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Lisbon Conference 
Braganca Gil, President of the Portuguese 
Physical Society, addresses the Lisbon 
conference. 

(Photo A. Amor) 

Although no major physics discover
ies were announced, the European 
Physical Society's International 
Conference on High Energy Physics, 
held in Lisbon from 9 -15 July, was 
significant in that it showed the 
emerging pattern of physics for the 
1980s. 

Wi th the electroweak theory ade
quately explaining almost all of lep-
tonic physics and wi th quantum 
chromodynamics (QCD) emerging 
as the theory of inter-quark forces, 
physicists are confidently looking to 
broaden their horizons. However the 
comparison of QCD predictions wi th 
experiment still looks sometimes 
more like an art than a science, and 
there is a lot of ground to be covered 
before any QCD textbooks can be 
wri t ten. 

Putting QCD problems to one side, 
new unifications are being sug
gested to merge the electroweak 
and QCD pictures, and a new breed 

of experiments is emerging to test 
the predictions of these broader the
ories. Some experimentalists are 
turning away from their traditional 
haunts at high energy accelerators 
to mount new 'passive' experiments 
deep underground to search for new 
phenomena. Theoreticians are striv
ing to use the new insights on the 
structure of matter to aid cosmolo-
gists in their bid to reconstruct the 
early history of the universe. Gravity 
too is being fed into the new unifica
tion schemes. 

Apart f rom specialized work
shops, Lisbon was the first example 
of a major international meeting 
which included substantial coverage 
of passive experiments looking for 
new behaviour, notably proton de
cay. Although it is too early for con
fident new results to be available, the 
international effort under way in this 
sector reflects how physicists are 
beginning to look away from accel

erators and storage rings. 
Another pointer to the future ca me 

on the first day of the conference, 
when CERN Director General Her-
wig Schopper, in a talk on the future 
development of European particle 
physics, indicated the initial success 
of tests wi th antiprotons in the SPS 
(see page 2&9). He proudly empha
sized that this remarkable achieve
ment had been accomplished just 
three years, almost to the day, since 
the antiproton project had been for
mally approved at CERN. 

The next day saw the arrival of 
Carlo Rubbia hotfoot from CERN 
where only hours before, some evi
dence for proton-antiproton coll i
sions had been picked up in the 
forward telescope of the U A1 detec
tor in the SPS ring. This announce
ment was greeted wi th spontaneous 
applause, and conference chairman 
Giuliano Preparata rushed mes
sages of congratulation to CERN on 
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The conference opened with R. Barloutaud 
speaking on the search for evidence of 
baryon number violation. 

(Photo A. Amor) 

this 'spectacular success'. 
By next year's conference season, 

passive experiments and the CERN 
studies of 5 4 0 GeV proton-antipro-
ton collisions might have a lot of 
fascinating new material to report. 

Rubbia's talk at Lisbon centred on 
the objectives of the new physics 
opening up at the collider. Spotting 
heavier quark flavours by looking 
directly for new quark-antiquark 
bound states might no be easy, and 
alternative flavour mechanisms 
would have to be exploited. Assum
ing of course that they exist at the 
predicted masses, the long-sought 
intermediate bosons of weak inter
actions should not present such pro
blems. High on the experimental 
agenda is the job of fixing their 
masses as accurately as possible. If 
it could be measured, the width of 
the neutral Z boson would give infor
mation on the number of species of 
neutrino which exist in the universe. 

The measurement of this parameter 
in the collider would be a major 
breakthrough and would have im
portant implications. 

For the possible future develop
ment of the collider, Rubbia men
tioned the use of polarized protons, 
already being actively investigated 
at other machines. Higher luminosi
ties, if achieved, would increase the 
chances of uncovering more new 
particles, in particular the Higgs 
bosons, which are just as fundamen
tal to the underlying theory as the 
weak bosons. For the longer term, 
Rubbia touched on the possibility of 
building a proton-antiproton collider 
in the proposed LEP tunnel at 
CERN. 

Whi le Rubbia could not report any 
collider physics, experiments at the 
Intersecting Storage Rings (ISR) 
have already had their first look at 
proton-antiproton collisions, albeit 
at a lower energy (see June issue, 
page 196). In the early sessions, 
Martin Block presented first results 
from experiment R211 (a Louvain/ 
Northwestern collaboration) which 
uses the 'Roman Pot' technique. 
Wi th meagre statistics and using 
instrumentation resurrected from 
some of the first experiments carried 
out at the ISR ten years ago, a first 
shot at the proton-antiproton total 
cross-section gives 46 millibarns. 
Although the errors are, in Block's 
words, 'still obscene', this suggests 
that the proton-antiproton reaction 
rate, like that of proton-proton, is 
still rising, but might be approaching 
the proton-proton figure from above. 
Other ISR experiments also reported 
initial antiproton results. 

In the new department of passive 
experiments, the conference in fact 
opened wi th a talk by R. Barloutaud, 
who described the motivation be
hind the range of studies under way 
or being mounted to search for signs 
of baryon number violation. 

This initial talk was supplemented 
later in the conference by a session 
on proton decay searches, chaired 
by Abdus Salam, who has provided 
significant motivation for these 
experiments. In his introductory 
remarks, Salam emphasized the 
long-term implications of this work. 
Rather tffan being an ad hoc series of 
short-term studies, he advocated 
that this type of physics should 
develop into a regular long-term 
effort, and indicated in no uncertain 
way that funding arrangements 
should take this into account. If the 
proton is indeed found to be unsta
ble, then its exact decay modes 
could have serious implications for 
the future of high energy physics 
machines. Certain decays, because 
of the mass-scale involved, could 
mean that this new physics would be 
inaccessible to conventional high 
energy machines. 

In the proton search session, the 
results from the Japan/India colla
boration at the Kolar Gold Fields 
were presented (see Ju ly /August 
issue, page 253) . However no new 
events could be reported to supple
ment the three proton decay candi
dates recorded up to the end of April. 
Another detector, weighing 31 tons, 
has begun operation 2 0 0 0 feet 
underground at the Soudan site in 
Minnesota. Embarrassingly quickly, 
this detector has recorded an event 
which could be interpreted as proton 
decay. However the group prefers at 
this stage to explain it away as 
multiple scattering. 

Another feature of the conference 
was that, unlike the more recent 
European biennial particle physics 
meetings, Lisbon included parallel 
sessions. Wi th a total of some 7 0 0 
participants (significantly less than 
the conferences held in recent years 
in Madison, Geneva and Tokyo), the 
parallel sessions were fairly compact 
and gave a workshop feel to the first 
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Herwig Schopper spoke on the future of 
European high energy physics, and was able 
to reveal the first successes at CERN with 
tests at the high energy proton-antiproton 
collider. 

(Photo A. Amor) 

few days, wi th plenty of opportunity 
for discussion, public and private. 

On the other hand, the physics 
which had to be covered ranged over 
a wide field, so that the parallel 
sessions included valuable 'min i -
rapporteur' talks which brought 
together results f rom several experi
ments. For the plenary sessions, the 
organizers had included two types of 
talks - review papers presented after 
the appropriate parallel sessions, 
and invited speakers deemed to be 
wor th hearing. Despite this imagina
tive organization, there were a few 
topics, like the structure of the weak 
current, which slipped off the map 
during the plenary sessions. 

Another praiseworthy feature was 
the reappearance of sessions on 
experimental instrumentation. Once 
a regular adjunct to these inter
national meetings, this important 
corner of particle physics has had no 
regular international forum in recent 
years. At Lisbon, these parallel ses
sions covered particle detectors and 
data handling. While contributions 
on particle detectors were naturally 
well covered by the experimental 
physicists, data handling has be
come something of a speciality, and 
despite some brave attempts, the 
coverage of this sector was not 
really representative. 

As a European meeting, it was 
only natural to encouter a prepon
derance of European data, domi
nated by results f rom CERN and 
DESY. Nevertheless, the scarcity of 
US contributions was a bit disap
pointing. A notable exeption was the 
nice talk by P. Franzini on the results 
obtained at Cornell's CESR electron-
positron collider. There was also 
some news from Fermilab, but less 
f rom the PEP electron-positron col
lider at SLAC. One had the impres
sion that SLAC was keeping some 
good things up its sleeve for the 
Bonn Lepton/Photon meeting. 

A not altogether unexpected con
frontation was the disagreement 
between two experiments using the 
Split Field Magnet at the CERN ISR. 
While Antonino Zichichi's Bologna / 
CERN / Frascati group sees signs of 
a beauty baryon at 5.5 GeV, an 
Annecy / CERN / College de France 
/ Dortmund / Heidelberg / Karls
ruhe / Warsaw collaboration sees 
nothing (see June issue, page 207) . 
After much debate, the issue re
mained unresolved. 

In the high energy electron-posi
tron sector, it was DESY's PETRA 
ring which dominated, wi th lumino
sities at record levels and wi th data 
f rom JADE, PLUTO, TASSO and 
Mark-J now being supplemented by 
results f rom CELLO. At Lisbon, the 
meagre PEP data which was pre
sented underlined the PETRA f ind
ings. 

Hadron production in electron-
positron annihilation is supposed to 

be a good test bed for QCD, and in 
certain cases agreement between 
theory and experiment is quite good. 
However devil's advocate argu
ments can be proposed which chal
lenge this. The behaviour seen in 
gluon jets seems to be similar to that 
of quark jets, although there could be 
a systematic broadening. Baryon 
production in electron-positron anni
hilation seems to be unexpectedly 
high. 

After the discovery of the upsilon 
at Fermilab and the subsequent 
investigation of upsilon fine struc
ture at DORIS, the energy region 
covered by the CESR ring has en
abled the CLEO and CUSB experi
ments to specialize in the upsilon 
region. In particular, the fourth upsi
lon, which is much broader than its 
lighter counterparts as it can decay 
strongly, gives a handle on the 
threshold for the production of 
naked beauty. Franzini indicated that 
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In parallel with the Lisbon Conference, a 
high energy physics exhibition was organized 
by CERN and Portuguese physicists to 
communicate with the local population. It 
was held in the Instituto Superior Tecnico 
from 8-19 July and attracted an impressively 
large number of visitors. They were able to 
see many models communicating physics 
ideas, to hear talks on modern physics and 
to learn about CERN, its role and its research 
equipment. 

(Photo CERN298.7.81) 

the lightest beauty meson should be 
seen at about 5.25 GeV. This is in 
line wi th Zichichi's candidate beauty 
baryon, wi th its extra quark, at 5.5 
GeV. The characteristics of the upsi-
lon decays seen at CESR suggest 
charm as the favoured decay chan
nel of the beauty quark. 

There Jias been an upsurge of 
interest in the apparent similarities in 
the hadron spectra from different 
types of experiment. The R415 
Bologna / CERN / Frascati group 
uses a technique of subtracting out 
leading protons to leave a hadron 
spectrum which has many broad 
features in common wi th what is 
seen in electron-positron annihila
tion. These similarities are also found 
in other types of reaction, notably 
70 GeV kaon-proton data from the 
BEBC bubble chamber reported at 
the conference. 

After all these years, the lifetime of 
charmed particles is still a talking 
point. At Lisbon, the emergence of 
new results from the specially built 
high resolution bubble chambers at 
CERN, from emulsion experiments 
at Fermilab and from the hybrid 
system at SLAC together show that 
the difference between the lifetimes 
of the charged and neutral charmed 
mesons might not be as marked as 
was once thought. The neutral part i
cle now appears to live for about a 
third as long as the charged one, a 
result which is still of interest to 
theoreticians. The situation is still 
being confused by occasional ev
ents, perhaps due to more exotic 
particles, giving very different life
times. 

Charm signals at the ISR are now 
plentiful. By comparing the observed 
enhancements wi th the smooth 
spectra of other particle combina
tions, the established selection rules 
provide an impressive verification of 
the charm signals. However the 
reconciliation of the calculated 
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Paula Fernandes models the Lisbon t-shirt. 

(Photo A. Amor) 

charm production rates wi th the 
observed relative numbers of elec
trons and pions is a problem which 
worries some people. Using conven
tional models, the calculated charm 
production rates can overtax the 
observed levels of produced elec
trons. 

Covering the field of hadron spec
troscopy, Frank Close indicated how 
the different levels of hidden 
strangeness are now emerging (in 
some cases years after their 
charmed counterparts). However 
everything is not yet cut and dried 
and the labelling of many states has 
to be settled. Glueballs — states 
made of gluons but no quarks — 
have long been expected, and occa
sional candidates are put forward. 
Sam Lindenbaum reported on an 
enhancement seen in the spectra of 
phi meson pairs, doubly forbidden by 
conventional selection rules, which 
could be a candidate glueball. 

Baryonium — exotic bound states 
coupled to baryon-antibaryon pairs 
— were also once expected on theo
retical grounds. After several encou
raging initial sightings some years 
ago, the experimental evidence for 
baryonium has grown more and 
more scanty. If baryonium is not yet 
dead, its recovery now would be very 
remarkable. 

