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Sir John Adams 
1920-1984 The man and the project. John Adams with 

an aerial photograph of the Geneva region, 
showing the position of the 2.2 km diameter 
ring of the Super Proton Synchrotron. It 
was largely thanks to him that the project 
got under way in this form, satisfying the 
demands of the CERN Member States and 
securing the long term future of CERN. 

(Photo CERN 117.11.73) 

CERN, and the whole machine phy­
sics community throughout the 
world, were shocked at the news of 
the death of Sir John Adams on 
3 March. 

In his life's work as an accelerator 
builder and a leader of men, John 
Adams stood amongst the greatest. 
He was one of the pioneering group 
of machine physicists who moved to 
Geneva in 1953, under the auspices 
of the fledgling CERN Organization, 
to take up the challenge of designing 
and building an accelerator to rees­
tablish Europe's scientific, and parti­
cularly physics, prestige, shattered 
by the war years. 

At the age of 34, his abilities and 
leadership were already so apparent 
that in 1954 he was appointed Direc­
tor of the Proton Synchrotron Divi­
sion, to oversee construction of the 
new machine. Despite the additional 
complexities of operating in a novel 
international Organization and of 
having to lead a multinational team, 
he achieved all his objectives. The 
Proton Synchrotron reached its de­
sign energy of 25 GeV in 1959, the 
first machine of its type to operate, 
ahead of the equivalent machine be­
ing built by a more experienced team 
at Brookhaven. 

It testifies to his skill that not only 
did the PS go on to exceed all its 
design parameters, but twenty-five 
years later, it remains the king-pin of 
CERN's accelerator complex, and 
will continue to do so for the foresee­
able future. Despite the exigencies of 
new and bigger machines, the PS has 
continually risen to the occasion. 

Following the sudden death of Cor­
nells Bakker in 1960, John Adams 
was appointed CERN's Director Gen­
eral for a brief period, leaving the fol­
lowing year to set up a new Labora­
tory for thermonuclear fusion re­
search at Culham in the UK. This Lab­
oratory developed into a flourishing 
concern, and is now the home of the 

JET — Joint European Torus — ex­
periment. Although assured of a dis­
tinguished career in UK science poli­
cy management, John Adams was 
lured back to CERN in 1969, to be­
come Director of the '300 GeV pro­
ject. This was in considerable diffi­
culties at the time, but thanks to his 
skill and political acumen, the project 
was recast and proposed for con­
struction alongside the existing 
CERN Laboratory, rather than at 
another site in Europe. As well as 
gaining the approval of CERN's Mem­
ber States, this step ensured the fu­
ture of CERN as a leading world Lab­
oratory. 

He was appointed Director General 
of this new 'CERN Laboratory II' to 
house the new accelerator, which 
came to be known as the Super Pro­
ton Synchrotron. Again, the design 
and construction of this mammoth 
project bore the stamp of his skill as 
a machine physicist and his stature 

as a team leader, despite a tight 
schedule and a strict budget. 

When the two CERN Laboratories 
were united in 1976, John Adams 
was appointed Executive Director 
General, alongside Leon Van Hove as 
Research Director General. He held 
this position until 1980. During this 
third period in office, he helped steer 
CERN through the changing and fre­
quently difficult financial and social 
climate in Europe. Despite this, the 
period saw the birth of both the anti-
proton project, which has produced 
such exceptional scientific fruit, and 
the LEP electron-positron project for 
the future. 

As one who had built international 
projects with international teams, 
John Adams was a champion of in­
ternationalism, and made important 
contributions to world-wide scien­
tific collaboration. No political or eco­
nomic difficulties seemed able to 
deter him. 
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Intersecting Storage Rings 
bow out 

With such a distinguished career, 
John Adams was showered with 
academic and national awards — 
honorary degrees, scientific prizes 
and medals, fellowships of learned 
bodies, and his knighthood in 
1981. 

The success of CERN, both as a 
scientific laboratory and as an exam­
ple of international collaboration, re­
mains as a lasting tribute to John 
Adams, who contributed so much to 
the Laboratory, its development and 
its work. 

On 27 January 1971 at CERN, two 
proton beams collided for the first 
time in the newly completed Inter­
secting Storage Rings (ISR). Hadron 
colliders had arrived. The same date 
13 years later saw the last meeting 
of the ISR Experiments Committee, 
marking, in CERN Director General 
Herwig Schopper's words — 'the 
formal end of a glorious chapter of 
CERN's history'. 

The premature closure of the ISR 
came as a result of budget restric­
tions imposed by the construction of 
the LEP electron-positron ring at 
CERN. To build LEP within constant 
budgets, something had to go. Thus 
at the end of last year, the ISR had its 
final taste of colliding beams. How­
ever sophisticated experiments 
were taking data right up to the last 
minute, and the accumulated tapes 
could still turn up additional interest­
ing physics results to add to the 
score. The machine went out in a 

blaze of glory, and did not suffer the 
humiliation of indifference and apa­
thy. 

The machine 

The key development which 
paved the way for hadron storage 
rings was the invention of beam 
stacking by the US Mid-Western 
Universities Research Association 
(MURA) in the mid-1950s. This work 
was picked up at CERN's Accelerator 
Research Group (later Division) and 
led in turn to a study of a model 100 
MeV electron machine, and later the 
CESAR electron storage ring, oper­
ated in the mid-1960s. 

In the early 1960s, a formal CERN 
proposal was put forward for twin 
rings to store two 25 GeV proton 
beams from the PS (and possibly 
other particles too). This proposal 
gathered momentum, benefiting 
also from the French Government's 

92 CERN Courier, Apri l 1984 



Werner Heisenberg speaks at the official 
inauguration of the ISR on 16 October 
1971. With him on the platform are (left 
to right) Edoardo Amaldi, Viktor Weisskopf, 
Marcel Antonioz and Willy Jentschke. 

(Photo CERN 348.10.71) 

offer of additional land to extend the 
CERN site and provide a home for the 
new machine. 

In 1964, a detailed design report 
of what was to become the ISR was 
put forward, and the following year 
received the blessing of CERN Coun­
cil, thanks to vigorous promotion 
work by the then Director General, 
Viktor Weisskopf, and to the sup­
port of the European Committee for 
Future Accelerators (ECFA), formed 
in 1963. 

The caution with which such a 
novel and challenging project was 
approached is reflected in the meti­
culous plans for the machine's com­
ponents. However this effort paid 
off. The machine's commissioning 
phase was impressively successful, 
and not only has the ISR's subse­
quent performance eclipsed all the 
design figures, but it has gone on to 
surpass even the most optimistic ex­
pectations. The construction and 

commissioning of the ISR, within 
both the proposed budget and the 
tight schedule, set exacting stand­
ards for later machines. 

For the construction, tight toler­
ances were imposed everywhere — 
magnets, power supplies, vacuum. 
Although it was primarily a storage 
ring, the ISR also had its own r.f. sys­
tem, primarily designed to stack the 
proton pulses, but which was later to 
allow the beams to be accelerated 
above their injection energy. Special 
attention was paid to diagnostics 
and control systems. 

Over the years, ISR performance 
improved by leaps and bounds. The 
ambitious design value for the lumi­
nosity (proportional to the rate of 
particle collisions) was 4 x 1 0 3 0 per 
cm 2 per s, achieved on 20 December 
1972. This figure was eventually 
pushed routinely to 2 x 10 3 1 and to a 
peak value of 1.3 x 10 3 2 with the 
help of superconducting 'low beta' 

insertions. After two years, beam 
currents were typically just above 
10 A, but with careful work were 
boosted to 30-40 A, with good lumi­
nosity. At these high beam currents, 
background noise in the collision 
points was tightly controlled with an 
impressive array of monitoring and 
diagnostic equipment. The record 
single beam current (no collisions) 
was 57 A. 

The big initial selling point of the 
ISR was its collision energy, two pro­
ton beams from the PS hitting each 
other head on, equivalent to a fixed 
target proton machine inconceivable 
in those days and only now being 
approached in the Fermilab Teva-
tron. To push the ISR's collision en­
ergy still higher, in 1972 the r.f. 
'phase displacement' technique was 
used for the first time, allowing the 
peak energy to be taken above the 
injection level. This gave proton 
beam energies in excess of 30 GeV 
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1974. Observation of stochastic cooling 
in the ISR, showing compressions of a few 
per cent in the effective beam height when 
the technique was applied. These modest 
beginnings were the precursor of the 
compressions by factors of several tens 
of millions routinely achieved in the CERN 
Antiproton Accumulator. 

(maximum proton collision energy 
62 GeV), equivalent to a 2 TeV fixed 
target proton machine. 

As well as stacking protons, the 
machine also provided physics with 
deuterons, alphas, and towards the 
end of its career, with antiprotons. In 
1980, the ISR stored 62 GeV alpha 
particle beams, and pushed its own 
world record collision energy to 124 
GeV, a figure surpassed only by the 
SPS proton-antiproton collider, 
which came into operation the fol­
lowing year. 

The reliability of ISR beams be­
came legendary. Even in the early 
days, runs lasting several days were 
routine. But even this was overshad­
owed with the advent of beam cool­
ing to further control low intensity 
stored beams and keep them literally 
for weeks at a time (record figure, 
345 hours for precious antipro­
tons). 

Special mention should also be 

made of the contributions of the 
ISR's vacuum development pro­
gramme. With intense stored 
beams, it was clear from the start 
that high vacuum would be vital. De­
sign levels were set for 10~~9 torr in 
the ring and 1 0 - 1 1 in the intersec­
tions to limit background. As experi­
ence showed how important high 
vacuum really was for machine oper­
ation, new techniques pulled the lev­
el down to an average of 10~ 1 1 to 
1 0 - 1 2 in the ring. For this feat, the 
ISR's vacuum group gained world­
wide recognition. 

Describing the ISR's contributions 
to accelerator physics in the special 
closing session, Kjell Johnsen, lead­
er of the team which built the ma­
chine, was able to list an impressive 
number of achievements. During the 
first months, the resistive wall insta­
bility (the 'brick wall'), known only as 
a theoretical prediction, was ob­
served and overcome. Ionization of 

residual gas caused both the famous 
'pressure bump' instability and elec­
tron resonance lines which made the 
background spiky. Careful work 
showed how these and other prob­
lems could be systematically 
avoided and the solutions became 
standard accelerator practice. New 
techniques were developed along 
the way — as well as phase displace­
ment acceleration, there were new 
diagnostics (Schottky noise scans), 
on-line space charge compensation, 
active feedback, low beta insertions 
to squeeze the beams and boost lu­
minosity at the beam intersections, 
... Superconducting elements were 
used for the first time in a storage 
ring. 

Instabilities due to beam-beam in­
teractions were a fact of life at beam 
currents above 30 A, and some of 
these problems were never com­
pletely solved. The last hour of col­
liding beam development time last 
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Back in 1981, the fate of the ISR had not 
yet been decided. The late arrival in this 
period cartoon by Phil Bryant was saying : 
'Gentlemen, this is definitely the last project 
before we close the ISR!' 

year had been reserved for a test of a 
new hypothesis, but the beam had to 
be prematurely dumped because of 
power consumption constraints. Ac­
cording to the final report on the sub­
ject, 'the ISR ghost disappeared with 
the last beam'. 

While some ISR inventions were 
the daughters of necessity, others 
resulted from a vigorous programme 
of machine development. The high­
light is the technique of stochastic 
cooling, enabling the particles in a 
stored beam to be controlled and 
arranged to unprecedented levels. 
This has gone on to become an inte­
gral part of machine physics, and in 
particular plays a vital role in the Anti-
proton Accumulator — the heart of 
the CERN antiproton project. 

The remarkable mastery of ma­
chine physics in the ISR responsible 
for all these achievements has been 
an inspiration to many subsequent 
projects, challenging them to reach 

for ambitious new performance lev­
els. The ISR will long be remembered 
as one of the most perfect examples 
of the accelerator art. 

The up s and downs 
of ISR physics 

At the closing ISR meeting, CERN 
Theory Division Head Maurice Jacob 
eloquently summarized the ISR's 
contributions to physics, casting 
himself in the role of Mark Antony in 
Shakespeare's 'Julius Caesar' — 'I 
come to bury Caesar, not to praise 
him. The evil that men do live after 
them, the good is oft interred with 
their bones. So let it be with Cae­
sar.' 

He quickly pointed out the evil — 
despite the ISR's high event rate, it 
missed both the J/psi and the upsi­
lon. However in the mid-70s when 
these particles were discovered at 
US Laboratories, the ISR experi-

Maurice Jacob — coming to bury Caesar, 
not to praise him. 

ments were in a transition period. 
The simpler detectors of the early 
days had done their work, and their 
more sophisticated replacements 
were not yet fully operational. 

Jacob pointed out three distinct 
stages in the ISR's career. At its 'bril­
liant start', the machine attracted 
many users. These studies with 
modest detectors were quickly fruit­
ful, and the general features (cross-
section, scaling, short range order) 
of the new energy region were quick­
ly charted. 

As a pointer to the future, rare 
events were spotted in which two 
protons, instead of just brushing 
past each other, collided head-on, 
producing particle fragments at wide 
angles (high transverse momentum) 
to the initial collision axis. These vio­
lent interactions are now understood 
to be due to the hard scattering of the 
protons' constituent quarks and 
gluons. Similar behaviour had been 
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seen at SLAC using electron beams, 
but in 1972 the ISR provided the first 
purely hadronic examples, sowing 
the seeds of the subsequent 'jet' 
saga. 

To exploit this new physics, new 
detectors were required, and this 
took time. While these big instru­
ments were being developed, the 
SPS began operation, and Jacob 
suggested that this might have lured 
away some of the ISR population. 

The big ISR detectors were opera­
tional in time for the attractions of the 
late 1970s and the start of the 80s — 
stored beams of antiprotons and al­
pha particles, and low beta inser­
tions to push the already remarkable 
luminosity still higher. This pulled the 
crowds back for a sparkling finale, 
with alternate periods of proton-pro­
ton and proton-antiproton running. 
Even so, this was overshadowed by 
the drama at the new SPS proton-
antiproton collider. 

