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An historic run 

On 3 July, the high energy pulses of 
matter and antimatter circulating in 
opposite directions in the SPS ring at 
CERN were dumped, bringing to an 
end an historic period of physics ex­
periment which will surely go down 
in the annals of science. No doubt the 
physics students of the 21 st century 
will read avidly about the exploits of 
the machine specialists and the 
physics teams at CERN in 1983. 

The scene was set with the SPS 
antiproton run at the end of last year. 
Over some two months, the big U A1 
and UA2 experiments had been able 
to log proton-antiproton collision 
data at a substantial rate at 540 GeV, 
already the highest man-made parti­
cle collision energy ever achieved 
(see January/February issue, 
page 6). 

During this time, the experiments 
amassed five hundred times the 
amount of data culled from the initial 
SPS proton-antiproton physics run in 
1981, and hopes were high that im­
portant physics would emerge. 

They did not have to wait long. 
Thanks to superb data handling tech­
niques, the experiments were able to 
announce in January the discovery of 
the W boson, the particle which car­
ries the electrically charged compo­
nent of the weak force. These W par­
ticles had been predicted by the elec-
troweak theory which unifies elec-
tromagnetism and the weak nuclear 
force, and the observed mass was in 
line with expectations (see March is­
sue, page 43, and April issue, 
page 82). 

The next step was to track down 
the companion Z° particle, carrier of 
the electrically neutral current of the 
weak force, also predicted by the 
electroweak theory. However the Z° 
was expected to be ten times harder 
to find than the W , and at least sev­
eral times the amount of data col­
lected in the 1982 run would be 
needed before the experimenters 

would have a good chance of catch­
ing some. 

The integrated luminosity (the 
measure of the number of proton-
antiproton collisions to which the ex­
periments had been exposed) pro­
duced in each of the two collision 
areas was some 28 inverse nanoba-
rus. At the time this was considered 
a major achievement. 

After the champagne and the cele­
brations, the machine specialists 
knew that they would have to find 
some more stops to pull out if the 
experimenters were to get their Z° 
particles. The goal was 100 inverse 
nanobarns. 

The 1983 SPS proton-antiproton 
run got under way on 12 April. At 
first, things took time to settle down 
and the number of clocked-up colli­
sions began to fall behind the target 
rate. But performance improved to­
wards the end of April, and the 100 
inverse nanobarn goal began to look 

The SPS display proudly proclaims that the 
goal of more than 100 inverse nanobarns 
of integrated luminosity for proton-
antiproton collisions has been surpassed. 

(Photo CERN 98.6.83) 

attainable. Confidence grew, but 
there was still a long way to go. 

On 16 May, the run was inter­
rupted for a brief scheduled mainten­
ance break. During all this time, the 
Antiproton Accumulator ring which 
stores the precious antiprotons (pro­
duced at the rate of about one per 
four million incident protons) had 
stored particles continuously for 
808 hours — 33 days. This superb 
reliability assured the SPS ring of a 
steady supply of antimatter. 

After the brief stop, the run soon 
got under way again. One standard 
trick used to boost the collision rate 
in storage rings is to use special (low 
beta) quadrupole magnets to 
squeeze the colliding beams togeth­
er. By squeezing them tighter, the 
SPS luminosities (collision rates) be­
gan to creep higher. Soon, initial lu­
minosities surpassed 1.3 x 
1 0 2 9 c m - 2 s~ 1 , and a record figure 
of 1.6 x 1 0 2 9 was achieved. On 
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6 June, the 100 inverse nanobarn 
target was reached, but still the ma­
chines marched on relentlessly. 

Towards the end of June, techni­
cal difficulties coincided with the on­
set of the summer thunderstorms 
which periodically upset power sup­
plies. The final integrated luminosity 
figure at the end of the run was 153 
inverse nanobarns. 

But this commendable achieve­
ment came as something of an anti­
climax as the UA1 experimenters 
had already spotted their first Z° can­
didate events towards the end of 
May (see June issue, page 167). 
More Z° sightings followed in quick 
succession and the announcement 
of the Z discovery was made to the 
world's press on 1 June. 

The big experiments at the SPS 
proton-antiproton collider were not 
the only beneficiaries of the antipro-
tons. Also at the SPS collider, the 
UA4 study of elastic and total cross-
sections had a successful run. Anti-
particles were fed into one ring of the 
Intersecting Storage Rings (ISR) for 
tests with the hydrogen gas jet tar­
get of a new experiment by a CERN 
/Genoa / Lyon / Oslo / Rome / Turin 
team. Another gas jet target is in­
stalled in the SPS by the UA6 group 
(CERN / Lausanne / Michigan / 
Rockefeller). Antiprotons were also 
decelerated for the new LEAR Low 
Energy Antiproton Ring, where 17 
experiments will study the new phy­
sics frontier opened up by an abun­
dant supply of low energy antipro­
tons. 

What for the future? The next 
major proton-antiproton run in the 
SPS is scheduled for the autumn of 
next year, and a number of possible 
improvements could push the colli­
sion rate even higher. These include 
boosting the antiproton supply, in­
creasing the number of colliding pro­
ton and antiproton bunches, and 
constricting the beams even tighter 

by 'supersqueezing' with the low 
beta magnets. The latter technique 
was successfully tested during quiet 
moments of the latest run. 

The stored beams in the SPS are 
held at 270 GeV, but the experts are 
looking at the possibility of coaxing 
this a little higher without overtaxing 
the machine. Even a modest energy 
increase could significantly boost the 
event rate for interesting physics. 

A separate project is to approach 
1 TeV collision energies by ramping 
the beams up to the SPS working 
energy of 400-450 GeV. However 
these energies would only be avail­
able in short bursts at low luminosity, 
the idea being to use the UA5 
streamer chamber to look for signs 
of phenomena only seen so far in 
cosmic rays. These high multiplicity 
effects are not visible at 540 GeV. 

Looking further ahead, a high yield 
magnetically focused target could in­
tensify the antiproton supply. A new 
dedicated Antiproton Collector ring 
to work in tandem with the existing 
Accumulator is being studied, how­
ever this project is still on paper. 

But with the physics rewards at the 
SPS proton-antiproton collider suc­
cessful beyond all but the most op­
timistic of expectations, the end of 
the 1983 run is a welcome pause for 
all concerned to catch their breath 
and reflect on what has been surely 
one of the most productive periods 
of physics this century. 

Nerve centre of all operations at the SPS 
— the control room. 

(Photo CERN 169.6.83) 

More Z° particles 
It seemed a pity to dump 
such healthy particle bunches 
circulating happily in the SPS 
ring, and at the last minute 
the decision was taken to 
extend the proton-antiproton 
collider run. During this stay 
of execution, the UA2 experi­
ment logged a gold-plated 
example of Z° production 
and decay into an electron-
positron pair. In a preliminary 
analysis of the data from the 
combined 1982 and 1983 
collider runs, UA2 has col­
lected four 'grade one' Z°s 
and four 'grade two' events, 
where some of the selection 
criteria have been slightly 
relaxed. For the four grade 
one events, the Z° mass is 
centred on 91.2 GeV. The 
UA 1 experiment reported its 
first Z° candidates in May. 
Between them, the two big 
SPS collider experiments have 
now collected an impressive 
sample of events including 
W and Z particles. 
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Brighton Conference 

Preliminary Report 

The Brighton Conference, held from 
21 -27 July, was the first major inter­
national physics meeting to hear a 
full account of the discovery of the W 
and Z° bosons by the UA1 and UA2 
experiments at the CERN SPS pro­
ton-antiproton collider. 

But the W and Z° were not the only 
important results to emerge. The 
study of the hadron clusters ('jets') 
emerging from high energy collisions 
has also made great strides forward, 
thanks notably to new data from the 
SPS collider. Other Brighton high­
lights came from studies at the elec­
tron-positron rings at DESY and at 
SLAC, from low energy neutrino ex­
periments, and from the big passive 
detectors waiting to catch signs of 
proton decay. 

Sponsored by the European Physi­
cal Society and the UK Science and 
Engineering Research Council, and 
impeccably organized, the Inter­
national Europhysics Conference at 
Brighton began with three days of 
intense parallel sessions. These cov­
ered a wide range of physics topics 
in depth and reflected the great pro­
gress which has been made in recent 
years in extending our knowledge of 
particle interactions and improving 
our understanding of the underlying 
mechanisms. 

After the parallel sessions, it was 
the turn of the plenary speakers. But 
first, the 650 delegates heard pre­
sentations from the UA1 and UA2 
experiments on their epic quest for 
the W and Z° particles which carry 
the charged and neutral currents 
respectively of the weak force. 

In succinct and memorable pre­
sentations, K. Eggert described the 
UA1 search which so far has found 
six Z° candidate events — two pro­
ducing muon pairs and four giving 
electron pairs — and J. Colas cov­
ered the 52 UA1 W events — high 
transverse energy lone electrons 
produced back to back with the 

missing energy indicative of a neutri­
no. 

For UA2, G. Sauvage outlined the 
hunt which has so far caught 35 W 
events producing electron plus neu­
trino, and eight Z° candidates, four 
with less stringent selection cri­
teria. 

The Z° mass is given as 95.1 GeV 
byUA1 and 91.2 GeV by UA2, while 
the W mass is 80.9 GeV according 
to UA1 and 81 GeV by UA2. After 
this momentous introduction, subse­
quent plenary speakers mentioned 
the W and Z° discoveries only in 
passing. It was left to Carlo Rubbia, 
leader of the UA1 team and one of 
the architects of the CERN antiproton 
project, to underline these spectacu­
lar achievements in his concluding 
experimental talk. 

For the first time in public, he amal­
gamated the UA1 and UA2 results, 
and displayed the impressive agree­
ment between the experimental find-

The Brighton Centre, scene of the recent 
International Europhysics Conference on 
High Energy Physics. 

ings and the electroweak picture. 
The collider has apparently ful­

filled its potential for "planned" dis­
coveries,' he declared, but was con­
fident that there was still a lot of phy­
sics to be covered. 

Chairing this final session, Abdus 
Salam, one of the authors of the elec­
troweak theory, paid tribute to the 
CERN antiproton project which had 
made these historic discoveries 
possible. 

Throughout the Conference, UA1 
and UA2 spokesmen refused to be 
drawn on the search for heavier 
quark flavours, usually saying that 
the subject was 'top secret' I 

As well as the W and Z° news, the 
collider provided important results 
on jet production. These were cov­
ered amply in both the parallel and 
plenary sessions. 

It is sobering to recall that the phe­
nomenon of high transverse energy 
hadron clustering was far from uni-
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How a Z° looks in the UA 7 detector. Left, 
display of a proton-antiproton collision, 
showing central detector tracks and 
calorimeter hits. After removing low energy 
signals, only the electron-positron pair 
produced by the Z° remains (right). At the 
Brighton Conference, Karsten Eggert gave 
an admirable presentation of UA 1 's hunt 
for Z°s. 

versally accepted until the Paris Con­
ference last year. Then, a new har­
vest of results, including notably the 
striking UA2 signals, made jet phys­
ics respectable. 

The jet evidence from UA1 and 
UA2 is now very impressive and op­
ens up the field for much further stu­
dy. UA2 in particular has recorded 
events where nearly half the avail­
able collision energy (540 GeV) is di­
verted from the incoming particles 
into hadron clusters emerging at 
large angles to the beams. 

Collider jet results were reported 
at four levels — first the experiments 
themselves (K.Sumorokfor UA1 and 
J. Schacher for UA2), followed by a 
mini-rapporteur session by H. Ko-
walski who compared the protron-
antiproton and electron-positron re­
sults. Jet behaviour was summarized 
in plenary talks by P. Soding'on 
quark and gluon fragmentation, and 
by R. Sosnowski on hard hadronic 
interactions. 

There appear to be strong similar­
ities between the electron-positron 
and proton-antiproton jet results, but 
systematic differences between the 
hadron jets produced by quarks and 
those produced by gluons are now 
appearing. The relative roles played 
by quarks and gluons in the CERN 
collider jets are especially interest­
ing. These jets provide a new source 
of information for quantum chromo-
dynamics — the emerging theory of 

quark and gluon interactions. 
The collider jet results were also 

covered by Rubbia in his concluding 
talk. He said that the behaviour seen 
so far indicates that quarks are point­
like down to 10~~17 cm. 

But Brighton was not just a show­
case for the CERN SPS collider. The 
PEP electron-positron ring at SLAC 
has been recording data at prolific 
rates, and one of the pay-offs is a 
measurement of the B-meson life­
time by the MAC (G. Chadwick re­
porting) and Mark II (G. Hanson) de­
tectors. (Next month's issue will in­
clude a full story.) At 10-20 x 1 0 - 1 3 s, 
it looks longer than the typical 
charmed meson lifetime (4-8 x 
10~1 3 s). This is of immediate interest 
for theorists constructing pictures of 
quark and lepton families. 

This was covered by C. Jarlskog in 
her excellent rapporteur talk on weak 
decays. The suppressed B-decay 
hints at underlying selection rules. 
The effective top quark mass could 
be about 40 GeV, but this depends 
on the model and the number of 
quark/lepton families used. This in­
put is surely of interest for those 
busily scanning the CERN collider 
data. 

Also at SLAC, the Mark III detector 
at the SPEAR ring has produced its 
first results, and K. Einsweiler re­
ported evidence for a new state seen 
in the radiative decays of J/psi parti­
cles. A distinct 2.2 GeV resonance is 

seen in the two kaon spectrum. The 
interpretation of this state is not yet 
clear, but as soon as the news was 
out, theorists began to speculate. 

A range of experiments at PETRA 
and PEP show that there are differ­
ences in the way that charm and 
beauty quarks 'fragment' into ha-
drohs. The b-quark description looks 
much 'tighter', possibly indicative of 
the heavy quark mass involved, 
hinted Soding. 

Another Brighton talking point 
was provided by the ITEP (Moscow) 
group studying the beta decay of tri­
tium (I. Lubimov reporting). An ex­
periment from this group several 
years ago gave a non-zero mass for 
the electron neutrino. The study has 
now been refined and with substan­
tially reduced backgrounds gives a 
lower limit for the electron neutrino 
mass at 20 eV. This has important 
implications for cosmology. 

Spurred by the successes of elec-
troweak unification, theorists are 
taking a long hard look at the next 
step — unifying the electroweak 
force with strong interactions as 
well. One spin-off of these 'grand 
unification' ideas is a slightly unsta­
ble proton. 

The search for nucleon decay is 
very much in a state of flux. Rappor­
teur E. Fiorini had no news of further 
events from the Kolar Gold Fields 
experiment in India (still three events, 
now diluted by more data), but there 
is more data from the Mont Blanc 
experiment and the big Irvine / Michi­
gan / Brookhaven study using Cher-
enkov detectors immersed in thou­
sands of tons of water. Other new 
searches in the US and Japan have 
gono live recently, and at Brighton 
L. Sulak for the 1MB team was not 
able to report on the analysis of all 
the data collected so far. 

These experiments need time, and 
it will be a while before a definite 
result starts to emerge. But from the 
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Fermilab back in business 

relatively meagre data processed so 
far, it looks as though the 'minimal' 
theory which attempts to bring to­
gether strong and electroweak inter­
actions seems to be in trouble, and 
some other scheme is needed. How­
ever the theoreticians are far from 
being pessimistic, and there is a 
deep underlying confidence in the 
idea. 'Grand unification is no crack­
pot idea', said one expert. If the min­
imal theory seems to be off-target, 
the implications of the final form of a 
grand unified theory could reach 
further. 

At Brighton, there was a lot to be 
optimistic about. If only supersym-
metry could get airborne! 

(First report by Gordon Fraser. A 
fuller version will appear in the Octo­
ber issue.) 

Jubilation in the control room as the new 
Fermilab superconducting ring pushes 
protons to 512 GeV, a new world record, 
but only a taste of bigger things to come. 

After a shutdown lasting more than a 
year, Fermilab resumed business 
with a bang on 3 July when the new 
Energy Saver reached its primary de­
sign goal — accelerating protons to 
500 GeV in the world's first big su­
perconducting ring. In fact the ener­
gy attained was 512 GeV — a new 
world record — set only thirteen 
hours after the first serious attempts 
to accelerate beam beyond the 150 
GeV injection energy. 

Previously, initial difficulties in 
maintaining coasting beam at 
150 GeV were diagnosed as being 
due a misdesigned flange and a stray 
paper tissue left in the bore tube. 
With this rectified, storms and tor­
rential rain delayed acceleration 
tests, but when all was ready, every­
thing went smoothly. First 250, then 
400 GeV were attained, and the 
500 GeV goal surpassed amidst 
general jubilation. 

A 400 GeV physics run is sched­

uled for October, and obtaining the 
required intensity and mastering the 
beam extraction to the experimental 
areas still requires a lot of work. 
However the heroic efforts of the 
Fermilab team were rewarded by the 
initial performance during the com­
missioning period, which also augurs 
well for the Energy Doubler and its 
target of 1000 GeV, or 1 TeV. 

Eyes are now turning toward the 
Tevatron experimental areas. During 
the machine installation shutdown, 
work in these areas has also been 
pushed hard to prepare for the higher 
energy beams which will be avail­
able. 

Significant progress has been 
made in completing the extraction 
system for the Tevatron. All of the 
required elements have been in­
stalled in the accelerator tunnel ex­
cept for two electrostatic septa, 
which will not be installed until beam 
has been accelerated. Already in-
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Drastic changes in the Fermi lab landscape. 
For the Tevatron, the big Meson 
Experimental Hall becomes a Target Hail. 
New primary beam focusing enclosures are 
seen here under construction upstream of 
the hall. New experimental halls will be built 
downstream. 

stalled are five Lambertson magnets 
in AO, three Doubler magnets that 
make up the extracted beam channel 
in the Transfer Hall, and ten air-core 
quadrupoles, some of which are 
pulsed to initiate fast resonant ex­
traction and some varied under com­
puter control to smooth the spill dur­
ing slow resonant extraction. 

