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Nobel 1984

There was general jubilation at
CERN following the announcement
from Stockholm on 17 October
that Carlo Rubbia and Simon van
der Meer had been nominated for
the 1984 Nobel Prize for physics
by the Royal Swedish Academy
of Sciences ‘for their decisive con-
tributions to the large project which
led to the discovery of the field
particles W and Z, communicators
of the weak interaction’.

These discoveries, made last
year at CERN, rank among the
greatest achievements in the his-
tory of science. They confirmed a
new picture of Nature which unifies
electromagnetism with the weak
nuclear force. This quest began
exactly 50 years ago with the first
formulation of the theory of the
weak force by Enrico Fermi, and
ultimately led to the elegant ‘elec-
troweak’ picture which earned the
Nobel award for Sheldon Glashow,
Abdus Salam and Steven Wein-
berg in 1979. .

At CERN, the story began in
1968 when Simon van der Meer,
inventor of the ‘magnetic horn’
used in producing neutrino beams,
had another brainwave. It was not
until four years later that the idea
(which van der Meer himself
described as ‘far-fetched’) was
demonstrated at the Intersecting
Storage Rings. Tests continued at
the ISR, but the idea — ’‘stochastic
beam cooling” — remained a cu-
riosity of machine physics.

In the United States, Carlo Rub-
bia, together with David Cline of
Wisconsin and Peter Mcintyre,
then at Harvard, put forward a bold
idea to collide beams of matter
and antimatter in existing large
machines. At first, the proposal
found disfavour, and it was only
when Rubbia brought the idea to
CERN that he found sympathetic
ears.
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Stochastic cooling was the key,
and experiments soon showed
that antimatter beams could be
made sufficiently intense for the
scheme to work. With unpreced-
ented boldness, CERN, led at the
time by Leon Van Hove as Re-
search Director General and the
late Sir John Adams as Executive
Director General, gave the green
light.

At breathtaking speed, the ambi-
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1984 Nobel laureates Carlo Rubbia (left)
and Simon van der Meer acknowledge the
cheers.

(Photo CERN 523.10.84)
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tious project became a magnifi-
cantly executed scheme for collid-
ing beams of protons and anti-
protons in the SPS Super Proton
Synchrotron, with the collisions
monitored by sophisticated large
detectors.

The saga — for this is what the
story is — was chronicled in the
special November 1983 issue of
the CERN Courier, with articles
describing the development of the
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electroweak theory, the accelerator
physics which made the project
possible, and the big experiments
which made the discoveries *.

While it is Rubbia and van der
Meer who go to Stockholm to
receive the most prestigious scien-
tific accolade of all, the CERN dis-
coveries were only made possible
by technological excellence and
teamwork unparalleled in the
domain of pure research.

This was underlined at a celebra-
tion at CERN on 19 October, when
the two latest arrivals to the phy-
sics hall of fame paid ample tribute
to their colleagues and co-workers.
There was special mention of the
crucial roles played by Leon Van
Hove and John Adams during their
joint 1976-80 term of office.

Recalling those days, Van Hove
described the growing realization
that something ‘significant’ had to
be done for CERN. He reviewed

420

the list of options open back in
1978 — perhaps a superconduct-
ing ISR, or an electron-proton col-
lider in the SPS, and then the Anti-
proton Project. Van Hove admitted
that he had never dreamt the
choice of the Antiproton Project
would turn out to be so successful.

Van Hove paid tribute to the
efforts of John Adams in pushing
the beam cooling experiments and
facing up to the problems of ma-
chine building and transformation.
At first, some Americans were
confident that they could beat
CERN, but the European Laboratory
had the ‘Adams factor’ working
in its favour, the technical perfec-
tion which ensured the SPS per-
formed so well that, as Carlo Rub-
bia once put it, ‘it became apparent
that a storage ring was right there
ready to be used’.

Summing up, Director General
Herwig Schopper ventured that

-

CERN has now learnt how to make
big discoveries and win Nobel
Prizes, and it is important that this
new skill be passed on to younger
generations of physicists.

The physics students of the
future will surely read avidly of the
deeds of Rubbia and van der Meer
at CERN in the same way that pre-
vious generations were stimulated
by retracing the brilliant insights
of Einstein and the subtle craft of
Rutherford. '

* ‘Achievements with Antimatter’, available
from Publications, CERN, 1211 Geneva 23,
Switzerland.

Leon Van Hove, Research Director General
at CERN when the decision to go ahead
with the Antiproton Project was taken,
explains how to pick winners in physics.

(Photo CERN 596.10.84)
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25 years...

and still going strong

In the evening of 24 November
1959, a jubilant crowd in the control
room of the sparkling new CERN Pro-
ton Synchrotron witnessed a proton
beam accelerated to 24 GeV, at the
time a new world record. The pride
of Europe, the machine was the first
to use the then new principle of alter-
nating gradient focusing, and came
into operation a full year ahead of its
US counterpart, the Brookhaven
Alternating Gradient Synchrotron.
The availability of the world's
most powerful accelerator was a
good start for high energy physics at
the world’s firstinternational Labora-
tory. The PS has long since ceased to
hold the world particle beam energy
record, but thanks to the vision of its
designers and a series of ingenious
improvements which have provided
increased performance and reliabili-
ty, it remains the kingpin of CERN's
installations, the largest and most
versatile complex of high energy par-

ticle accelerators in the world.

After exploiting the original con-
figuration to the full, the second de-
cade of the machine’s operation saw
the arrival of the 800 MeV Booster
synchrotron which increased the in-
jection energy and hence the avail-
able beamintensity, and a new radio-
frequency accelerating system.
Later improvements included a new
50 MeV linac alongside the old one,
new pole face windings for the mag-
nets, the replacement of the original
mercury arc rectifiers by solid-state
ones, a new modular control system
to take care of the complicated new
modes of operation of the machine,
and a radiofrequency quadrupole to
replace the classic Cockcroft-Wal-
ton electrostatic pre-injector at the
‘old” linac.

However the biggest change came
in the role of the machine itself. Ori-
ginally, the PS provided particle
beams directly to the adjacent exper-

Beam exercises

The evolution of the CERN
PS. In blue, the proton circuit,
including the two linac injec-
tors (top) and the adjoining
Booster. The principal ex-
tracted beams fan out to the
right, serving, from the top,
the low energy neutrino
beam, the Intersecting Stor-
age Rings (ISR — now closed)
and the 450 GeV Super Pro-
ton Synchrotron (below, not
visible on plan), and the anti-
proton target.

In red, the antiproton cir-
cuit. The secondary antipro-
tons are stored in the Anti-
proton Accumulator (AA)
and loop back to the PS. At
the bottom, the extracted
beam branches in two to
serve the ISR and the SPS.
At the top, the low energy
antiprotons emerge for the
LEAR ring.

In green, the future. Top
left, electrons and positrons
arrive from the new LEP injec-
tor. Before reaching LEP, the
electrons pass to the SPS
along the same path as the
antiprotons, while positrons
follow the proton path, along
which the PS will also feed
oxygen ions to the SPS.
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On 5 February 1960, Niels Bohr presses
the button at the formal inauguration

ceremony of the CERN Proton Synchrotron.

The machine attained its 24 GeV design
energy on 24 November 1959.

(Photo CERN 2129A)
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imental areas. But over the years it
was increasingly called on to supply
particles to other machines, first the
Intersecting Storage Rings in 1971
and then in 1976 the SPS 400 GeV
Super Proton Synchrotron.

With the advent of the CERN anti-
proton project, the PS became in
1981 the world’s first antiproton
synchrotron. Working in this mode,
the PS takes 3.5 GeV antiprotons
from the Antiproton Accumulator
(AA), accelerating them to 26 GeV
ready for injection into the SPS.

As if this were not enough, anoth-
er antiproton requirement emerged.
For the LEAR Low Energy Antiproton
Ring, the PS has to take on yet anoth-
er very different role, that of a parti-
cle decelerator rather than an accel-
erator. The precious antiprotons
from the AA are slowed down from
3.5 GeV to a kinetic energy near
200 MeV.

In addition, there were alpha parti-
cles for the ISR, new beams for low
energy neutrino experiments, new
test beams... The valiant PS never
failed to rise to the occasion.

The machine’s big moment for
physics came in 1973 with the dis-
covery of the neutral current in neu-
trino interactions using the Garga-
melle bubble chamber. With the
arrival on the scene of the SPS, many
of the big detectors migrated to the
bigger machine. The PS retained a
faithful band of experimenters, and in
the last few years the novel LEAR
programme has attracted a flock of
several hundred physicists to the PS,
many of them new to CERN.

The PS provides per pulse over a
thousand times the intensity deliv-
ered back in 1959 and works in com-
plicated ‘supercycles’ to cater for its

Another shot from the inauguration,
showing left to right, John Adames,
Niels Bohr, Ed McMillan, and J. Robert
Oppenheimer.

(Photo CERN 2065)
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Evolution of CERN Proton Synchrotron parameters

1959

1984 (* under development)

Intensity

Pulse rate

Energy

Injector

Accelerated particles

Magnet Power Supply

Voltage
Current
Cycle type

Accelerating systems
Accelerating cavities

RF power

Vacuum System
Pumps

Average pressure
Volume under vacuum

Injection system
50 MeV

800 MeV protons
3.5 GeV antiprotons
600 MeV electrons™®

Beam utilization systems

Experiments
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design 1010 p/p
achieved 3 x 10'° p/p

1per3tobs

design 25 GeV
achieved 28 GeV

50 MeV Linac

Protons

Motor generator set with one mercury arc
rectifier

5400 V
6000 A
single cycle with 20 ms peak

16 units of 10 kV each tunable from 2.5
to 9.5 MHz

16 x 6 kW

60 oil diffusion

4.107% torr
9m3

single turn with 1 electrostatic inflector
and 3 pulsed inflectors

2 internal targets for South Hall (target 1)
and North Hall (target 6)

1 main user plus parasite tests, emulsion
exposures and irradiation chemistry
Exploratory counter experiments, 32 cm
hydrogen bubble chamber

2.2x 103 p/p

1per1.2to24s

0.2 to 25 GeV (kinetic)

Injector 1 — 800 MeV four-ring Booster
(PSB) fed by new 50 MeV Linac

Injector 2 — Antiproton Accumulator

Injector 3* — Electron Positron Accumu-
lator

Protons, deuterons, alphas, antiprotons,
electrons®, positrons™, oxygen™*

Motor generator set with two thyristor
rectifiers
9000 V
6000 A
Supercycle adapted to the user: 14 GeV
for SPS, 26 for SPS Collider and AA, 24

for experimental physics, and decelera-
ting cycles for LEAR antiprotons

10 units of 20 kV each tunable from 2.5
to 9.5 MHz
8 units of 50 kV each tuned at 200 MHz,
2 units of 500 kV each at 114 MHz
10 x 100 kW (at 9.5 MHz)

8 x 20 kW (at 200 MHz)

2 x 160 kW (at 114 MHz)

139 ion and 14 turbomolecular
(New vacuum chamber*)

2.10"8 torr
16 m3

single turn with septas, fast deflectors
and orbit deformation

Slow Extraction for East Hall

Fast extraction for SPS/AA and with de-
celerated particles for LEAR

Continuous extraction for SPS

Test beams in East Area.
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wide variety of users. While one cus-
tomer, the ISR, has disappeared, for
the future the PS will have to handle
beams of ‘heavy’ ions (oxygen 16)
for a new generation of experiments,
and the electron and positron
bunches for the LEP collider, now
under construction. For this, the PS
will receive particles from the new
EPA electron-positron accumulator
taking shape in the south-east sector
of the machine.

No proposal for a successor to the
PS has yet appeared on the horizon,
so that the machine, now at the hub
of a complex particle factory of ten
interconnected accelerators, seems
likely to be still providing CERN's par-
ticles when the 2 1st century arrives.
The flexibility and astounding reliabil-

The Antiproton Accumulator, the heart of
the CERN antiproton scheme, which
provides the PS with antiprotons at

3.5 GeV.

(Photo CERN 582.10.80)
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An early aerial view (1962) of the CERN
site showing the PS ring with its
experimental halls to the south (right) and
to the east.

(Photo CERN 256.1.63)

ity of this faithful CERN workhorse
bear tribute to the sound engineering
work of the team which designed
and built it in those far-off days, and
to the imagination and resourceful-
ness of those who have developed it
into the unique facility it is today.

Left, in 1973 came the big physics
discovery at the PS — the neutral current
of the weak interaction, seen in neutrino
interactions in the Gargamelle heavy liquid
bubble chamber.
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A quarter century of DESY

Although the official birthday falls in
December, the Deutsches Elektro-
nen Synchrotron (DESY) Laboratory
at Hamburg celebrated its 25th an-
niversary in September to take ad-
vantage of (hopefully) the more cle-
ment weather. It is an anniversary of
which DESY can be justly proud.
While several national European high
energy physics Laboratories have
slipped into lower gear or rede-
ployed their resources, the Hamburg
Laboratory remains in the world
front rank of high energy physics,
and with the HERA electron-proton
collider now under construction and
scheduled to begin operations at the
end of the decade, it looks likely to re-
main there for a long time to come.

