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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. 

(Photo CERN 516.11.83) 

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 

CERN Courier, January/February 1984 3 



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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Frank Close — 'where have all the flowers 
gone ?' 

(Photo Rutherford) 

forces. T w o protons or neutrons are 
symmetric in flavour and the forces 
are intrinsically repulsive: a proton 
and neutron feel a repulsive force 
when in the symmetric state but the 
antisymmetric (isoscalar) state is at
tractive. 

The threefold colour forces act in a 
manner which is an obvious general
ization of this. There are three ways 
that quarks can pair: red and yel low, 
yel low and blue or red and blue. A 
third quark will be strongly attracted 
by a pair only if its colour differs f rom 
the initial pair's colours and the quan
tum state is antisymmetric under the 
interchange of any pair's colour la
bels. Thus red-yellow-blue clusters 
f o r m : protons, neutrons and the 
familiar baryons exist. Notice that the 
way the attractions and repulsions 
work has necessarily forced three 
quarks, each of a different colour, to 
be present in the baryon. 

A fourth quark brought up to this 

trio will have the same colour as one 
that is already there and so be re
pelled by it. But it will be attracted by 
the other t w o , so does attraction or 
repulsion win? In this case they ex
actly balance: the attraction only 
operates between antisymmetric 
combinations, there is only a f i fty-
f ifty chance that this configuration is 
present, and, together wi th the fact 
that there are t w o quarks attracting 
the newcomer and one repelling it, 
yields a net cancellation. Although 
this pedagogic example does not ex
plain why colour ionization (exist
ence of free quarks) is forbidden, we 
can at least see how the systematics 
of colour forces have generated the 
observed clusterings of quarks and 
antiquarks. The hadrons have no net 
colour, but feel the strong interac
tions because of their coloured con
stituents. 

Gluons are to colour as photons 
are to electric charge. Photons trans

mit electrical forces but do not them
selves carry charge. Hence, they 
voyage freely through space. How
ever the richness of three colours 
causes the gluons to carry colour. 
Not only do they directly transmit the 
forces, but they feel them even while 
propagating. The spatial behaviour 
of the colour forces is thus very 
different f rom electromagnetism. 
This leads to a whole new spectro
scopy of particles. 

Gluons and gluonic hadrons 

If gluons carry colour, they can be 
mutually attracted by the same co
lour forces that ensnared the quarks 
in colour-neutral clusters. Thus, one 
can imagine the existence of bound 
states of the gluons, originally called 
gluonic mesons but now widely 
known as 'glueballs'. There is also 
the possibility of 'hybrid' hadrons 
(also called 'hermaphrodites' or 
'meiktons') containing both quarks 
and gluons as excited degrees of 
f reedom. 

In the heuristic picture above, a 
hybrid meson arises when a red 
quark is attracted by a blue anti-
quark, for example. These unlike co
lours attract but are not mutually 
neutralized; coloured gluons can be 
attracted by the pair and so neutral
ize the colour forces. Some, at least, 
of these configurations are more 
than mere gauge transformations of 
conventional quark-antiquark meso
ns. Thus, an uncoloured quark / anti-
quark / gluon cluster can fo rm: a 
hybrid meson. Hybrid baryons have 
also been predicted. I shall generical-
ly refer to glueballs and hybrids as 
'gluonic excitations' to distinguish 
them from their established cousins, 
conventional quark excitations. 

Do we have much hope of produc
ing and then identifying gluonic exci
tations ? A few years ago there was a 
lot of opt imism that the answers to 
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both of these questions was yes. 
Today there is less certainty about 
the identification of glueballs, al
though there still seems to be opt i 
mism that they can be readily pro
duced in the laboratory. The discov
ery of new hadronic states in the 
'right sort of experiments' has, per
haps paradoxically, led to this 
change of opinion. Why? 

For nearly a quarter of a century we 
have studied millions of interactions 
of pions, protons and other well 
known particles, and in the process 
have discovered scores of reso
nances that have collectively estab
lished the quark model of hadronic 
matter. There is an impressive body 
of information that indicates that this 
model is 'correct' . No well estab
lished resonances exist that cannot 
be accommodated in the quark mod
e l ; the systematics of the hadron 
masses now have been reasonably 
well explained by quantum chromo-
dynamics; spin-dependent colour 
forces between the constituent 
quarks qualitatively and even on oc
casion quantitatively describe the 
pattern of observed energy levels. 

These 'classical' experiments 
have involved beams of quarks and 
targets of quarks (buried in their par
ent hadrons), so quark clusters were 
dominantly produced, especially if 
one studied the debris in the near for
ward direction. 

To produce glueballs you must 
either first get rid of the quarks or 
look in a place where the quarks do 
not tend to go. The latter approach 
has recently been employed at 
CERN, where several groups have 
been looking at the hadrons pro
duced in the central collision region, 
in particular at the ISR. The gluons 
which are generated as the t w o 
quark beams brush by could reson
ate and form glueballs. 

The difficulties here are obvious. 
Can you be certain that quarks are 

totally irrelevant in the region under 
study? Of course, if you were lucky 
enough to discover t w o or three 
prominent structures which had nev
er been seen before elsewhere and 
they stood out like the famous J /ps i , 
then the wor ld would beat a path to 
your door. Unfortunately, nature 
does not yield up such gifts very oft
en. Even when she does, it is not 
easy to know what you have 
found. 

This is illustrated by what has hap
pened in experiments that destroy 
quarks. New states have been seen 
clearly there and theorists have 
found a new way of generating pa
pers, debating whether these are re
ally the long-sought glueballs or 
merely excited configurations of 
conventional quark matter. 

These experiments involve elec
tron-positron annihilation at an ener
gy tuned to create heavy mesons 
such as the J/psi or the upsilon. The 

The three lightest quarks, as depicted by 
Frank Close in his book 'The Cosmic Onion ' 
(published by Heinemann Educational Books, 
London). The numbers indicate the electric 
charges carried by each quark. 

J/ps i consists of a charmed quark 
and a charmed antiquark ; the upsilon 
is similarly built f rom a bot tom quark 
and antiquark. These states survive 
only as long as the quark and anti
quark do not mutually annihilate. 
When they do, their energy is con
verted into radiation, photons 
and/or gluons. The gluons can then 
form gluonic clusters. This at least is 
what theory predicts. Decays into a 
photon plus mesons are particularly 
interesting. Theory says that one in 
seven psi decays should be of this 
form. 

About 15 per cent of the psi de
cays are indeed radiative, so the 
qualitative suspicion that glue is 
around appears to be quantitatively 
validated. If a new state appears in 
the debris accompanying the pho
ton , then it has good credentials for 
being gluonic. And new states have 
been discovered, iota, theta, and last 
summer the 2.2 GeV two-kaon reso-
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nance seen by the Mark III group at 
the SPEAR ring (see October issue, 
page 311). This good news is some
what clouded by the fact that several 
well known mesons are also promi
nent in these data, notably the 
f( 1270), eta and eta prime. Optimists 
have taken this as proof that the etas 
do indeed have an intimate relation
ship wi th glue and point out that for 
several years interesting structure 
has been seen and ignored in the 
vicinity of the f. This suggests to 
some that the f may be more than the 
innocent ideally-mixed quark state 
we had thought. 

The case for gluonic states might 
have been more clear cut if the states 
had been better behaved in their de
cays. The starting guess was that, 
since gluons have no flavour, their 
decay products should be uniformly 
distributed among nonstrange and 
strange particles. However the iota 
decays copiously into final states 
containing kaons (strangeness), but 
not into other non-strange states. 
Quite the opposite of ' folklore' ex
pectations for a glueball. Similarly, 
the theta and the new 2.2 GeV state 
are both reluctant to decay into lots 
of pions. Perhaps these states are 
conventional quark states or just 
unusual multiquark combinations. 

Prompted in part by difficulties 
wi th glueballs, theorists have recent
ly been paying increasing attention 
to the possibility that other manifes
tations of gluons in spectroscopy 
might be more amenable to experi
ment. Particular interest has been fo-
cussed on the 'hybrid' hadrons, in 
which both quarks and gluons occur 
as excited degrees of f reedom. 

Their properties have been studied 
in various ways. In some ('bag') 
models, the lowest energy states 
consist of quarks and a single gluon. 
In others they correspond to excita
t ions of 'str ings' between the 
quarks. A gluon accompanying the 

quarks permits exotic states whose 
quantum numbers are otherwise for
bidden. Theory gives some hope for 
certain such states, which although 
suppressed in radiative decays of 
J /ps is , might be visible in the for th
coming low energy proton-antipro
ton experiments at the new CERN 
LEAR ring. 

These new states cannot all be 
theoretically avoided by gauge trans
formation tr icks. The spin-depend
ent energy shifts that arise f rom co
lour forces between the quarks and 
gluons have been calculated now by 
various groups and their results 
agree. The results are reminiscent of 
what is seen wi th the well known 
meson nonet including the pions and 
kaons. 

This has been exploited by some 
theorists who have shown that the 
mass pattern of these mesons can 
be understood at the price of their 
being rather impure mixtures of 
quark-antiquark and hybrid states. 
This possibility is rather harder to 
eliminate than one might expect. In
deed, in attempts to discredit the 
whole idea of hybrids, the implica
tions for baryons have been widely 
investigated during recent months. 

While in the case of mesons, hy
brids could be hidden in the exper
imental uncertainties remaining in 
the field, surely baryon spectrosco
py is so well understood that there is 
no room for a plethora of new 
states? The results have been rather 
surprising. First electromagnetic 
properties : if the proton has a com
ponent which consists of quarks in a 
colour octet wi th a gluon neutralizing 
the colour, one would expect that the 
requirements of the Pauli principle 
would so upset the quarks' flavour 
and spin balance that baryon mag
netic moment predictions, in particu
lar the famous 3 /2 ratio between 
proton and neutron, would be ruined. 
In fact it is preserved. Photoexcita

t ion of protons into hybrids has been 
calculated and seems likely to be 
rare. Baryon spectroscopy appears 
safe. 

So what are the prospects for 
establishing the existence of hybrid 
or gluonic mesons? Theoretical 
ideas on the expected spectroscopy 
are converging. For gluonic mesons, 
all approaches seem to agree that 
the scalar (vacuum-like) state should 
be the lightest, somewhere between 
0.5 and 1.5 GeV. Other states 
should be somewhat heavier. The 
scalar meson has the widest theore
tical support, but is not seen in the 
radiative decays of J /ps is , sup
posedly the best glue factory 
around. Other gluonic meson candi
dates are seen instead. 

Could the scalar be hiding under 
the f(1270)? Could it be narrow and 
down at 6 0 0 MeV, and consequent
ly have been overlooked in analyses 
of two-p ion spectra ? Are there theo
retical problems related to the va
cuum? Do the interactions of quarks 
and gluons radically change the the
oretical picture for gluons alone? 

This last point in particular is wor th 
facing. Just as some mesons are 
mixtures of various flavours of 
quarks, so gluonic mesons might be 
strongly mixed superpositions of 
quark and glue components. If me
sons are generally very impure mix
tures of quarks and gluons, then the 
search for individual, identifiable, 
pure gluonic states is in trouble. In
stead we may have to look for evi
dence of an 'overpopulation' of 
states in certain mass regions, in
compatible wi th the quark model 
alone. New degrees of freedom such 
as gluonic excitations would need to 
be invoked. 

In the absence of such a gift of 
nature there is another strategy that 
may help identification of states wi th 
significant gluonic components. The 
folklore that gluonic hadrons decay 
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'Close-up' of the charmed quark. 

equally to all f lavours is based on the 
flavour independence of gluon-quark 
couplings. However this is too naïve. 
The forces acting on strange quarks 
are in general different f rom those on 
nonstrange quarks. One naturally 
might expect this to suppress 
strange particle production relative 
to the lighter nonstrange; such a 
phenomenon is well known in ha-
dron physics, and here the folklore 
says it is easier to produce light 
quarks out of the vacuum than to 
produce the heavier strange 
quarks. 

It may be dangerous to assume 
that this folklore is necessarily ap
plicable to the decays of gluonic 
states. Indeed, when couplings of 
gluons and quarks are calculated (in 
bag models), one finds that the effec
tive coupling strength of a gluon to a 
quark and antiquark pair can be 
greater for a strange pair than a non
strange one. So even if the exchange 
of a gluon between heavy quarks is 
suppressed relative to light quarks, 
the production of a heavy pair can be 
enhanced in certain cases. 

This suggests that gluonic states 
may preferentially produce strange 
quarks and antiquarks in their de
cays, some glueballs and hybrid 
mesons having important decay 
channels containing up to four 
kaons. Conventional bound states of 
a strange quark and strange anti
quark will decay into a pair of kaons. 

but decays preferring four kaons at 
the expense of pions would be a rath
er unexpected phenomenon. Tensor 
(spin two) glueballs above 2 GeV are 
expected to contain t w o gluons, 
each of which will prefer to generate 
strange quarks. Thus, phi meson 
pairs and four kaons could be distinc
tive signatures. The glueball interpre
tation of the iota in the bag model 
requires that it contains one gluon 
wi th this preference for strange 
quarks. Their colour doesn't neutral
ize, so they cannot emerge as a phi 
meson, but must separate and end 
up in different strange hadrons. This 
is consistent wi th the apparent fond
ness for strange particle decays of 
the various new states seen in J /ps i 
decays. 

Three tensor mesonsi have been 
claimed in the 'glue-preferred' pro
duction of phi meson pairs in nega-
t ive-pion/proton collisions (see De
cember 1982 issue, page 416) , and 
have not been seen in other chan
nels. In the region just above 2 GeV, 
a tensor glueball and a hybrid tensor 
are expected wi th this 'strange ten
dency ' ; excited tensor mesons con
sisting of a strange quark-antiquark 
pair are also expected at this mass, 
and so significant mixing should oc
cur. This could help explain the large 
decay widths of these candidates. 

This preference for producing 
strange particles in gluonic decays 
may be no more than an artefact of 
the model. However, if nature does 
indeed behave this way, then the stu
dy of multikaon channels could be 
profitable. 

If structures are seen in these 
channels and are being produced in 
processes that are 'gluon-friendly' 
then there could be a real prospect of 
establishing gluonic excitation spec
troscopy. Proliferation of low-lying 
pseudoscalars or a prominent me-
tastable state that fits perfectly wi th 
prediction are other hopes. 

Everyone seems to believe that 
gluonic states should exist, but to 
identify them wi th confidence may 
require an improved understanding 
of conventional meson spectrosco
py. Given the fundamental role that 
gluons play in the nature of things, it 
would be troubling if gluonic states 
could only be seen by experts in 
hadron spectroscopy. 

