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DELPHI

A LEP forward

At CERN, 1984 is a LEP year.
Construction of the 27-kilo-
metre circumference LEP
electron-positron collider is
well underway, following the
official groundbreaking cere-
mony last year attended by
President Mitterrand of
France and Pierre Aubert,
then President of Switzerland.

The sinking of the vertical
access shafts, some of which
have to go down 140 metres,
is now well advanced, and
boring of the tunnel proper
will begin later this year. All
is proceeding according to
schedule for the machine to
provide its first 50 GeV
beams in 1988 (also a LEP
year).

In parallel with the civil
engineering work around
CERN, a vast effort is being
mounted across Europe, and
even further afield, to prepare
the four big experiments .
(DELPHI, OPAL, ALEPH and
L3—see October 1982 issue,
page 322), and have them
ready to intercept the first
LEP electron-positron colli-
sions.

In the CERN COURIER this
year, a series of articles will
cover the preparations for
these experiments and the
progress of the LEP construc-
tion work, starting this month
with the DELPHI experiment.

Scale mock-up of the DELPHI detector. The
real thing will represent 500 man-years of
effort.

(Photo CERN 252.10.82)
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Like all the experiments for the giant
LEP electron-positron collider now
under construction at CERN, DELPHI,
short for Detector with Lepton, Pho-
ton and Hadron Identification, is big.
It involves a collaboration of some
three hundred physicists from over
thirty research institutes in seven-
teen countries.

Its total cost is estimated at some
70 million Swiss francs, and its con-
struction will involve over 500 man-
years. It will contain well over
100 000 electronics channels distri-
buted over more than a dozen main
detector components.

This article is confined to a broad
overview of the project and cannot
do justice to the many man-years of
painstaking work which have to go
into the development, assembly,
testing and installation of the sepa-
rate components, each of which in-
volves a large team.

For the record, the DELPHI collabo-

ration involves Ames (lowa State),
Amsterdam (NIKHEF), Athens (Uni-
versity and Technical University), a
Belgian contingent, Bergen, Bolo-
gna, CERN, Copenhagen (Niels Bohr
Institute), Cracow, Dubna, Genoa,
Helsinki, Karlsruhe, Liverpool, Lund,
Milan, Orsay, Oslo, Oxford, Padua,
Paris (Collége de France), Paris (P. et
M. Curie University), Rome, Ruther-
ford, Saclay, Santander, Serpukhov,
Stockholm, Strasbourg, Trieste, Tu-
rin, Uppsala, Valencia, Vienna, War-
saw and Wuppertal!

The detector, which spans 10 m of
LEP beam pipe, has broad physics
aims, and is designed to provide
three-dimensional measurements,

fine grain energy deposition and par-
ticle identification over the complete
available solid angle surrounding the
beam intersection.

A superconducting coil will pro-
vide a highly uniform 1.2 T magnetic
field. Construction of this mighty so-
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lenoid, one of the world’s largest—
6.2 m across and 7.4 m long—has
been contracted to the Rutherford
Appleton Laboratory in the UK.

The coil will be wound with nio-
bium-titanium/copper superconduc-
torembeddedina24 mmby 4.5 mm
aluminium matrix cooled by a forced
flow of liquid helium at 4.5 K. The
aluminium stabilizes the conductor
and provides protection if the 100
MJ of stored energy are released in a
quench. Using a 500 watt refrigera-
tor, cooldown from ambient temper-
ature to 4.5 K should take nine
days.

Around the beam pipe will be a sil-
icon microstrip vertex detector
(CERN / Milan / Saclay / Rutherford),
followed by a 150 cm-long inner de-
tector (Cracow / Amsterdam) con-
taining several thousand wires in-
stalled with 20 micron precision. It
will provide good positional accura-
cy and, with the ‘outer’ detector,
help with the trigger decision.

Around the inner vertex detector,
the central part of the main tracking
detector will be a Time Projection
Chamber (TPC — CERN / Paris / Lund
/ Orsay / Saclay), similar to that used
by a Berkeley team at Stanford, but
with its argon-methane filling at at-
mospheric pressure. About 25 000
separate connections have to pass
from this 3.4 m-long vessel to the
outside of the detector.

Energy loss measurements in this
central detector will aid particle
identification, while charged hadrons
will be identified in a barrel RICH (Ring
Imaging CHerenkov Counter—Am-
sterdam / Athens / CERN / Orsay /
Paris / Strasbourg / Uppsala / Wup-
pertal) containing both liquid and ga-
seous freon radiators and which sur-
rounds the TPC.

Outside the RICH barrel will be the
outer tracking detector (Paris/Liver-
pool) — a 4 m diameter barrel con-
taining 2500 5 m-long drift tubes,
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Transverse view of one quadrant of the
‘barrel’ of the DELPHI detector for LEP. The
detector is completed by end-caps.

A
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fixing the position of particle tracks
to a fraction of a millimetre.

Also inside the coil will be the elec-
tromagnetic calorimeter, a novel
5 m-long High Density Projection
Chamber (Ames / Bologna / CERN /
Genoa / Karlsruhe / Milan / Rome /
Stockholm / Warsaw), which wiill
drift electrons over long distances in
narrow slots. Its high granularity
promises better pattern recognition
than more conventional electromag-
netic calorimeter designs. Prototype
modules have been assembled and
tested at Rutherford and CERN.

The whole DELPHI barrel, between
the solenoid and the magnet yoke,
will be covered with scintillation
counters for time-of-flight measure-
ments (Santander / Valencia).

The two ends of the detector will
be equipped with forward drift cham-
bers (Vienna / Wuppertal) to im-
prove momentum resolution at small
angles, to provide particle tracking

and to extend the triggering down to
small angles.

The end-cap regions will also be
covered by integrated gas/liquid
RICH counters (Amsterdam / Copen-
hagen / Cracow / Uppsala / Wup-
pertal), while the electromagnetic ca-
lorimeter end-caps (Padua / Santan-
der / Trieste / Turin / Valencia) will
use lead glass counters.

Outside the solenoid will be the big
hadron calorimeter (Dubna / Helsinki
/ Serpukhov / Rome) consisting of a
barrel calorimeter (100 cm of iron).
together with end-caps. The iron
plates of the return yoke will be inter-
leaved with gaps for plastic streamer
tubes. The barrel elements will be
grouped sequentially into ‘towers’,
‘supertowers’ and ‘hypertowers’.

The outside of the detector will
be covered by muon chambers
(Oxford / Belgium), involving a total
of 2000 drift chambers in multiple
layers.
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Schematic of the DELPHI data acquisition
and filtering system. These systems play
a vital role in all the LEP experiments and
were the subject of a special study.
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In the extreme forward directions,
next to the low beta quadrupoles
which squeeze the colliding beams,
will be a small-angle tagging system
(Bergen / Oslo) which will also serve
as an on-line luminosity monitor.

Data handling

With LEP’s high collision rates, ef-
ficient and flexible data handling is
required if valuable information is not
to be lost through saturation of the
data acquisition system, and to en-
sure fast extraction of interesting
physics. Thus data acquisition and
analysis play a vital role in all the LEP
experiments and were the subject of
special study.

The raw electron-positron cross-
ing rate inside all LEP experiments
will be about 50 kHz. For DELPHI, an
initial fast trigger will decide whether
candidate events recorded in coinci-
dence with the beam-crossing signal
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are worth retaining. This information
from the inner and outer detectors
and the forward chambers will be
available within a few microsec-
onds—a fraction of the time for par-
ticles to drift in the central TPC.

The second level trigger, using ex-
tra information coming in meanwhile
from the TPC and the electromagnet-
ic calorimeter, will be available within
about 35 microseconds, minimizing
‘lost’ collisions which occur while the
experiment’s telemetry is dead. This
second level will use fast processors
(microcomputers) integrated into the
electronics.

This should accommodate an ev-
ent rate of 20 Hz (average trigger
spacing 50 msec). To keep dead
time down to the one per cent level,
digitized data will be passed to local
buffers after the second level trigger
is satisfied, thus freeing all inputs
within 500 microseconds.

To further reduce deadtime, these

distributed (local) buffers will be able
to store up to five events at a time.
Full readout of an event will take
about 20 msec.

Computer crates located in the el-
ectronics racks will control the read-
out into a main multievent buffer,
ready for the third level of selection
(5 Hz). Data will be passed to on-line
computers and/or magnetic tape (or
other storage media) at the rate of a
few events per second.

In addition to the local data hand-
ling system, physicists will be able to
make use of CERN-wide and inter-
national computer networks. v

The DELPHI collaboration was
formed around common physics in-
terests and a desire to build a high
performance detector. While being
ideally suited to the study of Z° par-

‘ticles (the carriers of the weak neu-

tral current which LEP will provide in
quantity) the intention with DELPHI is
also to scan closely for signs of new
and unexpected behaviour. With LEP
accessing a new physics region, the
potential rewards are great.
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Savouring the Saver

Last year, the new superconducting
Energy Saver/Doubler ring at Fermi-
lab came into action for the first time,
and quickly established a new world
record, accelerating protons to 512
GeV. The energy was subsequently
increased and earlier this year saw
the start of an experimental pro-
gramme using 800 GeV beams. The
machine’s eventual target energy is
1000 GeV, or 1 TeV, hence the alter-
native name Tevatron.

The new machine was formally de-
dicated on 28 April in conjunction
with the annual Fermilab users’
meeting. Some 300 visitors and an
equal number of users attended the
event. They had come to christen a
machine that, as well as accelerating
protons to a record energy, has, in

President Reagan’s Science Adviser George
Keyworth: ‘The spectacular debut of the
Fermilab Energy Saver marks the beginning
of what we expect to be an incredibly
productive period of physics.’
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the process, brought superconduc-
tivity from the laboratory to the
threshold.of an industry.

Visitors numbered prominent con-
gressmen, important officers of the
US federal executive branch, repre-
sentatives of companies that had
worked on accelerator components,
and a host of others who had contri-
buted to the construction. The Dedi-
cation was an opportunity to thank
these people, layman and scientist
alike, for their help.