As Europe struggled to get back
on its feet after the nightmare of
World War ll, West Germany was
among the founder Member States
which signed the CERN Convention
in 1954. But for a country with such a
distinguished heritage in nuclear phy-
sics, this commitment to an inter-
national Laboratory was far from
enough.

In 1954, Wolfgang Paul in Bonn
embarked on a project to build a
small electron synchrotron, and
thinking soon turned to the construc-
tion of a larger machine. While elec-
tron accelerators are naturally
cheaper to build than their proton
counterparts, a new electron syn-
chrotron was seen as providing com-
plementary physics facilities to the
major proton accelerator project al-
ready underway at CERN.

At the Geneva accelerator confer-
ence in 1956, a group of physicists
met at the home of Wolfgang Gent-
ner, then working at CERN, and
looked at the idea of building a Ger-
man 6 GeV electron synchrotron.
Austrian Willibald Jentschke, who
had recently returned from the US to
become the director of the Hamburg
Institute of Physics, was nominated
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to lead the project.

Discussions with the Hamburg City
authorities and with the Federal Min-
istry for Research and Technology
(then under a different name) began
soon afterwards, and on the 18 De-
cember 1959 the official agreement
between the federal and local Ham-
burg governments was signed.
While the Laboratory has grown in
stature over the years, the link be-
tween the local and federal govern-

The German DESY Laboratory at Hamburg
as it looks today, grouped around the
faithful electron synchrotron ring (centre)
with the outlying buildings marking the path
of the 2.3 km circumference PETRA
electron-positron collider. For the future,
the aeroplane will have to fly higher. The
HERA electron-proton collider now under
construction requires a 6.5 km ring. Below,
the DESY site in 1930.

(Photos DESY)

ments remains a characteristic
feature of DESY’s charter.

In the meantime a working group
drew up a detailed specification for
the new machine, and in a selfless
way the American machine builders
from Cambridge, Massachusetts,
helped their Hamburg counterparts.
On 25 February 1964 the DESY
synchrotron began operation, pro-
viding for a time the highest energy
electron beams in the world.
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18 December 1959. Federal German Atomic
Energy Minister Siegfried Balke (left) and
Hamburg Mayor Max Brauer sign the official
agreement setting up the German DESY
Laboratory. These close links between local
and federal governments remain a
characteristic feature of DESY's charter.

The experimental programme with
the new machine began at an oppor-
tune time as Robert Hofstadter's
group, working with electron beams
at Stanford, had shown that the pro-
ton is not pointlike, but has dimen-
sions. The next step was to investi-
gate what was inside this extended
proton, and experiments at DESY did
valuable work. Unfortunately these
initial clues were insufficient to pro-
vide the full picture, and it needed the
20 GeV energies of the new two-
mile Stanford linac to uncover the
granular structure of the proton.

As well as experiments with elec-

trons, beautiful results were ob-
tained using ‘bremsstrahlung’ —
secondary photon beams — to study
pion production.

With the electron energy record
wrested by the new Stanford linac,
DESY proposed in 1967 to build a
new research tool, the DORIS (Dop-
pel-Ring-Speicheranlage) electron-
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positron collider to provide an effec-
tive collision energy of 9 GeV
(4.5 GeV per beam), compared to
the 5.3 GeV effective collision ener-
gy provided by the 20 GeV Stanford
beam hitting a fixed target.

DORIS began operation just too
late to make a spectacular discovery
which could have been easily in its
grasp. In November 1974, an experi-
ment led by Sam Ting at Brookhaven
and another by Burt Richter at the
SPEAR electron-positron collider at
Stanford discovered the J/psi parti-
cle — opening the door to the ‘new
physics’” of charm and heavier
quarks.

While just missing the initial dis-
covery, the DASP experiment at DO-
RIS was soon adding its contribu-
tions to this new spectroscopy by
spotting the gamma rays coming
from decays of heavy quark-anti-
quark bound states.

Several years later, the SPEAR ring

at Stanford scored again with the tau
lepton. Once again the DORIS exper-
imenters were soon on the scene,
adding vital information on this new
particle, showing that the tau has
identical properties to the electron,
although 3487 times heavier.

The next big breakthrough in parti-
cle physics was the discovery of the
upsilon particle at Fermilab in 1977,
the first sign of the fifth ‘bottom’
quark. The collision energy of the
DORIS ring was quickly boosted to
make an initial survey of this upsilon
region, and the experiments began
to unravel the spectroscopy of these
new particles.

To probe further into the upsilon
region, the bold decision was taken
to rebuild DORIS as a single ring ma-
chine, and a new detector, ARGUS,
was constructed. In the new DORIS,
collision energies exceeded 11 GeV,
collision rates went up by a factor of
twenty, and with electron and posi-
tron beams circulating in the same
vacuum vessel, power consumption
was halved.

The increased performance of the
new DORIS ring enticed a one-time
competitor, the Crystal Ball detector
which had participated in many of the
major SPEAR discoveries, to quit
Stanford and charm physics in 1982
and come to DORIS for upsilon phys-
ics instead.

The decision to revamp DORIS has
paid off handsomely, as the experi-
ments (along with the teams working
at the CESR ring at Cornell) have
creamed off the best results in upsi-
lon spectroscopy and the study of
heavy quark-antiquark bound
states.

But DESY had another card up its
sleeve. Back in 1974, a bigger elec-
tron-positron collider was proposed.
In 1978, the 2.3 km circumference
PETRA (Positron-Elektron-Tandem-
Ring-Anlage) storage ring began
operations, providing collision ener-

CERN Courier, December 1984



Willibald Jentschke, leader of the initial
DESY project and the Laboratory's first
Director.

(Photos DESY)

gies initially around 38 GeV. Though
the cost of this machine at first
seemed large, it was really no more
expensive than the original DESY
synchrotron, once inflation had been
taken into account. After DORIS had
been beaten several times to the
post by SPEAR, the lesson had been
learned. PETRA came on-line a
whole nine months before the initially
scheduled date, and two years be-
fore the comparable PEP machine at
Stanford.

With PETRA, a new concept for
exploiting such machines was intro-
duced. While the machine itself was
basically built by West Germany, ex-
periments are financed by many
countries. When experiments in PE-
TRA began in July 1978, the PLUTO
detector had been transferred from
DORIS (later PLUTO was replaced in
PETRA by CELLO). The remaining
three intersection regions were oc-
cupied by the JADE, Mark-J and
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TASSO experiments. About half of
the cost of these PETRA experi-
ments is contributed from abroad.

In 1979 came the pay-off. The
TASSO and Mark-J detectors saw
electron-positron annihilations pro-
ducing three sprays (‘jets’) of parti-
cles, two coming from a produced
quark-antiquark pair and the third
from an additional particle — the
long-sought carrier of the inter-quark
force. The gluon had at last come out
into the open.

With its record energies, PETRA
embarked on a detailed analysis of
muon production, finding convincing
evidence for the new ‘electroweak’
theory, which received explicit con-
firmation from CERN last year with
the discovery of the W and Z parti-
cles. Analysis of the strongly inter-
acting particles produced in PE-
TRA'’s annihilations gave vital infor-
mation on the parameters of the in-
ter-quark force.

Guests of honour at the DESY 25th anni-
versary celebrations were Federal German
President Richard von Weizséacker (left) and
Hamburg Birgermeister Klaus von Dohnanyi.

(Photo F. Becker)

In a heroic effort, the collision ener-
gy of the PETRA beams was cranked
up to 47 GeV in a search (unfortu-
nately unsuccessful) for the sixth
(‘top’) quark. PETRA will remain the
world’s highest energy electron-po-
sitron ring until the completion of the
TRISTAN project at KEK in Japan
and the LEP machine at CERN.

As well as continuing to provide
sterling physics with colliding
beams, for a third of the time the
DORIS ring is filled with single high
current beams to exploit the electro-
magnetic  synchrotron radiation
which emanates from the circulating
particles. A special Laboratory, HA-
SYLAB, has been set up at DESY
where each year about 500 scien-
tists come to make use of this radi-
ation. A substation of the European
Laboratory for Molecular Biology
(based in Heidelberg) has also been
set up at DESY.

Over its impressive history, the
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DESY Director Volker Soergel addresses

the assembled guests at the official
celebrations to mark the 25th anniversary
of the signing of DESY’s charter.

DESY machine group has made
many important contributions to the
art of building storage rings. The re-
sourcefulness of these specialists is
also reflected in the way the DESY
machines have gone on to surpass
their initial design aims.

On its twenty-fifth birthday, DESY
can review with pride and satisfac-
tion the accomplishment of an ambi-
tious programme of machine con-
struction and ‘physics experiment.
But the Laboratory looks to the fu-
ture as well as the past. Earlier this
year, formal approval was received
and construction began for the giant
new HERA electron-proton collider.

In the 6.3 km HERA tunnel, ex-
tending far beyond the boundaries of
the present DESY site, protons wiill
be accelerated to 820 GeV and col-
lided with 30 GeV electrons. While
the earthmoving for HERA gets un-
derway in earnest, the technology
for the proton ring’s superconduct-
ing magnets looks well under con-
trol. For these cryogenic magnets,
the biggest refrigeration plant in Eu-
rope will be constructed. Plans for
the experiments for this new ring are
now being drawn up, attracting
physicists from all over the world.
DESY looks set to remain a focus of
major high energy physics research
at least until the end of the century.
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Basic research —
curse or blessing

Wolfgang ‘Pief’ Panofsky, former di-
rector of the Stanford Linear Accel-
erator Center, was a guest at the
recent celebrations of the 25th an-
niversary of the German DESY Labo-
ratory. We publish here some ex-
tracts from his stimulating keynote
address.

‘We are gathered here in order to
celebrate the 25th Anniversary of
DESY. | am particularly pleased to
participate in this celebration for sev-
eral reasons. First, DESY is a sister
institute to the Stanford Linear Ac-
celerator Center — SLAC for short,
which is a part of Stanford University
in California, my place of work for the
last 34 years. SLAC and DESY work
on similar topics — we both operate
electron accelerators and electron-
positron storage rings. Our institutes
are of similar size and we have about
the same number of staff members.
We both are now starting to build
colliding beam machines using new
principles.

Secondly, | am pleased to be here
in order to congratulate DESY for the
great progress in science which has
been set in motion from here. But in
addition this visit is for me a senti-
mental occasion. | lived in Hamburg
as a child from 1919 until 1934. |
was educated at the Gelehrtenschule
des Johanneums and my father
taught at the University of Ham-
burg.

Particle physics is a great unifier of
different topics of science. However,
particle physics is also a unifier of
people. Physicists and other scien-
tists who throughout the world work
on this subject know one another
and share a mutual respect. There
are no secrets in particle physics. All
new results are published promptly.
It is particularly important that the
role of particle physics is not only
recognized by specialists but that all
citizens who share the required inter-
est have the opportunity to under-
stand this subject. After all, we are all
paying the bill for the work on this
topic.

Keynote speaker at DESY's 25th anni-
versary was former Stanford Director
Wolfgang ‘Pief’ Panofsky who spoke on
‘fundamental research — curse or blessing’.
Panofsky spent his boyhood in Hamburg
before emigrating to the US.
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Laboratories which are active in
this field exist in almost all countries
of the world. There is not such a
thing as “‘the best machine in the
world’" for particle physics. Labor-
atories operate installations of many
kinds: accelerators or storage rings,
electron or proton machines, weak
beams or intensive beams. Each ma-
chine is particularly effective in ex-
ploring a special topic; the ideal ma-
chine for all purposes has not been
invented and is not inventable. Inter-
national collaboration in this field
does not only serve international cul-
ture and international peace and
understanding but is also necessary
for purely scientific reasons.

Are the results of nuclear physics a
curse or a blessing? Are the future
results of particle physics generated
by DESY or other fundamental re-
search institutes a curse or a bless-
ing? There are few questions which
are more important for the future of
the world than these. The laws of
nature exist irrespective of whether
man discovers them today, tomor-
row, or the day after tomorrow. For
example, we know today that the
first nuclear reactor was not pro-
duced by Fermi and his collaborators
in Chicago during the war in 1943,
but that a nuclear fission explosion
was released by nature in Gabon on
the west coast of Africa 2 billion
years ago! This fact was discovered
12 years ago by analyzing the ore
produced in a uranium mine at that
location. To deny knowledge to
humanity is no answer to difficult
questions.