Elsewhere in the hadron area, the 
dip in the elastic proton-antiproton 
spectrum (see Ju ly /Augus t issue, 
page 246) , was mentioned several 
t imes. This appears at the same 
momentum transfer as the dip in the 
proton-proton spectrum, but at 
much lower energies. In this context, 
it was interesting to learn from Roy 
Rubinstein of a new Fermilab result 
which shows a dip in the scattering 
of 2 0 0 GeV pions off protons at a 
squared momentum transfer of 
4 GeV 2 . Besides its possible rela
tionship wi th other diffraction-type 
effects, the existence of a dip this far 

out is interesting in itself. 
At Madison last year, a talking 

point was the absence of jet-like 
structure and the unexpectedly large 
high transverse momentum hadron 
yields over the full coverage of the 
NAB experiment at the SPS (Bari / 
Cracow / Liverpool / Munich / Nij-
megen collaboration — see also May 
issue, page 155). These effects are 
still very much there, and are now 
supported by minimum bias data 
f rom experiment R807 (Brookhaven 
/ CERN / Copenhagen / Lund / 
Rutherford / Tel Aviv), and f rom the 
Split Field Magnet, both at the 
ISR. 

These results have to be recon
ciled wi th previous reports of fairly 
clean jet structures using single par
ticle triggers. In addition, these new 
results are not just extrapolations of 
the soft behaviour seen at lower 
transverse momenta. Something 
new could be happening. In particu

lar, the high hadron yields have inter
esting implications for the big detec
tors being prepared for high energy 
proton-antiproton colliders. 

However specific jet patterns still 
appear, an example being the three-
jet structure at a three per cent level 
reported by the Columbia / CERN / 
Oxford / Rockefeller group at the 
ISR. 

Other new results f rom the ISR 
came from alpha particle collisions 
(see May issue, page 163). Latest 
analysis shows that the atomic mass 
number dependence in alpha-proton 
collisions is more gentle than that of 
alphas on alphas. 

There was the now almost tradi
tional contrast of results f rom differ
ent experiments searching for the 
fractional electric charges in matter 
which might be indicative of free 
quarks. Whi le G. Morpurgo in Genoa 
still sees no effect in iron, W. Fair-
bank at Stanford repeatedly sees 
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Ever helpful — the conference secretariat. 

(Photo A. Amor) 

fractional charges in niobium. A l 
though this apparent incompatibil ity 
is always handled by the parties 
involved, in public at least, w i th con
summate good taste, the continual 
disagreement is now a serious pro
blem, and ways are being sought to 
resolve it (see page 301) . However it 
should be remembered that the 
techniques of the two experiments 
are very different, and, as Fairbank 
commented, 'if you dig in the moun
tains and find gold, it does not mean 
that you can dig on the beach and 
f ind gold'. 

In neutrino physics, once the gla
mour spot of particle physics confer
ences, there was little to report. The 
possibility of neutrino oscillations — 
the mixing of different kinds of neu
trinos — has cooled off since last 
year, when it was a hot topic. 

Scattering experiments wi th dif
ferent kinds of lepton beams provide 
a powerful probe of hadronic struc
ture, and the computation of the 
quark composition of nucleons 
through their structure functions has 
developed into a minor industry. 
Results from a range of experiments 
using electron, muon and neutrino 
beams appear to be in broad agree
ment, although there are some 
points to be resolved. However the 
structure function game seems to be 
getting very complex and the extrac
tion of parameters f rom the mass of 
experimental data is not straight
forward. At Lisbon, the CHARM neu
trino experiment ( W A 1 8 ) from 
CERN added its contribution to the 
structure functions available for con
sultation. There was some debate on 
the relatively low value of the QCD 
parameter given by the N A 4 muon 
scattering experiment (Bologna / 
CERN / Dubna / Munich / Saclay) 
at CERN. Because of the kinematical 
range covered, this low value did not 
cause too much distress. 

Peter Landshoff was scheduled to 

cover the current theory of the uni
verse on one hour, and succeeded by 
confining his attention mainly to the 
successes (or otherwise) of QCD. 
The quantitative formulation of this 
theory is still very shaky and the 
calculational techniques do not in
spire confidence. Landshoff reeled 
off a long list of effects in need of an 
explanation, and remarked 'if the 
situation seems muddled, it is 
because we are muddled'. He 
pointed out the growing interest in 
diquarks as a reaction unit. For about 
ten per cent of the t ime, it looks as 
though it is a diquark, rather than a 
quark or an antiquark, which is 
picked up from the vacuum by an 
interacting particle. 

In contrast, G. ' t Hooft concen
trated on pure QCD theory and 
emphasized the possible complexi
ties of the formalism. Whatever its 
calculational difficulties, QCD is the 
right theory, according to 't Hooft. 
'What else is there?' he asked, and 
assured his audience that the com
plete solution of QCD would provide 
plenty of employment. 

The pure theory review talks were 
compressed towards the end of the 
conference, and provided a refresh
ing change of emphasis after the 
experimentalists' inevitable preoc
cupations wi th statistics and para-
metrizations. At least the theorists 
usually make do wi th far fewer 
transparencies per unit t ime than 

their experimental colleagues. 
Despite its formidable title, Bruno 

Zumino's talk on the efforts to pro
duce 'grand' and 'super' unified the
ories was enlightening. He explained 
that in the current jargon, 'grand' 
refers to attempts to merge elec
troweak theory wi th QCD, while 
'super' theories go a giant step 
further and try to pull in gravity as 
well. 

Richard Feynman, sadly absent 
f rom the international conference 
scene for several years, was origi
nally billed as giving the concluding 
talk. Although he was indeed the 
final speaker, he described his own 
theory of quantum chromodynamics 
rather than trying to summarize 
what had been said by everyone 
else. Whatever the outcome of his 
theory, it was instructive to watch 
the great man's highly individual 
way of handling formalism. 

Perhaps the hottest topic of all at 
Lisbon was the weather, w i th the 
mercury climbing towards the 
4 0 degree C mark during the second 
week — among the highest temper
atures ever recorded in Lisbon. For
tunately the superb conference 
rooms in the Gulbenkian centre were 
equipped wi th some of the best air 
conditioning in town. 
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Antiprotons in the big machine 

On 7 July a pulse of antiprotons was 
sent to the CERN Super Proton 
Synchrotron, accelerated to 2 7 0 
GeV and (briefly) stored. Two days 
later the exercise was repeated wi th 
greater success and the first evi
dence obtained for proton-antipro
ton collisions at 5 4 0 GeV — by far 
the highest collision energies ever 
achieved. Although there is still 
much to be done before the scheme 
becomes fully operational, this 
achievement is a major milestone in 
the CERN antiproton story. 

The origins of the project 

Antiprotons, since they presuma
bly have the same properties as 
protons except for the sign of their 
electric charge, can be accelerated 
and stored in the same magnet ring 
as protons. Thus colliding beam sys
tems, like the familiar electron-posi
tron machines, are, in principle, fea
sible. However until recently it was 
not possible to produce antiproton 
beams of sufficient intensity and 
density to give sufficient collisions in 
a reasonable enough t ime for useful 
physics to be done. 

This situation has changed wi th 
the invention of 'beam cooling'. The 
technique gets its name from the 
relationship between temperature 
and particle energy — the higher the 
temperature of a body, the higher the 
particle energies. However beam 
cooling refers not to a process 
whereby all the particle energies in 
the beam are reduced (so that the 
beam is made cold), but to a process 
which concentrates all the particle 
energies around a particular value. It 
is the variation of energies around 
this value which is 'cooled down' . 

Antiprotons are produced in the 
collisions of protons w i th a metal 
target at relatively low rates — typi 
cally it needs about a million protons 
to produce each antiproton. In addi

t ion, the antiprotons emerge wi th a 
wide range of momenta, distinctly 
unsuitable for a magnet system in a 
beam transfer line, an accelerator or 
a storage ring which is designed to 
handle a wel l defined particle mo
mentum. Only antiprotons at or very 
near to the design momentum could 
be guided — the rest would stray off 
into the walls of the vacuum cham
ber. 

The advent of beam cooling ena
bles an antiproton beam wi th an 
initially quite wide span of momenta 
to be concentrated around a particu
lar momentum so that a dense beam 
can be built up and the subsequently 
encountered magnet systems can 
hold the beam. 

A cooling technique was proposed 
in 1966 by Gersh Budker and his 
colleagues at the Institute for Nu
clear Studies at Novosibirsk in the 
USSR wi th the specific aim of 
achieving intense antiproton beams 

for colliding beam physics. It in
volves using electron beams travel
ling along wi th the antiproton beam 
at the same velocity. The electron 
beam, which is much easier to con
trol, has particles at precisely the 
desired momentum. In the subse
quent antiproton-electron collisions, 
the antiprotons transfer momentum 
to the electrons in such a way that 
the antiproton momenta are concen
trated around the desired value. 

This idea of 'electron cooling' was 
successfully tested at Novosibirsk 
in 1 975 , and has subsequently also 
been demonstrated at CERN and at 
Fermilab. However at CERN, an 
alternative idea called 'stochastic 
cooling' was invented by Simon van 
der Meer in 1968 . The word sto
chastic means random — stochastic 
cooling operates by reducing the 
random motion of the particles in a 
beam. It was invented to improve the 
density (and hence the luminosity) of 
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Right the beam line which injects 26 GeV 
antiprotons into the SPS. Centre, the 
beam fine which sends high energy protons 
from the SPS towards the West Experimental 
Area. The main ring is on the left. 

(Photo CERN 38.4.81) 



The ICE Ring, scene of much of the early 
development work on beam cooling at CERN. 

(Photo CERN 80.9.78) 

the beams in the Intersecting Stor
age Rings. 

The distribution of particles across 
a beam is observed at 'pick-up sta
tions' in the ring, and from this 
information the centre of gravity of 
the beam density is calculated. As it 
passes further around the ring, the 
same section of the beam is sub
jected to an electric field which 
nudges the measured centre of grav
ity towards the desired value. Be
cause of the random distribution of 
particles, this push acts unfavoura
bly on some particles, taking them 
further f rom the required conditions, 
but works favourably on the majori
ty. Over millions of repetitions, the 
beam is progressively cooled. 

The technique was first success
fully demonstrated at the ISR in 
1 975 . This led to the construction of 
a small storage ring aptly known as 
I C E — Initial Cooling Experiment — 
specifically to study stochastic and 

electron cooling. The results f rom 
ICE, particularly on stochastic cool
ing, were so spectacular that in 
1978 CERN was able to give the 
green light to an antiproton project 
which had been promoted part icu
larly by Carlo Rubbia. This was then 
authorized in the confidence that, for 
the first t ime, antiproton beams of 
sufficient intensity and density could 
be achieved to make proton-antipro
ton physics possible. 

According to our present under
standing of particle physics, the pro
ton and its antiparticle should be 
equally stable. The proton lives for at 
least 10 3 0 years, if not for ever. 
However up till quite recently physi
cists had never been able to test the 
stability of the antiproton. If it had 
turned out that the antiproton were 
nowhere near as stable as the pro
ton, theorists would have had to 
have a major rethink, and the whole 
antiproton project might have foun

dered. In tests in the ICE ring in 1 979 
(see October 1979 issue, page 312) , 
it was also clearly established that 
antiprotons live long enough to 
make the whole scheme feasible. 

The role of the Antiproton Accumu
lator 

The heart of the antiproton project 
is the Antiproton Accumulator (AA) 
where the stochastic beam cooling 
technique is applied to build up ant i
proton beams tens of thousands of 
t imes more intense than have ever 
been achieved before. 

Protons are first accelerated in the 
Proton Synchrotron. Instead of be
ing evenly distributed in twenty 
bunches around the PS ring, as in a 
normal acceleration cycle, they are 
crowded into five bunches occupy
ing a quarter of the ring. As the 50 m 
diameter AA ring is one quarter the 
size of the PS, these protons, when 
they strike a target, produce a length 
of antiproton beam which fills the 
circumference of the AA. 

When the protons reach 26 GeV 
they are ejected from the PS and 
strike a target in front of the AA ring. 
From the spray of secondary part i
cles, a focusing system selects ant i-
protons of energy around 3.5 GeV 
for injection into the AA. This energy 
gives the maximum yield of antipro
tons — for each pulse of 1 0 1 3 pro
tons on target, some 2 x 1 0 7 ant i-
protons are injected. (In other words, 
for every million protons hitt ing the 
target only t w o antiprotons are col
lected!) This operation is repeated 
every 2.4 s. 

Eventually the AA is required to 
provide beams containing 6 x 1 0 1 1 

particles, and about 30 0 0 0 PS 
pulses (representing about a full 
day's operation of the machine) wi l l 
be needed to supply all these anti
protons. 
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One of the magnets of the AA ring, showing 
its very large aperture. 