Fermilab Director Leon Lederman
captured his Laboratory’s aim. ‘To
look in a place where no one has ever
looked before, to observe deeper
into the core of the atomic nucleus
than has ever been probed ; to meas-
ure in a domain more remote from
human experience—much more re-
mote than the surface of the Moon
and Venus—to be able to recreate, in
microcosm the conditions which ex-
isted in the earliest instant after crea-
tion. This is the exalted privilege that
has been given to us by our guests
and the public they represent. And
for this we thank them!”

Danny Boggs, Deputy Secretary of
the US Department of Energy and
principal speaker, reminded the au-
dience of the quickening pace of
scientific development: ‘The con-
cepts of the Greeks endured for
2000 years. The building of modern
science took 200 years, the devel-
opment of nuclear science forty
years. This has accompanied a re-
markable transformation of human
existence. The pace of change dur-
ing the lifetimes of E. O. Lawrence
and Enrico Fermi was phenomenal. ..
They were, in a true sense, founders
of the age of nuclear science, not
only the art and science of building
accelerators and using them for dis-
covery, but also the style of work
thatis needed for success. The Ener-
gy Saver here at Fermilab is the la-

- test, but by no means the last, crea-

tive step to draw upon their exam-
ple.’

President Reagan’'s Science Ad-
viser George Keyworth stirred the
audience with an encomium to the
Saver: ‘The spectacular debut of the
Energy Saver last July marks the be-
ginning of what we expect to be an
incredibly productive period for phy-
sics in this country and indeed
throughout the world. Fermilab has
demonstrated the feasibility of a
powerful new technology, one des-
tined to play an important role in the
development of accelerators in the
future. This accomplishment is im-
portant for broader reasons. These
frontier experimental facilities are
creative hubs—places that draw the
very best minds to them. The exis-
tence of such places sends out
strong messages of inspiration.”

With Boggs, Keyworth and Leder-
man on the Dedication platform were
James Thompson, Governor of llli-
nois ; Charles Percy, Senator from llli-
nois; John Myers, Congressman
from Indiana; Alvin Trivelpiece, Di-
rector of Energy Research for the US
Department of Energy; Edward
Knapp, Director of the US National
Science Foundation; Hilary Rauch,
Manager of the Department of Ener-
gy’'s Chicago Operations Office;
H. Guyford Stever, President of Uni-
versities’ Research Association;
David Saxon, Chairman of the Corpo-
ration of MIT ; Robert Wilson, Fermi-
lab Director Emeritus ; Rich Orr, Head
of the Accelerator Division; Helen
Edwards, Deputy Head of the Accel-
erator Division; and Richard Lundy,
Head of the Technical Support Sec-
tion.

The Fermilab User Organization
held its Annual Meeting in conjunc-
tion with the Dedication. Stewart
Loken of Berkeley, chairman of the
Users Executive Committee, pre-
sided.

George Keyworth spoke on ‘SSC
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(Superconducting Super Collider),
The Next Big Step.” Keyworth em-
phasized the importance of maintain-
ing a competitive programme of bas-
ic research. He indicated that the
SSC is important, not only as an
instrument of high energy physics,
but also as a sign of our recognition
of the value of new knowledge and of
our commitment to excellence in
what we choose to do.

Alvin Trivelpiece discussed the re-
cent US funding trends and the in-
creased support for basic research.
While the possibility of a large US
Federal deficit makes future pros-
pects uncertain, he remained optim-
istic about continued support for
high energy physics and for the
SSC.

Leon Lederman reported on the
state of the Laboratory, recalling that
during the users’ meeting one year
earlier the Saver ring was just getting
cold. In a series of successes, Fermi-
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lab commissioned the Saver and
completed the first round of experi-
ments. He noted that progress con-
tinues on colliding beam facilities,
with a full scale test of beam storage
scheduled for next year. The Physics
Advisory Committee has approved a
new major detector for the DO inter-
action region (see May issue, page
147). Meanwhile, the fixed target
programme is moving vigorously
ahead.

Rich Orr described the commis-
sioning of the machine, and reviewed
the milestones of the past year. Ef-
forts are now underway to further
improve machine performance and
reliability. A new compressor will be
added to the central plant and addi-
tional r.f. will be installed.

Two perspectives on the perfor-
mance of the Saver came from Bob
McCarthy of Stony Book describing
life at the end of a beamline and Bob
Mau of Fermilab reviewing machine

Left to right: H. Guyford Stever, President
of Universities” Research Association; Hilary
Rauch, Head of US Department of Energy
Chicago Operations Office,; Danny Boggs,
Deputy Secretary of the US Department of
Energy, George Keyworth, President
Reagan’s Science Adviser,; Helen Edwards,
Deputy Head of Fermilab’s Accelerator
Division; Jim Thompson, Governor of
lllinois ; and Charles Percy, Senator from
lllinois at the Fermilab Doubler/Saver
Dedication.

statistics and work to improve relia-
bility. Tom Kirk then gave a status
report on the fixed target programme
construction effort. The projectis on
schedule and will soon provide
twelve beamlines for a broad range
of fixed target physics at 1 TeV.

The colliding beam experiments
were reviewed by Paul Grannis of
Stony Brook. Of six possible interac-
tion regions, five are now committed
to experiments.

Al Brenner discussed the comput-
ing situation at Fermilab and des-
cribed the developing computer net-
work. A major concern for the future
is the large data rate from the collid-
ing beam experiments, and plans are
now being developed to meet these
demands.

The meeting ended with a look at
the short term future. In his talk
‘The Next Three Years’, J. D. Bjork-
en surveyed the rich physics poten-
tial of the Tevatron fixed target pro-
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gramme. The broad range of beams,
targets, and detectors permits a de-
tailed study of fundamental physics.
He expressed his concern that the
enthusiasm for colliding beams and
limited funds may reduce the vitality
of the fixed target programme and
concluded by urging experimental-
ists to maintain a commitment to a
healthy programme of fixed target
experiments.

At the Saver/Doubler dedication, Fermilab’s
Accelerator Division Head Rich Orr reviewed
the progress of the superconducting ring’s
commissioning.

(Photos Fermilab)
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Homage to Sir John

CERN's Main Auditorium was
packed on 27 April when tributes
were paid to the memory of Sir John
Adams, former Director General of
CERN, one of the main architects of
CERN's big machines and a key fig-
ure in the development of the Labo-
ratory, who died on 3 March.

Introducing the proceedings,
CERN Council President Sir Alec Mer-
rison, aformer colleague, recalled his
early days with Adams at the Harwell
Laboratory in the UK just after the
Second World War, under the guid-
ance of Cockcroft. Here Adams was
introduced to the field of particle ac-
celerators which was to become a
major portion of his life's work.

Anselm Citron of Karlsruhe des-
cribed John Adams’ first contribu-
tions to CERN: Former CERN Directo-
rate member Hans-Otto 'Wister,
now Director of the JET fusion ex-
periment joint undertaking at Culham
in the UK, took over to cover Adams’
work after he left CERN in 1961 to
establish the Culham Laboratory.

Then it was the turn of Paul Le-
vaux, President of CERN Council
from 1975-1977, to recollect Ad-
ams’ return to CERN in 1969, his role
in the construction of the big SPS
machine and in the enlargement of
CERN. Carlo Rubbia underlined the
success of the SPS, emphasizing
how its careful design facilitated sub-
sequent operation as a storage ring
for protons and antiprotons.

Before Sir Alec Merrison paid his
final tributes, CERN Director General
Herwig Schpopper recalled Adams’
concern for the environment and sur-
roundings of the new CERN site on
French territory, and proudly dis-
played photographs of the new
features around the site’s entrance.
These now provide lasting memo-
rials to one of CERN’s great person-
alities.

Together, the speeches at the me-
morial gathering provided a fitting tri-

Sir Alec Merrison : early days with Adams
at Harwell, under Cockcroft.

(Photo CERN 761.4.84)

bute to one of CERN's founders and
key figures. Here we concentrate on
extracts from the presentations by
Anselm Citron and Paul Levaux,
which had most to do with Adams’
work at CERN.

‘It was in the building of the PS
(Proton Synchrotron) machine that
John Adams built up his reputation
and the technical reputation of CERN
from scratch under unusual circum-
stances,’ said Citron.

‘In October 1952 the CERN Council
approved a switch to the exploration
of the newly discovered alternating
gradient principle with the aim of
building a much higher energy ma-
chine for the same money. Also Ge-
neva was selected as the site for
CERN. The name of John Adams
appears first on an invitation to a
meeting of the PS group in Brussels
in January 1953.
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In October 1953 the group pre-
sented a set of parameters to an
international accelerator conference
in Geneva. The Council endorsed
these parameters. New staff mem-
bers, amongst them John Adams,
were appointed and the group, con-
sisting initially of 12 persons, includ-
ing two visitors from Brookhaven,
took up their work at the Institut de
Physique of the University of Gene-
va.

In the following year, after the sud-
den death of Frank Goward, Adams
became deputy. Later in the year,
when PS Director Odd Dahl had to go
back to Norway, Adams was ap-
pointed as his successor.

By 1959 the PS was operating on
schedule, about one year ahead of

Anselm Citron: how John Adams moved
from an interested spectator to project
leader in barely two years.

(Photo CERN 737.4.84)
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the Brookhaven Alternating Gradient
Synchrotron. The cost was within 15
per cent of that budgeted originally.
One year as a Director General termi-
nated this decisive span in the life of
John Adams and of CERN.

What is immediately apparent
from the time schedule of the initial
meetings is the enormous drive with
which the founders of CERN, the se-
nior scientists and politicians,
pushed the realization of a European
Laboratory. This speed would have
been impossible without a corre-
sponding enthusiasm of the builders
of CERN who devoted themselves
wholeheartedly to this noble chal-
lenge.

What is not apparent from the re-
cord is the way John Adams came
into the picture and how he moved
up from an interested spectator to
the leader of the project in barely two
years.

