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Cover photograph : Shape of things to come. Experiments in the ICE ring at CERN
have achieved the ‘cooling’ of a beam of about 107 protons, concentrating the
protons around a particular momentum value by a factor of nine in three minutes.

The picture shows how the lower trace, which has a broad flat plateau

corresponding to a wide momentum spread, shrinks progressively to a narrow
peak as stochastic cooling is applied. These results are crucial to the proton-
antiproton colliding beam schemes which are the subject of the main article.



Proton-Antiproton Workshop

On 27-31 March a ‘Workshop on
Producing High Luminosity Proton-
Antiproton Storage Rings’ was held at
the Lawrence Berkeley Laboratory
sponsored by Fermilab and Berkeley. It
reflected the great interest in proton-
antiproton collisions which has welled
up in the wake of the successful
implementation of beam cooling
schemes. The schemes could give
good quality high intensity antiproton
beams for the first time.

The Workshop was unusually
stimulating with many participants
commenting on the excitement of
being involved in the development of
something very new. It also attracted
some eminent scientists who do not
often grace accelerator meetings with
their presence. Richard Feynman was
there with the message 'When we
have these high energies, the blurred
quark-gluon picture of the hadron that
we get from our present energies will
become a lot simpler.” Emilio Segré
said ‘We don’t even need a theorist to
tell us that when we increase the
centre of mass energy by a factor of
thirty (60 GeV at the ISR to 2000 GeV
in the Fermilab Energy Doubler) we are
going to see something new.’

Both CERN and Fermilab are work-
ing on cooling techniques so as to have
antiproton beams in their multi-
hundred GeV rings. This will make it
possible to reach a new range of
hadron collision energies without
necessarily constructing an additional
ring since both types of particle can be
accelerated simultaneously in op-
posite directions in the same ring. The
strong accelerator community at
Berkeley are also interested in the
ideas and are likely to be participating
in the studies for the Fermilab project.

It is at CERN that most thinking and
effort has been applied so far but it is
recognized on both sides of the Atlan-
tic that either Laboratory could get
there first with colliding proton-
antiproton beams. Bob Wilson, former
Director of Fermilab, spoke only half in

jest when he thanked CERN colleagues
for finding solutions to problems which
Fermilab would endeavour to use to
CERN's dismay !

Physics possibilities with a
proton-antiproton collider

Experiments with antiprotons are cer-
tainly not new. Since the antiproton
was first identified at the Berkeley
Bevatron in 1955, its interactions have
been extensively studied but the
energy and luminosity of secondary
antiproton beams from proton ac-
celerators are low, which limits the
useful research which can be done.

Antiprotons are stable particles and,
in principle, they could be accumulated
in a storage ring. However, in practice,
they are difficult to handle because
they emerge from a target, bombarded
with an accelerated proton beam, with
a wide momentum spread. The recent
developments in beam cooling techni-
ques have opened up the feasibility of
taking such an emerging beam of an-
tiprotons and taming it for use in col-
liding beams.

The physics aims of a high energy
proton-antiproton collider can be
divided into three areas: the continu-
ing study of the behaviour of hadrons
as particles in their own right, the in-
vestigation of effects due to the small
constituents deep inside the hadrons
and the search for new particles.

One of the main motivations for
building the CERN ISR — the world’s
first hadron colliding beam project —
was, hopefully, to investigate ‘asymp-
totic’ behaviour at higher energies
where cross-sections, impact para-
meters, etc., were expected to con-
verge to some fixed limit. Earlier work
had shown that the proton-proton
cross-section, up to the energy range
of the 70 GeV accelerator at Ser-
pukhov, seemed to be levelling out. It
looked as though the long sought after
asymptotic form of the proton-proton
interaction could be one of the first

fruits of ISR research.

It took only a short time to show that
this was not to be so. The cross-
section was found to increase far more
steeply with energy than would be
compatible with some gentle run up to
an asymptotic value which showed
that there was more to be learned
about hadron jnteractions at higher
energies. The observed behaviour
seems to depend on the logarithm of
the collision energy and this slow
energy dependence means that any
asymptotic behaviour must set in at
much higher energies.

Clues from cosmic rays (see
September issue, page 289), indicate
that with colliding- beams using the
highest energy present accelerators
new behaviour will be seen. Multiple
secondaries in particular should start
to show something different. To
reproduce these events in fixed target
experiments would require laboratory
energies of some 10°% GeV.

The other physics areas open to
proton-antiproton colliders are the
study of hadron constituents and the
search for new particles. The increased
collision energies will facilitate large
transverse ~ momentum  reactions
where the constituent quark/partons
inside the colliding particles come into
play and proton-antiproton collisions
will also open up the possibility of
producing new heavier particles
through annihilation processes.

The ‘jet’ structure, now interpreted
as the subsequent release of energy by
particle emission after the inner con-
stituents of nucleons interact in violent
collisions, could be studied in greater
detail at the colliders. In this way more
information could be obtained on the
quark/partons, while new effects could
be found due to gluons or other
features of the quark-quark interaction
mechanism.

Prompt lepton production, both
singly and multiply, at today’s energies
has led to a number of important dis-
coveries, including evidence for
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heavier quarks beyond charm. Higher
energy experiments would indicate
whether we are seeing the end of the
spectrum of quark masses or whether
there are more to be found.

One major hope is that at these
energies, at last, the elusive bosons
held to be responsible for weak in-
teractions will be found. Their masses
are set by the most popular theories to
be below 100 GeV. If they are not seen
directly, experiments will hopefully un-
cover important clues about the inner
working of the weak interaction.

As well as the intermediate boson,
the proton-antiproton colliders could
give the first signs of the Higgs parti-
cles or of other unexpected states.
While the discovery of weak neutral
currents and charm provided impres-
sive evidence for the gauge theory pic-
ture which unifies electromagnetic and
weak interactions, one prediction of
this picture is the existence of spinless
Higgs bosons. If these are not found
at higher energies, some re-thinking
might be required.

The higher énergy domain at-
tainable with a proton-antiproton col-
lider will probably provide the most
glamorous physics possibilities, but
the availability of higher intensity and
better quality antiproton beams opens
the door to a lot more. In particular,
better antiproton beams could help
augment our knowledge and under-
standing of what happens at presently
available collision energies. By in-
jecting antiprotons into the CERN ISR,
for example, a range of new experi-
ments will be possible, and com-
parison with proton-proton behaviour
could provide new insights. Other anti-
proton investigations could study
baryonium states and exotic atoms
containing orbital antiprotons.

When the nature of the strong force
between a proton and an antiproton is
so little understood at any energy, a full
programme of  proton-antiproton
physics using existing equipment
seems to be a good investment.
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The cooling schemes

All this is made possible by the cooling
techniques which have emerged very
abruptly over the past two years. They
are of two types ‘electron cooling’ and
‘stochastic  cooling’. These were
described in the December issue 1976
and here we will just sketch major
features and some recent results.

The team of Gersh Budker at
Novosibirsk had a project for colliding
proton-antiproton beams at 25 GeV
(VAPP-NAP) fifteen years ago and
realized the need for some method of
improving intensities of antiproton
beams. They emerged with ‘electron
cooling’ in which the essential idea is
to send an electron beam, where the
electrons have precisely defined
velocity, along.an antiproton beam
travelling in the same direction at the
same velocity. The two kinds of parti-
cle can exchange energy and, since the
electron beam is constantly refur-
bished at the same energy, it cools the
antiproton beam to that energy (rather
like a mixture of two gases where one
is constantly refurbished at a precise
temperature).

The theory of the technique is
fiendishly complicated and it was
only after spectacularly successful
demonstration at Novosibirsk of. the
electron cooling of a proton beam in a
storage ring NAP-M (in experiments
which began in 1974), that interest
awoke in other Laboratories.

The main result of the Novosibirsk
experiment was the cooling of an 85
MeV proton beam of up to 100 yA by a
45 keV electron beam of 0.8 A in a
time of 80 ms to reach an equilibrium
diameter of 0.5 mm. The energy
spread was reduced to less than 107®
and the angular spread to less than 5 x
1075, Important features to note are
the very rapid cooling time, the great
effectiveness of the cooling, the low
energy at which it operated and the
comparatively low beam intensity at
which it operated. Further work is

needed to check the technique with
other beam parameters.

This is to be done at Fermilab and at
CERN. At Fermilab an electron cooling
ring is being built alongside the
Booster for tests using the 200 MeV
protons from the Linac. The building is
complete, all the magnets are made
and the first 6ne is installed. The
electron gun is ready and the solenoids
to guide the electrons are under con-
struction. It is hoped to operate the
ring in three months’ time. At CERN the
emphasis has swung to stochastic
cooling but it is still intended to test
electron cooling.