The future of civilization is to a
large extent dependent on progress
in technology. In turn, the progress
of technology depends on progress
in basic research. Therefore through-
out the world in which we live there is
no alternative to the duty of human
society to carry out scientific re-
search intensively — the only ques-
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tion is how intensively.

Basic research requires money and
work. When the economy or indus-
try are in difficulty one often hears
the question, ‘Yes, but can we afford
basic research?’ The answer is that
without basic research or technology
the economy cannot be healthy. This
would be a tree without roots which
cannot thrive for any length of time. If
money is short it often appears to be
the simplest solution to defer every-
thing which only serves the long-
range future. However whoever
chooses such a course mortgages
the future.

Basic research is absolutely neces-
sary for the future of civilization.
With science it is at least possible
that we can live in harmony with the
natural world.-However this can only
become reality when our citizens lis-
ten critically to scientific advice. In a
fundamental sense science is not a
curse but it can only become a bless-
ing if it is treated and explored care-
fully. The truth is inseparable: Man
cannot pick out those laws of nature
with which he feels comfortable and
ignore those which he considers un-
comfortable.

In conclusion, research including
basic research is a necessity of mod-
ern society and makes possible the
improvement of the quality of life
within the whole world but it does
not assure such improvement. DESY
can be proud to have played a very
important role in this undertaking.
This statement applies not only to
the past but also to the future. The
new machine HERA will provide a
unique opportunity to DESY to find
new fundamental results in particle
physics.

The future of laboratories like
DESY and my own institution SLAC
depends on continuing renewal.
When DESY was founded 25 years
ago no one could imagine the future
with DORIS, PETRA and HERA. The

progress of high energy physics is
paced by inventions of new means of
acceleration. Each new method of
acceleration of elementary particles
makes it possible to raise the attain-
able energy limit. Yet each one meth-
od canonlyleadto a certain progress
until it becomes too expensive, then
a new technology has to be invented
and introduced. DESY has contri-
buted to many of these jumps; | be-
lieve that DESY will also contribute
to the subsequent advances.

I conclude with congratulations to
DESY, a Laboratory which has
played such a large role through a
quarter century in this great adven-
ture of our time.’
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Around the Laboratories

Supercollider

The Superconducting Super
Collider (S§SC) — a proposal
for a 20 TeV (20 000 GeV)
colliding beam accelerator —
has been recommended for
construction in the US and
design studies are well under-
way. The University of Cali-
fornia’s Lawrence Berkeley
Laboratory has been chosen
as the home of the SSC
Central Design Group (see
November issue, page 391)
but work is being carried out
at a number of existing US
Laboratories.

To reflect the growing im-
petus of the SSC proposal
in the US, the CERN Courier
is introducing the ‘Supercol-
lider’ heading in its ‘Around
the Laboratories” section.
The project has yet to be
formally approved and
funded, and even the site
remains to be chosen. Mean-
while by bringing develop-
ments under a single heading
we hope to provide a more
coherent coverage of this
ambitious and exciting new
idea.

SUPERCOLLIDER
Super-magnets

The first items of hardware designed
for the proposed US Superconduct-
ing Super Collider (SSC) have
emerged from the Brookhaven SSC
magnet programme, underway for
the past year. Two 4.5 m supercon-
ducting dipoles have been success-
fully tested, demonstrating key con-
cepts developed to meet the SSC
requirements for economy and for
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One of the ‘two-in-one’ superconducting
magnets designed and built at Brookhaven
for the proposed US Superconducting Super
Collider (SSC). In tests, the magnets
performed successfully, promising that the
SSC'’s exacting requirements can be met.

(Photo Brookhaven)

strength and uniformity of magnetic
field.

Each of the ‘two-in-one’ magnets
reached a field of 6 tesla, the limit of
the superconductor at 4.5K, with
little or no training. At reduced tem-
perature (2.5 K), the magnets trained
to the 7 T limit of the conductor in 5
to 7 quenches. The shape of the
magnetic field in the four bores was
the same to within a few parts in
10 000, the general level of reprodu-
cibility required by the SSC, and
agreed well with the calculated
shape. The construction of the mag-
nets was expedited by the use of
superconductor and modified tool-
ing from the Brookhaven Colliding
Beam Accelerator (CBA, ex-ISA-
BELLE) design, now in cold stor-
age.

The magnet coils were made with
the same type of niobiums=titanium
superconducting cable used in the
CBA and Fermilab Tevatron mag-

nets, and a similar two-layer coil de-
sign was used. However the inner
diameters were 3.2 cm, much small-
er than previous magnets. This re-
quired that the cable shape be mod-
ified to achieve the tighter fit. The
good reproducibility of the field
shape attests to the very uniform
spacing of the individual turns in the
coil (within 0.05 mm), especially im-
pressive in view of the small coil dia-
meters.

In the two-in-one design, the coils
needed for the two magnetrings of a
proton-proton collider are clamped
in a single iron yoke and cryostat. As
well as economy of manufacture, the
closeness of the iron to the coil also
enhances the field in the bore. Perfor-
mance of the conductor at its limit at
4.5 K with minimal training indicates
that the required compression of the
coil was obtained in both bores of
the yoke. The small number of addi-
tional training quenches required to
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attain 7 T indicates a margin at 4.5 K
and the potential to accommodate a
higher current conductor such as nio-
bium-tin. Tests with niobium-tin are
scheduled for the coming few
months.

With the ideas necessary for the
construction of small bore two-in-
one magnets seemingly in good
shape, attention has turned to mag-
nets for SSC Reference Design A,
worked out in collaboration with the
Berkeley Magnet Group. These two-
in-one magnets will use the higher
current niobium-titanium now be-
coming available and will have an
inner coil diameter of 4 cm. The de-
sign will be produced in both 4.5 m
and 17.7 m lengths, the latter being
the full-scale SSC dimension.

CERN
Last of the first

It is perhaps a sign of the coming of
age of the CERN 450 GeV Super Pro-
ton Synchrotron when after eight
years of painstaking work its first
approved experiment — the WA
study by a CERN/Dortmund/Heidel-
berg/Saclay/Warsaw (‘CDHS’) col-
laboration, led by Jack Steinberger,
bows out.

Proposed back in 1973, WAT,
withits 1500 ton detector consisting

of 20 magnetized iron modules in- .

strumented with scintillator sheets
and interspersed with drift cham-
bers, set a new scale for neutrino
experiments.

At the time, the high energy behav-
iour of the weak interaction was un-
der lively debate, and the immediate
object of the experiment, which
measured the energy deposited by
the interacting neutrinos and studied
the resulting muon tracks, was to
see if the neutrinos from the SPS fol-
lowed the same rules as their lower
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WA1 results for the neutral-to-charged-
current ratio of neutrino and antineutrino
scattering on heavy nuclei. The curve gives
the expectation of the electroweak theory
for different values of the electroweak
mixing parameter. With this parameter
known, the masses of the W and Z bosons
could be accurately predicted.
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energy counterparts.

As the experiment got underway,
other experiments looking at high
energy neutrino interactions had re-
ported strange happenings. Perhaps
the high energy neutrinos did not fol-
low the rules. Exploiting the unparal-
leled quality of the SPS neutrino
beams and after amassing more data
than all the rest of the world put
together, the WA1 experiment put
the record straight. High energy neu-

trinos were well behaved. The neutri-
no and antineutrino reaction rates
(cross-sections) were consistent
with a linear rise with energy, the
gross features of the differential
cross-sections showed scaling be-
haviour, and if a second muon with
opposite charge emerged from the
neutrino interaction, its properties
were consistent with the excitation

‘and semileptonic decay of single

charmed quarks.
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Once there were four. ..

When the neutrino physics
programme at the CERN SPS
Super Proton Synchrotron
got underway in earnest,
there were four major detec-
tors at work — the BEBC and
Gargamelle bubble chambers,
the WA 1/CDHS counter
experiment and the

WA 18/CHARM counter ex-
periment. (There are other,
more specialized detectors,
such as the WA 44 quark
search by a Bologna/
CERN/Frascati/Rome colla-
boration.) Between them,
these big detectors made
impressive contributions to
physics progress.

For one reason or another,
each of the four major detec-
tors have retired from the
scene, and for the moment
only the new CHARM |l ex-
periment (see May issue,
page 153) is scheduled for
a full programme of neutrino
physics at the SPS.

The first detector to be
retired was the five metre-
long Gargamelle heavy liquid
bubble chamber, victim of a
crack which curtailed its oper-
ations at the SPS in 1979.
Gargamelle was originally
installed at the 28 GeV Proton

Synchrotron where in 1973
it was the scene of the fa-
mous discovery of the neutral
current of the weak interac-
tion.

Also first built for operation
at the PS was the 3.7 m dia-
meter Big European Bubble
Chamber, BEBC, which
ceased operation earlier this
year after taking 6.3 million
photographs of particle inter-
actions from 13 million ex-
pansions. As well as being
used with neutrino beams,
BEBC carried out valuable
work in hadron physics. Dur-
ing its working life, BEBC
was exposed to PS and SPS
beams with fillings of hydro-
gen, deuterium and mixtures
of neon and hydrogen. BEBC
also became a hybrid detec-
tor by adding an external
muon identifier (EMI), internal
picket fence (IPF), external
particle identifier (EPI) and a
track sensitive target (TST).
BEBC was equipped with the
largest superconducting mag-
net in the world. Its twin coils
produced a magnetic field of
35 kilogauss over a volume
of 55 cubic metres, repre-
senting a stored energy of
730 Megajoules.

ks SHOWER BOX |
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Another early achievement was
the first precision measurement of
the electroweak mixing parameter
(the "Weinberg angle’). It was only as
a result of such measurements that
confidence in the electroweak theory
began to grow and firm predictions
could be made for the masses of the
W-and Z bosons, thus paving the
way for the spectacular results from
the CERN proton-antiproton Collider
in 1983.

With high energy weak interac-
tions in good shape, the emphasis
changed to using the neutrino beams
as a probe of hadron structure. WA 1
went on to make classic experiments
of the inner structure of nucleons,
measuring for the first time their con-
tent in terms of gluons as well as
quarks and antiquarks, and compar-
ing results from iron and hydrogen
targets. This work also provided va-
lues for vital parameters in the quan-
tum chromodynamics theory des-
cribing the forces between quarks
and gluons.

WA, along with the BEBC bubble
chamber and the WA18 ‘CHARM’
(CERN / Hamburg / Amsterdam /
Rome / Moscow) electronic counter
experiment, was one of the pillars of
CERN's unique SPS neutrino physics
programme. As well as conventional
studies using the high energy beams
from the SPS, a series of ‘beam
dump’ experiments were mounted,
with the beam striking a thick metal
target to attenuate common sources
of neutrinos and isolate any addition-
al component.

In 1983, the new low energy neu-
trino beam from the 28 GeV Proton
Synchrotron came into action, with
WA1 and WA 18 modules mounted
upstream of the main detectors in
order to compare the neutrino sig-

A scene from the WA 1 end-of-experiment
party at CERN with Jack Steinberger (right),
Paolo Palazzi (centre) and a welcome
interloper.
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nals at two points in an attempt to
track down neutrino ‘oscillations’.

As WAT1 retires from the SPS
scene, neutrino physics is altogether
better understood. However there
are still a few corners still to be tidied
up — the oscillation question has yet
to be settled,'the beam dump studies
have perhaps not been quite as en-
lightening as had been hoped, and
the sighting of pairs of muons carry-
ing the same electric charge de-
serves some further work.

The WA1 experiment is now
switched off, but its milestone phy-
sics results and its mass of accumu-
lated neutrino data remain as a mo-
nument to what will surely go down
as one of the classic physics experi-
ments of our time.

The fractional momentum of the nucleon
carried by all quarks (F,), by valence quarks
only (xF3), and by antiquarks (q). The WA'1
measurements with neutrinos compare well
with measurements using muon (EMC) and
electron (SLAC-MIT) beams.

Groundbreaking for the new Brookhaven
Heavy lon Project. Wielding shovels are,
left to right, Brookhaven Director Nick
Samios, US Congressman William Carney,
and Director of the US Department of
Energy’s Office of Energy Research Alvin
Trivelpiece. Awaiting their turn are Herman
Feshbach (left) and Robert Hughes,
Chairman and President respectively of the
Board of Trustees of Brookhaven's parent
organization, Associated Universities Inc.

