gener
ally homogeneous, isotropic and flat, 
while at the same time providing a 
framework for early quantum fluc
tuations which might have acted as 
the 'seeds' of subsequent galaxy for
mation. Inflation also avoids embar
rassment about heavy magnetic 
monopoles. Such objects, weighing 
about a microgram — enormous by 
particle standards — are predicted to 
be relatively common by non-infla
tionary theories, but no sign of them 
has been found. 

Without recourse to inflation, the 
standard Big Bang picture gives 
abundances of light elements which 
tie in wi th observation. Describing 
the early nucleosynthesis of the first 
hundred seconds or so of the Uni
verse, J . Audouze of Paris said that it 
was important to measure these re
lative abundances accurately. 

Despite the appeal of new parti
cles f rom grand unified theories, neu
trinos remain a prolific source of cos-
mological speculation. The appear
ance of the Z° particle at CERN has 
enabled particle physicists to claw 
back the limit on the number of dif
ferent types of neutrinos from tens 
of thousands to just twenty ! Cosmo-
logical arguments f rom helium abun
dances are even more restrictive, 
and infer less than four types, sug
gesting that the three types ' known ' 
f rom laboratory experience (elec
t ron, muon and tauon) might be all. 
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R. Môssbauer gave an excellent talk on 
neutrinos, still the subject of much 
speculation. 

(Photo CERN 584.11.83) 

In a masterly presentation for such 
a mixed audience, R. Môssbauer 
described recent work to measure 
neutrino parameters. Cosmology 
also gives limits on neutrino masses 
(less than 50 eV), and this year a new 
measurement f rom Moscow on the 
beta decay of trit ium has further re
duced the room to manoeuvre (elec
tron neutrino heavier than 20 eV — 
see October 1983 issue, page 308). 
However Môssbauer stressed the 

difficulties of such delicate laborato
ry measurements, and preferred to 
wait for confirmation by other 
groups. 

The weak interaction sees definite 
mixtures of quarks, but less clear is 
the question of neutrino mixing. 
Môssbauer covered the measure
ments made so far, carried out over a 
wide range of neutrino energies. 
After some initial reports, more re
cent experiments find no evidence 

for such 'neutrino oscil lations', al
though there is still a lot of territory to 
be explored. Môssbauer outlined 
how such oscillations could account 
for the perennial discrepancy be
tween the predicted and observed 
levels of solar neutrinos. 

A. Sandage of California described 
the continuing effort to pin down the 
basic cosmological parameters. Pro
gress in this field is painfully slow by 
the standards of laboratory experi
ments. However opinion on the Hub
ble constant (which fixes the rate of 
expansion of the Universe) now 
seems to be favouring a value of 
about 50 km per sec per Mparsec. 
The age of the Universe is also f i rm
ing up, wi th about 18 thousand mil
lion years as the preferred figure. 
This ties in wi th independent 
measurements f rom studies of radio
chemical elements. 

D. Wilkinson spoke on the Uni
verse's background radiation. The 
detection about twenty years ago 
of the 3K background signal was 
a major breakthrough, but there 
should be other important signals 
elsewhere in the radiation spectrum. 
Trying to measure these tiny extra-
galactic signals, which represent 
only about a per cent of the total 
amount of radiation hitting the 
earth's surface, poses almost insur
mountable difficulties. However 
these are neatly sidestepped by sa
tellite-borne experiments, which 
hopefully should soon yield incisive 
new results. 

The final day of the symposium 
opened wi th a memorable presenta
tion by Stephen Hawking on the 
quantum mechanics of the Universe. 
He concentrated on establishing the 
boundary conditions for this gigantic 
problem. Without recourse to speci
fic mechanisms and using only at
tractive plausibility arguments, he 
showed that a closed quantum Uni
verse can oscillate. 
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On the scent of glue 
by Frank Close 

Although this work was not new 
for the specialists, the underlying 
message was clear. 'Because of its 
inherent singularities, classical gen
eral relativity predicts its own down
fal l , ' stated Hawking, 'just as the 
classical picture of the atom was also 
doomed' . 