After working on radar projects
during the war, John Adams had
joined Harwellin 1945 and had built a
synchro-cyclotron. There he was
joined by Mervyn Hine who had a
Cambridge nuclear physics back-
ground. The two listened to the dis-
cussion about the alternating gra-
dient principle and soon started
working on it in addition to their nor-
mal duties. Before long it became
evident that the field index had to
come down. But even then it was by
no means clear whether a machine
based on the principle would work.
Today one would tend to simulate
the whole accelerating process on a
big computer. In 1952 computers
were in their infancy but John Adams
tried to run at least an oversimplified
version of the process on a comput-
er. But as an annual report note says:
‘It is easy to show that a (complete)
computer program would cost about
twice the total budget of the PS ma-
chine’.

There were other difficulties. Peo-

ple coming from different countries
that had been at war only seven
years before had to work together.

German group members still needed
a visa for every European country.

John Adams came from a back-
ground of industry and Government
projects and he had now to work
with people from academia where
only professors count! Finally, the
contracts CERN could offer were of
questionable legal value.

All these difficulties were just
swept away by everybody’s enthu-
siasm. John Adams used to say that
he found people much the same eve-
rywhere.

What qualities singled out John
Adams as a leader? | shall try and
approach this question by comment-
ing on another one. Was Adams an
optimist or a pessimist? As usual,
the answer depends to the meaning
you are giving to the terms. If an
optimist is a person who ignores the
difficulties, hoping that with some
luck he will get away with it, then
Adams was certainly not an optim-
ist. If a pessimist is a person who
sees all the difficulties and gets para-
lyzed by them, then Adams was cer-
tainly not a pessimist. He would not
only see the difficulties, but he would
go out of his way to spot them. Then
he would set his mind to work to find
ways to solve the difficulties, mini-
mize the risks, or build up a second
line of defence. After this process,
he would go ahead without hesita-
tion and without having to rely on the
advice of many people.

One of his first acts as a director of
the PS group was to thank all the
consultants and to concentrate the
process of defining the parameters
of the machine in a weekly parameter
meeting. | still remember the careful
and transparent way in which deci-
sions were reached under his chair-
manship and the atmosphere of calm
assurance that emanated from him.
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Paul Levaux: how Adams brought ‘Project
B’ (subsequently known as the Super Proton
Synchrotron) to fruition at CERN.

(Photo CERN 748.4.84)

This style of John Adams has be-
come, to a large extent, the style of
CERN. It has sometimes been criti-
cized, but it has made possible the
great achievements which came
later.’

Paul Levaux covered the period
after John Adams was invited by
CERN Council, in December 1968, to
return to CERN to lead the building of
a ‘300 GeV’' machine at a second
European particle physics Laborato-
ry, geographically separate from the
existing one in Geneva. The CERN
Convention had been amended to
allow two Laboratories to run at the
same time, and Member States had
been invited to propose sites.

‘From the very beginning, John
Adams had been aware of the use-
lessness of the operation and the risk
it posed to the future of European
collaboration in the high energy field.
Technically, the projects were com-
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plete by 1969, but the spirit of com-
petition which had gradually arisen
between the various sites and the
Member States concerned dead-
locked the final decision.

From the time of his appointment,
John Adams had anticipated such a
setback and his pragmatic approach
had brought him to imagine an alter-
native to the various projects. Aban-
doning the basic idea, the setting up
of a second, geographically separate
Laboratory, he propounded the con-
centration of all CERN’s future activi-
ties in Geneva.

This change of direction made it
possible to avoid the reef repre-
sented by the choice of sites, and
was subsequently to afford a solid
basis for European collaboration.

Although one problem had been
overcome, there remained the other:
the lack of enthusiasm on the part of
some governments to support the
project financially. John Adams then
took up his pilgrim’s staff and set out
to defend his project before every
competend national authority. He in-
vited the United Kingdom Minister of
Education to visit CERN and see for
herself the worth and interest of its
work. Fully persuaded, Mrs. Thatch-
er obtained the British cabinet’s
agreement to take part in this new
scheme and soon all the Member
States agreed on the principle of
building this new tool for the elemen-
tary particle physicists.

At the end of 1970 John Adams
put the new project before the Coun-
cil, which accepted it. Nevertheless,
its acceptance did not automatically
mean that the programme was to
start, although it had obtained the
conditional support of seven Mem-
ber States. The Council session was
therefore adjourned until 19 Februa-
ry 1971, when ten countries decided
to take part in the building of the SPS
and John Adams was appointed Di-
rector General of CERN II.

The bringing into being of what
was later to become the 400 GeV
SPS was no easy task, and required
all Adams’ diplomatic talent and
powers of persuasion. While he had
succeeded in convincing political and
administrative circles of the impor-
tance of creating this new scientific
potential, he still had to persuade the
scientific community that it was
possible to build in Geneva a ma-
chine large enough to satisfy physi-
cists’ future needs. He decided to fix
the diameter of the machine at its
maximum, taking the risks with the
molasse surrounding the Geneva
site.

Thus, on 19 February 1971, CERN
found itself running two Laborato-
ries, CERNI, administered by
Jentschke, and CERNII, adminis-
tered by John Adams. Having
amended its Convention to meet the
need to operate two geographically
separate Laboratories, CERN now
had to face the long procedure re-
quired to unite two neighbouring
establishments.

Laboratory Il was soon to expand
under John Adams’ leadership. The
tiny initial team was gradually to be
joined by the most highly qualified
specialists from the European Labor-
atories, including some of the old bri-
gade from the first PS team who had
just completed the Intersecting Stor-
age Rings.

In 1975 CERN still bore traces of
the ideas of the sixties — there were
two Laboratories. However they
were no longer geographically sepa-
rated but joined together like Sia-
mese twins on either side of the Fran-
co-Swiss border. The final merger
took place when the building of the
SPS was completed, and the united
Laboratories were placed under the
joint tutelage of John Adams and
Léon Van Hove.

It is with considerable emotion
that the members of the Council re-
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The memorial plaque at the entrance to
CERN'’s Prévessin site (below).

(Photos CERN 406/7.4.84)
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member the announcement made by
John Adams at noon on 17 June
1976 that the SPS had reached its
nominal energy of 300 GeV. The
same day, at half past three in the
afternoon, the SPS accelerated pro-
tons to 400 GeV. The physics world
was unable to conceal its delight.
Congratulations flowed in from all
sides. This was the culmination of
the efforts of John Adams and his
team. The building of the SPS was a
great success, and itis still one of the
high points in the construction of
equipment at the forefront of tech-
nology. It certainly rivals other tech-
nological achievements in some-
times more spectacular scientific
fields.

CERN’s management after the
commissioning of the SPS in 1976
was to be mainly dominated by the
proton-antiproton project and the
design studies coming to fruition in
the LEP project. In his report to Coun-
cil in 1980, John Adams proudly re-
viewed the progress towards the
proton-antiproton  project, and
stressed that the Council should ap-
prove the LEP project.

LEP is in fact the final result of a
number of design studies made at
CERN between 1970 and 1980. In
the latest development of the pro-
ject, it is proposed to use the PS and
SPS as the injector for LEP, thus once
again demonstrating the ingenuity of
CERN’s machine builders and the
wisdom of the decision to keep all
the machines in the same place.

Apart from the leading part which
he took in the technical preparations
for the project, one of John Adams’
great achievements was the patient
and highly detailed mapping out of
the legal and administrative path for
the Member States to take in approv-
ing it.

In 1980 Council gave John Adams
its warmest thanks for the tremen-
dous amount of work done and his
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essential part. in developing this
science of the future. Back in No-

vember 1978 Adams had said: ‘For
me it's clear that most of what |'ve
been able to do is just luck—being in
the right place at the right time." Let
me complement this self-judgement.
He was in the right place at the right
time by selecting the correct options
through analysis and through intelli-
gence. He had the skill to lead them
through to their conclusion and the
steadfastness not to be distracted
by convenience.

He has left his indelible imprint on
European science and has made a
major contribution towards setting
up the high energy physics infra-
structure for the remainder of this
century.

The friend to whom we are paying
tribute as a great builder and leader
has left us much more. He has, often
unbeknown to ‘us, surrounded us
with a friendship and warmth which
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November 1959. CERN Proton Synchrotron
Director John Adams holds in one hand an
empty vodka bottle, in the other a
photograph of one of the first 24 GeV
pulses supplied by the newly completed
machine. The vodka had been supplied by
Dubna (USSR) for consumption if CERN
succeeded in surpassing the Dubna
synchro-phasotron’s world energy record
of 10 GeV. The empty bottle served to
send the photo to the USSR as proof of
CERN'’s achievement. Twenty-five years
later, the PS is still the kingpin of CERN’s
high energy particle beam supply system.

(Photo CERN 14F.11.59)

has made no small contribution to-
wards the good name of our Labora-
tory.’

Around

TOKYO
Successful stochastic
cooling tests

Successful tests of stochastic cool-
ing have been carried out in the small
TARN ion storage ring at the Institute
for Nuclear Study (INS), Tokyo. .
TARN (Test Accumulation Ring for
Numatron) is a low energy (around
10 MeV/nucleon) ion storage ring
built for technical development for
the Numatron high energy ion accel-
erator project. The aim is to develop
the techniques of stacking and cool-
ing to achieve intense ion beams of
good quality.

For these initial tests, proton
beams injected from a sector fo-
cused cyclotron at 7 MeV were ac-
cumulated in horizontal and longitu-
dinal phase spaces to obtain as high
a current as possible in the 14 cm by
5 cm vacuum chamber. R.f. stacking
was performed at 30 Hz and the in-
tensity increased linearly up to 15
stackings, resulting in a momentum
spread of 2.2 per cent.