The idea of ’‘stochastic cooling’
came from Simon Van der Meer at
CERN and was first tried on the
Intersecting Storage Rings in 1975.
The essential idea is to measure the
density distribution of a piece of an or-
biting beam and then to apply electric
fields to nudge the ‘centre of gravity’ of
the piece nearer to the desired orbit. It
is a statistical method, the nudge has
an unfavourable effect on some parti-
cles but a favourable effect on most. It
is therefore repeated many times to
achieve significant cooling of a beam.

The first tests of stochastic cooling
in the ISR achieved cooling at a slow
rate but still impressively enough to
merit pursuing the idea. Major ad-
vances were made at the ISR during
1976 and, when the proton-antiproton

" ideas emerged, it was decided to test

both cooling techniques in a specially
built ring (revamped g-2 muon storage
ring) in a project known as ICE —
Initial Cooling Experiment.

At the end of 1977 both momentum
and betatron cooling were achieved in
ICE without difficulty. On 27 March a
further test achieved the excellent per-
formance of cooling the injected
proton beam by a factor of nine in three
minutes. Given the much more exten-
sive cooling equipment which will be
installed in the cooling ring for the
proton-antiproton project at CERN,
this performance is already close to the



The rebuilding of the muon storage ring of the
famous g-2 experiment for ICE — Initial
Cooling Experiment. It is here that beam cooling
techniques are being checked en route to high
intensity antiproton beams. Successful
stochastic cooling tests took place at the end
of March.

(Photo CERN 282.11.77)

level needed to achieve the design
aims of the project.

The proton-antiproton projects

CERN has polished its thinking to the
point where a Design Study of a
proton-antiproton  colliding beam
facility was published at the end of
January. It concentrates exclusively on
the use of stochastic cooling in a cool-
ing ring to be located on the transfer
tunnel, TT2, from the 28 GeV proton
synchrotron which takes beams
towards the Intersecting Storage
Rings and the 400 GeV proton syn-
chrotron. Thus both the ISR and the
SPS could be fed with ‘cold” an-
tiprotons. We concentrate here on the
SPS scheme.

Protons will be ejected from the PS
at 26 GeV and directed onto a target to
yield antiprotons at 3.5 GeV/c. A
higher yield could be obtained by doing
the targetting after acceleration in the

SPS but this would involve serious in-
terference with the normal SPS
physics programme. The 3.5 GeV/c an-
tiprotons (2 x 107 per PS pulse) will be
injected into the cooling ring where a
two stage cooling process will take
place. The injected particles will be
‘precooled’ in an outer orbit position
before being moved to the stack of ac-
cumulated particles which will be kept
continuously cooled. Stochastic cool-
ing systems will be used for both
processes.

It is anticipated that cooling and ac-
cumulation will go on for 24 hours
before transfer to the SPS at 3.5 GeV/c
down the TT 60 tunnel normally used
for the ejected beam to the West Area.
Allowing for losses, the transferred
antiproton beam would have about
6 x 10" particles. They will be ac-
celerated to 18 GeV/c and injected
protons will be picked up in the ac-
celeration process at 10 to 14 GeV. At
18 GeV rebunching will be done and

acceleration continued to 270 GeV
where the magnet fields can be held in
storage ring mode. With a low beta in-
sertion the anticipated luminosity is
103%° per cm? per s. Detection systems
and proposals for experiments are
already being worked out.

Fermilab has different machine
features influencing its proton-anti-
proton scheme. The first is that the
Booster energy of 8 GeV is not high
enough to give a healthy antiproton
flux from the target. The Main Ring is
therefore to be used to take protons to
80 GeV before producing antiprotons.
Also the present vacuum in the Main
Ring limits stored beam lifetimes to
about one hour. Longer lifetimes await
the completion of the Energy Doubler
ring. When this is achieved, the door
will be open to proton-antiproton colli-
sions with 1000 GeV beams.

The sequence then goes: Protons
will be accelerated to 80 GeV and
ejected (one thirteenth of the beam
around the circumference) towards a
target on a line which leads to the 8
GeV Booster. A 5.18 GeV antiproton
beam (107 to 108 per pulse) will be in-
jected into the Booster, decelerated to
200 MeV and transferred to the cool-
ing ring (an extended version of the
cooling ring where the initial tests are
being carried out so that the cir-
cumference becomes the same as that
of the Booster). Electron cooling will be
applied to cool the antiprotons. This
will be repeated for many pulses col-
lecting a cooled beam of about 10°in
an hour.

The cold 200 MeV antiprotons will
be compressed into a small bunch and
transferred to the Booster where the
magnet polarity will be reversed. They
will there be accelerated to 8 GeV and
sent to the Main Ring. Acceleration to
about 100 GeV will take place before
transfer to the good vacuum of the
Energy Doubler.

The normal proton injection process
will then follow and a proton bunch
(2 x 102 protons) will also be transfer-
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The Central Laboratory area at Fermilab in a
recent aerial photograph. In the foreground on
the right, alongside the 8 GeV Booster with its
pond and cooling fountains, is the new building
ready to house the electron cooling ring to be
used to test the cooling technique for the
proton-antiproton colliding beam project.

(Photo Fermilab)

red to the Energy Doubler at 100 GeV.
Both beams can be accelerated to
1000 GeV and collisions can be
observed  with an  anticipated
luminosity of 2 x 1028 per cm? pers. It
is believed that this ‘raw’ luminosity
can be improved to 2 x 10%° by having
an appropriate low beta section, by ex-
tending the storage time for an-
tiprotons to three hours and by com-
pressing ten proton bunches into one.
At the Workshop an idea to have a
‘pre-cooler’ using stochastic cooling so
as to accept a bigger antiproton
momentum spread also looked attrac-
tive.

The Energy Doubler is essential to
this project unless the Main Ring
vacuum can be significantly improved.
At present about seventy supercon-
ducting magnets of the Doubler type
have been built, the last twenty of
them being regarded as ‘production’
magnets. The field quality has reached
the 1073 level on a 1 inch radius which

probably needs further improvement
for performance as a storage ring.
There is now capacity to build magnets
at the rate of one a day and it looks as
if more money for the Doubler will be
made available (see page 125).

New idea from the Workshop

The above luminosity figures could be
considerably affected (for the better)
by an idea which emerged from the fer-
tile mind of Carlo Rubbia in the course
of the Workshop. Up to now electron
cooling has always been thought of as
involving low energy application (for
example, Fermilab deceleration to 200
MeV/c before applying cooling). This is
because the hefty electron currents
which are needed are only available at
keV energies given existing electron
gun techniques. .

The new suggestion is to use a tiny
electron storage ring which could be
set to energies equivalent to the proton

and antiproton energies (say about
25 MeV electrons and 50 GeV an-
tiprotons) where the particle velocities
are the same. The ring would have a
straight section coincident with the
proton and antiproton orbits so that
electron bunches and proton or an-
tiproton bunches would briefly travel
together. .

The electron beam in a storage ring
is very ‘cold’ because of its synchrotron
radiation. Extremely high current den-
sities and precisely defined momenta
are achieved for free by virtue of the
radiation. Thus the standard electron
cooling principle, taking the proton
heat into the cold electrons, could be
applied at much higher energies by us-
ing a storage ring. The ring would be
very small (few metres) and could thus
be accommodated in both CERN or
Fermilab tunnels.

The idea was too new to be checked
out in detail in the course of the
Workshop but it aroused a lot of in-
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terest and, if it still looks good after
more careful examination, could, by
achieving and maintaining higher
luminosities, have a major impact on
the physics potential of the proton-
antiproton schemes.

Bob Wilson also pointed out that the
big proton storage rings are them-
selves running into the energy/radius
region where synchrotron radiation is
noticeable. The Energy Doubler, at 1
TeVand 1 km radius, will radiate about
10 eV per turn. This corresponds to a
cooling time of 30 days which would
perhaps overtax the patience of the ex-
perimental physicists. Professor
Wilson, never one to miss an oppor-
tunity, did add that this situation would
be considerably improved when the
government finally comes around to
financing the 5 TeV, 8.5 T supercon-
ducting niobium-tin magnet ring which
would just fit on the Fermilab site. The
cooling time would then be half a day !

Sketch of the experimental hall for synchrotron
radiation experiments at DORIS. The hall
smoothly links to the north west arc of the
DORIS building. Several broad fans of radiation
from up to six magnets will be available for
experiments.