The SPS Collider had benefitted 
from ISR experience. Big detectors, 
collecting as many collision frag­
ments as possible, were installed 
and operational almost from Day 
One. The SPS Collider experiments 
knew exactly what they were look­
ing for and where to find it, and had 
made sure they were equipped with 
the right tools. 

The jet saga 

The changing fortune of ISR phys­
ics is well illustrated by the history of 
what came to be known as particle 
'jets'. While the first signs of proton 
constituent scattering were seen at 
the ISR in 1972, by 1975 a new 
aspect of this behaviour was emerg­
ing. These violent collisions ap­
peared to produce fragments in fairly 
well-defined sprays, or 'jets'. 

This discovery could be compared 
with Rutherford's classic 1911 alpha 
particle experiment which discov-

The final decor at 18, a good example of 
the big detectors developed for the final 
stage of ISR operations. This impressive 
assembly was used by a Brookhaven / 
Cambridge / CERN / Copenhagen / London 
(Queen Mary College) / Lund / Pennsylvania 
/ Pittsburgh / Rutherford / Tel Aviv team. 
The apparatus was gradually extended to 
its final configuration, with four walls of 
uranium/scintillator hadron calorimeter (one 
wall here seen slightly drawn back) 

surrounding the central solenoid and 
detectors. On these walls, additional arrays 
of sodium iodide (from the USSR) were 
used by an Athens / Bonn / Brookhaven 
/ Moscow / Novosibirsk team for a study 
of single photon production. The 
composition of these teams also reflects 
the success of the ISR in attracting 
international users. 

(Photo CERN 295.10.83) 

ered the wide angle scattering indi­
cative of small hard nuclei buried 
deep inside atoms. However the in­
terpretation of the early ISR jet-like 
signals in terms of proton consti­
tuents was not immediately univer­
sally accepted, and it took time for 
the true jet signal to be isolated from 
the accompanying background. In 
particular, there was 'trigger bias' — 
effects due to the data selection pro­
cedures imposed by the modest de­
tectors, rather than the physics. 

However the ISR stalwarts dug in 
their heels, confident that here was 
some good physics. It took some 
time until their steadfast faith was 
vindicated, but when it finally was, 
the 1982 results from the SPS Collid­
er, with its higher collision energy, 
provided a cleaner picture of jet pro­
duction. Although the ISR results, 
particularly their comparison with 
those from the SPS, were of great 
interest to the experts, once more 

the ISR was upstaged by its off­
spring! 

A cross-section of physics 

When the ISR came into operation, 
the exploration of reaction rates 
(cross-sections) in the new energy 
range was a major goal. Hints from 
lower energy suggested that particle 
scattering behaviour might stabilize, 
with little further change at increased 
energy. 

Back in those early days, the world 
of particle physics held its breath 
while the first ISR results came in. 
The proton-proton reaction rate was 
seen to rise, implying that there was 
still a lot more to learn about the pro­
ton. These early studies also re­
vealed a diffraction-like 'dip' in the 
angular distribution of elastically 
scattered protons, providing new in­
formation on the global behaviour of 
protons. 
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ISR studies surveyed the general 
properties of high energy hadron 
production. Subsequent studies of 
particle production in electron-posi­
tron annihilation and in fixed target 
experiments using lepton beams 
showed that this behaviour seems to 
be universal. 

In its tenth anniversary year, the 
ISR added another string to its bow. 
In April 1981, it provided the world's 
first collisions between stored 
beams of protons and antiprotons, 
blazing the trail for what would fol­
low a few months later at the SPS 
Collider. For the next two years, ISR 
experiments had the unique privilege 
of data-taking with proton-proton 
and proton-antiproton collisions. 

It is fitting that some of the final 
crop of ISR results covers the same 
ground as the historic early experi­
ments, but this time for particle-anti-
particle interactions. The compari­
son of proton-proton and proton-

antiproton behaviour goes as ex­
pected, and is in tune with the high 
energy particle-antiparticle results 
from the SPS Collider. For elastic 
scattering, there appears to be struc­
ture in the proton-antiproton case, 
but less pronounced than for proton-
proton. At high transverse momen­
tum, photons appear to be relatively 
copious. 

This and other valuable physics 
continued right up to the final run at 
the end of last year, and there are still 
many accumulated data tapes which 
could reveal additional interesting 
physics. 

(Although the ISR has completed 
its work with colliding beams, an 
experiment by an Annecy / CERN / 
Genoa / Lyon / Oslo / Rome / Turin 
team will study charmonium states 
created when an antiproton beam 
circulating in one ISR ring hits pro­
tons from a gas jet target. First trials 
were carried out last year — see 

December 1983 issue, page 417.) 
The history of ISR experiments 

also reflects the dramatic develop­
ment of detector technology during 
this period. New detectors were de­
veloped to meet the demands of a 
new generation of physics. The ISR's 
high data-taking rates and delicate 
triggering requirements also pro­
vided an introduction to the sophisti­
cation of data handling systems for 
experiments at the big new colliders 
now being built or planned. 

(For a more detailed account of ISR 
physics accomplishments from 
1971 to 1981f see March 1981 is­
sue, pages 58-62/ which summari­
zed the initial decade of the ma­
chine's operation.) 

Preliminary results on proton-antiproton 
elastic scattering at 53 GeV collision energy, 
as measured at the ISR by an Ames / 
Bologna / CERN / Dortmund / Heidelberg 
/ Warsaw group. The corresponding 
proton-proton data is shown for 
comparison. Similar results have been 
obtained by a CERN / Clermont-Ferrand / 
Saclay / UCLA team. 
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Around the Laboratories 

The Mark III detector being installed at the 
SPEAR electron-positron ring at Stanford. 

(Photo Joe Faust) 

STANFORD 
Money for new 
collider 
In his traditional 'State of SLAC talk. 
Director Wolfgang 'Pief Panofsky 
was able to report that US President 
Reagan's budget for fiscal year 1985 
proposes a $38.5 million increase in 
funding for the Laboratory. Most of 
this increase ($28.5 million) is ear­
marked for construction of the new 
SLAC Linear Collider (SLC), sched­
uled to turn on in late 1986 or early 
1987. 

However the proposed budget is 
still subject to review by Congress, 
who last year trimmed $8 million 
from the SLC construction money 
proposed originally. This year's 
SLAC budget includes $32 million 
for SLC construction. With the pro­
posed increase, this would rise to 
$60.5 million in fiscal 1985 (year 
beginning on 1 September 1984). 

It was thus on a SLC optimistic 
note that Panofsky was able to give 
his last 'State of SLAC address. On 
1 September he hands over the 
SLAC Directorship to Burt Richter. 
Further extracts from Panofsky's ad­
dress will be published in our next 
issue. 

Mark 111 
The Mark III detector at the SPEAR 
electron-positron ring presented its 
first physics results last summer, in­
cluding some interesting new signals 
(see October 1983 issue, page 309). 
The results came mainly from the 
radiative decays of J/psis, thus con­
tinuing the illustrious tradition of its 
predecessors. The Mark I discov­
ered the psi at SPEAR in 1974, and 
was replaced by the Mark II in 1977. 
After two years of valuable work, 
this detector moved to Intersection 
12 of the then new PEP ring, leaving 
the West Pit at SPEAR for Mark III. 

While many experimentalists have 
moved on to more fashionable to­
pics since those early J/psi days, 
there is still a lot of physics potential 
in this area, as emphasized by Frank 
Close in his recent article on glue 
states (see January/February issue, 
page 6). 

Mark III is a general purpose, sole­
noid-based magnetic detector, built 
by a Caltech / Illinois / Santa Cruz / 
SLAC / Seattle collaboration, and 
installed at SPEAR in 1981. Built 
specifically for complete reconstruc­
tion of exclusive hadronic final 
states, the large solid angle design 
emphasizes good momentum reso­
lution for low momentum charged 
particles through reduction of multi­
ple Coulomb scattering, good parti­
cle identification by means of time-
of-flight and energy loss, and good 
detection efficiency for low energy 
photons, achieved by placing the 
shower counter inside the solenoid. 

By comparison with events at 
higher energy storage rings such as 
PEP and PETRA, hadronic events 
produced at SPEAR are relatively 
simple, consisting, on average, of 
about four charged particles and an 
equal number of photons. This rela­
tive simplicity means that it is realis­
tic to attempt to measure the mo­
mentum or energy and to identify all 
the final state particles in many 
events. When this much detail is 
obtained, it is possible to completely 
reconstruct the event and to identify 
the subsequent decay. 

Experimental interest centres on 
several distinct resonances. The 
most spectacular of these states is 
the original J/psi, at 3097 MeV. At 
higher energies are the psi prime 
(3684), double prime (3768) and 
other less prominent structures. The 
J/psi, a bound state of a charmed 
quark and its antiquark partner, is 
relatively stable since the charmed 
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quark mass is too large to allow it to 
appear explicitly in the decay pro­
cess. The psi prime is an excited 
state of the J/psi, with many 
features in common. The psi double 
prime is heavy enough for charmed 
quarks to appear explicitly in its de­
cay processes. These quarks appear 
as charged or neutral pairs of 
charmed mesons, the Ds. The psi 
double prime is the richest and pur­
est source of D mesons yet found. 
Most of the data taken so far with 
Mark III has been at the J/psi and the 
psi double prime. 

The data presented last summer 
for the first time concerns J/psi ra­
diative decays, producing a photon, 
together with a group of hadrons. 
(There can be other photons in the 
event, coming either directly from 
the electron-positron interaction, or 
from the subsequent decay of neu­
tral mesons.) These radiative de­
cays, which make up about five per 
cent of all J/psi decays, are of spe­
cial interest, for they allow produc­
tion of other states which cannot be 
directly produced in electron-posi­
tron annihilations. One such state 
is the eta-c, where the charmed 
quarks' spins are oriented antiparal-
lel to one another, rather than parallel 
as in the J/psi. The production of 
eta-cs from J/psis results in a pho­
ton of definite energy (observed di­
rectly at SPEAR by the Crystal Ball). 
Both the Crystal Ball and Mark II de­
tectors were also able to fully recon­
struct examples of these decays, 
with the eta-c decaying into hadrons. 
With the improved coverage and de­
tection efficiency of Mark III, and the 
bigger data sample obtained (2.7 
million J/psis), it has been possible 
to reconstruct previously seen ha-
dronic decays with better statistics 
and to add some new ones. A total 
of five eta-c hadronic modes have 
now been seen, the most interesting 
of which produces a pair of phi me­

sons. By analysing the angular distri­
butions of the two phi decays, it has 
been possible to fix the spin (one) 
and parity (positive) of the eta-c, as 
expected in the 'charmonium' mod­
el. This is the first time these eta-c 
properties have been measured. 

The Mark III result which has 
aroused the most interest thus far is 
the discovery of a new narrow re­
sonance in radiative psi decay, the 
2220 MeV ksi. One of the simplest 
final states in psi radiative decay is 
that with two (oppositely) charged 

The Mark III detector working at the 
Stanford SPEAR electron-positron ring has 
studied the decay of J/psis into a photon 
and a pair of kaons. The kaon pair spectrum 
clearly shows the f (1550 MeV) and theta 
(1700) states observed previously. In 
addition, there is an intriguing new signal 
at 2220 MeV, the ksi, whose interpretation 
is not yet clear. 

kaons accompanying the photon. 
Previous studies of this decay chan­
nel had found two resonances, the f' 
(1550) and the theta (1700). These 
are seen very clearly by the Mark III, 
with improved statistics and good 
resolution. At higher kaon pair 
masses, there is evidence for an 
additional resonance, unexpectedly 
narrow. This is the ksi. 

The experimentally observed 
width of a particle depends on two 
factors. The first is the resolution of 
the detection apparatus, and the sec­
ond is the lifetime of the state. The 

longer an unstable particle survives 
before decaying, the narrower its in­
trinsic width. For example, the muon, 
which decays via the weak interac­
tion, has a decay width of some 
1 0 - 9 eV, corresponding to a lifetime 
of two microseconds, whereas a ty­
pical width of a strong interaction 
resonance would be 100 MeV, cor­
responding to a mean life of 10~ 2 9 

seconds. 
What is unusual about the ksi is 

that the experimental width is very 
close to the resolution of the appa­
ratus, indicating that the intrinsic 
width is quite narrow. The observed 
width of 30 MeV implies that the 
intrinsic width of the ksi is less than 
about seven MeV. This is surprising­
ly small, and indicates that the ksi 
lives an unusually long time before 
decaying, suggesting that the effec­
tive force responsible for the decay 
is weaker than that involved in a con­
ventional resonance. 

All that is known so far is that the 
ksi's width is substantially less than 
the experimental resolution. The 
question remains whether the ksi's 
width is just too small to see, indicat­
ing a strong decay inhibited for some 
reason, or whether it is very narrow, 
indicating a weak decay. 

Should the decay be very narrow, 
the ksi could be a Higgs particle. This 
is a so far unseen object responsible 
for the appearance of massive bos­
ons in the electroweak theory 
through 'spontaneous symmetry 
breaking'. The little we know about 
the ksi so far does not rule out such 
speculation, but confirmation, or 
otherwise, requires more data 
and/or more experiments. Searches 
for other decay modes of the ksi are 
under way, as is an attempt to meas­
ure its spin and parity. It appears to 
be produced more copiously in radia­
tive psi decays than would be naively 
expected for the simplest Higgs 
models. 
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Other interpretations of the ksi 
have been put forward. Could it be a 
glueball (bound state containing 
gluons but no quarks) or a hybrid 
glue-quark state? In quantum chro-
modynamics, the candidate theory 
of quark interactions, the gluon is the 
force carrier, playing an analogous 
role to that of the photon in quantum 
electrodynamics. However unlike 
photons, in principle gluons can form 
bound states among themselves, or 
with quarks. Several candidates 
have been proposed. Among these 
are the iota (1440) and theta (1700) 
mesons, seen in radiative psi decay. 
The Mark III has also obtained new 
information on these states and 
further detailed analysis could shed 
more light on their interpretation. 

This year's data-taking will enlarge 
the sample of psi double prime de­
cays. This will produce in turn an 
impressive sample of decays of 
charged and neutral D mesons to 
probe the weak decay mechanism of 
charmed particles. For the future, the 
weak decays of other charmed parti­
cles (F mesons, baryons) remain to 
be studied. 