Stochastic momentum cooling
was then applied on the stacked pro-
tons with fairly simple systems,
since the ring was not originally de-
signed with such cooling in mind.
The pickup and kicker are 75 cm
travelling wave couplers with the in-
ner conductors having helical pitch
equal to the proton velocity. For the
tests, the initial momentum spread
of the beam was set at about 1 per
cent. ,

The measurement of stochastic
acceleration rate with the notch filter
gave precise information on the time
delay for the protons to travel from
the pickup to the kicker, and the pro-
pagation time of the Schottky signals
through the electronic system. Fine
adjustment of the delay time (within
2 ns) was necessary for successful
cooling.
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the Laboratories

The TARN (Test Accumulation Ring for
Numatron) at the Tokyo Institute for Nuclear
Physics. The 5 m radius ring has recently
been the scene of successful stochastic
cooling tests.

SUP S8 ms

CERN Courier, July/August 1984

Below, typical result of stochastic cooling
in TARN. Longitudinal Schottky scans were
taken before and after cooling was applied
to a 12 microamp 7 MeV proton beam.
The initial momentum spead of 1.3 per
cent (broad peaks) is reduced to 0.2 per
cent (narrow peaks) in 20 s.

03/ 1684 9:23

SPAN 3.0 Mz

As an example of the results ob-
tained with an active gain of 107 dB
for abeam current of 12 microamps,
the initial momentum spread of 1.3
per cent was reduced to 0.2 per cent
with 0.5 watts of power into the
kicker. Cooling time was around
20s. More sophisticated cooling
systems (both stochastic and elec-
tron beam type), are planned in a
newly built ring, TARN II, scheduled
for operation in 1986.

DESY
CELLO solo

The CELLO detector at the German
DESY Laboratory’'s PETRA electron-
positron collider has provided one
example of the annihilation of an el-
ectron-positron pair into two iso-
lated high energy muon tracks plus
two distinct showers (‘jets’) of ha-
drons, and which is proving difficult
to explain on the basis of known phy-
sics.

Late last year, the collision energy
in the PETRA ring was gradually in-
creased from 43.2 GeV to just over
45 GeV, and the four detectors
(TASSO, Mark-J, CELLO and JADE)
anxiously searched for signs of new
phenomena at these hitherto unex-
plored electron-positron annihilation
energies.

A quick scan of the overall pro-
duction rate of hadrons revealed no
threshold effects indicating that the
long-awaited sixth (‘top’) quark was
being produced. At these energies,
physics is topless!

However in subsequent analysis
the CELLO detector has unearthed
one event with two clear muon
tracks (carrying opposite electric
charges, and with energies of 11 and
12.6 GeV) and two accompanying
hadronjets (10.1 and 9.1 GeV). Con-
ventionally, these muons are ex-
plained as coming from the decay of
highly unstable heavy particles
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(carrying charm and beauty), or from
meson decays in flight. Another pos-
sibility is that isolated single hadrons
could squeeze through the filters and
fake muon signals.

Calculations on the expected level
of such processes indicate that a
thousand times more data would
have to be collected before there
should be a good chance of just one
event from either source, making
these conventional explanations
look unconvincing.

With these mundane explanations
pushed out of the way, the more
interesting possibilities include new
heavy quarks, Higgs particles, new
heavy leptons, heavy neutrinos...
But it is difficult to make physics out
of just one event, and corroboration
by the other three detectors working
at PETRA is needed before the spe-
culators can move in.

Homage to
Kurt Symanzik

Earlier this year, theoretical physi-
cists from several countries met at
the German DESY Laboratory to pay
tribute to the scientific work of Kurt
Symanzik who died on 25 October
last year (see January/February is-
sue, page 25). In lectures by promi-
nent theoreticians, the contributions
of Symanzik to several different
fields of physics were sketched.
After a short introduction to the
late theorist’s life and scientific ca-
reer by DESY Director Volker Soer-
gel, Gerhard Mack (Hamburg) des-
cribed those papers which can be
summarized under the heading ‘From
*S-matrix to Greens’ functions’. Al-
ready Symanzik's 1954 thesis ‘Ue-
ber das Schwinger'sche Funktional
in der Quantenfeldtheorie’ shows
something rather typical of the man:

theuse of Feynman’s pathintegral(in--

cluding the saddle point method) a
full twenty years before it became

238

popular. Many of these papers have
one central topic: How can the basic
equations of quantum field theory be
formulated in a convergent way?
Among them there are investiga-
tions on structural analysis on con-
formal bootstrap and of course the
series of famous Lehmann-Syman-
zik-Zimmermann publications which
are cornerstones of axiomatic field
theory.

Gerard 't Hooft from Utrecht lec-
tured on ‘The birth of asymptotic
freedom’. Starting from problems in
the renormalization of the toy sigma-
model (including certain symmetric
breaking terms) Symanzik was led to
the partial differential identities
which became famous under the
name Callan-Symanzik equations.
Then after Symanzik found a vital
clue (the negative sign of the Callan-
Symanzik beta-function in a model
theory), "t Hooft, Gross and Wilczek
and Politzer attacked the ‘nonabe-
lian" gauge theories which describe
the quark and gluon fields, going on
to show that in these theories the
perturbation approach was valid at
high energies. The decisive steps in
understanding the high energy be-
haviour of modern gauge theories
had been made.

Up to that time, the analysis of
deep inelastic scattering experi-
ments had relied on the ‘parton’
model, qualitatively useful but by it-
self not rigorous enough to satisfy

At a symposium at the German DESY
Laboratory in memorv of the late Kurt
Symanzik : (left to right) Gerard 't Hooft,
Raymond Stora and Harry Lehmann.

(Photo J. Schmidt, DESY)

Otto

more stringent demands.
Nachtmann (Heidelberg) showed
how it had to be interpreted as the
lowest approximation to the new
‘asymptotically free’ quantum chro-
modynamics which has become the
accepted theory of strong interac-
tions. There are still unsolved prob-
lems around, as Nachtmann pointed
out, with the 'EMC effect’ on nuclei
(see opposite).

Arthur Jaffe (MIT) called Symanzik
‘the father of Euclidean field theory’.
The trick of changing the time varia-
ble from real to imaginary, making
four dimensional space look spheri-
cal, proved to be exceedingly fruitful
for both field theory and statistical
mechanics. In the latter, applications
in gauge theories and problems with
fermions have just been started.
Jaffe recommended rereading the
classical papers of Symanzik, spe-
cially the Varenna lectures, still a va-
luable source of ideas and inspira-
tion.

Although Symanzik published only
a few papers on statistical mechan-
ics, Edouard Brezin (Saclay) pointed
out that the Callan-Symanzik equa-
tions turned out to be an indispen-
sable tool for the description of criti-
cal phenomena, permitting both the
number and values of critical expon-
ents to be fixed. Applications range
from complicated ferromagnetic
problems to surface effects in the
vicinity of the critical points. Of great

CERN Courier, July/August 1984



The world'’s first neutrino radiography,
given by the CERN / Dortmund /
Heidelberg / Saclay experiment in the CERN
SPS neutrino beam. A liquid hydrogen target
was installed upstream of the main
apparatus, and this reconstruction clearly
shows the ‘shadow’ of neutrinos hitting
the double iron walls of the 6 metre-long
liquid hydrogen container. The exposure
required 6 x 10" SPS protons,
corresponding to several months of
continuous running.

importance was the proof that at the

critical point the calculation could be
restricted to the simplest massless
theory. Martin Luescher (DESY) des-
cribed a fundamental paper of Sy-
manzik on the Schroedinger repre-
sentation in quantum field theory.
This picture, with its intuitively ap-
pealing concept of wave functions,
poses difficult mathematical prob-
lems which Symanzik was able to
solve. His aim was to provide a des-
cription of the Casimir Effect (the at-
traction between two conducting
plates in vacuum), but the methods
have proved to be useful in a much
wider context.

The lattice approach to field theo-
ries, now the subject of much activi-
ty, both human and electronic, re-
ceived an important boost from Sy-
manzik’'s work. Giorgio Parisi (Rome)
explained how Symanzik became
motivated by a study of the cut-off
dependence of field theories, going
on to develop a systematic proce-
dure to reduce the intrinsic error due
to the lattice approximation. The ex-
perience collected so far suggests
that this method will continue to pay
dividends. Parisi stressed also how
stimulating, helpful and patient Sy-
manzik was in guiding younger col-
leagues.

Finally Harry Lehman (Hamburg), a
close friend of Kurt Symanzik, pre-
sented a personal portrait.

The colloquium emphasized Sy-
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manzik's great contributions to phy-
sics, and how strongly his work has
influenced, and will continue to in-
fluence, research.

From Fritz Gutbrod

CERN .
Of hydrogen and iron

Experiments using high energy
beams of non-strongly interacting
particles on different nuclear targets
have established that the quarks hid-
den deep inside nuclei do not neces-
sarily always behave in the same
way. Results from the European
Muon Collaboration (EMC) using high
energy muon beams from the CERN
450 GeV SPS proton synchrotron,
together with archival data un-
earthed from old electron beam ex-
periments at the Stanford Linac (see
April 1983 issue, page 90), showed
what has come to be known as the
‘EMC Effect’—the measured quark
distribution depends on the type of
nucleus being studied.

These experiments compared
heavy nuclei with deuterium, where
the nuclear effects are already small.
But it was important to compare hea-
vy nuclei directly with hydrogen,
where the target nucleons (protons)
are free of all nuclear effects, and
meanwhile the mighty CERN / Dort-
mund / Heidelberg / Saclay detector
in the 400 GeV SPS neutrino beam

had been equipped with a 35 m?
liquid hydrogen target.

With 1500 tons of downstream
detector, this experiment has been
analysing the hadrons and muons
produced in high energy neutrino in-
teractions since 1976, and has fur-
nished a wealth of precision data.
With its hydrogen tank, it became
the world’s first fully electronically-
equipped neutrino  experiment
studying interactions in hydrogen.

A vertex detector triggered on ev-
ents in the tank. After reconstruc-
tion, collisions in the liquid hydrogen
could be clearly distinguished from
those due to neutrinos hitting the
tank wall (thus providing the world’s
first example of neutrino radiography
— see photo).