The Switchyard for the Tevatron 
begins in the Transfer Hall and termi­
nates with eight primary beams di­
rected to the three big experimental 
areas. The major projects in the 
Switchyard include the supercon­
ducting Right Bend to the Proton 
Area, an additional primary beam to 
the Meson Area, an additional beam 
to the Neutrino Area, and upgrade of 
the beam electrostatic splitting sta­
tions to 1 TeV capability. The super­
conducting conversion of the Left 
Bend serving the Meson Area was 
done several years ago. 

The Right Bend to the Proton Lab­
oratory was the single largest effort 
in the Switchyard. It involved the re­
placement of 34 conventional di-
poles with 14 Energy Doubler di-
poles. It was also necessary to con­
struct approximately 1000 feet of li­
quid helium transfer line and another 
1000 feet of low pressure helium 
header. A satellite refrigerator was 
installed at the Switchyard Service 
Building. Helium connections were 
also made to the Main Ring A2 Ser­
vice Building to make all of the 
Switchyard cryogenic systems part 
of the Energy Doubler system. This 
connection provides additional refri­
geration to the Switchyard from the 
Central Helium Liquefier. 

The second major task in the 
Switchyard is the upgrade of the 
beam splitting stations. This in­
cludes the construction and installa­
tion of twenty-one electrostatic sep­
ta. Most of these are at or near com­
pletion, but three septa to split the 
new muon beam from the neutrino 

beam will not be built and installed 
until next year. 

The splitting station upgrade has 
also involved the implementation of 
a completely redesigned septum 
moving system that will eventually 
allow computer controlled align­
ment. It will also be possible to ad­
just beam splits by moving septa 
rather than adjusting the beam posi­
tion on the septa with magnetic 
beam components. These improve­
ments should result in greater beam 
stability for experimenters. 

A last major effort for the Tevatron 
II upgrade of the Switchyard is the 
implementation of the new Tevatron 
control system. This work is well 
under way. The new system was 
used to control the Switchyard he­
lium compressors during cooldown 
of the Saver. 

For the Switchyard, no obstacles 
are presently seen which could 
hamper the delivery of beam to all 

three experimental areas in Octo­
ber. 

The entire primary proton beam 
target plan for the Meson Area was 
changed for Tevatron physics. The 
old philosophy of having a single pri­
mary target viewed by several se­
condary beam transports has been 
scrapped in favour of a triple primary 
beam split and three separate target 
stations. It is much more economical 
in terms of protons to split up the 
primary beam and let each seconda­
ry beam enjoy forward particle pro­
duction. In the case of Meson, there 
will be three primary targets in three 
separate target shielding piles lo­
cated in the former Meson Exper­
imental Hall. This building thus be­
comes the Meson Target Hall. 

For the first Tevatron running per­
iod, an attenuation target in the old 
Meson target box will still be used. 
The target train for this interim sys­
tem will serve in later runs as a pri-
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mary beam transport and collimator 
system with one (or more) transmis­
sion targets to service a test beam. 

A great deal of effort has gone into 
the Meson cryogenics systems. A 
set of three Saver-type satellite he­
lium refrigerators are grouped to­
gether in a single building, from 
which the seven cryo magnet strings 
in the Meson primary beam area will 
be controlled from common helium 
supply and return mains. The entire 
Meson cryogenics effort is on sched­
ule and is expected to be ready for 
physics in October. 

Downstream of the Meson Target 
Hall, new secondary beams have 
been worked out and two new ex­
perimental halls are being de­
signed. 

Work in the Neutrino Area has fo­
cused on bringing primary protons of 
1 TeV into the Neutrino Target Hall 
for use in the three available beam-
lines, and work is progressing well. 
Plans for the Prompt Neutrino and 
Muon beams are essentially com­
plete. Design work is under way on 
the civil construction, roads and util­
ities for these new beams. Addition­
al buildings are under construction to 
house new experiments, notably 
those using holographic bubble 
chamber techniques. 

Construction of the new Muon 
Laboratory has begun. This is a com­
plicated operation since the large su­
perconducting Chicago Cyclotron 
Magnet first must be moved into po­
sition, and the building then erected 
around it. 

The neutrino experimental pro­
gramme will start in the second Te­
vatron running period with a 
600 GeV broad band triplet run. Con­
struction of the triplet and dichro­
matic trains are proceeding steadily. 
It is expected that a test of a train at 
the end of the first running period will 
be possible. A new feature of neutri­
no beams in the Tevatron will be the 

location of the primary target about 
300 feet upstream of the old one. 
The new targeting method will not 
only increase neutrino yields via a 
longer decay path, but will also per­
mit more effective monitoring of the 
parent hadron beam. 

The primary beam handling for the 
upgraded existing beams in the Pro­
ton Area has already been com­
pleted and checked out, including a 
satellite refrigerator for supercon­
ducting bends. Cryogenics for the 
Proton Area are virtually complete. 

A large amount of civil construc­
tion has had to be undertaken in the 
Proton Area, which will include the 
new Tevatron wide band photon 
beam. While design of the wide band 
beam itself is being finalized, design 
attention turns to the new exper­
imental hall. 

The Proton West high intensity 
beam will shortly be ready for prima­
ry protons up to 1 TeV. The secon­

dary beam will go to 300 GeV and 
concentrate initially on negative 
pions and antiprotons. 

Production of conventional and su­
perconducting magnets for the beam 
areas is well ahead of schedule. All 
the Saver-type superconducting 
magnets needed for the fixed target 
upgrade are already completed and 
most are installed. A much larger 
number of new conventional mag­
nets also had to be made. Prepara­
tion began two years ago and the 
magnets are now rolling off the as­
sembly lines. If all goes as planned, 
all the magnets will be completed by 
next June, allowing Tevatron phy­
sics with the new secondary beams 
in advance of current plans. 

To prepare for Tevatron beams, a lot of 
civil engineering work was required in the 
Fermilab Proton Area. Here an enclosure 
for the primary beam is being constructed 
under the Proton 'Pagoda'. 

(Photos Fermilab) 
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The changing face of DESY 

A full-length 6 metre prototype 
superconducting magnet for the proposed 
HERA ring at DESY. The fixed cryostat 
used for testing these magnets is in a pit 
in the floor. 

(Photo DESY) 

In more ways than one, the proposed 
HERA electron-proton collider looms 
large over future plans at the Federal 
German DESY Laboratory. Once final 
approval is obtained, a vast pro­
gramme of civil engineering work 
and equipment construction would 
be launched. To accommodate 
HERA most of the existing DESY 
machines would be modified, and by 
1990, when the new machine is 
planned to come into operation, 
DESY would have undergone an al­
most total facelift. 

In the 6.5 km underground HERA 
ring, extending far beyond the boun­
daries of the DESY site, protons 
would be accelerated up to 820 GeV 
and electrons up to 30 GeV. Inter­
national involvement in the project is 
being cultivated, with a 'shopping 
list' of requirements which could be 
supplied by other countries. 

To develop the superconducting 
magnets for the HERA proton ring, a 
big effort has been mounted. Using 
the cold bore/warm iron (Fermilab-
type) approach, a number of 1 metre 
dipole magnets have been built and 
measured extensively. These tests 
are continuing. However initial trials 
were encouraging enough for full-
length 6 metre magnets to be built, 
and these too are undergoing strin­
gent tests. Much was gained from 
the initial Fermilab experience with 
this type of magnet. 

The present HERA warm iron de­
sign uses interlocking aluminium 
segments to form a rigid collar which 
grips the superconductor assembly 
and withstands the tremendous 
forces involved. Rather than being 
welded, these collars are closed by 
tie rods, so that the magnets are rela­
tively easy to take apart. 

The tooling for winding, com­
pressing and assembling these mag­
nets has been developed to the 
stage where it could be taken over by 
industry. 

In addition, cold iron (Brookhaven 
type) dipole magnet design is being 
developed by industry. Quadrupole 
magnet design is being worked on at 
Saclay, and a scheme is being inves­
tigated at NIKHEF, Amsterdam, to 
mount correction coils inside the 
main magnets. 

It is hoped that a final decision on 
the magnet design will be taken at 
the end of next year, leading to full 
production in 1986. The project 
would also require the biggest helium 
refrigeration plant in Europe and two 
designs are under study. 

HERA civil engineering presents no 
apparent problems. The legal as­
pects of the project have been tied 
up to the satisfaction of all con­
cerned, and there is wide experience 
of tunnelling for other large civil engi­
neering projects in the Hamburg 
area. 

Less clear at the moment are the 
plans for experiments at HERA at the 
four proposed intersection regions. 
Working groups have been set up, 
and periodic workshops have been 
held (see page 256) to examine the 
physics attractions of HERA. 

Colliding high energy protons with 
lower energy electrons is highly 
asymmetrical, with the overall 
centre-of-mass very much on the 
proton side. However the proton's 
component quarks can carry much 
less momentum, and important phy­
sics should also be seen in the central 
region around the collision point in 
the laboratory. 

Extensions of existing detectors 
could be attractive, and this is being 
studied by one working group. 
Another group looks at new pur­
pose-built detectors. Rather than 
seeking general-purpose designs, 
the mix of detectors finally adopted 
could be complementary. As for LEP, 
much of the cost of the experiments 
would have to be carried by the par­
ticipating institutes. 

Existing machines 

At the existing PETRA electron-
positron ring, the push towards high­
er energy continues, undeterred by 
developments elsewhere. Thanks to 
the installation of additional r.f. 
equipment, the total collision energy 
is being nudged higher in 15MeV 
steps in a careful scan for new 
thresholds. At each new energy 
step, a stipulated number of colli­
sions are logged before the energy is 
increased once more. 

At the end of the summer shut­
down in July, the total energy 
reached 43 GeV. After installation of 
the maximum possible number of 
conventional r.f. cavities, the subse­
quent run will push up to the 45 GeV 
ceiling. The quest for higher energy 
in PETRA has dominated over lumi­
nosity (number of collisions). With 
finally some 200 metres of cavity in 
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place, there are strong interactions 
on the beam which limit its current. 
The subsequent running conditions 
in PETRA have yet to be decided. 

Even if nothing is found at the peak 
PETRA energies, the new r.f. cavities 
represent money well spent as the 
surplus cavities could be taken out 
(thus restoring lost luminosity) and 
used for the HERA electron ring. 

PETRA is also the scene of valua­
ble tests with new superconducting 
r.f. accelerating cavities (see May 
issue, page 129). Both DESY and 
CERN have a stake in this work, 
CERN's effort being geared to boost­
ing the energy available from its new 
LEP ring. For DESY, superconducting 
r.f. could provide a way of maintain­
ing PETRA at high energies without 
spoiling beam quality, and at less 
expense. 

Because PETRA would be needed 
as the injector for HERA, the present 
physics programme is seen as hav­

ing a limited lifetime. The four detec­
tors currently installed (TASSO, 
Mark-J, CELLO and JADE) each have 
their own plans for natural develop­
ment and improvement to extend the 
already impressive list of physics 
achievements. No major changes in 
the experimental lineup are foreseen. 
The PLUTO detector is now out of 
the ring for good and is currently 
being used in a passive study to look 
for signs of double beta decay. 

Also with HERA in mind, the ven­
erable 7.5 GeV electron synchrotron 
(DESY I), in service since 1964, is to 
be replaced by DESY II, a new 9 GeV 
electron machine to be built in the 
same tunnel. Installation is foreseen 
for winter 1984-85, with tests in 
1985 and final connections in winter 
1985-86. DESY I would then be 
transformed into the proton injector 
for HERA. 

The rebuilt DORIS II ring is now 
working in the upsilon region, accu­

mulating data at 100 times the rate at 
which upsilon events were seen at 
DORIS I back in 1978. After sitting at 
the narrow 2S upsilon, the plan is to 
move up to the wide 4S state to look 
at the B mesons which are produced. 
Between them, the Crystal Ball and 
Argus experiments hope to amass a 
wealth of data on upsilon spectro­
scopy and on decay processes. 
Crystal Ball contributed significantly 
to knowledge of charmonium 
spectroscopy at the SPEAR ring at 
SLAC, and is now covering the same 
ground for the heavier quark-anti-
quark bound states. The present DO­
RIS II experiments are foreseen as 
continuing for several more years. 

If HERA construction goes ahead, 
it is possible that for some time be­
fore the big machine comes into ac­
tion there will be few experiments 
running at DESY. DORIS II will still be 
there, and PETRA could be made 
available at lower energy, except for 
a period of some three months. But 
there will be a lot to do, with a big 
new machine to be commissioned 
and the experiments for it to be con­
structed and tested. With such an 
ambitious programme, DESY will 
continue to be in the forefront of the 
international particle physics scene. 

(Report by Gordon Fraser.) 

The CELLO experiment at the PETRA 
electron-positron collider at DESY. At the 
rear of the hall, the PLUTO detector can 
just be seen. After sterling service at both 
the DORIS and PETRA rings, PLUTO is now 
being used in a passive search for double 
beta decay. 

(Photo DESY) 
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Experimentalists prepare for HERA 

At the Amsterdam workshop to discuss 
experiments for the proposed HERA 
electron-proton collider at DESY. In the 
front row is DESY Director Volker Soergel, 
and behind him is NIKHEF Director Walter 
Hoogland, who chaired the workshop 
organizing committee. 

In June, over 200 physicists met in 
Amsterdam to discuss future experi­
mentation at HERA, the 30 GeV elec­
tron — 820 GeV proton collider plan­
ned at DESY. The workshop was 
organized jointly by DESY, the Euro­
pean Committee for Future Accelera­
tors (ECFA), and the Dutch National 
Institute for Nuclear and High Energy 
Physics (NIKHEF). The international 
interest in the HERA project was 
clearly illustrated by the fact that, 
apart from the large German delega­
tion, about half of the participants 
came from eleven other countries. 

After the opening speech by 
NIKHEF director Walter Hoogland, 
who chaired the organizing commit­
tee, Volker Soergel, chairman of the 
DESY directorate, outlined the pre­
sent status and a future scenario for 
the HERA project. As a condition for 
definite approval, the German Feder­
al Government demands a significant 
foreign contribution to the construc­

tion of the machine. Negotiations are 
under way with institutions in six dif­
ferent countries. According to Soer­
gel, it is not unreasonable to hope for 
final approval by the end of this year. 
The civil engineering work on the 
construction of the tunnel and the 
intersection regions could then start 
early next year. In this scheme, the 
electron ring would be installed in 
1987, two years later followed by 
the delivery of the superconducting 
proton ring. In 1990, the first elec­
tron-proton collisions could be 
brought about. As for HERA experi­
ments, a call for proposals is ex­
pected after the final approval, with 
letters of intent examined next sum­
mer. 

The physics to be studied with 
HERA was reviewed by Luciano 
Maiani and Don Perkins. In spite of 
recent successes at CERN, the pre­
sent standard theory is not com­
pletely satisfactory, said Maiani. 

There are many particles and cou­
pling strengths to be explained, and 
the standard theory could be ex­
tended. HERA could verify fascinat­
ing new ideas (supersymmetry, 
compositeness of quarks and lep-
tons), provided that the corre­
sponding mass scales are within its 
range. In any case, HERA offers a 
unique means of testing the theory of 
quark interactions (QCD) over a wide 
range of inter-quark distances. And 
HERA will open up the study of elec­
tron-quark interactions when the 
weak component of the interaction 
dominates the electromagnetic one. 
This could reveal new components in 
the weak interaction, in particular 
those involving the exchange of a 
right-handed boson. Don Perkins 
emphasized that all existing ideas are 
based on an extrapolation of present 
knowledge. HERA offers in the first 
place a new, unique and clean win­
dow to the world of subnuclear mat-
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ter, and it is not at all certain what will 
be seen through it. 

A major part of the workshop was 
devoted to the work of various 
groups set up to study aspects of 
experimentation at HERA. Adolf 
Minten reviewed the status of the 
technology for particle detection and 
identification. Apart from leptons, 
the latter aspect will be of minor 
importance at HERA. Most of the 
work performed by his group con­
centrated, therefore, on calorimetry. 
Several options were worked out, 
including a cost estimate. It became 
clear that a magnet is incompatible 
with an optimized hadron calori­
meter. 

Wolfgang Bartel's problem was 
how to achieve optimal conditions in 
the intersection regions. The group 
convened by him studied back­
ground rates and proposed solutions 
to reduce these to an acceptable lev­
el. They gave boundary conditions 
for magnetic fields maintaining a suf­
ficient degree of beam polarization, 
essential for the study of electro-
weak interference effects, and pro­
posed ways to monitor the luminos­
ity, beam polarization and vertex po­
sition. 

Jos Engelen emphasized HERA's 
capabilities for studying photopro-

duction at much higher centre-of-
mass energies than existing acceler­
ators. A large total cross-section and 
the separation of beam and target 
fragments would result. This type of 
experiment needs excellent electron 
tagging, down to the smallest scat­
tering angles possible. The working 
group proposed silicon technology 
for this purpose. 

The problems related to small 
angle lepton scattering were, ob­
viously, the least of the worries of 
the group that examined deep inelas­
tic processes. Emilio Longo summar­
ized the impressive wealth of infor­
mation gathered. It turns out that the 
design of an ideal detector strongly 
depends on the specific information 
required. Thus there are good rea­
sons to equip HERA with detectors 
that are complementary to each oth­
er, rather than the ubiquitous general 
purpose detectors of electron-posi­
tron physics. 

The detection of a now quite fa­
miliar list of exotic phenomena was 
covered by Roger Cashmore. This 
group met the same challenge as 
Longo's, namely how to comprom­
ise between the best possible ha­
dron calorimetry and particle track­
ing in a magnetic field, the latter be­
ing needed to identify leptons and 

determine their properties. 
After all these talks about exciting 

phenomena to be studied with ideal 
detectors, Martin Holder took the 
audience back to reality, reviewing 
possibilities for existing detectors to 
be transferred to HERA, and the min­
imal modifications needed. CELLO, 
JADE, TASSO and ARGUS (all serv­
ing at DESY) were examined. 