(Photo Brookhaven).
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BROOKHAVEN
Heavy ion project
underway

Ground was broken for Brookhav-
en’s new Heavy lon Project on
16 October. The first phase of this
project is the construction of a
600 metre beamline to transfer hea-
vy ions from the 16 MV tandem Van
de Graaff to the Alternating Gradient
Synchrotron. There they will-be ac-
celerated to a kinetic energy of

- 14.6 GeV/n and extracted for fixed

target experiments. lon beams with
masses from 12 to 35 are expected
to be available beginning in October
1986. Five proposals for experi-
ments using such beams had been
received as of October, and some
320 physicists from the US and
abroad had joined the new Heavy lon
Users Group (HUG).
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At the recent US Summer School on High
Energy Particle Accelerators, held at
Fermilab, Roy Billinge of CERN described
what else could be put into the tunnel now
being constructed at CERN for the LEP
electron-positron collider.

iy

Speakers at the brief groundbreak-
ing ceremony were US Congress-
man William Carney, Herman Fesh-
bach, Chairman of the Board of Trus-
tees of Associated Universities Inc.
(Brookhaven’s parent organization),
Brookhaven Director Nick Samios,
and Alvin Trivelpiece, Director of the
US Department of Energy’s Office of
Energy Research. They emphasized
the strong enthusiasm for starting a
new direction in physics research

and the opportunities for discover-
ies, in particular ‘an unmatched abili-
ty to examine nuclear matter under
conditions only previously present at
the creation of the universe.’

With the 1 GeV booster planned
for construction in 1986-88, ions up
to mass 200 will be available at the
AGS. These could then be injected
into the Relativistic Heavy lon Collid-
er (RHIC) proposed to be built in the
CBA tunnel for collisions at energies
of 100 GeV/n per beam. The Octo-
ber groundbreaking ceremony may
be the beginning of a major new pro-
gramme of investigations into the
nature of matter at extremely high
densities and temperatures, where
quarks and gluons are expected to
be deconfined from their usual ha-
dronic states:

.

FERMILAB
Accelerator School

Fermilab once again hosted the US
Summer School on High Energy Par-
ticle Accelerators. Held between 13-
24 August, it was the fourth in an
annual series of Schools on acceler-
ator science that was initiated at Fer-
milab in 1981. Mel Month of Brook-
haven and Frank Turkot of Fermilab
organized this year’'s School. Stimu-
lated in part by the recent discus-
sions of the Superconducting Super

Collider (SSC), school attendance
numbered about 225, a 50 per cent
increase over 1981.

The central theme of this year’s
school was the conceptual design of
large accelerators utilizing colliding
beams to achieve particle collision
energies 1000 times larger than that
available with current fixed-target
experiments using the Tevatron
beam. Nearly two-thirds of the lec-
tures were devoted to collider accel-
erators and related topics.

In a special symposium entitled
‘Accelerators for the 1990s’, three
proposals to achieve these ultra-high
energies were presented. Boyce
McDaniel from Cornell reviewed the
SSC, the US proposal for a 20-mile
diameter circular accelerator collid-
ing protons on protons, and Roy Bil-
linge from CERN presented a design
study of a similar machine which
could be placed in the 6-mile diame-
ter LEP tunnel now under con-
struction at CERN. Burt Richter from
Stanford outlined an alternative pro-
posal to achieve the same result with
electron-positron collisions using a
30-mile long linear accelerator.

The School featured a round-table
discussion ‘The world-wide growth of high
energy physics — competition or
collaboration’ with (left to right) Roy Billinge
of CERN, Burt Richter of Stanford, Stan
Wojcicki of Stanford University, Leon
Lederman of Fermilab, Boyce McDaniel of
Cornell and Martinus Veltman of Michigan.

(Photos Fermilab)
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The 1990s Symposium was fol-
lowed by an evening round-table dis-
cussion ‘The World-Wide Growth of
High Energy Physics— Competition or
Collaboration?’ The above speakers
were joined by Martinus Veltman of
Michigan, Stan Woijcicki of Stanford
and Fermilab Director Leon Leder-
man. In the lively exchange that en-
sued, it was argued that (a) the costs
of the new machines rule out duplica-
tion of accelerator facilities; (b) the
construction of the SSC and the
CERN option could be a duplication
of facilities; (c) the interested gov-
ernments are encouraging an inter-
national collaboration as a means to
reduce the financial burden to any
individual country; (d) at present
there is no mechanism to build a
world-wide consensus; (e) there do
exist many examples of international
collaboration on R&D for accelerator
components and detectors.

A second symposium on ‘Acceler-
ators of the 1980s’ reviewed the
status and time schedules for the five
new high energy accelerators under
construction in the western world.
All five are colliders; the Tevatron
(TeV 1) at Fermilab (completion in
1986), SLC at Stanford (1986),
TRISTAN at the KEK Laboratory in
Japan (1986), LEP at CERN (1988),
and HERA at DESY in Germany
(1990). Recent experimental discov-
eries and advances in particle theory
lead to great expectations from
these new facilities.

By Frank Turkot

PANIC scene from the recent Particle and
Nuclei International Conference at
Heidelberg. Sir Denys Wilkinson (left), Chris
Llewellyn-Smith and Gordon Baym (back

to camera) presumably discuss the role of
quarks in nuclei.
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Physics monitor

PANIC at Heidelberg

Earlier this year in Heidelberg there
was PANIC — short for Particle and
Nuclei International Conference. This
is the new name which has been
adopted for a series which in fact
beganin 1963, the aim being to cov-
er the common ground between the
physics of nuclei and of elementary
particles.

Many years ago, it was believed
that the pion had some privileged
role to play in nuclear physics, but as
experiments and understanding
have progressed, this has become
less evident.

Now it is known that the so-called
‘elementary’ particles (at least those
found in atomic nuclei) are compo-
site, made up of smaller "grains,
quarks, with the inter-quark forces
being brought about by the exchange
of gluons.

Recent experiments have demon-
strated that this deeper level of
structure also has a role to play on
the nuclear level. Studies, notably
those of the European Muon Collabo-
ration at CERN (see April 1983 issue,
page 90), have revealed that the
quark properties of individual nu-
cleons can depend on their surround-
ing nuclear environment. At PANIC,
there was a great deal of discussion
on the so-called ‘EMC effect’. Chris
Llewellyn Smith reviewed some of
the many models which have been
proposed. The undecided question
is whether an explanation with pions
in nuclei is sufficient or whether ex-
planations based on quantum chro-
modynamics (QCD) have to be con-
sidered.

Just as an understanding of mole-
cular spectroscopy requires insight
into the structure of the atom, it is
now clear that the description of the
nucleus will depend on the behaviour
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More PANIC. CERN Research Director
Robert Klapisch describes the new results
emerging from CERN’s Low Energy
Antiproton Ring, LEAR.

at a deeper, quark level. At PANIC,
Sir Denys Wilkinson organized a
round-table discussion on quarks
and nuclei. A quantitative descrip-
tion of nucleons in a quark picture is
difficult, and the role of the pion,
once revered as the carrier of nuclear
forces, now seems to be obscure.
Why is it so light compared to other
mesons?

While our everyday world is com-
posed of nucleons containing only
the lightest two quarks (‘up’ and
‘down’), heavier quarks were once
thought to be irrelevant to nuclear
physics. Now it appears that the next
heavier (strange) quark will help to
trace the role of the quark degree of
freedom in nuclei. One possibility
comes through the exciting dis-
covery at CERN of long-lived sigma
hypernuclei, reported at PANIC by
Thomas Walcher.

Even further-reaching specula-
tions on the role of the heavier
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quarks in nature were presented by
Alvaro de Rujula. In a typically enter-
taining talk, he predicted the exist-
ence of massive, electrically neutral
entities made of strange and light
quarks, as yet unobserved but which
could carry some of the ‘missing
mass’ of the Universe.

Now beginning to filter out are the
firstresults from the LEAR Low Ener-
gy Antiproton Ring at CERN, covered
at PANIC by CERN Research Director
Robert Klapisch. The first LEAR runs
have provided interesting glimpses
into this new area of physics, which
will have surely developed consider-
ably by the time the next PANIC
occurs.

In his closing speech, Gisbert zu
Putlitz of Heidelberg looked to the
future. New sources of antiprotons,
strange particles and leptons could
provide much more information in
this meeting ground of nuclear and
particle physics. In particular, he ad-

vocated the construction of a new
high intensity proton machine pro-
viding energies of around 30 GeV in
Europe (see July/August issue,
page 243). ’

PANIC at Heidelberg was attended
by some 600 scientists from
35 countries. The next meeting is
scheduled for Japan in 1987.

High Field Workshop

A Workshop was held in Frascati at
the end of September under the title
‘Generation of High Fields for Particle
Acceleration to Very High Energies’.
It was organized by the CERN Accel-
erator School, the European Com-
mittee for Future Accelerators
(ECFA) and the Italian INFN and was a
further stage in the exploratory
moves towards new techniques of
acceleration. Such techniques might
become necessary to respond to the
needs of high energy physics some
decades from now when the applica-
tion of conventional techniques will
probably have reached their limits.

The Workshop was a follow-up to
the ECFA Conference at Oxford (see
December issue 1982) where it be-
came clear that the most promising
new ideas involved expertise in tech-
nologies, such as plasma physics
and laser physics, which have not
been common up to now in the accel-
erator world. The reason for the rath-
er cumbersome title of the Frascati
meeting was to provide an umbrella
which would cover these additional
disciplines also. This purpose was
achieved and there was a good mix
of accelerator, laser and plasma ex-
perts amongst the ninety or so parti-
cipants at the Workshop.

It is possible to focus rather confi-
dently on what ‘the Machine’ several
decades from now could be. It must
be a colliding beam machine, be-
cause of the high required centre-of-
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mass energy (TeV range), but one
providing luminosity around 1032 per
cm? per s. It must be a linear machine
to avoid the burden of energy loss by
synchrotron radiation. The Work-
shop therefore concentrated on new
technologies which might open up
the possibility of much higher energy
electron-positron colliders at signifi-
cantly reduced cost. To get the high
luminosity, beam focusing will need
to be stronger than used up to now
and ability to handle sub-micron size
beams has not yet been demon-
strated. However Stanford will be
confronting a comparable challenge
in a few years’ time at the SLAC
Linear Collider.

The interrelation between the var-
ious parameters that can be spe-
cified for such a machine is quite well
understood and a list of needs, in
order to achieve much higher ener-
gies with good luminosities, can
therefore be written down. They in-
clude better quality particle sources,
ways to sustain beam quality, much
better efficiencies in converting
power ‘from the wall plug’ to power
in the beam, higher accelerating
fields... The last of these require-
ments has been receiving most at-
tention so far in the search for new
techniques but, somewhere along
the line, the others will need serious
attention also.

At the Workshop, the techniques
were considered under several head-
ings. ‘Near field’ devices include im-
provements to the conventional linac
where work is underway for example
at Stanford and Novosibirsk. There
is particular interest (to push up the
accelerating fields beyond the
100 MeV per m already achieved) in
greatly improved power sources. An
interesting development has
emergedin a projectfor 1 TeV collid-
ing linacs which has wide participa-
tion from institutes in Japan. They
are working on a new type of r.f.
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power source called a lasertron aim-
ing for 10 GW.

Other near field schemes are two-
beam accelerators (under study at
Berkeley) and wake field accelera-
tors (DESY). They both act as trans-
formers taking energy from a com-
paratively low energy, high current
beam and passing it to what be-
comes a low current, high energy
beam. Several structures for two-
beam schemes are being developed
and a wake field structure should be
ready for tests next year. A new idea
in this category comes from Bob
Palmer at Brookhaven who has imag-
ined beam passing through a struc-
ture made of spray droplets ‘plasma-
fied’ by laser radiation. Tests with
arrays of synchronized jets showed
remarkable droplet positional regu-
larity but, as one participant €legant-
ly putit, “the technique is fraught with
potential difficulties’.

‘Far field" devices, such as the
inverse free electron laser, do not
seem to have gone far. It looks as if
synchrotron radiation effects Kkill
these ideas.

‘Media’ devices were the ones that
stirred up most excitement at the
Oxford meeting and that excitement
is still alive. The essence of the
scheme is to beat two laser waves
together, creating very high acceler-
ating fields in a plasma. The produc-
tion of such beat waves has been
demonstrated as has the feasibility
of some particle acceleration. Many
centres are involved in theoretical
and experimental work and, though
there are clearly many problems
ahead, nothing has been encoun-
tered so far to damp the high enthu-
siasm.

It was impressive at the Workshop
to see the rate at which interest in
new acceleration techniques has
taken hold. In the two years since the
realization became strong that con-
ventional accelerators are hitting up

against the stops, a lot of thinking
has gone into the subject. At Frascati
it was even more impressive to see
that experimental checks on this
thinking are also underway.

Local equilibrium

From 3-6 September the First Inter-
national Workshop on Local Equili-
brium in Strong Interaction Physics
took place in Bad-Honnef at the Phy-
sics Centre of the German Physical
Society.