The meeting merited t w o closing 
lectures. For the cosmologists, Mar
tin Rees of Cambridge confessed to 
finding the symposium an 'unusual 
experience'. For the particle physi
cists, John Ellis described particle 
physics and cosmology as having 'a 
brilliant past in front of them' — refer
ring to the new common interest in 
the primaeval Big Bang and its imme
diate.consequences. 

The symposium occasionally re
flected communications difficulties 
between macro- and microphysics. 
The meeting may not have bridged 
these gulfs in mutual understanding, 
but it certainly helped to close them. 
Most of the participants left feeling 
that they had learned something, 
however not everyone learned the 
same things! While there is still a 
long way to go, the meeting showed 
that some of the barriers on the way 
to solving the Biggest Problem may 
be crumbling. 

Report by Gordon Fraser 

Soon after the quark model was in
vented twenty years ago, people re
alized that it was in trouble. The Pauli 
exclusion principle ruled out many 
well known states, in particular the 
configuration of three identical 
strange quarks that formed the ome
ga-minus. The very hadron whose 
discovery had confirmed the Eight
fold Way seemingly killed its off
spring, the quark model. 

In those days, many people were 
reluctant to accept the idea of frac
tionally charged quarks which had 
never been seen. The Pauli paradox 
suggested that quarks were at best 
no more than a bookkeeping device, 
not physical particles. On the other 
hand some aficionados took the att i
tude that as these were funny parti
cles then perhaps they obeyed funny 
rules, and that application of the Pauli 
principle might involve hidden sub
tleties. 

Today we accept that quarks do 
obey the Pauli principle, and that the 
(hidden) subtlety is that each quark 
flavour (up, down , strange, etc.) can 
occur in any of three ways, or 'co
lours'. Thus, for example, if each 
strange quark in the omega-minus 
has a different colour, they are no 
longer identical : Pauli is satisfied ; the 
omega-minus can exist. 

The concept of colour has proved 
seminal in generating a theory of 
quark forces. Colour appears to be a 
form of charge, like electrical charge, 
and a relativistic quantum field the
ory — quantum chromodynamics 
(QCD) — has been developed. Its 
successes in describing high energy 
hadron interactions are well known. 
But its application to the study of 
quark bound states (the hadrons) has 
raised exciting new problems. A 
whole host of new hadrons is pre
d ic ted; 'glueballs', 'hybrids' , 'her
maphrodites', 'meiktons' — none of 
which has yet been seen conclusive
ly, even though the search for them 

has been intensifying over the last 
several years. Where have all the 
f lowers gone? 

How colour forces work 

Electrical charges are the sources 
of electromagnetic forces. As every 
schoolchild knows, opposite char
ges attract while like charges repel. 
Quarks possess electric charge and 
so feel electromagnetic forces. That 
is why even electrically uncharged 
particles like neutrons have electro
magnetic interactions; they contain 
electrically charged constituents. 
Quarks also have colour and it ap
pears that this is a form of charge 
whose behaviour in generating 
forces is analogous to electrical 
charge except for the important pro
perty that, whereas electrical 
charges are either positive or nega
t ive, there are three different varie
ties of colour. Suppose that quarks 
carry positive (colour) charge and an-
tiquarks correspondingly carry nega
tive charge. Then the attraction of 
opposites, such as a red quark and a 
red antiquark, forms the familiar 
mesons. 

The presence of three colours 
makes the possible attractions rath
er richer than in the simpler electro
magnetic case. Just as like charges 
repel, so do like colours repel. For 
attractions the rules are generalized 
slightly; not only can opposites at
tract, but unlike colours, such as red 
and blue quarks, can attract under 
certain conditions. W e must take 
into account the quantum state of the 
t w o coloured objects. If it is antisym
metric under exchange of the colour 
labels, then the coloured objects will 
mutually at tract; if symmetric they 
will mutually repel. 

This subtlety is inherent in quan
tum chromodynamics (a 'non-abe-
lian' theory). An analogy is the famil
iar case of nuclear isospin exchange 
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