(As well as being an expert in ha
dron spectroscopy, Frank Close of 
the Rutherford Appleton Laboratory, 
UK, is a prominent writer and broad
caster on particle physics. His fasci
nating book The Cosmic Onion — 
Quarks and the Nature of the Uni
verse' has recently been published 
by Heinemann Educational Books of 
London.) 

10 CERN Courier, January/February 1984 



Around the Laboratories 

Schematic view of the Collider Detector 
being assembled at Fermilab. First full 
physics runs are scheduled for 1986, 
although test runs with a partially completed 
detector could get under way next year. 

FERMILAB 
Collider Detector 
A new entry was recently added to 
Fermilab's list of proposed and ap
proved experiments. The official de
signation is P-741, and it stands for 
CDF, the Collider Detector at Fermi
lab. Behind P-741 are several years 
of very hard work by the CDF Colla
boration, which now includes some
what over 100 physicists f rom nine 
US universities (Chicago, Brandeis, 
Harvard, Illinois, Pennsylvania, Pur
due, Rutgers, Texas A & M, and 
Wisconsin), three US national Labo
ratories (Fermilab, Argonne and Ber
keley), Italy (Frascati and Pisa), and 
Japan (KEK, Tsukuba, and Saga). 

The primary physics goal for CDF 
is to study the general features of 
proton-antiproton collisions at 
2 TeV collision energy. On general 
grounds, it is expected that quark 

subenergies in the range 50 -500 
GeV will provide the most interesting 
physics at the Tevatron Collider. The 
classic pioneering experiments at the 
CERN Collider have already demon
strated the richness of the 100 GeV 
scale in quark subenergies; the ina
bility of current theory to predict wi th 
certainty the physics beyond the 
100 GeV scale makes the higher en
ergy range of the Tevatron particu
larly attractive as a place for sur
prises to be uncovered. Observation 
of any of the Higgs particles, super-
symmetric partners, technicoloured 
objects, or other things talked about 
by the theorists would be extremely 
interesting; finding something com
pletely unexpected would be even 
more exciting. Rates of W and Z pro
duction are expected to be approxi
mately an order of magnitude larger 
at 2 TeV compared to the 540 GeV 
of the CERN Collider. The acceptance 
of the detector is well matched to the 

kinematic range expected in the 2 
TeV hadron collisions. 

Since the basic processes are ex
pected to involve quarks, gluons, 
leptons, and photons, it is important 
to measure as much about these 
particles as possible. The beautiful 
CERN collider results on jets demon
strate that the quarks and gluons are 
manifested as clean, narrow jets of 
hadrons. CDF has chosen shower 
counters and hadron calorimeters in 
a tower geometry to detect jets. 
Leptons are characterized by single 
particles that have different interac
tions in the various detector com
ponents of CDF. Charged particle 
tracking in a magnetic f ield, shower 
counter and hadron calorimeter res
ponse, and penetration through 
many interaction lengths of material 
are the techniques planned for de
tecting electrons and muons. Neutri
nos are observed by missing energy 
and momentum; good coverage 
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Side view of one of the 50 wedge modules 
for the central part of the collider detector. 

with active detectors and a minimum 
of inert cracks are called for to 'see' 
neutrinos. Photon detection is 
achieved wi th finely segmented 
shower counters and the absence of 
a charged track. This calls for minim
izing the amount of material in the 
tracking region of the detector, be
tween the collision point and the 
shower counters. 

The required granularity is a very 
complicated issue, wi th large econ
omic implications. The approach tak
en by CDF was to provide enough 
calorimeter towers to just resolve 
the jets without being able to meas
ure reliably every particle within a jet. 
The detector is organized into three 
major pieces, the Central Detector 
and Forward / Backward Detectors 
on either side. These are centred 
around the (superconducting) Teva-
tron beamline in the BO collision 
area ; major parts of the data acquisi
t ion and trigger electronics as well as 
the on-line computer systems reside 
in the control rooms of the BO as
sembly area. The Main Ring (conven
tional magnets) beam is brought over 
CDF in a special 'overpass'. 

The basic philosophy of the detec
tor is to surround the interaction re
gion wi th charged particle tracking 
detectors, fo l lowed by shower 
counters for electron and photon de
tection and then backed by hadron 
calorimeters to measure the total en
ergy of hadrons directed at a given 
region of the detector. Muon detec
tors are placed outside the hadron 
calorimeters to measure penetrating 
charged particles. 

The interaction region is expected 
to be needle-shaped, less than 1 mm 
in diameter and roughly 1 m long. 
Particles produced at right angles to 
the interaction region pass in se
quence through a thin-walled beryl
lium vacuum chamber, a set of small 
atmospheric pressure t ime projec
tion chambers to give crude tracking 

wi th simple and fast tracking algo
rithms, the central tracking drift 
chamber to provide a momentum 
measurement of charged particles in 
the 15 kG magnetic field of the Cen
tral Detector, the thin superconduct
ing coil of the solenoid magnet, the 
central shower counters, the central 
hadron calorimeters, and finally, the 
central muon chambers. A t smaller 
production angles, the particles may 
pass through the end-plug shower 
counters and the end-wall or end-
plug hadron calorimeters. Particles 
produced between 2 and 10 degrees 
pass out of the central detector 
through a hole in the end plug and 
enter the forward (or backward) 
shower counters and hadron calori
meters. Small angle muons wil l be 
detected and momentum analysed 
by magnetized iron toroids and muon 
tracking chambers in the Forward / 
Backward Detectors. 

Most of the tracking systems are 

based on gas-filled drift chambers 
operated at atmospheric pressure. 
The central TPC system uses the 
excellent tracking ability of the time 
projection chamber geometry to pro
vide a simple 'snapshot' of the 
charged particles in an event and to 
find the event vertex. The Central 
Tracking system is a modification of 
the JADE (DESY) arrangement of 
sense wires, compensated for the 
strong magnetic f ield, where more 
than 80 sense wire layers will be hit 
by each large angle track. Longitudi
nal position will be measured pri
marily by small angle stereo wires, 
but some charge-division layers are 
provided for triggering. The muon 
tracking chambers use charge divi
sion readout for one of the coordi
nates. 

Silicon micro-strip detectors will 
be installed over a limited part of the 
interaction region to provide precise 
vertex measurements for identifying 
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Last October, physicists contemplated a 
barren BO building, erected to house the 
Fermilab collider detector. Components for 
the detector are fast coming in from all 
over the US, from Italy and from Japan. 

(Photos Fermilab) 

decays of particles containing heavy 
quarks. 

The Central Detector is organized 
into 50 wedge-shaped modules (see 
opposite). The Central Shower 
counters, Central Hadron calorimet
ers, and End Wall calorimeters use 
plastic scintillators to sample ioniza
t ion. In the shower counters, the 
plastic scintillators are sandwiched 
wi th sheets of lead. Steel plates pro
vide the dense material and mechan
ical structures for the hadron calori
meters. To improve the position 
resolution of the Central Shower 
counters, a gas-filled counter wi th 
anode wire and cathode strip read
out is placed in the lead-scintillator 
stack near the shower maximum 
point. The Central Muon chambers 
are placed in the last gap of the 
hadron calorimeter. 

The removable end plugs of the 
solenoid magnet are f i t ted wi th gas-
filled proportional counters made 

f rom specially developed resistive 
plastic tubes that use cathode pads 
for read-out. Lead sheets are inter
spersed wi th the chambers in the 
shower counters and the flux-carry
ing iron of the end plug is segmented 
for the hadron calorimeter. The 
shower counters and hadron calori
meters in the Forward / Backward 
detectors use very similar tech
niques. 

A t the heart of the solenoid mag
net is a 3 m-diameter, 5 m-long su
perconducting coil that is being built 
in Japan. The total thickness of the 
coil is about one radiation length. 
The return yoke for this magnet is the 
main structural component of the 
Central Detector. As mentioned pre
viously, the end wall and end plug 
regions of the yoke are instrumented 
wi th hadron calorimeters ; the rest of 
the yoke is not instrumented. The 
entire Central detector, magnet and 
calorimeters, moves together as a 

single piece on multi-ton rollers when 
the detector is moved between the 
collision hall and assembly areas of 
BO. 

There are more than 60 0 0 0 chan
nels of detector information in CDF. 
The job of sampling and recording all 
this information is enormous. The 
basic philosophy is to mount the 
front-end amplifiers and sample-
and-hold circuits as close as possible 
to the detector components. A mul
tiplexed system was developed to 
read out the majority of the analogue 
signals locally and to transmit digital 
results to data acquisition electron
ics located in the counting rooms. 
FASTBUS was chosen as the me
dium for data acquisition and other 
large-bandwidth CDF digital commu
nications. 

A multi-level trigger system is 
planned. The basic interaction rate is 
expected to be roughly 50 0 0 0 Hz. 
Different trigger levels operating at 
different degrees of complexity will 
reduce this rate to approximately 
1 Hz for logging on conventional 
magnetic tape for off-line data analy
sis. Three trigger levels are contem
plated. Level 1 must decide to keep 
an event for digitization and further 
analysis within one crossing of the 
beams (every 7 microseconds). Ana
logue trigger signals derived from the 
front-end electronics provide infor
mation to the Level 1 trigger. This 
level will reduce the trigger rate by 
approximately one order of magni
tude. Energy deposited in shower 
counters and hadron calorimeters, 
and muon tracking hits will form the 
basis for the Level 1 trigger. Patterns 
of energy deposit ion, high-trans
verse momentum tracks associated 
wi th muon hits, large missing mom
entum and other similar inputs will be 
used by the Level 2 trigger to reduce 
the rate to several hundred Hz. Sev
eral beam crossings may have to be 
lost before the Level 2 trigger 
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Fermilab Users Executive Committee — 
1983-1984: Left to right — seated: Stewart 
Loken — Berkeley, Frank Taylor — Northern 
Illinois, standing: Alexander Dzierba — 
Indiana, Robert McCarthy — Stony Brook, 
Ernest Malamud — Fermilab, Maris Abolins 
— Michigan State, Lee Holloway — Illinois, 
William Carithers Jr. — Berkeley, Carl 
Bromberg — Michigan State, Kenneth 
Young — Washington, Roger Dixon — 
Fermilab, Carol Wilkinson — Wisconsin, 
Joseph Lannutti — Florida State. 

(Photo Fermilab) 

reaches a decision. A t this stage, the 
full event information is available to 
the data acquisition system and de
dicated processors will make 'soft
ware ' cuts to reduce the trigger rate 
to the data logging level. This is 
known as Level 3. The control , mon
itoring, and calibration of CDF will be 
handled by a system of V A X com
puters. 

All of the major detector systems 
have undergone extensive R & D and 
prototyping. Production lines for 
many of the components are operat
ing. For example, all of the scintilla
tors for the central hadron calorime
ters (some 30 tons of scintillator!) 
have already been cut on a comput
er-controlled laser machine at Fras-
cati and have been wrapped wi th 
wave shifter fingers at Pisa. The Ital
ian group has also finished all of the 
light guides for this system. Wi th the 
aid of a computer-controlled plasma 
torch, the Purdue machine shop has 

completed over one-half of the steel 
modules for the Central Hadron calo
rimeters. The solenoid coil is being 
wound at the Hitachi works in Japan. 
Various production lines have been 
set up at Tsukuba, Argonne, Berke
ley, Harvard, and Illinois. Phototubes 
are under production tests at Rut
gers. Trigger modules are being built 
at Chicago and calibration equipment 
is being assembled at Pennsylvania. 
Analysis and event simulation soft
ware is being writ ten at Fermilab, 
Brandeis, and elsewhere. Detector 
R & D is taking place at Texas, Wis 
consin, and Fermilab. Heavy steel 
transfer carts and toroids are under 
production at Wisconsin. Massive 
parts of the solenoid magnet are ap
pearing at Fermilab. Major efforts in 
frond-end electronics, data acquisi
tion electronics, and on-line soft
ware are taking place at Fermilab. 
The list goes on and on ! 
One of the most interesting activi

ties is the final assembly of the Cen
tral Detector wedge modules. This 
work involves the coordination of 
component fabrication taking place 
all over the wor ld , precision assem
bly of the modules, and preliminary 
calibration and systems tests us
ing cosmic rays and radioactive 
sources. The scintillators and light 
guides for the hadron calorimeters 
arrive f rom Italy along wi th Italian 
technicians who install them in the 
steel modules fabricated at Purdue. 
Shower counters using Japanese 
scintillator and wave-shifter are 
stacked and machined at Argonne 
before being transferred to Fermilab. 
Muon chambers arrive f rom Urbana 
to be mounted on the modules. Final
ly, the whole contraption must be 
made to fit together and to be light-
tight before it is wired up to its front-
end electronics and tested. All of this 
must be done for each of the 
50 wedge modules for CDF. 
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Getting under way is an extensive 
programme of testing and calibra
tion of production shower counters, 
hadron calorimeters and tracking 
chambers, using Tevatron beams. If 
all goes wel l , there will be a prelimi
nary test run of the partially com
pleted detector wi th colliding beams 
of low luminosity in 1985. Most of 
the central and forward calorimetry 
should be in place, but it is unlikely 
that the complete tracking, trigger, 
and data acquisition systems will be 
available until the full physics runs 
begin in 1986. 

CORNELL 
CLEO's F 
The CLEO (Cornell / Harvard / Ithaca 
College / Ohio State / Rochester / 
Rutgers / Syracuse / Vanderbilt) col
laboration working at the CESR elec
tron-positron ring at Cornell has 
found an F meson candidate in a new 
decay mode and at a lower mass 
than previously observed. The 
charmed F meson is the strange
ness-carrying partner of the D me
sons, and consists of a charmed 
quark bound wi th a strange anti-
quark. 

Although observations of D me
sons are routine, the F meson has 
remained elusive. A DASP (DESY) 
electron-positron annihilation experi
ment and a more recently CERN pho
ton experiments utilizing the Omega 
spectrometer provided the stron
gest F evidence. The Omega experi
ments gave the F mass as 
2 0 2 0 ± 15MeV. 

The F meson can be observed 
through the weak decay of its 
charmed quark into a strange quark. 
The decay modes most accessible to 
experimental detection are those in 
which the new strange quark and the 
original strange antiquark combine 
to form either an eta or a phi meson, 
wi th a few pions being produced by 

Top, the spectrum of the phi meson plus 
pion combination seen in the CLEO detector 
at the Cornell CESR electron-positron ring, 
showing the clear F meson signal at 1970 
MeV. The phi mesons are picked up from 
their decay into two kaons. Bottom, using 
kaon pairs away from the phi mass makes 
the signal disappear. 

the weak decay of the charmed 
quark. The previous experiments 
have relied on detection of one or 
more pions along wi th an eta, ob
served through its decay into t w o 
photons. In the CLEO detector, the 
phi-pi mode was observed by recon
structing the phi f rom t w o charged 
kaons. 