Tini Veltman's summary talk cov­
ered the mysterious Higgs sector. He 
doubted that HERA would reach the 
precision needed to determine the 
radiative correction effects linked to 
the Higgs mechanism, which could 
clarify the situation. However he re­
commended the experimentalists to 
view with suspicion whatever the 
theorists might say. HERA, to his 
mind, is a new instrument to enter 
the unknown, a microscope that of­
fers an order of magnitude increase 
in magnification over existing ma­
chines, and it should be used to care­
fully and systematically explore the 
new domain. Judging from the en­
thusiasm of the discussions, the phy­
sics community is very anxious to 
have a look. 

(We thank Richard Wigmans for 
this report.) 

ECFA statement on future prospects 
A Plenary Meeting of the European 
Committee for Future Accelerators 
was held at CERN on 8 June to take a 
look at medium and long term pros­
pects. There were talks on the var­
ious projects (the antiproton pro­
grammes, SPS, LEP, PETRA and 
HERA) which are sustaining the pre­
sent and potential future of high en­
ergy physics in Europe in such an 

exceptionally healthy state. The 
major concerns are to ensure the 
necessary resources to make fruitful 
use of the potential which has been 
so painstakingly built up. 

ECFA has supported the LEP elec­
tron-positron project at CERN with 
first priority and, in recent years, has 
also supported the HERA electron-
positron project at DESY. The June 

Meeting took a new look at future 
prospects in the light of the brilliant 
success with the CERN proton-anti­
proton collider and of the In princi­
ple' approval of HERA. 

The Meeting concluded with a 
statement of which the following is a 
slightly condensed version, with a 
few additional explanatory notes in 
brackets. 
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Medium term, to 1988 

The proton-antiproton collider ex­
periments should continue to receive 
priority in the research programme in 
the period up to LEP operation, while 
maintaining a proper balance with 
the SPS fixed-target and LEAR activ­
ities. (CERN, in collaboration with 
other Laboratories, is studying the 
possibilities of a large increase in 
luminosity, perhaps involving a new 
Antiproton Collector ring in addition 
to improvements on the present sys­
tem.) 

Reductions in budget have already 
put the Research Programme under 
severe stress and will seriously im­
pair the capacity of CERN to exploit 
this major success. ECFA therefore 
requests the CERN Council in future 
to grant the full cost yariation index 
and over the next three years to 
make an additional sum available to 
enable CERN to increase luminosity 
and so reap the deserved rewards of 
this imaginative enterprise. 

Following the agreement that no 
increase of budget would be made 
for the construction of LEP, the ISR 
programme will be prematurely ter­
minated. However the effective de­
crease in the budget now endangers 
the SPS fixed-target programme. 
ECFA reasserts the importance of 
maintaining the quality of the SPS 
fixed-target and LEAR programmes; 
it must be remembered that these 
will continue to be a major source of 
physics results throughout the next 
decade and beyond. (Even when LEP 
begins operation CERN expects that 
some 800 physicists will remain in­
volved in the fixed-target pro­
gramme. LEAR — the low energy 
antiproton ring — has already at­
tracted over 250 physicists to an ex­
perimental programme using anti­
proton beams of an intensity, purity 
and quality never obtained before.) 

At DESY, a 6 metre prototype 
superconducting magnet for HERA is gently 
lowered into its cryostat for testing. The 
'in principle' support of the German 
government for HERA is one of the recent 
developments which led the European 
Committee for Future Accelerators (ECFA) 
to take a new look at the medium and long 
term future. 

(Photo DESY) 

Long Term, 1988 onwards 

The discovery of the Z° confirms 
that the physics at LEP will be as rich 
as anticipated. ECFA welcomes the 
progress already made towards its 
realization and stresses the need for 
completion by 1988. 

HERA will provide a unique 'win­
dow' on fundamental processes in 
excellent complementarity to LEP 
and a necessary second base for 
European high energy physics 
through the 1990s. ECFA welcomes 
the step taken by the German au­
thorities to give approval in principle 
for HERA, so continuing at DESY the 
excellent tradition established most 
recently by DORIS and PETRA. ECFA 
strongly supports the request for 
other countries to share in the con­
struction and hopes that such com­
mitments will be made in time to 
allow construction to start next year. 
(The electron ring could then be rea­
dy in 1987 and the proton ring two 
years later. A Workshop on Experi­
mentation at HERA, attended by 
some 180 physicists, was held at 
NIKHEF Amsterdam from 9-11 June 
and made a good start on preparing 
the experimental programme — see 
page 256.) 

It has always been foreseen that, 
after Phase 1 operation at about 
100 GeV, the LEP centre-of-mass 
energy could be increased by intro­
ducing superconducting r.f. cavities. 
Recent successful tests of supercon­
ducting cavities (developed at CERN) 
operating in PETRA indicate that this 
advance would be possible. 

The demonstrated success of the 
proton-antiproton collider as a 
means of studying elementary pro­
cesses at the quark and gluon level, 
opens up the prospect of using such 
collisions at much higher energies, 
about ten times the 2 TeV which will 
be possible at the Fermilab Tevatron. 

This would probe a new energy re­
gime where new structure is ex­
pected. This prospect is of great in­
terest and is receiving a lot of atten­
tion now in the USA (see next story). 
ECFA notes that such energies could 
be reached with superconducting 
magnets in the LEP tunnel and re­
commends that this possibility be 
investigated and that the develop­
ment of the techniques for high field 
magnets, about 10 Tesla, should be 
supported in Europe. 

Experimental high energy physics 
is a scene of dramatic progress and 
the prospects for the future are 
bright. The European Laboratories 
and physicists have demonstrated 
their capacity to lead the world in this 
field, but the downward trend of sup­
port both for CERN and in the Mem­
ber States puts this at serious risk. In 
some countries the reductions now 
threaten the ability of physicists to 
take part in experiments. ECFA urges 
the European countries to reverse 
this decline in support so that we 
may take full advantage of the great 
possibilities before us. 

258 CERN Courier, September 1983 



Around the Laboratories 

USA 'Forefront' 
programme 

Official recommendations have been 
made which could change the face of 
US high energy physics. At the re­
quest of the US Department of Ener­
gy which funds most of the particle 
physics research in the US, a 'facili­
ties subpanel' of its High Energy Phy­
sics Advisory Panel (HEPAP) studied 
the present situation and emerged 
with recommendations for the 
establishment of a 'forefront' USA 
high energy physics programme. A 
major influence in their decisions 
was the realization that the initiative 
in particle physics has passed, on 
many fronts, to the CERN and DESY 
Laboratories in Europe. 

After visiting the major US Labor­
atories (Brookhaven, Fermilab and 
Stanford) the subpanel met at 
Woods Hole, Massachusetts in June 
under the Chairmanship of Stanley 
Wojcicki, to discuss their findings 
and formulate recommendations. 

The major recommendation was 
an immediate start on a multi-TeV 
(10-20 TeV) high luminosity hadron 
collider. The machine has already 
gained its customary initials — SSC 
for Superconducting Super Collider. 
Some of the consequences of this 
major recommendation are hard. By 
a majority vote (10 to 7) the subpanel 
recommended the termination of the 
Brookhaven Colliding Beam Acceler­
ator project. The CBA (formerly ISA-
BELLE) had reached a healthy state 
after previously troubled years. The 
superconducting magnet develop­
ment was mastered, much of the civil 
engineering was completed and 
managerial infrastructure estab­
lished. The Brookhaven team is now 
hoping for significant participation in 
SSC and alternative uses for the CBA 
tunnel are being sought. 

Other recommendations of the 
subpanel were — rapid completion 
of the Fermilab Tevatron and Stan­
ford SLC and the upgrading of the 
Cornell CESR; no go for the Fermilab 
Dedicated Collider; strong support 
of advanced accelerator research 
and development. 

CERN 
Council Session 
The two major items on the agenda 
of CERN Council when it met from 
23-24 June under the presidency of 
Sir Alec Merrison were reports from 
Director General Herwig Schopper 
on recent progress at CERN and on 
the scientific programme foreseen 
for the next four years. 

The first report was, of course, 
dominated by the discoveries of the 
W and Z particles. The Council asked 
that their congratulations be con-

One of the big attractions of CERN's physics 
programme is the LEAR Low Energy 
Antiproton Ring. Seen here is the crowded 
experimental hall, housing 17 experiments 
involving some 260 scientists. First data 
has been taken. 

(Photo CERN 1.5.83) 

veyed to the CERN staff. But there 
was also a lot to report about the 
physics elsewhere at CERN. There is 
an intensive programme to be com­
pleted at the Intersecting Storage 
Rings before the scheduled close­
down of the machine at the end of 
the year (apart from charm spectros­
copy using a gas jet target in a single 
ring). The fixed target programme at 
the SPS is under way once more. The 
low energy antiproton ring, LEAR, is 
beginning physics with beams of an 
intensity, purity and quality never be­
fore accessible. (As an example of 
what is to come, slow ejection tests 
achieved ejection for as long as thirty 
minutes — equivalent to one antipro­
ton leaving the ring every two 
turns I) 

The Proton Synchrotron has the 
prospect of a programme of heavy 
ion physics (see July issue, 
page 223). The synchro-cyclotron 
and the ISOLDE isotope separator 
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continue to be the scene of some 
refined physics. 

The coming years will be domi­
nated by the building of LEP and the 
preparation for the four approved 
experiments. Construction of the un­
derground ring tunnel to house the 
electron-positron collider will begin 
very soon and about half of the con­
tracts for machine components have 
been placed. The four experiments, 
ALEPH, DELPHI, L3 and OPAL (see 
October 1982 issue, page 322) have 
been designed and costed in detail. 
Over 900 physicists are involved and 
contracts with the participating re­
search centres are being drawn up 
specifying responsibilities and finan­
cial commitments. Thus the whole 
timescale and expenditure profile of 
the LEP project is now much clear­
er. 

But during the same period, CERN 
is eager to follow up the glorious suc­
cesses of the proton-antiproton col­
lider and has plans for luminosity in­
creases and detector improvements. 
There is also a vigorous programme 
of fixed target physics in front of the 
SPS. All together, CERN is presently 
providing physics research facilities 
for 2600 physicists from 190 univer­
sities and laboratories and these 
numbers are still rising. The available 
resources for this huge volume of 
work are strained to their limits and, 
in addition to the ISR closure, other 
cuts might be necessary. 

The Council was pleased to learn 
that the formal ratification of the re-
accession of Spain to CERN is immi­
nent. After a unanimous vote in the 
Foreign Affairs Committee the Span­
ish Congress voted 95 per cent in 
favour at a plenary meeting on 
21 June. 

The Council approved a further 
Protocol to the original Agreement of 
July 1967 between CERN and the 
USSR State Committee for Atomic 
Energy. The Agreement concerns 

scientific and technical cooperation 
and has led particularly to CERN col­
laborations at the Serpukhov 
76 GeV proton synchrotron and So­
viet participation in experiments at 
the SPS. The new Protocol extends 
the scope so as to allow Soviet par­
ticipation in LEP experiments on the 
one hand and CERN participation in 
experiments at the 3 TeV UNK pro­
ton synchrotron at Serpukhov at the 
other. 

Muon polarimeter during assembly at 
TRIUMF. In the foreground is the solenoid 
which provides the muon spin-holding field 
and which focuses the decay positrons. In 
the background is the positron spectrometer 
consisting of the 'Sagane' magnet with 
drift chambers upstream. 
This experiment has obtained a new upper 
limit on the coupling of charged weak 
currents to right-handed leptons. 

TRIUMF 
Looking for 
right-handed currents 
A Berkeley group in collaboration 
with B. Gobbi (Northwestern) and 
C. Oram (TRIUMF) has obtained a 
new upper limit on the coupling of 
charged weak currents to right-
handed leptons. Operating in the 
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M13 surface muon channel at 
TRIUMF, the experiment is the first 
to measure precisely the endpoint 
decay spectrum for muons with ex­
tremely high average polarization. 

The experiment was motivated by 
the apparent absence of charged 
weak currents with other than the 
conventional left-handed coupling. In 
the standard electroweak model, the 
left-handed charged weak current is 
carried by a W boson with a mass of 
about 80 GeV, as shown by recent 
measurements at the CERN proton-
antiproton collider. Since reaction 
rates go as the inverse fourth power 
of the W mass, earlier data did not 
exclude the possible existence of a 
heavier, right-handed boson with a 
mass above 220 GeV. 

As long as the momentum transfer 
is well below the conventional left-
handed W mass, and the right-
handed neutrino is light enough not 
to influence the kinematics, the ef­
fects of right-handed W exchange 
relative to those of conventional W 
exchange are expected to be energy-
independent. In this context, precise 
low-energy measurements of purely 
leptonic decays can play an import­
ant role. 

The measurement at TRIUMF is 
made possible by the nearly com­
plete polarization of a positive muon 
beam derived from positive pion de­
cay at rest near the surface of the 
target within which the pion is pro­
duced. (The first such 'surface' muon 
beam was developed at the Berkeley 
184 inch cyclotron by the Arizona 
group a decade ago.) When the posi­
tive muon is fully polarized and only 
left-handed coupling is present, no 
positron should be emitted with 
maximum energy in a direction oppo­
site to the muon spin. Conversely, 
for right-handed coupling, such de­
cay is maximized. 

Unlike higher-energy muons, the 
TRIUMF 4 MeV 'surface' muons 

have a precise range — if incident 
upon the CERN Courier, most would 
stop on the same page. The experi­
ment's muon stopping targets were 
thin foils of pure aluminium, copper, 
silver, and gold, where the high con­
centration of free electrons screens 
the positive muons from the depolar­
izing effects of prolonged spin-spin 
coupling to particular electrons. Data 
were collected both with the stop­
ped muon spin held by a 1.1 T longi­
tudinal field, and with its spin pro­
cessed by a 70 gauss transverse 
field. The sharp edge at the endpoint 
of the positron momentum spectrum 
for the spin-precessed data was 
used for calibration. 

The decay positrons were focused 
by a solenoidal field lens and mo­
mentum-analysed by a cylindrically 
symmetric focussing spectrometer 
based on the venerable 'Sagane' 
magnet. Constructed at Berkeley 
some three decades ago, where it 
was first used in a not totally suc­
cessful measurement of the muon 
decay Michel parameter, the old 
magnet and its paper-insulated coils 
responded favourably to this new 
chance for redemption. With 200 
micron measuring accuracy achieved 
in methane drift chambers at the 
spectrometer's conjugate foci, a po­
sitron momentum resolution of less 
than 100keV was obtained within 
the 0.2 steradian acceptance. 

Data recorded within four weeks 
of the experiment's first beam in the 
spring of 1982 have now been ana­
lysed and the results submitted for 
publication. (A larger sample was 
collected in late 1982.) In terms of 
traditional muon-decay parameters, 
the 90%-confidence limit shows 
more than an order-of-magnitude im­
provement over older measure­
ments. This means that if a right-
handed W boson exists at all, it has 
to be heavier than 380 GeV! 

SLAC 
More physics 
archaeology 
Recent results from high energy 
muon experiments at CERN (see 
November 1982 issue, page 362) 
and electron scattering experiments 
at SLAC (see April issue, page 90) 
indicate that there is a significant 
difference between the nucleon's 
quark structure (structure functions) 
for nucleons bound in steel and nu-
cleons bound in the deuteron. Now 
the same effect has also been ob­
served for nucleons bound in alumin­
ium using data from deep inelastic 
electron scattering experiment 
E49B, originally performed at SLAC 
in 1970. The data for aluminium 
were obtained by analysing the emp­
ty-target data which were used origi­
nally to subtract the target wall con­
tributions from the liquid hydrogen 
and liquid deuterium data. 

The data show a significant mom­
entum fraction (x) dependent differ­
ence between aluminium and deuter­
ium cross-sections in a manner op­
posite to that expected from Fermi-
motion effects. Within the quark-
parton model the x distributions, at 
sufficiently large momentum trans­
fers (Q 2 ) , determine the momentum 
distributions of the quarks in the nu-
cleon. Thus the data suggest that the 
quark momentum distributions in a 
nucleon bound in aluminium become 
distorted. 

When the data for aluminium are 
compared to lower Q 2 data taken at 
SLAC and to photoproduction data, 
it appears that at small x and small Q 2 

the nuclear distortions are partially 
cancelled by nuclear shadowing ef­
fects. A similar cancellation is ob­
served when the data for steel are 
compared to lower Q 2 data for cop­
per and photoproduction data. 
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Particularly at large momentum fractions (x), 
there appears to be a systematic difference 
between the nucleon's quark structure 
(structure functions) for nucleons bound in 
deuterium and those in heavier nuclei. The 
effect first noticed in by the European 
Muon Collaboration (EMC) at CERN, is now 
underlined by SLAC data on steel and 
aluminium. 

These nuclear shadowing effects, 
which are presumably nuclear higher 
twist effects in the language of Quan­
tum Chromodynamics (QCD), are ex­
pected, like higher twist effects in the 
nucleon, to be small at large values of 
Q 2 . Therefore, the extraction of the 
strong QCD coupling parameter from 
structure function data taken with 
nuclear targets at high values Q 2 may 
not be affected by these terms. 

Comparison of the SLAC electron 
and CERN muon data indicate that 
the nuclear distortions in steel and 
aluminium are similar. 

The understanding of the mechan­
isms responsible for the distortion of 
the structure functions is still in a 
very qualitative state. Several recent 
theoretical papers have attempted to 
explain these observations using 
ideas such as six quark bags, pions 
and quasipions in nuclei, delta reso­
nances in nuclei, diquark states, and 
percolation of quarks from nucleon 
to nucleon in a large nucleus. New 
studies will surely shed further light 
on this interesting new effect. 

SIN 
Channelled muon 
decay 
One of the results reported at the 
recent Yamada meeting on muon 
spin rotation (see page 265) was the 
observation at SIN of the 'channel­
ling' of positrons coming from the 
decay of muons implanted in a silicon 
crystal. 

Channelling is the delicate steering 
of particle trajectories by the axes 
and planes inside crystals, and could 
offer new possibilities for studying 
stopped muons. 