(From D. Hitlin) 

BROOKHAVEN 
Polarized protons 
on the way 
In late February two major mile­
stones were reached in the AGS po­
larized proton beam project. On the 
evening of 14 February, the negative 
hydrogen ions from the 10 mi-
croamp polarized ion source were 
accelerated from 20 keV to 760 keV 
in the new Brookhaven radio-fre­
quency quadrupole (RFQ). The RFQ 
worked beautifully on its first try and 
accelerated 40 per cent of the in­
jected beam. 

The RFQ is an exciting new con­

cept in preinjectors for accelerators 
which has captured the interest of 
many Laboratories. It is typically a 
small linac about 1 or 2 metres long 
which is simultaneously an r.f. linac 
and a focusing quadrupole system. 
The Brookhaven one is being used to 
replace the Cockcroft-Walton preac-
celerator, which is large and expen­
sive and would require the complex 
polarized proton ion source to be 
placed in a dome at 760 000 V. The 
immediate and reliable operation of 
the RFQ suggests that within a few 
years these units may be replacing 
Cockcroft-Waltons in other applica­
tions. It is believed that this is the 
first RFQ which was used to inject 
beam into an operational accelera­
tor. The RFQ project was headed by 
Sal Giordano, who is retiring later this 
year and the RFQ's great success is a 
fitting capstone to his career. (Mean­
while, RFQ trials at CERN are not far 
behind.) 

The polarized ion source is an 
atomic beam-type source with cae­
sium charge exchange to give polar­
ized negative hydrogen ions. It is 
operating at more than 10 mi-
croamps, which is a world record for 
this type of source. The polarized ion 
source group, which is headed by 
Theo Sluyters and Jim Alessi, mod­
ified the old ZGS polarized proton 
source. With some help from colla­
borators at Argonne and Yale, they 
have had the source performing with 
good reliability and intensity since 
last July. 

The second major milestone oc­
curred early in the morning of 23 
February, when a beam of polarized 
protons was accelerated through the 
AGS linac to 200 MeV for the first 
time. Within an hour, the polarization 
of the beam was measured to be 
about 45 per cent using the proton-
carbon scattering polarimeter built 
and operated by the Rice University 
group headed by Jay Roberts. By 

breakfast time, the polarization was 
increased to 70 per cent by tuning 
the polarized ion source. By late af­
ternoon, about 1 microamp of polar­
ized protons was injected into the 
AGS, captured, and accelerated for a 
few milliseconds to about 250 MeV 
before being lost by the r.f. feedback 
system. Yousef Makdisi, who 
headed the group building the new 
low energy beam transport system 
between the source, the RFQ and the 
linac, played a crucial role in this part 
of the project. 

The next step was to accelerate 
polarized protons in the AGS where 
many strong depolarizing reson­
ances wait to be jumped (see below). 
This painful, but exciting job, re­
quires the 48 correction dipoles built 
by Brookhaven and the 12 fast (1.6 
microsec) pulsed quadrupoles built 
by Michigan, as well as the internal 
and high energy polarimeters built by 
Michigan. Larry Ratner, who is re­
sponsible for the main ring part of the 
polarized beam project, eagerly 
awaited the next weekly 36-hour po­
larized beam commissioning run, 
along with Henry Halama, who had 
overall engineering responsibility for 
construction, and Alan Krisch of 
Michigan, who has overall responsi­
bility for commissioning the polar­
ized beam. 

Polarized proton beams have been 
accelerated at other machines, nota­
bly the old Argonne ZGS and at the 
Saturne at Saclay (see July/August 
1982 issue, page 231). But handling 
a polarized proton beam at the higher 
AGS energies is a challenge, which, if 
it pays off, will provide Brookhaven 
with unique research facilities. 

(From Alan Krisch. On 8 March, a 
polarized proton beam was acceler­
ated in the AGS. Two depolarizing 
resonances were partially jumped. 
Polarization was 53 per cent at 4 
GeV and 15 per cent at 6 GeV). 
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Horst Nesemann (centre) with Hans-Joachim 
Brosch (left) and Rainer Fischer at the 
controls of the DORIS-II storage ring during 
one of the recent high luminosity runs. 
Nesemann is currently DORIS-II coordinator, 
replacing Klaus Wille, at SLAC for a year. 

(Photo DESY-PR) 

DESY 
Luminosity record 
for DORIS and energy 
record for PETRA 
In February the DORIS-II electron-
positron storage ring finished a bril­
liant data-taking run, achieving re­
cord luminosity. For several weeks 
there were more than 1000 inverse 
nanobarns per day and on February 
19 the peak value of 1562 inverse 
nanobarns was registered. 

The Crystal Ball and ARGUS exper­
iments recorded in all about 330 000 
events at a total energy of 10.023 
GeV, corresponding to the upsilon-
prime resonance. 

DORIS can now be filled with two 
beams each of up to 50 m A and the 
average current over a day is kept 
near 30 mA. This is partly due to a 
new working point found by the ma­

chine group. The machine is very 
sensitive to resonances and careful 
tuning was required. In longer runs 
considerable advantages are gained 
from the fast refilling system used at 
DORIS-II. The experiments had no 
problems with background at the 
new high beam currents. 

The synchrotron radiation users 
profited from the high stable particle 
currents. In single beam operation 
for synchrotron radiation studies the 
current can be pushed twice as high. 

Towards the end of February DO­
RIS started a run at a slightly higher 
energy (10.384 GeV) for an investi­
gation of B (beauty) mesons. 

At the same time the PETRA stor­
age ring reached the highest energy 
ever obtained in electron-positron 
collisions — 46.2 GeV — about a 
GeV higher than the goal of the ma­
chine improvement programme 
launched a few years ago (see Jan­
uary/February issue, page 16). 

The luminosity drops at the high­
est energies to less than about 100 
inverse nanobarns per day. However 
it climbs back up again at slightly 
lower energies. The next physics run 
will probably be at a collision energy 
slightly under 45 GeV. 

DATA 
COMMUNICATIONS 
A GIFT for physics 
Data communications are now an in­
tegral part of high energy physics 
activities. With big experiments 
working with high data-taking rates 
and populated by physicists commu­
ting to and fro between institutes, 
access to and transmission of data 
and remote access to computers be­
come of vital importance. 

With this in mind, a subgroup of 
the ECFA working party on high en­
ergy physics data processing stand­
ards was set up some time ago to 
examine the data communications 
needs for tomorrow's high energy 
physics, particularly in the sphere of 
inter-laboratory communications. In 
parallel, a group was set up at CERN 
to study the specific data communi­
cations requirements of the LEP ex­
periments. 

Data communications in and 
around CERN have been developing 
quickly. Last year the CERN comput­
ers were connected to the Swiss 
packet switching network TELE-
PAC, which also allows access to 
several other networks using the 
X25 standard, such as TRANSPAC 
in France, DATEX-P in West Germa­
ny and PSS in the UK, together with 
TELENET and TYMNET in the US. 
The UK SERCNET university system 
can be accessed at CERN through the 
leased line to the Rutherford Apple-
ton Laboratory, and the scope of this 
link is being extended. 

Using the new public X25 ser-
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vices, an interactive terminal access 
system has been set up at CERN, 
allowing outside users to access 
CERN computers, and enabling CERN 
terminals to link with outside com­
puters. This has proved very popular 
(the CERN COURIER has found the 
system useful for timely transmis­
sion of stories to beat deadlines). 

For file transfer, the European par­
ticle physics community uses a num­
ber of different standards including 
CERNET within CERN, DECNET in Ita­
ly, SERCNET in the UK and UNINETT 
in Scandinavia. To enable files to be 
moved between systems following 
these standards, the 'GIFT' (General 
Internetwork File Transfer) project 
has been launched. This file-transfer 
gateway, to be based on a VAX 
machine at CERN, involves a collabo­
ration between CERN, Rutherford 
Appleton, Oxford, INFN (Italy), Oslo 
and Trondheim. 

Satellite communications offer the 
possibility of high speed transmis­
sion of large amounts of data. The 
European STELLA experiment, now 
terminated, enabled high energy 
physics institutes to make a major 
early contribution in this important 
area. Further experiments are con­
tinuing, such as the French NADIR 
project, in which a group at Saclay 
will transmit data between there and 
CERN using the TELCOM 1 satel­
lite. 

Other aspects of computer com­
munications are also under study, 
including electronic mail, teleconfer­
encing, remote job entry, local area 
networks, etc. The range of prob­
lems is wide, but it is hoped that 
working groups can begin to tackle 
them fairly soon. 

To supervise all this hectic devel­
opment work and push through new 
projects, a High Energy Physics 
Computing Coordination Committee 
has been set up at CERN under the 
chairmanship of NIKHEF Director 

Part of the new SNS synchrotron at the 
Rutherford Appleton Laboratory, showing 
a section of the machine's ten superperiods 
with dipole bending magnets and, in the 
straights, the focusing quadrupoles and the 
large quantity of diagnostic devices. 

(Photo UK Central Office of Information) 

Walter Hoogland, and with members 
drawn from the management of the 
major European institutes. 

RUTHERFORD 
Circulating beam 
in SNS synchrotron 
In January the Spallation Neutron 
Source (SNS) reached the second 
phase of beam commissioning with 
70 MeV protons circulating in the 
synchrotron. The last of the ten 
4.5 m-long curved dipole magnets 
had been delivered in December. The 
first magnet had been used as a stan­
dard for comparing the effective 
magnetic lengths of all the dipoles, 
which proved to be within accept­
able tolerance. To complete the 
synchrotron ring two dipoles had to 
be processed. This involved 50 Hz 
voltage testing, magnetic length 
measurement, fitting of the curved 

ceramic vacuum chamber and meas­
uring the internal dimensions, fitting 
of the unique radio-frequency shield 
necessary for the SNS to reach its 
200 microamp design current, va­
cuum testing, fitting cooling pipes 
and ring installation. Intense activity 
during a ten-day period enabled 
Rutherford Appleton Laboratory Di­
rector Geoff Manning to tighten the 
last vacuum joint on 15 December. 

The vacuum system, with ceramic 
chambers in the 50 Hz magnets and 
stainless steel elsewhere, was com­
missioned without separation into 
sections, reaching its design level of 
5 x 1 0 - 7 torr in two weeks. It is now 
running close to 1 0 - 8 torr. For final 
operation the four pulsed beam 
bump magnets in the injection 
straight will be pulsed at 14 000 A 
for 500 microsec and at 50 Hz. By 
Friday 13 January (not unlucky this 
time!) the magnets were up to 
12 000 A, high enough to try for in-
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Excavation under way for the CERN PS in 
1967, showing the enormous amount of 
earth which has to be moved in such 
'cut-and-fill' operations. 

(Photo CERN 301.11.67) 

jection. Friday night and Saturday 
were spent in tuning up the linac and 
the transfer line to the synchrotron to 
produce the negative hydrogen ions 
which are converted to protons by 
the 0.25 micron alumina foil in the 
injection straight. The magnet sys­
tem was powered DC by the power 
supply which will provide the bias for 
the 50 Hz magnet excitation. At 
15.10 hrs on Sunday the 15th, a 1.5 
microsec pulse of protons, equiva­
lent to about half the circumference 
of the SNS, had been injected and 
was seen to circulate for some 300 
turns before it became debunched 
and could not be detected. 

A later run repeated the perfor­
mance and betatron Q-values were 
measured for different magnet sys­
tem fields and for different excitation 
of the Q-correction quadrupoles. 
The results proved as expected from 
the design. The magnet system has 
since been powered with its biassed 
50 Hz waveform to the 550 MeV lev­
el which will be used as an interme­
diate energy towards the SNS design 
of 800 MeV. 

The aim is to accelerate to 550 
MeV and extract beam by the middle 
of the year, and to have first neutrons 
from the complex target station by 
the end of the year. After obtaining 
circulating beam at the first attempt, 
confidence is high. 

(From David A. Gray) 

CERN 
A survey of machines 
During CERN's 30-year history, the 
size of particle accelerators and stor­
age rings has increased 50-fold, 
from a diameter of 200 m for the 
28 GeV Proton Synchrotron, to 
8.5 km for the LEP electron-positron 
ring now under construction. 

For geodesic work, such a scale 

explosion is challenging enough on 
its own. But for particle accelerators, 
the tolerances on the positioning of 
the magnets which guide the parti­
cles always demand accuracies to 
within a small fraction of a millimetre. 
For the geodesists who survey the 
terrain for these machines and the 
subsequent installation of their com­
ponents, this calls for a demanding 
combination of precision measure­
ment over long distances, frequently 
under difficult conditions, with literal­
ly pinpoint accuracy. 

Over the years, the CERN Applied 
Geodesy / Survey Group under Jean 
Gervaise has never failed to rise to 
the occasion, providing solutions 
which have more than matched the 
exacting demands of the machine 
builders. As well as benefiting from 
technological progress made during 
this time, the group has made several 
ingenious contributions of its own, 
some of which have gone on to be 

used outside CERN. 
For the construction of all particle 

machines, a geodetic system has to 
be set up at the start, and with the 
ring in place, the magnets then have 
to be accurately positioned. As tun­
nels encountered more difficult ter­
rain, it became clear that 'cut-and-fill' 
was no longer the most economic 
solution. For bored tunnels, such as 
for the 450 GeV Super Proton 
Synchrotron and for LEP, a system is 
required to guide the tunnel build­
ers. 

When the PS was built in the 
1950s, things were relatively primi­
tive. Computers were still in their 
infancy, and least-squares adjust­
ment required patient labour with 
calculating machines. Geodesy relied 
on angular measurement with theo­
dolites. Thus for the PS, the geodetic 
reference system had to be based on 
the centre of the machine, requiring 
radial tunnels to permit the angular 
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A striking view of the tunnel being built for 
the CERN Intersecting Storage Rings in 
1968. For the ISR, new measurement 
techniques and the advent of digital 
computers made their impact on geodetic 
work. 

For the SPS, survey results still had to be 
written down. LEP data will be recorded 
automatically. 

(Photo CERN 164.4.68) (Photo CERN 162.1.74) 

measurements to be made. 
There were other restrictions as 

well. To avoid temperature gradients 
which would affect light by refrac­
tion, an expensive air conditioning 
system was installed. At the time, 
accurate distance measurement was 
only just making an appearance with 
the geodimeter (modulated light sig­
nals) and the tellurometer (infra-red 
signals). 