Phi-meson candidates were iden
tified f rom combinations of oppo
sitely charged tracks interpreted as 

kaons. A clear phi signal above a 
substantial background was ob
served in the two-kaon mass spec
t rum. Charged kaon pairs, consistent 
w i th the phi mass, were selected for 
further analysis. They were com
bined wi th other charged particles, 
assumed to be pions, to give a phi 
plus pion mass spectrum, and the 
mass peak at 1970 ± 5 MeV has a 
width consistent wi th the exper
imental resolution. No mass peak is 
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At the DESY Theory Workshop — Gerhard 
Mack and Harry Lehmann (right). 

(Photo DESY) 

observed if two-kaon masses above 
or below the phi are used to create 
the phi-pi mass spectrum. This un
derlines that the observed peak is 
due to phi mesons and not back
ground combinations. 

Further evidence that this en
hancement is the F meson comes 
f rom examining its production and 
decay. In background electron-posi
tron annihilation, charmed quark pro
duction accounts for 4 0 per cent of 
the event rate. The momentum frac
tion (momentum/beam energy) dis
tribution of F events agrees wi th 
those of D events measured earlier 
by CLEO. Also, the product of the F 
production rate and the relative oc
currence of the phi-pi decay is one-
third of the product for D° production 
fol lowed by decay to kaon plus pion, 
in good agreement wi th a simple 
quark counting argument. 

Angular distributions of the t w o 
kaons and the pion further support 
the proposit ion. The phi meson has 
spin 1, the pion has spin zero, and 
the F meson should have spin zero. 
These assignments lead to t w o 
characteristic angular distributions, 
which are in good agreement wi th 
the data in the peak, after subtracting 
background. 

This observation of an F signal at 
1 9 7 0 M e V in the phi-pi spectrum 
was announced last summer and has 
been confirmed by the ARGUS ex
periment at DORIS (see December 
1983 issue, page 423). 

DESY 
45 GeV - and still 
topless! 
Late in the evening of 9 December, 
the champagne was broken out at 
DESY. The PETRA electron-positron 
storage ring passed f rom 44 .98 GeV 
total energy to 4 5 . 0 1 , thus surpas
sing the 45 GeV design value for the 

PETRA improvement programme 
which began back in 1982. From 
37.2 GeV, the energy was nudged to 
40.2 towards the end of 1982, and 
reached 43.19 last July (see October 
1983 issue, page 311). To achieve 
45 GeV, the PETRA r.f. power and 
the number of accelerating cavities 
were eventually doubled. 

To run at 45 GeV, all the available 
space is filled by accelerating cavi
ties. There are now 112 of them 
working at 500 MHz, wi th a total of 
672 cells. In addition, 24 cavities 
running at 1 GHz wi th a total of 152 
cells are used to improve the accel
eration process. This 1 GHz system 
is used at lower energies to increase 
the bunch length. 

The energy required to run this 
system amounts to about 17 M W 
(from the mains) of which 9.6 reach 
the cavities. Since they are not su
perconducting, the cavities' losses 
are high — only about 1 M W is finally 
used by the beam to compensate 
for emitted synchrotron radiation. 
These energy losses underline the 
potential usefulness of supercon
ducting cavities for handling high en
ergy electron beams. 

Theory workshop 
Concentrating on the common 
ground between current theory and 
experiment, the annual Theory 
Workshop is now a traditional event 

in the DESY calendar. The sixth such 
workshop, held a few months ago, 
explored the new jet information 
culled f rom the summer conference 
season. However the number of out
standing questions in this area still 
appears to exceed that of clear an
swers. 

The organizing committee, L. Sto-
dolsky (chairman), K. Schilling (depu
ty chairman), H. Joos and T. Walsh 
had in the back of their minds a 
comparison of simple models wi th 
standard quark-gluon gauge theory 
(QCD). However, it became clear that 
the qualitative successes of QCD 
have so shaped our thinking that sim
ple models don' t generate much en
thusiasm any more. On the other 
hand quantitative tests of QCD are 
only at an accuracy of about 20 per 
cent, which leaves much theoretical 
and experimental work to be done. 

Discussion of observed jet struc
ture was fuelled by comparison of 
results f rom proton-antiproton colli
sions and electron-positron annihila
t ion. Although mainly gluon jets are 
studied in proton-antiproton colli
sions at the CERN Collider and quark-
antiquark jets in electron-positron in
teractions, the jet similarities are 
nevertheless striking. However K. 
Fialkowski mentioned that multiplici
ty of different types of jets at me
dium energies could differ. 

For a quantitative explanation of 
jet structure, the theoretical input to 
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describe the transition f rom quarks 
to hadrons is lacking. 'Preconfine-
ment' — a candidate theoretical 
bridge between initial quark and final 
hadron states — was described by 
A. Muller. 

In practical models, intuitive ideas 
dominate. Whether jets are 
independent, or are connected by a 
colour string, or whether their frag
mentation into hadrons is soft , hard 
or even a thermodynamic process, 
and what influences these models 
have on the experimental determina
tion at the quark-gluon coupling con
stant could not even be solved by a 
lively round table discussion (H. 
Meyer, H. Ochs, A. Al i , S. Ellis, G. 
Gustavson, K. Kowalski). 

Luckily nature has given us heavy 
quarks! During their transition f rom 
quarks to mesons most of the quark 
energy stays wi th the heavy flavour. 
It is therefore possible to identify 
heavy quark jets and to measure 
their fragmentation, their weak cou
pling and many other things. The 
heavy t-quark has not yet been found 
up to a PETRA energy of 43 GeV, but 
the chances of finding it at the CERN 
Collider were extensively discussed 
by P. Zerwas. 

The bound states of heavy quarks 
are of great interest for theorists. 
About ten upsilon states have been 
seen so far and many of the photon 
and pion transitions between them 
have been observed. Both the char-
monium and bottomonium (upsilon) 
states can be surprisingly well de
scribed by inter-quark potentials, 
while the pure QCD predictions are a 
bit fuzzy. For a really quantitative test 
of QCD, the smaller distances of to-
ponium spectroscopy might help, as 
would improved calculations on a lat
tice (which could soon be avail
able). 

The situation is even worse wi th 
the QCD predictions on gluon matter 
(talks by E. Bloom and K. Johnson). 

Here, theoretical models compete 
wi th calculations of the glueball 
spectrum f rom lattice QCD approxi
mations. 

While much of the Worskhop was 
concerned wi th experimental f ind
ings and their implications, the cov
erage of lattice gauge theories was 
more theoretical in flavour. Although 
errors of a factor of 2 or 3 are quoted 
for these calculations, the brave nu
merical attempts to reproduce the 
observed hadron spectrum f rom 
scratch are impressive. 

Progress in this field came wi th 
larger computers and more comput
ing t ime, which allowed larger lat
tices to be treated and the inclusion 
of fermions. Recently the first numer
ical results f rom improved lattice ap
proximations by the late K. Symanzik 
were published. The lattice field is 
obviously the scene of much ac
tivity. 

E. de Rafael spoke on QCD Sum 
Rules which combine perturbation 
theory and dispersion relations to 
give hadron (and quark) mass spec
tra. This is an alternative approach to 
lattice calculations. Comparison of 
its results wi th experiment gives the 
same accuracy as other QCD tests. 

De Rafael illustrated our relation
ship wi th QCD by a parable about a 
farmer and.his c o w : a farmer (the 
physicists) has a beautiful white cow 
(QCD) of which he is justly proud. 
This cow provides good milk, but the 
farmer still has to learn how to make 
quality cheese! 

BROOKHAVEN 
Heavy ion proposal 
With the apparent demise of the Col
liding Beam Accelerator (CBA) pro
ject as initially envisioned and wi th 
growing interest in high energy 
heavy ion physics, Brookhaven has 
decided to push for a new heavy 

ion facility. 
As an initial step, Brookhaven has 

proposed to the US Department of 
Energy (DOE) a project to provide a 
link between the Tandem Van de 
Graaff and AGS proton synchrotron 
facilities, and the AGS will be modi
fied to accelerate heavy ions. If ap
proved on the schedule requested, 
this project will be completed in 
1985 and used for physics research 
soon after. Eventually, it could be 
combined wi th a Relativistic Heavy 
Ion Collider to be located in the CBA 
tunnel. Construction of such a collid
er could start in 1986 and be com
pleted by 1989, at a cost of approx
imately $ 2 0 0 million. 

This choice of a new direction for 
Brookhaven's future was based pri
marily on the recognition that there is 
an increasing interest in accelerating 
heavy ions to relativistic energies. 

This area of physics has received 
enthusiastic support f rom DOE's Nu
clear Science Advisory Committee, 
and the Laboratory has recently sub
mitted a Relativistic Heavy Ion Col
lider feasibility study to DOE. 

To prepare a detailed design pro
posal for this collider, a task force 
has been named by Paul Reardon, 
Associate Director for High Energy 
Facilities. Mark Barton will serve as 
chairman and Harald Hahn as techni
cal coordinator. 

AGS intensity records 
The Alternating Gradient Synchro
tron has achieved substantially high
er intensities in recent months. Peak 
intensities have been as high as 1.6 x 
1 0 1 3 protons per pulse and average 
intensities over an eight-hour shift of 
up to 1.5 x 1 0 1 3 have been attained, 
improvements of about 50 per cent 
over 1982. 

These performances are a result of 
the switch to negative hydrogen ion 
injection in late 1982 , and of some 
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Wire chamber image of a single crystal 
(about actual size) in its cryostat. Monitoring 
muon decay in space as well as time using 
such detectors promises to open new 
applications for muon spin rotation research. 

operational upgrades in the AGS r.f. 
acceleration system. The injection of 
negative hydrogen ions, w i th a strip
ping foil at the injection point to cre
ate the proton beam, is now stan
dard at many proton accelerators. It 
overcomes limitations on the phase 
space brightness of the beam at in
jection, clearing the way for explora
tion and correction of other intensity-
limiting effects. 

Initial stimulus for the operational 
r.f. improvements came f rom Daniel 
Boussard of CÈRN, who during a 
short visit to Brookhaven last sum
mer introduced a beam loading com
pensation system. This removes 
beam-induced transient excursions 
of the r.f. system during the initial 
beam capture, increasing the capture 
efficiency and promising higher in
tensities. 

After further adjustments in the r.f. 
system and increasing the injected 
linac current, the physics programme 

is now reaping the rewards of record 
intensities. The AGS staff are eter
nally grateful to Daniel Boussard for 
his timely contribution. 

The AGS injection energy is still 
200 MeV. Just where is the 'space 
charge limit' to the machine's inten
sity? Judicious improvements to the 
fundamentally capable and robust 
accelerator continue to pay signifi
cant dividends. There is strong op
t imism that further careful work will 
eventually push the AGS' average 
intensity to near 2 x 1 0 1 3 protons per 
pulse, twice the design value envi
sioned 10-15 years ago! 

CERN 
More from muon spin 
rotation 
The technique of muon spin rotation 
(muSR) is establishing itself as a 
major physics tool . Multidisciplinary 

teams of scientists are making use of 
it in experimental programmes at 
CERN and at SIN (Switzerland) in Eu
rope, at KEK in Japan, at TRIUMF in 
Canada and LAMPF in the US. 

In less than a decade, these phy
sics programmes have covered a lot 
of ground, much of it new, and there 
is no shortage of prospective new 
clients to swell the ranks of the muSR 
community. In particular, muSR at 
major centres like CERN profits f rom 
the availability of know-how in tech
nology and instrumentation. 

A t CERN, muSR physics is based 
on the faithful 600 MeV synchro
cyclotron (SC), using muon beams 
derived f rom the forward decay of 
pions in flight. The present commun
ity involves scientists f rom Sweden, 
the UK, Italy, West Germany 
and France, as well as CERN. 

The technique involves bringing a 
beam of polarized positive muons to 
a stop in a suitable target, where the 
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Variation in quark structure in nuclei with 
momentum fraction, x, as measured in 
different experiments. The ratio of effective 
nucléon cross-sections reflects the 
underlying quark structure (structure 
functions). The round data points are from 
deep inelastic experiments at CERN and 
SLAC, and the triangles from nuclear 
scattering at Dubna, measured under the 
conditions ('limiting fragmentation') which 
probe the constituent quark behaviour. The 
observation of structure for x greater than 
one implies 'superfast' quarks carrying the 
momentum of more than one nucléon. 

trapped muons precess in the local 
magnetic fields before decaying. The 
emission of positrons in these de
cays is dictated by the laws of weak 
interactions, and their signals, con
ventionally monitored by scintillator 
telescopes, reflect the behaviour of 
the trapped muons. 

For many purposes, a positive 
muon can be likened to a very light 
proton, so that 'chemically', the 
muon and the proton can be con
sidered isotopes of the same ele
ment. The accessibility of muons to 
measurement through muSR pro
vides a good w indow on the underly
ing properties of the sample. 

The study of metals demands very 
low temperatures (down to the milli-
kelvin range) and extremely pure 
samples. Studies at CERN have 
shown how muons are ' t rapped' at 
impurity sites. Detailed studies of the 
diffusion steps leading to trapping 
and of the muon impurity configura
tions are under way. After this and 
other groundwork, studies of mag
netic materials have gained momen
tum, and new magnetization behav
iour has been seen which poses 
problems for theorists. In other sub
stances, the onset of paramagnetic 
behaviour at the Curie temperature 
has been found to be less abrupt than 
once had been believed. 

In many materials, the stopped 
muons can pair wi th electrons to 
form 'muonium' — a hydrogen-like 
atom with a muon, rather than a pro
ton , as its nucleus. Like hydrogen, 
these atoms are highly reactive and 
can be used as probes of organic 
compounds. 

A range of muonic organic radicals 
has been studied, and reveal inter
esting behaviour, both in the underly
ing properties of the sample and in an 
explicit comparison of muonium and 
hydrogen behaviour. 

Development work in instrumenta
tion has also paid dividends. A wire 

chamber detector has been devel
oped at CERN which enables muon 
decay to be monitored in space as 
well as t ime. In conventional muSR 
detectors, the muon precessions are 
monitored by looking at the rate of 
positron decays picked up in a partic
ular direction. This is prone to uncer
tainties due to beam impurities and 
other background effects. 

The new detector correlates the 
observed positron trajectories wi th 
the muon decay vertex using coin
cidence techniques. First results 
have been gratifying, giving greatly 
increased rejection of spurious 
events. 