After selection criteria had been
applied, there remained 4457 neu-
trino-proton and 4178 antineutrino-
proton collisions. Comparing this
data with that from collisions in the
tank wall (2105 and 1075 events
respectively) gives the relative inter-
action level (ratio of total cross-sec-
tions) of neutrinos in hydrogen and
iron, while comparison of the tank
wall data with that recorded in the
main part of the detector allows the
handling of the complex tank geom-
etry to be checked. The measured
relative rates (cross-sections) in iron
and hydrogen tie in with previous
results from neutrino experiments
using hydrogen bubble chambers,
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Comparison of quark distributions (structure
functions) in different nuclei from
experiments using neutrino (CDHS), electron
(SLAC) and muon (EMC) beams. The
behaviour of quarks in nuclei seems to be
dependent on the experimental conditions
as well as the nature of the nuclear matter
itself.
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More nuclear
effects
The observed dependence of quark charged, non-strongly interacting GeV). However at higher photon en-

distributions on the conditions and
type of nucleus being studied has
important implications for nuclear el-
ectromagnetic interactions.

These interactions are mediated
by the exchange of a ‘virtual’ photon
between the incoming charged parti-
cle and the target nucleus. This pho-
ton strikes a quark inside the nuclear
target, which then ‘fragments’ to
produce a spray of hadrons. The var-
ious spectra of these produced ha-
drons provide valuable clues to the
‘confinement’ mechanism which en-
sures that quarks appear to us to be
locked inside hadrons.

This hadron production can be stu-
died by looking at the scattering of
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particles (electrons and muons) from
large nuclear targets. Previous ex-
periments were either at low energy
(so that the struck quark could only
travel a small distance inside the nu-
cleus) or had only limited statistics.
Thus the European Muon Collabora-
tion at CERN embarked on a compar-
ison of hadron production by 200
GeV muons from copper and carbon
targets, and by 120 GeV and
280 GeV muons on hydrogen.

The lower energy experiments had
reported that produced hadrons tend
to be absorbed before they leave the
target nucleus. A similar effect was
seen in the EMC experiment at low
virtual photon energies (about 50

ergies (100 GeV), secondary interac-
tions are less important and these
effects tend to disappear. This im-
plies that under these conditions the
quark struck by the virtual photon
produces hadrons outside the nu-
cleus—the distance travelled by the
quark before it fragments into ha-
drons is greater than the size of the
nucleus. The struck quark also inter-
acts rather weakly with the nucleons
in the nucleus.

With the behaviour of quark distri-
butions in nuclei still largely a myste-
ry to most people, this new informa-
tion should help provide new insights
into the properties of quarks in
nuclear matter.
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and there is no significant variation
with neutrino energy.

The experiment went on to com-
pare explicitly the quark distributions
(structure functions) in hydrogen and
iniron. The highly anomalous behav-
iour seen in the EMC experiment is
not reproduced, but there is some
similarity with the results from the
SLAC electron scattering experi-
ment.

The three experiments have differ-
ent kinematic conditions. Thus it ap-
pears that the behaviour of quarks in
nuclei is dependent on the prevailing
quark kinematics as well as the nu-
clear composition. There is enough
kinematic room for all the data to
coexist happily, however the origins
of these effects remain unclear.

CONFERENCE
Linacs at Seeheim

The 12th Linear Accelerator Confer-
ence, organized by GSI Darmstadt,
was held from 8-11 May at the Luft-
hansa Schulungszentrum in See-
heim, West Germany. It was the first
of this series of Linac Accelerator
Conferences—started in 1961 with
20 participants and 17 contributions
at Brookhaven—held outside North
America. In Seeheim, 32 invited
talks, 11 oral and 98 poster papers
were presented to more than 250
participants from the USA, Canada,
Europe, Japan, the USSR and China,
representing 39 research institutions
and 12 industrial laboratories.

The meeting opened with a survey
of performances of present proton
linacs which cover a spectrum of
energies up to 800 MeV (Los Ala-
mos), peak power up to 20 MW
(Brookhaven), beam mean power up
to 1MW (Los Alamos), and beam
currents up to 150 mA (CERN 2).
Throughout the last 20 years, the
trend has been to higher intensities
and duty cycles, reflected now in the
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interest in beam loading phenomena
and improved preinjectors.

At the previous conference (1981)
in Santa Fe, seven institutions pre-
sented papers on radio-frequency
quadrupole (RFQ) developments and
this time speakers from 9 Laborato-
ries reported results of RFQs in oper-
ation. Recently three of these have
been installed in front of accelerators
(at Brookhaven for negative hydrog-
en, at CERN in front of Linac 1 and at
Saclay between a Cryebis ion source
and SATURNE accelerating carbon,
nitrogen and neon). Foreseen for the
near future is the RFQ for ions up to
mass 40 at the Berkeley Bevatron.
Being tested are developments at
Los Alamos (H™ and d), INS Tokyo
(H*, H,*, Li*), Chalk River (protons),
GSI Darmstadt (heavy ions) and
Frankfurt University (protons). De-
velopment work is also underway
elsewhere. The obvious conclusion
is that RFQ building and operation

P. Lapostolle of the French GANIL
Laboratory (right) observes with interest
the handwaving argument between

J. Lawson (left, Rutherford Appleton
Laboratory, UK) and M. Odera (Riken,
Japan).

(Photo GSI Darmstadt)

will soon become routine and all
Cockcroft-Waltons will be replaced.
This was underlined by the organ-
izers’ choice of a historical contribu-
tion by .M. Kapchinsky (Moscow),
who together with V.A. Teplyakov
carried out pioneering RFQ work at
the end of the sixties. Unfortunately
Kapchinsky could not attend the
conference. His paper—presented
by N.V. Lazarev—revealed the simi-
larity of developments in different
parts of the world once the idea had
been born. Now many people are
working on RFQ innovations—for
high current, high brightness, contin-
uous wave operation and applica-
tions where space charge is of
strong consideration.

For the future, it was encouraging
to learn about experimental configu-
rations of a wake-field scheme
(DESY) and of a collective heavy ion
accelerator (Dubna). Here significant
progress should be expected by the
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next conference. Substantial pro-
gress could be announced in the de-
velopment of superconducting cavi-
ties, where 5 MV/m accelerating
gradients can now be achieved relia-
bly in multi-cavity systems from
300 MHz to 3 GHz. Specialists have
learned how to control the thermal
stability and to find and to remove
defects on the surface, so that the
electron field emission limit may be
the next barrier that will have to be
considered.

There was a great deal of work
presented on electron linacs, high
current and continuous wave accel-
erators. In the theoretical field, the
understanding of beam cavity inter-
actions and high current beam trans-
port were the centre of discussion.
Finally there was the traditional cov-
erage of ongoing projects, where the
somewhat specialized linac field op-
ens out to the vast accelerator land-
scape. Unfortunately the partici-
pants from Novosibirsk (V.E. Bala-
kin, A.N. Skrinsky) could not join the
conference and their announced con-
tribution on the VLEPP project—a li-
near collider scheme—had to be can-
celled, so that the report on the
SLAC Single Pass Collider (by G.A.
Loew) enriched by some ideas on
future linear colliders was the only
communication on this historical
step in linear accelerator physics.
The suggested site for the next Con-
ference (1986) is Stanford.

From Heinz Prange

The Mark Il detector is eased out of its
position in the PEP electron-positron ring
at Stanford prior to upgrading for eventual
running at the SLC Stanford Linear Collider
now under construction. The detector will
receive a new central drift chamber. Before
operating in SLC, the revamped Mark Il will
be put through its paces in the PEP ring.

(Photo SLAC)
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People and things

On people

New President of the European
Physical Society is Godfrey Staf-
ford, Master of St. Cross College,
Oxford, former Director General

of the Rutherford and Appleton
Laboratories, UK, and for several
years Chairman of the CERN Scien-
tific Policy Committee.

European Physical Society Lecturer
this year was Paul Matthews, now
at Cambridge. Well known in the
particle physics community for his
numerous original theoretical con-
tributions, and renowned for his
skills as a lecturer, he presented
talks on electroweak interactions
and on stellar evolution to student
audiences in Switzerland, West
Germany and the Netherlands.

Special seminars organized by
CERN’s Theory Division recently
marked milestone birthdays for
Rolf Hagedorn (65), and Léon Van
Hove (60).

Alan Schriesheim, senior deputy
director and chief operating officer
of Argonne National Laboratory
becomes Director, succeeding
Walter E. Massey.

A correction to the US National
Synchrotron Light Source story
published in our May issue, page
156. John McTague is no longer
NSLS head. After McTague's
departure to Washington to
become deputy to Office of
Science and Technology Policy
Director George Keyworth, BNL
Associate Director Marty Blume
took over NSLS as Acting
Chairman.
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The spectacular firework display seen in a
streamer chamber at the Berkeley Bevalac
by a GSI (Darmstadt) / Berkeley team
studying heavy ion (here an argon-40 beam)
collisions. This work gives valuable clues

to the properties of compressed nuclear
matter, also of interest to astrophysicists.

Intermediate energy future

Stiff nuclear matter

In our previous issue (page 196),
we described work by a joint GSI
(Gesellschaft fir Schwerionenfor-
schung, Darmstadt) / Berkeley
team investigating the formation
of compressed nuclear matter in
heavy ion collisions at the Berkeley
Bevalac using the Plastic Ball /
Wall detector. Valuable information
on collective nuclear matter has
also come from another GSI / Ber-
keley team working at the Bevalac,
this time using a streamer chamber
to measure pion production in hea-
vy ion collisions and infer the pro-
perties of the compressed nuclear
matter formed in the 10~23 sec-
onds following the collisions. Their
studies suggest that such matter
is relatively ‘stiff’, thus tying in
with recent observations on neu-
tron stars, and forming another
bridge between astrophysics and
high energy experiments.

The streamer chamber is sched-
uled to come to CERN for experi-
ments using higher energy heavy
ion beams produced in the 28 GeV
‘proton’ synchrotron (see July/Au-
gust 1983 issue, page 223).
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With proton machines at many
major Laboratories being increas-
ingly used as injectors for larger
machines, the supply of interme-
diate energy beams for both parti-
cle and nuclear physics experi-
ments could become tight. Recent-
ly there has been a series of work-
shops looking at the prospects for
intermediate energy physics (see,
for example, June issue, page 194,
and March issue, page 56).