Around the Laboratories

DESY
More light from DORIS

Until recently, scientists interested in
the use of synchrotron radiation had to
sit at synchrotrons or storage rings
operated principally for experiments in
particle physics. Today there is world-
wide support — in the USA, the USSR,
Japan and Europe — for storage rings
operated entirely for the purpose of
producing high fluxes of synchrotron
radiation for spectroscopy in the
vacuum ultraviolet and X-ray regions.
Among the more advanced projects
are the 2 GeV ‘Synchrotron Radiation
Source’ at Daresbury, the ‘Aladdin’
project at Wisconsin, the National
Synchrotron Light Source, (700 MeV
and a 2.5 GeV storage ring) at
Brookhaven and the Photon Factory
project in Japan.

In the Federal Republic of Germany
the government has agreed to spend

some 14.4 million DM to increase the
effectiveness of the DORIS storage
ring at DESY as a synchrotron radiation
source. A new laboratory building will
make it possible to extend use of the
radiation from six DORIS bending
magnets. Later on a 800 MeV storage
ring, situated in Berlin, will be built.
Both projects will serve the growing
needs for synchrotron radiation by the
user community.

The research programmes making
use of synchrotron radiation are
becoming more and more diversified
and the number of suggestions for new
applications is by no means levelling
off. At the Berlin facility, emphasis will
be on metrology, applied research and
industrial development (in the field of
semiconductors and microelectronics
in particular) and basic and applied
research (mainly in physics and
physical chemistry).

At DORIS, with energies of 3 to 4.5
GeV, X-ray physics as well as time-

QUADRANT 1

L2m -
/
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resolved spectroscopy over the whole
spectral range from the vacuum ultra-
violet to hard X-rays will be the
backbones of the programme. With the
outstation of the European Molecular
Biology Laboratory, EMBL, already pre-
sent in Hamburg, structural analysis of
biological materials will certainly be
another major topic. Other areas of
research will be atomic and molecular
spectroscopy in the vacuum ultraviolet
as well as solid state and surface
physics. Scientists working in these
areas have already used DORIS with
great success in the multibunch high
current mode at energies below 3 GeV.
They will also profit from improved
conditions.

The critical photon energy to which
the synchrotron radiation continuum
extends is b keV at 3 GeV and 14.5 keV
at 4.3 GeV. Thus DORIS provides high
fluxes for most X-ray applications. Due
to the short bunch length, the light is
pulsed with pulse durations as short as
150 ps which makes time-resolved ex-
periments possible in a spectral range
where this kind of spectroscopy has
never been exploited before.

Studies have shown that improved
performance as a synchrotron radia-
tion source can be obtained with some
minor modifications of the beam op-
tics. For example, the reduction of the
vertical beam size by a factor of three,

corresponding to 0.3 mm FWHM,‘

seems possible. In addition extreme
spatial stability at several points of the
orbit is required, posing the machine
experts the same kind of challenge as
the demand for high luminosity in col-
liding beam experiments.

The quantity of radiation available
for users and the ease of access to
it will be substantially improved.
Whereas at present only a small part of
the radiation from one magnet is used,
the expansion will make possible the
simultaneous use of radiation from six
magnets. Carefully designed new
chambers within the magnets will al-
low the extraction of up to 30 % of the
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radiation from one quadrant of DORIS.
Thus at least 20 experimental stations
will obtain synchrotron radiation
simultaneously. Presently 50 letters of
intent for experiments, submitted last
year, are being examined. A number of
informal meetings of specialists from
the user community and from the
facility have been held to optimize the
parameters of experimental stations
and to define the requirements for
each experiment. These discussions
will influence the final beam-line con-
cept.

The time schedule for the whole
project is intimately connected with
other programmes at DESY depending
critically on the operation of DORIS as
a PETRA injector and as a colliding
beam machine. In principle, the new
experimental hall could be ready early
in 1980 with the major part of con-
struction going on while DORIS is
operating. With luck a new generation
of synchrotron radiation experiments
will start at DORIS sometime during
1980. The construction of the small
ring PIA (see October 1977 issue, page
326) to relieve DORIS of its PETRA in-
jection role should then allow more
time for synchrotron radiation experi-
ments.

DARMSTADT
The future of heavy ions

On 7-10 March, GSI Darmstadt
organized a ‘Symposium on
Relativistic Heavy lon Research’ which
attracted over two hundred physicists
working in the field. They reviewed the
physics potential and practical applica-
tions of relativistic heavy ions from ex-
isting accelerators and from those
which are planned. Some of the fol-
lowing points are taken from the talk
by Hermann Grunder, the heavy ion
pioneer from Berkeley, which con-
cluded the Symposium.

Physics with heavy ion beams,
reviewed in an introductory talk by W.

Greiner of Frankfurt University, had
priority at the Symposium with quark
matter, cosmic rays and nuclear matter
under extreme conditions as the main
topics.

One area of application of heavy
ions is that of biology and medicine.
Their use was covered in talks by E.
Alpen from Berkéley (where much of
the pioneering work is being done) W.
Pohlit of Frankfurt and U. Schmidt-
Rohr of Heidelberg. Only after a long
series of clinical trials with a variety of
particle beams can any assessment of
the relative merits of the different
types of particle for cancer treatment
be made. It may well turn out that dif-
ferent cancers in different locations in
the body respond to different treat-
ments. Thus it isimportant to study the
various possibilities (pions, protons,
neutrons, ions) now available from ac-
celerators in order to reach scientific
conclusions.

Berkeley, Uppsala, Harvard, ITEP,
Hammersmith, Dubna, Los Alamos,
Fermilab, Saclay, Gatchina, Heidel-
berg, SIN, Harwell, Rutherford,
Brookhaven... have all been involved in
studying the possibilities. In the heavy
ion field, one highlight is the use of
carbon-11 or oxygen-15 ions which
emit positrons with a definite range.

Another area of application is the
use of high energy heavy ion beams to
provoke inertial fusion. This topic, in-
troduced at the Symposium by Al
Maschke of Brookhaven, is com-
paratively new to the scene but has ex-
cited great interest particularly in the
USA (see for example November issue
1977, page 364). As Hermann
Grunder said, the subject is so impor-
tant that the correct question to ask is
not ‘does it work’ but ‘does it have a
chance?’ Thermonuclear fusion seems
to be the only energy source which
could replace conventional sources
rather than having just a modest im-
pact on the world’s energy needs.

M.J. Clauser of Sandia Labs.
reviewed target problems, though



seemingly reverting to the information
that was available prior to the
Brookhaven Workshop of October
1977. Kjell Johnsen of CERN and Lee
Teng of Fermilab reviewed appropriate
accelerator techniques. Kjell Johnsen
promotes the use of beam storage
prior to injection into an induction linac
in order to build up required inten-
sities; Berkeley are trying to develop
very intense ion sources to circumvent
this. Lee Teng reviewed a scheme in-
volving beam bunching going some
thirty times beyond the allowed space
charge limit relying on the Brookhaven
experience with the AGS where
bunches survived after similar treat-
ment.

Argonne, Berkeley and Brookhaven
are now attacking some of the ac-
celerator problems and more money is
being made available in the USA. In
Europe, interest is growing and more
effort is being applied at Rutherford
Laboratory under Marshall King.

The sessions on relativistic heavy
ion accelerators considered the
facilities now being built or planned for
the future. At lower energies there are
a variety of machines such as UNILAC
at Darmstadt, the cyclotrons GANIL at
Caen and at Michigan, the tandems at
Daresbury and Oak Ridge... In the
relativistic region, the Bevalac at
Berkeley has led the way with ion
beams at energies of GeVs per
nucleon, albeit of comparatively low
intensity. An improvement programme
aims to step the intensity up.

The Bevalac will be joined by two
other machines following the conver-
sion of Saturne at Saclay and the
Synchro-phasotron at Dubna. Saturne
Il is a CEA/IN2P3 project intended to
accelerate ions from protons to neon-
20, up to a proton energy of 3.8 GeV,
which is scheduled for first operation
at the end of this year. The Synchro-
phasotron could accelerate ions up to
uranium-238 with an energy of 3.4

The heavies met at Darmstadt in March for a
Symposium on Relativistic Heavy lon Research
organized by GSI. The Director of GSI, Chris
Schmeltzer, can be seen on the front row third
from the left.

(Photo GSI/ Darmstadt)

GeV per nucleon and it is intended to
surround it with another ring, called
the Nuklotron, which could take the
peak energy to 10 GeV per nucleon.