(Photo CERN 49.3.80) 

The AA's vacuum chamber is unu
sually large (70 cm wide) to give 
space for all the necessary ma
noeuvres and is held at high vacuum 
(1 0 ~ 1 0 torr) to minimize loss of ant i
protons due to collisions wi th resi
dual gas molecules. 

The first pulse is injected and bent 
by 'kicker magnets' so that the anti
protons orbit on the outside of the 
vacuum chamber. During injection, 
this region is shielded from the rest 
of the chamber by a mechanically 
operated shutter. This protects the 
antiprotons subsequently stored in 
the main body of the chamber f rom 
the magnetic fields of these kickers, 
and makes it possible to cool the low 
density injected beam wi thout being 
swamped by the much stronger sig
nals f rom the high density stack. The 
first injected pulse is monitored at 
pick-up stations and other kicker 
magnets act upon it to cool the 
antiprotons. 

In two seconds the pulse is pre-
cooled so that the momentum 
spread of the particles is reduced by 
a factor of ten. The shutter is then 
lowered and the precooled antipro
tons moved into the stack position in 
the main body of the chamber. The 
shutter rises again and the second 
pulse is injected to receive the same 
treatment. 

Whi le this sequence of injection, 
precooling and transfer to the stack 
proceeds, cooling is applied to the 
stack. The ult imate objective is to 
concentrate the beam by a further 
factor of a hundred million. After fifty 
pulses are stacked, some t w o min
utes after injection, about 1 0 9 anti
protons would be in the stack, being 
progressively cooled. 

After about an hour and 
1500 pulses, when some 3 x 10 1 0 

antiprotons would be orbiting in the 
stack, a core ' tuned' by the cooling 
system forms near the inside of the 
vacuum chamber. Forty hours and 

60 0 0 0 injected pulses later, some 
1 0 1 2 antiprotons would be orbiting 
in the stack, wi th the majority (6 x 
1 0 1 1 ) of them concentrated in the 
core, thanks to the cooling system. It 
is this core which wil l provide the 
intense antiproton beam for colliding 
beam physics. 

A residue of some 4 x 10 1 1 anti
protons would remain in the AA 
stack to start the next core. Injection 
of antiproton pulses would continue 
so that 2 4 hours lateranother core of 
6 x 10 1 1 cooled antiprotons would 
be ready for ejection. 

Antiprotons in the CERN machines 

All three of CERN's large ma
chines are involved in the exploita
t ion of these intense antiproton 
beams. The pulse from the AA is first 
sent to the Proton Synchrotron. 
Because of space limitations in the 

AA, the injection and ejection sys
tems are located in the same section 
of the ring. The antiproton beam 
therefore has to be turned around in 
a loop of magnets before it can be 
injected into the PS, where it circu
lates in the opposite direction to the 
protons. The antiprotons are then 
accelerated in six bunches from 3.5 
to 26 GeV, when they can be sent 
either to the SPS or the ISR. 

At the SPS, the antiprotons and 
protons circulate in the same ring, 
but in opposite directions. Ult imate
ly, the protons would be injected in 
one pulse f rom the PS and made to 
circulate in six bunches evenly 
spaced around the ring, wi th 10 1 1 

protons in each bunch. The antipro
tons would be injected in two pulses 
f rom the PS to build up an intensity 
of 1 0 1 1 antiprotons in each of six 
bunches around the ring. The two 
sets of bunches could then be accel
erated simultaneously to 2 7 0 GeV. 
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The components of the CERN antiproton 
scheme, which uses ail the Laboratory's 
major machines. Special beamlines had to 
be built to supply the SPS and the ISR with 
antiprotons. 

Two beam collision regions are 
being equipped with large and 
sophisticated particle detectors to 
observe the very high energy inter
actions. 

At the ISR, the antiprotons can 
orbit in one ring at 26 GeV while the 
PS sends 26 GeV protons to orbit 
the other ring in the opposite direc
tion. The energy of each beam can be 
increased up to 31 GeV by using the 
ISR's own acceleration system. Ulti
mately, five injections of antiprotons, 
each containing 6 x 1 0 , ! antipro 
tons, are envisaged to achieve a 
luminosity of 1 0 3 0 . The ISR detec
tors have already taken their first 
proton-antiproton data (see June 
issue, page 1 96). 

At the PS, the 3.5 GeV antiprotons 
from the AA can be used for a very 
different range of experiments. It is 
planned to decelerate the antipro
tons to 0.3 GeV, and eject them into 
a small storage ring (about 20 m 

across), called LEAR (Low Energy 
Antiproton Ring, see April issue, 
page 1 1 3). In this case, the aim is not 
initially to have proton-antiproton 
collisions (although this may follow 
later), but to build up low energy 
antiproton beams of a quality and 
intensity never before achieved. To 
fill LEAR, the intricate beam gym
nastics necessary for higher energy 
antiprotons are no longer required. 
The antiprotons can be drawn from 
the AA in more modest pulses of 
over 1 0 9 particles. The LEAR anti-
proton energy will cover the range 
0.1-2 GeV and stochastic beam 
cooling systems will help preserve 
the beam quality. 

The SPS experiments 

Most interest is centred on the 
experiments at the SPS where the 
highest collision energies will be 

available. To study these collisions, 
detectors are being installed at two 
of the long straight sections (LSS4 
and LSS5) on the SPS ring. At both 
locations extensive excavation was 
necessary to make room for the big 
experimental set-ups and to allow 
them to be moved in and out of the 
ring (sete June 1980 issue, page 
143). 

At LSS5 is the impressive detec
tor of the UA1 experiment, an 
Aachen / Annecy / Birmingham / 
CERN ./ Queen Mary College Lon
don / Collège de France / Riverside 
/ Rome / Rutherford / Saclay / 
Vienna collaboration, involving 
about a hundred physicists. The 
apparatus weighs well over 
2 0 0 0 tons and is housed in an 
experimental area which was excav
ated from the surface, and consists 
of two cylindrical shafts, each 20 m 
in diameter, roofed over and joined 
by a connecting chamber. 

The detector can be roiled out of 
the SPS ring on rails into the 'garage' 
shaft for modification, or while the 
SPS is running for fixed target phy
sics. The large central magnet 
weighs over 800 tons and provides 
a field of 0.7 T in a volume of 85 m 3 

The surrounding instrumentation is 
designed to record many different 
types of emerging particles, so thai 
the experiment will be able to cover e 
wide range of phenomena. Incorpo
rated in UA1 is the Annecy / CERI\ 
UA3 experiment using a modes" 
detector to search for magnetic 
monopoles. 

For the other experimental area a" 
LSS4, a large underground 'cathe
dral' was excavated. It houses the 
UA2 experiment (Berne / CERN / 
Copenhagen / Orsay / Pavia / 
Saclay), which uses no magnetic 
field but a large array of apparatus tc 
record the energies and directions o 
the emerging particles. The centra 
part of this detector is also to be usee 
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Assembly of the UA2 experiment well under 
way in the specially constructed underground 
experimental area at long straight section 
LSS4 of the SPS. At the top can be seen 
the shaft leading to the surface some 50 m 
above. 

(Photo CERN 479.4.81) 

in the UA4 experiment (Amsterdam 
/ CERN / Genova / Naples / Pisa) 
to look at proton-antiproton elastic 
scattering and total cross-sections. 

These detectors can be moved out 
of the ring on air cushions while the 
UA5 assembly (Bonn / Brussels / 
Cambridge / CERN / Stockholm) is 
lifted into the ring over the top of 
them. UA5 contains two long 
(7.5 m) streamer chambers, in which 
the tracks of the emerging charged 
particles can be photographed. This 
wi l l provide the first visual record of 
the highest energy particle collisions 
ever produced artificially, and could 
immediately show interesting re
sults. The detector has already 
recorded proton-antiproton coll i
sions in the ISR (see May issue, 
page 1 65). 

Recently approved is the UA6 
experiment, to use an internal 
hydrogen jet target to study inclusive 
electromagnetic final states and 
lambda production at 22.5 GeV 
centre-of-mass energy, by a CERN / 
Lausanne / Michigan / Rockefeller 
collaboration. 

Physics interest 

The Holy Grail of the SPS collider 
experiments is the discovery of the 
carriers (the W and Z bosons) of the 
weak force. According to the so far 
highly successful theory which com
bines electromagnetism and weak 
interactions, the masses of these 
particles should be well wi th in the 
reach of the collider, and their dis
covery would be the crowning glory 
of the electroweak theory, as well as 
a major achievement by the experi
menters. 

If they are observed, it wi l l be 
important to measure their masses 
and their lifetimes as accurately as 
possible. The mass measurement 
wi l l really pin down the electroweak 

theory, while the lifetime could give 
an insight into the number of differ
ent types of particle in the Universe. 
It could tell us whether there are 
further 'generations' of quarks and 
leptons to supplement the three 
(each containing two quarks and 
two leptons) identified so far. 

The high collision energies could 
reveal rare types of behaviour which 
have so far only been seen in a few 
photographs of cosmic rays arriving 
in the earth's atmosphere wi th ener
gies of hundreds of thousands of 
GeV (the 5 4 0 GeV centre-of-mass 
energy at the SPS collider is equival
ent to a 1 55 0 0 0 GeV proton beam 
hitting a fixed target). In addition to 
searching for rare events, the ener
gies and detection capabilities at the 
SPS collider should also extend our 
knowledge of hadron production at 
high energies. 

Whi le physicists might have all 
sorts of preconceived ideas about 

what they wil l see, experience has 
shown that new energy regimes 
often reveal totally unexpected phe
nomena which radically change our 
understanding of the structure of 
matter. The significant breakthrough 
wi th the CERN antiproton project is 
that scientists wil l be able to study 
interactions under a range of very 
different conditions. That this has 
been achieved for a relatively mod
est outlay, wi thout constructing a 
new high energy machine, is even 
more remarkable. 
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FERMILAB 
Beams for 
antiprotons 
On 7 June an 80 GeV proton beam 
was extracted from the Fermilab 
Main Ring for the first time and 
transported towards the antiproton 
target hall. This beam will be used to 
produce antiprotons for the colliding 
beams project, where counter-rotat
ing bunches of protons and antipro
tons will be injected into the Energy 
Saver/Doubler for collisions at up to 
2 TeV centre-of-mass energy. 

The immediate use of the new 
target area will be a programme of 
research and development to study 
target behaviour to help design the 
final target system for the produc
tion of antiprotons. The proton trans
port and the targetting studies are 
headed by Carlos Hojvat within the 
Colliding Beams Department. 

Success came during the last run 
before a long shutdown period of the 
accelerator. Beam was extracted 
downstream of the Main Ring r.f. 
system and transported through a 
200 m-long transport line, leaving 
the Main Ring tunnel and entering 
the new antiproton target area. The 
beamline will also be used for the 
reverse injection of antiprotons, after 
accumulation and cooling, into the 
Main Ring for transfer to the Energy 
Saver/Doubler. 

The original concept for the trans
port line was developed by Don 
Edwards, George Chadwick (now at 
SLAC) and Bruce Chrisman. The 
final design and installation were 
carried out with help from the Uni
versity of Wisconsin led by David 
Cline. Personnel from Argonne also 
helped. Scientists from Novosibirsk 
are working on targetry experiments 
and the design of the antiproton 
target (see Ju ly /August issue, 
page 249). 

Cryogenic transfer 
line for the Doubler 
Five kilometres of 24 m sections of 
cryogenic transfer line have recently 
been completed for the Energy Sav
er. The transfer line will be installed 
on the berm over the Main Ring of 
the accelerator, completely circling 
the ring and connecting the Central 
Helium Liquéfier to the 24 satellite 
refrigerator buildings equally spaced 
around the ring. The refrigeration 
provided by the satellite refrigerators 
is supplemented by liquid helium and 
liquid nitrogen delivered by the 
transfer line from the Central Helium 
Liquéfier. 

The transfer line sections were 
built by members of the Proton 
Department led by Peter Mazur, Rich 
Stanek, and John Norris. This group 
had already completed and installed 
what was then the longest helium 
transfer line in existence (see Ju l y / 

The Proton Department crew which 
constructed the cryogenic transfer line for 
the Fermilab Energy Doubler/Saver with a 
truckload of finished sections awaiting 
shipment to the Main Ring. Special 
fabrication techniques were developed for 
the transfer line, composed of 24 m sections 
and with a total length of 5 km. 

(Photo Fermilab) 

August 1980 issue, page 195). 
Because of the scale of the project, 
new production techniques based 
on the prototype work for the Energy 
Saver had to be developed. As a 
result, the line was produced at the 
rate of 60 m per day, more than 
twice the anticipated rate, and the 
project was completed six months 
ahead of schedule with substantial 
cost savings. 