Physics objectives and future
experimental facilities for particle
and nuclear physics at intermediate
energies were discussed at a work-
shop held in Freiburg (West Ger-
many) from 10-13 April. The work-
shop was organized by the Univer-
sity of Freiburg and by Projekttra-
ger Mittelenergiephysik of the Fed-
eral German Ministry of Science
and Technology.

During three days more than
200 invited participants from high
energy and nuclear physics took
part in lively discussions on future
options in particle and nuclear phy-
sics at low and intermediate ener-
gies, grouped into six study -
groups. In a plenary session on
the fourth day, discussion leaders
reported on results, conclusions
and recommendations of their
study groups. The session ended
with a delightful lecture by Wolf-

gang Paul on forty years of accel-
erator history in Europe.

Important topics covered at the
workshop included: Kaon and Hy-
peron Physics,; Physics with Anti-
protons and with polarized Pro-
tons, Elementary Hadronic Sys-
tems in the Light of Quantum Chro-
modynamics,; Rare and Ultrarare
Decays and Reactions; Electro-
weak Interactions and Neutrino
Physics,; Nuclear Physics with
Strangeness-Carrying Probes.

The contributions of some fifty
speakers in the study groups gave
an impressive overview of the
promising and rich spectrum of
this field of physics. These contri-
butions included summaries of
earlier workshops held in the US
and in Canada (LAMPF Il, TRIUMF
Kaon Factory, AGS Il Brookhaven).
Although electron and muon beam
facilities were also studied, the
discussion of accelerator perspec-
tives lead to the clear and rather
unanimous conclusion that a rapid
cycling, high intensity proton
synchrotron at about 30 GeV
would be best suited to meet the
needs of experimentalists. The
success of the meeting made it
evident that there is a broad com-
munity of potential users—far
beyond the German groups who
have a long and successful tradi-
tion in this field of physics.

(From F. Scheck)
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This year, over 60 runners lined up at the
start of the traditional annual relay race
round the CERN site. It was won by the
UA1 ‘Monojet’ team, recapturing the trophy
they lost last year while their attentions
were diverted by the discoveries of the W
and Z particles.

(Photo CERN 472.5.84)

Cheer at LEAR

Judged by the bubbling enthusiasm
of its 260 users, the LEAR Low
Energy Antiproton Ring at CERN
continues to be a great success.
First trials last year encountered
some teething troubles, and there
were other factors which made
scheduling LEAR beam about as
difficult as predicting the weather.
However the machine has emerged
from its initial shakedown with
flying colours.

During a successful run at 300
MeV/c earlier this year, up to
100 000 antiprotons per second
were focused to a spot as small
as 1 mm?. Recently LEAR delivered
a new 1.5 GeV/c beam in record
time, providing experiments with
more than 200 000 antiprotons
per second in a fine beam less
than a millimetre wide in one direc-
tion and 1.5 mm in the other.
These are just the conditions for
physics discoveries and more new
LEAR results are eagerly awaited.

Oscillation hint

As mentioned briefly in our pre-
vious edition (page 196), the Anne-
cy / Grenoble team working at the
Bugey (France) reactor has seen
some indications for neutrino oscil-
lations. The search for this phe-
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nomenon has been (and continues
to be) the subject of wide exper-
imental interest (see March issue,
pages 62-4). The Annecy/Grenoble
team look for variations in the elec-
tron neutrino signal between two
different positions of their detector
and find a small range of neutrino
variables where such an effect
cannot be definitely ruled out.
Work is continuing with a view to
confirming (or otherwise) this initial
indication.

Aladdin has light

Electron beams have been taken
to 800 MeV in the Aladdin storage
ring at the Synchrotron Radiation
Center, University of Wisconsin-
Madison. Work is now concentrat-
ing on higher injection efficiencies
and overcoming beam instabilities.
It is soon expected to be running
reliably with beam intensities of
10 mA, and with the first beamline
for experiments in position.

How UA 1 won

The UA 1 ‘Monojets’ were first
past the post in this year’s tradi-
tional 3.9 km relay race round the
CERN site. Last year, with all the
panic about the W and Z particles,
the experiment’s first team could
only manage second place. This

year UA 1 fielded no less than sev-
en teams, meriting some additional
award for mass participation. Not
all the UA 1 teams could reproduce
the form of the ‘Monojets’, with
the aptly named ‘Missing Energy’
sextet finishing near the other end
of the spectrum of results. How-
ever the real ‘run’ is scheduled to
begin in September, when the SPS
proton-antiproton Collider comes
back into action.

HERA meeting

A meeting on experiments for the
HERA ring will be held in Italy from
1-3 October. More information
follows.
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Applicants are invited for the position of

Vacancy number C.7812.

The appointed candidate will carry out his research
program in the Institute for Theoretical Physics.

In this Institute, research interests are fieldtheory
and elementary particle physics; close contacts exist
with the National Institute for Nuclear- and High
Energy Physics (NIKHEF-H) in Amsterdam.
Further research activities include kinetic theory of
gases and plasmas, phase-transitions and critical
phenomena, and non linear dynamics.

Candidates should be theorists of international
reputation with a broad interest in the classical and

The Netherlands, quoting number 7812.

Nominating Committee.

Women in particular are invited to apply.

Universiteit van Amsterdam

professor of theoretical physics (m/f)

Applications including a curriculum vitae, a list of publications and the names and addresses of a few
referees, willing to provide information concerning personal and scientific qualifications should

be addressed - within four weeks - to the Chairman of the Nominating Committee, Prof. Dr.

K.J.F. Gaemers, Instituut voor Theoretische Fysica, Valckenierstraat 65, 1018 XE Amsterdam,

Those who wish to draw attention to potential candidates are requested to contact the Chairman of the

quantum aspects of field theory as well as the
related mathematical techniques.

They should be willing to learn Dutch within two
years in view of teaching- and administrative duties.
The successful candidate is expected to stimulate
research in the area of field theory and elementary
particle physics.

Gross salary depends on age and experience and
ranges from Dfl. 6,364.- to Dfl. 9,005.- per month.
(Dutch Civil Servants Code).

Das Deutsche Elektronen-Synchrotron DESY wird in den nach-
sten Jahren die Elektron-Proton-Speicherringanlage HERA
bauen. Im Rahmen des Nachwuchswissenschaftler-Programms
der Arbeitsgemeinschaft der Grossforschungseinrichtungen
bieten wir jungen promovierten

Diplom-Physikern (-Physikerinnen)

die Gelegenheit, sich durch Mitarbeit an unserem Forschungs-
und Entwicklungsprogramm auf einem der folgenden Gebiete
weiter zu qualifizieren:

® Physik und Technik der Hochenergie-Beschleuniger

e Entwicklung neuer Techniken fur die Hochenergiephysik
(inbesondere Anwendung der Supraleitung)

® Entwicklung von Teilchen-Detektoren
e Anwendungen der Synchrotronstrahlung

Bewerber sollen das 32. Lebensjahr noch nicht vollendet haben.
Die Stellen sind auf drei Jahre befristet und nach Vergatungs-
gruppe lll/lla MTV Angestellte dotiert.

Schriftliche Bewerbungen mit Lebenslauf, Zeugnisabschriften
und Lichtbild erbitten wir an unsere Personalabteilung.

Deutsches Elektronen-Synchrotron DESY
Notkestrasse 85, 2000 Hamburg 52
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University of California
Lawrence Berkeley Laboratory
Announces an opening 1 January 1985 for:

Associate Laboratory Director and
Head of Nuclear Science Division

The Lawrence Berkeley Laboratory is a multi-purpose re-
search laboratory funded by the Department of Energy. Its
Nuclear Science Division corducts a multimillion dollar re-
search program in low, medium and high-energy nuclear phy-
sics. The Head of the Division has primary responsibility for
the leadership and management of this program under the
general direction of the Deputy Director for General Sciences
and the Laboratory Director. As an Associate Director of the
Laboratory, the incumbent will also participate in formulating
the research policy and long-term direction of the Laboratory
as a whole. Candidates must have had significant experience
as practicing nuclear physicists and be of the general calibre
of persons holding senior tenure positions in major research
institutions. The successful applicant would be expected to
serve as Associate Director and Division Head for an initial
term of 3 to 5 years, subject to renewal for further terms by
mutual agreement.

The Laboratory is seeking a respected and energetic nuclear
physicist willing to play a strong leadership role at a challeng-
ing time. Qualifications must be such that it will be natural to
consider him or her for a tenured appointment in the Depart-
ment of Physics on the Berkeley campus of the University of
California, as well as at the Laboratory. Interested applicants
should submit a curriculum vitae, together with the names of
three references to:

Dr. J.D. Jackson, Chairman, Nuclear Science Search
Committee, c/o Employment Office,

LAWRENCE BERKELEY LABORATORY,

1 Cyclotron Road, Berkeley, CA 94720.

Refer to Job A/2947.

An Equal Opportunity Employer M/F/H.
Deadline for applications: August 31, 1984.

LAWRENCE
BERKELEY
LABORATORY
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Two
postdoctoral positions
in Medium Energy Physics

are available at the University of Karlsruhe. One of
the successful candidates will be member of an
International Collaboration at the Antiproton-Facil-
ity LEAR at CERN in Geneva. The other will partici-
pate in research at the Swiss Institute of Nuclear
Research in Villigen (SIN).

Experience in experimental Nuclear or Particle Phy-
sics is desired. Duties will include hard-and soft-
ware development. The initial appointment will run
until the end of 1985. An extension up to a maxi-
mum of five years is possible. Salary is commen-
surate with qualifications.

Applicants should send a resume, list of publica-
tions and names of two references to:

Mrs. E. Haas

Institut fiir Experimentelle Kernphysik
Kernforschungszentrum Karlsruhe
Postfach 3640

D-7500 Karlsruhe

W.-Germany

UNIVERSITY OF OXFORD

The Department of Nuclear Physics expects to make one
or two appointments to the position of

Research Associate

The holders will be expected to work in one of the particle
physics research programmes of the department. These
include research on deep inelastic muon and neutrino
scattering, charmed particle production and decay, elec-
tron-positron annihilation, and nucleon decay.