Two other projects are well
developed. One is at GSI Darmstadt
itself where a synchrotron is proposed
under the name of SIS, Schwerlonen-
Synchrotron, to take ions from UNILAC
and continue their acceleration to
higher energies. In Japan, a rather
similar scheme is proposed under the
name of Numatron (Nuclear Matter
Tron). The use of storage rings to give
colliding heavy ion beams is also com-
ing into vogue.

Hermann Grunder emphasized that
detectors should also receive attention
since, in general, detection systems
had been poor in heavy ion research.
He concluded with the remark that
‘with relativistic heavy ions we are sail-
ing towards new shores where the
probability is high that something very
exciting will turn up.’
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ARGONNE
Preparing for polarized
deuterons

A beam of polarized deuterons will be
accelerated into the GeV energy range
this summer by Argonne’s ZGS, the
first time such a beam has been
available to high energy physicists.
This new beam will supplement the
ZGS programme to study high energy
spin effects, carried on in recent years
with polarized proton beams, by per-
mitting experiments in which the
neutron in the deuteron serves as the
projectile in nucleon-nucleon colli-
sions. The momentum of the beam will
range up to 12 GeV/c and intensities of
at least 5 x 10° polarized deuterons
per pulse are expected for the initial
runs.

The first requirement is the
availability of a polarized deuteron
source. To provide this, a third r.f. tran-
sition unit will be added to the
polarized proton source. By selectively
inducing spin flips of the deuteron in
the atomic beam in the source, these
transition units will modify the popula-
tions of the atom’s various magnetic
substates so as to produce a net
polarization. Three transition units al-
low pulse-to-pulse changes in the
polarization direction and the propor-
tion of tensor to vector polarization in
the beam. The maximum vector
polarization is expected to be 60 %,
and the maximum tensor polarization
85 %. Since g-2 for the deuteron is 13
times smaller than for the proton, the
delicate  problem of retaining the
polarization during acceleration, which
the polarized proton programme has
fought and solved, does not occur with
deuterons. The lowest order intrinsic
depolarizing resonance would occur at
23 GeV/c!

The techniques required for ac-
celerating deuterons have been in-
vestigated in recent accelerator
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research periods. Over 3 x 10" un-
polarized deuterons per pulse have
been brought to full energy, within a
factor of two of what is believed possi-
ble, despite only a short time being
available for tuning the linac and the
synchrotron.

Accelerating deuterons in the 50
MeV proton linac is difficult because
the deuteron charge to mass ratio is
half that of the proton, causing much
larger beam losses. The final deuteron
energy is only 25 MeV, so that
deuterons are injected into the ZGS at
half the velocity of protons. Since the
velocity after acceleration is still near
that of light, the r.f. frequency swingin
the ZGS would have to be twice that
for protons which is not possible with
the present r.f. system.

Instead, the beam is captured on the
16th harmonic and accelerated,to 1.2
GeV/c where the ZGS is flat-topped.
The beam is debunched and then
rebunched on the normal 8th harmonic
and accelerated to full energy. A
minicomputer-based control system
had to be developed to carry out these
r.f. gymnastics. The ZGS operators
were pleased to find that only 10 % of
the beam was lost during the
rebunching exercise.

The success of these acceleration
tests led to the scheduling of physics
runs in September and October of this
year. The first month’s run will be at
relatively low energy, with two experi-
ments by a UCLA / LBL / Argonne /
Minnesota collaboration  studying
forward and backward elastic scatter-
ing of deuterons off a liquid hydrogen
target around 3 GeV/c incident
momenta.

The forward scattering experiment
is designed to measure the d-state
mixture in the deuteron. The backward
scattering experiment is intended to
identify a possible N* (1688) compo-
nent in the deuteron ground state. The
experiments require the ZGS to deliver
various combinations of tensor
polarization, vector polarization, no

polarization, up polarization, down
polarization, left polarization and right
polarization ! The last two require the
use of two 2 m, 60 kg superconducting
spin rotating solenoids in the deuteron
beam.

The second physics run will follow in
October, with two experiments sharing
the beam at 12.GeV/c. Both will use
the deuteron beam incident on po-
larized proton targets to study neu-
tron-proton elastic scattering in pure
spin states. A Michigan / Argonne /
Abadan Institute of Technology col-
laboration will concentrate on the
large t region, and a Rice / Argonne / lI-
linois group will look at smaller t scat-
tering.

These experiments are tightly
enough constrained to minimize the
effect of the spectator proton, as
well as the usual carbon-produced
background from the polarized target.
No data of this type exists at high
energies and comparison of the results
with proton-proton measurements
already obtained at the ZGS may shed
light on the many surprisingly large
spin effects observed at high energies,
including the unexpected differences
between proton-proton and neutron-
proton collisions that persist up to the
highest ZGS energies.

VIENNA
Wire Chamber
Conference

About two hundred detector
specialists gathered in Vienna in
February to discuss developments in
the technology and applications of
wire chambers and their associated
electronics. The Conference was
organized by the University of Vienna,
the Institute for High Energy Physics of
the Austrian Academy of Sciences and
was opened in the presence of the
Austrian Science Minister.



The first plenary talks were by G.
Charpak and A. Jeavons from CERN
who covered the use of proportional
chambers in fields outside high energy
physics  (particularly in  various
branches of medicine). Their spatial
accuracy and fast data taking rates can
far exceed the capabilities of conven-
tional X-ray cameras. The ability to
give X-ray images in three dimensions
and to localize gammas and neutrons
are major applications. Other pioneer-
ing work on some of these topics
is being led by V. Perez-Mendez at
Berkeley.

Most of the Conference was
devoted to the present status and
development of detectors in high
energy physics. The major review talks
were by |. Veress (Budapest) on mul-
tiwire proportional chambers, and by J.
Heinke (Heidelberg) on drift chambers,
showing the enormous progress of
these techniques in the last decade. A
number of invited talks and many con-
tributions covered existing large detec-
tors, such as the two neutrino experi-
ments at the SPS and the Split Field
Magnet at the ISR.

Another aspect of the conference
was the discussion of new trends in
detection technigue. Due to the rapid
progress in electronics, pulse height
measurement on each channel
becomes feasible. This leads to
ultimate limits in precision and the
determination of energy loss. The
relativistic rise inionization can now be
used for particle identification. The Ex-
ternal Particle Identifier (EPI) is the first
operating large-scale detector of this
generation.

It was obvious that multiwire
proportional chambers and drift

The PEP storage ring, now under construction
at Stanford, has been baptized by heavy
downpours. The photograph shows interaction
region, IR-8, which is signposted Lake Rees
(elevation 273 feet) in recognition of Project
Director, John Rees. Dry sense of humour?

(Photo Joe Faust)

Georges Charpak, inventor of the multiwire
proportional chamber, in full flight during his
talk at the Vienna Wire Chamber Conference.
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The new BEBC TST in operation as seen by one
of the four bubble chamber cameras. Particles
first traverse the TST, leaving very fine tracks
due to the relatively high temperature of the
hydrogen (29.3 K). These tracks are difficult to
reproduce in printing. The outgoing tracks
which traverse the neon-hydrogen mixture are
about four times thicker. Most of the
background tracks are cosmic rays.

chambers are now well-mastered
detection techniques. We are not,
however, at the end of finding applica-
tions for the remarkable abilities that

they have in comparison to their
predecessors.
As a social highlight at the

Conference the organizers (W. Bartl, F.
Bensch, G. Neuhofer, M. Regler) in-
vited the participants to a traditional
‘Henniger’ at Grinzing. '

CERN
TST in and working

In the first experimental period of the
CERN SPS in 1978, the 3.7 m bubble
chamber, BEBC, was equipped for the
first'time with a track sensitive target
(TST) and the first 42000 pictures
were taken with the new target con-
figuration. Measuring 2.4 m in the

beam direction, 1.4 m across and 1 m .

high and containing three cubic metres
of liquid hydrogen or deuterium, the
new TST is the world’s largest, 75
times larger than the one used in the
Argonne 12 foot bubble chamber and
3 times larger than the complete 2 m
chamber at CERN which was recently
closed down.

The.aim of the TST technique, in-
vented by H. Leutz, is to combine the
advantages of hydrogen and heavy li-
quid bubble chambers. Hydrogen filled
chambers provide free proton targets
for the incoming beam (deuterium also
allows the behaviour of neutron
targets to be studied) but have a low
efficiency for converting the gamma
rays coming from the decay of the
otherwise invisible neutral pions. A
heavy liquid bubble chamber, on the
other hand, is better suited to
detecting gamma rays, but events are
more difficult to interpret due to the
presence of complex nuclei.