For the Intersecting Storage Rings 
in the 1960s, the availability of new 
measurement techniques and the ad­
vent of powerful digital computers 
meant that it was no longer neces­
sary to have access to the physical 
centre of the ring. To meet the ISR 
construction deadlines, tedious an­
gular measurement was dispensed 
with, all distances being measured 
with the 'distinvar', a new automatic 
precision length measuring device, 
developed at CERN. 

The next episode was the SPS. 

This work was complicated by sev­
eral special factors. For the first time, 
a particle accelerator was to be built 
in a bored tunnel. This machine 
moreover would have links to exist­
ing machines, and would be built in 
hilly terrain where altitudes change 
by up to 50 m over a few kilometres. 
In addition, the wooded countryside 
made line-of-sight measurements 
difficult. 

To guide the tunnel boring ma­
chines, a gyrotheodolite, using the 
earth's axis of rotation as reference, 
was employed. After being im­
proved and automated at CERN, the 
accuracy possible with this initially 
awesome instrument was improved 
by a factor of two. 

Inside the tunnel, magnets could 
be sited to within 0.1 mm. When the 
machine was switched on, the pro­
tons were able to circulate without 
any correction to the orbit, testifying 
to the remarkable mastery of preci­

sion tunnel boring and equipment po­
sitioning achieved in the project. 

For distances on the LEP scale, 
additional complications enter. In ad­
dition, it is the first machine to be 
constructed on a slope. But the CERN 
tradition of supreme precision is 
nevertheless maintained. To achieve 
accuracies to within a few parts in 
ten million, use is made of a Terra-
meter', which takes measurements 
at two laser frequencies to produce a 
highly accurate value for the refrac­
tive index of air. This avoids the 
approximations inherent in earlier 
methods, and is a far cry from the PS, 
with its air-conditioning system! 

Already with the SPS, complica­
tions arose due to the curvature of 
the Earth, requiring slight tilting of the 
magnets. For LEP, geodetical con­
siderations have to go even further 
— due to the proximity of mountains 
and the lake of Geneva, the effective 
gravitational force changes round 
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The 'Terrameter' being used for LEP survey 
work at CERN. This instrument takes 
simultaneous measurements at two laser 
frequencies to compute the refractive index 
of air and permit measurements to a few 
parts in ten million. 

(Photo CERN 125.12.83) 

One of the Berkeley contingent in a Berkeley 
/ Corvallis / Studsvik experiment at the 
CERN Synchro-Cyclotron is Glenn Seaborg, 
seen here (left) speaking with Chinese 
Premier Zhao Ziyang (right) when he visited 
Berkeley during his recent US tour. 

(Photo LBL) 

the ring, altering the verticals to an 
extent which produces a variation of 
over 10 cm across the LEP di­
ameter. 

For LEP survey work, manual 
methods will as far as possible be 
automated to simplify both the 
measurement procedures and the re­
cording of the mountain of necessary 
data. At CERN, a microprocessor-
driven unit has been developed 
which can be used by non-specialists 
and is programmable in easy-to-use 
BASIC. Frequently-used routines can 
be stored in memory and used as 
required. If necessary, the instru­
ment can communicate with a com­
puter through a standard (RS232) 
link. 

The new techniques developed at 
CERN over the years have improved 
the reliability, speed and accuracy of 
geodetic measurements. Examples 
are the 'distinvar' device, special 
magnet alignment jacks, a self-align­

ing reflector for a laser interferome­
ter, and an alignment system using 
nylon wire. 

Thanks to superb instruments and 
accumulated expertise, the CERN 
geodesy experts are able to face 
each new challenge with confi­
dence. 

The new 'forty-niners' 
Nucleus-nucleus collisions at inter­
mediate energies (from about 10 -
100 MeV/nucleon) are of great inter­
est to nuclear physicists and chem­
ists. This is a transition region be­
tween low energy reaction mechan­
isms (below 10 MeV/nucleon) with 
long nuclear mean free paths, and 
higher energy mechanisms with the 
short mean free paths of nucléons in 
nuclear matter. 

Increasing the projectile energy 
from 10 to 100 MeV/nucleon 
passes several important nuclear 

milestones (including the velocity of 
sound in nuclear matter and the 
Fermi energy) which may trigger 
changes in reaction mechanisms. 

The oldest machine at CERN, the 
600 MeV Synchro-Cyclotron (SC), 
which came into action back in 
1957, is playing an important role in 
these studies. For the past four 
years, experimental teams from 
France, West Germany, Sweden, 
Norway, Denmark and the US have 
used its intense 85 MeV/nucleon 
carbon-12 beam to study such di­
verse phenomena as pion production 
below threshold, and projectile and 
target fragmentation. 

Recently the SC Accelerator Group 
has added yet another attraction to 
the already impressive list of SC 
heavy-ion options (see next page) 
with a super intense (500 nA) beam 
of 49 MeV/nucleon carbon-12 less 
three electrons. On 9 February, this, 
the most intense intermediate ener-

CERN Courier, Apri l 1984 105 



C A T A L O G U E OF CERN SC B E A M S 

intensity 
(MeV/N) (Parts./sec) 

Proton 602 > 3 x 10 1 3 

3 He + + 303 > 3 x 10 1 2 

3 He + 85 > 10 1 3 

1 2 C 4 + 85 > 10 1 2 

1 5 N 5 + 85 > 10 1 1 

18Q6+ 85 ~ 3 x 10 1 1 

16Q6+ 107 5 x 10 9 

1 4 N 5 + 97 ~ 10 9 

2 0 N e 7 + 94 ~ 5 x 10 9 

2 0 N e 6 + 70 8 x 10 9 

2 0 N e 5 + 49 3 x 10 1 1 

1 2 C 3 + 49 > 10 1 2 

gy heavy ion beam in the world, was 
delivered to the target of an experi­
ment by a Berkeley / Corvallis / 
Studsvik team. This allowed detailed 
measurements of target fragmenta­
tion and incomplete fusion that were 
previously impossible. 

The California-based contingent in 
this group (which includes Glenn 
Seaborg) has come to CERN to seek 
experimental treasures with 
49 MeV/nucleon carbon ion beams 
and gold targets, and has earned the 
name 'the new forty-niners'. 

As well as its high intensity, the 
new beam has a time structure per­
mitting certain multi-detector experi­
ments. There could still be a lot of 
gold in them thar SC hills! 

(From Walt Loveland) 

SÏN 
Muon SINDRUM 
Electrons and muons like to go their 
own separate ways, and in all weak 
interactions observed so far, 'muon-
ness' and 'electronness' remain un-

Below, layout of the SINDRUM detector 
used at SIN to search for signs of the 
classically forbidden decay of a muon into 
three electrons. 

changed. However any sign of an 
electron-muon affinity would be va­
luable fuel for new theories seeking 
to extend our understanding of parti­
cle behaviour, and would immediate­
ly open up a new horizon of phy­
sics. 

Over the past two years, the SIN­
DRUM spectrometer has been built 
at the Swiss SIN Laboratory to 
search for the classically forbidden 
decay of a positive muon to three 
electrons, eventually down to a sen­
sitivity of one part per million million. 
This would be a thousandfold im­
provement on the present limit of 
1.9 x 10~ 9 f rom a 1976 Dubna ex­
periment. 

SINDRUM uses a solenoid coil pro­
ducing a magnetic field of up to 0.6 T 
in a cylindrical volume 110 cm by 
75 cm. The space and time coor­
dinates of the decay electrons are 
measured in four concentric thin 
(30 mg/cm 2) wire chambers and a 
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scintillator hodoscope. 
28 MeV momentum positive 

muons are brought to rest in a target. 
In the subsequent decays, any pro­
duction of three electrons would be 
characterized by zero total momen­
tum and by total energy adding up to 
the rest mass of the parent muon. 
Using a four-stage Fastbus fast elec­
trons trigger, these criteria were ap­
plied in a first test experiment last 
September. 

With 2.6 x 10 6 positive muons 
brought to rest per second, only 1.6 
candidate events per second sur­
vived the initial selection and were 
written onto magnetic tape. From a 
total of 2.5 x 10 5 such events, 16 
were found to be due to the rare but 
allowed decay into three electrons 
and two neutrinos (electron-type 
neutrino plus muon-type antineu-
trino), in agreement with the theore­
tically expected level. No neutrino-
less events were found, giving a limit 
on the three electron decay of 1.6 x 
1 0 - 1 0 . 

This year, further SINDRUM exper­
iments will use a fifth wire chamber 
and an improved muon flux (10 7 

stopped positive muons per s), to 
improve this sensitivity by another 
two orders of magnitude. 

SACLAY 
Scintillating 
calorimetry 
The development at Saclay of spe­
cially clad scintillating fibres provides 
a new technique for fine grain calori­
metry. The most promising ap­
proach consists of immersing regu­
larly positioned fibres in a non-de­
structive, low melting point alloy. 
This gives a high density block, and 
the use of contiguous blocks would 
permit a large continuous surface to 
be covered. 

The approach offers several po-

Second Saclay prototype of scintillating 
fibres held in a lead alloy matrix. It contains 
6400 1 mm-diameter fibres in 80 layers. 
The visible imperfections, due to the 
experimental method of construction, will 
disappear with large scale techniques. 

(Photo Saclay) 

tential advantages: its smaller radi- from the phototube. Typical attenua-
ation length allows high energy tion length is one metre. They are 
showers to be contained in a limited immersed in a lead alloy (Wood's 
space, it tolerates irradiation, and Metal) with a density of 9.75 and a 
with appropriate light guides a re- radiation length of 7 mm. This is fluid 
duced photosensitive area can be at 80°C, while the fibres soften only 
used. On the other hand, it is a new at 90°. The attenuation length of the 
technology which still has to be care- fibres is unchanged by this treat-
fully studied before large scale pro- ment. 
duction can be undertaken. A prototype unit contained 6400 

Design and construction of two 1 mm-diameter fibres, with a meas-
prototypes are under way at Saclay ured filling factor of 51 per cent by 
for the electromagnetic forward de- volume. This leads to an overall den-
tector and small angle tagger for the sity of 5.3 and global radiation length 
DELPHI experiment at the LEP elec- of 14.5 mm. Emerging fibres were 
tron-positron ring at CERN. Tests cut to allow a lucite light guide to be 
and Monte Carlo computations were used. This prototype was tested in a 
carried out by a collaboration includ- CERN electron beam from 5 to 26 
ing also Bergen, CERN, Padua, San- GeV, without magnetic field, 
tander, Torino and Valencia. The results are in good agreement 

The scintillating fibres made in the with the simulation. The block pro-
laboratory use doped polystyrene, duced about 5000 photoelectrons 
Usually they are 1 mm in diameter per GeV and the linearity of the pulse 
and give an average of six photoelec- height was good. Energy resolution 
trons for a particle crossing at 1 m ranged from 9 to 13 per cent times 
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Energy dependence of the energy resolution 
of a scintillating fibre block. The block was 
inclined at 10° to the beam direction to 
avoid preferential development of 
electromagnetic showers along the fibres. 

the square root of the energy in GeV, 
provided the incident particle was at 
more than 5° to the direction of the 
fibres. Use of a light guide reducing 
the photosensitive area by a factor of 
three resulted in a reduction of only 
20 per cent in the light signal, thanks 
to the channelling of light by the 
fibres. Irradiation of bare fibres by a 
gamma-ray source at doses of up to 
10 6 rad reveals no change in light 
output or attenuation length. As for 
spatial resolution, preliminary esti­
mates give 5 mm for 60 x 80 mm 
blocks. 

Tests should soon begin on a new 
prototype built using the techniques 
envisaged for large scale produc­
tion. 

(From M. Bourdinaud) 

CONFERENCE 
Nordic physics 
Around 80 physicists from eleven 
countries fought heavy snowstorms 
and 20-below temperatures at the 
winter resort of Spâtind, Norway, for 
the 8th Nordic Meeting on Elementa­
ry Particle Physics in January. This 
biennial conference is a traditional 
meeting place for Nordic particle 
physicists, and especially for the 
young research students, but also 
draws participants from other coun­
tries. This year's meeting was organ­
ized by the Division of Particle Phy­
sics of the Swedish Physical So­
ciety. 

The Spâtind meetings offer both 
extended review talks by prominent 
invited lecturers, shorter contribu­
tions with research news, and spon­
taneous evening workshops. 

Maurice Jacob (CERN) told about 

the thrilling prospects for collider 
physics in the light of the present 
results, and Don Perkins (CERN) re­
viewed the status and future plans 
for the HERA machine at DESY. 

John Ellis (SLAC and CERN) con­
vinced the audience with his talk on 
grand unification and supersymme-
try that around the corner there is a 
sparticle for every particle and a she 
for every he (which earned him a spe­
cial prize at the table tennis tourna­
ment for 'best supersymmetric 
hit'. . .). 

Helmut Satz (Bielefeld) reviewed 
the concepts behind the idea of 
quark-gluon plasma formation. Ex­
periments at the CERN PS and SPS 
with light-ion beams could give im­
portant hints on the quark deconfine-
ment mechanism in quantum chro-
modynamics. The formalism for the­
oretical work in this field has much in 
common with the theme of Peter 
Hasenfratz' (CERN) talk on lattice 
gauge theories. He reported a recent 
workshop at CERN to coordinate the 
enormous computer work necessary 
to estimate hadron properties using 
this promising approach. 

When it comes to current experi­
mentation, the word 'paradox' al­
ways whets everyone's appetite. In 
his review talk on heavy flavour pro­
duction, Lucien Montanet (CERN) ex­
plained why it is difficult to explain 
the observed rates of charm produc­
tion. Bill Scott (CERN) covered the 
remarkable results from the CERN 
proton-antiproton collider, including 
the unexplained Z° events with ener­
getic photons. 

Equally mysterious are the protons 
that refuse to decay, but according 
to the review talk on baryon non-
conservation by Don Cundy (CERN), 
there are still a few surviving candi­
date events which might save theo­
ries of grand unification. 