The appointment is for three years in the first instance
with a possible extension for a further two years. Salary
(under review) is on an age related scale of £ 7190 per
annum at age 24 rising by yearly incrementsto £ 11,615.
Membership of the University’s Superannuation Scheme
is obligatory and involves a 6.25 % salary contribution
from the member and a 12 % contribution from the Uni-
versity.

The successful applicant may be required to live for a
period at Geneva, at Hamburg or in the U.S.A., and at
such times would receive allowances including rent,
health insurance and a foreign service allowance. Details
of U.K. taxation rates may be obtained on request.

Applications giving the names and addresses of two
Referees (who should be invited to write direct) should be
sent to:

Mr. M.S. Gautrey,

Dept. of Nuclear Physics,

Keble Road, Oxford, OX1 3RH

so as to arrive by 15th August 1984.

I

EsDcapacitors

A DIVISION OF CSI TECHNOLOGIES, INC.

BOX 2052, ESCONDIDO, CALIFORNIA 92025 / TLX 697832 / (619) 747-4000 WORLDWIDE
| | | | I
SERIES | TYPE |FEATURE|y,F 10nF 100nF 1uF _ 10uF _ 100uF
DCIAC
NT FILTER 10 50KHZ
FILTER | ooUtAR
M FILTER | XMITTER
RAILS
AE PULSE X LOW L
GENERAL
WM PULSE PURPOSE
FLASHLAMP
RAILS
WPC PULSE LOW L
HIGH E
HIGH R.R. 3300 JOULES
AT
ES R | Lo esh 5500 JOULES 4-125kV
NON-FLAM. 8300 JOULES 4-125KV
150° C
cusTom | 0o 5nH 0.6 KVDC - 250kVDC  100VAC - 180 KVAC
& SCR | piELECTRIC | 4000KW
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Stohr Precision

STOHR

ARMATUREN

Valves
for
LEP

We ask for
your enquiries.

We are constructing
and fabricating valves
corresponding to your

specifications — from

+ 600°C to -269°C

leakage rate
<10-° mbar I/sec.

guaranteeing security and
quality in nuclear reactors

F.X. Stohr GmbH & Co.
Armaturenwerk KG
Provinostr.22-Postfach111869 °
D-8900 Augsburg 11

Fernruf (0821) 553094
Fernschreiber 05-33528 stoehd

il ”'I A
W

we build y

i L
1 NS /11

our

electronic equipment

BERGOZ - CROZET - 01170 GEX, France

(50) 41 00 89

Electronic Equipment Manufacturing

Beat the errors in teleprocessing
Modem Tester DMT-1
for every data service technician

Too much downtime due to tele-
processing errors? Now the
right measuring technology can
help: the DMT-1 Modem Tester.
Compact and battery operated
—ideal for field service. All
modems that have V.24/V.28
interfaces can be tested by the
DMT-1.

Because of its versatility this
should be the standard test set
for all data services.

The small, user-friendly DMT-1
facilitates:

* Interface monitoring and
simulation;

* Generation of bit patterns
(0; 1;1:1;1:7; 7:1; 511 bit) and
QUICK BROWN FOX sequences;
* Signal element timing of
max. 19200 bauds. Automatic
generation of start/stop and
parity checking bits;

* Bit/Block error counting over
10* 10°, 10° bits or blocks;

* Automatic half-duplex test;
* Bias distortion measurement
with 1:1-/511 bit sequences;
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* Isochronous and individual
distortion measurements;

* Timing measurements be-
tween modem control lines
Add efficiency to your data cir-
cuit measuring technology. Talk
to one of the W&G specialists!

-
| Information Coupon

| Please send information about

| O The DMT-1 Modem Tester

O The complete measuring instru-
ment program for the field of
teleprocessing

Name

I
|
: Firm
| Address
| City
| Tel.No.

| Wandel & Goltermann
| (Schweiz) AG
| Postfach 254
| CH-3000 Bern 25
Tel. (031) 42.66.44
| Telex32112 wago ch

E 2252 K
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COMMERCIAL URANIUM.

IT’S MORETHAN JUS
-

NN v N
NN

w

R

_—

A

%‘\ %f“ =
o | D
Twice as dense as lead, compounds for glass and For further information
increasingly competitive in price, ~ceramics and as a constituentof  write to:-
and readily available—BNFL catalysts for the gas industry, The Commercial Manager,
commercial uranium could be BNFL commercial uranium is Misc. Products Business Centre,
just the other metal you'vebeen  demonstrably a versatile Room C24,
looking for. material of great potential value  British Nuclear Fuels Limited,
Currently in use for a wide to industry. Risley, Warrington WA3 6AS
range of radiological shielding For thirty years BNFL
and non-destructive testing has been fabricating commercial —
applications, balance weights uranium-—casting, machining, N e L_
for aircraft, colouring rolling, forging, extruding.
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FAST3US

Our new FASTBUS crate is here!

e precision engineered e rugged construction

e quality performance e laboratory tested

c

Fully meets your needs for a Type A
forced-air-cooled FASTBUS crate.

N
S8

NS

s s % o B R N

Features...

standard, 19-inch relay rack mounting

rugged, molded card guide assemblies

e maximum air-flow design

26-position Segment backplane

accurate mating connectors
e positive-action locking Run/Halt bar

e auxiliary backplane options for rear
1/0 connections (130 or 195 contacts)

e terminal lug power connections

Available Anciliary Logic Cards include:
Segment Terminator, Geographic Address :
Enable Generator, and Arbitration Timing : poBT - FARTBUS CRATE
Controller.

This crate is just one of a new KSC line of FASTBUS products for high-energy physics
experiments, image processing or tomographic reconstructions, flight or other simulation,
adaptive control and artificial intelligence requiring multiprocessors. For more infor-
mation, write or call us today.

KineticSystems Corporation
Standardized Data Acquisition and Control Systems

US.A. West Coast Office Europe (Service) Europe (Marketing)

11 Maryknoll Drive 39175 Liberty Street, Suite 245 3 Chemin de Tavernay Gewerbestrasse 13

Lockport, lllinois 60441 Fremont, California 94538 1218 Geneva, Switzerland CH-4528 Zuchwil, Switzerland
Phone: (815) 838 0005 Phone: (415) 797 2351 Phone: (022) 98 44 45 Phone: (065) 25 29 25
TWX:910 638 2831 TWX: 910 997 0544 Telex: 28 96 22 Telex: 845/934648
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Introducing:

Ohara,
Scintillation
(Glass

Triples the light output over
lead glass. . . economically.

Low energy gamma rays are now resolved more accurate-
ly and economically. Our new SCG-1 scintillation glass has
a per volume cost roughly 50% higher than SF5 lead glass,
but less than 10% of the cost of sodium iodide (Nal).

SCG-1 Characteristics:

Radiation Length (cm) 4.35
Refractive Index (nd) 1.603
Density (g/cm?) 3.36
Linear Coefficient of
Thermal Expansion (100—300°C)
(10-7/°C) b 108
Excrﬁng Wavelength (nm) | 375

Fluorescent Wavelength (nm) 429
Fluorescent Life Time (n. sec) ‘ 80
Light Output : ~ About3.8 trfes as fggh o
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SOFT X-RAY STREAK GAMERA

106V 10 10KV

SPATIAL DYNAMIG RESOLUTION:

20 LINE PAIR/mm™

*Demonstrated in tests
at Los Alamos National
Laboratories

DEMOUNTABLE
PHOTOCATHODE

Photocathode can be
replaced in minutes while
camera remains mounted
on vacuum chamber.

The photocathode
manipulator illustrated
above is based on a
design by Livermore
National Laboratories.

IMMEDIATE
DEMONSTRATION
AND DELIVERY

CALL OR WRITE FOR INFORMATION

HAMAMATSU

HAMAMATSU CORPORATION « 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE:(201) 469-6640
International Offices in Major Countries of Europe and Asia.

Hamamatsu Photonics K.K., 1126 Ichino-cho, Hamamatsu, Japan, 0534/34-3311 « Hamamatsu TV Europa GmbH, Postfach 1140, D-8031 Seefeld 1, W. Germany, 08152/7705
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Surveiller,
mesurer,
controler

gaz et liquides! Indicateurs de circulation,
débitmétres, niveaumétres, contrdleurs de
pression -

également ex. antidéflagrantes, controlées ASE.

Nous vous conseillons volontiers.

Gase und Fliissigkeiten

Uberwachen,
messen,
kontrollieren!

Niveaumeter, Druckwachter —
aux ex-geschiitzt, SEV-gepriift.

Wir beraten Sie gerne.

12 TECHNOKONTROLL AG

L" 8049 Ziirich, Imbisbiihistr.144 Telefon 0156 56 33

Stromungswichter, Durchfluss-Mengenmesser,

252

TEEHNOLOGY
Components and
Engineering

e Coax and Waveguide
¢ Pressurization Systems
¢ Microwave Absorbers
¢ Monopulse Comparators
¢ Waveguide Switches
e Open Wire Switches
¢ Coax Breakaways
¢ Coaxial Switches
¢ Phase Shifters
e Stub Tuners
¢ DC Breaks
¢ Combiners
¢ RF Loads

EXEMPLARY SPECIFICATIONS
HIGH POWER,
HOT BREAK SWITCH

(parameters are vanable for each application)
Application............ Missile detection radar
CO@X. .+ v 97/22.9cm
Frequency . .. .
Impedance

Power - peak. AR
S AVEFAQE . ... 90 kW
Switch time ... ... o 0.25 seconds

DIELECTRIC COVMIMUNICATIONS
A UNIT OF GENERAL SIGNAL
A FORTUNE 250 COMPANY

TOWER HILL ROAD, RAYMOND, MAINE USA 04071

TEL. 207-655-4555 800-341-9678 TWX: 710-229-6890

F157/1e
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08.001E

R max. 1500 mm

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

Poussiére fine, particules
en suspension peuvent
étre retenues par les fil-
tres Luwa. Nous en
avons une gamme com-

| plete a votre disposition.