There are common phenomena
and methods in different energy re-
gimes of strong interaction physics
(nuclear and particle physics) which
are intimately linked with local equi-
librium, a concept familiar in macro-
scopic physics, but less popular in
microscopic physics. The simplest
example from everyday life is a sys-
tem in which the temperature is non-
uniform. Such a situation is however
also met in nuclear and particle phy-
sics in the phenomenon of ‘hot
spots’ (see March 1979 issue, page
24). But local equilibrium has a much
wider range of applications. Thus
such topics of high current interest
as phase transitions and quark-gluon
plasma, as well as the applicability of
hydrodynamical and statistical meth-
ods in general, which are so useful
when the number of particles and
degrees of freedom are large, as is
the case in strong interaction phy-
sics, are difficult to conceive without
the existence of local equilibrium.

That is probably the reason that
this workshop, convened by D.
K. Scott (Michigan) and R. M. Weiner
(Marburg) could attract so many
leading experts from all over. the
world.

A number of talks covered the ex-
perimental and theoretical investiga-
tion of the ‘hot spots’ effect, both in
high energy particle physics and in
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Some of the participants at the First
International Workshop on Local Equilibrium
in Strong Interaction Physics, which took
place in September at Bad-Honnef, West
Germany.

e

intermediate energy nuclear physics.
In this last domain this effect has
become one of the main tools of
investigation, being used by some
researchers even for ‘applications’,
like the study of phase transitions.
As a possible mechanism for the for-
mation of hot spots in nuclear mat-
ter, solitons were suggested.

Great interest centred on the large
fluctuations observed by the CERN
UAbL experiment studying proton-
antiproton collisions at 540 GeV col-
lision energy in the number of pro-
duced secondaries in narrow (rapidi-
ty) intervals, which were reported by
K.Boéckmann (Bonn). The question
whether these fluctuations are only
of statistical nature or whether they
are due to hot spots in quark-gluon
plasma, as suggested by L. Van
Hove (CERN), has yet to be an-
swered. Similar fluctuations in pro-
ton-nucleus reactions at 300 GeV
laboratory energy were reported for
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the first time at this meeting by
E. M. Friedlander (Berkeley).

The determination of sizes and life-
times of sources (hot spots?) bothin
nuclear and particle physics was
another topic of discussion. The
method used for this determination
is again inspired from macroscopic
physics, being essentially equivalent
to the interference method used for
the measurement of radii of stars;
the role of photons (light) is played in
microscopic physics by mesons, nu-
cleons or light nuclei. An important
piece of evidence for ‘hot spots’ in
nuclei at intermediate energies re-
ported by Gelbke (Michigan) referred
to the fact that the interference (two-
body correlations) effect is observed
only for the high energy protons,
confirming thus that the emitting
source is indeed ‘hot’. Similar obser-
vations were reported earlier at high-
er energies in heavy ion collisions;
the same interference method was

used to determine the freeze-out
density of nuclear matter.

The analogy between astronomy
and particle physics goes however
much further. Light beams can be
both coherent (laser-like) and chaotic
(incoherent) and the same duality is
expected to hold for mesonic fields,
too. This may have important impli-
cations for our understanding of
strong interaction dynamics, being
possibly connected with the exist-
ence for example of gluon or quark-
antiquark condensates in hadronic
and pion condensates in nuclear
matter.

The recent measurements in elec-
tron-positron reactions from DESY
reported by P. Mattig and from SLAC
reported by G. Goldhaber show
strong evidence that a very large
amount of coherence (over 90 per
cent) characterizes the pion fields in
these reactions. This evidence is
now based on two independent ex-
perimental facts: the Bose-Einstein
two-body correlations and the multi-
plicity distributions of secondaries.

As a point of historical interest it
should be mentioned that the Bose-
Einstein correlation effect discov-
ered by G. Goldhaber, S. Goldhaber,
Lee and Pais and known as the GGLP
effect had its 25th anniversary at this
workshop. G. Goldhaber’'s review
talk (presented by P. Mattig) sum-
marized the subject both in particle
and heavy-ion physics.

The relationship between hadron
production in electron-positron and
hadron-hadron reactions in general
was the subject of several talks.
While Barshay (Aachen) treated this
relationship from the point of view of
the impact parameter, Plumer et al.
(Marburg) introduced the inelasticity
distribution as an alternative, which
has the advantage that it is not
dependent on geometric considera-
tions and is directly accessible to
measurements. This physical quanti-
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ty has important implications in the
interpretation of many-particle pro-
duction processes, since it appears
that these processes depend on the
actual energy deposited into the sys-
tem rather than the total available
energy. This inelasticity, which is
also related to the leading particle
effect in hadronic interactions, can
be determined event by event in ha-
dronic interactions and related to the
behaviour in electron-positron reac-
tions at the appropriate energy.

One interesting application of the
inelasticity distribution discussed at
Bad-Honnef is a possible explanation
of the correlation between the aver-
age transverse momentum of
secondaries and the multiplicity
within Landau’s hydrodynamical
model. This is a subject of high cur-
rent interest since it may be con-
nected with a phase transition to
quark-gluon plasma. While so far
this correlation was known only in
proton-proton (ISR) and proton-anti-
proton (CERN Collider) reactions, at
Bad-Honnef, Mattig presented for
the first time experimental results on
this effect in electron-positron reac-
tions.

The meeting, sponsored by the
Deutsche Forschungsgemeinschaft,
was a success. It certainly clarified

several important problems con-
nected with local equilibrium in
strong interaction physics and

brought up new results and view-
points. The proceedings are being
published by World Scientific.

(From Richard Weiner)

Muon-catalyzed fusion
revisited

A negative muon can induce nuclear
fusionin the reaction of deuteron and
triton nuclei giving a helium nucleus,
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a neutron and an emerging negative
muon. The muon forms a tightly-
bound deuteron-triton-muon mole-
cule and fusion follows in about
10~ "2 5. Then the muon is free again
to induce further reactions. Thus the
muon can serve as a catalyst for
nuclear fusion, which can proceed
without the need for the high temper-
atures which are needed in the con-
finement and inertial  fusion
schemes. At room temperature, up
to 80 fusions per muon have recently
been observed at the LAMPF ma-
chine at Los Alamos, and it is clear
that this number can be exceeded.
These and other results were pre-
sented at a summer Workshop on
Muon-Catalyzed Fusion held in Jack-
son, Wyoming. Approximately fifty
scientists attended from Austria, Ca-
nada, India, Italy, Japan, South Afri-
ca, West Germany, and the United
States. The Workshop itself is sym-
bolic of the revival of interest in this
subject.

Muon-catalyzed (proton-deuteron)
fusion was first observed in 1956 by
Luis Alvarez and colleagues in hy-
drogen bubble chamber experiments
at Berkeley, but the effect had been
predicted as early as 1948 by
F. C. Frank and A. D. Sakharov. Fol-
lowing a brief flurry of interest in the
mid-50s, interest waned following
predictions of, at most, only a few
fusion cycles during the muon life-
time.

Muon catalysis has received re-
newed attention during the past six
years or so primarily because of the
work of the Soviet theoristL. |. Pono-
marev and his colleagues, who have
developed a model of resonant for-
mation of the muon molecules. In this
model, a small neutral triton-muon
atom can penetrate a D, or DT mole-
cule and then link with a deuteron to
form a deuteron-triton-muon mole-
cular ion without breaking up the el-
ectronic host molecule. The ion

serves as one of the nuclear centres
of the electronic molecule. The ener-
gy released as the ion forms must be
absorbed by the vibration and rota-
tion of the electronic molecular com-
plex. This muon-molecular formation
process depends on the existence of
a very loosely bound excited state of
the molecule. Observations of very
rapid molecular formation rates
(about 10° per s) and pronounced
dependence of that rate on the tem-
perature of the deuteron-triton mix-
ture lend strong support to this exot-
ic model.

The field is now burgeoning with
experiments at Dubna, Gatchina, Los
Alamos, Vancouver, and Zurich. Effi-
cient means of producing muonsin a
dedicated facility are being dis-
cussed (for example, using radio-fre-
quency quadrupole pre-accelerators
and neutron-rich projectiles and tar-
gets). Based on recent develop-
ments, several participants of the
Workshop broached the subject of
power production by means of
muon-catalyzed fusion. Evidently,
this long-standing dream of high en-
ergy physicists will be re-exam-
ined.

Further information on the Work-
shop can be obtained from the
organizer, Steven Jones, ldaho Na-
tional Engineering Lab., P.O.Box
1625, Idaho Falls, ID 83415.

Shower Simulation

A three-day meeting on the
Simulation of Hadronic and
Electromagnetic Showers

will be held in the CERN Coun-
cil Chamber beginning on
Tuesday 29 January 1985.
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People and things

Paul Dirac

Paul Dirac

On 20 October, one of the few
remaining links with the birth of
quantum mechanics was broken
when Paul Dirac died at the age
of 82. In 1923, the young Dirac
arrived in Cambridge after initial
training as an engineer. Over the
next few years, along with Heisen-
berg, Schrédinger and others, he
helped mould the new quantum
mechanics from the old quantum
theory. He recast the formalism in
his own inimitable way, work
which was included in his PhD the-
sis and which was later to stimu-
late many generations of theoreti-
cal physicists through his monu-
mental book ‘The Principles of
Quantum Mechanics’, a work
which has been compared in its
stature with Newton's ‘Principia’.
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Among these early results, he dis-
covered how to handle systems
containing many identical electrons
— ‘Fermi-Dirac’ statistics.

After visits to Copenhagen and
Goéttingen, Dirac returned to Cam-
bridge where his attention turned
to the unification of the new quan-
tum mechanics with special rela-
tivity. His theory, including the
famous equation which bears his
name, soon appeared, explaining
in an elegant way the newly-dis-
covered ‘spin’ property of elec-
trons, but it required the existence
of puzzling negative energy solu-
tions. He first assumed that the
theory naturally encompassed both
electrons and protons. This error
was quickly rectified, and he pre-
dicted the existence of ‘anti-elec-
trons’. In 1932, the positron was
discovered.

In 1933, he shared the Nobel
prize with Erwin Schrédinger. With
the antimatter companion of the
electron known, he alluded in his
Nobel lecture to the possibility of
‘negative protons’. In further inves-
tigations of quantum electromag-
netism, he proposed the existence
of magnetic monopoles, a subject
which remains controversial to this
day. His later researches grappled
with the creation and annihilation
of particles, paving the way for
the modern formulation of quantum
electrodynamics.

Also in 1933, he succeeded to
the prestigious Lucasian Chair of
Mathematics at Cambridge, and
in 1937 he married Margit Wigner,
sister of the famous physicist.
After his retirement from Cam-
bridge, Dirac moved to the warmer
climes of Florida State University,
Tallahassee, but was frequently
seen at international meetings and
conferences.

His work wiill surely be remem-
bered for ever.

On people

Martin Blume has been named
Deputy Director of Brookhaven
National Laboratory.

As Brookhaven’s Associate Di-
rector for Low Energy Physics and
Chemistry since 1981, he has been
responsible for the Laboratory’s
programmes in solid state, mate-
rials, chemical and nuclear
sciences. In addition, he has served
as Acting Chairman of the US Na-
tional Synchrotron Light Source
Department since November 1983.

In his new capacity, Martin
Blume will work closely with
Brookhaven's Director in the gen-
eral administration of the Labora-
tory. He will continue to have pri-
mary responsibility for Brookhav-
en’s research in the basic energy
sciences, including work in such
fields as chemistry, materials, engi-
neering, mathematics, and geo-
sciences. He will also continue as
Acting Chairman of the NSLS until
a permanent chairman is desig-
nated.

Eminent theorist and former CERN
Research Director General Leon
Van Hove has been named as
Brookhaven National Laboratory’s
first Leland J. Haworth Distin-
guished Scientist. The nomination
is in memory of Leland J. Haworth,
Brookhaven Director from
1948-61.

At a simple ceremony on 2 Octo-
ber at the University of Milan, the
title of Professore Emirito was
conferred on the Italian physicist
Giuseppe Occhialini, well known
as one of the leading researchers
from the era of cosmic rays. He
participated in several historic ex-
periments, including the co-discov-
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ery of the positron with P. M. S.
Blackett in 1933 and the 1947
study with C. M. Lattes and

C F. Powell which revealed that
both pions and muons exist in
Nature.

Reorganization at Fermilab

With the primary goal of exploiting
the new Tevatron facilities for phy-
sics, Fermilab Director Leon
Lederman has announced a ma-
nagement reshuffle, effective from
1 October.

Three new Associate Directors
have been named — James Bjork-
en for Physics, Bruce Chrisman for
Administration, and Dick Lundy
for Technology. Phil Livdahl will
continue to serve as Acting Deputy
Director but will devote much of
his time to technical problems in
the Accelerator Division.

Peter Koehler, formerly head of
the Research Division, will join the
Accelerator Division as Associate
Division Head, responsible for pro-
viding support for the DO project
(see May issue, page 147) and
Main Ring tunnel experiments other
than the main Collider Detector.
Ken Stanfield, formerly Head of
the Business Office, will take
Peter’s place as Head of the Re-
search Division. Jim Finks has been
appointed Business Manager.