In the TST approach, successfully
demonstrated by a CERN/DESY col-
laboration in 1966, a plastic box trans-
parent to particles and to visible light
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is filled with liquid hydrogen (or
deuterium) and placed inside a bubble
chamber filled with a mixture of liquid
neon and liquid hydrogen.

The new TST for BEBC is made from
Lexan, a thermoplastic polycarbonate
manufactured in the US in sheets Y4
inch thick. The TST requires Lexan
plates several times thicker than this
and with good optical properties. Such
plates are obtained from com-
mercially-available Lexan sheets by
‘press-polishing’ them between highly
polished chromium plates at 170° C
and a pressure of up to 70 at-
mospheres.

The TST plates are optically coated
by vacuum evaporation with quarter-
wavelength thicknesses of magnesium
fluoride to reduce the reflectivity of the
surfaces and so improve the quality of
the final bubble chamber pictures.

The most difficult problem is the as-
sembly of the Lexan plates into a box
which is optically perfect and which
can survive millions of expansions near
29 K and accidental pressure differen-
tials of several 100 grams per cm?2
Special techniques have to be used to
stick the plates together (see February
1976 edition, page 48). The TST is a
passive device with no expansion
system of its own and a minimum of
additional equipment inside the bubble
chamber. There is only a cooling loop
and a heater to enable the liquid in the
TST to be maintained at a different
temperature to the neon mixture in the

main chamber. The instrumentation is
limited to a vapour pressure ther-
mometer and eight strain gauges to
monitor the TST shape.

The net buoyancy of the filled TST in
BEBC containing its neon-hydrogen
mixture of 78 % amounts to 1.7 tons,
and this force is supported by strong
springs. The operating conditions are
still being adjusted to match as closely
as possible the sensitivities of the
chamber and the TST. At present the
TSTisrunat 29.3 K which yields tracks
of 10 to 12 microns on the film; the
chamberis 0.2 K warmer with tracks of
40 to 50 microns.

Three initial experiments are lined
up for the TST. A Bari / Birmingham /
Brussels / Ecole Polytechnique /
London / Rutherford / Saclay col-
laboration will study high energy
neutrino interactions. The other two
experiments will look for prompt
leptons coming from hadron collisions,
with a Bologna/ Glasgow / Rutherford /
Saclay / Torino group using a 70 GeV/c
negative pion beam and a Brussels /
Helsinki / Liverpool / Mons / Stockholm
group using antiprotons at the same
energy. The neutrino experiment and
at least one of the hadron experiments
are expected to be run simultaneously,
with BEBC being operated in ‘double-
pulsed” mode, with neutrino and
hadron TST photographs being taken
on alternate expansions. Equipped
with the TST and its external particle
identifiers, BEBC now provides an
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impressive  range of detecting
capabilities for physics at SPS
energies.

Muons in the North

Since the CERN machines came back
into action after the end of year shut-
down, the 400 GeV proton syn-
chrotron, the SPS, has been working
very ‘well. At the beginning of April,
average accelerated beam intensities
(obviously with a very good feed from
the PS injector) were topping 103
protons per pulse and machine
reliability was around 85 %.

Up to now the SPS beams have
been used in the West Experimental
Area, with 200 GeV protons to the
counter experiments in the West Hall
and up to 400 GeV protons for counter
and bubble chamber experiments with
neutrinos. The West Area had a flying
start in the SPS project since the Hall
and some detection systems were
already in existence. A completely new
area, the North Experimental Area, has
also been built and it received its first
beam on 31 March. This was the muon
beam which has received a lot of
emphasis in the SPS programme as
one of the major experimental
facilities.

The ejection system towards the
North was tried on 7/8 March and,
with some tidying up, rapidly gave
protons onto targets T2, T4 and T6,
almost a kilometre from the ring. These
targets feed six beam-lines — four into
the Hall EHN1 for hadronic experi-
ments, one to the high intensity Hall
EHN3 which is yet to be completed,
and one conveying muons to experi-
ments in Hall EHN2. Even on 7/8
March, when these beam-lines were
not powered, some muons were
creeping through from the targets and
were spotted by the detectors in EHN2.

On 31 March ejected protons were
steered onto target T6, source of the
muon beam-line. A series of quadru-

The muon beam profile recorded at the
entrance of the muon experimental hall, EHNZ2,
in the North Area of the CERN SPS. The beam
intensity in this first run was about 5 x 10°
muons per pulse and the profile is recorded by a
wire chamber where each wire is separated by
4 mm. The vertical axis is a measure of the
muon intensity falling on each wire.

poles gave efficient capture of emerg-
ing pions which were guided through
some 600 m of decay pipe, 20 cm in
diameter. A beryllium absorber 9m
long, halted remaining pions while
causing minimum disturbance to the
muons which had come from pion
decays. In the first test, pions of 220
GeV/c were collected and the muon
section of the beam-line was tuned for
200 GeV. Another long transfer chan-
nel brought the muons to the experi-
ments.

At the end of the channel a scintil-
lator hodoscope with very good resolu-
tion (6 mm, 0.1 ns with up to 10°
muons per second) will be able to
measure the momentum of each muon
passing to the detectors. The peak
momentum will be 300 GeV/c and the
intensity will be around 108 muons per
pulse. '

In the first test, some 5 x 108 muons
(from 5 x 10" protons on the T6
target) reached the detectors in excel-
lent agreement with the prediction. It
is already the highest intensity high
energy muon beam in the world.

FERMILAB
An ep scheme

In addition to the proton-antiproton
scheme covered in the main article in
this issue, the construction of the ad-
ditional ring for the Energy Doubler
opens other colliding beam pos-
sibilities at Fermilab. One of these is
electron-proton  collisions  whose
physics interest has been the subject
of lively discussions during the past
year (see for example November 1977
issue, page 364). In the USA, Stanford
(PEP) and Brookhaven (ISABELLE)
have not closed their eyes to this
physics and in Europe both CERN and
DESY have been examining what
would be needed at the SPS (a scheme
called CHEEP) and PETRA (a scheme
called PROPER) respectively.

The electron-proton colliding beam scheme
studied at Fermilab. The addition of an electron
linac (EL), the use of the electron cooling ring
(TR) and of the Booster (B) gives electron beams
into the Main Ring while protons follow their
normal route to the Main Ring and can be
stacked in the Energy Doubler.

The electron-proton possibility at
Fermilab was promoted at the Aspen
Summer Study in 1977 and has since
been investigated. A. Ruggiero re-
ported progress in the February issue
of the Fermilab Report. The aim is to
collide electrons of up to 12 GeV with
protons of up to 1000 GeV.

The scheme has a 75 MeV, 400 mA
electron linac feeding the cooling ring
(where the electrons are taken to 750
MeV), feeding the Booster (where the
electrons are taken to 4 GeV), feeding
the Main Ring with several pulses
(where acceleration to 12 GeV is com-
pleted). Protons follow their normal
route and finish up stacked for ten
pulses in the Doubler ring to give a cir-
culating current of 1.5 A.

Most of the necessary equipment
either exists or will exist for other col-
liding beam schemes. Additions would
be the electron linac, more shielding,
power supply in the cooling ring and a
low beta insertion for the experiments.
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1. A diagram of the negative hydrogen ion
injection scheme into the Fermilab Booster
which has been tested very successfully.

2. Multiturn injection of negative ions during a
record intensity run when fifteen turns of
24 mA of ion beam were injected. Fach step of
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The estimated luminosity is 103" per
cm? per s with the main limitation be-
ing the vacuum pressure which can be
sustained in the presence of syn-
chrotron radiation. 1077 is hoped for
which would restrict beam life-time to
about an hour.

A report on the scheme is being
prepared on completion of the studies
at the end of March.

Positive results
with negative ions

A record Booster intensity of 3.46 X
103 protons per Main Ring cycle was
achieved on 4 March at Fermilab. This
intensity, well above the previous
record 3.06 x 10'3, was attained eight
days after starting trials of negative
hydrogen ion injection into the
Booster. The injected beam (about 6 x
102 particles per Booster batch) con-
sisted of fifteen turns each of 24 mA
negative hydrogen ions from the Linac.
A Main Ring cycle consists of thirteen
Booster batches.

The rapid success testifies to the
essential simplicity of the injection
method and follows two years of
careful preparation by the Linac and
Booster groups. Work is continuing to
refine the techniques.