Succursales, licenciés et représentations dans plus de 60 pays.

Luwa SA
Filtres + Equipement de Protection
Kanalstrasse 5, 8152 Glattbrugg, Téléphone 01/8101010
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Semicircular,
A 1 8-Piece
_GERN Chamber,

manufactured rigid, with bonded
plate-bars.

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
Telefon 061/8006 01, Telex 63182 ;

Neutron Activation
Foils and Fqu Wi[__e_i

Over 100 high purity foils and wires for neutron
dosimetry, flux mapping, spectral measurement,
and neutron radiography. Ultra thin sheets, (to
0.25 microns thick), fission foils, educational
foils and Criticality Dosimeters for personal
and area monitoring.

Our 25th Year as Suppliers of Neutron
Activation Foils and Wires.

W%(j REACTOR EXPERIMENTS, INC.

963 Terminal Way, San Carlos, CA 94070-3278
415/592-3355 » TELEX: 345505 (Reactex SCLS)
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ELECTRIC — CALRVAC -
SURFACE HEATING

SOCIETE DE PROMOTION AVI [ A
T

- EQUIPMENT England

' A; Hydroformed Bellows

V\ vacum components

\\\\\
~aal
S

CH. GABUS

Quick connect patented
clampsyacum components

Custom buil Heating Jacketsand
Cut to Length Heating Tapes

O0O0=

/ .
- ; ) —-— '5 == 1,Chemin du lac
Isopad Ltd, Stirling Way, Borehamwood, Hertfordshire WD6 2AF, England. Tel:01-953 6242.Telex: 261761 AD“C CH-1290 VERSOIX - Tél. (022) 552423

REINHOL[}

CHARLES REINHOLD Ing.

Edge welded
diaphragm Bellows

Instrumentation Amplifiers? Check AMP-01

Our new Instrumentation Amplifier's many features are hard to tell in short. It combines
a high-precision input amplifier with a powerful 50 mA output stage on a single chip.
Continuous gain setting between 0.1 and 10’000 by two external resistors only, whose
absolute TC is not critical; only relative matching counts. Input precision, linearity,
noise, common mode rejection — all combine for minimum total error. And the output | Bourns (Schweiz) AG, 6340 Baar
can drive 50 Q loads and 1pF. Additional Sense/Reference inputs cancel output line Tel. 042 /33 33 33 Telex 868 722
voltage drop. Separate supply leads to the output stage allow for external resistors to
dissipate excess power — the chip remains cool. With a single IC from millivolt signals )
to the 10V or 4-20 mA level without extra buffers. AMP-01 precision supports 16-bit FMI I PreC|S|0n

fren . — —_ — 0, — o ] ]
systems, but it is also fast: 4.5 V/us. IB=5 nA,los=0.5 nA, NL=0.005%, CMRR =125 dB. T MOﬂOllTthS

Order the 22-page Data Sheet (free), or the Evaluation Kit for easy testing (PC-board, | S{3sTR3Y
IC and components, $ 20 + freight/duty). CALIFORNIA |nCOTDOI’CI1'ed )
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A step towards the future:

The most economical turbo pump
with high volume flow rate

The volume flow rate of this pump is
1300 to 1560Q I/sec for N,, He and H,,
with a H, pressure ratio of 2500.

DN 200 and DN 250 flanges to ISO-K
or CF are used. The installation angle
can be selected from horizontal to
vertical.

The maintenance intervals of these
pumps are approx. 10 000 hours;
changing the oil is very easy. The sta-
tor setting and balance are not affect-
ed by a bearing replacement, which
can also be carried out by the cus-
tomer.

PM 800 056 PE

A cost/benefit ratio was able to be
achieved for the Turbo 1500 which
makes this pump truly competitive.

The ‘84 Turbo pump range

Balzers offer a range of seven pump
sizes. The proven dual flow pumps
with their unsurpassed smooth run-
ning, and the high-efficiency single
flow pumps satisfy all user require-
ments. Several types of flanges and
selection of the cooling medium al-
low the seven basic pumps to be ex-
panded to ten pumping speeds be-
tween 27 I/s and 6500 I/s.

Balzers Aktiengesellschaft
FL-9496 Balzers
Firstentum Liechtenstein
Tel (075) 44111

Telex 77 841 bag fl

The new
Turbo 1500

A totally new turbo pump has been
developed for universal use in high
and ultra high vacuum.

Accelerators, fusion experiments, se-
miconductor production, and metal-
lurgy are examples of the uses these
vacuum pumps can be put to. In one
case, efficiency is the decisive factor,
and in other cases the technical de-
pendability and ease of handling.

The Turbo 1500 is an ideal combina-
tion of all these factors.

BALZERS

Arthur Pfeiffer
Vakuumtechnik Wetzlar GmbH
Postfach 1280

Balzers

8 Sagamore Park Road
Hudson, NH 03051

Tel (603) 889-6888
TWX 7102287431

D-6334 Asslar
Tel (06441) 8021
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WE HAVE DESIGNED THE
UNIVERSAL CAMAC

INTERFACE

3, LY The CAEN model C 111 can make your
' T personal or desk computer into a powerful
system for data-acquisition, monitoring
and process control.

APPLE I

LSI 11/23

OLIVETTI
M 20

1BM
PERSONAL
COMPUTER

SGS
PERSONAL
COMPUTER

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

supported by CAMAC.

GDA

WHATEVER YOUR PERSONAL OR DESK COMPUTER
CALL US, WILL INTERFACE IT TO CAMAC.
m TELEX 500454 BB |

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

NEW PUSH
FOR ACCELERATION
"IN

PARTICLE PHYSICS

1o get particles going faster, you
need to push them harder,
Thomson-CSF high power electron
tubes supply the “push” for some of
the world's largest particle
accelerators.
oUW klystrons. up to 1 MW at
353 MHz, 50 kW at 2.45 GHz.
o Pulsed kiystrons. up to 35 MW
peak at 3 GHz, 4.5 us pulsewidth.
* High power grid tubes. up to
1.1 MW pulsed at 140 MHz.
* High voltage switching tetrodes:
up to 120 kV anode voltage!
o Lollaboration. new tubes for new
accelerators.
Thomson-CSF helping to push back
the frontiers of particle physics.

THOMSON-CSF

Division Tubes Electroniques /

38, rue Vauthier BP 305 |

92102 BOULOGNE-BILLANCOURT CEDEX
FRANCE |

Tél (33-1) 604.81.75

¢ \ THOMSON

@ COMPONENTS THE COMPONENTS OF SUCCESS
ELECTRON TUBES | #tcrroron  Sohoo S formey Ganfingom feb v §%§‘§§}JLM Tk

AWA UNCI ADRID KY0
Tel. (201) 438.23.00 Tel. (11) 542 4722 Tel. (613) 236.36.28 Tel. (83) 78 7.0 Tel. (266) 29.155 Tel. (6) 638.14.58 Tel. (1) 405.16.15 Tel 63.50.60 Tel. (3) 264.63.46

5288
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ESA-IRS

NUMBER ONE IN EUROPE
FOR INFORMATION

is making available to you

e 60 ONLINE DATABASES ....

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

e 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.

e ACCESSIBLE WORLD-WIDE ...

via TYMNET, EURONET, and other national
and international data transmission net-

. works. The system is available 20 hours a
- day.

e AND 16 YEARS EXPERIENCE DEDICATED
TO CUSTOMER SERVICE !

ESA-IRS, the European
approach to Online Information

The Information Retrieval Service of the European Space Agency

ESA-IRS, via Galileo Galilei, 00044 Frascati, (Italy)
Tel. (39/6) 94011 Twx. 610637 esrin i
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'COINCIDENCES?

A complete w
rangeof fast2' P

T - T ‘ T tr =anode pulse
Type cathode | linearity ~ number tr \ tw | ot | Atee fime for a delta
of (ns) (ns) (ns) (ns) .
stages light pulse
XP2020  bialkali % 280 . 12 1.6 24 025 | 025 | tw =anode pulse
XP2230B  bialkali - 280 12 16 1 27 | 035 | 060 duration FWHM for
XP2262B  bialkali 250 12 20 30 | 050 @070 adelta light pulse
xp2020Q  Qelel o os0 12 15 24 025 025 |9 =tansitime spread
| XP22338  tiakal (250 12 | 20 | 32 050 070 | for eingle electron
trialkali l
PM2254B  onquate 280 12 1524 025 025 | ap oo difference
PM2242 bialkali . 350 e 1,6 2,4 - 0,70 centre- edge
Other fast tubes: 3/4” PM1911 3"PM2312 Philips Industries, Electronic
1" PM2982 5" XP2041 Components and Materials Division,

Eindhoven, The Netherlands

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

pHiLps|  Electronic
% Components pH I LI ps

and Materials
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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
scientific and communcation
applications.

Among the many users of
EIMAC tubes in high technology
fusion research, particle accel-
eration and other state-of-the-
art investigations are:

= European Organizations for
Nuclear Research (CERN) =
Fermi National Accelerator Lab-
oratory = Stanford Linear Accel-
erator Center = Lawrence
Berkeley Laboratory = Los Ala-
mos National Laboratory
(LAMPF and FMIT programs) =

Oakridge National Laboratory =
Princeton Plasma Physics Labo-
ratory = TRIUMF Laboratory
(University of British Columbia)
= GS| Darmstadt (FRG) = Culham
Laboratory (England) = CEA
Fountenay-au-Rose (France) =
Textor-KFA Julich (FRG) = GA
Technology (Doublet-3).

Power tubes developed and
manufactured by Varian EIMAC
used in the facilities mentioned
include the 8973, 8974, X-2062K/
9009 and Y676A/9013. These
tube types will be joined by oth-
ers in development to meet new
program requirements.

More information is available
from Varian EIMAC. Or the near-
est Varian Electron Device

Group sales office. 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

varian
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