Andy Parker (CERN) ended up with 
one of the most celebrated parad-
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People and things 

oxes of yesteryear when overview-
ing the data on nucléon structure 
functions — the so-called EMC effect 
discovered at CERN by the European 
Muon Collaboration. The fact that 
quarks in atomic nuclei behave differ­
ently from those in free nucléons 
made Parker conclude that one can 
no longer use any old objects as tar­
gets for high energy experiments. 
Meanwhile theorists are enjoying a 
honeymoon with the EMC effect. 
There are by now several dozen dif­
ferent models, and only further ex­
periments will reveal which one is 
correct. 

The shorter talks added up to a rich 
smorgasbord of interesting new re­
sults. A special session was devoted 
to the development of detectors for 
LEP, with emphasis on the DELPHI 
collaboration where the Scandinav­
ian groups participate. 

The intensive and inspiring week 
finished with the traditional cross­
country ski competition. Among the 
many prizes awarded, one has al­
most become a tradition : that to Don 
Perkins for coming in furthest away 
from everyone else, by an impres­
sive margin. 

(From Sverker Fredriksson) 

On people 

Ian Butterworth of Imperial College, 
London, presently Research Direc­
tor at CERN, was awarded the CBE 
in the traditional UK New Year's 
Honours List. Bob Voss, ex-Dares-
bury, became an OBE. 

CERN Theory Division Head Mau­
rice Jacob has been elected Chair­
man of the French Physical Society 
for 1985. This year he is Vice-
Chair m an. 

This year the Rutherford Medal 
and Prize of the UK Institute of 
Physics goes to Peter Higgs of 
Edinburgh and Tom Kibble of Im­
perial College, London, for their 
contributions to particle physics 
theory, particularly their work on 
spontaneous symmetry breaking 
in gauge theories, which is a cor­
nerstone of the new electroweak 
picture. 

American Physical Society 

The composition of the American 
Physical Society's Division of Par­
ticles and Fields Executive Com­
mittee for 1984 is: John Peoples 
(Fermilab, Chairman), James Cronin 
(Chicago, Vice-Chair man), Gerson 
Goldhaber (Berkeley), Alfred Mann 
(Pennsylvania), Edmond Berger 
(Argonne), Gary Feldman (SLAC), 
David Nygren (Berkeley), Robert 
Palmer (Brookhaven), Chris Quigg 
(Fermilab and Chicago), Richard 
Taylor (SLAC), and Thomas Ferbel 
(Rochester, Secretary-Treasurer). 

A microphotograph of the EF8308 chip, 
an 8-bit parallel (flash) analog/digital 
converter now available from Thomson 
Semiconductors in France. The EF8308, 
and its companion EF8408 8-bit 
digital/analog converter, are both designed 
to operate at speeds of up to 20 MHz, a 
performance level of potential interest for 
physics experiments with high data rates. 

(Photo Thomson Semiconductors) 
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Steven Weinberg was the speaker 
at this year's Shu la m it Go Id ha be r 
Memorial Lecture at Tel Aviv Uni­
versity. These lectures, an annual 
feature of the Tel Aviv calendar, 
began in 1965 after Berkeley col­
leagues of the late Shulamit 
Goldhaber set up a scholarship for 
a particle physics graduate student 
at Tel Aviv. 

CERN Accelerator School course 

The CERN Accelerator School, in 
collaboration with the Orsay and 
Saclay Laboratories, is organizing 
a 'General Accelerator Physics' 
course at the Ecole Supérieure 
d'Electricité, Gif-sur-Yvette, France, 
from 3-14 September. The lectures 
cover: a Historical Introduction 
and Present-day Accelerators, 
Introduction to Weak and Strong 
Focusing, Longitudinal Beam Dy­
namics, Transverse Beam Dynam­

ics, Dynamics and Acceleration in 
Linear Structures, Image and Self-
Space Charge Forces, Transition 
Energy, Imperfections, Reson­
ances, and Linear Coupling, Beam 
Transfer Lines, Insertions, Stacking 
and Phase Displacement Acceler­
ation, Transverse and Longitudinal 
Coupling Impedances, Injection 
and Extraction, Synchrotron Radi­
ation, Beam Losses and Lifetime, 
Neutralization Problems, Luminosity 
Calculation and Measurement, a 
General Description of Collective 
Phenomena, and a review of the 
topics envisaged for a more ad­
vanced course to follow about a 
year later. 

The 1984 course should be use­
ful to designers, operators and 
users of all types of accelerators. 
It assumes a basic knowledge up 
to 1st degree level in physics, ma­
thematics or electrical engineering. 
Further information and application 
forms are available from the CERN 
Accelerator School, c/o Mrs. B. 
Strasser, LEP Division, CERN, 1211 
Geneva 23, Switzerland. Deadline 
for applications is 1 June. A regis­
tration fee of 1 000 FF will be 
charged, which covers some meals 
but not accommodation. 

Scottish Universities' School 

The Scottish Universities Summer 
School in Physics will be held in 
St. Andrews from 12 August to 
1 September. This is the twenty-
seventh school in a series of NA TO 
Advanced Study Institutes organ­
ized by the Scottish Universities. 
The topic this year is 'Fundamental 
Forces', which covers the role of 
gauge theories in the unification 
of the interactions of quarks and 
of leptons and their extension 

George H. Trilling becomes associate 
director and head of Berkeley's Physics 
Division on 1 July, replacing J.D. Jackson. 

beyond the Standard Model to­
gether with discussion of related 
experiments. The lecturers are : 
R.J. Cashmore, P. Darriulat, J.D. 
Dowell, H. Harari, C. Jarlskog, L.M. 
Lederman, CD. Llewellyn Smith, 
M.L. Perl, G. Schierholz and T.F. 
Walsh. 

As an essential relief to the 
round of lectures, seminars and 
discussions, a full programme of 
social events for all participants 
and their families is arranged. 

It is aimed to attract outstanding 
second and third year post-grad­
uates and young post-doctoral 
workers. The fee for the school is 
£325 and includes a copy of the 
Proceedings and full board at 
St. Andrews University. The clos­
ing date for applications is 15 May. 
Further information and application 
forms can be obtained from The 
Secretary: CD. Froggatt, Depart­
ment of Natural Philosophy, The 
University of Glasgow, Glasgow 
G12 800, Scotland. 

Wright Science Colloquia 

From 10-14 September, Geneva 
University will host the first of a 
planned biennial series of scientific 
lectures, sponsored by Dudley 
Wright. The lectures will take place 
in the University's Piaget Audito­
rium under the title 'Man and his 
Universe'. The aim of the 'Wright 
Science Colloquia ' is for eminent 
scientists to describe their research 
in a comprehensible way to an 
educated, but not specialist, public. 
There will be ample time at the 
Colloquia for questions and dis­
cussion. The speakers at the first 
event will be Francis Crick, Hubert 
Reeves, Eugene Shoemaker, 
Michael Sela and Viktor Weiss-
kopf. 
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Particle and Nuclear Physics Meet 

A Conference on the Intersections 
between Particle and Nuclear Phy­
sics' will be held from 23-30 May 
in Steamboat Springs, Colorado, 
USA. The meetings will focus on 
the physics interests of the many 
diverse groups who work in Parti­
cle and/or Nuclear Physics. The 
conference has been designed to 
promote dialogue between these 

groups, highlighting the importance 
of Nuclear and Particle Physics in 
the 1 to 100 GeV/c region. 

The co-chairmen of the organiz­
ing committee are A.D. Krisch (Mi­
chigan) and M. H. Macfarlane (In­
diana). The conference is spon­
sored by the AU A Trust Fund, the 
US Department of Energy, the US 
National Science Foundation, Ar­
gonne, Brookhaven, Los Alamos, 
Berkeley, TRIUMF, Indiana Univer­

sity, and the University of Michi­
gan. There will be some scholar­
ships available to encourage youn­
ger scientists to attend. For further 
information, contact the conference 
secretary: Mrs. Marion Heimerle, 
Bldg. 91 IB, Brookhaven National 
Laboratory, Upton, New York 
11973, USA, telephone (516) 282-
4776, telex: 96-7703. 

Survey 
A big t hanky ou to all those 
who took the trouble to com­
plete and return the survey 
questionnaire published in the 
March issue. The replies are 
being sorted and analysed, 
but even at first glance they 
are providing us with valuable 
feedback. If you haven't done 
so already, please send back 
your form. There's still time! 

CERN Director General Herwig Schopper 
cuts the cake at a small gathering on 
24 February to mark his 60th birthday. His 
colleagues on the CERN Management Board 
presented him with an original of Einstein's 
famous 1929 paper 'Zur Einheitlichen 
Feldtheorie' (On Unified Field Theories). 

(Photo CERN 564.2.84) 
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x m 
TR1UMF 
M E S O N RESEARCH FACILITY 
University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 
Competition No. 4 3 5 

ACCELERATOR PHYSICIST 
The Cyclotron Division at TRIUMF has an opening for a physi­
cist w i th experience in accelerator development to participate 
in the development programs toward new machine capabilities 
and higher beam intensities. Some of the projects currently 
being funded include devices for H-ion extraction, f lat topping 
of the r.f. wave form w i th third harmonic, reliable electrostatic 
beam deflecting electrodes for the centre region, and novel 
beam diagnostic devices and instrumentat ion. The duties wil l 
require knowledge of electrostatic and magnetic fields, beam 
diagnostics and controls, r.f. cavities, ion optics, ion sources 
and vacuum systems. 

Candidates should have Ph.D. in physics or engineering or 
equivalent and at least three years experience in an accelerator 
laboratory. A good theoretical background is required, together 
wi th a proven strong practical experimental att i tude. Salary will 
depend upon qualif ications and experience. 

Please reply in wr i t ing as soon as possible, outl ining qualifica­
t ions and experience to : 

T R I U M F Personnel (Competition Nr. 435) 
At tn ; Dr. G. Dutto 
Head, Cyclotron Division 
4 0 0 4 Wesbrook Mal l 
VANCOUVER B.C. / Canada V 6 T 2 A 3 

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

Stanford University 
Department of Physics 

Assistant professorship 
in experimental 
particle physics 

The Stanford Physics Department is conducting a 
search for a highly qualified candidate for a 
tenure-line track assistant professorship. The 
candidate should show both promise of making a 
substantial impact on the field and the potential 
of excellent teaching. The appointment can 
commence as early as next academic year. 

Interested candidates should write to the: 

Physics Department, 
Stanford University, 
Stanford, CA 94 305. 
(an Equal Opportunity/ 
Affirmative Action Employer) 
or contact: D. M. Ritson 
(415) 854-3300, ex. 2626 
S.G. Wojcicki 
(415) 497-4348 

Science & Engineering Research Council 
Daresbury Laboratory 

DETECTOR DEVELOPMENT 
SYNCHROTRON RADIATION 

The Daresbury Laboratory, situated in North Cheshire, operates 
major national facilit ies for research into atomic, molecular and 
biological sciences, nuclear physics and computational 
sciences. 

The Laboratory is expanding its work in the field of fast 
detector systems and has vacancies for : 

1 . A SENIOR DETECTOR SPECIALIST (Réf. DL /846 ) 
w i th experience in the development and exploitation of 
mult i -wire proport ional detectors or related devices. The 
successful applicant wi l l be expected to make a major 
contr ibut ion in the development of high resolution high rate 
systems for x-ray imaging and subsequently to pursue 
developments in other regions of the electromagnetic 
spectrum work ing in close collaboration w i th a mul t i -
disciplinary research community. 

Appl icants should have a good honours degree (or equival­
ent qualification) in physics or electronic engineering and a 
record of achievement in research instrumentation. 
The appointment wi l l be made wi th in a salary range of 
£ 8,970 to £ 12,163 per annum according to qualif ications 
and experience. 

2. A PHYSICIST/ELECTRONIC SPECIALIST 
(Réf. DL/847 ) w i th a primary commi tment to instru­
mentat ion to assist in the development of special purpose 
detector systems and their application to a wide variety of 
experiments. 

Appl icants should have a good honours degree (or equival­
ent qualification) in physics/electronic engineering. Special­
ised experience in mult i -wire proportional detectors is 
desirable though not essential, but a commi tment to high 
speed analogue and digital signal processing is required. 
The post entails work ing in a multi-disciplinary environment 
and demands qualities of resourcefulness and adaptability. 
The appointment wi l l be made wi th in a salary range of 
£ 5,682 to £ 9,561 per annum according to qualif ications 
and experience. 

3. A N ELECTRONICS T E C H N I C I A N ENGINEER 
(Réf. DL /848 ) to assist in the construct ion and 
commissioning of complex detector systems and to take a 
major part in integrating these systems w i th experimental 
applications and in their subsequent development. 
Appl icants should have an honours degree or HNC/HTC 
(or equivalent qualification) in an appropriate discipline. 
Experience w i th high resolution, high speed electronics 
applied to mult i -wire detectors would be an advantage. A 
keen interest in research instrumentation is essential 
together w i th the ability to adapt successfully to a wide 
range of technologies. 

The appointment wi l l be made wi th in a salary range of 
£ 7,178 to £ 9,681 per annum according to qualif ications 
and experience. 

Appointment to each post al lows for a non-contr ibutory super­
annuation scheme and generous leave allowance. There is also 
a flexible work ing hours scheme in operation at the Laboratory. 

Closing date: 16 t h April 1984 
Further information on these posts may be obtained f rom 
Mr. J.S. Worgan on Warr ington (0925) 6 5 0 0 0 Ext. 225 . 
Appl icat ion forms may be obtained f rom and should be re­
turned quoting the appropriate reference number t o : 

The Personnel Officer, 
Daresbury Laboratory, 
Science & Engineering Research Council, 
Daresbury, 
Warrington, 
Cheshire, W A 4 4 A D England. 
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Electronics Engineers 
The Lawrence Berkeley Laboratory (LBL) needs Electronics Engineers 
w i t h substant ia l R&D and appl icat ions design experience on electro­
nics componen ts and systems used in part icle accelerators. W e 
require engineers w i t h demonst ra ted expert ise or w i t h except ional 
mot iva t ion and interest in suitable combina t ions of the fo l l ow ing 
categor ies: l ow-power and h igh-power r.f., m ic rowave componen ts 
and systems, high energy convers ion and sw i t ch ing , convent ional and 
superconduct ing magnets, analog and digi ta l cont ro ls , beam dynamics , 
and beam detector ins t rumenta t ion . 