Tom Kirk will succeed Drasko
Jovanovic as Head of the Physics
Department, in addition to continu-
ing as Manager of the Tevatron Il
project. Tom's Deputy Head will
be Dan Green.

Paul Mantsch will replace Dick
Lundy as the head of the Technical
Support section. Paul has been
concentrating recently on the de-
sign of prototype magnets for the
Superconducting Super Collider
(SSC). In his new role, Paul will
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have responsibility for all conven-
tional magnet work, drafting ser-

vice, the machine shop, and mag-
netic measurements as well. Gene
Fisk will head the continuing SSC

magnet work.

Proton beam at Rutherford Apple-
ton machine

The first 550 MeV proton bunches
have been successfully extracted
from the new Spallation Neutron
Source at the Rutherford Appleton
Laboratory, UK, at the first at-
tempt. The extracted proton beam
will soon be guided onto the uran-
jum target to produce the first neu-
trons.

Synchrotron radiation in Taiwan

Lee Teng of Fermilab has been
appointed Director of Taiwan'’s
recently founded $ 30 million
Synchrotron Radiation Research
Centre, the island’s first major
large scale research project. Teng
will be assisted by Thomas

K. C. Liu as Deputy Director.

The 96 m circumference electron
storage ring will have an energy
of about 1.5 GeV, with beam in-
jected at 250 MeV from a 40 m
linac, and is scheduled for comple-
tion in five years.

new protocol continues the exist-
ing collaboration with the Institute
of High Energy Physics in Beijing
and extends it to other Institutions,
in particular those involved in the
LEP experiments at CERN. It comes
into force on 1 January 1985, for
a period of three years.

Symposium proceedings

The Proceedings of the first ESO-
CERN Symposium on ‘Large Scale
Structure of the Universe, Cosmo-
logy and Fundamental Physics’,
held at CERN in November 1983
(see January/February issue, page
3) are now available. The Proceed-
ings were edited by G. Setti and

L. Van Hove and copies can be
obtained from K. Kjar, Publication
Service, European Southern Obser-
vatory, Karl-Schwartzschild-Strasse
2, D-8046 Garching bei Minchen,
Federal Republic of Germany, at
DM 35 per copy including postage
and packing.

1985 Particle Accelerator
Conference

Chinese protocol

A Protocol on cooperation be-
tween CERN and the Chinese
Academy of Sciences was signed
at CERN on 18 October by Zhao
Guangzhao, a Vice-President of
the Academy, and CERN Director
General Herwig Schopper. The

The next Particle Accelerator Con-
ference will be held in Vancouver,
Canada, from 13-16 May 1985,
organized by the TRIUMF Labora-
tory. Following the 1983 Santa Fe
Conference, it will be the 11th in
this biennial series devoted to all
aspects of accelerator science,
engineering and technology. Reg-
ular attendees should note that
the meeting has been extended to
four days and is being held two
months later than usual. Detailed
information from the Arrangements
Chairman, J. J. Bugerjon, TRIUMF,
4004 Wesbrook Mall, Vancouver,
BC V6T 2A3, Canada.
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A lighter moment during the CERN

Accelerator School at Gif-sur-Yvette.

Meetings

The 1985 International Symposium
on Lepton and Photon Interactions
at High Energies will be held in the
Kyoto International Conference
Hall, Kyoto, Japan, from 19-24
August 1985. It will be sponsored
by IUPAP, the Science Council of
Japan and the Physical Society of
Japan. The host institutions are
the Research Institute for Funda-
mental Physics and Department

of Physics, Kyoto University. Chair-
man of the Organizing Committee
is Yoshio Yamaguchi of INS, Uni-
versity of Tokyo, and further infor-
mation is available from the Con-
ference Secretariat, Research Insti-
tute for Fundamental Physics, Kyo-
to University, Kyoto 606, Japan,
telephone 075-711-1381, telegram
RIFPKYOTOU, telex 542 3179
RIFPK, facsimile 075-701-4247.

Looking further ahead, the XXl
International (‘Rochester’) Confer-
ence on High Energy Physics will
be held at Berkeley (California)
from 16-23 July 1986. Following
the style of the most recent such
meeting to be held in the US, at
Madison, Wisconsin, in 1980, this
will be an ‘open’ conference, with
a minimum of official invitations
being issued. Organizer will be

S. C. Loken, 50-137 Lawrence
Berkeley Laboratory, University of
California, Berkeley, California
94720, USA.

The CERN Accelerator School will
organize a course on advanced
accelerator physics, to be held at
Oxford from 16-27 September
1985. This will build on the Gen-

- eral Accelerator Physics course
held at Gif-sur-Yvette, France, in
September (see following story),
but will be open to all suitably qual-
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ified people. Attendance, however,
will be limited to about 130. Furth-
er information from Mrs. S. Von
Wartburg, Secretary of the CERN
Accelerator School, CERN, 1211
Geneva 23, Switzerland.

1984 CERN Accelerator School
A participant’s view

From 3-14 September, the CERN
Accelerator School organized
(jointly with the Laboratoire de
I’Accélérateur Linéaire, Orsay and
the Laboratoire National Saturne,
Saclay) a course on General Accel-
erator Physics at the Ecole Supé-
rieure d’Electricité, Gif-sur-Yvette.

Under the leadership of Kjell
Johnsen, a two-week intensive
course of excellent quality was
given by more than twenty spe-
cialists from nine European Labor-
atories. The 148 participants came
from a wide background — 21
from CERN and the rest came from
17 countries in Europe, North and
South America, Africa and Asia.

It must have been difficult to set
the level to suit the varying needs
but we were given an interesting
course covering the essentials of
accelerators.

The course dealt with theory,
starting with an introduction to
weak and strong focusing and
continuing with transverse and

L,

longitudinal beam dynamics. Some
special topics were resonances,
coupling, transition, injection, ex-
traction, coherent instabilities, dy-
namics of radiating particles and
space-charge image forces. These
were complemented by seminars
on the advanced technology used
in accelerators for magnets (con-
ventional and superconducting),
radio-frequency, vacuum and con-
trol.

To widen our appreciation of
the accelerator field, seminars were
also given on accelerator projects,
synchrotron light sources, and
medical and industrial applications.
The sessions ended with lively
discussions, where the participants
could glean all the information they
needed about regular applications.

Part of the success of this course
was due to the organizing commit-
tee led by P. J. Bryant (CERN),

J. Buon (Orsay), J. R. Le Duff (Or-
say) and J. C. Laclare (Saclay). The
social program included an excel-
lent talk by G. Conforto on discov-
eries and on what remains to be
discovered in high energy physics.
Visits to Saclay, Orsay and GANIL
laboratories as well as a tour of
the old town of Rouen completed
two very full weeks.

Manfred Schmitt
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Fellows In
Accelerator Technology

Brookhaven National Laboratory

Applications are invited from individuals with a PhD
degree and/or major training in the physical sciences or
engineering who wish to launch careers in accelerator
design and development.

Successful candidates will be appointed Fellows in Accel-
erator Technology in the Accelerator Department for a
period of one year, renewable for a second year. Fellows
are expected to select their investigations from among the
general objectives of the accelerator physics program at
Brookhaven National Laboratory.

The Accelerator Department is responsible for the opera-
tion of a 200MeV proton linac, and the 30GeV Alternating
Gradient Synchrotron (AGS). New initiatives are underway
in: the acceleration of polarized protons, and of heavy ions
in the AGS; a proposal to build a relativistic heavy ion
collider; a proposal to build a booster synchrotron for pro-
tons and heavy ions; a study of a high intensity upgrade of
the AGS (AGS I1); and an extensive research and develop-
ment effort directed towards the Super Superconducting
Collider (SSC).

Scientists and engineers of any nationality are eligible to
apply. Salaries begin at $25,000 per year, and Fellows are
eligible for comprehensive employee benefits, and reloca-
tion allowances. Candidates should send a detailed
resume to: Dr. Derek |. Lowenstein, Accelerator
Department, Brookhaven National Laboratory,
Associated Universities, Inc., Upton, Long Island,
NY 11973 An Equal Opportunity Employer m/f

I I Brookhaven
) l‘ National Laboratory

(l ll I Associated Universities, Inc

TRIUMF
MESON RESEARCH FACILITY

University of Alberta

Simon Fraser University
University of Victoria
University of British Columbia

Competition No. 467-104

ACCELERATOR PHYSICISTS

The Accelerator Research Division at TRIUMF has openings
for physicists or engineering physicists as Research Associa-
tes and Research Scientists to participate in design studies of
fast cycling high intensity proton synchrotrons for a kaon
factory. Beam dynamics studies are of particular interest,
including magnet lattice design, beam instabilities, etc.

Candidates should have a Ph.D. or equivalent in physics or
engineering.

Research Associate appointments are initially made for one
year, renewable for a second year. Applicants should have
good theoretical abilities; some experience with accelerators
would be desirable, especially in beam dynamics.

Research Scientist positions are permanent staff appoint-
ments. Applicants should have some years of relevant exper-
ience in an accelerator laboratory. Salary will depend on
qualifications and experience.

Please reply in writing by December 31, 1984, enclosing a
curriculum vitae, a list of publications and the names of three
referees to:

TRIUMF Personnel (Competition No 467)
Attn: Dr. M.K. Craddock

Head, Accelerator Research Division
4004 Wesbrook Mall,

Vancouver, B.C. V6T 2A3

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

KERNFYSISCH VERSNELLER INSTITUUT

GRONINGEN
THE NETHERLANDS

STAFF POSITION

in
EXPERIMENTAL NUCLEAR PHYSICS

The KVI wishes to appoint a young experimental nuclear
physicist as a member of the permanent staff of the
institute. The appointment will be with the Foundation FOM,
the Foundation for Fundamental Research on Matter.

The Kernfysisch Versneller Instituut is a national research
institute in nuclear physics, jointly sponsored by the Univer-
sity of Groningen and by FOM. It has a broad experimental
and theoretical research program on nuclear structure and
heavy-ion physics.

The main facility of the KVI is a K=160 MeV AVF-cyclotron
for the acceleration of light and heavy ions. A large variety of
detectors like a magnetic spectrograph and various systems
for the detection of light and heavy ions, electrons and
y-radiation is available. Applicants must be interested in the
kind of research that can be performed with the existing
facility, especially with the heavy ion beams, and should be
capable of taking the responsibility for new instrumental
developments. Several years of post-doctoral experience are
required.

Applicants for the above-mentioned position are requested
to submit a curriculum vitae, list of publications and the-
names and addresses of three references, as early as
possible but not later than January 15, 1985, to:

Prof. A. van der Woude

Kernfysisch Versneller Instituut

Zernikelaan 25

9747 AA Groningen

The Netherlands

STATISTICAL
AND PARTICLE PHYSICS

Common Problems & Techniques

Proceedings of the 26th Scottish Universities
Summer School in Physics (Edinburgh 1983).

Editors: K.C. BOWLER & A.J. Mc KANE

500 pp. Cloth. ISBN 0905945 09 3

Contents:

Feigenbaum The Onset of Chaos

Swendsen  Monte Carlo Methods

Goddard Topological Excitations

Zia Interfacial Problems

Moore Random Systems

Green String Theory

Rebbi Monte Carlo Lattice Gauge Calculations
Gunton Kinetics of First Order Transitions

Available from:

SUSSP Publications, Physics Department,
Edinburgh University, J.C.M.B., Edinburgh EH9 3JZ, U.K.

Price: £ 20 (or $ 30) for direct purchases.
Book shop prices are £ 30 (or $ 45).
If possible please enclose cash with order.
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Imperial College — University of London
Blackett Laboratory
High Energy Physics

The Physics Department of Imperial College invites appli-
cations for a

Lectureship in
Experimental Particle Physics

The present research programme of the group covers proton-
antiproton collisions (UA1) and photoproduction experiments
(NA14) at CERN, neutrino interactions using holography
(E632) at Fermilab ete~ physics (TASSO) at Petra and a
search for free quarks and for magnetic monopoles carried
out in the UK.

The group is a major contributor to the ALEPH experiment at
LEP and has an interest in HERA. The experimental pro-
gramme offers excellent opportunities for a wide range of
phenomenological analysis.

Applications including a CV and the names and addresses of
three referees should be sent by February 15th, 1985 to

Prof. D. M. Binnie
Blackett Laboratory
Prince Consort Road

London SW7 2BZ

Tel:01-589 5111 ext 6785

from whom further particulars may be obtained. The appoint-
ment will be dated from 1st October 1985 or by agreement at
an earlier date. Salary will be according to age and experience
on the lecturer scale currently £ 8376 to £ 15311 per
annum.