In the experiment by a Zurich / 
Konstanz group at SIN, positive 
muons are stopped in a silicon wafer 
bent into a spherical shell. (This ar­
rangement allows a crystal axis at 
any point in the wafer to be brought 
to a unique focus at the centre of the 
sphere, thus allowing a large surface 
area to be studied.) 

The decay positrons leaving the 

crystal near one of the principal axes 
fly 3.4 m before being picked up in a 
detector consisting of multiwire pro­
portional chambers and scintillators. 
Comparing the recorded angular dis­
tribution with an X-ray diffraction 
pattern shows that positrons are 
blocked by certain crystal planes, 
with a central minimum caused by 
axial blocking. 

This provides valuable information 
to help locate the interstitial site 
where the muon comes to rest. 
Channelling effects have also been 
seen in the particles from pion decay 
in an experiment by a Stuttgart group 
at SIN. 
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Physics monitor 
Carlo Rubbia (left) chaired the session on 
large passive detectors at the recent Pisa 
meeting on advanced detectors. At the 
overhead projector is G. Ernwein of Saclay. 
After an initial such meeting two years ago 
on miniaturized detectors, this year the 
organizers opted for the more ambitious 
title of 'Frontier Detectors for Frontier 
Physics'. 

CONFERENCE 
Frontier detectors 
The Second Pisa Meeting on Ad­
vanced Detectors was held this year 
in Castiglione della Pescaia (Grosse-
to, Italy). It was the second of a ser­
ies initiated in 1981 in Tirrenia, when 
the emphasis was on miniaturized 
detectors. This year the Organizers 
enlarged their scope, as emphasized 
by the title of the Conference, 'Fron­
tier Detectors for Frontier Physics', 
which was chosen also in the hope, 
as Chairman of the Advisory Com­
mittee Giorgio Bellettini said in his 
opening address, to be able to hold a 
future meeting on 'Frontier Physics 
from Frontier Detectors'. 

The Conference included a round-
table discussion with industrial sup­
pliers of high energy physics instru­
mentation. This was a particularly 
interesting new initiative, chaired 
with competence and enthusiasm by 
Georges Charpak and Chris Fabjan. 

Over thirty suppliers from Europe, 
US and Japan were represented, 
covering photomultipliers and pho-
todiodes, electronics, solid state de­
tectors, scintillators and special op­
tics. Despite the difficulties of such a 
novel and delicate initiative, it turned 
out a real success since contacts 
were strengthened and many new 
ones started. Europe is far from the 
integrated effort between research 
and industry which is so successful 
in Japan. 

Various types of tracking detec­
tors were discussed under the chair­
manship of Hans Jensen of Fermilab. 
The emphasis was on large central 
detectors for proton-antiproton and 
electron-positron colliding beam ex­
periments, based on existing de­
signs. However new ideas like the 
Time Expansion Chamber — where 
space resolutions well below 
100 microns are hoped for — were 

also discussed, as was improving 
the resolution obtainable with drift 
chambers. 

The Sessions on Time Projection 
Chambers, chaired by Dave Nygren, 
and on Calorimeters, chaired by Enzo 
larocci, gave an impressive view of 
the effort which is being put into 
this type of detectors, in particular 
for LEP. Based on the pioneering Ber­
keley TPC, which is now being ex­
ploited at PEP, the new designs point 
at larger volumes and easier operat­
ing conditions, with atmospheric 
pressure and pulsed ion screens. 
Also small size TPCs are being oper­
ated successfully at Fermilab and 
TRIUMF, and mini-TPCs will be built 
for the vertex tracking of the detec­
tor for the Fermilab proton-antipro­
ton Collider. Calorimeters are be­
coming a special art, and scintillator 
is by no means any more the stan­
dard choice of sensitive element. 
Proportional gas tubes are preferred 
for very massive detectors, like at 
LEP, since signal collection is easier, 
however the attempt to preserve li­

nearity up to the highest energies 
seems to encounter basic difficul­
ties. 

On the other hand, enormous pro­
gress is being made on the granular­
ity of detectors and consequently on 
their ability to resolve jet structure, 
with the number of channels ap­
proaching 100 K and extensive mul­
tiplexing solving the read-out prob­
lem. Scintillator tower calorimeters 
are still tops for energy resolution, 
like in the uranium/copper calorimet­
ers of R807 at the CERN ISR or of L3 
at LEP, or when one wants to pre­
serve trigger capabilities at high 
rates as in the collider experiment at 
Fermilab. For photon/electron de­
tection, a special role was played by 
sodium iodide and the new BGO 
crystal detectors, however the ex­
treme interest in BGO calorimeters is 
still damped by the as yet unsolved 
problem of cost. 

In the meantime, G. Charpak dis­
cussed a new concept of a calorimet­
er with proportional chambers of 
special design to allow extremely 
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Time out at the 14th International 
Symposium on Multiparticle Dynamics at 
Lake Tahoe, California. 

(Photo W. Kittel) 

good time resolution, and fluoride 
converter to allow excellent energy 
resolution. This detector is still to be 
tested and the present cost would be 
unbearable, but industry was al­
erted ! 

A lively session on visual devices, 
chaired by Volker Eckardt, proved 
that these techniques are still very 
useful, although in rather special 
fields. Using fast-cycling bubble 
chambers and/or fine-grained emul­
sions several experiments hope to 
see beauty decay both at CERN and 
Fermilab, while the streamer cham­
ber has its usefulness for a qualita­
tive study of high energy interactions 
at the CERN collider. Semiconductor 
devices are rivalling conventional vi­
sual techniques and gaining in impor­
tance as mini-vertex detectors for 
charm and beauty production and 
decay. 

In an active session chaired by Eu­
gene Haller of Berkeley and by 
H. Kraner of Brookhaven, various 
such 'active targets' were reviewed 
and a survey of mini-vertex detec­
tors to be employed at LEP and at the 
large proton-antiproton colliders 
was presented. In this fast-expand­
ing field, several commercial sup­
pliers are increasing their commit­
ment while new ones are appearing. 
Space resolutions are currently be­
low 100 microns and aiming at 20 in 
some special designs. Associated 
preamplifiers are being miniaturized 
while noise is reduced below 10 keV 
and ample multiplexing imple­
mented. 

Particle identification was re­
viewed in a session chaired by Tom 
Ypsilantis. Besides energy loss, for 
which the JADE chamber still pro­
vides one of the most successful 
examples. Ring Imaging Cherenkov 
counters were extensively dis­
cussed. It is still hoped that these 
detectors will solve at least in part 
the thorny problem of particle identi-

fication within jets, however the im­
plementation of this complex tech­
nique in a real experiment still has to 
be perfected. 

An extremely interesting session, 
chaired by Carlo Rubbia, covered 
large passive detectors. The way to 
extend the flash-tube and the pro­
portional tube technique for proton 
decay experiments from the Fre-
jus/Mont Blanc to the Gran Sasso 
generation was indicated. 

Thanks to the Pisa Organizing 
Committee under INFN Director An-
gelo Scribano, the Conference was a 
great success, and there was wide­
spread enthusiasm for more such 
meetings. 

CONFERENCE 
Multiparticles 
at Lake Tahoe 
The fourteenth international syrppo-
sium on Multiparticle Dynamics, held 
at Lake Tahoe (California) in June, 
enabled specialists studying lepton-
lepton, lepton-hadron, and hadron-
hadron collisions to compare 
notes. 

In the electron-positron sphere, ef­
forts to get the strong coupling con­
stant from data on annihilation into 
three hadron jets suggests that the 
results are sensitive to the models 
used to describe the production of 
the hadrons from quarks and gluons 

(fragmentation). Differences be­
tween various approaches become 
smaller when correction terms (se­
cond order effects) are applied, but a 
model-independent clustering algo­
rithm could be useful. 

Clear differences have now been 
found between the jets emanating 
from quarks and from gluons, when 
compared at the same jet energy. 
Gluon jets carry more transverse 
momentum and more baryons. 

Useful new results on high energy 
fragmentation come from jet studies 
at the SPS collider. The hadron jet 
production rate seems to agree with 
theory and the jet charge multiplicity 
is an extrapolation of what is seen in 
(lower energy) electron-positron an­
nihilations. The fragmentation func­
tion itself ties in with results from 
electron-positron annihilations (the 
TASSO experiment at PETRA). Inter­
nal transverse momenta do not vary 
much with energy, and evidence ex­
ists for three-jet events. 

There was much discussion of the 
' E M C effect — unexplained differ­
ences in nucleon quark structure 
when studied in different nuclei (see 
page 261). There is no shortage of 
models to explain the phenomenon, 
which presumably should be taken 
into account when interpreting data 
from heavy targets. 

For low transverse momentum 
('soft') hadron collisions, there is an 
increase of transverse momentum 
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At the recent Yamada Muon Spin Rotation 
Conference, solid-state theorist J. Kanamori 
of Osaka explains the effect of local 
magnetic fields on interstitial positive muons 
in ferromagnets. 

and particle density up to CERN col­
lider energies. The increase in parti­
cle density is also dependent on par­
ticle type. 

Particle multiplicities in neutrino in­
teractions, electron-positron annihi­
lation and non-diffractive hadron col­
lisions tie in together. However the 
high energy results from the SPS Col­
lider show an abnormally large high 
multiplicity component. 

Some of the effects being ob­
served are suggestive of the onset of 
hadronic phase transitions. 

The meeting demonstrated that 
the boundary between 'hard' and 
'soft' physics has yet to be firmly 
fixed. Both have profited enormously 
by the advent of the CERN Collider, 
and progress should continue. There 
should be no shortage of topics for 
debate at the next Multiparticle Sym­
posium, scheduled for Lund next 
June. 

(We are grateful to W. Kittel for 
providing the material for this re­
port) 

CONFERENCE 
Muon spin rotation 
The Yamada Conference on Muon 
Spin Rotation and Associated Prob­
lems (|iSR83 for short) was held at 
Shimoda, Japan, from 18-22 April. 
The conference was organized by 
the Meson Science Laboratory of the 
University of Tokyo (UTMSL), which 
is now actively pursuing various ex­
periments using pulsed muons (the 
BOOM line) at the 500 MeV booster 
synchrotron at KEK (see October 
1980 issue, page 302). The confer­
ence was sponsored by the Yamada 
Science Foundation. 

The city of Shimoda is the historic 
site where the first American consu­
late was established more than a 
century ago, forming a 'bridge' be­
tween Japan and the West. This jiSR 

conference, like its predecessors 
JISR1 (Rorschach, 1978) and JISR2 
(Vancouver, 1980), was intended to 
establish a similar 'bridge' between 
particle/nuclear physics and mater­
ials sciences like chemistry and con­
densed matter physics. 

There were 117 participants from 
12 countries, including 43 from Ja­
pan. In total, 134 papers were pre­
sented. The main subjects included 
local magnetic fields and fluctuations 
at the interstitial positive muons in 
magnetic materials, quantum diffu­
sion and impurity-mediated trapping 
of positive muons in metals, muon-
ium formation and behaviour in 
semiconductors and insulators, 
chemistry of muonium in gas and 
liquid phases, hyperfine structure of 
muonic atoms, electroweak interac­
tions, etc. 

From SIN, the MPI Stuttgart group 
and the University of Zurich (UZ) 
group reported successful results 
from channelling experiments (see 
page 262), where the locations of 
interstitial positive pions or muons 
and the zero-point motion character­
istics were clearly revealed. Such ex­
periments will be decisive in the re­
solution of ambiguities in other jiSR 
data. 

Also at SIN, a joint UTMSL/UZ col­
laboration achieved the first suc­
cessful observation of the internal 
field felt by the negative muon bound 
to the host nucleus in a ferromagnet­

ic material (in this case nickel). This 
field can be compared with the ana­
logous field at the nucleus of a dilute 
cobalt impurity in nickel; a ' hyperfine 
anomaly' of - 2.82 ± 0.08 per cent 
difference was found, reflecting the 
spatial distribution of inner-shell el­
ectron polarization outside the nu­
clear boundary. No other method can 
probe this distribution. 

At TRIUMF (University of British 
Columbia group) and later at SIN (UZ 
group), jiSR has been applied to sur­
face science for the first time in stu­
dies of muonium interactions with 
the bare surfaces of ultra-fine silica 
powders. 

A Berkeley group working at 
TRIUMF performed a precise meas­
urement of the asymmetry at the 
endpoint of the positron spectrum 
from positive muon decay (the Mi­
chel parameter) in a search for right-
handed weak currents (see 
page 260). The result implies that any 
right-handed weak boson must be 
heavier than 380 GeV. A similarly-
motivated experiment to search for 
right-handed currents in kaon decay 
was reported by a Tokyo / KEK 
group. The precision achieved was 
not as impressive, but the new result 
is also consistent with maximal left-
handedness. 

The response of a solid to the 
introduction of such a simple point­
like positive charge as the muon has 
been extensively studied by the 
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CERN / Uppsala / Julich collabora­
tion. Thanks also to their results on 
the diffusion in copper at very low 
temperatures, on the self-trapping 
and impurity-induced localization in 
niobium and aluminium and on the 
dynamic correlations in metal-hy­
drogen systems, it is possible to say 
that more is known about this model 
system than it is about the closest 
'natural' analogue, the isolated hy­
drogen atom in a metal. 

Also at CERN, the Parma/Ruther­
ford Laboratory collaboration ob­
tained the first complete picture of 
the static and dynamic magnetic pro­
perties of antiferromagnetic insula­
tors by jiSR. The anisotropy of the 
local field experienced by the muons 
was directly related to the site of 
localization in the lattice and found to 
agree with the spontaneous magne­
tization in the ordered phase. Use of 
a new wire chamber spectrometer 
paid dividends and will certainly 
open jiSR to new applications. 

At the KEK BOOM facility, the 
UTMSL group in collaboration with 
the Julich group used pulsed muons 
to study zero-field (ZF) positive 
muon spin relaxation in pure copper 
at temperatures down to 0.09 K. 
Compared to the transverse-field 
(TF) techniques employed by the 
Uppsala/CERN group in 1980, the ZF 
method has a specific advantage; 
with time the ZF relaxation function 
recovers to a third of its original am­
plitude (the so-called 'Kubo-Toyabe 
tail') in the static case, and this 'tail' 
is directly sensitive to slow 'hop­
ping' of the muon. Pulsed jiSR gives 
the additional advantage of low-
background data at times as long as 
20| is. The new results show clear 
evidence of enhanced positive muon 
hopping at temperatures below 
15 K, indicating a new manifestation 
of quantum diffusion. 

Magnetic resonance of the muon 
spin induced by a pulsed r.f. field is 

another rapidly-growing technique 
made possible by the ideal time 
structure of the pulsed muon facility 
at BOOM. Such facilities are being 
seriously considered for future de­
velopment at the Rutherford/Apple-
ton Laboratory and Los Alamos Na­
tional Laboratory. 

Numerous new applications of 
jiSR to problems in magnetism, me­
tal and semiconductor physics, 
chemical kinetics, radical chemistry, 
and now surface science continue to 
be discovered every year, further 
strengthening the role of jiSR as an 
ambassador from the world of parti­
cle physics to the world of materials 
science. Such vigorous cross-fertili­
zation emphasizes the importance of 
interdisciplinary fields like jiSR. This 
year has seen a mature JISR technol­
ogy return to its origins and make a 
significant new contribution to ele­
mentary particle physics: born in the 
discovery of left-handed parity viola­
tion, jiSR has set a new limit on right-
handed currents. It seems that the 
left hand knows what the right hand 
is doing after all! 

(We thank T. Yamazaki for his re­
port.) 

Beat waves 
at Trieste 
On the initiative of Abdus Salam, a 
'Workshop on Laser and Plasma Col­
lective Field Accelerators' was held 
at the International Centre for Theo­
retical Physics at Trieste on 31 May 
and 1 June. It was held in conjunc­
tion with a longer 'College on Radi­
ation in Plasmas', which was then 
being held at the Centre, and was 
organized by B. McNamara with help 
from J.D. Lawson. 

The aim was to sustain the empha­
sis on the need to explore new con­
cepts in particle acceleration so as to 
prepare for the long term future 

when present techniques run into the 
boundaries of scale and cost (prob­
ably at around 300 GeV for electron 
colliders and 20 TeV for proton ma­
chines). This was the theme of the 
Oxford Conference (see December 
1982 issue, page 405), organized by 
the European Committee for Future 
Accelerators and the Rutherford 
Laboratory, and remains a major 
concern of ECFA. In the course of the 
Workshop, John Mulvey, Chairman 
of ECFA, arranged a meeting to 
sound out interest in working in the 
field of collective acceleration tech­
niques to achieve very high energies. 
Some work has already been organ­
ized in Europe, including a Study 
Group at Rutherford. Further Work­
shops are envisaged and ECFA may 
play an important role in the coor­
dination of effort in scattered 
groups. 

Although many methods of collec­
tive acceleration (and some non-col­
lective variants) using lasers have 
been put forward, the main topic 
which has retained very high interest 
is the concept of plasma beat waves 
first proposed by T. Tajima and 
J.M.Dawson in 1979. This is be­
cause it holds out the promise of dra­
matically high accelerating gradients 
(up to several GeV per m). The con­
cept had some encouraging early ex­
perimental support in the work of 
C. Joshi. 

The idea is to fire two laser beams 
of different frequencies into a plasma 
so that they 'organize' the plasma in 
such a way that incoming charged 
particles see high accelerating fields. 
The two beams generate beat waves 
travelling through the plasma at a lit­
tle less than the speed of light, which 
could match particle velocities. 

At the Trieste Workshop, T. Taji­
ma presented a more thorough ana­
lysis of the basic mechanisms with 
emphasis on the resulting physical 
features, such as trapping of back-
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People and things 

ground electrons, instabilities, heat­
ing and factors affecting maximum 
accelerating fields. An elegant sim­
plified model of a beat wave accel­
erator has been developed by 
R.D. Ruth and A. Chao and was pre­
sented by Ruth. They select 1 mi­
cron wavelength lasers and a plasma 
density of 1.6 x 1 0 1 6 per cm 3 . The 
accelerating field is then found to be 
5 GeV/m and a 5 TeV machine re­
quires a hundred 10 m stages each 
absorbing 17 kJ per pulse while ac­
celerating up to 10 1 1 particles. It is 
recognized that this model, while be­
ing a useful starting point for studies, 
needs considerable refinement. 