A negative hydrogen ion consists of
two electrons bound to a proton. This
combination has unique advantages
for beam injection since the negative
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charge makes the ion bend with the
opposite curvature to a proton in a
magnetic field, so that the incoming
ions can be injected on a path that
overlaps the orbit of circulating
protons. Where the trajectories coin-
cide, the ions pass through a carbon
foil which strips off the two electrons,
leaving protons which add to those
previously injected. The intensity can
be built up by injecting for many turns,
without the growth in beam size
typical of other multiturn injection
methods which stack beam side by
side. The multiturn capability allows
modest Linac currents to be used
avoiding the instabilities and beam
growth typical of high current opera-
tion. The specialists know the scheme
as a way of beating Liouville's
theorem.

The technique of charge exchange
injection is usually associated with the
name of Gersh Budker, late Director of
Novosibirsk who was its strongest
proponent in the late '50s. The idea
was raised also by others in different
contexts. Milton White of Princeton
(now Chairman of the URA Board of
Trustees) spotted the possibilities
while working on a cyclotron extrac-
tion scheme in the 1930s. Rolf
Wideroe looked at it also in 1943 and
there were comments on negative
hydrogen injection into storage rings
from R.L. Walker and Milt White in
1955.

The primary goal of the negative ion

the staircase is 2.8 us long and indicates the
increase of circulating charge as successive
turns are added. The total number of protons
injected per booster batchis 6.4 x 10'2. A small
loss of beam can be seen following injection.
Most of the losses occur during the first 4 ms of
the cycle.

project is to produce more protons for
the high energy physics programme
but, at Fermilab, other advantages are
expected. Changing the intensity in
response to varying needs can be ac-
complished more easily with ion injec-
tion by changing the number of turns
injected into the Booster. The ions also
provide flexibility for the Linac, which
serves not only the high energy physics
programme but also the Cancer
Therapy Facility and, in the future, the
Electron Cooling Ring. When two or
more of these programmes are
operating simultaneously with dif-
ferent intensity requirements, the
needs can be met by varying the length
of the Linac hydrogen ion beam pulse.

At the Booster end, the 200 MeV
line was modified to transport the ions.
A complete replacement for the injec-
tion apparatus in the first Boostér long
straight section was installed. The
carbon stripper to undress the negative
ions consists of a foil about a micron
thick inside the accelerator and since
these foils are delicate, a belt arrange-
ment permits up to 115 foils to be
moved into the beam in turn. There is,
however, no serious damage to the
foils from the beam. Carlos Hojvat
working in conjunction with Chuck
Ankenbrandt, head of the Booster
Group, developed the new injection
straight section for the Booster. Dave
Cosgrave was responsible for much of
the mechanical design and installation.




Physics monitor

The weak way
to quarks

Since quarks were first proposed
fifteen years ago as the basic in-
gredient from which all strongly in-
teracting particles are built, physicists
have tried hard to isolate them. While
there are occasional reports of quark
sightings (see for example May 1977
issue, page 154), most quark searches
see nothing at all. Over the years, the
diligence and imagination of many
talented experimentalists have failed
to find reproducible conditions for
catching free quarks.

Meanwhile, the indirect evidence for
the existence of quarks has grown
considerably and, with the discovery of
corpuscular effects deep inside
nucleons, now seems to be over-
whelming. There is definitely some
structure inside the nucleon, and
therefore presumably inside other
hadrons, but whatever is responsible
for this inner structure refuses to reveal
itself as free particles.

The acknowledged way out of this
dilemma is to adopt a ‘quark con-
finement’ philosophy, which says that
quarks are there but are doomed to
perpetual imprisonment inside the
hadrons. Under this philosophy, the
binding mechanism of the quark is
such that the more strenuous the ef-
forts to prise it loose the more strongly
it becomes bound.

In all the painstaking and sometimes
bizarre quark searches carried out so
far, one approach has not yet been
tried — that involving weak interac-
tions. In the view of some physicists,
this is an oversight which should be
remedied. Now, after a short pilot ex-
periment in the neutrino beams at the
CERN SPS, a major quark search using
neutrino beamsis to be carried out by a
CERN/Bologna collaboration, led by
Antonino Zichichi.

‘Strong interactions are soft, while
weak interactions are hard’ says

Zichichi, pointing out that in the very
high momentum transfer collisions
where the interior of hadrons is really
being probed, the nature of the strong
force can disperse the total momen-
tum transfer over many individual in-
teractions. In this way the momentum
transfer in individual quantum ex-
changes is limited and is insufficient to
probe the quark core of the hadron
target.

On the other hand, leptons can
transfer large amounts of momentum
transfer in one go, and the small coupl-
ing constant for weak interactions
guarantees that any large momentum
transfer has come about by a single in-
teraction with the exchange of just one
quantum. Multiple exchanges, such as
occur readily in strong interactions, are
automatically damped. According to
Zichichi, the weak interactions do sup-
ply the large momentum transfers to
pierce through to the deep interior of
the nucleon. :

Neutrinos, with no strong interac-
tion or electromagnetic affinities, can
penetrate the outer cloud of hadronic
matter and seek out the point-like
quarks within. A neutrino interaction
with an inner quark could supply
enough sideways ‘kick’ to free the
quark from its hadronic straitjacket so
that it emerges from the interaction as
a free particle. Zichichi believes that
point-like neutrinos could be the ideal
tool to seek out the quarks.

However, it seems unlikely that a
quark could be produced from these
reactions accompanied by just a few
other particles. In high energy, high
momentum transfer proton-proton
collisions, the production of secondary
particle ‘jets’ is widely seen and is
believed to be a result of the energy
released as the inner quarks are ex-
cited.

If a quark were freed from a nucleon,
it is likely that a similar amount of
energy would be released and the
quark would emerge along with a jet of
other particles. If so, it would be dif-

ficult using counter techniques to pick
out the quark from the remainder of
the secondary particles. For this
reason, the new CERN/Bologna experi-
ment will use a streamer chamber to
help identify any fractionally charged
particle produced along with large
numbers of conventional particles.

In the pilot quark search using the
wide and narrow band neutrino beams
at the SPS, the CERN/Bologna team
used coincidence counters to search
for relativistic secondary particles cor-
related with the bursts of neutrinos
and showing signs of fractional charge.
Out of 22000 triggers, not many
events survived the selection proces-
ses.

Comparing the pulse heights of
these accepted events in the different
counters gave a ‘scatter plot’, which
was then compared to a simulation of
the possible effects which could be
produced by fractionally charged parti-
cles.

With the wide band neutrino beam,
two events were obtained which fall
inside the region of the scatter plot ex-
pected to be populated by fractionally
charged particles. However, neither
event is in the most probable region
predicted by the simulation. At this
stage, the experimenters prefer to use
these results to infer an upper limit on
quark production in neutrino interac-
tions and eagerly await the day when a
more thorough study can begin.

The CERN/Bologna experiment will
be the first to use a new experimental
hall for neutrino work, now being built
in the neutrino beam in the West Area
at the SPS behind the building which
houses the Gargamelle bubble
chamber.

Cryogenic computers

The prospect of new computers, faster
and more powerful than before, could
have a significant impact on the high
energy physics scene in the late 80s,
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The computer equipment of the future ? Part of
an electron microphotograph of an ‘OR’ circuit
using the superconducting Josephson effect.
This circuit, made at IBM’s Research Center
at Yorktown, New York, has a response time of
less than 50 ps.

(Photo IBM)

especially as by then large new
machines may be in use, producing
more and more particles at higher and
higher energies.

Just sixteen years after it was first
predicted, and only twelve years since
it was first observed and studied, the
so-called ‘Josephson effect” has been
incorporated by IBM scientists and
technicians into logic circuits and
memory units presumably aimed at a
new generation of superconducting
computers. Within the next decade,
these techniques could result in tiny
cryogenic processors, faster and more
powerful than the impressive arrays of
equipment which cram modern com-
puter rooms.

In 1962, solid state physicist Brian
Josephson boldly predicted that
electron pairs could quantum me-
chanically tunnel across a junction
between two superconducting ma-
terials and give rise to a tiny super-
conducting current. Subsequent ex-
periments verified his predictions and
showed that the currents were very
sensitive to current density and applied
magnetic fields.

Being quantum mechanisms, these
effects happen much faster than those
exploited in present semiconductor
technologies, while the voltages and
currents are down in the millivolt and
milliamp regions. As a result, the new
circuits are faster and require about a
thousand times less current than con-
ventional solid state components.