Projects for wh i ch w e are current ly s taf f ing inc lude: 
• High Current Positive and Negat ive Ion Based Neutral Beams 

Systems for Magnet ic Conf inement Fusion Reactors Research; 
• A Low Emit tance Storage Ring Accelerator and Photon Beam 

Line Insertion Devices for a High Intensity Synchrotron Light 
Source; 

• Deve lopment of Custom Low-gigahertz M i c r o w a v e Antennas , 
Components , and Act ive Systems for Coupling to High Energy 
Ant i -Proton Beams in order to improve Beam Luminosity; 

• Conceptual Design Studies for a N e w Generat ion Ul t ra-High 
Energy Accelerator. 

If your abil i t ies and interests f i t t he above, you may w i s h t o consider a 
career at LBL. Located in the hills of Berkeley, over look ing the 
UC-Berkeley campus and v iew ing San Francisco across the bay, LBL is 
ideally s i tuated for professional and fami ly g r o w t h . Salaries and ful l 
compensat ion benefi ts are compet i t i ve w i t h those of engineers in the 
greater San Francisco Bay Area. Speci fy j ob number A/2114. 

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

Please send t w o resumes t o : 
Employment Off ice, 
Lawrence Berkeley Laboratory, 
One Cyclotron Road, 
Berkeley, CA. 9 4 7 2 0 . 

A n equal oppor tun i ty employer, m / f / h . 

T R I U M F 
M E S O N RESEARCH FACILITY 
University of Alberta 
Simon Fraser University 
University of Victoria 
University of British Columbia 
Competit ion No. 4 3 4 

ELECTRICAL ENGINEER 
TRIUMF has a vacancy for an electrical engineer to join the r.f. 
group to work on high Q high power resonating systems. 
Duties involve maintenance and improvement of exist ing 
systems and design, test ing and construct ion of new systems. 

The exist ing systems include 1.5 M W 23 MHz resonating 
system and a 1 0 0 k W 69 MHz thi rd harmonic amplif ier for the 
main cyclotron, a 120 k W 23 MHz particle separator used on 
an external beamline and various choppers and bunchers along 
the 3 0 0 keV injection line. Developments include an improved 
cyclotrons resonating cavity and high voltage r.f. or electro­
static elements for beam injection or extract ion. 

Requirements are a degree in electrical engineering or 
previous experience leading to an equivalent qual i f icat ion. 
Good knowledge of r.f. amplif ier and transmission line tech­
niques is essential. Abi l i ty to perform hands — on repair or 
maintenance work and a broad electro-mechanical background 
acquired during a min imum of f ive years of previous related 
work experience in large instal lat ions or research envi ron­
ments are also required. 

Please reply in wr i t ing , as soon as possible, out l in ing qual i f i ­
cations and experience t o : 

T R I U M F Personnel (Competit ion Nr. 434 ) 
Attention : Dr. G. D U T T O 
4 0 0 4 Wesbrook Mal l 
VANCOUVER B.C. V 6 T 2 A 3 

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

STANFORD LINEAR 
ACCELERATOR CENTER 

OF 
STANFORD UNIVERSITY 

announces an opening for the position of 

ASSOCIATE DIRECTOR, 
TECHNICAL DIVISION 

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

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

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

SLAC 
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I M O I M I U S 

D I S T I N V A R 

designed and developed by CERN specialists for 
their specific need to survey with highest precision 
the 27 km LEP ring 

manufactured by ENRAF-NONIUS, specialists in 
high precision instrumentation for scientific and 
industrial applications 

ENRAF-NONIUS 
manufacture and market a complete line of most 
advanced equipment for X-ray diffraction inclu­
ding: 

• X-ray generators 
• high precision cameras for single crystal and 

powder work 
and the famous 

• CAD4 Kappa Axis single crystal diffractometer 
• FAST Fast Area Sensitive Television detector 

diffractometer 

FAST 
state of the art [ ^ IE IMRAF 

TV detector 1M NONIUS 
2 6 0 0 A L DELFT RÔNTGENWEG 1 P.O.B. 4 8 3 

Tel . 0 1 5 - 5 6 9 2 3 0 Telex 3 8 0 8 3 

Offices in : Sol ingen, New York , London, Paris, Copenhagen 

N U C L E A R 
E N G I N E E R I N G 

For over twenty years CERN has been placing its trust 
in our members, who are specialists in such fields as: 

• precision machining 
• miniature components 
• electronics (hard and soft) 
• sheet-metalwork 
• welding for high-vacuum 
• precision industrial optics. 

In addition to technical expertise, our firms guarantee: 

• reliable delivery dates 
• Swiss precision 
• excellent value for money 
• a good after-sales service. 

It is not mere chance that Geneva, the birthplace of 
major inventions, is still in the forefront of industrial 
progress. 

Consult our specialists. They are there to find you 
the best sub-contractor. 

Come to visit our permanent exhibition open from 
Monday to Friday 8 a.m. to 6 p.m. 

opi 
OFFICE POUR LA PROMOTION 
DE L'INDUSTRIE GENEVOISE 

9, rue Boissonnas, CH-1227 Geneva 
Telephone: 022/424244; telex: CH 429080 opi 

TREFICABLE PIRELLI 
C'est une g a m m e 
complè te d 'appareillages 

BT • MT • HT 

• Jonctions 
• Extrémités 
• Matériel embrochable 

pour transformateurs 
et cellules 

groupe appareillage 
15, Boulevard des A lpes 

) Z .A .C. Buclos Grand-Pré 
n n n 3 8 2 4 0 Mey lan -FRANCE 
l U U l Té l . : (76) 9 0 - 7 2 - 5 4 

Télex 9 8 0 1 9 5 F 
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If the s tandard connectors 

don't suit you then try the Series Gàs/ 

c o m p l e m e n t a r y ones. As requirec 

There are applications where you need connectors which 
cannot be covered by the ordinary DIN-standard types. In 
order to meet the special requirements of our customers 
we have developed printed-circuit connectors which 
complement the standard, in harmony with practical 
applications. It means you can always make the perfect 
connection - functional fast and reliable. For instance, 
BUS connections. 

You'll find our complementary connectors in Series Gds A 
both for Types B and C and for D, E, F and H, whether 
it be the Gds A-MH combined connector, the interface con­
nectors or the extensive, well-conceived housing range for 
all the DIN Types. 

A comprehensive range you'll only find at HARTING. Solu­
tions with practical applications in mind are simply part of 
our philosophy. 

By the way, all Gds A connectors are now available under 
the new classifications according to DIN 41 612, Part. 5. 
Clearly defined qualities will also save you money. Check 
your specifications and select the right connectors to suit 
your requirements - it's worth it! 

We're helping you to reduce expense by increasing the 
number of Types available and insisting on first-class 
quality. 

H A R T I N G 

H A R T I N G E L E K T R O N I K G m b H 
P o s t f a c h 1 1 4 0 D - 4 9 9 2 E s p e l k a m p 
W e s t G e r m a n y 

• © ( 0 5 7 7 2 ) 4 7 - 1 
Tx 9 7 2 3 1 0 - 1 1 h e d 

HARTING - experienced 
electronic component specialists. 

Subsidiary compan ies : 
Belgium: N. V. HARTING ELEKTRONIK S. A., industriezone Doornveld, Schapenbaan, 
B-1730 Relegem, Phone 02-465.42.40, Telex 64573. France: HARTING ELEKTRONIK 
S.A.R.L., BP 24, F-94121 Fontenay-sous-Bois Cedex, Phone 877-0626, Telex 212583. 
Great Britain: HARTING ELEKTRONIK LTD., Airport Estate, GB-Biggin Hill/Kent TN 163 
BW, Phone (0 95 94) 71411,Telex951 68. Italy: HARTING ELEKTRONIKS.P.A., Via Como, 2, 
I-20096 Pioltello (Milano), Phone 02-9240366, Telex 323494. The Nether lands: 
HARTING ELEKTRONIK B.V., Mon Plaisir 89 D, Industrieterrein Vosdonk, NL-4879 AM 
Etten-Leur, Phone 01-608-35400, Telex 54754. Norway: HARTING ELEKTRONIK A/S, 
Nils Hansens vei 13, Bryn, N-Oslo 6, Phone 02-687572, Telex 7 6399. Sweden: 
HARTING ELEKTRONIK AB, Fagerstagatan 3, S-16353 Spânga/Stockholm, Phone (08) 
7617980, Telex 15090. Swi tzer land: HARTING ELEKTRONIK AG, Eschenstrasse 2, 
CH-8603 Schwerzenbach, Phone 01 - 825 51 51, Telex 54 340. 

Foreign representat ives: 
Austria: Burisch Ges. m. b. H. &Co. KG, P.O.B. 24, A-1210 Wien. Brazil: ERCOMERCIO E 
INDUSTRIA LTDA, P.O.B. 2456, 30.000 Belo Horizonte MG. Denmark: Knud Wexoe A/S, 
RB. 35, DK-2840 Holte. Finland: SKS Suomalainen Kone Oy, P.O.B. 74, SF-00521 
Helsinki 52. J a p a n : Yamaichi Electronics Co. Ltd., 3-chome Shibaura, Minato-ku,Tokyo 
108. South Afr ica: Bowthorpe-Hellermann-Deutsch (Pty) Ltd., 80 Mimetes Road, 
Denver Ext. 9, Johannesburg. Spa in : Elion S. A., Apartado Postal 7097, E-Barcelona14. 
Bulgaria, CSSR, Jugoslavia , Poland, Rumania, Hungar ia: Gebhard Balluff GmbH & 
Co., P.O.B., A-2346 Maria Enzersdorf-Sùdstadt/NÔ. 

We set great store by convenient and reliable 
packaging so that our first-class products 
reach you in perfect condition and are 
easy to handle. 



EXEMPLARY SPECIFICATIONS 

H I G H E N E R G Y L O A D - W A V E G U I D E 
(parameters are variable for each application) 

Application Missile detection radar 
Power 200kW avg. 
Frequency 225 MHz 
VSWR 1.03 

DIELECTRIC COMMUNICATIONS 

\

A UNIT D F C3 t N E R A L SI (J N A L 
A FORTUNE 250 COMPANY 

TOWER HILL ROAD, RAYMOND, MAINE USA 04071 
TEL. 2 0 7 - 6 5 5 - 4 5 5 5 8 0 0 - 3 4 1 - 9 6 7 8 TWX: 71 0 - 2 2 9 - 6 8 9 0 
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Poussière fine, particules 
en suspension peuvent 
être retenues par les fil­
tres Luwa. Nous en 
avons une gamme com­
plète à votre disposition. 

Succursales, licenciés et représentations dans plus de 60 pays. 

Luwa 
Luwa SA 
Filtres + Equipement de Protection 
Kanalstrasse 5,8152 Glattbrugg, Téléphone 01/8101010 
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range o i t a » ^ r u m s 
Type cathode linearity number tr t w A t c e 

of (ns) (ns) (ns) (ns) 
stages ! 

XP2020 bialkali 280 12 1,5 2,4 0,25 : 0,25 
XP2230B bialkali ' 280 12 1,6 2,7 0,35 0,60 
XP2262B bialkali ' 250 12 2,0 3,0 0,50 0,70 

XP2020Q bialkali 
on quartz 280 12 1,5 2,4 0,25 0,25 

XP2233B trialkali ] 250 12 2,0 3,2 0,50 ^ 0,70 

PM2254B trial kali 
on quartz 280 12 1,5 2,4 0,25 . 0,25 

PM2242 bialkali ' 350 6 1,6 2,4 - 0,70 

Other fast tubes: 3/4" PM1 911 3" PM231 2 
TPM2982 5"XP2041 

tr = anode pulse rise 
time for a delta 
light pulse 

t w = anode pulse 
duration FWHM for 
a delta light pulse 

a t = transit time spread 
for single electron 
mode 

Atce = transit time difference 
centre- edge 

Philips Industries, Electronic 
Components and Materials Division, 
Eindhoven, The Netherlands 

It's no coincidence: we've set the standard for over 20 years 

PHILIPS Electronic 
Components 
and Materials 

PHILIPS 



Recorders for every application 
Common properties 
(SE 120, SE 420, SE 430) 
• Response t ime 0.5 s 
• Accuracy 0 .5% 
• Vo l tage measur ing ranges f rom 10 m V to 100 V 

(variable f rom 1 mV) a n d f rom 100 m V to 2 5 0 V. 
Current measur ing ranges f rom 0.1 m A to 1 A . 
Temperature measur ing ranges for thermocoup les of 
types J a n d K (linearised characteristics, co ld junc t ion) 

• Electronic limit cu t -ou t 
• Chart dr ive by quar tz -cont ro l led stepper mo to r 
• Chart speeds f rom 3 c m / h to 6 0 cm/h -e lec t r . char t 

pos i t ion ing 
• Recording w i t h ink or felt p e n at choice 
• L o w p o w e r consump t i on 
• L o w w e i g h t - i n t e g r a t e d car ry ing- / t i l t ing hand le 

SE 120 
• Single- a n d dua l -channe l f la tbed recorder 

• Recording w i d t h 2 5 0 m m 

SE420 
• Single- a n d dua l -channe l vertical recorder 

• Recording w i d t h 2 5 0 m m 

SE 430 
• O n e - , t w o - a n d th ree-channe l vertical recorder 

• Recording w i d t h Î 20 m m 

Pen Sync 
Compensat ion , cont ro l led by micro­
processors, o f p e n displacement w i t h o u t 
loss o f in fo rmat ion in modu la r construc­
t i on , w i t h eva luat ion o f m a x i m u m a n d 
m in imum values a n d averag ing (digital 
filter); can be subsequent ly bui l t in to 
recorder (no add i t iona l case). 

Transient 
Recording 
Digital storage u p to f ive 
channels a l lows record ing 
of rapidly c h a n g i n g ana­
log signals up to 150 kHz. 
Transient record ing w i t h 
t he SE 4 6 0 series is as easy 
as convent iona l recor­
d ing - j us t p lug - in a p roper 
transient measur ing unit . 