An important aspect is the 'stag­
ing' in different sections along a ma­
chine so that the beat wave will not 
fall seriously out of step with the par­
ticles as their velocity increases. It is 
not yet clear how efficiently this 
phase-slip problem can be over­
come. There were new ideas on this 
presented by Joshi under the name 
of 'Surfatron'. The practical details 
of the necessary laser power and 
pulse rate are also yet to be deter­
mined. R. Bingham spoke on plasma 
instabilities, including the effect of 
trapped electrons, which will in­
fluence ideal laser power require­
ments. 

Attainable luminosity was dis­
cussed and high values will obvious­
ly not come easily for lepton collid­
ers, where 'beamstrahlung' is the 
primary limitation, but this would not 
be troublesome in hadron machines 
and much more optimistic values on 
luminosity can be put forward. 

The subject is obviously at a very 
interesting stage and there is great 
enthusiasm to pursue the high prom­
ise of the beat wave technique. It is 
also refreshing that a multidisciplina-
ry effort is needed and laser and plas­
ma experts are being lured to the 
field of accelerator physics. 

At the recent Shelter Island II Conference 
on Quantum Field Theory and the 
Fundamental Problems of Physics, Murray 
Gell-Mann (left) talks with A.D. Linde of the 
Lebedev Institute, Moscow. 36 years ago, 
the first Shelter Island conference grouped 
together prominent field theorists at the 
time when modern quantum electro­
dynamics was emerging. This time 
it was the turn of quantum 
chromodynamics, supersymmetry and 
grand unification to be discussed. 

(Photo A. Martin) 

CERN elections/appointments 

At the June session of CERN Coun­
cil, L.B. Okun and Abdus Sal am 
were re-elected for further three 
year terms as members of the 
CERN Scientific Policy Committee. 
J. Andersson was re-elected for 
a further year as chairman of the 
Finance Committee. Reappoint­
ments were — G. Brianti as Tech­
nical Director, F. Heyn as Director 

of Administration, and E. Picasso 
as Director of the LEP Project — 
each for a period of three years 
as from 1 January 1984. 

At the Council session, Erwin 
Gabathuler was thanked for his 
many contributions to the devel­
opment of the CERN physics pro­
gramme. He becomes Professor 
of Physics at Liverpool, and is suc­
ceeded as one of the two CERN 
Research Directors by Ian Butter-
worth of Imperial College, London. 

At Fermilab 

Ken Stanfield, presently Head of 
the Experimental Areas Department 
at Fermilab, will replace Bruce 
Chrisman as Business Manager 
and Head of Business Services 
about October, after the first phase 
of Tevatron beamline commission­
ing is completed. Chrisman has 
accepted an appointment as the 
Vice-President for Administration 
at Yale University. Roger Dixon, 
currently Deputy Head of the Teva­
tron II project, will succeed Stan-
field as Head of Experimental 
Areas Department. 

A Soviet-American workshop on 
gauge field theories was held in 
Yerevan from 9-23 June, organized 
by a Soviet-American committee 
for mutual cooperation in the inves­
tigation of the fundamental proper­
ties of matter, and sponsored by 
the USSR State Committee for 
Atomic Energy and the US Depart­
ment of Energy. Several European 
physicists also took part. Soviet 
and US physicists hope that this 
kind of meeting could be held 
again, perhaps with continued par­
ticipation from physicists working 
in other regions of the world. 
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For his work on particle detectors, 
Georges Charpak of CERN shares 
the 1982 Physical Science and 
Mathematics prize of the Vomite 
du Rayonnement Francais'. 

A meeting of the Japan/US Com-
mittee on High Energy Physics at 
Brookhaven in May culminated in 
the signing of the fifth cooperative 
particle physics research agree­
ment between the two countries. 

An example of the growing two-
way Japan/US particle physics 
research effort is the proposal to 
move the High Resolution Spec­
trometer (HRS) from the PEP ring 
at SLAC to the new TRISTAN ring 
to be built at Japan's KEK Labora­
tory. A letter of intent has been 
approved in principle. 

LEAR's here! 

After the spectacular successes 
of the high energy proton-anti­
proton collision experiments in the 
CERN SPS, attention then turned 
to the other end of the antiproton 
energy scale. On 27 July, the ex­
perimental programme at the LEAR 
Low Energy Antiproton Ring be­
gan. After a short period of data 
taking, the ring pauses during the 
CERN Antiproton Accumulator 
shutdown, and resumes operation 
in the autumn. Our October issue 
will include a fuller report of 
LEAR's startup. First results of 
these low energy antiproton 
studies are eagerly awaited. 

More neutrons at Argonne 

Installation of a new proton source 
on the Intense Pulsed Neutron 
Source (IPNS) at Argonne has in­
creased the accelerated proton 

current and hence the available 
flux of neutrons. Performance 
figures are — 13 microamp proton 
beam at a pulse rate of 30 Hz pro­
ducing, by spallation on a heavy 
metal target, some 3.5 x 10u 

neutrons per cm2 per s in the ener­
gy range 0.001 to 10 eV. Over 
100 scientists have used the facil­
ity so far for studies of the atomic 
and molecular structure of solids 
and liquids. 

Assembly of the first production central 
calorimeter module for the Collider Detector 
Facility at Fermilab. The steel was cut and 
welded at Purdue University. The hadron 
scintillator and light pipes were cut and 
fabricated in Italy. The shower scintillator 
was made and cut in Japan. The shower 
counter light pipes were made at Argonne 
National Laboratory. The muon counters 
were made at the University of Illinois. All 
of these pieces finally came together and 
were assembled at Fermilab. 

(Photo Fermilab) 
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Divisional Fellows 
The L a w r e n c e Berkeley L a b o r a t o r y is o p e r a t e d b y the Regents of the 
University of C a l i f o r n i a on b e h a l f of the D e p a r t m e n t of Energy of the 
G o v e r n m e n t of t he Un i ted States of A m e r i c a . It is a mu l t i -d i sc ip l ina ry 
N a t i o n a l l a b o r a t o r y e n g a g e d in var ious p r o g r a m s of e n e r g y 
resea rch a n d is l o c a t e d c o n t i g u o u s l y w i th the Berke ley c a m p u s of 
the University of C a l i f o r n i a , s i t ua ted in the San F ranc i sco Bay A r e a . 

The Eng inee r i ng a n d T e c h n i c a l Services Divis ion of t he L a w r e n c e 
Berkeley L a b o r a t o r y is s e e k i n g su i t ab l e c a n d i d a t e s for a p p o i n t m e n t 
as Div is ional Fel lows. D iv is iona l Fel lows a r e persons w i th o u t s t a n d i n g 
p romise , c r e a t i v e ab i l i t y a n d l e a d e r s h i p p o t e n t i a l . Successful c a n ­
d i d a t e s w o u l d h a v e c o n s i d e r a b l e e x p e r i e n c e in thei r a r e a of t ech ­
n i c a l exper t ise; d e m o n s t r a t e d ab i l i t y to i n te rac t e f fec t ive ly wi th 
Scientists a n d Engineers e n g a g e d in the var ious p r o g r a m s of the Lab­
ora to ry ; a n d the ab i l i t y to i m p l e m e n t p ro jec ts w i th in the goa l s a n d re­
sources of the Labora tory . Exper ience as a Project Leade r is pre fer red. 

Fel lows a r e a p p o i n t e d for terms u p to f ive years w i th t h e e x p e c t a t i o n 
tha t they wi l l d e m o n s t r a t e o u t s t a n d i n g pro fess iona l qua l i t i es d u r i n g 
their fe l lowsh ip to w a r r a n t p r o m o t i o n to a p e r m a n e n t pos i t ion as Staff 
Senior Scient ists/Engineers. The pursui t of i n d e p e n d e n t resea rch a n d 
d e v e l o p m e n t p r o g r a m s consis tent w i th the b r o a d goa l s of the 
L a b o r a t o r y wi l l b e e n c o u r a g e d . 

Sa lary is c o m m e n s u r a t e w i th e x p e r i e n c e u p to a m a x i m u m of 
$68,028/yr. 

The Divis ion is seek ing a p p l i c a n t s in the f o l l o w i n g e n g i n e e r i n g 
spec ia l t i es : 

(I) Heat Transfer 
(II) Ma te r ia l s Eng inee r i ng 
(III) E lect ron ic Ins t rumenta t ion — Physics 
(IV) High Power R-F systems a n d High V o l t a g e T e c h n o l o g y 
(V) E lect ron ic Ins t rumenta t ion — A c c e l e r a t o r s 

(I) Heat Transfer Engineer 
As a Division Fel low, the i n c u m b e n t wi l l h a v e a m a j o r responsib i l i ty 
for h e a t t ransfer ana lys is a s s o c i a t e d wi th the d e s i g n of c o m p o n e n t s 
used in p a r t i c l e phys ics b e a m d e v i c e s a n d exper t ise in a l l a r e a s of 
h e a t t ransmission ana lys is . A w o r k i n g k n o w l e d g e of ex is t ing c o m ­
pu te r c o d e s for the t h r e e - d i m e n s i o n a l ana lys is of h e a t f low, 
t e m p e r a t u r e d is t r ibu t ion a n d t h e r m a l l y i n d u c e d m e c h a n i c a l strains 
c a u s e d b y t rans ient h e a t t ransmiss ion c o n d i t i o n s is h igh l y d e s i r a b l e . 
The i n c u m b e n t wi l l a l so serve as a resource for h e a t t ransfer m e t h o d s 
a n d c o d e s a n d wi l l supp l y t e c h n i c a l a d v i c e a n d counse l to 
Labo ra to r y sc ient i f i c a n d e n g i n e e r i n g staff w o r k i n g o n pro jec ts re­
q u i r i n g s o p h i s t i c a t e d h e a t t ransfer ana lys is . 

A Ph.D. in M e c h a n i c a l Eng inee r i ng is p r e f e r r e d wi th f i e ld of study in 
h e a t t ransfer a n d n u m e r i c a l ana lys is . At least f ive yea rs ' p ro fess iona l 
e x p e r i e n c e is r e q u i r e d . Refer to job #A/2191 

(II) Materials Engineer 
The Div is ional Fel low wi l l h a v e the o p p o r t u n i t y to c o n t r i b u t e to a w i d e 
r a n g e of d iverse h i g h t e c h n o l o g y p ro jec ts a n d wi l l p r o v i d e a f o c a l 
po in t for mate r ia l s exper t i se w i th in the d iv is ion . A n i m p o r t a n t respon­
sibi l i ty is e x p e c t e d to b e the es tab l i shmen t of a d a t a b a s e for d e s i g n . 
M a t e r i a l a n d su r face p roper t i es , as they a f fec t the p e r f o r m a n c e of 
c o m p o n e n t s a n d systems in a h i g h v a c u u m e n v i r o n m e n t , w o u l d b e 
the p r i m a r y a r e a s of respons ib i l i t y a n d w o u l d i n c l u d e m a t e r i a l se lec­
t ion, j o i n i n g processes, su r face c o a t i n g s , co r ros ion a n d the 
m e c h a n i s m s of su r face c l e a n i n g . Ma te r ia l s wi l l i n c l u d e a d v a n c e d 
a l loys, non -me ta l l i c compos i t es , c e r a m i c s a n d p last ics , as wel l as 
t r ad i t i ona l ferrous a n d non-ferrous e n g i n e e r i n g mate r ia l s . C lose in­
t e r a c t i o n wi th L a b o r a t o r y Pro jec t E n g i n e e r i n g staff wi l l b e e x p e c t e d 
a n d wi l l consist of consu l t a t i on o n spec i f i c o n - g o i n g p r o j e c t ma te r ia l s 
p rob lems , the u p d a t i n g of cu r ren t l y e m p l o y e d processes a n d tech ­
n iques, a n d the es tab l i shmen t a n d d e v e l o p m e n t of n e w processes to 
m e e t the d e m a n d s of a d v a n c i n g t e c h n n o l o g y . 

The pos i t ion requ i res a n a d v a n c e d d e g r e e in Ma te r ia l s S c i e n c e or 
M e t a l l u r g y c o u p l e d wi th severa l yea rs e x p e r i e n c e in a p p l i c a t i o n to 
the p r a c t i c a l so lu t ion of e n g i n e e r i n g p r o b l e m s . Refer to job #A/2190 

(III) Electronic Instrumentation for 
Particle Physics and 
Nuclear Science 

C a n d i d a t e s for this pos i t ion s h o u l d h a v e d e m o n s t r a t e d t e c h n i c a l 
l eade rsh ip a n d e x c e l l e n c e in t he d e s i g n a n d i m p l e m e n t a t i o n of 
e l e c t r o n i c c o m p o n e n t s a n d systems used for the a c q u i s i t i o n , pro­
cess ing a n d s to rage of d a t a f r o m e x p e r i m e n t a l a p p a r a t u s s imi lar to 
tha t used in p a r t i c l e phys ics a n d n u c l e a r s c i e n c e invest igat ions. 
C a n d i d a t e s shou ld h a v e e x p e r i e n c e in d isc ip l i nes such as: s igna l 
p rocess ing of n a n o s e c o n d s p e e d s ignals , t ransmiss ion of s ignals in 
noisy env i ronmen ts , m e t h o d s of d i g i t i z i ng s ignals , d i s t r i bu ted pro­
cess ing of a c q u i r e d d a t a a n d c o m p u t e r i n t e r f a c i n g a n d p r o g r a m ­
m i n g t e c h n i q u e s . The person s e l e c t e d for this pos i t ion wi l l b e ex­
p e c t e d to in te rac t c lose ly w i th the d e p a r t m e n t staff b y c o n d u c t i n g 
seminars , consu l t i ng w i th staff o n o n - g o i n g i ns t rumen ta t i on pro jec ts , 
a n d by a i d i n g in es tab l i sh ing n e w t e c h n i q u e s a n d fac i l i t ies to a u g ­
men t those present ly in use. 

A Master 's d e g r e e or a Ph.D. in Elect ron ics Eng inee r i ng , C o m p u t e r 
S c i e n c e , or a r e l a t e d d i s c i p l i n e is d e s i r a b l e . A t y p i c a l c a n d i d a t e wi l l 
h a v e a t least f ive years ' e x p e r i e n c e a n d wi l l h a v e d e m o n s t r a t e d 
p o t e n t i a l for l e a d e r s h i p in the f i e ld . Refer to job #A/2189 

(IV) High Power R-F Systems and 
High Voltage Technology 

The successfu l c a n d i d a t e wi l l p r o v i d e e n g i n e e r i n g d e s i g n , im­
p l e m e n t a t i o n , a n d o p e r a t i o n a l ve r i f i ca t i on of e l e c t r o n i c c o m ­
ponen ts a n d systems in suppo r t of the r e s e a r c h div is ions of the 
Labo ra to ry . Innova t i ve d e s i g n i n g of e l e c t r o n i c s c o m p o n e n t s , c i rcu i ts , 
a n d systems for d e t e c t i n g , a c c e l e r a t i n g , a n d m o d u l a t i n g c h a r g e d 
p a r t i c l e b e a m s wi l l b e a p r i m e responsib i l i ty . T e a c h i n g a n d t r a i n i n g 
o ther e l ec t r on i cs e n g i n e e r s a n d p e r f o r m i n g i n d e p e n d e n t r esea rch 
a n d d e v e l o p m e n t work r e l a t e d to L a b o r a t o r y goa l s wi l l b e o ther 
s ign i f i can t responsib i l i t ies. 

The Div is ional Fel low wi l l b e a n ex t r eme l y c o m p e t e n t e lec t ron i cs 
e n g i n e e r , as e v i d e n c e d b y a t least 5 years ' p ro fess iona l e x p e r i e n c e 
wi th s ign i f i can t a c c o m p l i s h m e n t s , or e x t r a o r d i n a r y r e c o m m e n d a ­
t ions wi th a n a d v a n c e d d e g r e e or t he e q u i v a l e n t . B a c k g r o u n d a n d 
t ra i n i ng must b e s t rong in h i g h - p o w e r r a d i o - f r e q u e n c y systems, h igh -
p o w e r modu la to r s , a n d h i g h - v o l t a g e t e c h n o l o g y for work o n p a r t i c l e 
a c c e l e r a t i o n . Al l c a n d i d a t e s must h a v e a t h o r o u g h u n d e r s t a n d i n g of 
p h y s i c a l e l ec t ron i cs a n d e l e c t r o m a g n e t i c theory . Refer to job 
# A/2188 

(V) Electronic Instrumentation 
For Accelerators 

The successfu l c a n d i d a t e wi l l p r o v i d e e n g i n e e r i n g d e s i g n , im­
p l e m e n t a t i o n , a n d o p e r a t i o n s ve r i f i ca t i on of e l e c t r o n i c c o m p o n e n t s 
a n d systems in suppo r t of the r e s e a r c h d iv is ions of the Labora to ry . In­
nova t i ve d e s i g n i n g of e l ec t r on i cs c o m p o n e n t s , c i rcu i ts , a n d systems 
for d e t e c t i n g , a c c e l e r a t i n g , a n d m o d u l a t i n g c h a r g e d pa r t i c l e 
b e a m s wi l l b e a p r i m e responsib i l i ty . T e a c h i n g a n d t ra in i ng o ther 
e l ec t ron i cs eng inee rs a n d p e r f o r m i n g i n d e p e n d e n t R8cD work 
r e l a t e d to L a b o r a t o r y g o a l s wi l l b e o ther s i gn i f i can t responsib i l i t ies. 