The transfer line, designed by an 
engineering team led by Claus Rode, 
consists of the 24 m sections, which 
are four concentric stainless steel 
pipes separated by glass fibre-epoxy 
spacers, and multi-layer insulation in 
a vacuum. At 24 positions around 
the ring an 'expansion box' with 
flexible inner pipe connections will 
allow for the 1 6 m thermal contrac
tion of the inner pipes of the transfer 
line when they are cooled to cryo
genic temperatures. At each satellite 
building, bellows are added to the 
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A drawing of the 'Crystal Ball' detector on 
the SPEAR storage ring at Stanford by W. 
Zawojski. The detector has no magnet and 
consists of sodium iodide segments 
surrounding the interaction point, giving very 
good detection of gamma rays. The Crystal 
Ball will be withdrawn from SPEAR at the 
end of the year. 

vacuum jacket to permit thermal 
expansion due to climatic tempera
ture variations. 

Installation of the sections wi l l 
proceed soon using a helicopter to 
lift them into place around the ring. 
Because of the scale of the project, 
substantial savings should result 
f rom using the helicopter rather than 
trucks and cranes. 

STANFORD 
Experiments on the 
move 
During the summer months the High 
Resolution Spectrometer wi l l be 
installed in Interaction Region 6 on 
the PEP electron-positron storage 
ring at Stanford. HRS, (see June 
issue, page 201) which incorporates 
the rebuilt large superconducting 
magnet f rom the Argonne 12 foot 

bubble chamber, wil l replace the free 
quark search. Most activity on the 
machine itself at present is concen
trated on bringing a mini-beta 
scheme into action by the end of the 
summer shut-down wi th the aim of 
doubling the PEP luminosity. 

On the smaller SPEAR storage 
ring, the Mark III detector wi l l 
occupy one of the two interaction 
regions and the other wil l become 
vacant at the end of the year wi th the 
removal of the Crystal Ball. This is a 
non-magnetic detector built of a 
segmented array of sodium iodide 
crystals surrounding the interaction 
point giving very good detection of 
gamma rays. This wil l leave a SPEAR 
experimental hall empty and inter
ested users are invited to make con
tact w i th Stanford. 

On the electron linac itself, an 
experiment by a US Univers i ty / 
Bonn/SLAC team has been ap
proved to make a detailed study of 

the elastic cross-section in electron-
proton interactions at large momen
tum transfer. It should then be pos
sible to check quantum chromody-
namic calculations more precisely 
than wi th the present data. 

CERN 
Council considers the 
LEP project 
The 69 th Session of the CERN 
Council took place on 2 5 - 2 6 June 
under the Presidency of Jean Teillac. 
Delegates of the twelve Member 
States heard a report on the present 
research programmes from Director 
General Herwig Schopper and, for 
the future, the LEP project to con
struct a high energy electron-posi
tron storage ring was submitted to 
the Member States for approval. 

The approval concerned authori
zation for the construction of LEP 
Phase I - a 27 km circumference ring 
equipped to operate at 50 GeV and 
fed by the existing CERN synchro
trons, w i th initially four of its eight 
experimental halls housing experi
ments. The cost of LEP Phase I is 
estimated (at 1981 prices) to be 
9 1 0 million Swiss francs, plus 4 0 
MSF as CERN's contribution to the 
detection systems, and the con
struction is to be spread over eight 
years. 

Nine of the CERN Member States 
were able to vote in favour of LEP at 
the June meeting - Austria, Belgium, 
Denmark (ad referendum). Federal 
Republic of Germany, France, 
Greece, Italy, Switzerland, and Uni
ted Kingdom. The other Member 
States - the Netherlands, Norway 
and Sweden - did not express any 
opinion against the project but dis
cussions and formal procedures 
within these countries have not 
reached the stage where they were 
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Assembly of the high field quadrupole at 
CERN which has a filamentary niobium-tin 
superconductor. In the picture, heated 
aluminium rings are being put in place to 
shrink fit over iron half rings, producing a 
well stressed magnet. The quadrupole 
configuration of the inside coil windings can 
just about be distinguished. 

(Photo CERN 156.01.81) 

able to cast a vote. It is hoped that 
the decision making processes wil! 
be sufficiently far advanced by the 
Autumn to enable their votes to be 
made known at a special session of 
the Council in October. 

An important element in these 
discussions is the level at which the 
CERN budget would be sustained 
during the construction period. It has 
been accepted that LEP could be 
considered as part of the basic pro
gramme of CERN and the construc
tion money would be found within 
the annual CERN budgets (involving 
the closing down or restriction of 
some of the existing programmes). 
To confront such a major project as 
LEP, it is realized that CERN would 
need to have some confidence in the 
budgets it would be accorded over 
the coming years. 

For this reason the traditional 
'Bannier procedure' for arriving at 
CERN budgets would be extended 
so that the budget level accorded in 
the first year of construction would 
be sustained for five years unless a 
two-thirds majority of the Member 
States voted for a reduction. (Any 
increase would require a unanimous 
vote.) In the hope that it will be 
possible to begin LEP next year, the 
budget for 1 982 is therefore of par
ticular importance. At the June ses
sion, the Member States were not 
yet in agreement on the figure to be 
adopted and this also will be left until 
the proposed October session. 

High field 
superconducting 
quadrupole 
Niobium-tin has already demon
strated its usefulness as a possible 
superconductor for high field mag
nets for future accelerators. At 
CERN, for example, a small solenoid 
containing fine niobium-tin fila-

•Ik 

ments attained a field well in excess 
of 8 T (see November 1978 issue, 
page 396). However solenoids are 
one of the simplest magnet configu
ration to produce with brittle mate
rial. Now this work has been taken a 
stage further with the successful 
testing of the more complicated con
figuration of a quadrupole by the 
small team led by A. Asner. The 
quadrupole is about 1 m long with an 
inner warm bore of 10 cm. It has a 
filamentary niobium-tin 1.1 x 2.2 
mm 2 cable produced by the Va-
cuumschmelze firm in Germany 
using the technique described in the 
November 1 978 article. The magnet 
was tested at the beginning of June : 
a current of 1 kA was reached at the 
first quench increasing to 1.1 kA 
after four quenches. This confirms 
previous experience of little training 
with niobium-tin superconductor. 
The highest field was 7.5 T with a 
useful field gradient of 69 T/m, The 

current density (averaged over the 
whole insulated cable, not just the 
superconductor) was 300 A pei 
mm 2 . 

The resultant 'wind, react anc 
impregnate' technology looks prom
ising and encouraging. It proved pos 
sible with coils of quadrupole confi 
guration to retain the brittle materia 
with its quartz insulation in gooc 
shape with high geometrical preci 
sion while swinging the temperatun 
from the niobium-tin reaction tern 
perature of 1000 K to the magne 
operating temperature of 4 K. Th< 
non-trivial problems of connection 
to the niobium-tin are also solved. 

It looks like one route which coul' 
lead to the high field magnets (8 t 
10 T) of the future and it would b 
interesting now to move to the mor 
difficult dipole magnet configura 
tion. However before such a ste 
could be considered a lot of desig 
work would be needed, for examph 
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Candidate charm production and subsequent 
decay as recorded by the 20 cm LEBC bubble 
chamber at CERN, 

to deal wi th such problems as han
dling stored energies as high as 1 
Megajoule per m, and extracting 
them at voltages the epoxy impreg
nated quartz insulation wil l safely 
withstand. 

Big things from little 
bubble chambers 
Not that long ago, bubble chambers 
were out of fashion. Bubble chamber 
development appeared to have 
slowed down and the only idea 
seemed to be to equip powerful big 
chambers wi th additional electronic 
detectors to extend their capabili
ties. Many bubble chamber phys
icists decided the t ime had come to 
reeducate themselves in counter 
techniques. 

However in a relatively short t ime, 
physics has seen the emergence of 
the small custom-built bubble cham
ber. Exploiting state-of-the-art high 

resolution optical techniques, these 
mini detectors now provide one of 
the best available tools for studying 
rare particles wi th short lifetimes. 
This was particularly evident in the 
new results on the lifetimes of 
charmed particles presented at the 
Lisbon conference (see page 286) . 

In 1 9 7 7 , Colin Fisherfrom Ruther
ford proposed the use of a small 
bubble chamber to look at charmed 
particles. Experience wi th track-sen
sitive targets in large bubble cham
bers had made possible the con
struction of 'clean' chambers wi th 
no spurious boiling. Optically, the 
new development required the pho
tography of small (typically 50 
micron) bubbles at high density (say 
60 bubbles per cm). Such resolution 
can only be obtained at the expense 
of a reduction in the depth of field. 

This led to the construction of 
LEBC, of diameter 20 cm and using 
liquid hydrogen, and BIBC, just 6.5 
cm in diameter and filled w i th a 
heavy liquid (see April 1 9 8 0 issue, 
page 58). However wi thout addi
tional spectrometry and particle 
identification, such detectors cannot 
by themselves identify charmed par
ticles and measure their lifetimes. 

At CERN, LEBC was used as the 
vertex detector in the initial stage of 
the European Hybrid Spectrometer 
(see March issue, page 81), while a 
Berne/Munich collaboration used 
BIBC placed upstream of the 
streamer chamber and associated 
spectrometer of the NA5 experi
ment. 

These far-sighted developments 
are paying off. After many years of 
swinging to and fro on the tide of 
experimental statistics, charmed 
particle lifetimes are now beginning 
to f irm up. 

The other new weapon in the bub
ble chamber armoury is holography 
(see January/February issue, page 
14). At CER N, an experiment is to be 

carried out using a 12 cm holograph
ic high resolution hydrogen cham
ber (HOLEBC), operating at 50 Hz, 
wi th the EHS spectrometer. As in the 
previous study using LEBC, a simple 
interaction trigger wil l be used for 
the bubble chamber laser and 
camera, w i th no attempt being made 
to select charm candidates on-line. 
Rather than accumulating good sta
tistics on charm (or other heavy 
flavour) decays (there is as yet little 
experience of scanning large num
bers of holograms), the initial objec
tive of this experiment is to gain 
experience in using this new tech
nique. 

Another new CERN experiment 
wi l l use a 1 0 cm heavy liquid bubble 
chamber (H0BC) running at 25 Hz. 
This wil l make use of an on-line 
trigger f rom a muon detector in order 
to enrich the fraction of events con
taining charm and other heavy f la
vours. However the use of this muon 
filter (based on the old Gargamelle 
external muon identifier), containing 
a thick i ron/ tungsten shield, makes 
additional downstream spectros
copy difficult. 

Thanks to modern technology, the 
bubble chamber seems to have 
bounced back, and future experi
ments could, well see a lot more of 
these small 'disposable' detectors. 

Lasers and chambers 
Nitrogen lasers, radiating at 337 nm, 
have been developed at CERN wi th 
the aim of producing intense subna-
nosecond light pulses wi th small 
beam divergence and cross-section. 
The light beam ionizes the typical 
gas mixtures used in drift and 
streamer chambers wi th ionization 
densities similar to those created by 
minimum ionizing particles. Multiple 
photon excitation is believed to be 
responsible for this effect but the 
molecules involved (probably impu-
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Tracks' induced by the same laser in three 
different particle detectors at CERN. Top to 
bottom: Off-line display of drift times from 
the Jet chamber of the Axial Field 
Spectrometer at the lSRf photo taken in the 
BEBC hydrogen bubble chamber and photo 
taken in the 2 m streamer chamber of the 
European Muon Collaboration. The laser 
beam technique promises to have numerous 
applications, especially for surveying and 
calibrating large imaging chambers. 

rities) are not yet known. However 
consistent results were obtained in 
several chambers and gas mix
tures. 

The advantages of the laser beam 
technique, especially for calibration 
and surveying, are: high spatial reso
lution (50 microns were obtained 
f rom drift t ime measurements in 
small chambers and 100 microns on 
long tracks in a jet chamber at the 
ISR), small variation of the ionization 

density (an order of magnitude bet
ter than the Landau distribution from 
particle ionization in thin gas sam
ples), insensitivity to magnetic fields 
and the unique capability to produce 
well localized multiple tracks. 

Narrow bubble tracks were in
duced by the same laser in a test 
bubble chamber filled wi th argon or 
nitrogen as well as in BEBC filled 
wi th hydrogen. The bubble nuclea-
tion probably occurs on tiny dirt 
particles heated by the laser beam. 
Further tests are in preparation. 
Among the applications being con
sidered are event tagging and stu
dies of chamber performance, for 
example of holographic and rapid 
cycling bubble chambers. 

BROOKHAVEN 
Studies of a phased 
ISABELLE 
In a recent review of the ISABELLE 
high energy proton-proton storage 
rings project at Brookhaven, the pos
sibility of a phased approach to 
attain the full potential of the 
machine (involving a 7 2 0 GeV 
centre-of-mass first phase wi th a 
luminosity of 1 0 3 2 to 1 0 3 3 per c m 2 

per s) was presented. This would 
involve the use of Fermilab-type 
magnets wi th the addition of a 
booster in the second phase. A spe
cial task force headed by Kjell 
Johnsen is studying the feasibility of 
this approach. Additional options 
such as electron-proton collisions, 
heavy ions and polarized protons are 
also being considered. This task 
force will present a preliminary 
report on 1 September and a full 
report on 1 October. The Laboratory 
management decides on 1 Septem
ber whether to adopt this scheme. 