SE 460-Series 
• VT- or X Y ] . . . Y 5 - ope ra t i on at y o u r choice 
• Recording w i d t h 2 5 0 m m 
• Accuracy 0 .3% 
• Response t ime 0.3 s, for X-axis 0.4 s 
• Electronic l imit cu t - ou t 
• Plug-in a n d modu le techn ique t h r o u g h o u t , easy ret ro­

fit, extremely easy t o service 
• Vo l tage ranges f rom 0.05 m V to 2 0 0 V - a n d f rom 10 

m V to 2 0 m V 
• Current ranges f rom 1 m A - t o 2 0 m A - t o 2 A . 

Temperature measur ing units for t he rmocoup le (line­
arized co ld j u n c t i o n compensat ion) a n d Pt 100 resis­
tance the rmomete r (2-, 3- , 4-core vable a t choice). 
Cal ibrated zero, suppression manua l a n d automat ic , 
logar i thmic record ing 

• 12 chart speeds f rom 1 c m / h u p to 6 0 c m / m i n ; Quar t z -
cont ro l led stepper m o t o r 

• Electronic Paper pos i t ion ing , f o rward / reve rsed , 
progressive 

• Roll charts a n d fo ld ing pack general ly p rov ided , D I N -
paper, 3 2 cm long 

• Char t desk t i l t ing o u t 4 5 ° for comfor t o f mark ing 
• Event mark ing (needle pulse) for each channe l 

Printer (SE 462/463) 
Alphanumer i c pr in ter w i t h display o n thermosensi t ive 
paper, o n left h a n d side o f chart, o f 6 0 m m w i d t h , u p to 
2 4 signs per l ine, 5 x 7 po in t matr ix, a n d mark ing trace. 
Printed display o f t h e set measur ing parameters a n d of 
t he t ime, w i t h o u t external accessories, or respectively, o f 
en tered texts w i t h o u t inter fer ing w i t h t he analog recor­

d ing via serial inter-
y i > ^ ^ f a c e - V 2 4 or 2 0 m A 
mom " H r~' ^ f ' cur rent f b o p , also cont ro l 

t m m p 4 IZ,~ ~J P*~. -I a n d in ter rogat ing (sam-

S f e i h i ¥ K \ p , i n g ) f u n c t i o n s -

GOERZ 
METRAWATT 

METRAWATT 
Felsenrainstrasse I CH-8052 Zur ich Te l . 01-302 35 3S 

1700 Fr ibourg * Tel. 0 3 7 - 2 4 7 7 5 7 
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Now, for the first time, high energy 
resolution from PIN silicon photodiodes 

used as nuclear counters 
The new S1723 silicon photodiode provides PMT's. Thus, the S1723 occupies a small 
the low junction capacitance and high 
shunt resistance needed for high speed 
response and low noise. The UV response 
is particularly suitable for use with BGO 
and other scintillation crystals. A sensitive 
area greater than 100mm2 is provided in 
a very compact package. 

This new detector is less than 3mm 
thick compared with 60mm or more for 

fraction of the space, and costs about half 
as much when used with today's solid 
state amplifiers. 

Applications include scintillation detec­
tion in the fields of high energy physics, 
medical diagnostics and industrial instru­
mentation. Hamamatsu engineers will 
modify the S1723 or other detectors to 
meet your needs. 

Call or write for product bulletin and prices. 

D1983 Hamamatsu 

HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY08846 • PHONE:(201) 469-6640 
International Offices in Major Countries of Europe and Asia. 
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ROTAM ÊTRES® 

BE ni il ATcn 
D A \ * f C D O l I D D I V 
I 1 l k . l l W W I I k - l 

avec contact 
d'alarme 
pour faible débit 
(gaz et liquide) 
tubes de mesures 
antistatiques 

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

100Wto 500kW;to±1.10"5 

some since 1975. 

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

rue doct De Meersman,37, B1070 Bruxelles 

régulateur de débit 
photoélectrique, 
système pour tenir 
un débit de gaz ou 
liquide constant 
(autom.) 

transmetteur 
photoélectronique 
pour faible débit 
signal de sortie 
(0-20 ou 4-20 mA) 
alimentation 
220 volts 

ELECTRIC 
SURFACE HEATING 

ZIMMERLI MESSTECHNIK AG V 
Schlossgasse 10 
4125 Riehen 1 

Telefon 
061 67 54 54 

Custom built Heating Jackets and 
Cut to Length Heating Tapes 

Isopad Ltd, Stirling Way, Borehamwood, Hertfordshire WD6 2AF,England.T#01-953 6242.Tele* 261761 
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Riva f lex G a s k e t s , 
with Rivatherm foil ^Ô^N " 

G r o o v e d G a s k e t s 
with covering layer of Rivatherm foil i 
Kempchen may deliver to you. 
We are specialized in all gasketing problems. Our 
laboratories are always in charge of finding new solutions 
for your gasketing problems. 
Our engineers shall be pleased to consult you; 
please contact them. 
Kempchen: optimum solutions for gaskets, packings 
and compensators. 

kempchen-WebexAG 
CH-4349 RHEINSULZ 
Telefon 064641751 • Telex 982265 kwa ch 

y/e b u i l c f y o u r 
e l e c t r o n i c e q u i p m e n t 

BERGOZ - CROZET - 01170 GEX, France (50) 41 00 89 
Electronic Equipment Manufacturing 

575 

V 

Radiation Dynamics 
accelerators are 
always on target. 

D o you choose high energy 
charged particle equipment for 
industrial, medical or research 
applications? Then look into the 
Radiation Dynamics range. 

Radiation Dynamics manu­
factures and supplies electron 
accelerators, positive ion accele­
rators, electron guns, achromatic 

bending magnets, quadrupole doublet 
focussing lenses, beam current and 
position monitors, scan magnets and 
many other products. 

For technical superiority, 
cost effectiveness and high 
calibre back-up support. 
Radiation Dynamics is right 
on target. 

Radiation Dynamics Limited 
P.O. Box 10, U n i t 9, C r o m p t o n Road, G r o u n d w e l l Industr ia l Estate, Swindon, Wi l tsh i re , SN2 5 A X . 
England. Tel: 0793-725506 Telex: 44798 
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2 years development + know-how = 
our N ITRON IC success! 

HVS 132 - 32 channels 
high voltage power supply 

Specifications : 

- 3kV or 7kV 
- 0,5V steps 
- 0,002% °C 
- 10|iA to 3mA progr. 
- 30 mV RMS ripple 
- very easy local or 

remote controls (RS 232) 

our NIM products : 

- Quad AND/OR 
- Logic delay 
- Scaler 250MHz 
- Fan-out 
- Discriminator 

All data for all channels as displayed 

SWISS MADE 

Please write or phone 
for information or for demonstration: 

CH 
NITRONIC Weyernweg 35 
2560 Nidau, tel. (032) 51 68 10 

PMFBIK I N S T R U M E N T E 

Micropositioning 
with linear and rotary 
positioners. Available 
with micrometer or no 
backlash worm gear 
drives. Suitable for hori­
zontal or vertical mount­
ing. These modular 
units can be combined 

with Piezo, Stepping Motor 
or DC Motor Drives 

translators • P ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 

for generation and mea- R ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ l 
to below I H I ^ ^ U ^ ^ ^ ^ ^ ^ ^ ^ H 

0,01 pm. Stepping motor I • ^ H ^ ^ ^ H H 
drives with resolution I wË^Ê ̂ t^mW^Ê^Sm 
up to 4000 steps/revo- I j^Bp9|j| 

controls with Bl |^^fej^^^HÉHBjrtH 
lEC-Bus interface, pro- WÊHÊÊÊÊIÊÊIÊIÊÊII^^^^^^D 
grammable. 
DC Motor drives for micropositioners; motorized micro­
meter drives; DC power supplies. 

Bleichistrasse 8 

© P o l y s c i e n c e A G S ^ 0 ^ 

Heating, ventilation and air conditioning systems for 
civil and industrial facilities. 

Sanitary, firefighting systems and overpressure 
units. 

Fan coils systems for industrial building or combined 
systems for office building or dwelling units. 

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

Refrigeration systems for general industrial users. 

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

Heat exchangers. 

Pressure vessels. 

Filters for collection of foreign matters contained in 
fluids. 

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

f l L I V E l l f l 
I H l l V I K l X I I C t ] s.r.l. 

Head Office: C.so Orbassano, 402 /14 -10137 Torino 

Tel . : 30.96.666 (5 lines in automatic selection) 

Telex: 221.530 OLIDO I 
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C r ~ * e-et-fc: ± E l l e c t r - o n i cr S ^ s - t i e m S A C E I S 

These two units are tops in their fields. . -
...just imagine what problems they can solve when combined? 

High speed Histogramming memories 

Featurino: 

.2161 series 

- single width CAHAC module. 

- dual-port high performance storage: 

1 Hhz operating speed I up to 64 K words of 24 bits. 

- selectable operating modes: 

I histoqraiiing mode on lé or 24 bits 

I list iode 

I lultiscaling mode 

- selective erase facility for efficient memory partitioning. 

- powerful CAHAC interface for ease of operation, 

- interface configuration kits available for §ost existing ADCs. 

- optional address routing unit. 

- best price / performance ratio. 

Powerful user-friendly fast processors 

Featurinq: 

ACC 2180 series. 

- single width CAHAC module. 

- DEC J-ll one-chip processor with PDF' 11/70 performance 

- built-in DEC DLART DC 319 console interface 

- fast 128 Kbytes dual-port ieiory with iixed static RAH/EPRDM. 

- true ACC structure 

- built-in programmable LAM qrèêsr 
- optional Q-8us interface 

- portable hard disk subsystem. 

The ACC 2180 outperforms current top-of-range micros and runs standard DEC software. 

Typical systems based on these units include: 

- on-line data reduction systems 

- portable high performance data loggers. 

- real-time pulse height acquisition systems. 

- intelligent buffering systems to cope with high speed,data packets. 

- computer to computer links. 

At C E S , tomorrow's systems are available NOW 

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

70,route du Pont-Butin 

Tel:(022) 92 57 45 

Case Postale 1 

Telex: 421320 CES-CH 

1213 Petit-Lancv 1 Switzerland 

M l ELECTIQMIC SISIMS 
Belgium: 

North America: 

France: 

South Bermanv: 

Canberra Positronika 

Bytech Eng. Vancouver 

AB+B 

Silena 

Tel:(54)321611 

Tel:(604)7387784 

Tel:(76)905540 

Tel:(060)554021 

Netherlands: 

Japan: 

North Senany: 

Enqland: 

Canberra Positronika 

Toyo Corp. 

PCP 

Nuclear Enterprises 

Tel:(040)416355 

Tel:(03)2790771 

Tel:(040)802046 

Tel:(073)5212121 



I f l T S i i C l O S J C S I I I i A Vw h o l e 

of Cry © m a g n e t i c s P r o d u c t s 

To M e e t Y o u r Needs In 

PHYSICAL SCIENCE RESEARCH 

«MM* SUPERCONDUCTING 
MAGNETS 

CRYOGENIC 
INSTRUMENTATION 

CRYOGENIC 
ACCESSORIES 

Partout où l'œil 
ne peut accéder.. 

Endoscopes 
flexibles 
à fibres de verre 
pour l'inspection directe de corps creux 
non accessibles aux yeux. 0 3-14 mm 
longueurs utiles 0,5-12 m. Eclairage 
de l'objet par lumière halogène intégrée. 
Alimentation par pile et secteur. 

For optical 
interior inspections. 

horoscopes, 
fiberscopes. 

Ask for details. 

S ? TECHNOKONTROLL AG IP 8 0 4 9 Zur ich, lmbisbuhlstr .144 Telefon 01 56 56 33 

or write us 
to discuss your 

(615) 482-9551 

795 OAK RIOGE 
TURNPIKE 

OAK RIDGE, TN USA 
37830 

v i \ i v ivmvi tLi iv« i , n^w. 
INNOVA TION AND EXCELLENCE IN CR YOMA G NE TICS 

TELEPHONE 
615-482-9551 

1 
Testing problems 
Wiring checks? _ 
Function simulation? | 
KENNARD, the micro-computer-

--•rolled wiring tester and • 
-'-•or wiil solve your I 

c o o t v ^ ^ a t o t ' 

• Wire-map} 

crate. 

Direct con 

Data ? 
Automatic cum.̂  
the next connection. 
'*h*rent and final test for superfluous c 

intermediate connections. 

.\n cards. 

I 
I 
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03.001 E 

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

Stesalit resolves your individual 
problems in 

fiberglass 
construction 

for science and advanced 
technic. 
Please request detailed infor­
mation. Mr H. Mauch 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 5 
Telefon 061/80 06 01, Telex 63182 £ 

Direction: 20124 MILAN - Italy Production: DC Generators Spark Gaps 
Via E. Oldofredi, 43 Impulse Generators Voltage Dividers 
Phone: 02/6887045 Filter and Discharge Equipments for test and 
Telex: 330420 PASVIL I Capacitors. research Laboratories 
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HEINZINGER 
Regel-und MeBtechnik 

8200Rosenheim • HappingerStr71 
Tel..-080 31/6 4141 - Telex: 05 25777 

HIGH VOLTAGE POWER SUPPLY 

u n e g a m m e c o m p l è t e 

d e c â b l e s é l e c t r i q u e s i s o l é s 

• Câbles d'énergie 
de l à 400 kV 

• Câbles pour 
installations 
domestiques et 
industrielles 

• Câbles de téléphonie, 
signalisation et 
de télécommande 

• Câbles souples de 
manutention, 
soudage 

• Appareillages pour 
câbles électriques 
isolés 

sas»"* 
... . . . - ^ obtain greatest 

Our objective was to obtain greatest possh\e operating life on 

all metal valves. The most important criterion for this is a form-

mating configuration of the seal partners whose shape does 

not change in use. 

This has been realized. Many thousand VAT all metal valves in 

sizes 10-400 mm are successfully used all over the world -

I H p ! ^ ^ ^ ^ k B l specifically in nuclear research that is in particle accelerators and 

I^^^^^HiHl^BK^^^Jil ÊÊÊÊÊÊ^mm fusion test installations (Tokamaks). 

^^^K^^^^^^^^SS^B^^^^K^^m In the near future, valves with larger port diameters will be 

^^^^^^^^^^m^^Ên^mÊl^^^KÊI^^^SiMMMM available. 