The Div is ional Fel low wi l l b e a n ex t reme ly c o m p e t e n t e lec t ron i cs 
e n g i n e e r , as e v i d e n c e d by a t least 5 years ' p ro fess iona l e x p e r i e n c e 
wi th s ign i f i can t a c c o m p l i s h m e n t s , or e x t r a o r d i n a r y r e c o m m e n d a ­
t ions wi th a n a d v a n c e d d e g r e e or the e q u i v a l e n t . B a c k g r o u n d a n d 
t ra in ing must b e s t rong in c o m m u n i c a t i o n s theory , m o d u l a t i o n , a n d 
s tochas t i c processes. The e m p h a s i s of the work w o u l d b e to c o n c e n ­
t ra te in d e v e l o p i n g de tec to rs , amp l i f i e rs , a n d s igna l p rocess ing 
d e v i c e s for very low cur ren t p a r t i c l e b e a m s in a c c e l e r a t o r s . Al l c a n ­
d i d a t e s must h a v e a t h o r o u g h u n d e r s t a n d i n g of p h y s i c a l e lec t ron i cs 
a n d e l e c t r o m a g n e t i c theory . Refer to job #A/2187 

Please send 2 resumes, letters of r e c o m m e n d a t i o n , p u b l i c a t i o n s a n d 
other a p p r o p r i a t e m a t e r i a l to Walter Hartsough, Associate Director 
for the Engineering and Technical Services Division, * \ Cyclotron 
Road, Bldg. 50A, Rm. 4112, Berkeley, CA 94720 by September 30,y 
1983. Equa l O p p o r t u n i t y Employer , 

L A W R E N C E 

BERKELEY 

L A B O R A T O R Y 
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Postdoctoral Positions in 

EXPERIMENTAL 

HIGH ENERGY PHYSICS 

T h e Enr ico Fermi Inst i tute at the Univers i ty of Ch i cago 
has immed ia te open ings for R e s e a r c h Assoc ia tes in 
severa l of its h igh ene rgy phys ics expe r imen ts . T h e s e 
inc lude app roved expe r imen ts at the Fermi lab Tevat ron 
on |ix-pair p roduc t ion , C P v io la t ion , and neut r ino inter­
act ions as wel l as wi th the Fermi lab pp col l ider (CDF) 
and at LEP wi th the O P A L exper imen t . In addi t ion there 
is a c a m p u s b a s e d expe r imen t on magne t i c m o n o -
poles. In s o m e cases there is oppor tun i t y for invo lve­
men t in both a runn ing expe r imen t and a longer t e rm 
project. 

We are s i tuated an hour f r om Fermi lab and have ex­
cel lent techn ica l resources . 

App l icants shou ld be versat i le and have comp le ted a 
Ph.D. or its equ iva lent . A p p o i n t m e n t s are normal ly for 
2 years but ex tens ions are poss ib le . T h e Univers i ty of 
Ch icago is an equa l oppor tun i ty /a f f i rmat ive act ion e m ­
ployer. 

Repl ies, inc lud ing a r e s u m e and the n a m e s of th ree 
re ferees shou ld be sent to : P ro fessor J . E. Pilcher, En ­
rico Fermi Inst i tute, 5 6 4 0 Sou th Ellis A v e n u e , Ch i cago , 
IL 60637 . 

Electronics Engineers 
T h e L a w r e n c e B e r k e l e y L a b o r a t o r y ( L B L ) n e e d s E l e c t r o n i c s E n g i n e e r s 
w i t h s u b s t a n t i a l R & D a n d a p p l i c a t i o n s d e s i g n e x p e r i e n c e o n e l e c t r o ­
n i c s c o m p o n e n t s a n d s y s t e m s u s e d in p a r t i c l e a c c e l e r a t o r s . W e 
r e q u i r e e n g i n e e r s w i t h d e m o n s t r a t e d e x p e r t i s e o r w i t h e x c e p t i o n a l 
m o t i v a t i o n a n d i n t e r e s t in s u i t a b l e c o m b i n a t i o n s o f t h e f o l l o w i n g 
c a t e g o r i e s : l o w - p o w e r a n d h i g h - p o w e r r.f., m i c r o w a v e c o m p o n e n t s 
a n d s y s t e m s , h i g h e n e r g y c o n v e r s i o n a n d s w i t c h i n g , c o n v e n t i o n a l a n d 
s u p e r c o n d u c t i n g m a g n e t s , a n a l o g a n d d i g i t a l c o n t r o l s , b e a m d y n a m i c s , 
a n d b e a m d e t e c t o r i n s t r u m e n t a t i o n . 

P r o j e c t s f o r w h i c h w e a r e c u r r e n t l y s t a f f i n g i n c l u d e : 
• H igh Cur ren t Posit ive and Negat ive Ion Based Neutra l Beams 

Sys tems for Magne t i c C o n f i n e m e n t Fus ion Reactors Resea rch ; 
• A Low Emit tance S to rage Ring Accelerator and Photon B e a m 

Line Insertion Devices for a H igh Intensity Synchro t ron Light 
S o u r c e ; 

• Deve lopmen t of C u s t o m Low-g igaher tz M i c r o w a v e A n t e n n a s , 
C o m p o n e n t s , and Act ive S y s t e m s for Coup l ing to H igh Energy 
Ant i -Pro ton Beams in order to improve B e a m Luminos i ty ; 

• Conceptua l Des ign Stud ies for a N e w Genera t ion Ul t ra-High 
Energy Accelerator. 

I f y o u r a b i l i t i e s a n d i n t e r e s t s f i t t h e a b o v e , y o u m a y w i s h t o c o n s i d e r a 
c a r e e r a t L B L . L o c a t e d in t h e h i l l s o f B e r k e l e y , o v e r l o o k i n g t h e 
U C - B e r k e l e y c a m p u s a n d v i e w i n g S a n F r a n c i s c o a c r o s s t h e b a y , L B L is 
i d e a l l y s i t u a t e d f o r p r o f e s s i o n a l a n d f a m i l y g r o w t h . S a l a r i e s a n d f u l l 
c o m p e n s a t i o n b e n e f i t s a r e c o m p e t i t i v e w i t h t h o s e o f e n g i n e e r s i n t h e 
g r e a t e r S a n F r a n c i s c o B a y A r e a . S p e c i f y j o b n u m b e r A / 2 1 1 4 . 

L A W R E N C E 

BERKELEY 

L A B O R A T O R Y 

Please send t w o resumes to : 
E m p l o y m e n t Of f ice, 
Lawrence Berkeley Laboratory, 
O n e Cyclot ron Road , 
Berkeley, C A . 9 4 7 2 0 . 

A n e q u a l o p p o r t u n i t y e m p l o y e r , m / f / h . 

UNIVERSITY 
OF 

GENEVA 

The Department of Nuclear and Particle Physics 

has an opening for a position of 

Research Associate 
(maitre-assistant) in high energy physics. This is 

a non permanent position limited to a maximum 

of 6 years. The candidate must have a PhD (or 

equivalent title). 

Applications should be sent to : 

The director 
of Depar tement de Physique nucleaire 
et corpusculaire, 
32 , bd d'Yvoy 
CH -1211 Geneva 4 

DESY in Hamburg 

has an opening for a 

Senior Theoretical Physicist 

to work in a field closely associated with experi­
mental particle physics. 

A tenured position is offered with a salary equi­
valent to that of a full professor (C4). 

Applications and proposals for candidates should 
be sent before Sept. 30 , 1983 to 

Prof. V. Soergel 
DESY 
Deutsches Elektronen - Synchrotron 
Notkestr . 85, D 2 0 0 0 Hamburg - 52 
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Superconducting 
Magnets 
Martin N. Wilson 
T h i s b o o k s e t s o u t t o p r o v i d e a c o m p l e t e 
t h e o r e t i c a l b a s i s f o r t h e q u a n t i t a t i v e e n g i n e e r i n g 
d e s i g n o f s u p e r c o n d u c t i n g m a g n e t s y s t e m s . 
A l l t y p e s o f m a g n e t s , f r o m s m a l l i n s t r u m e n t 
m a g n e t s t o t h e v e r y l a r g e m a g n e t s y s t e m s u s e d 
in w o r k o n t h e r m o n u c l e a r f u s i o n a n d m a g n e t o 
h y d r o d y n a m i c p o w e r g e n e r a t i o n , a r e c o v e r e d . 
T h e b o o k c o n t a i n s m a j o r s e c t i o n s o n s t a b i l i z a t i o n , 
p r o t e c t i o n o f m a g n e t s y s t e m s , a n d a.c. l o s s . 
C u r r e n t s u p p l y , m a t e r i a l s a n d t h e i r m a n u f a c t u r e , 
a n d c o n s t r u c t i o n t e c h n i q u e s a r e a l s o c o v e r e d . 
F ie ld a n d s t r e s s c o m p u t a t i o n s a r e a l s o d e a l t w i t h . 
I l l u s t r a t e d £ 1 7 . 5 0 Monographs in Cryogenics 

Oxford 
Universtiy Press 

I 
A challenging opportunity to create a new accelerator Laboratory 

for Nuclear Physics 

The Southeastern Universities Research Association (SURA) is seeking a 

DIRECTOR 
and 

SENIOR ACCELERATOR ENGINEERS AND PHYSICISTS 
for NEAL (Nuclear Science Electron Accelerator Laboratory). SURA is a consortium of 23 universities in the southeastern US. All 

positions are expected to carry tenure at SURA member institutions. 

NEAL wil l be a 4 GeV high intensity cw electron linac-pulse stretcher ring accelerator. It wil l be constructed in Newport News, VA 
during the period 1984-1990 at a cost of over $100 M. NEAL will be a user facility operated for the US federal government by 
SURA. Its primary purpose wil l be research in electro-nuclear physics, w i th special emphasis on the exploration of the role of 

quarks and gluons. Training of graduate students in nuclear science wil l be an essential part of NEAL's mission. 

Applicants for the position of DIRECTOR must have an international reputation in nuclear or accelerator physics. Management 
experience in constructing or operating a large accelerator facility wil l be an important consideration. For ACCELERATOR 

ENGINEERS AND PHYSICISTS, extensive accelerator experience is required, managerial experience desirable. 

Please send a curriculum vitae, list of publications and the names of three references to 

Harry D. Holmgren 
Dept. of Physics and Astronomy 
University of Maryland 
College Park, M D 20742 

SURA is an affirmative action/Equal Opportunity Employer. Applications f rom non-US citizens are invited. 

At the Max-Planck-lnstitut fur Physik und Astro-
physik, Munich, a position is open for a 

Ph.D. Physicist 
in 

Elementary Particle Physics 

The position is for participation in an experiment 
at the PETRA-storage ring at DESY/Hamburg, and 
for development and construction of particle 
detectors. Experience in experimental techniques 
and data analysis are expected. 
The appointment is normally for three years with 
a possible extension. 

Applications, including a curriculum vitae and the 
names of three referees, should be sent to: 

Prof. G. Buschhorn 
Max-Planck- lnst i tu t 
fur Physik und Astrophysik 
Werner-Heisenberg- lnst i tut fur Physik 
Fohringer Ring 6 
8000 Munchen 40 , W. Germany 
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G r e a t i v e JL e c u ~tz i — cz>r~i i c z i.Hfc. e m s 

Do you need the smartest ACC processor? 
faster than a bit— slice processor? 

running any PDP-11 standard software? 

..then consider the new front—end processor from CES. 

Super ACC 2180 Fa/nily 

t CPU card providing: 
- 16/32-bit, 200ns-cyde DEC J-
- 64k 16-bit dual-port memory 
- RS 232C interface 

11 - Auxi l iary Crate Controller logic 
- mixed EPRGH/static RAH configuration 
- interval timer 

t f r o n t - panel Q bus provides for extension cards eg. 
- coprocessors - memory extensions 
- crate control lers 

t extensive use of CHOS technology for low-power requirements 

The ACC 2180 is a single board CAHAC module b u i l t around Digital Equipment's latest 16/32-bit microprocessor, 
the J - l l . This microprocessor is the most advanced in the PDP range; i t ' s principal features are : 

- PDP 11/70 performance 
- multiplexed data and address buses with a 32-bit internal data path 
- on-chip memory managment to address up to 4 Mbytes memory 
- f u l l PDP-11 instruct ion set 
- 46 f loat ing-point instructions,standard feature 
- extended instruct ion set,standard feature 

The memory bank is a f u l l dual-port memory, i . e . i t can be accessed independantly from CAHAC or from the 
CPU.The structure is such that the 64 K-16Bit memory can be ta i lored to user's requirement by mixing EPRQHS 
and RAHs. The CAHAC addresses are memory mapped to ensure software compatibi l i ty with exist ing systems and 
for maximum throughput. The memory, CAHAC, peripherals and other resources are controlled by a PAL-based 
logic to ensure the fastest response time. This solution also renders the system extremely easy to "tune". 

This processor is par t icu lar ly suited to applications where formerly a host processor was required,such 
as f loat ing-point data manipulation, or where previously only b i t - s l i c e processors have been fast 
enough. 

The microprocessor bus is accessible on the u n i t ' s front-panel in Q22-bus form, providing easy connection of 
additional cards, such as peripheral contro l lers , memory extension cards, attached processors, etc. 

STM«lifj11 
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The most important feature is that any PDP software can be executed in the ACC 2180 so long as i t can be 
loaded into the ACC 2180's memory. The memory size and i t s f l e x i b i l i t y in EPROH/RAH par t i t ions renders 
the system extremely versat i le . The unit can be used either as a runtime system without needing any 
additional system device, such as under HRRT-11 or RSX-11S, or as a development system with system 
devices attached to the Q-bus output, under RT-11, RSX-11H, RSX-11H+, etc. Application programs may be 
wri t ten in any DEC-supported language including the latest real-time concurrent micro-power PASCAL. 

At CES, tomorrow's systems are available NOW 

For more information contact us, or your local CES representative; 

O C 

1213 Petit-Lancy 1 Switzerland BHHHHHHHHHHHBB 
CREATIVE EUCTI0II1C SYSTEMS 

70,route du Pont-Butin Case Postale 122 
Tel:(022) 92 57 45 Telex: 421320 CES-CH 

Belgium: Canberra Positronika Tel:(54)321611 
North America: Klotz Eng. Vancouver Tel:(604)4647401 
France: AB+B Tel:(76)905540 
South Bermany: Silena Tel:(060)554021 

Netherlands: Canberra Positronika Tel:(040)416355 
Japan: Toyo Corp. Tel:(03)2790771 
North Germany: PCP Tel:(040)802046 



H a m a m a t s u d e t e c t o r s c a n he lp y o u use p h o t o n s in 
w a y s n e v e r b e f o r e t h o u g h t p o s s i b l e . M a n y of o u r 
photomul t ip l ie r t u b e s of fer theore t ica l sensit ivi ty, reso­
lut ion a n d repeatabi l i ty . O t h e r photosens i t i ve dev ices 
fea ture s u b - n a n o s e c o n d rise t ime a n d internal image 
intensi f icat ion. O u r G a A s P p h o t o d i o d e s have no long 
red ta i l , whi le our IR v i d i c o n s of fer an e x t e n d e d red 
range. S o m e d e t e c t o r s are sol id s ta te , s o m e are not. 
T h e appl ica t ion d e t e r m i n e s w h a t is requ i red . 

W e of fer the wor ld 's m o s t c o m p l e t e line of p h o t o -
mult ipl ier t u b e s V2" to 8" in d iameter , but w e are not 
l imited by t h e s e s izes . A n d th is is on ly the b e g i n n i n g . W e 
c u s t o m select de tec to rs , c u s t o m m o d i f y de tec tors a n d 
d e s i g n un ique de tec to rs to m e e t spec ia l needs . In fact 
w e n e e d to k n o w y o u r spec ia l n e e d s so that w e c a n 
d e v e l o p the d e t e c t o r s of the fu ture . 

So , take a look at our de tec tor b r o c h u r e a n d tell us the 
k ind of p h o t o n s y o u w a n t to count . T h e o d d s are we c a n 
he lp y o u do it e x t r e m e l y wel l . 

CALL OR WRITE FOR CATALOG 

HAMAMATSU 
H A M A M A T S U C O R P O R A T I O N • 420 S O U T H A V E N U E • M I D D L E S E X , N E W J E R S E Y 0 8 8 4 6 • P H O N E : 201 /469 -6640 

International Offices in Major Countries of Europe and Asia. 
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Toujours a portee de main, disponible et sOr comme la prise que vous avez installee: 
Bruno Winterhalter A G , votre grossiste electricien et partenaire. A proximite immediate. 

Car le souhait de tout installateur electricien est certainement de disposer d'un magasin 
dans sa region. Un magasin dote dun assortment complet aux rayonnages toujours bien 

garnis. Et qui dispose aussi de Particle rarement utilise, car cest justement celui dont vous 
avez absolument besoin aujourd'hui a 15 heures! 

Un tel magasin existe a St.Gall, Wallisellen ou Littau-Lucerne. Au centre de la Suisse 
orientale, du Canton de Zurich, de Suisse centrale. II vous suffit d en noter le nom, 

Bruno Winterhalter A G . 

Toujours a portee de 
main, disponible et 

sur... 
Votre grossiste electricien pour le materiel ^installation: 
Bruno Winterhalter AG 

- Programme complet pour 
la totalite du materiel 
d'installation electrique 

- Conseils individuels par 
des specialistes connais- - Commande sans probleme 
sant la branche par telephone, telex ou par 

ecrit 
Livraison rapide et precise 
par camion ou chemin de 
fer/ poste 

Wallisellen, Littau-Lucerne) 

Service de magasin dans 
les trois filiales (St.Gall, 
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Trois vastes magasins de livraison, chacun dote de tout le materiel dont vous avez 
besoin en votre qualite d'installateur electricien. Et meme d'articles que vous nutiliserez 
que sur votre prochain nouveau chantier - des articles flambant neufs, chacun soigneu-
sement selectionne par des specialistes pour des professionnels attaches d la qualite et 

aux economies. 

Done - votre grossiste electricien et partenaire pour tout le materiel d'installation: 
Bruno Winterhalter A G a St.Gall, Wallisellen et Littau-Lucerne. Aujourd'hui, demain et 
apres-demain - nous sommes et resterons d votre disposition! 