In July, a new superconducting 
magnet — a 5-foot dipole wi th full 
ISABELLE aperture and using two 

layers of Rutherford type cable — 
underwent a highly successful first 
tes t reaching 5.35 T at 4.8 K. Initial 
results indicated that the magnet 
was operating at the 'short sample' 
limit imposed by the intrinsic proper
ties of the superconductor. No eddy 
current effects were observed as the 
ramp r^te was increased to well 
above the design specification. 

The magnet was built by a group 
drawn f rom the Physics Department 
and the ISABELLE Project, led by 
Bob Palmer. It was designed wi th 
dimensions and specifications iden
tical to those of the standard ISA-
BELLE magnets. The main differ
ence is the substitution of cable for 
braid. Other innovations include spe
cial low friction slip planes in critical 
bearing areas, split core yoke con
struction for high compression and 
special clamping of the coil ends for 
longitudinal restraint. 

Further tests were carried out wi th 
the temperature reduced to 3.7 K, 
and resulted in a higherfield — 5.9 T. 
A second 5-foot magnet wil l be 
tested soon and a full size 1 5-foot 
ISABELLE magnet will be built in the 
immediate future. 

D U B N A / 
SERPUKHOV 
Streamer 
spectrometer 

A Berlin / Budapest / Warsaw / 
Dubna / Prague / Sophia / Tiflis 
group has obtained first results f rom 
the RISC spectrometer (Relativistic 
Ionized Streamer Chamber). It is 
being used in an experiment on mul
tiple production of charged particles 
f rom nuclei wi th 4 0 GeV negative 
pion and kaon beams at the Serpuk
hov accelerator. 

The basis of the spectrometer is e 
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streamer chamber wi th a track-sen
sitive volume 0.93 x 0.80 x 4.70 m 3 

in a magnetic field of 1.5 T. The 
chamber differs f rom conventional 
streamer chambers in that it has a 
bipolar design. Instead of one high 
voltage electrode in the track sensi
tive volume, there are two , which are 
fed simultaneously wi th high voltage 
pulses. In this way it is possible to 
avoid having an electrode in the 
median plane of the chamber, thus 
freeing it for the installation of tar
gets, detectors etc. 

The chamber is monitored by an 
eight channel optical system (four 
stereoscopic pairs), w i th electro
static image converter tubes which 
increases the brightness of the 
tracks in every channel 100-fold. 
The track sensitive volume is also 
viewed by a television system which 
makes it possible to keep a constant 
check on the quality of the tracks and 
the efficiency of the trigger. 

Inside the chamber, there is a 
liquid hydrogen (or liquid deuterium) 
target of 20 mm diameter and 2 0 0 
m m 3 volume. In the first experiment 
on multiple production of hadrons, 
up to ten separate nuclear targets 
were placed along the line of the 
beam in the chamber (from lithium 
to lead). Since it is possible to locate 
the interaction point very precisely 
and to have an efficient trigger, the 
targets used in RISC are very small 
(about one per cent of the nuclear 
interaction length). It is then possible 
to dispense wi th any basic correc
tions, related to the thickness of the 
target. The use of a streamer cham
ber which records all the charged 
particles being emitted from the tar
get, and to distinguish charges over 
the entire solid angle, has yielded 
results on multiple production. 

It has been found that the increase 
in multiplicity of charged particles in 
proportion to the atomic number 

relates mainly to the emission of 
positively charged particles. There 
are more positively charged parti
cles, particularly protons, than nega
tively charged particles, even at 
energies over 5 0 0 MeV (far beyond 
the energies of evaporative protons). 
The average multiplicity value of 
negatively charged particles, in con
trast to positively charged, increases 
slowly. 

A programme is now in progress 
at the RISC spectrometer to investi
gate rare hadron-hadron and ha-
dron-nuclei processes wi th a cross-
section less than a microbarn and 
data on the production of charged 
particles in antiproton-nuclei inter
actions is being processed. 

General view of the RISC spectrometer 
streamer chamber (with side cover removed) 
on its test stand at Dubna before it was 
sent for installation at Serpukhov. The 
chamber has an unusual bipolar design. 

(Photo Dubna) 
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Background measurements in the initial 
excavation in the Fréjus tunnel. 

They showed that the muon rate 
was indeed reduced by a factor of 
the order of 10 6, as expected by the 
1 500 m of rock covering the cham
ber. This excavation will be enlarged 
at the beginning of 1982 to take a 
3000 m 3 laboratory. A start will be 
made on installing the detector at 
the end of 1 982. Since it is modular, 
it can begin operating before it is 
completed. It will be sensitive 
enough to allow the measurement of 
a lifetime of 10 3 1 years in one year 
and to reach a lower limit of 10 3 2 

years in a few years. 

UNDERGROUND 
Frejus tunnel 
experiment 

To search for proton instability and 
to measure the proton lifetime, an 
Orsay / Saclay / Ecole Polytechni
que collaboration last year put for
ward a proposal for an experiment in 
the Frejus tunnel using a calorimetric 
detector with a fiducial mass of 
1000 tons. A German group from 
Wuppertal added its support to the 
proposed experiment, which was 
approved in May. 

The detector, which has a total 
mass of 1 500 tons, measures 6 x 6 x 
20 m. The nucléon source consists 
of iron plates 3 or 4 mm thick. The 
fine grain is provided by 1 600 banks, 
measuring 6 x 6 m, of polypropylene 
plasma tubes 6 mm long, similar to 
those operating in a Fermilab neu

trino experiment. These tubes are 
triggered by 1 85 Geiger tube banks 
of the same dimensions. With these 
it will be possible to measure the 
time of flight of the particles and to 
detect any particularly slow parti
cles, such as monopoles. All these 
detector components are fitted in 
alternate array, giving the whole a 
modular structure. The iron sampling 
precision and the fineness of the 
grain will make it possible to dis
cover the charge of the tracks and to 
measure their energy with a high 
degree of accuracy. 

The experiment will be carried out 
in the Modane underground labora
tory fitted out beside the Frejus tun
nel linking Modane in France to Bar-
donecchia in Italy, and located on 
French territory some 100 m from 
the border. An initial excavation of 
800 m 3 was made before the tunnel 
was completed in 1 980 and back
ground measurements were made. 
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Physics monitor 

Although not evidence for quarks, heavy ion 
experiments at the Berkeley Bevalac have 
revealed signs of unusually short-lived states 
in nuclear emulsion. Here is an example of 
an incoming iron nucleus producing a chain 
of four successive interactions. 

Quark search 
conference 
In spite of (or perhaps because of) 
the present doctrine of total quark 
confinement held by the majority of 
particle theorists, experimental 
searches for free fractional charge 
and other anomalous stable part i
cles in ordinary matter have been 
increasing in number during recent 
years, using a range of techniques of 
increasing sophistication and sensi
tivity. 

As a result, researchers in this area 
had a conference to themselves in 
June. About 4 0 participants and 
150 observers gathered at San 
Francisco State University to report 
progress and discuss future plans, 
wi th representatives present f rom 
almost every group involved in quark 
searches. 

Direct accelerator searches have 
seen no fractionally-charged part i
cles of mass below about 1 3 GeV. 
However possible candidates for 
new particles in this mass range 
have been reported from the Auck
land cosmic ray experiment and 
some anomalous nuclear fragments 
appear to be present in emulsion 
experiments wi th heavy ions at Ber
keley. 

The majority of the current and 
planned searches in matter are 
based on one of three basic techni

ques — magnetic levitation, t ime-
of-flight spectrometry and electro
static droplet deflection. Other ideas 
under development include semi
conductor and tunable laser techni
ques for the excitation and detection 
of anomalous atoms. 

Inevitably, interest at the confer
ence focused on the latest results 
f rom the Stanford group which has 
been reporting apparent fractional 
charges in over a third of their levi
tated 0.25 mm niobium spheres. In 
the opening talk of the conference, 
W. Fairbank claimed the continued 
observation of this effect in a further 
fifteen charge measurements on five 
spheres. One sphere gave zero resi
dual charge, two gave measure
ments of + V 3 and two - Y 3 of the 

* electronic charge (in the experiment, 
- 1 / 3 is indistinguishable from + 2 / 3 or 
two + Y 3 charges, and vice versa). 
One of the + V 3 values remained 
unchanged for eight levitations, 
while another sphere changed from 
- 1 / 3 to 0 in successive levitations. 
Fairbank showed measurements of 
background, which remained con
stant during successive levitations, 
and concluded that the measured 
fractional charges represent a real 
effect. Nevertheless he has agreed 
to a 'bl ind' analysis of future data, 
incorporating in the computer pro
gram a random charge value which 
wil l not be known to the Stanford 
group until afterwards. 

In contrast to the Stanford results, 
G. Morpurgo reported no fractional 
charges wi th his levitated iron 
spheres, obtaining a residual charge 
consistent w i th zero in a total of 
seventy spheres. Since the spheres 
are of different material and are 
prepared in different ways, the two 
results are not necessarily in direct 
contradiction, but Morpurgo feels 
that, since the Stanford fractional 
charges occur so frequently, and are 
apparently rather easily removed 
f rom the niobium spheres, we should 
expect a significant proportion in 
other materials also. He is now plan
ning to test niobium-coated iron 
spheres, and spheres made from a 
niobium-iron alloy. It is not clear 
whether it wi l l ever be possible to 
levitate the same spheres in both the 
Morpurgo and Fairbank systems. 

A direct test of the Stanford claim 
may now be possible as a result of a 
new experimental strategy initiated 
by P. Smith and R. Bennett from the 
Rutherford Laboratory. The plan is to 
obtain a large number (ten thousand 
or more) of new niobium spheres, 
using the original Stanford material 
and the same manufacturer. Ran
dom samples wil l be tested by Stan
ford to confirm that fractional 
charges are still observed in the new 
batch, and the remainder wil l be 
tested in a series of experiments by 
a Rutherford / Imperial College / 
Queen Elizabeth College collabora-
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People 
and things 

t ion which wil l at tempt to confirm 
and identify the source of the frac
tional charge. The experimental pro
gramme includes evaporation of the 
material into a t ime-of-f l ight spec
trometer (see January issue, 
page 18) and a new electrostatic 
deflection experiment. The Stanford 
group is also attempting to develop 
an independent test in which the 
spheres are suspended in an air 
stream and induce a small alternat
ing current in a rotating array of 
capacitor plates. The hope is that 
sufficient sensitivity wil l be achieved 
to measure the charge on each 
sphere to better than 1 A 

Other workers favour a more gen
eral approach and plan to examine a 
wide variety of materials at sensi
tivity levels better than the Stanford 
result (10~ 1 7 per atom). This has 
been made possible in particular by 
the development of an electrostatic 
droplet deflection technique by R. 
Hagstrom (Argonne), G. Hirsch 
(Berkeley) and C. Hendricks (Liver-
more) using a stream of uniform size 
liquid drops (typically two thousand 
per second, 2 0 microns diameter) 
passing through an electric field. The 
drops separate into discrete integer 
charge clusters between which any 
fractionally-charged drops would be 
clearly detectable. Hirsch and Hen
dricks are constructing apparatus 
wi th a 10 foot vertical f l ight path, 
while Hagstrom plans to use a 
70 foot tower and 50 micron drop 
size in order to increase the process
ing rate. 

The remarkable features of the 
technique are its universality (since 
almost all materials can be put into 
liquid solution or suspension) and 
the quantity of material which can be 
examined (as much as 1 0 ~ 4 g per 
second or 1 0 2 3 atoms per day, which 
makes new levels of sensitivity pos
sible for the direct detection of frac
tional charge in all types of matter). 

Wi th suitable enrichment proce
dures, concentration levels down to 
1 0 " 3 0 or less may be attainable. 

Professor Fairbank's son, W. M. 
Fairbank Jnr., presented a paper on 
the use of tunable dye lasers to 
excite and identify specific atoms at 
the 1 in 1 0 1 9 concentration level. 
This technique could prove of impor
tance in a variety of experiments 
requiring extreme chemical sensi
t ivity (one example in particle phy
sics being solar neutrino detection 
by chemical techniques). 

The conference, conceived and 
organized by G. Fisher of San Fran
cisco State University, was judged to 
be a success by both participants 
and observers and attracted consid
erable media coverage because of 
the novelty (and unusual simplicity) 
of the scientific objectives. The con
ference also produced the first-ever 
quark t-shirts! 

Charles Percy, U.S. Senator from Illinois, 
addresses the Fermilab Industrial Affiliates 
first annual meeting and symposium on 
technology transfer. He stressed the 
importance of continued emphasis on 
research and development. More than 
seventy representatives attended the meeting 
on 27, 28 May at Fermilab. Participants 
included John Hulm of Westinghouse, who 
helped to pioneer the application of 
superconductivity to bubble chambers, and 
particle physicist Mel Schwartz who also 
has his company (Digital Pathways). 