The theory group at DESY invites
applications for two tenured posi-
tions at the | a (Associate Profes-
sor) level.

Interested persons should send a
curriculum vitae and arrange that
three letters of reference are sent
to:

Deutsches
Elektronen-Synchrotron DESY,
personnel division,
Notkestrasse 85

D 2000 Hamburg 52, Germany.

For further information please
contact Dr. R. D. Peccei, theory

group.

UNIVERSITY OF HOUSTON
Houston, Texas 77004 (713) 749-4612

Super-Collider

Accelerator Physics
and/or

Experimental Particle Physics

Two programs are being expanded. Positions are available for
Senior Scientists, Junior Scientists and graduate students to
work in either program, or a combination of both.

Accelerator physicists and graduate students are sought to
contribute to the design of the Superconducting Super
Collider (theoretical workers preferred.) An experienced
Director is also sought to develop a group involved in both
advanced accelerator R&D, and graduate studies in accele-
rator physics.

In addition, Junior Faculty, Post Doctoral Research Asso-
ciates, and graduate students are sought for experimental
particle physics.

Candidates are invited to apply for positions as:

Graduate Research Assistant ® Post Doctoral Research
Associate ® Accelerator Physicist ® Mechanical or Electrical
Accelerator Engineer @ Visiting Faculty in Accelerator Physics
® Faculty Position in Experimental High Energy Physics @
Position of Institute Director

Please address enquires to:
Roy Weinstein
College of Natural Sciences and Mathematics
Room 214 SRI
University of Houston
Houston, Texas 77004

The University of Houston is an affirmative action/equal oppor-
- tunity employer.

INDIANA UNIVERSITY
CYCLOTRON FACILITY
ELECTRICAL ENGINEERS

IUCF has openings for

two Electrical Engineers

to participate in expansion and support of a dynamic accelerator
laboratory of international reputation. These are continuing full-time
positions in the IUCF Professional ranks which provide excellent
opportunities for professional growth. A BS degree in Electrical
Engineering is required and some experience working in a scientific
laboratory is preferred.

The laboratory is engaged in a major facility upgrade consisting of the
construction of a storage ring with electron cooling which will offer
novel possibilities for performing nuclear physics experiments with
beams of unconventional and superior characteristics.

Long term responsibilities will include design, development, installa-
tion and troubleshooting of some of the following systems: high
current power supplies, pulsed power supplies, high voltage power
supplies, RF power amplifiers, RF drive circuits, high power RF
resonators, computer-based digital control systems, analog control
systems, motor drivers, AC power distribution and ground and
shielding arrangements. Directing, teaching and leading technicians
will be a significant part of this work. Other responsibilities include
general engineering support for the present operating accelerator
system and long term research and development projects.

Send resume and names of three persons as reference to:

Robert Woodley, Asst. Director

Indiana University Cyclotron Facility
2401 Milo B. Sampson Lane
BLOOMINGTON, INDIANA 47 405 USA
(812) 335-9365

Indiana University
is an Affirmative Action/Equal Opportunity Employer
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Particles and Fields

RENSSELAER
POLYTECHNIC INSTITUTE

The Physics Department at Rensselaer Poly-
technic Institute expects to develop a group
with interest and experience in particles and
fields over the next four years.

We are looking primarily for a person with
several years of experience and demonstrated
accomplishment to be the leader of this group.

We may also consider outstanding scientists
with less experience.

Rank, salary and tenure status will be commen-
surate with experience and accomplishment.

The Department presently has 30 faculty in
astrophysics, biophysics, condensed matter,
education physics and intermediate energy
physics. There are 85 graduate students and
225 undergraduates.

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

G. L. Salinger, Chairman,
Physics Department,
Rensselaer Polytechnic Institute,
Troy, New York 12180-3590.

Rensselaer Polytechnic Institute is an Equal
Opportunity/Affirmative Action employer.

UNIVERSITY
OF
BASLE

The nuclear and particle physics group of the
Institute for Physics has an opening for a

Senior Ph. D. Physicist
(position with tenure)

Completed habilitation is desirable.

The candidate is expected to participate with
enthusiasm in teaching also undergraduate
laboratory courses in German language. He is
further expected to contribute actively in the
institutes research programme at SIN and
eventually at CERN.
Application should be sent until the end of 1984
to:

Personalabteilung |

des Erziehungsdepartementes,

Miunsterplatz 2

Kennwort Physik,

CH - 4051 Basel

Switzerland.

M) MoToROLA

TECHNICAL EDITOR
ELECTRONICS

The European Semiconductor Division of Motorola has an
immediate opening for an experienced technical editor for its
Marketing Communications Group based in Geneva.

The successful candidate will be responsible for the coordi-
nation and copywriting of brochures, promotional material and
data books covering a wide variety of semiconductor products,
from power transistors to sophisticated integrated circuits.

He/she will be working in conjunction with Design and Product
Engineers in our operations in Europe. He/she should be able
to stimulate and produce him/herself original writings on new
semiconductor products and their applications in the market
place. Interviewing and gathering information from people on
new products represents an important aspect of the job.

The ideal candidate would be an editor or journalist, familiar
with electronics and semiconductor technology, of English
mother tongue, with copywriting skills, willing to travel
moderately and able to work independently.

For more information, write or call

Iréne Maurer
(022) 9913 91

MOTOROLA (SUISSE) S.A.
Personnel Department

16, chemin de la Voie-Creuse
1211 GENEVA 20

Electrical Products

and Services for GERN

e High voltage and low voltage
electrical installations.

e Electric and electronic assemblies.
e Engineering and construction.

e Indoor and outdoor switchgear for
all voltages.

e Control and monitoring systems.
e Instrumentation and process control.

A

NAT'ONAL ELEKTRO (Suisse) S.A.

Suisse subsidiary of National Elektro A/S, Norway.

8, Chemin Rieu Tel.: (022) 82 45 21
CH-1208 Geneva Int. CERN: 2387
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- =—CGALVAC -
SOCIETE DE PROMOTION AVILA

- EQUIPMENT England

A; Hydroformed Bellows
V\ vacum components

CH. GABUS

Quick connect patented
clampsyacum components

EINHOLQ)--

CHARLES REINHOLD Ing.

Edge welded
diaphragm Bellows

1, Chemin du Lac

7 -— GAD‘/AC == CH-1290 VERSOIX, Switzerland

Tel. (022) 55 2423

Advertisements in CGERN GOURIER

Format A4 Monthly publication
All advertisements are published in both English and French
editions. Second language versions accepted without extra
charge.

Cost per insertion (Swiss Francs)
Space Actual size (mm)

(page) width by height 1 3 5 10
insertion | insertions | insertions | insertions

/4 185 x 265 1730 1680 1630 1530
185x 130

/2 90x 265 960 930 910 860

"/a 90x 130 550 520 500 480

Spinors and Space-Time

Volume 1: Two-spinor Calculus and Relativistic Fields
ROGER PENROSE and WOLFGANG RINDLER

To be published in two parts, this important study seeks to provide an
introduction to the calculus of two-spinors and the theory of twistors. The first
volume systematically develops the calculus of two-spinors, a technique more
applicable to the space-time of modern physics than the more traditional
tensor calculus. - £45.00 net

Cambridge Monographs on Mathematical Physics

Classical General
Relativity

Proceedings of the Conference on Classical General Relativity
held at City University, London

Edited by W. B. BONNOR, J. N. ISLAM and M. A. H. MacCALLUM

This volume is made up of nineteen papers submitted to this conference held
in December 1983. These papers survey recent progress and identify future
avenues of research in the area of classical general relativity. £25.00 net

Now in paperback

Theory and Experiment in
Gravitational Physics

CLIFFORD M. WILL

A comprehensive survey of the intensive research and testing conducted in
general relativity over the past two decades.

".. . awell argued and comprehensive treatment’
The Times Higher Education Supplement
Paperback £15.00 net

Supplement for:

— each additional colour 1500 SwF
— Covers:

Cover 3 (one colour) 2000 SwF
Cover 4 (one colour) 2750 SwF

Publication date 1st of month of cover date:
Closing date for
positive films and copy 1st of month preceding cover date
The cost of making films and of
translation for advertisements are
charged in addition.

60 or 54 Swiss (150 English)
Advertisements cancelled after 1st
of month preceding cover date will
be invoiced.

Advertising space is limited to 50% of contents and insertions
are selected on a strict first-come first-served basis.

These rates are effective for the year 1985.

Screen (offset)

All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
CH-1211 Geneva 23 Switzerland

Tel. (022) 8341 03 Telex 2 36 98

The ldeas of ParticCle
Physics

An Introduction for Scientists
J. E. DODD

A clear description of the development of ideas and theories about elementary
particle physics that is pitched at a level between textbooks written for the
serious student and popular accounts assuming no prior knowledge of
physics. Dr Dodd’s book provides an introduction to present theories,
culminating in the recent discovery at CERN of the intermediate vector boson.
Hard covers £22.50 net
Paperback £8.95 net

Quarks, Gluons
and Lattices

M. CREUTZ

‘I recommend the book in the strongest terms to all interested in the

fundamental structure of nature and the surprises quantum field theory has in

store.’ Nature
£17.50 net

The Quest for Quarks
BRIAN McCUSKER

interesting to read and liberally interwoven with reflections of a man who
has been intimately involved with many of the developments he describes.

Physics Education

£8.95 net

CAMBRIDGE UNIVERSITY PRESS

The Edinburgh Building, Shaftesbury Road,Cambridge CBZ 2RU,England
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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 fraction of the space, and costs about half
shunt resistance needed for high speed as much when used with today’s solid
response and low noise. The UV response state amplifiers.
is particularly suitable for use with BGO Applications include scintillation detec-
and other scintillation crystals. A sensitive tion in the fields of high energy physics,
area greater than 100mm? is provided in medical diagnostics and industrial instru-
a very compact package. ' mentation. Hamamatsu engineers will
This new detector is less than 3mm modify the S1723 or other detectors to
thick compared with 60mm or more for meet your needs.

Call or write for product bulletin and prices.

HAMAMATSU

HAMAMATSU CORPORATION * 420 SOUTH AVENUE » MIDDLESEX, NEW JERSEY 08846 « PHONE:(201) 469-6640
© 1983 Hamamatsu International Offices in Major Countries of Europe and Asia.
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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

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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ORGANISATION EUROPEENNE
‘ POUR LA RECHERCHE NUCLEAIRE
N7

EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

MOVING?

Please remember to let us know
in good time. All notices of
change of address must be
accompanied by old and new
addresses. (Include label from
magazine wrapper.)

Any enquiries regarding subscriptions
should be addressed to:

Monika WILSON AN v
CERN COURIER/CERN we build your
1211 Geneva 23 Switzerland electronic equipment

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

F157/1e
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e CPUA1
- 15 ps for a 64-bit floating-point operal
- Ist CPU on both VME and YMX'
- 256 K high speed DRAM'
- 68000/68010 microprocess

6 other featyres !

- Multiprocessing orient

- Full VME arbitration

- 16 K Dual ported RAM

. =RS232-C Serial mterfaee o
~ Timers for real umw

- MMU add-on

=t
-
e
I
@
=
o
‘W
Lot
]
5]
-
-
R
-
=
=

Imm. E  C
1067 34007 MONTPELLIER CEDEX FRANCE
Tel (67) 27.32.55 - Télex 490 425

. DATA SUD SYSTEMS-/ US INC.
2219 S. 48 Th : Suite J - TEMPE 85282 Arizona U.S.A.
Twx 1 165788 - Tel. : (602) 438.1492

dele sud Sysitelms
KNOW-HOW AND PERFORMANCE
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- FASTBUS

Our new FASTBUS crate is here!

e precision engineered o rugged construction

e quality performance e laboratory tested
%

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

Features...
e standard, 19-inch relay rack mounting
e rugged, molded card guide assemblies
e maximum air-flow design

e 26-position Segment backplane

e 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 Ancillary Logic Cards include:
Segment Terminator, Geographic Address

L

Y P o et ) T
Enable Generator, and Arbitration Timing e S oes st it
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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Luwa Ultrafilters N — NEW — NEW — NEW —

The Space-Savers! FASTBUS CRATE

Highly efficient filters for exhaust air filtration in OUTPUT POWER 1500 W ! !'!
nuclear industry:
@ Most compact design grants you 3 x longer life and i

3 x less waste i . ___ For 26 Fastbus

] . Moduls

® Saving space means saving costs for waste treat-

ment )
@ Longer life means reduced costs for changing filters

i — Aircooling
3
- i __ Power supply
Swiss made

Power supply specifications:

® 220VX10% 10 A 2200 VA

Group companies, licensees and representatives in more than 60 countries. ® +5V 150 A
® -52V150A ® cooling switch: — Off
® -2V50A — Half
® T15V6A - —Full

Luwa Ltd.
Filters + Shelter Equipment
Kanalstrasse 5, CH-8152 Glattbrugg, Tel. 01/810 10 10 NITRONIC Weyernweg 35

CH-2560 Nidau (032) 51 68 10

Dimension: 19" Rack 480 x 800 x 530

Das kleinste digitale Panelmeter der Welt!

dea NSC Housing
The Safe Space!