This in turn implies that heat
generation is reduced drastically, so
that components can be packed
together much more tightly, making for
more compact computers. It also
means that electrical impulses have to
travel much shorter distances, so
reducing response times still further.
Even using prototype equipment, IBM
estimates that a memory of 100000
bits of information could be fitted into
a square centimetre and would con-
sume only about a milliwatt of
electrical power.
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However, if recent trends in the
development of silicon-based micro-
circuitry continue, the cost and perfor-
mance of ‘conventional’ computer
equipment will continue to be attrac-
tive for some time to come. This means
that a real breakthrough in perfor-
mance and power will be required from
equipment using the new Josephson
circuitry to outweigh the necessary in-
vestment in a helium refrigeration
plant.

While cryogenic equipment would
not be an attractive proposition to, say,
an insurance company, a particle
physics laboratory already making
widespread use of superconducting
apparatus might find cryogenic com-
puters easier to swallow.

Solitons —
great solitary waves

In August 1834, the British engineer
and natural philosopher John Scott
Russell saw a strange phenomenon,
which now, nearly 150 years later, has
important implications for both clas-
sical and quantum physics as the un-
derlying mechanisms become better
understood.

In Russell's own words, which
poignantly reflect the more leisurely
tempo of nineteenth century research
into natural phenomena, 'l was observ-
ing the motion of a boat which was

rapidly drawn along a narrow channel
by a pair of horses, when the boat sud-
denly stopped — not so the mass of
water in the channel which it had put
into motion ; it accumulated round the
prow of the vessel in a state of violent
agitation, then suddenly leaving it

behind, rolled forward with great
velocity, assuming the form of a'large
solitary elevation, a rounded, smooth
and well-defined heap of water, which
continued its course along the channel
apparently without change of form or
diminution of speed.

‘| followed it on horseback,” Russell
continued, ‘and overtook it still rolling
on at a rate of some eight or nine miles
per hour, preserving its original form
some thirty feet long and a foot to a
foot and a half in height. Its height
gradually diminished, and after a chase
of one or two miles | lost it in the
windings of the channel.’

What Russell saw was a ‘soliton’,
although this name was not adopted
until 1965, when the phenomenon
was rediscovered in the numerical
solutions of plasma wave equations.
Russell had called his discovery the
‘wave of translation’ or ‘great solitary
wave' and developed empirical for-
mulas to describe its motion. He
strongly believed that these
phenomena were of more than passing
importance, but over 100 years went
by before his extraordinary foresight
was confirmed.

Ordinary ‘solitary waves’, as op-



posed to solitons, are found as solu-
tions of linear dispersionless wave
equations and are pulse-like disturb-
ances which travel along a particular
direction without changing their
shape. The introduction of nonlinear
effects and dispersion immediately
makes things more complicated.

In particular, nonlinear wave equa-
tions have no simple superposition
principle, so that two different solu-
tions of the equations cannot easily be
added together to obtain another solu-
tion. In practice, this means that the
solitary waves ‘scatter’ off each other
without creating any new disturbance
and continue on their way with their
original shapes and velocities. These
highly stable solitary waves are
solitons.

Gravity waves in shallow water are a
good example of such a system of
nonlinear dispersive wave propagation
and the solitary wave solutions of the
relevant wave equations correspond to
the phenomenon observed by Russell.
Similar nonlinear dispersive systems
are encountered in other branches of

physics, including ionic collisions,
acoustics, meteorology, plasma
studies, lasers, magnetism and

elementary particle theory. Soliton-like
phenomena can appear in a wide
variety of disguises.

One good classical example of wave
behaviour in nonlinear systems is
given by an array of vertically-
suspended rigid pendulums moving
with large oscillations. (In the usual
school treatment of simple pendulum
theory, the oscillations are considered
to be small, so that the equations of
motion are linear). If such an array of
pendulums is inverted, it has a highly
unstable equilibrium position and the
slightest nudge to one pendulum
makes it swing down and begin to os-
cillate about a downward vertical. This
nudge is then transmitted along the
line of pendulums, making each one in
turn fall and begin to oscillate below its
point of suspension.

This transmitted effect or ‘kink’ can
also travel in either direction along the
line of pendulums, giving “antikinks” as
well as kinks. A similar effect is found
in ferromagnetism in the Bloch wall
which separates domains of opposite
magnetization. When one of the stable
spin configurations is nudged, it flips
over to lie in the opposite direction and
this kink is transmitted through the fer-
romagnetic material. These kinks and
antikinks travelling in opposite direc-
tions can produce soliton-like ‘kink and
antikink pairs’ and effects due to such
states have been observed in
spectroscopy.

A different arrangement of coupled
oscillators provides an example of a
true soliton. Instead of vertically
suspended rigid pendulums, imagine a
line of rods joined by a horizontal tor-
sion wire, each'rod securely fixed at its
middle to the wire. In equilibrium,
these rods rest horizontally about the
wire. If one of the rods is given a sharp
nudge, this nudge is transmitted
through the torsion wire to each rod in
turn. The wavelike movement through
the line of rods is a soliton.

One striking property of classical
solitons is that, although they derive
from a nonlinear field theory, they
behave very much like particles —
they are localized, they have a distinct
energy and they are stable. This makes
them interesting to particle theorists
looking for new explanations of parti-
cle behaviour but the quantization of
the necessary nonlinear field theories
can be troublesome, so that the
implications of quantum solitons are
still to be explored fully.

In the meantime, solitons provide
theorists with an additional method of
assessing different quantum field
theories and another framework for
developing methods to overcome the
limitations of field theory techniques.

People
and
things

Fermilab budget

We reported in the March issue the
resignation of Professor R.R. Wilson as
Director of the Fermi National
Accelerator Laboratory in protest at
the ‘inadequate’ funding of the
Laboratory. Sinjce then the
Subcommittee of the USA House of
Representatives has added substantial
amounts to the budget submitted to
Congress by President Carter. The
changes are believed to include an
increase from $ 39 million to $ 50
million for the Energy Doubler
construction with $ 20 million, rather
than § 10 million, to be available in the
1979 Fiscal Year and $ 30 million for
1980. A further $ 24 million has been
tabled for 1981 for completion of the
Tevatron project.

Overall there has been strong
reaction to the President’s budget
proposal of $ 295 million for the
Department of Energy high energy
physics programme (plus about $ 25
million via the National Science
Foundation) which is below the Low
Budget Case’ reviewed by the HEPAP
Subpanel chaired by Jack Sandweiss
in 1977. The Subpanel described this
as follows:

‘The consequences to the program
would be a drastic reduction or
termination of the lower energy fixed
target and colliding beam programs,
and a reduction in the level of support
and number of university groups. In
addition, levels of use of the new
electron colliding beam facilities, of
Fermilab, and of the proton colliding
beam facility will only be at about 50
percent level. Further, the provision of
equipment necessary to exploit these
facilities will be substantially slowed.
This funding level on a long term basis
is close to that which would require a
drastic revision in the long range
program and probably is not adequate
to keep the United States in a world
competitive position in this field.”

125



In our February issue we carried a photograph
of a block of leadglass which had come to grief
in a very artistic way at Fermilab. CERN'’s
contributions to modern art include a
disintegrated bubble chamber window. Two
pieces of this glass have been specially
decorated by Mario Bellettieri, under the
guidance of Eliane de Modzelewska,

as mementos for retiring Council members
J.H. Bannier and W. Gentner.

European Committee on SRF

The European Science Foundation has
organized a look at the scene in Europe
with regard to synchrotron radiation
facilities. The synchrotron radiation
user community has grown so
dramatically in recent years (see also
the report from the DESY Laboratory
page 115) that a broad look at present
and future needs seemed desirable.
The ESF has issued a report ‘Syn-
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chrotron Radiation — a Perspective
View for Europe’ encouraging con-
tinued use of all existing facilities and
urging that they be supplemented by
facilities dedicated exclusively to this
research. A particular recommenda-
tion was the building of an electron
storage ring to provide beams of hard
X-rays.

A Committee has been set up to
consider the design of such a facility.
Two sub-groups (on the machine,
chaired by D.J. Thompson of Dares-
bury Laboratory, and on the instrumen-
tation, chaired by D. Buras of Riso
National Laboratory) met at the CNRS
headquarters in Paris on 8 March. They
are working towards producing a
design proposal for an X-ray source by
the end of 1979 so that the machine
could be built as a joint European
facility in the 1980s. The sub-groups
will meet regularly at the various syn-
chrotron radiation Laboratories in
Europe.