Thanks to the cryogenic expertise 
at hand, muSR experiments at low 
temperature have already become 
something of a speciality at CERN. 
In addit ion, a new high pressure 
system has been developed for 
measurements on samples exposed 
to up to 14kbar. First experiments 
will soon get under way. 

Far f rom growing complacent and 
self-satisfied at its achievements so 
far, the muSR community is canvass
ing for extra support to cater for the 
growing list of potential users knock
ing at the door. 

DUBNA 
Quarks in nuclei 
Until recently the structure of nuclei 
in terms of independent quarks was 

explored by studying nuclear reac
tions wi th large momentum trans
fers. Recent results f rom high energy 
muon experiments at CERN (see 
November 1982 issue, page 362) 
made it possible to obtain informa
tion on the nuclear quark structures 
(structure functions) in a hitherto 
inaccessible region of momentum 
fractions, x. These striking results, 
confirmed by the SLAC experiments 
on deep inelastic scattering of elec
trons on nuclei (see Apri l 1983 issue, 
page 90) indicate that there is a sig
nificant difference between the nu-
cleon's quark structure in nuclei and 
in free space. 

A t Dubna, the data on the quark 
structure functions of nuclei ob
tained in relativistic nuclear physics 
(under suitable conditions — 'limiting 
fragmentation') have been com
pared wi th the data on deep inelastic 
scattering of leptons on nuclei. The 
CERN and SLAC data for deuterium 
and iron and the Dubna data for 
deuterium and other nuclei show that 
in the momentum fraction region be
tween 0.5 and 1, the appropriate 
reaction rate on heavier nuclei is less 
than that on deuterium. Comparing 
the data f rom different nuclei shows 
that in this kinematic region, ratios of 
nucléon reaction rates (hence struc
ture functions) go as the (x-1)/3 
exponent of the ratio of atomic 
masses, and it wil l be interesting to 
test this in future experiments. 
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The region x greater than 1 ('su-
perfast' quarks) is of special interest 
and has been probed in nuclear phy
sics experiments at the Dubna 
synchrophasotron. Superfast quarks 
carry the momentum of a group of 
nucléons and are thought to come 
from multiquark states which exist in 
nuclei along wi th the nucléons. 

These multiquark configurations 
are the result of fluctuations of quark 
plasma and the nucleus is v iewed as 
a system near the critical point for 
the transition of nuclear matter into 
quark plasma. 

The ratio of structure functions for 
various nuclei to that of lead for 
momentum fraction 1.3 is found to 
Measured at Dubna for x=1.3 (superfast 
quarks), the nuclear quark structure relative 
to that of lead does not vary much above 
atomic mass 50. However for lighter nuclei, 
the relative structure changes significantly. 
This implies that not only in deuterium, but 
in all light nuclei, the quark configurations 
differ both from each other and from what 
is seen in heavier nuclei. 

be independent of atomic mass num
ber above 50. However for mass 
numbers less than 20 the structure 
function ratio decreases wi th mass. 
This implies that not only in deute
rium, but in all the lightest nuclei, the 
quark configurations differ f rom each 
other and strongly differ f rom those 
in heavy nuclei. 

(From material supplied by A.M. Bal-
din.) 

CONFERENCE 
Computers 
and accelerators 
In September of last year a Confer
ence on 'Computers in Accelerator 
Design and Operation' was held in 
West Berlin attracting some 160 
specialists including many f rom out
side Europe. It was a Europhysics 
Conference, organized by the Hahn-
Meitner Institute wi th Roman Zelaz-

ny as Conference Chairman, post
poned f rom an earlier intended venue 
in Warsaw. The aim was to bring 
together specialists in the fields of 
accelerator design, computer con
trol and accelerator operation. 

The debates about the appro
priateness of computer applications 
in accelerators are now long in the 
past and the discussions at the Con
ference were on the details of how to 
get opt imum use rather than on any 
questions of principle. The comput
ing power which can be bought per 
dollar continues to increase dramati
cally and the major restraints on ap
plications are not related to the limi
tations of the computers themselves 
but rather to the ability to develop the 
necessary software programs. It is 
software which has become the 
dominant cost factor. 

Because of the increased comput
ing power, there is a new level of 
sophistication in control and opera
t ion. For example, rather than the 
operator adjusting individual ma
chine elements, he can work directly 
on the machine parameters — Q 
value, chromaticity, etc. — wi th 
the computer taking charge of all the 
corresponding modifications. 

Simulation programs to track 
beam through magnet systems are 
very much in vogue and can now 
incorporate collective effects, beam 
instabilities etc. Such simulations are 
particularly useful in storage ring 
operation where, rather than risk los
ing precious stored beams, it is im
portant to be able to judge the effect 
of changes before actually imple
menting them in reality. These abili
ties enable machines to be 'mod
elled' at the computer, independent
ly of the hardware, in a much more 
thorough way than before. The 
damping ring for the linear collider at 
SLAC is a recent example where 
models simulate the effects of errors 
and investigate correction schemes. 
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The International School-Seminar on Heavy 
Ion Physics, held last year in Alushta 
(Crimea, USSR) and organized by the Dubna 
Joint Institute for Nuclear Research, opened 
with a report 'Prospects for the 
development of heavy ion physics' by G.N. 
Flerov, JINR Nuclear Reactions Director. 
Right is seminar chairman P. Kienle of 
Munich. 

There are differences in the pro
grams developed at the different 
Laboratories (such as M A D , SYNCH 
and TRANSPORT) and some coordi
nation, to standardize input struc
tures and to incorporate the most 
modern techniques, is very desir
able. 

The advent of cheap microproces
sors seems to have completely 
closed the debate on distributed ver
sus central computing power in ac
celerator control. The only dis
cussion concerns the extent to which 
distributed power should go for 
there are still arguments as to wheth
er 'central' duties of the control sys
tem should be in the hands of one or 
t w o large computers. One related 
possibifity for the future is whether 
the present type of 'mobi le ' con
soles, which can be wheeled round 
the machine so as to have local con
trol while working on individual ma
chine components, will be replaced 
wi th hand-held units. 

While thinking of the future an en
tertaining possible development is 
the use of voice to transmit instruc
tions to the computer system. 
Though this is feasible even now, 
there is some apprehension that a 
chance juxtaposition of words in a 
discussion about the weather be
tween machine operators could 
inadvertently dump the beam. 

The Conference was considered 
very successful and it may well be 
repeated in a few years' t ime to sur
vey the developments in the inter
vening period. These are likely to be 
considerable and Sir John Adams 
pointed out that there could be a few 
new challenges. Wi th the possible 
advent of huge new machines, like 
the Superconducting Super Collider 
proposed in the USA, construction 
and maintenance may well have to 
be done by robots. Teaching these 
robots what to do should keep com
puter experts quiet for some t ime. 

CONFERENCE 
Heavy ion physics 
at intermediate 
energies 
More than 150 physicists f rom 16 
countries gathered in Alushta (Cri
mea, USSR) for the 1983 Inter
national School-Seminar on Heavy 
Ion Physics organized by the Joint 
Institute for Nuclear Research (Dub
na). 

An impressive survey of progress 
in experimental research and topical 
theoretical problems in the field of 
relativistic heavy ion physics was 
given in reviews by A. M. Baldin 
(Dubna) and V. I. Man'ko (Moscow), 
as well as in a number of contribu
tions. 

However most of the 60 papers 
presented were devoted to studies 
wi th heavy ions at low and interme
diate energies, f rom 3 to 100 
MeV/nuc. Extensive research in this 
energy range has become possible 
wi th the advent of many fine acceler
ator facilities such as UNILAC at 
Darmstadt, the four-meter isochron
ous cyclotron U400 at Dubna, Su-
per-HILAC at Berkeley, GANIL and 
SARA at Caen and Grenoble in 
France, the tandem NSF facility at 
Daresbury and others. 

A t the School main emphasis was 
placed on the synthesis of new ele

ments of the Periodic Table. Nowa
days the efforts of the experimenters 
are aimed at producing novel ele
ments beyond 107 by near-barrier 
('cold') fusion reactions which might 
lead to compound nucleus formation 
wi th excitation energy as low as 15-
20 MeV. 

The results of recent experiments 
of this type were presented by P. 
Armbruster (Darmstadt) and Yu.Ts. 
Oganessian (Dubna). The reaction 
chromium 54 on bismuth 209 was 
first tried by Oganessian and co
workers at Dubna in 1975 to synthe
size element 107. The observed fis
sion tracks pointed to the production 
of element 107, but no further identi
fication of the created element was 
carried out. In 1981 experiments 
performed by Munzenberg and his 
colleagues at Darmstadt used the 
same reaction and were able to 
unambiguously identify the reaction 
products. The detected nuclide 
2 6 7 107 (see May 1981 issue, page 
164) showed that only one neutron 
was evaporated f rom the compound 
nucleus — in contrast to earlier as
sumptions. Stimulated by the suc
cess using this reaction process 
('cold fusion') experiments were re
cently carried out at Darmstadt and 
Dubna to synthesize element 109 by 
the reaction iron 58 on bismuth 
209 . 

A t Darmstadt during a 12-day ex
periment wi th 3 beam energies, the 
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G ANIL (France) Director C. Detraz (left) with 
Yu. Ts. Oganessian of Dubna, head of the 
School-Seminar Organizing Committee. 
Detraz gave a report on the G A NIL heavy 
ion experimental programme. 

(Photos JINR Dubna) 

irradiation at 5.15 MeV/n wi th a 
beam dose of 3 x 1 0 1 7 produced one 
correlated event chain of alpha-de
cays and fission that was very prob
ably due to the production and decay 
of the isotope A = 266 of element 
109. A t Dubna a much higher beam 
intensity of 5 x 1 0 1 3 pps was avail
able. In experiments aimed at detect
ing the spontaneous fission of the 
isotope 2 6 6 1 09 and/or its alpha-de
cay products, particularly 2 5 8 1 0 5 , 
leading after electron-capture to the 
fission of 2 5 8 1 0 4 , no fission track 
has been found with beams of iron 
58 at bombarding energies up to 5.5 
MeV/n that could be attributed to the 
formation and the decay of 2 6 6 1 09 . 
The Darmstadt result is compatible 
wi th a cross-section of 2 x 1 0 ~ 3 6 to 
4.6 x 1 0 - 3 5 c m 2 at 6 7 % confidence 
level, whereas the upper limit for the 
production cross-section was set at 
about 5 x 1 0 ~ 3 7 c m 2 by the Dubna 
group. 

The problems of manufacturing 
element 109 have led to studies of 
the possible limitations of such fu
sion reactions for producing com
pound nuclei. This is closely bound 
up with the production of super
heavy elements (SHE). Joint Darm
stadt / Berkeley experiments at the 
Super-HILAC and UNILAC have look
ed hard for SHE evidence, but not all 
possibilities have yet been tried. 

The lack of SHE evidence so far in 
experiments using accelerators con

trasts wi th the evidence from cosmic 
rays. According to Perelygin (Dub
na), in meteoritic samples of 700 
tracks of heavy cosmic ray nuclei, six 
tracks have been detected which are 
1.5 to 1.8 times longer than usual. 
The unambiguous identification of 
their origin is quite complicated. A 
direct indication that they are due to 
superheavy nuclei could be the de
tection of the spontaneous-fission 
tracks just at the point where a cos
mic ray, presumably a superheavy 
nucleus, had been stopped. 

Heavy ion beams of low and inter
mediate energies are a powerful tool 
for producing new nuclei very far 
from beta-stability. Fruitful studies of 
the properties of such nuclei have 
been carried out using the laser spec
troscopy methods, subject of a com
prehensive review by E.W. Otten 
(Mainz); some results were pre
sented also by O. Klepper (Darm
stadt) and I.N. Izosimov (Leningrad). 
Having high resolution and sensi
t ivity, laser techniques working on
line wi th mass separators for ra
dioactive beams have allowed the 
systematic studies of spins, mo
ments and charge radii of nuclei in 
long isotopic chains extending far 
from the beta-stability line. Twelve 
long chains have been investigated 
by laser spectroscopy for various el
ements, including a total of about 
200 radioactive nuclei. 

The studies of the properties of 

nuclei far f rom beta-stability have led 
to the discovery of new modes of 
radioactive decay. (At Darmstadt, 
proton radioactivity — see October 
1981 issue, page 357 , and more 
recently at Berkeley, the beta-de
layed two-proton decay from alu
minium 22.) Lively discussions on 
the future prospects for proton ra
dioactivity studies fol lowed the talks 
by S. Hofmann (Darmstadt), Yu. N. 
Novikov (Leningrad), O. Klepper 
(Darmstadt) and V.I . Goldansky 
(Moscow). 

R. Spohr (Darmstadt) presented an 
impressive talk on the studies and 
applications of nuclear tracks pro
duced by accelerated heavy particles 
in solids. He considered the use of 
small angle scattering of neutrons 
and X-rays for observing the diame
ter and length of latent tracks, the 
manufacture of single-pore mem
branes (up to 20 c m 2 in area, wi th a 
pore diameter of say 5 microns) for 
measuring deformability of individual 
red blood cells, and heavy-ion litho
graphy for observing microscopic 
density deviations (e.g. in biology). 
For applications in microelectronics, 
he discussed the prospects of nu
clear track etching for generating 
well defined surface textures as well 
as for producing strongly emitting 
surfaces for cold cathodes, etc. The 
discussions that fol lowed the talk 
confirmed once more that heavy ion 
beams offer a unique precision in
strument for microproduction of ma
terial surfaces, wi th numerous prom
ising applications. 
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CERN Council 
approves antiproton improvements 

At its December session under the 
Presidency of Sir Alec Merrison, the 
CERN Council gave its support to a 
programme of improvements to the 
CERN antiproton project. In 1983, 
the CERN proton-antiproton collider 
was the scene of the epic W and Z 
particle discoveries, and CERN is ex
tremely keen to sustain its lead in this 
physics for as long as possible. This 
calls for more intense antiproton 
beams, higher collision rates (lumi
nosities) and improved detectors. 
Such a programme should keep 
CERN's nose in front even during the 
initial years of operation of the 
Fermilab proton-antiproton collider 
(see page 11), before Fermilab's 
higher design luminosities and colli
sion energies take over. 

However the necessary financial 
and manpower resources to imple
ment this CERN improvement pro
gramme were extremely difficult to 
find at a t ime when the Laboratory is 

so heavily committed to the con
struction of LEP while sustaining a 
broad physics programme for 
2600 researchers. A proposal to 
assemble these resources was 
patched together by squeezing fur
ther savings f rom the already tightly-
stretched CERN budget (particularly 
by extending machine shutdowns), 
by retaining bank interest which 
would normally have been returned 
to Member States, and by other 
manipulations involving new money 
coming in f rom the new Member 
State, Spain. 