Main features of VAT all metal valves are: long cycle life (more than 10f000 closures), bake-out to 450°C, excellent leak 

tightness (<5- 10- 1 0mbar 1 sec - 1) and pressure range from UHV to 1 or 10 bar. 
VAT - the leading specialist for high and ultra high vacuum valves. Our catalog 82 gives ample information - call for it! 

0 ^ U B y VAT AKTIENGESELLSCHAFT fur Vakuum-Apparate-Technik 

• CH-9469 Haag (Switzerland) 
Phone : 085/70] 61 - Telex 855162 vat ch 
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Gaz techniques 
Gaz purs 
Gaz ultra-purs 
Gaz spéciaux 
Mélanges de gaz 

AI(C 2H 5) 3 C 3 H 6 Kr 
Ar C 3 H 8 NH 3 

AsH 3 C 4 H 6 NO 
BCI3 

C 4 H 8 N 0 2 

BF3 C 4 H 1 0 N 2 

B 2H 6 C 4 H 1 4 N 2 0 
CF4 C 4 H 1 6 N 2 0 4 

CH 4 C 5 H 1 2 Ne 
(CN)2 C 6H 1 4 o 2 

CO C 7 H 1 6 PF5 

COCI2 CIF3 PH 3 

COS Cl 2 SF6 

co2 
D 2 S 0 2 

C 2 H 2 GeH 4 SeH 2 

C 2 H 4 HBr SiH 2CI 2 

C 2 H 4 0 HCI SiH 4 

C 2 H 6 H 2 Xe 
C 3 H 4 H 2S Zn(C 2 H 5 

He etc. 

Technical Gases 
High Purity Gases 
Ultra High Purity Gases 
Special Gases 
Gas mixtures 

Technische Gase 
Reine Gase 
Hochreine Gase 
Spezialgase 
Gasgemische 

Equipements pour la mise en œuvre de gaz. Equipements cryotechniques. 
Equipments for manifold installations and low pressure gas handling. Cryogenic equipments. 
Gasversorgungsanlagen und Armaturen. Kryotechnische Apparate. 

Groupe Gaz spéciaux 
Group Special Gases 
Gruppe Spezialgase 

Documentation 

Visit(e)/Besuch 

Name/Nom 

• 
• 

required 
désirée 
erwunscht 

Firma/Ets. 

Tel 

Adresse Bern 031 53 22 22 
Zurich 0144 2411 
Genève 022 29 61 66 



Beat the errors in teleprocessing 
Modem Tester DMT-1 

for every data service technician 
Too much downtime due to tele- * Isochronous and individual 
processing errors? Now the distortion measurements; 
right measuring technology can * Timing measurements be-
help: the DMT-1 Modem Tester, tween modem control lines 
Compact and battery operated Add efficiency to your data cir-
- ideal for field service. All cuit measuring technology. Talk 
modems that have V.24/V.28 to one of the W&G specialists! 
interfaces can be tested by the 
DMT-1. r a ^ 
Because of its versatility this | Information Coupon 
should be the standard test set i , . £ « . A 

for all da ta qp rv i r es P l e a s e s e n d , n f o r m a t l o n a b o u t 

Tor an data services. | n T h e DMT-1 Modem Tester 
The small, user-friendly DMT-1 . n T h e c o m p | e t e measuring instru-
facilitates: ment program for the field of 
* Interface monitoring and ' teleprocessing 
simulation; I N a m e 

* Generation of bit patterns | 
(0 ;1; 1:1; 1:7; 7:1; 511 bit) and j F i r m 

QUICK BROWN FOX sequences; i Address 
* Signal element timing of . Q i t y ^ 
max. 19200 bauds. Automatic IS 
generation of start/stop and I e 0 m 

parity checking bits; I 
^ B ï / n f l ^6!^ r c o

h r
t L n 9 0 v e r ! Wandel&Goltermann 

104 1 0 5 ,10 6 bits or blocks; | ( S c h w e j z ) A Q 

* Automatic half-duplex test; i p o s t f a c h 254 
* Bias distortion measurement . CH-3000Bern25 
with 1:1 -/511 bit sequences; Tel. (031) 42.66.44 

I Telex 32112 wago ch 

RÉSOLVEZ VOS PROBLEMES DE NEUTRONS  
GET YOUR NEUTRON PROBLEMS SOLVED OUT 

AVEC 
WITH C 

R 
A 

c o u n t e r He 

c o m p t e u r à 3 H e 

re l iab le  
robus te 

a u t o n o m y : 3 0 hours w i t h 12 V Ni -Cd a c c u m u l a t o r  

a u t o n o m i e : 3 0 heures sur accumu la teu r Cd-Ni 12 V 

A 
L 

microprocessor  
m ic roprocesseur 

a u t o m a t i c reading  
a u t o m a t i q u e 

Système CE A Déb i t d ' équ iva len t de dose 
CEA System Equ i va len t dose rate 

10~ 1 1 0 5 m- rem/h 

Équ iva len t de dose 
Equ iva len t dose 

0 - 1 0 5 m-rem 

T e m p s de c u m u l 
0 - 10 h 

T i m i n g 
0 - 10 h 

n a r r ^ n i I V Agence Commercia le : Z . A . de Cour tabœuf - A v . d ' Is lande E V O L I C 4 - 9 1 9 4 0 LES U L I S 
I l E a l U B U A Commerc ia l Branch : Té l . (6) 9 2 8 . 5 9 . 4 6 - T é l e x : 691 259 F 
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N K T T E L E C O M  

C A B L E S M A T C H 

T H E S Y S T E M S O F 

T O M O R R O W 

NKT Telecom Cables is combining quality and techni­
cal know-how in a continual development to meet the 
requirements of advanced communications techno­
logy. 
A variety of cables is available for transmission of data in 
industrial plants, scientific research installations, pipe­
line systems, etc. Special cables are manufactured for 

longlasting performance in 
aggressive environments. 

N K T Telecom Cables is a division 
of the N K T Group, one of the lar­
gest industrial groups in Den­
mark. Group activities are divided 
into five sectors: Telecommunica­
tion, Energy, Installation, Non-
Ferrous Metals, and Steel. 

NKT Telecom Cables offers technical assistance in 

connection with cable design for special applications. 

Please contact us for further information. 

] V K T 
Telecom Cables 

La Coursvej 7, 2000 Copenhagen F, Denmark 
Phone +45 1 87 12 34, Telex 27121 nkt dk 

Telefax+45187 12 34 

S C I N T I L L A T O R S 

• Polyvinyltoluene 
• Acrylic 
• Liquid 
• Custom Fabrication 
• Light Guides 
• Wavelength Shifters 
• Accessories 

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

C O N T A C T 

n a t i o n a l , 
d i a g n o s t i c s 

198 RTE. 206 SOUTH SOMERVILLE, N.J. 08876 
TELEX 6858083 (201 ) 874-8696 

l&Precicoble 
151, Rue Michel-Carré 
B.P. 10 
95102 Argenteuil Cedex 
Tél. (3) 947-09-07 
Télex 698 919 F 

C A B L E S 
S P É C I A U X 

Nucléaire 
Électronique 
Haute Fréquence 
Haute Température 
Opto Électronique 

agence de grenoble 
15, boulevard des alpes 
z.a.c. buclos grand pré 
france 3 8 2 4 0 meylan 
téléph. : (76) 9 0 . 7 2 . 5 4 
télex : 9 8 0 1 9 5 F 
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P O L I V A R S . p . A . 
Via Naro, 72 P.O. Box 111 
00040-POMEZIA (Roma) 
Tel. 06/912 1061 Telex 611227 PLVI 

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

G3 FAST SINGLE 
PHOTON 

COUNTING 
WITH THE 

I.T.L. 
CHANNEL PLATE 

PHOTOMULTIPLIER 

G A I N (2 channel p la tes ) . . . . . 1 x 105 

G A I N (3 channel plates) 5 x 10 6 

RISETIME Less than 100 psec 
PHOTOCATHODE S20, Bialkali, CsTe, (SI) 
U.V. RESPONSE T o l l O n m 
USEFUL D I A M E T E R 18 mm 

Unscreened operation in axial magnetic fields up to 1 T. 

U.S.A.: 617 383 1622 GERMANY: 06151 82076 
FRANCE: 01 782 5671 I T A L Y : 02 53 92 188 
SWITZERLAND: 021 87 9509 I N D I A : 011 521379 

INSTRUMENT TECHNOLOGY Ltd. 
29 C A S T L E H A M ROAD 
ST. LEONARDS-ON-SEA 
EAST SUSSEX U.K. TN38 9NS 
Tel: 0424 52511 Telex: 957489 
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Il mesure avec la plus haute 
précision: 
Avec un écart type de 0,5" 
(0,15 mgon), le théodolite informa­
tique THEOMAT T2000 possède le 
système de mesure d'angle le plus 
précis. 

Flexible, pour n'importe 
quelle tâche: 
Le T2000 Wild offre des possibilités 
sans limites, les différentes méthodes 
de mesure afférentes permettent de 
l'adapter aisément à toutes les tâches. 
Combiné aux Distomat DI4, DI4L, 
DI5 et DI20, il devient un tachéo­

mètre électronique hautement 
performant pour toutes les mesures. 
Avec le terminal de données GRE 3 
Wild, le T2000 est un système 
d'acquisition, d'enregistrement et de 
traitement de données répondant à 
toutes les exigences des travaux de 
terrain. 

Confort d'emploi parfait, 
favorable à un travail efficace et 
exact: 
Vous pouvez absolument vous fier à 
votre T2000 en tous lieux, sous les 
climats les plus violents (—20°C à 
+50°C). Il alimente et commande 

les Distomat et le terminal de 
données GRE3; il surveille toutes les 
fonctions, le tableau de commande 
central affiche les instructions 
opérationnelles et les résultats. • 

THEOMAT WILD T2000: 
Système modulaire de mesure, 
à l'âge de l'ordinateur. 

Partenaire 
pour vos systèmes 

Wild Heerbrugg SA • CH-9435 Heerbrugg • Suisse • Téléphone 071/70 3131 

H E E R B R U G G 
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analyzer that 
contains everything 
you need, at a price 
that makes sense. 

We at The Nucleus believe that multichannel analyzers 
should be affordable, so we created the QUANTUM 8. 
Its everything you need for basic spectrometry at a 
price that will surprise you, We atso believe that 
instruments should be easy to use so we designed the 
QUANTUM 8 with simple well marked controls that 
even an inexperienced operator can master in minutes. 
With 1024 channel ADC and memory, built-in 
preamplifier/amplifier, high voltage supply, 5" video 
display with multiple ROI's, and RS-232C serial port as 
standard features, the QUANTUM 8 is the best value 
for money today. 

And if that's not enough, then look at the option list of 
smoothing, stripping, transfer, recycle, real time clock, 
X-Y output and MCS with Mossbauer control. 
For more information call or write 

TENNELEC 
i c G m b H 

M u n c h n e r Strasse 5 0 , D 8 0 2 5 Unterhaching 
W e s t G e r m a n y 

Telephone 0 8 9 / 6 1 1 -5060 /TLX 52 4608 

-tL-

P.O. Box 2561, Oak Ridge, TN 37830-2561 
Telephone (615) 482-4041, Telex 557-482 
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LEP - THE LARGEST 
ACCELERATOR RING IN THE WORLD 

IS PUMPED BY THE NEW VARIAN 
StarCell™ Vaclon' PUMP 

For more information on our new 
StarCell Vaclon pump call us or 
send the coupon to: 

Varian Associates Ltd. 
28 Manor Road 
GB-Walton-on-Thames - Surrey 
Tel. (09322) 43741 - Telex 928070 

Varian Benelux B.V. 
Jan Rebelstraat 21 
NL-1069 CA Amsterdam 
Tel. (020) 104705 - Telex 14099 

Varian AG 
Steinhauserstrasse - CH-6300 ZUG 
Tel. (042) 232575 - Telex 868841 

Please, send more information on the StarCell pumps 

NAME/POSITION 

FIRM. 

IPO/84/2a-e/CC 



ESA-IRS 
NUMBER ONE IN EUROPE 

FOR INFORMATION 
is making available to you 

• 60 ONLINE DATABASES . . . . 

representing 30 million bibliographic 
references in all sectors of science and 
technology. 

• OF WHICH A LARGE PART ... 

contain references on research in high 
energy physics, like for example INIS, 
NASA, NTIS, INSPEC, Chemical Abstracts, 
Conference Papers Index, etc. 

• ACCESSIBLE WORLD-WIDE ... 

via TYMNET, EURONET, and other national 
and international data transmission net­
works. The system is available 20 hours a 
day. 

• AND 16 YEARS EXPERIENCE DEDICATED 
TO CUSTOMER SERVICE ! 

ESA-IRS, the European 
approach to Online Information 

T h e I n f o r m a t i o n R e t r i e v a l S e r v i c e o f t h e European Space Agency 
ESA-IRS, via Galileo Galilei, 00044 Frascati, (Italy) 
Tel. (39/6) 94011 Twx. 610637 esrin i 

1 3 4 CERN Courier, Apr i l 1984 



More Big Klystrons 
for Big Science 

o 
CO o 
CD 

Valvo herewith presents two further 
big klystrons out ot our wide range 
of high power klystrons for research 
applications, both being significant 
examples for state of the art technology 
in the field of pulse and cw-RF amplifiers. 

V107SK operating at 324 MHz and 
delivering 1.5 MW pulse power. This 
klystron has been developed in the 
course of a study on a spallation neutron 
source, where a gallery of 90 of these 
tubes delivers the RF-powerfor the 
proton-linear accelerator. The overall 
length of this klystron amounts to 
4 metres. 

YK1301 operating at a frequency of 
500 MHz and now delivering an 
increased cw output power of 800 kW. 
The main electrical parameters are: 76 kV, 
17 A and a nominal efficiency of 63%. 
500 MHz has been the chosen frequency 

at DESY in Hamburg, where these 
klystrons feed the required RF-power into 
the cavities of the PETRA ring. 

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

vâivo 



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

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

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

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

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

More in format ion is available 
f rom Varian EIMAC. Or the near­
es t Var ian E lec t ron Dev ice 

Group sales off ice. Call or write 
today. 

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

VARIAN AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Tel: (042) 23 25 75 
Telex: 868-841 

v a r i a n 
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