Casings for highly efficient exhaust air filters in nuclear
industry:

@ Safe because of
device for
contactless
filter change
(bag infout
method)

Mini-Digital-Panelmeter MDPM-3

® Safe because of

Vergossenes Modul mit Abmessungen 10 x 30 mm, stapel- perfect and
bar und fir direkten Einbau hinter Frontrahmen bestimmt. controllable
Snap-In-Typ mit Montagerahmen inkl. Polarisationsfilter, tightness

Aussenmasse 15x 37 mm, Einbautiefe 48 mm. Die Mes- (test groove

sung kann extern getriggert oder auf 4 resp. 100 Messun- for filter seal)
gen pro Sekunde programmiert werden. Zusétzlich verfugt
das Gerat standardmassig tber Multiplex-BCD-Ausgang.
Zur Speisung wird lediglich+ 5 Vbenétigt. Mégliche Mess-
bereiche sind: 1, 10 oder 100 VDC.

Group companies, licensees and representatives in more than 60 countries.

Grossere Modelle ab Fr. 85 - sind ebenfalls lieferbar!

Luwa Ltd.

CH-8802 KILCHBERG " .
E [LT IE@ AG STOCKENSTRASSE 5 Filters + Shelter Equipment
; TELEFON 01/71527 45

Kanalstrasse 5, CH-8152 Glattbrugg, Tel. 01/810 10 10
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@ Hi[S(hmann e Steckverbinder
e Lahormaterial

e Buchsen
e Klemmen

Rufen Sie uns an. Wir beraten Sie gerne.

H autronic ag
autronicag e
CH-8600 Dubendorf
Telefon 01 821 20 22

Telex 57 970 s-hus ch

Components and
Engineering

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

EXEMPLARY SPECIFICATIONS
HIGH ENERGY LOAD - WAVEGUIDE

iparameters are variable for each application}

Application. ... . Missile detection radar
200kW avg.

Power . ...
Frequency
VSWR . ... .

DIELECTRIC COMMUNICATIONS
ACLUNIT OF GENERAL STGNAL

A FORTUNE 250 COMPANY

TOWER HILL ROAD, RAYMOND, MAINE USA 04071

TEL. 207-655-4555 800-341-9678 TWX: 710-229-6890
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Chosen by CERN
to supply RF energy

to the linear electron-positron
injector for LEP
the Thomson-CSF klystron
TH 2094
is the only existing klystron
in the world

which offers at 3 GHz :

® 35 MW
minimum guaranteed peak power

(37 MW obtained in factory tests)

® 45 %
minimum guaranteed efficiency
(47.4 % obtained on the prototype)

® 4.5 usec
minimum pulse duration

® Single-window RF output
® Impregnated cathode

® Proven reliability in operation at
CERN : a prototype has been performing
satisfactorily for nearly a year

Series production is now underway

THOMSON-CSF

DIVISION TUBES ELECTRONIQUES

38 rue Vauthier / BP 305 /
92102 BOULOGNE-BILLANCOURT CEDEX / FRANCE
Tél. : (1) 604.81.75 / Télex : Thomtub 200772 F

453



RESOLVEZ VOS PROBLEMES DE NEUTRONS
GET YOUR NEUTRON PROBLEMS SOLVED OUT

AVEC counter *He ‘
WITH compteur a He

reliable
robuste

autonomy : 25 hours with 12 V Ni-Cd accumulator
autonomie : 25 heures sur accumulateur Cd-Ni 12 V

Systéme CEA Débit d'équivalent de dose

10" 4 10*m-rem/h

automatique

automatic readmg CEA System Equivalent dose rate

Equivalent de dose

0a 10*m-rem

Equivalent dose

Réalisations Publicitaires Industrielles

M m lcroprocessor
m lcroprocesseur

Timing

'g 65 kg) Temps de cumul 0—10h

d Agence Commerciale : Z.A. de Courtabceuf - Av. d’Islande EVOLIC 4 - 91940 LES ULIS
nar Eux Commercial Branch : Tél. (6) 928.59.46 - Télex : 691 269 F

117777777

v

Op-amps? 347 options to pick from...!

Many of our original op-amps have become industry standards. Like OP-05, OP-07, OP-27.
But we have more — the industry’s widest choice. From 35 basic models, various electrical
grades and package styles, we derive a total of 347 versions. Not even counting dice, which
we offer too. We have — almost — every type: General purpose, precision, low input current,
micropower, programmable, high speed, high load; singles, duals, quads; military, industrial,
commercial temperature range; 883 and JAN qualified parts. We pick the optimum techno-
logy from our range of Bipolar, Superbeta, Bifet, plus Zener-Zap trimming. And protect each

and every chip with our famous Triple Passivation® for extra reliability and long-term stability.

Thanks to most careful and ultra-clean processing, low noise and good radiation resistance
are inherent in our products. We assemble them in ceramic DIP, plastic, metal cans, or spe-
cial packages, and we test them 100%.

15 years of experience and performance, proven in many applications from everyday indu-
strial use to the most demanding space missions, are at your disposal.

One of our op-amps will fit your requirement too!

454

Bourns (Schweiz) AG, 6340 Baar
Tel. 042 /33 33 33 Telex 868 722

EMIY Precision
:} "Monolithics

SUBSIDIARY

o |ncorporated
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DART 17000:

FOR DATA ACQUISITION IN REAL TIME

MAIN FEATURES

@ Powerful 16-bit Computer Housed
in a Rugged CAMAC Crate

o 512Kbyte Memory, Expandable up
to 2Mbytes

@ 16 Free CAMAC Slots

e 5 MB to 25 MB Winchester Disk
+1.26 MB Floppy Disk Drive
@ Acquisition Rate:

Programmed Transfers: 140Kbytes/s
Data Channel (DMA): 200Kbytes/s
With Optional BMC 2139: 3Mbytes/s

@ Innovative 32-bit Data Bus

e 4 DMA Modes

SEN Electronique
31 avenue Ernest Pictet
1211 Geneva, Switzerland.

CERN Courier, December 1984

Tel.: (022) 442940. Telex: 23359

@ Fast Interrupt Handling

@ Linear 300W or 1000W Switching Type
Power Supply

@ System Expandable up to 10 Crates

® Real-time Multi-tasking Operating System
Supporting High-level Languages

o Complete Set of CAMAC Subroutines

APPLICATIONS

@ Data Acquisition

@ Signal Processing

@ Process Control

® Automated Testing

e Computer Simulation

e Scientific and Medical Experimentation
@ Multi-parameter, Multi-channel Analysis
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compatibility

AMPLIFIERS FROM PHILLIPS
AMPLIFIERS FROM PHILLIPS

AMPLIFIERS FROM PHILLIPS
AMPLIFIERS FROM PHILLIPS

AMPLIFIERS FROM PHILLIPS
AMPLIFIERS FROM PHILLIPS

We Have A Complete Line Of Amplifiers Ready To Plug Into Your Experiment
Whether Your Requirement Is For NIM, CAMAC, or Single Channel Units.

MODEL #| PACKAGE CHAN'LS GAIN BW-MHz / tr nS MAX. OdT FEATURES

6931 | 6X7X4cm 1 100 | DC-100 /35 +2.2V <10uV Noise, DC Bal. Adj.

6950 | 6X7X4cm 1 10 DC-300 /1.1 +2.5V <5uV/° C Stab, DC Bal. Adj.

6954 | 6X7X4cm 1 5-400 | 20-1000 / .35 +2.0V Inv. or Non-Inverting
770 NIM 4 10 DC-300 /1.1 +2.5V <25uV Noise, DC Bal. Adj.
771 NIM 4 1-10 DC-300 /1.1 +2.5V Gain and Offset Control
774 NIM 4 5400 [20-1000 /.35 +2.0V uCP Amp, Inv. or Non-Inv.
775 NIM 8 5-400 |20-1000 / .35 +2.0V uCP Amp, Inv. or Non-Inv.
776 NIM 16 10 DC-275 /1.3 -3.5V PMT Amp, <25uV Noise
777 NIM 8 2-50 DC-200 /1.7 —3.5V Var. Gain & Offset/Chan.

7176 CAMAC 16 10 DC-275 /1.3 —-3.5V PMT Amp, Low Cost/Chan.

7177 CAMAC 8 2-50 DC-200 /1.7 —3.5V Var. Gain & Offset/Chan.

To Learn More About Our Products Contact . . . .

Phillips Scientific 13 Ackerman Avenue « suffern, New York 10901 + USA ¢ (914) 3579417
\

S
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LABENMN

48 channels
camac ADCs

@

@
®
®

3
0

SEBEGAN -8 a
P
P

RS TIRT

Resolution 12 bit Digital Window, Threshold and
Sensitivity 0.3 p.C./ch Data Compression programmed
Gate 50ns+10pS  from CAMAC dataway.

CMRR at 50 Hz > 70 db Up to 0.5 K-events stored
Integral non-linearity = 0.2% in the memory for lowest
Autonomous module dataway dead-time.

L n B E n Division of fiSI. EL. spa

20133 MILAN (ltaly) - Via Bassini, 15 - Tel. (02) 2365551 - TIx 312451
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CENTRE

PERSONNELLE

If you are trying to shrink the size of your
PCBs by using

SMID

(Surface Mounted Devices)

We can help in your choice of board size,
components selection and layout, etc. We
also assemble :

¢ SMD Prototypes

i & D'INFORMATIQUE

© Small series up to 5000 pieces ALSO WITHS12K AND ENGLISH KEYBOARD

Let's get together early on.. inCentre d'Aumard

We have 3 years experience in the service of CERN and 43 bis avenue du ]ura

surface mounting / refiow soldering at Ferne_y—Voltaire

. Tel (023) 40-50-59
we build your e (023) 40-50-5

electronic equipment

BERGOZ - CROZET - 01170 GEX, France (50) 41 00 89
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_ A Tokamak magnet system (Large Coil Task)
as under constructson‘on an international
a Oak. Rldga

This is an example of our spectrum of |
“multicomposite conductors for highly
sophisticated magnet designs.
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The general ideas are to... accumulate many cooled pulses,
inject the intense antjproton beam info the big ring,
aceelerate protons and antiprotons together to energies of
over 100 GeV, collide the beams and collect the Nobel prizes.

CERN Courier No.12 Vol. 16 December 1976

That was the idea, and you brought it off.

CONGRATULATIONS
TO YOUR TWO NOBEL LAUREATES
AND ALL THEIR COLLEAGUES WHO CONTRIBUTED!

and materials

pitps| Electronic
% components

e



	vol24-issue10-covers.pdf
	vol24-issue10-toc.pdf
	vol24-issue10-p419-e.pdf
	vol24-issue10-p420-e.pdf
	vol24-issue10-p421-e.pdf
	vol24-issue10-p422-e.pdf
	vol24-issue10-p423-e.pdf
	vol24-issue10-p424-e.pdf
	vol24-issue10-p425-e.pdf
	vol24-issue10-p426-e.pdf
	vol24-issue10-p427-e.pdf
	vol24-issue10-p428-e.pdf
	vol24-issue10-p429-e.pdf
	vol24-issue10-p430-e.pdf
	vol24-issue10-p431-e.pdf
	vol24-issue10-p432-e.pdf
	vol24-issue10-p433-e.pdf
	vol24-issue10-p434-e.pdf
	vol24-issue10-p435-e.pdf
	vol24-issue10-p436-e.pdf
	vol24-issue10-p437-e.pdf
	vol24-issue10-p438-e.pdf
	vol24-issue10-p439-e.pdf
	vol24-issue10-p440-e.pdf
	vol24-issue10-p441-e.pdf
	vol24-issue10-p442-e.pdf
	vol24-issue10-p443-e.pdf
	vol24-issue10-p444-e.pdf
	vol24-issue10-p445-e.pdf
	vol24-issue10-p446-e.pdf
	vol24-issue10-p447-e.pdf
	vol24-issue10-p448-e.pdf
	vol24-issue10-p449-e.pdf
	vol24-issue10-p450-e.pdf
	vol24-issue10-p451-e.pdf
	vol24-issue10-p452-e.pdf
	vol24-issue10-p453-e.pdf
	vol24-issue10-p454-e.pdf
	vol24-issue10-p455-e.pdf
	vol24-issue10-p456-e.pdf
	vol24-issue10-p457-e.pdf
	vol24-issue10-p458-e.pdf
	vol24-issue10-p459-e.pdf
	vol24-issue10-p460-e.pdf