After long discussion, the Member 
State delegations were able to agree 
on a variant of the proposal. Very 
much in keeping wi th the tradition of 
CERN and despite the severe econ
omic difficulties being experienced, 
the Member States confronted the 
problems in a positive spirit and en
ergetically sought ways to strength
en CERN's scientific programme. 

A t this Council session, Spain took 
its place as CERN's thirteenth Mem
ber State. The Spanish delegates — 
J. Rojo and J.A. Ruiz Lopez Rua — 
were warmly welcomed by Sir Alec 
Merrison. 

During the session. Sir Alec was 
re-elected President, while A. Pap-
pas and J . Rembser were elected 
Vice-Presidents. For the Scientific 
Policy Committee, D. Perkins was 
elected Chairman, P. Falk-Vairant 
and E. Lohrmann re-elected mem
bers, while A .N. Diddens (Amster
dam) and L. Maiani (Rome) become 
new members. 

Council approved the reappoint
ment of Bas de Raad as SPS Division 
Leader (for three years) and Alan 
Wetherell as Experimental Physics 
Division Leader (for six months, to 
give time to find a successor). Horst 
Wenninger becomes Experimental 
Facilities Division Leader for three 
years, succeeding Adolf Minten. 

President of CERN Council Sir Alec Merrison 
in the chair for the December Council 
meeting. 

(Photo CERN 362.12.83) 
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People and things 
Groundbreaking for the new SLC machine 
at Stanford. Left to right, Chairman of the 
Stanford University Board of Trustees 
William R. Kimball, SLAC Director 'Pief 
Panofsky, and wielding the shovel, US 
Energy Secretary Donald Hodel. SLC Project 
Director John Rees is hidden behind Hodel. 
Later this year, Panofsky hands over the 
SLAC directorship to Burt Richter. 

(Photo Stanford) 

Groundbreaking at Stanford 

the frontiers of human knowledge, 
is in and of itself something that 
we wish to pursue, not because 
we can identify cost-benefit out
comes which prove that it was a 
good economic investment, but 

because we believe that we see 
mankind at its exalted best when 
we see pursuit of knowledge for 
knowledge's sake. ' 

Major international meetings 

This year's International Confer
ence on High Energy Physics takes 
place in Leipzig, East Germany, 
from 19-25 July. The organizer is 
Prof. K. Lanius, Institut fur Hochen-
ergiephysik, Platanenallee 6, DDR-
1615 Zeuthen, East Germany. 

Also sponsored by IUPAP is 
next year's International Sympo
sium on Lepton-Photon Interac
tions, which will take place in Kyo
to, Japan, from 19-24 August 
1985. Organizer is Prof. J. Maki, 
Research Institute for Fundamental 
Physics, Department of Physics, 
Kyoto University, Kitashirakawa 
Oiwake, Kyoto-606, Japan. 

Spin symposium 

The sixth international symposium 
on high energy spin physics will 
be held at the University of Luminy, 
Marseille, from 12-19 September. 
Both parallel and plenary talks are 
planned, with the first day including 
specialized workshops on the ac
celeration and storage of polarized 
particles in large machines, on 
phenomena in intermediate energy 
nucleon-nucleon scattering, and 
on theory and experiment on high 
energy spin effects. Those inter
ested in participating should write 
as soon as possible to J. Soffer, 
Centre de Physique Théorique, 
CNRS Luminy, Case 907, 
13288 Marseille Cedex 9, France. 

The Nuclear Physics Sub-Commit
tee of the UK Institute of Physics 
is organizing a conference on Nu
clear Structure Physics, to be held 

31 October 1983 saw the official 
groundbreaking for the new Stan
ford Linear Collider (SLC). At the 
ceremony, US Energy Secretary 
Donald Hodel said '. .. these pro
jects, frankly, cannot be started 
with knowledge that we will find 
what we seek or what we expect 
to find. And many of them cannot 
be started in the high energy phy
sics area with any assurance that 
something will come out of the 
project that will pay for itself. I 
want to reaffirm here today the 
commitment we have to the pro
position that high energy physics, 
that science and technology, at 
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Members of CERN's Spanish community 
celebrate their country's rejoining CERN, 
bringing the total number of Member States 
to thirteen. 

(Photo CERN 653.11.83) 

i at the University of Bradford, UK, 
from 11-13 April. Further details 
from the Meetings Officer, Institute 
of Physics, 47 Belgrave Square, 
London SW1X 8QX, UK. 

The Proceedings of the Inter
national High Energy Physics 
Conference held at Brighton (UK) 
last July are now available, price 
15 pounds sterling, from the Libra
ry, Rutherford Appleton Laborato
ry, Chilton, Didcot, Oxfordshire 
0X11 OQX, UK. Prepayment is 
required. Full marks to all con
cerned for the speedy publication 
of this 900-page tome. 

CERN COURIER Index 1983 

As in the previous year, the Index 
to the 1983 editions of the CERN 
COURIER is not being distributed 
with copies of the journal. Copies 
are available on demand from 
Monika Wilson, CERN/DOC, 1211 
Geneva 23, Switzerland. Please 
specify whether you want the Eng
lish or French version of the 
Index. 

Kurt Symanzik 

As announced briefly in our pre
vious issue (December 1983, page 
433), theoretician Kurt Symanzik 
died in Hamburg on 25 October 
1983, one month before his 60th 
birthday. 

For particle physicists, his name 
is primarily linked with the Callan-
Symanzik equation, which de-

At the end of November, the LEP 
Pre-lnjector Group and the civil engineering 
contractors threw a party to mark the 
completion of the building to house the LEP 
Injector Linac (LIL) at CERN. Here LEP 
Project Director Emilio Picasso addresses 
the throng assembled in the future klystron 
gallery. 

(Photo CERN 629.11.83) 
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Streamer chamber photograph of a low 
energy antiproton interaction seen by the 
Dubna / Frascati / Padua / Pavia / Turin 
group working at LEAR, CERN's new Low 
Energy Antiproton Ring. The incoming 
600 MeV/c antiproton track is on the right. 
The experiment has so far amassed 20K 
photographs with the chamber filled with 
helium and 7K with neon in a study of the 
interactions of low energy antiprotons with 
different light nuclei. The fiducial 
cross-marks seen in the photograph are 
280 mm apart. 

scribes high energy behaviour in 
quantum field theory. Its applica
tion to quark fields leads to 
'asymptotic freedom' — viewed in 
a small enough region of space-
time, quark interactions become 
relatively feeble. 

Symanzik's brilliant work on 
many aspects of quantum field 
theories began when he was still 
a student. Later, in the sixties, he 
discovered eue I idea n field theory 
and with it a relation between 
quantum field theory and statistical 
mechanics, on which modern 
Monte Carlo calculations in lattice 
gauge theories are based. 

After his studies, first in Munich 
and then with Heisenberg in Gôt-
tingen, he worked from 1955 to 
1961 at various institutes in Eu
rope and the USA. After two years 
at CERN (1961-2), he became Pro
fessor of Mathematical Physics at 
the Courant Institute (New York). 
From 1968, he had the position 
of a Senior Scientist at DESY and 
was professor at the University of 
Hamburg. In 1981 he received the 
Max Planck Medal, the highest 
distinction of the German Physical 
Society. Until a few weeks before 
his death, Professeur Symanzik 
had been actively working on a 
problem in quantum chromo
dynamics. 

The Mark II detector, currently at the PEP 
electron-positron ring at SLAC, is to be 
upgraded for operation at the new SLC 
linear collider. One of the endplates for its 
new drift chamber is seen here being 
inspected by Gail Hanson (right) and Charlie 
Hoard. The chamber was designed to have 
excellent momentum resolution in a 5 
kilogauss magnetic field, good solid angle 
coverage, ease of pattern recognition and 
high tracking efficiency, and energy loss 
measurement to aid electron identification. 
This is accomplished with 12 layers of 
multi-sense-wire cells. There are 
approximately 6000 sense wires in the 
chamber. 

(Photo Stanford) 
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Bare uranium 

Bare uranium nuclei — uranium 
atoms with all 92 electrons re
moved — have been produced at 
the Berkeley Bevalac. (Uranium 
ions were first produced in the 
Bevalac in 1982.) Uranium injected 
from the Super-HILAC (Heavy Ion 
Linac) already has 68 electrons 
missing, and the remainder are 

A 10 GeV pion from a SLAC test beam 
interacts to produce four high energy 
secondaries in a fibre optic plate scintillator 
active target being developed by the 
University of Notre Dame for use in 
Tevatron experiment E-687 
(photoproduction of charm and beauty). 
This test used an 18 millimetre diameter, 
one centimetre thick, terbium-doped glass 
target composed of 15 micron diameter 
fibres. The background dots are due to the 
dark emission of single photoelectrons 
during the seven millisecond image ' 
intensifier gate used with this slow 
scintillator. To directly observe charm and 
beauty decays, a cerium-doped glass with 
a time constant of about 80 nanoseconds 
will be used. 

stripped off by passing the accel
erated beam emerging from the 
Bevatron through a metallic foil. 
Any uranium ions with remaining 
electrons can be swept away by 
a magnetic field. 

Workshop on Detectors for 
Relativistic Nuclear Collisions 

A Workshop will be held from 
26-30 March at the Lawrence 
Berkeley Laboratory. It will focus 
on the requirements for the next 
generation of detectors that will 
be needed to search for the pro
duction of the quark-giuon plasma 
in central high energy nucleus-
nucleus collisions. Detectors for 
both fixed target and collider 
geometries will be considered. 
For further information contact 
L. S. Schroeder, Building 70, 
Room 319, Lawrence Berkeley 
Laboratory, Berkeley, California, 
94720, USA. 

After co-chairing the working sessions 
which established a programme of 
collaborative effort in high energy physics, 
James E. Leiss, Associate Director of the 
Office of Energy Research in the US 
Department of Energy, and Madame Gu 
Yu, Adviser to the Chinese Academy of 
Sciences, signed a joint US/Chinese 
agreement at a ceremony at Stanford 
University. 

(Photo Stanford) 
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STANFORD LINEAR 

ACCELERATOR CENTER 
OF 

STANFORD UNIVERSITY 
announces an opening for the position of 

ASSOCIATE DIRECTOR, 
TECHNICAL DIVISION 

The Stanford Linear Accelerator Center (SLAC) 
is a major high energy physics research laboratory 
operated by Stanford University under contract 
with the U.S. Department of Energy. SLAC's 
Technical Division consists of groups that are 
responsible for operating and maintaining the 
large electron accelerator and colliders; for ad
vanced research and development in the fields of 
accelerator physics and engineering; and for the 
general provision of technical services to the rest 
of the laboratory. The Associate Director, Tech
nical Division, has primary responsibility for the 
leadership and management of this program un
der the general direction of the Laboratory Di
rector. 

Candidates for the position of Associate Director, 
Technical Division, must have had extensive and 
widely recognized experience as practicing scien
tists in the field of accelerator physics. The 
laboratory is seeking a person who is willing to 
play a strong leadership role in the years ahead. 

The intended starting date for this position is 1 
October 1984; the actual date can be a matter of 
negotiation. Applicants should submit a curric
ulum vitae, together with the names of at least 
three references, to Professor W.K.H. Panofsky, 
Chairman, Associate Director Search Committee, 
Bin 80, SLAC, Stanford University, P.O. Box 
4349, Stanford, California 94305. SLAC is an 
equal employment opportunity employer. 

SLAC 

N E U T R I N O 
P H Y S I C I S T 

Los Alamos National Laboratory invites applications for a 
high-level position in the Medium Energy Physics Division, 
to participate in and provide oversight for the experimental 
program in neutrino physics at Los Alamos. 

Candidates should have a PhD. in Physics and a strong record 
of accomplishment, as demonstrated by publication of re
search, in particle and/or nuclear physics, with emphasis on 
the study of neutrino detection and interactions. 

The Laboratory is operated by the University of California for 
the U.S . Department of Energy and offers competitive salaries 
and a full range of employee benefits. The beautiful mountain 
location in Northern New Mexico provides exceptional re
creational activities. The school system is excellent, and the 
community offers a casual, relaxed lifestyle. 

Screening will begin in March, 1984, but later applications 
will be welcome until the position is filled. Applicants should 
send a complete resume and three references, in confidence, 
to: Richard O. Garcia 

Personnel Administration Division, D I V - 8 4 - F 
Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

University of California 

An Affirmative Action/Equal Opportunity Employer: 
Women, Minorities, Handicapped and Veterans are urged to apply. 

UNIVERSITY OF LONDON 

Chair of experimental 
particle physics tenable 

at 
Imperial College of Science 

and Technology 
The Senate invites applications for the above 
Chair. The Professor appointed wil l be respon
sible for leading the High Energy Nuclear. 
Physics Group wi th in the Department of Physics, 
a group which undertakes research in experi
mental particle physics. 

Applications (ten copies) must be received not 
later than 10 February 1984 by 

The Academic Registrar, 
University of London, 
Senate House, London W C 2 E 7HU, 

f rom whom further particulars should first be 
obtained. 
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U N I V E R S I T Y 
O F 

M A R Y L A N D 

High Energy Physics Group is looking for a 

HIGH ENERGY PHYSICIST 

to take on major responsibilities for the hadron 
calorimeter being built for the OPAL detector at LEP 
in CERN. 

Expected to spend time both at CERN and at Mary
land. Five year appointment beginning in 1984. 
Salary commensurate wi th experience. 

Complete résumé wi th three references should be 
sent to 

Prof. George A. Snow 
DOE HEP Contract Director 
Dept. of Physics and Astronomy 
University of Maryland, 
College Park, M d . 2 0 7 4 2 USA 

U. of Maryland is an equal opportunity/affirmative action employer. 

f P O S T D O C T O R A L N 
A P P O I N T M E N T 

LOS A L A M O S N A T I O N A L LABORATORY 

Los Alamos Meson Physics Facility (LAMPF) 
The experimental nuclear chemistry group at LAMPF is 
accepting applications from postdoctoral candidates. The ap
pointment is for one year, renewable for a second and pays a 
stipend amount of $26,220.00 to $27,600.00 per annum 
(depending upon research experience). Employee benefits 
include paid incoming travel, moving expenses, and 24 days 
annual vacation. Candidates no more than three years past the 
Ph .D. in nuclear chemistry or nuclear physics are invited to 
apply. The appointee will join our research program in pion-
induced reactions in complex nuclei. This program includes, 
but is not limited to, studies of pion single and double charge 
exchange, a single and multiple nucléon removal, pion ab
sorption, and pion production. Candidates experienced in 
on-line counter techniques and computer-based acquisition 
systems are particularly being sought. 
For information, call Bruce Dropesky at (505) 667-4372. 