(Photo Fermilab) 

At its June session the CERN Coun
cil appointed Rene Turlay from Sa
clay for a three year period of office 
as a member of the Scientific Policy 
Committee. It also extended the 
mandate of F. Herz as Head of the 
Health and Safety Division until the 
end of 1981. The Council also ex
pressed its appreciation of the work 
of Italo Mannelli who is leaving the 
CERN Directorate, being succeeded 
by Robert Klapisch. Gregers Hanser 
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Burt Richter (left) andPiefPanofsky 
in action during the annual Experi
menters versus Theorists softball 
game atSLAC. 

(Photos Joe Faust) 

replaces Klapisch as Chairman of 
the Proton Synchrotron and Syn
chro-Cyclotron Committee. 
From 1 July Fritz Niemann has 
taken over from Gunther U/lmann 
as acting Head of Personnel Divi
sion. Gunther Ullmann has been 
Head of Personnel at CERN for 
twenty years and has contributed 
greatly to the success of the Labo
ratory by his intelligent handling of 
the concerns of the personnel in 
CERN's unusually complex multi
cultural and multi-lingual commun
ity. 

Frederick Reinesr neutrino re
searcher from the University of 
California, Irvine, has been awarded 
the thirteenth annual J. Robert Op-
penheimer Memorial Prize. 

New fellows of the Royal Society 
in the UK elected this year include 
experimentalist Ian Butterworth of 
Imperial College, London, and the
orist John C. Taylor of the Univer
sity of Cambridge. In addition, 
Steven Weinberg of Harvard, cur
rently on leave at the University of 
Texas, was elected foreign member. 

The UK Institute of Physics Guthrie 
Medal and Prize has been awarded 
to J.C Ward of Macquarie Univer
sity, Australia. His accomplishments 
cover a wide range, includ
ing both field theory and statistical 
mechanics. In the domain of field 
theory and renormalization tech
niques, his contributions include 
the famous 'WardIdentities. He 
has also made important contribu
tions to the development of the 
unified theory of electromagnetic 
and weak interactions, particularly 
in collaboration with A bdus Salam. 

The 1981 Norsk Data Physics 
A ward was presented to Kje/I 
Johnsen on 23 June for his techno
logical contributions to elementary 
particle physics. Kje/I Johnsen 
headed the team which built the 
CERN Intersecting Storage Rings 
and is currently technical director 
of the ISABELLE project at Brook-
haven. 

Reorganization at Fermilab to take 
account of the advent of the Energy 
Doubter programme has led to a 
new Accelerator Division since 1 
July. This merges the Energy 
Doubler and the 400 GeV Acceler
ator into a single Division. Division 
Head is Rich Orr and Helen 
Edwards is his deputy. Also since 1 
July, William Bardeen has taken 
over from Chris Quigg (on leave of 
absence for a year at Eco/e Normale 

Superieure in Paris) as Acting Head 
of Theoretical Physics. 

Brad Cox becomes head of Fermi-
lab's Research Services Department 
succeeding Marvin Johnson. 

A lick Ashmore retired in June as 
Director of the Daresbury Labora
tory. He had successfully seen Da
resbury through a difficult transition 
period when the Laboratory was 
transformed from a high energy 
physics centre based on the opera
tion of the NINA electron synchro
tron to a multi-disciplinary centre 
based on two very different front
line facilities - the Synchrotron Radi
ation Source (2 GeV electron stor
age ring) and the Nuclear Structure 
Facility (30 MV tandem Van de 
Graaff). He was made Commander 
of the British Empire (CBE) in 1979. 
He is succeeded by Leslie Green. 
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Max Delbruck died in California 

earlier this year. His important early 

contributions to quantum mechanics 

and field theory have been immor

talized in the term 'Delbruck scat

tering', describing the electromag

netic interaction of photons with 

nuclei. In 1938 he turned his atten

tion from theoretical physics to 

genetics, where he went on to be

come an authority of world renown. 

News from China 

The King of Belgium recently paid 

a state visit to the People's Republic 

of China and invited four Belgian 

scientists to accompany him — 

M. Engelborghs-Bertels, P. Melchior 

(Royal Observatory of Brussels and 

Lou vain), J. van der Veken (Louvain) 

and Y. Goldschmidt-Clermont (Brus

sels and CERN). Yves Goldschmidt-

Clermont provided us with the fol

lowing report. 

From 11-20 May, the Academy 

of Sciences (A cad em ia Sinica) held 

the first meeting of its 400 strong 

Scientific Council since 1960. The 

importance of this meeting was 

emphasised by the fact that Deng 

Xiaoping, Peng Zhen and Zhao 

Ziyang attended the opening ses

sion. Though formerly only an advi

sory body, the Council has now 

been given management functions. 

It elected Yang J ici (nuclear physics) 

as Chairman and several Vice-Chair

men, including Li Xun and Qian 

Sanquiang, and it will in future be 

responsible for defining the Acad

emy's working programme. The 

stress was laid on applied research, 

especially in economic fields (par

ticularly agriculture), defence and 

social progress, but without neglect

ing fundamental research. 

The former Chairman has re

signed, but Fang-Yi remains a Vice-

Premier and Chairman of the State 

Committee for Science and Engi

neering. Chinese scientists welcome 

this greater and more useful inde

pendence of the Academia Sinica's 

scientific institutions. 

Economic readjustments have 

forced the Institute of High Energy 

Physics to abandon the proposed 

construction of a 50 GeV proton 

synchrotron (see April 1979 issue, 

page 59). Other projects are being 

examined, especially one for elec

tron-positron colliding beams with 

sufficient energy to reach the pro

duction threshold of particles con

taining a charmed quark and capa

ble eventually of reaching that of 

particles containing a beauty quark. 

The first research stage would be 

devoted to charmonium spectros

copy and the production and decay 

mechanisms of charmed particles. 

The Chinese scientists showed 

great appreciation of the fact that 

a Head of State had invited repre

sentatives of his country's scientific 

circles to accompany him, and that 

he spoke with them during a long 

conversation in which Li Xun (Vice-

Chairman of the A cademia Sinica), 

Zhang Wenyu (Director of the Insti

tute of High Energy Physics) and 

Peng Huangwu (Director of the 

Institute of Theoretical Physics of 

Academia Sinica) took part. 

GUD - Giant Underground track -

Detector 

Italian physicists are presently 

developing a large modular track 

detector to be installed in the future 

Gran Sasso underground laboratory. 

Such a 'Giant Underground track-

Detector' (GUD), up to 10 Kt in 

mass, should be capable of investi

gating nucléon decay and the inter

actions of high energy cosmic neu

trinos. 

A Workshop is being organized 

to gather the experts in the fields 

of interest and the physicists work 

ing or willing to work on the projet 

to study the range of applications 

of such a detector to fundamental 

problems of subnuclear physics 

and astrophysics. At the same timi 

the Wçrkshop should promote dis

cussions on the technical aspects 

and compare the proposed track 

detector with alternative technique, 

Participation will be by invitation 

and limited to about 70 physicists 

and astrophysicists. For further 

information please write to Ms. G. 

Fascetti, istituto di Fisica deli'Uni-

versita di Roma, Pie A. Moro 2, 

00185 Roma, Italy. 

International Conference on 

Nucleus-Nucleus Collisions 

An International Conference on 

Nucleus-Nucleus Collisions will be 

held at Michigan State University 

from 26 September to 1 October, 

1982. Sponsorship by the Inter

national Union of Pure and Appliec 

Physics has been requested and is 

under consideration. The Conferen 

will aim to survey developments ir 

the field of nucleus-nucleus colli

sions at low, intermediate and rela 

tivistic energies. In addition it will 

coincide with the inauguration of 

the National Superconducting Cyci 

tron Laboratory at Michigan State 

University. Further information cat 

be obtained from David K. Scott, 

National Superconducting Cyclotrc 

Laboratory, Michigan State Univer 

sity, East Lansing, Michigan 4882' 

USA. 
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DIRECTOR 
High Energy Physics Division 
Distinguished energetic physicist sought to head 
the High Energy Physics Division, Argonne National 
Laboratory, Argonne, Illinois. 

Argonne National Laboratory is a multiprogram re
search laboratory funded by the U.S. Department 
of Energy. Members of the High Energy Physics 
Division are engaged in a broad program of the
oretical and experimental investigations. Experi
ments are carr ied out at accelerator faci l i t ies 
including SLAC, Fermilab, and Los Alamos. The Di
vision Director has primary responsibi l i ty for the 
leadership and management of these High Energy 
Physics activities, under the general direction of the 
Laboratory Director and the Associate Laboratory 
Director for Physical Research. 

REQUIREMENTS: Extensive research experience 
in high energy physics, extensive publication rec
ord, scientific management ability, excellent com
munication skills, Ph.D. or equivalent in Physics. 

Nominations or applications should be sent to Dr. 
Edmond L. Berger, Chairman Search Committee, 

Box 10, High Energy Physics 
D iv i s i on , A r g o n n e Nat iona l 
Laboratory, 9700 S. Cass Ave
nue, Argonne, I'L 60439. 

An Af f i rmat ive Ac t i on /Equa l 
Opportuni ty Employer, Wom
e n , M i n o r i t i e s , the H a n d i 
c a p p e d , and V e t e r a n s are 
urged to apply. 

Professorship 
in Theoretical Physics 

The University of Zurich (Switzerland) announces a vacancy for 
a Professor of Theoretical Physics. The appointee is expected 
to work in an important field of research (e.g. astrophysics, par
ticle physics, statistical physics or solid state/condensed mat
ter physics). He should have a broad knowledge of general phy
sics which allows him to participate in the task of teaching 
theoretical physics to students of experimental and theoretical 
physics. Candidates who are not older than 40 are preferred. 

Letters of application, together w i th a curriculum vitae and a 
list of publications should be addressed to : 

Prof. Dr. K. St rebe l 
Dekan der Phi l . Faku l ta t II 
Un ivers i ta t Zur ich 
Ramist rasse 71 
C H - 8 0 0 6 Zur ich. 

Applications should arrive not later than December 31 st 1 9 8 1 . 

Those wishing to draw the faculty's attent ion to potential can
didates are invited to wri te to the same address. 

O U T S T A N D I N G CAREER 
O P P O R T U N I T Y 

IN 

ACCELERATOR 
TECHNOLOGY 
Development programs using linear and circular accelera
tors are being vigorously pursued by the Accelerator 
Technology Division at Los Alamos for applications 
including experimental physics, materials irradiation 
testing, medical treatment, and isotope production, 
process chemistry and radiography. New ion and electron 
accelerator systems are required, wi th new accelerator 
structures, rf power sources and ion sources. Positions 
exist for experimental and theoretical physicists and 
engineers interested in participating in challenging pro
jects which areadvancingthe state-of-the-art in accelerator-
based systems. 

Projects under way or under serious proposal development 
include a high current cw linac for materials testing, a 
proton storage ring, free electron lasers, a racetrack 
microtron, a kaon factory, and new component develop
ment. Knowledgeable personnel are needed in the 
development of radiofrequency cavities, electromagnetic 
measurements, intense ion beam diagnostics, analog and 
digital instrumentation, complex pulsed and dc magnets, 
beam stability analysis at high currents, beam optics 
and dynamics at high space charge levels, mechanical 
engineering in close-tolerance environment wi th rf 
fields and high vacuum, methods of phase space 
•optimization and control, and beam simulation code 
programming and analysis. 

QUALIFICATIONS: B.S., M.S. or Ph.D. in physics or 
engineering. Direct experience in particle accelerator 
physics or engineering is useful, but not required; 
applicants wi th broad background or education in 
physics or engineering are encouraged to apply. 

Los Alamos provides excellent experimental and analyt
ical support including one of the world's largest 
computing facilities and a very extensive technical 
library. The Laboratory, operated by the University 
of California for the Department of Energy, is a mult i-
faceted national R&D organization located in the 
mountains of northern l\few Mexico. We provide 
excellent working conditions and benefits, including a 
variety of professional growth opportunit ies and 24 
days annual vacation. Los Alamos offers a pleasing 
lifestyle in a setting of great natural beauty: casual, 
uncrowded living; a pollution-free environment; abun
dant recreational opportunit ies; a superb climate; 
excellent school system; and low taxes. 