BW - Votre grossiste electricien et partenaire 

Bruno Winterhalter AG 
9006 St. Gallen, Werkstrasse 5, Tel. 071-249417 
6014 Littau-LU, Grossmatt, Tel. 041-55 74 74 
8304 Wallisellen, Oberwiesenstrasse 4, Tel. 01-8301011 



[°)iF(f<t Elcctronique 
L'electronique a besoin d'une large gamme d'elements mecaniques. Ce sont eux qui 
font la force de notre departement Electronique; 
• relais pour montage debout ou couche sur prints 
• dissipateurs traites et tallies pour composants actifs 
• petits dissipateurs et dissipateurs"! enficher pour composants degageant 

de la chaleur 
• disques de montage pour composants 
• connecteurs pour prints et printracks 
• embases a contacts de precision pour circuits integres et commutateurs de print 
• reglettes a connexions enroulees pour cablage des prints 
• embases de transistors pour montage sur print 
• manchons d'ecartement, boulons, rails de guidage pour chassis et accessoires 
• fusibles de precision et porte-fusibles pour appareils et commandes 

H.C. Summerer vous off re un vaste choix de composants selectionnes pour tous 
les domaines de Pelectrotechnique et de l'electronique. 
Voyez nos departements de plus pres: 

1. Installation 4. Mesure 
2. Commutation 5. Electronique 
3. Rationalisation 
Catalogue sur simple demande. 
Nos specialistes sont la pour vous conseiller! 

H.C. Summerer AG 
Elektrotechnische Erzeugnisse • Fournitures electrotechniques 
Sonneggstrasse 74,CH~8033Zurich,Telefon 01/36197 87,Telex53957 
Ein Unternehmen der IAMH - Walter Meier Holding AG 



4 

The 
accurate 
way to 
measure skin 
and depth dose. 
The new PDM1 Surveyor 
from Nuclear Enterprises! 

Our new portable doserate meter measures the two 
vital things you need to know when carrying out a survey. 
Skin and depth dose. And it performs these two functions with 
both accuracy and ease. | 

With its high visibility dial and lightweight body containing 
the down-pointing ionisation chamber and 100 sq cm measuring 
area, the PDM1 is very easy to operate. 

Not only is the PDM1 more accurate and more informative than 
other portable doserate meters available today, it is very 
competitively priced too! 

Radiation isn't something to take chances with. Clip the coupon 
now and we'll tell you all about the PDM1, the Portable Doserate 
Meter that tells you what you need to know! 

Nuclear Enterprises Limited 
Bath Road, B e e n h a m , Berksh i re , England RG7 5PR 

Te lephone: W o o l h a m p t o n (073 521) 2121 Telex: 848475 

Sighthill, Edinburgh, Scotland EH 11 4BY Telephone: 031-443 4060 Telex: 72333 
THORN EMI 

Please send me full details of the 
PDM1 Portable Doserate Meter. 

~i 

Name_ 

Company 

Address _ 

N u c l e a r 
, E n t e r p r i s e s 
J A T H O R N E M I company J 
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WE HAVE DESIGNED 
THE UNIVERSAL 

CAMAC INTERFACE 

The CAEN model C 111 can make your personal or desk computer into a powerful 
system for data-acquisition, monitoring and process control. 

The C 111 interfaces any 8/16-bit to the CAMAC dataway through a customized 
interface card which plugs in a I/O slot of your computer, allowing you to access the 
enormous variety of peripherals supported by CAMAC. 

WHATEVER YOUR PERSONAL OR DESK COMPUTER CALL US, 
WE WILL INTERFACE IT TO CAMAC. 

TELEX 500454 BB 

Via Aurelia Sud 39 — 55049 VIAREGGIO Italy Tel.(0584) 46110 

If y o u n e e d 

Check valves 

r 1 A •*; / i v 

P l e a s e c o n t a c t : 

Al f red Batt ig AG 
C H - 8 4 0 0 W i n t e r t h u r / S w i t z e r l a n d 
Phone: 0 5 2 / 2 5 27 69 Telex: 7 6 6 1 7 valve ch 

Contact Dielectric for all your 
RF needs from mW to MW. 

DIELECTRIC COMMUNICATIONS 
A U N I T O F G E N E R A L S I G N A L 

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

TWX: 710-229-6890 
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Spdlman's High Power resonant inverter outperforms units 9 times its size 
Power for X-Ray Systems 

• Oto ±75KV in less than 5mS 
• Low Capacitance Filament Supplies 
• Up to 30 KW 

Power for 
Ion Implantation 
• Indestructible in 

Vacuum Arcs 
• Lowest Stored Energy 
• Upto200KV... 

UptolOKW 

The most important breakthrough 
in High Voltage Power Supply 
technology in more than 20 years 
Spellman's new series resonant inverter produces pure 
sinusoidal current to generate high voltage power without 
the disadvantages inherent in conventional technolog ies . . . 
eliminating line frequency magnetic components . . .e l im­
inating vacuum t u b e s . . .el iminating oil. This high frequency 
approach reduces size and weight while the sinusoidal 
shape of the current waveform eliminates electromagnetic 
interference and provides failsafe current limiting and 
short circuit protection. Low stored energy and 50 KHz 
ripple frequency contribute to the unit's indestructibility under 
vacuum arcing. 

Other Applications 
• Klystron and TWT Supplies • E-Beam Systems 
• Capacitor Chargers 

Features 
• Extremely Compact Design • 0.01% Voltage Regulation 
• 0.02% RMS Ripple • High Frequency Operation 

Options 
• Remote Voltage Programming • Wide Range of Additional 
Options • IEEE Bus Interface • Voltage and Current Test Points 

i S p d l m a n 
High Voltage Electronics Corp 
7 Fa i r ch i l d A v e n u e , P la inv iew , N e w York 11803 (516 ) 3 4 9 - 8 6 8 6 T W X : 510-221-2155 
E n g i n e e r i n g o p p o r t u n i t i e s a v a i l a b l e . Wr i t e t o p e r s o n n e l d e p a r t m e n t . 
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FEATURES 

• Guaranteed Overall Transfer 
Accuracy 
± 0 . 0 2 5 % F S R , m a x i m u m 

• High Throughput Rate at Low Cost 
T w o Channe ls at 2 6 , 0 0 0 samples 

per second each 
S ing le Channe l at 5 2 , 6 0 0 samples 

per second 

• Low Aperture Uncertainty 
Time—5 ns 
M i n i m i z e s phase e r ro r b e t w e e n 

s i m u l t a n e o u s l y samp led 
channe ls 

• Universal Data Systems 
Compatibility 
S t a n d a r d T T L d ig i t a l 

i n p u t s / o u t p u t s 

• Low Power 
1.25W, t y p . 

• Low Noise 
0 . 0 1 % F S R 

• Flexibility 
I n d e p e n d e n t l y se lectable i n p u t 

channe l pairs 
M u l t i p l e un i t s can be d r i v e n b y 

single T T L l ine d r i ve r f o r m u l t i p l e 
s i m u l t a n e o u s l y samp led 
channe ls 

• Ratiometric Operation 

• Superior Performance 
L o w e r cost and h igher overa l l 

accu racy w h e n c o m p a r e d t o 
f u n c t i o n a l l y e q u i v a l e n t designs 
based o n in tegra ted c i r cu i t s . 

® 

A / D / A / M - 8 2 2 

Simultaneously Sampling Low Cost 12-bit Analog-to-Digital Converter 

13 - B I T 
S U C C I S f I V I 

A P P R O X I M A T I O N 
A / D C O N V I R T I f t 

13 D A T A B I T S 
P L U S HOT 

S T A B L E 
R E F E R E N C E 

- O l O V R E * . O U T 

A / D / A M - 8 2 2 FUNCTIONAL BLOCK DIAGRAM 
- o +sv 
—O D I G . R T N . 

W R I T E O R C A L L F O R C O L O R 3 1 - P A G E D E S I G N E R S ' G U I D E A N D H A N D B O O K 

KONTRON 
ELECTRONIC 

Kontron AG 
Bernerstrasse Slid 169 
8048 Zurich 
Telefon 01 - 435 4111 
Telex 822195 

Kontron SA 
1066 Epalinges 
10, ch. des Croisettes 
Telephone 021 - 33 15 35 
Telex 26 398 

ACTIVATION 
FOILS & FLUX 

WIRES 

• Neutron Act ivat ion Foils: D o s i m e t r y , S p e c t r a l 
M e a s u r e m e n t 

• Flux Wires: In -Core F l u x M a p p i n g 

• Cr i t ical i ty Dosimeters: L o w c o s t p e r s o n a l o r 
a r e a d o s i m e t r y 

• Fission Foils: F a s t - N e u t r o n F l u e n c e , F i s s i o n 
T r a c k M e a s u r e m e n t s 

• Ultra Thin Foils: T a r g e t s , F i l t e r s , W i n d o w s 

• Combinat ion Foil Kits: T h e r m a l / R e s o n a n c e , 
F a s t a n d B r o a d S p e c t r u m K i t s 

• Education Foils: For u s e w i t h R e a c t o r s , 
N e u t r o n G e n e r a t o r s a n d N e u t r o n H o w i t z e r s 

Over 100 h i g h pur i t y m a t e r i a l s a v a i l a b l e — C l e a n e d , 
w e i g h e d a n a l y z e d a n d p a c k a g e d — F r o m S t o c k 

"r7°x| r e a c t o r e x p e r i m e n t s , inc. 
963 Terminal Way, San Car los, CA 94070, U.S.A. 
(415) 592-3355 • Telex: 34 5505 (Reactex SCLS) 

Advertisements in CERN COURIER 
Format A 4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

S p a c e 

( p a g e ) 

7i 

74 

A c t u a l s i z e ( m m ) 

w i d t h b y h e i g h t 

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

9 0 x 2 6 5 
9 0 x 1 3 0 

C o s t p e r i n s e r t i o n ( S w i s s F r a n c s ) 

i n s e r t i o n 

1550 

8 5 0 

4 8 0 

1500 

8 2 0 

4 5 0 

1450 

800 

4 3 0 

1 0 

i n s e r t i o n s 

1350 

750 

4 1 0 

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 5 0 0 SwF 

1 8 5 0 S w F 
2 4 5 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 
translation for advertisements are 
charged in addition. 

Screen (offset) 60 or 54 Swiss (1 50 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

Advert ising space is l imited to 5 0 % of contents and insertions 
are selected on a strict f i rst-come first-served basis. 
These rates are effective for the year 1 983 . 

All enquiries to ; 
Micheline FALCIOLA / C E R N COURIER -
CH-1211 Geneva 23 Switzerland 
Tel. (022) 83 41 03 Telex 2 36 98 

C E R N 
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Eiskalte Kalte sicher lagern in Speicher- und Transportbehaltern fur 

Flussigstickstoff bis -196°C Flussighelium bis-269°C 

Je nachdem, wieviel Flussigstickstoff 
Sie brauchen, konnen Sie Behalter 
von 251 bis 3001 Inhalt auswahlen. 
Alle Behalter zeichnet aus: druckloses 
System, extrem geringer Kalteverlust, 
an alle Systeme anzuschlieBen. 
Rollen machen die Behalter leicht 
fahrbar. 
Und dazu ein Jahr Garantie. 

Unser Flussigstickstoff-Service 
liefert die Kalte frei Haus. 

Fur Laborexperimente, innerbetriebliche 
Transporte stehen Behalter von 301 

bis 5001 zur Wahl. Als Zwischen-
speicher konzipiert gibt es 2501 bis 

20001 groBe Behalter. 
Je nach Anwendungszweck drucklos 

oder in Druckausfiihrung bis 6 bar. 
Allen gemeinsam ist die erstklassige 

Bauweise: Superisolierung, abgas-
gekuhlte Strahlungsschilde, fahrbar, 

Edelstahl (kleine Behalter auch in 
Aluminium). 

Ebenfalls ein Jahr Garantie. 

Spezialfahrzeuge sichern die 
Versorgung in der Bundesrepublik 

Deutschland. 

Gase + Kalte SchweiBen + Schneiden 
M E S S E R G R I E S H E I M ^ T ^ 
Messer Griesheim GmbH d 2 . 2 0 3 0 
Homberger StraBe 12 • 4000 Dusseldorf 1 
Telefon (0211)4 30 31 

RICO-Gouttieres a cables 
Chemins de cables 

Elements fabriques en serie, disponibles 
de stock, prets a etre assembles selon le principe 
de la boite de construction, permettent 
des gains de temps importants dans 
I'etablissement des plans, dans les 
bureaux d'etudes, sur le chantier et a I'atelier. 

RIETH & Co. GmbH 
Fabrik fiir Eisenkonstruktionen 
D-7312 Kirchheim-Teck 
Telefon (0 70 21)4 50 51 
Telex 7 267 881 

Schweiz 
Bruno Winterhalter AG 
OberwiesenstraBe 4 
CH-8304 Wallisellen 
Telefon 01-8 301011 
Telex 53132 

SCHORI 

g o o d des ign . 

p o u r d e s c o n v e r s a t i o n s d i s c r e t e s -
1 M i c r o p h o n e e l e k t r e t i n c o r p o r e IS&k 
• 10 b o u t o n s p o u s s o i r s ( 0 — 9 e n d e c a d e ) 
1 R e g l e u r a c o u l i s s e p o u r le h a u t - p a r l e u r ^ 
1 I n t e r r u p t e u r p o u r b l o q u e r les a p p e l s | ^ 
• L a m p e d ' a p p e l e t d e c o m m u n i c a t i o n e t c . j 

: C e s s y s t e m e s d e c o m m u n i c a t i o n a c o m m a n d e 
: p a r m i c r o - o r d i n a t e u r s o n t f ac i l es a ins ta l le r . = 

S C H O R I E . AG 
B o t t i g e n s t r a s s e 3 7 
C H - 3 0 1 8 B e r n 
T e l e f o n 031 5 6 31 6 6 
T e l e x 9 1 1 1 6 6 s o r i 

S t a n z e r e i 
W e r k z e u g b a u 
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v o t r e f o u r n i s s e u r pour : 

Reducteurs et verins a vis sans fin 
La haute qualite et la construction compacte des reduc­
teurs a engrenages droits,'a vis sans fin, planetaires ou 

coniques permettent une application universale qui 
satisfait les exigences les plus pretentieuses. 

Renvois d'angle multipositions 
7 grandeurs, en forme cubique. Puissance 0,5 a650 kW, 
jusqu'a 3000 t/min. Rapport: 0,8-1 -1 ,25 -1 ,5 -2 -3 -4 -
5-6. Les appareils peuvent tourner dans les deux sens. 
Montage: toutes positions. Execution speciale sur 
demande. 

Boites de vitesses CATEP 
Carter en forme cubique. Puissance 2-500 kW. Vitesse 
d'entree max. 3000 t/min. Rapports standard 2 a 9. 

Verins a vis sans fin 
Pour charge de 500-100000 daNm, entraTnement par 
moteurs pneumatiques, hydrauliques ou electriques, 
pour mouvements controles et regies de montee, des-
cente, de basculement ou longitudinaux. Blocage auto-
matique a I'arret de I'entrainement. Marche parallele lors 
de la mise en oeuvre de plusieurs verins. 

Reducteurs et motoreducteurs a vis sans fin 
Reducteurs a vis sans fin compacts pour emplois tres 
divers, couple jusqu'a 900 daNm. Reduction 1 0 : 1 -
5000:1. Carter en une seule piece, done etanche a 
I'huile et tres robuste. Accouplement af riction sur le cote 
commande integre. Connexion directe de moteurs IEC 
possible. 

Motoreducteurs a axes orthogonaux 
Puissance 0,12-90 kW. Vitesse de sortie de 0,11 -1401/ 
min est possible avec un couple de 4000 daNm maxi. 
Execution speciale avec arbre creux et bras de reaction 
semi-elastique. 

Reducteurs et motoreducteurs coaxiaux 
Puissance 0,12-30 kW. Vitesse de sortie de 0,44-3981/ 
min avec un couple de 425 daNm maxi. 

Reducteur a axes paralleles et orthogonaux 
Puissance 0,12-1800 kW. Reduction jusqu'a 1000. 
Couple = 8000 daNm maxi. 

Antriebe SA, Ch-8630 Riiti, telephone 055/317071, telex 875778 

Poussiere fine, particules 
en suspension peuvent 
etre retenues par les fli­
tres Luwa. Nous en 
avons une gamme com­
plete a votre disposition. 

Succursales, licencies et representations dans plus de 60 pays. 

L u w a 
Luwa SA 
Filtres + Equipement de Protection 
Kanalstrasse 5,8152 Glattbrugg, Telephone 01/8101010 

A+D PRODUCTS SA 
2501 Bienne r. Albert Anker 23 

T e l . 0 3 2 2 3 6 3 1 2 / 2 3 5 5 8 2 Telex 3 4 8 3 4 adpro 

A L I M E N T A T I O N 
600 Watts de DELTA Elektronika 

SWITCHING 40 kHz: reunit les avantages des ali­
mentations a decoupage et a regulateurs lineaires: 

• Sor t ie 0-30V D C 0 - 2 0 A c o m m u t a b l e a 0-60V D C 
0-1 OA 

• H a u t e p r e c i s i o n , s t a b i l i t e 5 m V , o n d u l a t i o n s 
res idue l les 1 0 m V p P a p l e i n e c h a r g e 

• R e n d e m e n t e l eve : 8 7 % a 600 W a t t s 
• C o m p r e s s i o n RFI e n t r e e , s o r t i e , c o n f o r m e a 

cou rbe K V D E 0865 
• So f t s ta r t , choke i n p u t 
• T e n s i o n sec teu r 95 a 132 ou 185 a 265 V 

50-60 H z ou 220 a 350 V D C 
• T e l e c o m m a n d a b l e 

• C o n s t r u c t i o n c o m p a c t e , po ids s e u l e m e n t 9 kg 

livrablede stock 

IS 
118 b f 
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A leading manufacturer of advanced data acquisit ion systems 

TRANSIAC, a major supplier of high-energy and fusion physics research equip­
ment is now represented in Switzerland by SEN Electronique, which is proud to 
present these latest s ta te -o f - the-ar t products: 

TRANSIAC 2001 
100 MHz, 8-bit 

32K Word Memory 
Transient Recorder 

With the 2001 you can: 

* Track and d i g i t i z e a 10MHz analog signal 
with better than 7-bi t accuracy 

* Record and store waveform samples for 300 
microseconds with 8-bi t dynamic range at a 
100MHz sampling rate 

* Pack as many as f ive 100MHz 10-inch d i g i ­
t i zers into one 19-inch rack mount, f u l l y 
interfaced with your GPIB system 

* Improve speed and f l e x i b i l i t y of your 
computer interfacing and frequency 
analysis 
standard 

with the international CAMAC 

* Look back in time, change recording speed, 
use only a f ract ion of the ent ire memory 

* Instrument your experiment with more me­
mory and improved analog tracking at a 
fract ion of the cost of competing 
ments 

ins t ru -

* Completely automate your data acquisit ion 
with f u l l y programmable waveform recording 

Contact us for detai ls about Transiac's f u l l 
l ine of transient recorders and other f ine 
products. 