To apply, please send resume in confidence, by January 15, 
1984. 
Madeline L u c a S , Div- 84-1 University of California 

S T " ™ 0=©5/&0S)BiM)® 
National Laboratory [L@« Msmm> G ^ t a i & O ILgÉmsfàary 
Los Alamos, NM 87545 \^^Mmimv[iùmamm^&m^ 

The Laboratory is operated by the University of California for 
the Department of Energy. Our beautiful high-country moun
tain location provides a relaxed, casual lifestyle, a pollution-
free environment, and ample recreational activities. 

A n Af f i rmat ive Act ion/Equal Opportunity Employer: W o m e n , -
minorit ies, veterans, and handicapped are urged to apply. J 

Research Wi th 
High Energy Heavy Ions 
B r o o k h a v e n N a t i o n a l L a b o r a t o r y 

The Physics Department at Brookhaven National 
Laboratory invites applications for positions in the 
heavy ion research group. The Laboratory is plan
ning a 15 A«GeV heavy ion facility that utilizes the 
Double Tandem Accelerator as injector and the Al
ternating Gradient Synchrotron as main accelerator 
for fixed target nucleus-nucleus collisions. The 
group will generate a new research program centered 
at this facility in collaboration with outside users. 

Applicants with backgrounds in nuclear or particle 
experimental physics will be preferred. Appoint
ments will be made at both postdoctoral and scien
tific staff levels, depending on the successful appli
cants' experience. Send applications to: 

A.Z. Schwarzschild 
Chairman, Physics Department 
Brookhaven National Laboratory 
Associated Universities, Inc. 
Upton, Long Island, N.Y. 11973 

An Equal Opportunity Employer m/f 

D n l 
ŒD100 

Brookhaven National Laboratory 

Associated Universities Inc. 

ACCELERATOR PHYSICIST 
OR ENGINEER 

The Physics Division of the Oak Ridge National Labo
ratory is seeking a physicist or engineer to join the 
staff of the Holifield Heavy Ion Research Facility as 
accelerator physicist for the Oak Ridge Isochronous 
Cyclotron. 

Primary initial responsibilities of this position include 
routine and long-range beam development analysis of 
ion motion in the cyclotron, development of improved 
components, long-range facil ity development and 
operator training and certif ication. The position re
quires the ability to work on a wide variety of pro
blems and skill in interpersonal relations. Opportunities 
exist for assumption of management responsibilities. 

Applicants wi th a Ph.D. degree or equivalent exper
ience in physics or engineering wil l be considered. 
Al though experience in accelerator design and opera
tion is desirable, applications are also solicited from 
individuals w i th experience in experimental nuclear 
physics, large magnet technology (conventional 
and /o r cryogenic), and computer based computational 
techniques. U.S. citizenship is required. 

Interested persons should send their resumes to : 

Mr. J . T. A t h e r t o n 
Ph .D . E m p l o y m e n t 
Bui ld ing 4 5 0 0 N 
O a k R i d g e N a t i o n a l L a b o r a t o r y 
O a k R i d g e , T e n n e s s e e 3 7 8 3 1 

An equal opportunity employer 
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FIVE YEAR FELLOWSHIP 
in High Energy 
and Nuclear Theory 

The Nuclear Theory Group of Lawrence Berkeley 
Laboratory's Nuclear Science Division is seeking a 
person with outstanding promise and creative abil
ity in the area of Quantum Chromodynamics with 
applications to nuclear and/or astrophysics prob
lems. The position as Divisional Fellow arises from 
our interest in ultrarelativistic nuclear collisions and 
the possible transformation of nuclear matter into a 
quark-gluon plasma. Both high energy and nuclear 
theorists are welcome to apply. The appointment is 
for a five year term with the intention of promotion 
to a senior staff position. 

Applicants are requested to submit a curriculum 
vitae, list of publications, statement of research 
interests, and the names of at least three referees 
to: 
Miklos Gyulassy, Chairman, Search Committee, 
Nuclear Science Division, Mail Stop 70A-3307, 
Lawrence Berkeley Laboratory, Berkeley, CA 
94 720 as early as possible before the closing date, 
March 3 1 , 1984. 
Lawrence Berkeley Laboratory is an equal oppor
tunity/affirmative action employer. 

LAWRENCE 
BERKELEY 
L A B O R A T O R Y 

ASSISTANT PROFESSOR 
Experimental 

or Theoretical Particle Physics 

Tenure track position available, Fall 1984 in experimental or 
theoretical particle physics. A Ph.D. in elementary particle 
physics (experimental or theoretical) is required. Post-doctoral 
experience in one of these fields is desirable. All applications 
received before February 15,1984 will be considered. 

Duties include teaching undergraduate and graduate courses 
in physics as well as participation in research. There are 
currently three faculty members in the experimental particle 
physics group, working on experiments at Fermilab and 
DESY, supported by a grant from the NSF. In addition, there 
are two faculty members in elementary particle theory, 
supported by a DOE grant, working on gauge field theories 
and their applications to QCD and weak interactions. 

The successful candidate is expected to apply for a grant 
under the « Outstanding Junior Investigator Program » of the 
DOE. 

Send resume and three letters of recommendation to: 

Professor J. P. Davidson, Chairman, 
Department of Physics and Astronomy, 
University of Kansas, 
Lawrence, Kansas 66045. 

An Affirmative Action/Equal Opportunity Employer. Applica
tions are sought from all qualified people regardless of race, 
religion, color, sex, disability, veteran status, national origin, age 
or ancestry. 

LARSEN AND TOUBRO ENDOWMENT CHAIR 
IN NUCLEAR ENGINEERING/SCIENCE 

AT 
INDIAN INSTITUTE OF TECHNOLOGY, BOMBAY 

POWAY, BOMBAY-400076, INDIA 

This Chair has been created to attract an eminent Nuclear Engineer/Scientist. The appoint
ment is highly prestigious with salary/benefits even better than those of a full Professor of 
the Institute. Other benefits include subsidised housing on the campus, travel grants in 
India and consultative practice. Initially the appointment will be for a 3 year period ; exten
sion or reduction of the period of appointment is negotiable. 

The Institute is looking for a person with established reputation in the field of Nuclear 
Engineering/Science with some experience in a University/R and D Institute/National 
Laboratory. The incumbent will be expected to provide leadership in research and devel
opment in the nuclear energy field and to interact strongly with the nuclear industries and 
R and D organisations in India. 

Please mail your full biodata within 30 days of the advertisement 
to Prof. A, K. De, Director. 
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Weak Interactions — 
Formulae, Results, 
and Derivations 
By Professor Dr. Herbert Pietschmann 
Institute for Theoretical Physics, University of Vienna 

1983. 9 figures. IX, 202 pages. ISBN 3-211-81783-2 
Cloth DM 72, — , OS 504,— 

Contents: Some General Mathematical Equations. — The 
Dirac-Algebra. — Field Operators and Invariant Functions. — 
S-Matrix, Cross-Sections and Life-Times. — Phase Space Inte
grals. — Weak Interaction Lagrangian. — Discrete Transforma
tions. — Muon-Decay. — Tau-Decay. — Semi-Leptonic Bary
on Decay. — Semi-Leptonic Meson Decays. — Current-Alge
bra. — Hadronic Hyperon Decay. — Quasi-Elastic Neutrino 
Scattering. — Deep Inelastic Neutrino Scattering. — Neutral 
Current Interactions. — Decay of the W-Boson. — Decay of 
the Z-Boson. — Charmed Particles and Higher Flavours. — 
Appendices: Comparison between Different Metrics. Limits on 
Additional S, P, T Interactions from the jx-e Ratio of Hyperon 
Decays. Some Formulae for e + e~ Reactions. — Addenda: The 
Dirac-Algebra. Phase-Space Integrals. Field Operators. Gauge 
Invariant Lagrangians. Muon Decay. Semi-Leptonic Baryon De
cay. Semi-Leptonic Meson Decays. Current Algebra. — Refer
ences. — Sources. 

Spr inge r -Ve r lag W i e n N e w Y o r k 

T R I U M F 
M E S O N RESEARCH FACILITY 
University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 
Competition No. 418-123 

DETECTOR PHYSICIST 
The Experimental Facilities Division at TRIUMF has an 
opening for a physicist to perform innovative develop
ment work in the field of wire chambers, drift 
chambers and similar devices. Initially, the appoint
ment wi l l be for t w o years but the position is a 
continuing one and the successful applicant wi l l be 
subject to consideration for a continuing appointment. 

Candidates should have a recent Ph.D. in physics and 
at least 3 years of demonstrated experience in the 
design and construction of gaseous detectors, w i th 
several publications in this area. Experience in related 
areas such as chamber readout systems and data 
acquisition systems is desirable. 

Applications w i th curriculum vitae outl ining experience 
and research interests, lists of publications and at 
least 3 letters of recommendation should be sent by 
March 1, 1984 to : 

T R I U M F Personnel (Competition No. 418) 
4 0 0 4 Wesbrook Mall 
Vancouver, B.C. 
Canada. V 6 T 2 A 3 

We offer equal employment opportunities to qualified 
male and female applicants. 

Interfaces in Computing is an international journal designed 
for production managers concerned with computing technol
ogy, system designers, electronics engineers and technicians. 
Its objectives are to ensure that the users of interfaces are fully 
aware of available techniques, to identify the needs of users 

Please ask for a free sample copy 

when they are not satisfied by available standards and to 
demonstrate interrelations between hardware and software 
interfaces. The journal emphasizes the value of considering 
hardware interfaces, communications protocols and operating 
systems interfaces as part of the total system design. 

ELSEVIER SEQUOIA S.A. 
PO. Box 851 
CH-1001 Lausanne 1, Switzerland CO 

oo 

EDITOR 
R. W. Dobinson 
EP Division 
CERN 
1211 Geneva 23 
Switzerland 
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"Mini'-Fastbus-Crate Type 102 
• Crate incl. 13 slots 

Backplane 

• Integrated Power Supply 
(2 versions available) 

• Integrated aircooling 

• Voltage/current display 
(switch selectable) 

• auxiliary board optional 

12 different FASTBUS -
modules available 

I I LW 1 I I 
DR. B. STRUCK 

For additional information please contact: 
Dr. Struck - Tel.: 0 41 09-62 52 - Telex 2180 715 tegs 
or in Switzerland: 
Antares AG - Schulstrasse 3 - CH-5415 Nussbaumen/Baden 
Tel.: 056-82 37 83 - Telex 58703 

SINGLE 
PHOTON 

COUNTING 
W I T H T H E 

I .T .L . 
C H A N N E L P L A T E 

P H O T O M U L T I P L I E R 

GAIN (2 channel plates) 
GAIN (3 channel plates) 
RISETIME 
PHOTOCATHODE 
U.V. RESPONSE 
USEFUL DIAMETER 

1 X 1 0 5 
5 x l 0 6 

less than 100 psec. 
S20, Bialkali, CsTe, (SI) 
To 110 nm 
18 mm 

Unscreened operation in axial magnetic fields up to 1 T. 

U.S.A.: 617 443 9198 
FRANCE: 01 782 5671 
SWITZERLAND: 021 87 9509 

GERMANY: 06151 82076 
ITALY: 02 53 92 188 
INDIA: 011 521379 

INSTRUMENT TECHNOLOGY LTD. 
29 CASTLEHAM ROAD 
ST. LEONARDS-ON-SEA 
EAST SUSSEX U.K. TN38 9NS. 
Tel. 0424 52511 Telex 957-489 

DEfll I I A T C n 
I l b . V 4 W L . n i L i l / 

D A 1 A I C D O l I D D I V 
1 I f U l 1 W W I • k i l 

Our 21 sets of 
regulated power supplies 
work on a 24 hours basis 
to supply most of the parts 
of the cyclotron of 
Louvain-la-neuve. 

\ 

100W to 500kW;to±1.10"5 

some since 1975. 

tel. (02) 520 45 76 
telex 22 674 b 

rue doct De Meersman,37, B1070 Bruxelles 

32 CERN Courier, January/February 1984 

http://lb.V4WL.ni


You can rest assured,  
our Gds A connectors 
arc pretty smart! 

So you want the quality to match your requirements? No 
problem. We keep strictly to the quality classes of the 
November 1982 draft of DIN 41 612, a new classification 
which we, incidentally, played a large role in preparing. 
Standards to be met are now technically sound, estab
lished with actual applications in mind. The age of confu
sion is now past: quality class allocation is now solely 
determined by defined criteria, whereby the number of 
mating cycles required and exposure to corrosion predo
minate. 
What standards do YOU specify? Quality class 3 connec
tors (50 mating cycles) are a new addition to the HARTING 
range. Of course we can also supply you with male and 
female connectors in quality classes 2 and 1 (400 and 500 
mating cycles respectively) as well as ones for military 
applications governed by VG 95 324. And because we are 
always engaged in developing our products further we can 
now provide you with Types B and C wrap-post and solder-
pin connectors in polyester. This material is highly resistant 
to corrosive solvents and brief exposure to high tempera
tures. Its combustibility class is UL 94-VO. 
Rest assured, whenever you choose HARTING products 
you've decided on quality. 

HARTING ELEKTRONIK GmbH 
Postfach 1140 D-4992 Espelkamp 
West Germany H A R T I N G 
^ ( 0 5 7 7 2 ) 47-1 
Tx 972310-11 h e d 

HARTING - experienced electronic 
component specialists. 

Subsidiary companies: 
Belgium: N.V. HARTING ELEKTRONIK S.A., Industriezone Doornveld, Schapenbaan, 
B-1730 Relegem, Phone 02 - 465.42.40, Telex 645 73. France: HARTING ELEKTRONIK 
S.A.R.L., BP 24, F-94121 Fontenay-sous-Bois Cedex, Phone 8 77-06 26, Telex 212 583. 
Great Britain: HARTING ELEKTRONIK LTD., Airport Estate, GB-Biggin Hill/KentTN163 
BW, Phone (09594) 71411,Telex 95168. Italy: HARTING ELEKTRONIKS.P.A., ViaComo, 
2, I-20096 Pioltello (Milano), Phone 02-9240366, Telex 323494. The Netherlands: 
HARTING ELEKTRONIK B.V., Mon Plaisir 89 D, Industrieterrein Vosdonk, NL-4879 AM 
Etten-Leur, Phone 01 -608-3 54 00, Telex 5 4 754. Norway: HARTING ELEKTRONIK A/S, 
Nils Hansens vei 13, Bryn, N-Oslo 6, Phone 02-687572, Telex 76399. Sweden: 
HARTING ELEKTRONIK AB, Box 1173, S-16312 Spànga, Phone (08) 7507 440, Telex 
15 090. Switzerland: HARTING ELEKTRONIK AG, Eschenstrasse 2, CH-8603 
Schwerzenbach, Phone 01-825 51 51, Telex 54340. 