Send resume, in confidence, to: 

N.C. Kimerly, DIV 81-BP 
Los Alamos National Laboratory 
P.O. Box 1663 
Los Alamos, New Mexico 87545 

A n Equa l O p p o r t u n i t y E m p l o y e r ope ra ted by t h e 
Un ive rs i t y o f Ca l i f o rn i a . W o m e n , M i n o r i t i e s , t he H a n d i 
capped and Veterans Urged t o A p p l y . 
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1 + National Research 
Council Canada 

Conseil national 
de recherches Canada 

1982 
Research Associateships 

for research in science and engineering in the following labo
ratories of the NATIONAL RESEARCH COUNCIL OF 
CANADA: 

Atlantic Research Laboratory 
Division of Biological Sciences 

Prairie Regional Laboratory 
Division of Building Research 

Division of Electrical Engineering 
Industrial Materials Research Institute 

Division of Mechanical Engineering 
Division of Chemistry 

Herzberg Institute of Astrophysics 
Division of Physics 

Applicants should have recently acquired a Ph. D. in natural 
science or a Master degree in an engineering field or expect to 
obtain the degree before taking up the Associateship. 
Associateships are open to nationals of all countries although 
preference will be given to Canadians. 
Research Associates will be offered appointments to the staff 
of the National Research Council on a term basis and will be 
offered salaries and benefits currently available to members of 
the continuing staff. 
The initial appointment will normally be for a two-year term 
and may be renewed, subject to the Associate's performance 
and subject to the requirements of the Division. Renewals are 
considered annually. The term as a Research Associate will 
vary by Division but will not exceed five years. 
An allowance will be provided towards the cost of travel. 
Applications may be obtained from the Research Associates 
Office, National Research Council of Canada, Ottawa, Onta^ 
rio, Canada, K1A0R6. 
Closing date: 1 5 December 1981. ^^^H 

Canada 

METOXIT AG 
OXIDE CERAMICS FOR TECHNOLOGY A N D RESEARCH 

C H - 8 2 4 0 THAYNGEN 
TEL (053) 6 50 50 TELEX 76 693 KERAM CH 

PRODUCT LINE 

Sintered Mater ia ls 
• High density Alumina 99,8 % 
• Stabilized Zirconia (Calcia-Ytria) 
• Doped Stannia 
• Thermal-shock resistant materials 

- Alumina 0 0 4 
- Aluminium-Titanate 
- Alpha Kelite 

PRODUCTS 
• Crucibles, boots, etc. to 1 800° C 
• Plates, rods, insulating parts 
• Precision ground parts (as balls, pistons, etc.) 
• Grinding media and mill jars 
• Metallised parts 

Name: 

First Name: 

Company, Dept.: 

Address, Country, Zip Code: 

I am interested on : . 

MEMBRAlN systeme de test«In-circui t» 
et fonctionnel 7760 D 
• jusqua 1920 points de test par 

Tintermediaire d'une planche a 
clous 

• 256 connections (entree/sortie) 
pour le test fonctionnel (TTL ou 
programmable) 

• programmation simple par IN
TACT 2, guarding automatique 

• software compatible avec I'en-
semble des autres systemes de 
test de la serie MB 7700 

• instrumentation complete avec 
interface IEEE 488 
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YOU NEED 
SHIELDS OR CONTAINERS 

FOR ABSORPTION OF 
HARD RADIATION 

CIME.BOCUZE 
can supply you with 

TUNGSTEN - BASED ALLOYS 

DENAL 
BARYMETAL 
INERMET 

REDUCED DIMENSIONS 
FIRE.RESISTING 

BLANKS OR MACHINED COMPONENTS 

CIME-BOCUZE DIVISION TUNGSTENE 
ST. PIERRE EN FAUCIGNY, 74800 LA ROCHE/FORON 
Tel . ( 50 ) 03 10 9 8 . Te lex : 385027 FRANCE 

RICO-Gouttieres a cables 
Chemins de cables 

Elements f ab r i ques en ser ie, d ispon ib les 
de s tock , p re ts a et re assemb les se lon Ie p r inc ipe 
de la bo i te de cons t ruc t i on , p e r m e t t e n t 
des ga ins de t e m p s i m p o r t a n t s dans 
j ' e tab l i ssement des p lans, dans les 
bureaux d 'e tudes , sur le chant ie r et a I'atelier. 

RIETH & Co. 
Fabrikf i ir Eisenkonstruktionen 
D-7312 Kirchheim-Teck 
Tel. (07021) 45051 
Telex 07267881 

Schweiz 
Bruno Winterhalter AG 
WerkstraBe 5 
CH-9006 St. Gallen 
Tel. 071-24 9417 
Telex 77 303 

ULTRA-LOW NOISE, PRECISION 
OPERATIONAL AMPLIFIER 
• • • • • 

Ult ra-Low Noise Vol tage (1 kHz) 3 n V / / H z 
Input Noise (pk-pk) (0.1 to 10 Hz) 80 n V / p-p 
Ui t ra-Low V o s 10 pN 
Ult ra-Low V o s Drift 0 . 2 * A / / ° C 
Ul t ra-Stable vs Time 0.2 /vV/ Month 
S lew Rate 3.2 V/ /JS 
No External C o m p o n e n t s Requ i red 
Wide Bandw id th 8 MHz 
Wide S u p p l y Vol tage Range ± 3 V to ± 1 8 V 
Rep laces OP-07, 714 and OP-05 
For FAST App l i ca t i ons ask for OP-37 

PRECISION MONOLITHICS INC. 
A Subsidiary of Bourns inc. 
Santa Clara, California, USA 
EUROPEAN HEADQUARTERS 
Bourns AG, 6340 Baar, Switzerland 

Bourns (Schweiz) AG 
Telefon 042 / 33 33 33 

6340 Baar 
Telex 868 722 
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PFEIFFER TURBO 040 
High-Vacuum Pump 

The TURBO 040 produces hy
drocarbon-free high vacuum at a 
low volume f l ow rate. It is there
fore the ideal pump for modern 
analytical work as for example 
for the mass spectrometer and 
for industrial use in the manufac
ture of tubes and light bulbs. 

The applications of the TURBO 
040 are numerous. The high va
cuum connection can be supplied 
to order, either to KF, high vacu
um flange to ISO-K or ultra-high 
vacuum flange to CF standards. 
The pump can be f i t ted in any 
posit ion f rom the vertical to the 
horizontal. The TURBO 040 is 
the first pump of its k ind wi th
out forced cooling and therefore 

Height 

Diameter 

Weight 
Volume f low rate 
for N2 

166 mm 
95 mm 
2,5 kg 

40 l/s 

operates problem-free. Its remark
ably low level of noise and vibra
t ion helps to make it the univer
sal high-vacuum pump for all 
types of use. Noteworthy in 

A. PFEIFFER 
Vakuumtechnik Wetzlar GmbH 
Postf ach 1280 
D-6334 Asslar, BRD 
Tel.: 06441/8021 
Telex: 48 3859 

comparison w i th other high-vacu
um pumps is its low energy con
sumption. 

The '81 Range 

The 1981 TURBO range com
prises six pump sizes. The choice 
can be considerably increased 
owing to possible modif ications 
such as flanges for high and ultra
high vacuum, posit ioning of the 
high vacuum connection and 
choice of coolant. The range of 
the volume f l ow rate f rom 40 to 
5000 l/s gives the best possible 
solut ion for every kind of appli
cation. 
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NEW SOFTWARE-MINDED 
SYSTEM CONCEPT 
GENERAL t MEMORY MAPPED CAMAC ACCESS 

STRUCTURED FOR TRUE NESTED INERRUPT HANDLING 
RUNS ALL UNMODIFIED STANDARD DEC SOFTWARE 
CAMAC D I A G N O S T I C S » FORTRAN? BASIC> ASSEMBLER 
SINGLE INSTRUCTION DATA TRANSFER (16 B ITS) 

FEATURESJ USES ORIGINAL DEC L S I - H / 2 OR L S I - 1 1 / 2 3 CPU BOARDS 
HAS FULL AUXILIARY CONTROLLER BUS (ACB) LOGIC 
HAS Q-BUS CONNECTOR 
INCORPORATED ASYNCHRONOUS SERIAL LINE INTERFACE 
COMPLETE SYSTEM < CPU 164KB•> 20MA C D IN A 3 WIDTH UNIT 
INDIVIDUAL VECTORS FOR ALL LAM'S* Q t X> ETC. 
CAN ALSO HANDLE 24 BITS OF DATA 
HAS F CODE STORAGE FOR REPETITIVE USE 
HAS AUTOMATIC CAMAC N AND A SCANNER-
HARDWARE Q-SCAN AND Q--REPEAT MODES 
CAN CONTROL SEVERAL CRATES 
CAN WORK WITH CAMAC SHORT CYCLE ( I N DMA) 
SPECIAL HARDWARE TO SIMPLIFY SOFTWARE 

PACKAGES J WITH EXTENSION MEMORIES t FLOPPY DISC SYSTEMS.. ETC * 

b o r e r BORER ELECTRONICS AG 
CH-4501S0L0THURN /SWITZERLAND 
Tel: 065-31 11 31 Telex: 34228 
Suisse Romande: Tel. 022-76 38 46 
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PRECISION 
PHOTOMULTIPLIER 
TUBES 
FOR HIGH ENERGY 
PHYSICS 

Pulse Height Distribution 
For Photo and Dark For Dark Only 

Dark Pulse: 10 cps | 
• Peak to Valley Ratio: 1.8 
Ambient Temperature:-20°C 

\ \ Dark 

Single Photon PHD 

Photo Counts: 2700cps 
Dark Counts: 50cps 
Supply Voltage: 1850V 
Light Source: 400nm < 

Photo Counts: 9000cps 
Dark Counts: 500cps 
Supply Voltage: 1850V 
Light Source: Green LED 

200 400 600 800 
Pulse Height (Channel Number) 

R1262—A GaAsP high gain first dinode PMT 
capable of excellent single and mult i -photon 
discr iminat ion. 

100 150 200 250 "0 50 100 150 200 250 
Pulse Height (channel number) Pulse Height (channel number) 

R943-03—A photon count ing PMT with a GaAs (Cs) 
photocathode which is ideal for plasma or laser fusion 
diagnostics and f luorescent spectroscopy. The R943-03 
provides a typical dark count rate of 10 counts per 
second (at -20°C) and a 2.2 nanosecond rise t ime. 

R1391 — A 5 " hemispher ical PMT 
providing good quantum eff iciency, 

t iming characterist ics and light 
acceptance signif icantly greater 
than 2TU sol id angle. 

ANGLE (Degrees) 

LIGHT ACCEPTABILITY OF R1391X 
• measured » — - calculated 

R1294X—A MicroChannel 
Plate PMT for use in high 
magnetic field environments 
offering 350 picosecond rise 
t ime and excel lent gain 
stabil i ty beyond 10~1 cou lomb 
accumulated charge. The 
R1294X also provides 
immunity to after-pulsing. 

R647—A V2" end-on 
photomult ipl ier 
workhorse for 
CAT scanners 
and the ideal choice 
when high density 
detector packing is 
required. 

Take advantage of Hamamatsu's state-of-the art hemispherical photomult ipl ier tubes for precise 
detect ion of Cerenkov light in photon decay or neutrino-type experiments. Use our more tradit ional 
end-on PMT's in calorimeter, hodoscope and plasma applications. 

CALL OR WRITE FOR LITERATURE 

H A M A M A T S U 
HAMAMATSU CORPORATION* 4 2 0 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 0 8 8 4 6 • PHONE: 201 /469 -6640 

International Offices in Major Countries of Europe and Asia. 
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Documentat ion 
on request : 
Merl in Gerin 
department IPV 
3 8 0 5 0 Grenoble Cedex 
France 

stabilised 
direct current 
power supply 

• very performing 
long-term drift and current ripple 
< ± 1 0 4 

of the indicated value (from rated 
current to 5 % 
of rated current 
over a period of 8 hours) 
• reliable 
• ease to use 
• a complete range 
with transistors: 0 to 1.000 A 

0 to 1 2 0 V 
with thyristors : for higher ratings 

MERLIN GERIN 
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Synchrotron Radiation Research 
edited by H. Winick 
Stanford Synchrotron Radiation Laboratory 
and S. Doniach 
Stanford University 

Synchrotron Radiation Research provides comprehensive 
treatments of all of the major applications of synchrotron 
radiation in the X-ray and ultraviolet parts of the 
spectrum. In addition, information is provided on the 
properties and sources of the radiation and research 
facilities. Detailed accounts of many specialized 
instruments are given as well. 774 pp., illus., 
1980, $65.00 ($78.00/£40.95 outside US) 

Preparation of Nuclear Targets for 
Particle Accelerators 
edited by Jozef Jaklovsky 
New England Nuclear Corporation, Boston 

Featuring up-to-date review articles, Preparation of 
Nuclear Targets for Particle Accelerators discusses 
recent advances in the techniques used in this research 
and generates new concepts for future investigation, 
approx. 300 pp., illus., 1981, $35.00 ($42.00/£22.05 
outside US) 

PUBLISHING CORPORATION 

233 Spring Street, New York, N.Y. 10013 
In United Kingdom: 88/90 Middlesex Street 
London E l 7EZ, England 

Inner-Shell and X-Ray Physics of 
Atoms and Solids 
edited by Derek J. Fabian 
University of Strathclyde, Scotland 
Hans Kleinpoppen 
University of Stirling, Scotland 
and Lewis M. Watson 
University of Strathclyde, Scotland 

This new work incorporates the latest experimental and 
theoretical advances in X-ray processes as probes for the 
study of solid-state effects and the measurement and 
interpretation of inner-shell and bremsstrahlung pro
cesses in isolated atomic and molecular systems. It 
includes reports on the increasing application of E X A F S 
in the study of local atomic environments, the use of soft 
X-ray emission and absorption, and X-ray excitonic 
states and satellite spectra. A volume in Physics of 
Atoms and Molecules, approx. 950 pp., illus., 1981, 
$95.00 ($114.00/£59.85 outside US) 

Pointlike Structures Inside and 
Outside Hadrons 
edited by Antonino Zichichi 
European Physical Society, Geneva, Switzerland 
In this volume, leading physicists from all over the world 
examine the most recent research in both theoretical and 
experimental subnuclear physics. Areas examined 
include studies on the theory of new particles, the bag 
model, quark status at low energy, e+e~ reactions, neutral 
weak currents and their relation with charged currents, 
and deep inelastic phenomena. The SubnucJear Series, 
Volume 17. approx. 800 pp., illus., 1981, $85.00 
($102.00/£53.55 outside US) 

CERN Courier. September I 98 I 315 



551.300 ver-
schiedene Gas-
gemische mit Zertifikat fiir 
Reinheit, Genauigkeit, Stabilitat 

551.300 Gasgemische mit 
beliebig vielen Komponenten, 
in beliebiger Konzentration bis 
in den vpm-Bereich. 

551,300 differ
ent gas mixtures 

with certificate for purity, 
accuracy, stability. 