SEN ELECTRONICS S.A. 
Avenue Ernest-Pictet 3 1 ; Tel . (022) 4 4 2 9 4 0 - T l x 23 3 5 9 c h - C H - 1 2 1 1 GENEVE 13 

E L E C T R O N I Q U E 



T h e r e a r e t i m e s 
w h e n t h e tu rbo p u m p 
j u s t c a n ' t b e sma l l e n o u g h 

The problem 

Sputtering, ion etching, plasma 
etching or ion milling are carried 
out in a pressure range of 1 0 3 

to 1 mbar. 

Process control by means of mass 
spectrometers (detection of ion 
and neutral particles) is not pos­
sible with the pressures in the 
reaction chamber due to the fact 
that the maximum permissible 
pressure for a mass spectrometer 
is exceeded. 

The solution 

The pressure between the reaction 
and analysis chambers is reduced 
by a differential pump arrangement. 
Both chambers are connected to 
one another via an aperture. 

Analyses of this type require a vac­
uum whose residual gas composi­
tion is free from hydrocarbons or 
other organic impurities. The ne­
cessary volume flow rate is defined 
by the aperture. Thus the smaller 
the vacuum pump, the more eco­
nomical the analyser. 

The Pfeiffer Turbo 040 pump pro­
vides all the prerequisites for an 
application of this type. 

• Clean, hydrocarbon-free high 
vacuum 

• Volume flow rate for N2: 40 l/s 
• High-vacuum connection: small 

flange, ISO-Kor CF 
• Installation position: from verti­

cal to horizontal 
• Easy handling 
• Little maintenance required. 

Please ask for more details on the 
smallest and lightest turbo-mole­
cular pump and on the overall 
range of pumps up to a volume 
flow rate of 6500 l/s. 

CM 
00 

LU 
Q_ 

LO 
O 

O O 
CO 

Balzers Aktiengesellschaft 
FL-9496 Balzers 
Fiirstentum Liechtenstein 
Tel (075)4 4111 

Arthur Pfeiffer 
Vakuumtechnik WetzlarGmbH 
Postfach 1280 
D-6334 Asslar 
Tel (06441) 8021 

Balzers 
8 Sagamore Park Road 
Hudson, NH 03051 
Tel (603) 889-6888 
TWX 710 228 7431 
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Electronic Measuring of Pressure 
Digital Displays 

• 3V 2, 4V2 digits, LED or LCD 
• Peak value memories 
• Muiti - channel and magnified viewing 

0 , 1 . . . 1000 bar 

HAENMI & co. l t d . t 
3303 Jegenstorf/Switzerland 

POLIVAR S.p.A. 
Via Naro, 72 P.O. Box 111 
00040-POMEZIA (Roma) 

Telefono 06/9121061 Telex 611227 PLV I 

Product line 
Cast acrylic sheets, bars, blocks, scintillators, 
light guides 

TEST DRIVE 
5)®® BHEgooo IT CAN RUN RINGS ROUND ANYTHING. 

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

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

Call now for full information: 

S E E L LTD C O M M U N I C A T I O N & C O N T R O L 

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

Telephone: Livingston (STD 0506) 411503 
Telex No: 728107, SEELG. 
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Beat the errors in teleprocessing 
Modem Tester DMT-1 

for every data service technician 
Too m u c h d o w n t i m e due to te le ­
p rocess ing e r ro rs? N o w the 
right measu r i ng t echno logy c a n 
he lp : the DMT-1 M o d e m Tester. 
C o m p a c t a n d bat tery ope ra ted 
- ideal for f ield serv ice . Al l 
m o d e m s that have V . 2 4 / V . 2 8 
in ter faces c a n be tes ted by the 
D M T - 1 . 
Because of its versat i l i ty th is 
shou ld be the s tanda rd test set 
for all d a t a serv ices . 
T h e sma l l , user - f r iend ly DMT-1 
faci l i tates: 
* Inter face mon i to r ing and 
s imu la t ion ; 
* Genera t ion of bit pa t te rns 
( 0 ; 1 ; 1 :1 ; 1:7; 7 : 1 ; 511 bit) a n d 
QUICK B R O W N FOX s e q u e n c e s ; 

* S ignal e l emen t t im ing of 
max . 1 9 2 0 0 bauds . Au toma t i c 
genera t ion of s t a r t / s t o p a n d 
pari ty check ing b i ts ; 
* B i t / B l o c k error coun t ing ove r 
1 0 4 , 1 0 5 , 1 0 6 bits or b locks ; 
* Au toma t i c ha l f -dup lex tes t ; 
* B ias d is tor t ion m e a s u r e m e n t 
wi th 1:1 - /511 bit s e q u e n c e s ; 

* I soch ronous and indiv idual 
d is tor t ion m e a s u r e m e n t s ; 
* T i m i n g m e a s u r e m e n t s b e ­
t w e e n m o d e m contro l l ines 
A d d ef f ic iency to you r d a t a cir­
cui t m e a s u r i n g techno logy .Ta lk 
to o n e of the W & G spec ia l i s ts ! 

>cg 

Information Coupon 
Please send information about 
• The DMT-1 Modem Tester 
• The complete measuring instru­

ment program for the field of 
teleprocessing 

Name 

Firm 

Address 

City £ 
CM 

Tel. No S 

Wandel & Goltermann 
(Schweiz) AG 
Postfach 254 
CH-3000 Bern 25 
Tel. (031)42.66.44 
Telex 32112wago ch 

r e l i a b l e on« » „, 
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10q 

£ 3 

BERYLLIUM HARDWARE 

BEAM 
Round 

Elliptical 
Conflat Flanges WATER COOLED ASSEMBLIES 

STANDARD WINDOWS 
EB Welded to Conflat Flanges 
10mm to 30mm C.L.O.S. Dia. 

High Purity IF-1 or Commercial Be 

Be Targets 
Be IF-1 Foils 
Be Sheet 
Be Block 

Be Brazed to Copper 
Joined to Stainless Steel Conflat Flanges 

ELECTROFUSION CORPORATION 
125 Constitution Drive 

Menlo Park, CA 94025 U.S.A. 
Tele: (415) 324-0074 
TWX: 910-373-1106 

All Joints Leak Tight 
and Bakeable 
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Bei uns geben 10 mg schon den Ausschlag 
With us, 10 m g make all the difference 

551.300 ver-
schiedene Gas-
gemische mit Zertifikat fur 
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. 

Langwiesenstr. 12,8108 Dallikon/Zurich, Tel. 01/8442711 

SCHWEISSEN 83 - wir stellen aus: Halle 2, Stand 202, 7.-12.11.83 © 
MESSER GRIESHEIM 

2 . 8 0 3 3 d/e 
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S y s t e m 

Deliverable in the following ranges: 
0^-32kV, 0 r 6 5 kV, 0^131 kV 
Auto-Polarity 
Auto-Ranging (one range = 10%) 
Measuring current 10 j jA 
Accuracy 1.10"1* absolut 
Temperature Coefficient 10 ppm/k 
Remote Control: lEC-Bus (IEEE 4 8 8 ) 
with potential separation 
Interface funktions: SH 1, AH2, T 6 , 
L 4 und DT 1. 

Ask for data sheet 

HEINZINEER 
Regel-und MeBtechnik 

HappingerStr71 
8 2 0 0 R o s e n h e i m 
Tel, 0 8 0 31/6 4141 
Telex:05 25777 

PHOTOMULTIPLIER 
BASES 

FOR FAST COUNTING APPLICATIONS 

G A I N ^kk^Sf ^ 
XP 2 2 3 0 H 

XP2230B-3C 

XP2232B-3C 

XP2020-3C 

XP 2020-3A 

For c o u n t i n g sc int i l la tors o r long d e c a y 
t ime at c o u n t i n g rates u p to 70MHz. Th is 
PM is a lso d e s i g n e d fo r XP 2 2 6 2 B as wel l . 
Gain a d j u s t a b l e 1 :100 . 

For sc int i l la tors w i t h long d e c a y t ime a n d 
p last ic sc in t i l la tors at c o u n t i n g rates u p 
to 100MHz. Gain a d j u s t a b l e 1 :100. 

For p last ic sc in t i l la tors at h igh c o u n t i n g 
rates up to125MHz. Gain ad jus tab le 1:100. 
Bui ld - in x10 Ampl i f ie r a n d Filter. 

XP2230B-3A For u l t ra -h igh s p e e d a p p l i c a t i o n s u p to 
150MHz. Bui ld - in x10 Ampl i f ier a n d 
100 O h m Filter f o r b e s t t im ing reso lu t ion . 

(gc ORBIT CONTROLS AG 
Z u r c h e r s t r a s s e 2 0 
C H - 8 9 5 2 SCHLIEREN 

Tel.: (01) 7 3 0 - 2 7 5 3 
Tx.: 5 9 8 3 4 o r b t c h L i c e n c e H l i 1 ! 
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O N E T ? Use Vacuum Photo Triodes 
immune to 1 Tesla 
multi-directional fields 
Modern solenoid-enclosed detection systems with their high 
operating levels of magnetic field demand a new approach to 
calorimeter design. 

Using the experience gained from our Vacuum Photo Diode 
AV29*, we have developed a new series of Photo Triodes. These 
will allow you to detect the low light levels associated, for example, 
with lead glass. Triode gains of > 10 lift the signals out of the noise 
of the following preamplifiers**, a requirement of Rousseau et al*** 

For maximum cost effectiveness, our 2" and 3" triodes come 
in versions for axial fields (0 to 20°) and transverse fields (up to 70°). 

For samples and details please contact: 
Philips Electronic Components and Materials Division, 
5600 MD Eindhoven, The Netherlands, Telex 35000 NLJEVEO 

* used in the CERN Axial Field Spectrometer where light f rom Nal (Tl) sc int i l la tors 
is detected in a 0,3 T magnetic f lux density at 70 

** Ruther ford Appleton Internal Report RL82-082 by R. Stephenson 

*** IEEE Transact ions on Nuclear Science, 1982 Nuclear Science Sympos ium, 
Washington D.C., October 20 - 22 1982. 

7» . \ 

Electronic 
components 
and materials 

Wwm§ 





C D 

Anstiegszeit < 400 ps 

KANALPLATTEN-
PHOTOMULTIPLIER 

S-20 Kathoden-Kennlinie 
18 mm nutzbarer Durchmesser 
Verstarkungsfaktor 10 3,10 5 oder 
5 x 1 0 6 

Laufzeit 1 ns, Schwankung 100 ps 
Lieferbar unmontiert oder 
50Q angepaBt 
Betrieb in axialen Magnetfeldern 
bis 1 T 
Optionen: 
- UV-Betrieb bis 110 nm 
- Rontgen-Quantenwirkungsgrad 

10%bei 20 KeVmit12 | jm 
Titanfenster 

o 
I ) 

Im Tiefen See 58 
D-6100 DARMSTADT 
Teiefon (0 6151) 8 20 76 

J Telex 0419602 

FLOWMETERS 

Calibrated and non-
calibrated instruments for 
liquids and gas 

Available from our stock 
in Zurich 

Heiaeus 
Quartz glass 

type 1100 

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

T r i p l e p r i s m i n i s o t o p i c a n d h o m o g e n e o u s 
S U P R A S I L q u a l i t y , d e p o s i t e d o n t h e m o o n i n 
a r e t r o - r e f l e c t o r - s y s t e m a s p a r t o f t h e 
A p o l l o p r o g r a m . 

Ask for further information 

• n p i Oerlikonerstrasse 88 
tel. 01/311 40 40 

8057 Zurich 
tel. 01/311 40 40 

8057 Zurich 

Partout ou I'ceil 
ne peut acceder... 

Endoscopes 
flexibles 
a fibres de verre 
POUR I'INSPECTION DIRECTE DE CORPS CREUX 
NON ACCESSIBLES AUX YEUX. 0 3-14 M, 
LONGUEURS UTILES 0,5-12 M. ECLAIRAGE 
DE I'OBJET PAR LUMIERE HALOGENE INTEGREE. 
ALIMENTATION PAR PILE ET SECTEUR. 

For optical 
interior inspections. 

horoscopes, 
fiberscopes. 

Ask for details 

1^3 TECHNOKONTROLLAG 
I if^ 8049 Zurich, lmbisbi ihlstr.144 Teiefon 01 56 56 33 
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DISPLEX® Cryopumps 
Tune Out Vibration 

Cryopumps are clean, fast, 
and reliable . . . proven 
effective in the demanding 
world of semiconductor 
production. 
But most cryopumps 
vibrate . . . enough to bar 
their use in applications 
sensitive to vibration. 
Now, Air Products offers 
the new DISPLEX LV Cryo-
pump, the result of really 
innovative engineering. 
In the LV Cryopump, we've 
"tuned out" the vibration. 

In actual operation with a 
transmission electron micro­
scope, image resolution 
of 2A is being achieved 
routinely. 

This powerful, yet compact 
pump is ideal for use in 
electron microscopes, elec­
tron-beam lithography, and 
other applications where 
vibration is a problem. 

You'd expect Air Products 
to develop the LV Cryo­
pump. After all, we offer 
more cryopumps, in more 

sizes and pumping capaci­
ties, and for more specific 
uses, than any other cryo­
pump manufacturer in the 
world. 

Write or call for details. 

^ ^ ^ ^ ^ ^ ^ 
ADVMMCED FWXHJCTS 

1919 Vultee St., Allentown, PA 18103 
Tel: (215) 481-3975 + Telex: 84-7416 
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MICRO CONSULTANTS 4 

WITH INTELLECT 
lOO PDS 

Micro Consultants' Intellect 100 PDS is a compact, programm­
able system for developing high level image processing 

, functions to suit a wide range of appl icat ions. It is based upon 
Micro Consultants' renowned framestore and image process­
ing technology and can be desk-top or rack mounted. Intellect 
100 PDS accepts normal TV camera and slow scan inputs. A 
choice of computers and disc storage peripherals is available, 
together with powerful FORTRAN handlers and a range of 
application-specific options. 

On the hardware side, our Real Time Analyser option 
provides powerful grey level and binary image pre-processing 
at full TV frame rates. And, the Fast Image Acquisi t ion System 
allows very high speed image data capture to disc, with equally 
powerful replay facil i t ies. 

On the software side as well, a number of unrivalled pack­
ages are offered. These include: Micro Consultants' Keypad 
Image Analysis System (KIAS) which provides full keypad-
driven software for research users; and ISPEC, a library of 
modules and macros for the development of image processing 
routines for industry. 

For even faster, multiple-framestore image processing with 
flexible array processor facil i t ies, Micro Consultants' powerful 
Intellect 200 is also available. 

Telephone, telex or write to us at the address below. We 
have subsidiary companies in the USA, France, Germany, 
Italy and Japan, and agents throughout Europe. 

M I C R O C O N S U L T A N T S LTD., Kenley House, Kenley Lane, Kenley, 
Surrey CR2 5YR, England Tel: 01-668 4151 Telex: 946643 M I C R O G. 

MICRO CONSULTANTS 4 

The Program 
Development System 

for 
research laboratories 
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03 .001 E 

We provide easily built-in 
safety in Know-how. 

Stesalit resolves your individual 
problems in 

_ f i b e r g l a s s 

c o n s t r u c t i o n 
for science and advanced 
technic. 
Please request detailed infor­
mation. Mr H. Maueh will be glad 
to advise you personally. 
We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil/SO £ 
Telefon 061/80 06 01, Telex 63182 £ 

T H E OTHER A L T E R N A T I V E 
FOR 

NIM F A o T LOGIC M O D U L E S 

Ask for data sheets 

I IVI C I 1261 , rue Louis-Bleriot 
I I V L L Tel. 3 3 ( 3 ) 9 5 6 31 90 

4301 — quad discriminator 150 MHz 
with common adjustment of thresholds 

4331 - octal discriminator 150 MHz 
with independent adjustment of thresholds 

4351 — quad constant fraction 
discriminator 

4311 — quad linear gate 

4281 — quads fan-in fan-out 

4291 - octal level translator NIM4—•TTL 

etc... 

78530 Buc — France 
TWX 698 502 F * IN2P3 ISN GRENOBLE PATENT 
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More Big Klystrons 
for Big Science 

Valvo herewith presents the largest 
big klystron for the Large-Electron-
Proton-Ring LEP at CERN. This is our 
first klystron which remains in a • 
horizontal position during its operational 
life. Klystron and support girder form an 
inseparable unit. 

YK1350 operates at 353 MHz and 
delivers a cw RF output power of 
nominal 1 MW. The main electrical 
values are: approx. 90 kV, 20 A and a 
nominal efficiency of 68%. Due to the 
relatively low frequency and the 
enormeous dissipation of the collector 
the overall length of the klystron 
amounts to 3,9 metres. 

Eight klystrons will be delivered from 
Valvo through the next two years to feed 
8 MW RF power into the cavities of a 
section of the LEP ring. 

Valvo is a member of the worldwide 
Philips organization. Please contact your 
nearest Philips representative. 

V&LVO 