Foreign representatives: 
Austria: Burisch Ges. m. b. H. & Co. KG, P.O.B. 24, A-1210 Wien. Brazil: ER COMERCIO E 
INDUSTRIA LTDA, P.O.B. 2456, 30.000 Belo Horizonte MG. Denmark: Knud Wexoe A/S, 
RB. 35, DK-2840 Holte. Finland: SKS Suomalainen Kone Oy, P.O.B. 74, SF-00521 
Helsinki 52. Japan: Yamaichi Electronics Co. Ltd., 3-chomeShibaura, Minato-ku, Tokyo 
108. South Africa: Bowthorpe-Hellermann-Deutsch (Pty) Ltd., 80 Mimetes Road, 
Denver Ext. 9, Johannesburg. Spain: Elion S.A., Apartado Postal 7097, E-Barcelona14. 
Bulgaria, CSSR, Jugoslavia, Poland, Rumania, Hungaria: Gebhard Balluff GmbH & 
Co., P.O.B., A-2346 Maria Enzersdorf-Sùdstadt/NÔ. 

For quality assurance it is necessary to 
collect a large amount of test 
data and evaluate it by 
computer. 



DISPLEX® 
MODEL C S - 2 0 8 L L C L O S E D CYCLE 

REFRIGERATION SYSTEM 
F O R HYDROGEN LIQUEFACTION 

PERFORMANCE SPECIFICATIONS 
FEATURES: 

Designed for hydrogen l iquefact ion 
•fr Safe source of l iquid hydrogen 
-A-Avoids hand l ing of bulk quanti t ies 

of l iquid hydrogen 
-fr Safety vent t u b e 
-w- Safety control to ma in ta in 

l iquid hydrogen 

CAPACITY: 
First Stage - 35 watts @ 77K 
Second Stage - 10 watts @ 20K 

CONDENSING RATE: 
0.6 liter/hr. 

RECONDENSING RATE: 
1 liter/hr. 

Air Products a n d Chemicals, Inc. 
A d v a n c e d Products Depar tment 

1919 Vultee Street 
Al lentown, PA 18103 USA 

Telephone: (215) 481-3927 Telex: 847416 

Pour des moteurs 
pas à pas 

il faut voir le NOUVEAU 
programme Crouzet 

Crouze t SA 
Buckhauserstrasse 24 
8048 Zurich. Tél. 01/52 41 20 

metallography 
equipment 

• C U T T I N G 

• E M B E D D I N G 

• P O L I S H I N G 

• C O N S U M A B L E S 

H a r d e n e s s T e s t e r s 

• R O C K W E L L 

• B R I N E L L 

• V I C K E R S 

2, av. Hector-Berlioz - 38320 Poisat (Grenoble) 
Tél. 76/ 25.32.72 - B.P. N° 4 - Télex 980 709 F 
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UP TO 1 x 104 

GAIN IN VERY HIGH 
MAGNETIC FIELDS 
NEW FINE MESH TYPE 
10 STAGE PMT 
The new R2063 f ine 
mesh tube performs very 
wel l in high magnet ic 
f ields to about 10K gauss. 
This unique 2 " tube is the 
first high quali ty detector 
for High Energy Physics 
to ove rcome the gain 
ki l l ing effect of magnet ic 
envi ronments. 

UP TO 15 GAIN 
IN HIGH 
MAGNETIC FIELDS 
NEW MESH TYPE, 
FLAT TRIODE PMT 
The R2046 mesh type 
tube provides enough 
gain (about 15) to pre
serve your signal whi le 
operat ing in magnet ic 
f ields of up to 10K gauss. 
The compact flat geom
etry wi th 3 " d iameter 
permits stacking large 
numbers of detectors 
wi th good vo lumetr ic 
eff iciency. 

HIGH PULSE 
LINEARITY AT 
HIGH COUNT RATES 
IN MAGNETIC 
ENVIRONMENTS 
MESH DYNODE PMT 
The R1652 combines 
super ior per formance in 
magnet ic f ields, good 
gain and high count rate 
linearity. This 3 inch 
diameter, head on tube 
wi th 9-stage mesh-
dynodes uses a new 
proximity focus des ign 
for operat ion in magnet ic 
f ields up to a few 
hundred gauss. 

HIGH ENERGY 
RESOLUTION AND 
GOOD PULSE 
LINEARITY 
HYBRID MESH/BOX 
AND GRID PMT 
The R1911-01 uses box 
and gr id dynodes at the 
front end for high energy 
resolut ion and new mesh 
type dynodes in the final 
stages for excel lent pulse 
linearity. Pulse l inearity 
of less than 2% deviat ion 
at 50 m A 1500 V is 
s igni f icant ly better than 
standard PMT's. This 3 " 
tube is ideal for physics 
and medical diagnost ic 
appl icat ions because of 
its reduced length. 

CALL OR WRITE FOR DATA SHEETS 'M̂ Bl̂ * 
H A M A M A T S U 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 

International Offices in Major Countries of Europe and Asia. 

Hamamatsu Photonics K.K., 1126 Ichino-cho, Hamamatsu, Japan, 0534/34-3311 • Hamamatsu TV Europa GmbH, Postfach 1140, D-8031 Seefeld 1, W. Germany, 08152/7705 
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RÉSOLVEZ VOS PROBLEMES DE NEUTRONS  
GET YOUR NEUTRON PROBLEMS SOLVED OUT 

AVEC 
WITH c 

R 
A 
M 
A 
L 

counter He 
compteur à 3He 

reliable  
robuste 

autonomy : 30 hours wi th 12 V Ni-Cd accumulator 
autonomie : 30 heures sur accumulateur Cd-Ni 12 V 

microprocessor  
microprocesseur 

automatic reading  
automatique 

Système C E A Debit d equivaent de dose l r r i i n 5 

p f a c X K t o m f — = — » 1 • 1 10 10 m-rem/h 
e t a b y stem Equiva ent dose rate  Équivalent de dose 

Equivalent dose 
0 - 1 0 5 m-rem 

Temps de cumul  
Timing  

0 - 10 h 

p a g p i J g i i%# Agence Commerciale : Z.A. de Courtabœuf - Av. d'Islande EVOLIC 4 - 91940 LES ULIS 
I I d l U B U À Commercial Branch : Tél. (6) 928.59.46-Télex : 691 259 F 

Wide Band, Precision 
C U R R E N T M O N I T O R 
With a Pearson current monitor and an oscillo
scope, you can measure pulse or ac currents 
from milliamperes to kiloamperes, in any con
ductor or beam of charged particles, at any 
voltage level up to a mil l ion volts, at frequences 
up to 35 MHz or down to 1Hz. 
This video monitor is physically isolated from 
the circuit. It is a current transformer capable of 
highly precise measurement of pulse amplitude 
and waveshape. 
Whether you wish to measure current in a 
conductor, a klystron, or a particle accelerator, 
it is likely that one of our off-the-shelf models 
(ranging from Vi" to 10%" ID) wi l l do the job. 
Contact us and we wi l l send you engineering data. 

PEARSON ELECTRONICS, INC . 
4007 Transport St., Palo Alto, California 94303, U. S. A. 

Telephone (415) 494-6444 

H E I N Z I N G E R 
Regel-und MeBtechnik 

8200 Rosenheim • HappingerStr71 
Tel.: 0 80 31/6 41 41 • Telex: 05 25777 

HIGH VOLTAGE POWER SUPPLY 

0 TO 300 kV DC 
0 TO 10 mA 
CURRENT AND VOLTAGE 
STABIL ITY 1.10-4 
OUTPUT RIPPLE AND NOISE 
1. 10" Vp 
POWER INPUT 380 V + 10% PHASE 
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Heating, ventilation and air conditioning systems for 
civil and industrial facilities. 

Sanitary, firefighting systems and overpressure 
units. 

Fan coils systems for industrial building or combined 
systems for office building or dwell ing units. 

Fumes and vapors exhaust systems, ventilation sys
tems for workshops, factories and tunnels. 

Refrigeration systems for general industrial users. 

Different systems for nuclear industry including air and 
fluids treatment and distribution. 

Heat exchangers. 

Pressure vessels. 

Filters for collection of foreign matters contained in 
fluids. 

Heat technology equipment approved by ISPESL — 
RINA - LLOYD REGISTER - BUREAU VERITAS. 

I I T j i I ^ V I S I L I I 
] l E ] l V f l 2 1 \ l I i ; E l s . r . i . 

Head Office: C.so Orbassano, 402/14-10137 Torino 
Tel.: 30.96.666 (5 lines in automatic selection) 
Telex: 221.530 OLIDO I 

= 11111111 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l ̂ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Système de composants pour plaques frontales 
Eléments d'affichage et de contrôle à souder sur plaques 

Le système FEL de MENTOR comprend les 
éléments les plus divers pour plaques fron
tales. Grâce à ces composants d'affichage 
et de contrôle à souder directement sur tes 
circuits imprimés, tes plaques frontales 
peuvent être munies de toutes les fonc
tions habituelles tout en gardant un aspect 
net, compact et rationnel» et même être 
construites s e l o n v o t r e p r o p r e c o n c e p t i o n . 

I ^ y i 
% 

^ / f i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i u i i i i i i 
8050 Zurich - Boîte postale - Thurgauerstr. 74 - Tél. 01 / 302 21 21 - Tx 823 417 

ï , : ^Sômrr i ^^drs r (^ f f l ^ f interrupteurs à T 
touche et à coulisse 

• Interrupteurs codeurs à 2 touches 
• Boutons-poussoirs avec ou sans LED 
• Jacks d'essai et de commutation 
• Porte-fusibles et interrupteurs principaux. 

Un catalogue détaillé sur le système FEL est à 
votre disposition. 

Kwfà Hirt 
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Far exemple barrières 
lumineuses et palpeurs 

DATA LOGIC pour le position
nement, la mesure, la commande 

I la régulation de machines des 
industries papetière, plastique, céra

mique, du bois et des textiles, ainsi 
que sur des appareils de manutention 

Compacité, robustesse et 
grande longévité, complé

tées par de nombreux appa
reils d'exploitation* 

Par exemple compteurs programmables pour 
l'industrie des machines. Pour fa découpe à longueur, 

te positionnement, le dosage, etc. Disponibles sous 
forme de compteurs additifs ou soustractifs, de com

mandes de positionnement, de programmateurs 
numériques ou d'affichages de régime, de vitesse, 
de puissance 
de machine, 
de fréquence,] 
etc. 

Par exemple détecteurs inductifs et capacitifs 
KONTEX. Détecteurs de proximité, à fente 
et annulaires pour des portées de 1 à 50 mm. 
Exécutions électriques NAMUR 
ou avec amplificateur de 
commande incorporé. 
Reproductibilité du 
point de commuta
tion élevée. Appa
reils de sectionne

ment et de surveillance* 
correspondants; fonc
tions et constructions 
multiples. 

— e s d é t e c t e u r s i n d u c t i f s , c a p a c i t i f s e t o p t i 

q u e s , d e m ê m e q u e l e s l e c t e u r s d e c o d e s 

à b a r r e s , l e s r é g u l a t e u r s d e t e m p é r a t u r e , 

l e s c o m p t e u r s , l e s a p p a r e i l s d e d é t e c t i o n d e 

g a z e t l e s a p p a r e i l s s p é c i a u x d e s u r v e i l 

l a n c e , d e c o m m a n d e e t d e r é g u l a t i o n f o n t 

p a r t i e d e n o s s p é c i a l i t é s . 

Par exemple régulateurs de 
température SENSOR pour son
des à résistance PT100 et thermo-
couples. Appareils fiables et avanta
geux pour la régulation de la 
température dans les 
machines d'emballage 
et de soudure des 
matières plastiques, 
les installations de 
peinture et climati
sation, les fours 
industriels etc. 
Régulateurs à un, 
deux ou trois paliers. 

Par exemple systèmes de lecture 
de cades à barres DATA 
LOGIC pour l'identifi 
cation automa
tique ou manuelle 
de documents, 
marchandises 
(emballages, 
palettes), véhi
cules, person
nes, etc. Pour 
ta saisie rapide 
et fiable de 
données pour la gestion, la production 
et le magasin. 

dîgîtmde 
Veresiusstrasse13 * 2501 Biel • Telefon 032-237616 
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Contact Dielectric for all your 
RF needs from mW to MW. 

D I E L E C T R I C C O M M U N I C A T I O N S 
A U N I T O F; ( i t: N E R A i. S I G N A L 

Tower Hill Road • Raymond, Maine 04071 
Tel.: (207) 655-4555 • 800-341-9678 

TWX: 710-229-6890 

R i v a f l e x G a s k e t s , 
with Rivatherm foil * 

G r o o v e d G a s k e t s 
with covering layer of Rivatherm foil I 

Kempchen may deliver to you. 
We are specialized in all gasketing problems. Our 
laboratones are always in charge of finding new solutions 
for your gasketing problems. 
Our engineers shall be pleased to consult you; 
please contact them. 
Kempchen: optimum solutions for gaskets, packings 
and compensators. 

kempchen-WleberAG 
C H - 4 3 4 9 RHEINSULZ 
Telefon 064641751 • Telex 982265 kwach 

ASSURE LONG-TERM SYSTEM ACCURACY WITH 
PMI PRECISION VOLTAGE REFERENCES 

Absolute accuracy, temperature coefficient, and long-term stability of the reference ele
ment determine often the overall precision - and recalibration period - of your system. 

PMI fully integrated references are designed for the optimized combination of these three 
key parameters. They don't use Zeners, but tightly controlled matched transistors for 
band-gap principle implementation, on-chip thin-film resistor trimming for minimum tem
perature drift, and an op-amp for convenient 5 or 10 Volt output. Especially convenient for 
system calibration is the possibility to adjust output voltage over a ± 3 % range, without 
impairing any of the guaranteed specs. Very low idle current, but high load capability 
are other attractive features. And for the highest requirements, we offer lot-tested, long-
term stability guaranteed versions. Ask for the detailed data sheets! 