551,300 gas mixtures with 
any desired number of com
ponents and in any concen
tration down to the vpm range. 

M E S S E R G R I E S H E I M 
2.8033 d/e 









A revolutionary new design to meet 
the ever increasing demands of science 

and technology imposed on vacuum pumps 
and equipment. 

It runs so silently that no sound is heard, 
so quietly that no vibration is felt. 

It needs no cooling and no lubrification. 
Such outstanding features and the total 

absence of hydrocarbons make the 
TURBOVAC 560 M especially suitable 

for use in highly sensitive apparatus 
and systems, including 

High resolution spectrometers and 
analytical apparatus (ESCA, SIMS etc.) 

Atomic and molecular beam systems 
Ion sources 

Electron microscopes 
Mass separators 

Nuclear and plasma physics 
The well tried vertical rotor design 

in combination with dynamic magneto-

bearings, active in 5 degrees of freedom, 
produce the unparalleled technical 
and mechanical properties of the 
TURBOVAC 560 M. 
• No lubricants needed - total absence 

of hydrocarbons. 
• Zero vibration ievel due to high-

sensitivity magnetic levitation control. 
• Extremly low ultimate pressure 

2 x 10~1 1 mbar. 
• Contact-free magneto-bearings 

- no wear. 
• Highest compression ratio due to 

optimized rotor/stator configuration. 
TURBOVAC 560 M: 
Magnetic levitation controlled, the silent 
revolution. A product of LEYBOLD-
HERAEUS Research and Development. 

LEYBOLD-HERAEUS GMBH 
Postfach 510760 • D-5000 Koln 51 

TURBOVAC 
560 M: 

The Silent 
Revolution 

UV 1652.06.81 G K E 
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ENERTEC 

Schlumberger CAMAC 
In addition to crate controllers JCC 20 and JLSI 1 0 specifically for PDP 1 1 

Enertec offers a crate controller including the computer 

AUTONOMOUS OR AUXILIARY CRATE CONTROLLER 
JLSI 21 

• Triple width CAMAC module 

• LSI-11 / 0 2 or LSI-11 / 2 3 microprocessor" 
» 

• 1 28 K w o r d s - 16 bits RAM memory, 
64 K words included in the basic module 

• 2 serial I/O interfaces (current loop 
o rRS232 ) 

• Real t ime clock (internal or external) 

• Dual Floppy disk drive w i th one unit 
CAMAC interface JFD 2 1 * 

• Floating Instruction Set 

• As a crate controller. JLSI 21 drives 
up to three other crates via the JLSI-1 0 

• Software: All DEC software operating 
underRT-1 1 can be used: FORTRAN, 
CASIC,... 

• CASIC: high level language running 
underRT-1 1, wr i t ten by Enertec in 
order to allow CAMAC to be considered 
as a standard peripheral of RT-1 1 

Digital Equipment Corporation Products 

ENERTEC 
Instrumentation Nucleaire 

1, Pare des Tanneries F-67380 LINGOLSHEIM Tel. 78 57 10 TLX 8901 77 F 
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C A M A C 
a c c A S T A R 
F a m i l y I S B O R N 

THE "AUXILLIARY CRATE CONTROLLER" FAMILY OF SEN ELECTRON IQUE HAS ALREADY PROVEN 
ITSELF IN THE FIELD- THE RAPID INTERNAL CYCLE, MEMORY CAPACITY, THE MULTIPLE 
INTERFACING POSSIBILITIES, THE POWERFUL SUPPORT SOFTWARE (ASSEMBLER AND 
HIGH-LEVEL NODAL), COMPATIBILITY WITH CONTROLLERS A2 (PARALLEL), L2 (SERIAL) 
AND NORD 10 REPRESENTED A POWERFUL INCREASE OF CAPABILITIES OF EXISTING CAMAC 
SYSTEMS AND LESS DIALOG WAS REQUIRED WITH THE MAIN COMPUTER. 
THE ACC FAMILY IS PROUD TO ANNOUNCE TODAY "L'ENFANT PRODIGUE". THE NEWBORN IS THE SEN "SUPER FAST PROCESSOR" (SFP). 
SLIDE ONE INTO A CAMAC CRATE ALONG WITH AN ACC AND YOU WILL INCREASE YOUR 

ACQUISITION SPEED THREE TIMES AND DATA PRE-PROCESSING UP TO THIRTY TIMES-

THE SFP is AN IDEAL SOLUTION FOR PROBLEMS SUCH AS: 

- READ-OUT OF LARGE ARRAYS OF SCALERS, TDC AND ADCS-
- REAL-TIME IMAGE RECONSTRUCTION 

- DATA COMPRESSION 

- REDUCTION ALGORITHMS (NECESSARY FOR EXAMPLE, FOR TRIGGERS) 

France: EG&G Instruments; Zone Silic 428; Tel. (1) 687 2571 - Tlx 202553F, F-94583 RUNGIS CEDEX - Germany: SEN 
ELEKTRONIK GmbH;Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; 
Radspielstrasse 8; Tel. 089 91 6710 - Tlx 529167d - D-8000 MUNCHEN 81 -Switzerland : SEN ELECTRONIQUE SA; CP39; 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 94551 03; Tlx 58257ch -
CH-8604 VOLKETSWIL- United Kingdom : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - GB -
KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 
Headquarters: 
SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 



PRECISION ENGINEERING FOR INDUSTRY 

Number of employees: 7 0 

Design Office and Inspection Dept. on site 

Mechanical sub-contracting 
Welding sub-contracting 
Construction of machines for the food-processing industries 
Designing and building of automatic screwing unit 
Building of special machines to customers' specifications 
Manufacture of special items for the nuclear industry and 
research centres. 

Grace a notre know-how. Ce know-how est a 
votre disposition sans engagement. Et prepa-
rez-vous a faire de grandes economies de 
solvants et de lessives industrielles! 

ELGA S.A. 
4, chemin du Seeland 
2501 Bienne, Tel. 032/25 3181, Tx: 349381 

Cost per insertion (Swiss Francs) 
Space 
(page) 

Actual size (mm) Space 
(page) width by height 1 3 5 10 

insertion insertions insertions insertions 

V 1 1 8 5 x 2 6 5 1 4 5 0 1 4 0 0 1 3 5 0 1 2 5 0 

1 / 2 1 8 5 x 1 3 0 
9 0 x 2 6 5 8 0 0 7 7 0 7 5 0 7 0 0 

1 / 4 9 0 x 1 3 0 4 5 0 4 2 0 4 0 0 3 9 0 

Advertisements in CERN COURIER 
All advert isements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1 3 5 0 S w F 

1 6 0 0 SwF 
2 1 0 0 SwF 
1 st of month of cover date 

1 st of month preceding cover date 
The cost of making f i lms and of 
translat ion for advert isements are 
charged in addit ion. 

Screen (offset) 6 0 or 5 4 Swiss (1 5 0 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wi l l 
be invoiced. 

Advert is ing space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rs t -come f irst-served basis. 
These rates are effective for the year 1 9 8 1 . 

All enquiries to : 
Micheline FALCIOLA/CERN COURIER-CERN 
1211 Geneva 23 Switzerland 
Tel. (022) 83 41 03 Telex 2 36 98 
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DO YOU WANT WhyAirco 
superconductors 

Because we have ^II^SI^KIA 
the world's largest, d V d l l d U l C 
most efficient K l / t h P 
superconductor "J U I C 

SlSS.'KSr megametre. 
quantity you need from a metre to a megametre. 

We also have the industry's most advanced 
on-line production quality-control program to. 
produce better tapes, braids, cables, sheathed 
and reinforced systems, and magnets. 

Now we are making over 100,000 metres of 
superconductors for the MFTF-B fusion experi
ment at Livermore. And we're finishing large 
orders for Brookhaven, Fermilab, MIT, Oak 
Ridge, Saclay, Karlsruhe and the U.S. Navy, 
which gives us more capacity for you. 

If you want to know more about us, ask for. 
our capability brochure. It's titled "Airco Super
conductors." Ask us and we'll also send you free 
reprints of all the major technical papers we have 
written on superconductors and their use. 

Write Airco Superconductors, 600 Milik 
Street, Carteret, New Jersey A I n r n 

07008. Phone (201) 541-1300. JgVIHuU 
Or TWX AlRCO SUP CRET. Superconductors 

SINGLE PHOTON COUNTING? 
POSITION SENSITIVITY? 
DIGITAL READOUT? 
THEY'RE A L L 
AVAILABLE 
INTHE ITL IMAGING 
PHOTON DETECTOR 

A detector combining photocathode, channel plates 
and resistive anode together with 

of 2-4 events sec- 1 mm - 2 

4. Detective quantum efficiency 5% @ 650nm, 25% @ 450nm 
5. Photocathodes S20, S25, KCsSb 
6. Count rate 25 KHz 

Also ava i lab le 
High Speed Photodiodes — 10Opsec 
rise time giving 3A of pulsed current. 
Response from 1 1 0 n m - 110Onm 
Channel Plate Photomultiplier — 1 x 1 0 7 

gain, 500psec rise t ime S 2 0 spectral 
response with UV option 
Streak Camera Tubes —with S1 a n d S 2 0 
spectral response and UV option with 
less than 1 psec rise t ime.VUV and Xray 
sensitive versions 
Electronography — Electronographic 
camera tubes and complete systems 
Infrared Detectors — Ge, InAs, InSb, 
HgCdTe with integral TE coolers or 
dewars 
Custom Built Low Light Level Detectors 
UHV Components — lonisation gauges 
and controllers, viewports, leadthroughs 

INSTRUMENT 
TECHNOLOGY LTD. 
29 CASTLEHAM ROAD 
ST. LEONARDS ON SEA 
EAST SUSSEX U.K. TN38 9NS 
Telephone (0424) 52511 
Telex 95221 
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Sulzer—the world's first address for dependable 
cryogenic refrigerators 

Turfoocryof ridge 
TCF20 
The NEWsmall-size, low-capacity Helium Liquefier/Refrigerator 
System that brings the most successful advanced technology 
within the reach of everybody in the cryogenics community 
Major features: 

• Capacity range 
Liquefaction: 
8 to 2 01/ h without LN 
precooling 
15 to 401/h with LN precooling 
Refrigeration: 
35 to 130 Wat4.5 K 

• Built-in helium-cooled purifier 
• Rotary cycle compressor of high 

efficiency, low vibration and 
noise level 

m Only two skid-mounted, works-
tested modules 

• No foundations required 

Sulzer Brothers Limited 
CH-8401 Winterthur, Switzerland 
Cryogenics Department 
Telephone 052 8137 28/813823 
Telex 76165 

(from June 1981:896165) 

Sulzer Bros (UK) Ltd. 
Blackwater Way 
Aldershot/ Hampshire 
Great Britain GU12 4DR 
Telephone 0252-3313 51 
Telex 858 400 

Fully automatic, unattended 
operation—even during cool-
down and warm-up 
Two gas-bearing turboexpand-
ers with dynamic (self-acting) 
bearing system—free of wear, 
no scheduled maintenance 

• Easy, fast and low-cost instal
lation 

• Leakproof construction—pre1 

vents costly helium losses 
• Low maintenance, long service 

life, reliable and fast service 
organization 

SULZER! 
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