Bourns (Schweiz) AG, 6340 Baar 
Tel. 0 4 2 / 3 3 33 33 Telex 868 722 

mil 
A BOURNS 
SUBSIDIARY 
STA. CLARA 
CALIFORNIA 

P r e c i s i o n 
M o n o l i t h i c s 
I n c o r p o r a t e d 
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. • Monopulse Comparators 
L • Pressurization Systems 

• Microwave Absorbers 
jMjk • Coax and Waveguide 
ÉE^L • Waveguide Switches 
IkH^^ • Open Wire Switches 
Es^l^L • Coax Breakaways 
H k s m J ^ L • Coaxial Switches 
^ H y H A i • Phase Shifters 
^ H B s f l M W • Stub Tuners 
^ ^ H ^ H I r W * DC Breaks 
^^^HfegSJUJ^ * Combiners 
^̂ ^̂ ^̂ pp9*i«* RF 



A n a l y s e u r 2 v o i e s F F T 
L e c o n c e p t B r ù e l & K j a e r 

p o u r l e s v i b r a t i o n s 
e t l ' a c o u s t i q u e 

200 MEGASAMPLE/SECOND 
TRANSIENT/WAVEFORM 

RECORDER -
S T A T E - O F -
T H E - A R T 
Q U A N T I Z A T I O N 

8 bit resolution. 
Unsurpassed ac
curacy for digitiz
ing high frequency 
signals (typically 1 
percent accuracy 
for a full scale 
100 MHz 
sinewave). 
Less than 5 ps of 
sample aperture 
uncertainty. 

S T A T E - O F - T H E -
A R T M E M O R Y 
O R G A N I Z A T I O N 

Economical ultra 
high speed CMOS 
memory is expand
able from 64k 
samples to 512k 
samples. 

Pretrigger record
ing and memory 
truncation allow 
optimization of the 
data record. 
Data retention 
even after power 
interrupt. MODEL TR8828B 

F U L L P R O G R A M -
M A B I L I T Y 

Computer control 
of the record 
length, pretrigger 
record size sam
pling rate and 
input offset. 
The CD8828B 
CONTROL AND 
DISPLAY unit 
allows manual 
programmabhlity 
and digital 
oscilloscope-like 
configurations 
without a 
computer. 
Data can be read 
at up to 2 Mbytes 
and 400 Kbytes 
per second via 
the CAMAC 
modular interface 
and the optional 
GPIB interface 
respectively. 

C O S T E F F E C T I V E 

Lower price than 
competitive units 
which don't 
approach the 
TR8828B's 
performance. 
Call or write for 
details. laCroy Spr ing Valley, NY 10977, (914) 425-2000; 

P.O. Box 3 4 1 , 1217 Meyr in-1, Switzerland 
(022) 82 33 55 

: 

HP 1 
BpPpB | 

£ m 1 
3fc • ^ 1 

1111111111] 

M E T 

TRANSFORMEE DE HILBEF 
Pour traiter séparément un mode particulier 
dans un système à modes multiples et accéder 
aux paramètres d'amort issement grâce au mo
dule de la réponse impuisionnelle. 

RESOLUTION EXCEPTIONNELLE DE 801 
LIGNES 
sur chaque voie, y compris en zoom pour ana
lyser dans les meilleures condit ions les modes 
faiblement amort is. 

VITESSE EXCEPTIONNELLE D'ACQUISITION 
ET DE CALCUL 
pour ne perdre aucune information jusqu'à 
10 kHz en monocanal et 5 kHz en bicanal 

INTENSITE ACOUSTIQUE 
en temps réel et en bande étroite jusqu'à 5 kHz 
directement é ta lonnage sur écran et sans l' in
termédiaire d'un calculateur extérieur. 

Veuillez m'adresser, sans engagement de ma part: 
• Documentation sur le 2032 

• Catalogue BRÛEL & KJAER 1983 de 64 pages 

• Programme des stages de formation BRÙEL & KJAER 

83-390 
Me 

Nom 

Société/Institut.. 

Adresse 

Code Postal. 

Brùel & Kjaer 
France 

B o r d e a u x (56) 47-33-16 
L i l l e (20) 53-46-13 
L y o n (7) 826-77-35 
M a r s e i l l e (42) 20-01-34 
R e n n e » (99) 65-06-88 
S t r a s b o u r g (88) 77-22-12 
T o u l o u s e (61) 41-68-68 

w e l o u i 1 d y o u r 
e l e c t r o n i c e q u i p m e n t 

38, Rue Champoreux B.P.33, 91541 Mennecy Cedex Tél.: (6 )4572010 Télex: ibeka600573f 

B E R G O Z - C R O Z E T - 0 1 1 7 0 G E X , France ( 5 0 ) . 4 1 0 0 8 9 

Electronic Equipment Manufac tur ing 
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F L O W M E T E R S 

Calibrated and non-
calibrated instruments for 
liquids and gas 

Available f rom our stock 
in Zurich 

type 1100 

H e r a e u s 
Quartz giass 

lenses, mirrors, 
cuvettes, hatches, 
disks, prisms, 
rods, tubes 

Triple prism in isotopic and homogeneous 
SUPRASIL quality, deposited on the moon in 
a retro-reflector-system as part of the 
Apollo program. 

Ask for further information 

Oerlikonerstrasse 88 
tel. 0 1 / 3 1 1 40 40 

8057 Zurich 

Is there water 
in dry air or gas? Now you can 
have the answer fast, exact 
and automatically. 

Nothing could be simpler. 
1. Switch on. 
2. Place fingertip over outlet 
3. Chamber head rises. 
4. Read dial. 
No more Thermometers -
Graphs - Pumping-
cooling - recoating or 
mathematical gymnastics. 

The Shaw Automatic Dewpoint Meter 

Look at these unique 
features: Battery check 
switch -dial readings on air 
or gas irrespective of flow 
ra te- Automatic dry down 
and calibration - Portable-
Government tested for safe 
use in hazardous areas. 

G*Pelectronic Ltd 
Bemerstrasse 182 
C H 8 0 6 4 Zurich/Switzerland 

Tel. : 0 1 / 6 4 45 55 P. Euler 
Telex: CH 8 2 2 3 8 2 GPEL 
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UACRYFLUX 
A Tokarnak magnet system (Large Coil Task) 
is under construction on an international 
basis to be tested at the Oak Ridge 
National Laboratory. 

VACUUMSCHMELZE produces the cable for one 
of the six constituting magnets, the EURATOM 

- Approximately 20 tons of a forced flow cooled 

let your 
Chamber Angers 
Air or A | k A 

uonic 
^reading 

I The Shaw 
I Automatic 

I K t Dewpoint 
Meter is unique. 

I W Î B A B 



We've set the 
standard for over 20 years 

P H I L I P S Electronic 
components 
and materials 

W 

\ r A 

single- and multi-electron |}"V 

1":% Other Philips advanced < f 

devices for imaging include: 

- X-ray Image Intensifiers 
- TV Camera Tubes 
- CCD Imaging Devices 
- High-resolution Image 

Intensifiers 
- IR Thermal Imaging 

Devices 

With Philips you 
therefore get single - stop 
shopping for all your 
imaging needs. For more 
information contact: 

Philips Industries, 
Electronic Components 

and Materials Division, 
Eindhoven, 

The Netherlands 
Telex: 35000/n l jeveo 

PHILIPS 



• 

Dégrader for 
High Voltage 
Concerned in the case of this com
ponent is a voltage divider for the 

Jr pilot experiment of «LEP-DELPHI» 
# resp. BARREL RICH. 

Ë / T \ Entire component from outside 
Ë \ J with visible electrode no. 30. 

I Co \ E n ' a r 9 e d section through the 
U electrode parts. 
In a series of preliminary development 
stages it has been successful, 
to break down a defined voltage of 
210 KV over 30 graded built-in 
electrodes. 
Isolating distance between the elec
trodes is 0.7 mm. 

^ ^ ^ ^ The entire component was produced 
by the high-vacuum process. 

H B j Stesalit AG 
^FM Kunststoffwerk 
» F CH-4249 Zullwil/SO 

Telefon 061 / 8 0 06 01, Telex 63182 



Fast Encoding and Readout ADC System 

F o r High R a t e A n a l o g D a t a A c q u i s i t i o n A p p l i c a t i o n s , R e a l T i m e S y s t e m s , a n d 
S e c o n d Leve l E n e r g y B a s e d T r i g g e r s 

LeCroy introduces the System 4300 Fast Encoding and 
Readout ADC (FERA), our new high speed, low cost, high 
density, analog-to-digital conversion system. FERA 
contains: 

Model 4300 ADC—16 channels of charge sensitive 
ADC's per single width standard module with CAMAC 
readout or front panel ECL port for 10 MHz data transfer. 
Available in 9,10, or 11-bit versions with internal pedestal 
memory and sparse data scan readout. The 9-bit FERA 
may be read out in 2.8 /isec after the gate is closed, the 
10-bit in 4.8 ^sec, and the 11-bit in 8.5 ^sec. 

Model 4301 FERA Driver—forfan-out of gate, clear, and 
test signals for a full crate of Model 4300 FERAs. It in
cludes a 12-bit DAC for calibration and testing. 

Model 4302 Fast Triple Port Memory—holds 16 K of 
16-bit data words. Front panel ECL write port (100 nsec/ 
16-bit word). CAMAC read/write port for access. Private 
read/write port for the Series 4800 CAB, programmable 
bit slice CAMAC processors (200 nsec/16-bit word). 

LeCroy 

Series 4800 Programmable Bit Slice Processors— 
5 MHz bipolar bit slice processor that executes all instruc
tions including shift, multiply, and external memory ac
cess in 200 nsec. Available in Crate Controller or Branch 
Driver versions with optional GPIB (IEEE-488) port. 
Includes 4 K x 24-bit instruction memory and 4 K x 16-bit 
data memory which may be increased to 64 K words with 
Model 4302 Memories. 

The Model 430016 channel FERA combines fast parallel 
conversion with an optimized readout scheme to achieve 
an extremely high data throughput rate. For example, 
160 channels containing 20% valid data can be digitized 
into 11 bits, have the pedestals subtracted, and be read 
out into a memory every 15 microseconds. 

The complete system approach permits single ADC 
modules to be used with existing CAMAC systems, up 
to multicrate installations with programmable real time 
data processing. 

For more information on FERA, contact your local sales 
representative. 

Rue Cardinal-Journet 27, 1217 Meyrin 1-Geneva, Switzerland, 82 33 55. Offices: USA, 
(914) 425-2000; Heidelberg, W. Germany, (06221) 28192; Les Ulis, France, (6) 90738.97; Botley, 
Oxford, England, (0865) 72 72 75. Representatives throughout the world. 

Fast 16 Channel CAMAC ADC 
faster Conversion Time 

Fastest Readout Speed 



TEST DRIVE 
THE 

IT CAN RUN 
RINGS 
ROUND 

ANYTHING. 

The open network highway gives the freedom, 
flexibility and the power you need. Several kilometres 
can be covered with 100 or more nodes branching off 
the highway. 

Transring 3000 Series is the ultimate Local Area 
Network-its cost effective, high bandwidth, highly 
adaptable and readily interfaced with computers from a 
wide range of manufacturers. Designed to the high 
standards of the Cambridge Ring 82 interface 
specification. 

Call now for full information: 

SEEL LTD COMMUNICATION &CONTROL 

3 Young Square, Brucefield Industrial Estate, 
Livingston, West Lothian, EH54 9BJ, Scotland, 

Telephone: Livingston (STD 0506) 411503 
Telex No: 728107, SEELG. 

Partout où l'œil 
ne peut accéder.. 

Endoscopes 
flexibles 
à fibres de verre 
pour l'inspection directe de corps creux 

non accessibles aux yeux. 0 3-14 m, 

longueurs utiles 0,5-12 m. Eclairage 

de l'objet par lumière halogène intégrée. 

Alimentation par pile et secteur. 

For optical 
interior inspections... 

h o r o s c o p e s , 

f i b e r s c o p e s . 

Ask for details. 

T y ^ TECHNOKONTROLLAG 
I 8049 Zurich, lmbisbuhlstr.144 Telefon 01 56 56 33 

P E T R O L E U M T E C H N I C A L 

C O M P A N Y S . A . 

PTFE TEFLON 

Pumps and accessories for handling corrosive 
alimentary, sterile fluids. 

Pneumatic operated self priming pumps for 
gases and liquids. 10 to 4 0 0 0 l / h . 

W e can offer for use w i th our circulating and dis
pensing pumps a wide range of tubing, connector 
pieces and valves constructed in P.T.F.E which 
enable them to be mounted to suit most applica
tions for both corrosive liquids and gases. 

PETROLEUM TECHNICAL COMPANY S.A. 
47 , chemin des Mésanges 
CH 1225 Chêne-Bourg (Geneva) Switzerland 

Phone (022) 4 8 67 49 Telex 2 3 8 9 7 PTC CH 
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ADAR control valves 

Z.I. du Prunay - 30, rue J.-P. Timbaud - B.P. 107 
78501 SARTROUVILLE CEDEX - FRANCE - Tel. : (3) 915.20.18 ~ Telex: F 697.717. 

Mr Firm , 

Address . 
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Tel. 

wants • a SUPCRYO documentation • the visit of a technician 

SUPCRYO® 
c o n t r o l v a l v e s 



The world's best power tubes 
are used in the world's most 
important scientific programs. 
Since 1971, when Varian EIMAC 
introduced the one megawat t X-
2159/8974, we have been the 
world leader in design and man
ufacture of high power tubes for 
sc ient i f ic and c o m m u n c a t i o n 
appl icat ions. 

A m o n g the m a n y use rs of 
EIMAC tubes in high technology 
fusion research, part ic le accel
eration and other state-of-the-
art investigations are: 

• European Organizat ions for 
Nuc lea r Research (CERN) • 
Fermi National Accelerator Lab
oratory • Stanford Linear Accel
e ra to r Cen te r • L a w r e n c e 
Berkeley Laboratory • Los Ala
m o s N a t i o n a l L a b o r a t o r y 
(LAMPF and FM IT programs) « 

Oakridge National Laboratory • 
Princeton Plasma Physics Labo
ra to ry « TR IUMF Labo ra to ry 
(University of Brit ish Columbia) 
« GSI Darmstadt (FRG) « Culham 
Labo ra to ry (England) • CEA 
Fountenay-au-Rose (France) • 
Textor-KFA Jul ich (FRG) • GA 
Technology (Doublet-3). 

Power t u b e s deve loped and 
manufactured by Varian EIMAC 
used in the faci l i t ies ment ioned 
include the 8973, 8974, X-2062K/ 
9009 and Y676A/9013. These 
tube types wil l be joined by oth
ers in development to meet new 
program requirements. 

More in format ion is avai lable 
from Varian EIMAC. Or the near
est Var ian E lec t ron Dev ice 

Group sales off ice. Call or write 
today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, CA 94070 
415 • 592-1221 

VARIAN AG 
Steinhauserstrasse 
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