Neutrons at Argonne

The USA President’s budget for Fiscal
Year 1979 included $6.4 million con-
struction money for the first phase of
the intense pulsed neutron source
(IPNS) planned at the Argonne
National Laboratory. A year ago, the
Laboratory received $ 0.4 million to
plan the facility. In a first phase, the
500 MeV proton synchrotron, Booster
I, will be used providing 5 x 102
protons per pulse at 30 Hz. Construc-
tion could begin in 1979, given
Congressional approval, for comple-
tion in 1981. IPNS-II could follow us-
ing a 800 MeV High Intensity
Synchrotron succeeding the ZGS
which is scheduled to close down as
from the end of Fiscal Year 1979. If
construction begins in 1980 comple-
tion is expected in 1985. Another high
intensity spallation neutron source,
SNS, is to be built at the Rutherford
Laboratory following the closedown of
Nimrod in June of this year.

1. Antonino Zichichi, newly elected President of
the European Physical Society.

2. Accelerator specialists from China (left to
right: — Ho Lung, Han Tsien, Fang Shou-Hsien,
Tsao Tsan) on an introductory tour of the CERN
site with Eddie Powell of the Visits Service.
They are at CERN for several months working
on the design of their 30-50 GeV proton
synchrotron.

(Photo CERN 2.4.78)

Accelerator history project

A project to gather information and
material on the history of accelerators
is under way at Fermilab with the aim
of assembling historical material on
particle accelerators and on Fermilab
in particular. Several other institutions
have already done some work in this
area, notably at the American Institute
of Physics’ History of Physics Center in
New York and the Bancroft library pro-
ject at U.C. Berkeley. Paul Forman's
work on the history of accelerators ex-
hibit at the Smithsonian Institute in
Washington has also developed a
great deal of interesting material. The
Fermilab project hopes to draw upon
the experience of these activities and
complement their efforts.

Significant documents in the ac-
celerator area including reports, pho-
tographs, drawings and pivotal log and
data books are being collected. Equip-
ment artefacts of reasonable, and even
unreasonable, size are being gathered.
At present there is a search for a
Wimshurst machine, preferably one
with a certain stylishness and an
elegant contribution would be suitably
acknowledged. Collections of personal
notes and records of significant con-
tributors to the field may also be incor-
porated. A room adjacent to the library
has been set aside for a document
centre. Artefacts will be displayed in
the Central Laboratory Building and
elsewhere around the site.

Another phase of the project is to
collect the reminiscences of some of
the individuals who have played an im-
portant role in the development of par-
ticle accelerators. In-depth oral histo-
ries have become a highly developed
art in the last years but this type of in-
terview requires a well prepared
historian as interviewer. At Fermilab a
complementary approach is being fol-
lowed. Historical figures are invited to
the Laboratory to lecture on the
developments with which they were
associated and also attend a luncheon



with  scientific  colleagues. The
luncheon conversations and the lec-
tures are recorded on tape. William
Brobeck, Herb Anderson and I.I. Rabi
have recently been ‘documented’ in
this way.

Lillian Hoddeson (a physicist, in-
terested in the history of modern
physics) has joined the project for a
stint as Resident Archivist at Fermilab.
She has recently reviewed the deve-
lopment of solid state physics at Bell
Laboratories in Physics Today. She is
working on a similar project at Los
Alamos and coordinating all of these
activities with the American Institute
of Physics project.

Members of the guiding committee
welcome advice on this project. The
committee includes Bob Wilson, Dick
Carrigan, Frank Cole, Ned Goldwasser,
Drasko Jovanovic, Dick Lundy, Lee
Teng and Roger Thompson.

On People

Professor Antonino Zichichi, INFN and
CERN, became President of the
European Physical Society on 1 April.
The Vice-President is Professor Sergei
Kapitza from the Moscow Institute for
Physical Problems.

A misinterpretation of a
communication led to the February
issue carrying the information that
Giorgio Bellettini has become Director
of the National Laboratories of

Frascati. Professor Bellettini has been
Director of Frascati but that post is
now held, since November 1977, by
Professor Renato Scrimaglio. Our
apologies for any embarrassment
caused by this error.

Henry Bohm has been elected
President of the Argonne Universities
Association which operates Argonne
National Laboratory. He is a solid state
physicist of Austrian origin, now
Professor of Physics at Wayne State
University. He has worked in industry,
at the Universities of Cornell, Purdue
and Lancaster and with the Science
Research Council in the UK.

The recipient of the 1978 Dannie
Heineman Prize is Elliot Lieb of
Princeton University who, together
with Walter Thirring of Vienna
University, in 1975 simplified the proof
of the stability of matter in bulk, and
had previously (in 1969 with Joel
Lebowitz of Rutgers Univeristy)
described how matter in bulk obeys
the laws of thermodynamics.

John Polkinghaorne, Professor in the
Department of Applied Mathematics
and Theoretical Physics at the
University of Cambridge, is giving up
physics next year at the age of 48. He
plans to spend some time at a
theological college before entering the
Church. He is the second distinguished
Cambridge theoretician to give up
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particle physics in recent years. His
former colleague, Richard Eden, now
concentrates on energy research.

A group of four accelerator specialists
from the Institute of High Energy
Physics at Peking arrived at CERN at
the beginning of April to study
accelerator construction problems
during stays ranging from two to four
months. The group is led by Ho Lung,
Head of the Accelerator Division at the
Institute, and includes Fang Shou-
Hsien (accelerator theorist), Tsao Tsan
(looking after magnet design and
measurement) and Han Tsien (looking
after injection and ejection systems).
China has recently announced its
intention to build a 30 to 50 GeV
proton synchrotron near Peking which
could later be used as injector for a
higher energy machine.

On the morning of 23 May, a ceremony
in memory of Bernard Gregory will be
held at the Ecole Polytechnique under
the Presidency of L. Leprince-Ringuet.
Speakers will be H. Curien, A. Astier,
X. de Nazelle and I. Solomon.

A.N. Skrinsky has been appointed
Director of the Institute of Nuclear
Physics at Novosibirsk. Professor
Skrinsky has been Acting Director
since the death of G.I. Budker and has
been a prominent scientist at the
Institute for many years.
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The University of Toronto POLLY group will con- L film
' televise

sider proposals regarding the use or disposition of
its film scanning equipment. The proposals may
include either or both of the following:

1. POLLY IlI flying spot film scanner (includes:
computer interface for DEC-10, four view film
transport with adapters for 70 mm, 35 mm
and 16 mm film and complete well document-
ed bubble chamber measuring software.

2. DEC system-1(0) computer system (includes:
KA1 processor, 176K word memory, 3 RP02
disks, 4 TU20 mastapes, line printer, card
reader).

Interested parties should contact:

& OF PRy Dr. Edmund C. West
\,\\\,ﬁ IQ@ .
Department of Physics, Rm. 336
University of Toronto

Toronto, Ontario, Canada
M5S 1A7

“Hmwas™  TELEPHONE: 416-978-4085 >
e ' 3 . 600 models of rigid endoscopes
- 11 models of flexible endoscopes
. Cold explosion-proof lighting at
- - endoscope output
o . Light intensity 30 to 40 times as
INISWE s | Electronic : >
In orma |°n high as the one of a conventional
lamp endoscope of the same
Klaasing - Reuvers BV Breda Holland g'?metegf Ikmains erat
- . ypes of all-mains generators
Modular power supplies (compact)
ACCESSORIES:
Closed circuit TV system
Reflex sight polaroid camera
Adaptable binocular
REFERENCES:
« The three services of 10 countries
. 20 Air Lines
- 12 Motor vehicle manufacturers
. 20 Manufacturers of turbines, jet
and other engines
- 15 Shipbuilding yards _
A selection of popular units economically priced. - 160 Mechanical-engineering
o companies
Type \ | Unitprice . 5 Railway companies
534 5V 500mA 97.— - 8 Aircraft manufacturers, and so
542 Y 1A 110.— forth.
546 5V 2A 172.—
536 +12V 100mA 100.—
ggé f}%t// ?‘882? 188: AN gn - Z.l. de la Gaudrée - 5, rue Lambert
565 +15V 200mA 119.— < 'O ?;r“(?ﬁﬁ;’gf?&“‘rance)
Delivery from stock. Regulation to 0.01 %. MTBF > 150000 Télex : TXFRA 270105F REF. 643
hours. Operating temperature range: —25°C to + 71°C. TQS Q2 PPIIYT  [00srnsse s oy
Short circuit protection: current limiting. Ripple and Noise: Tel. (0.6121) 28 35
1mV rms. Ask for th lete catal .
mvVv rms S or e complete catalogue I-'lll'\'l'e,} ITALIA 3;‘%)2%?%?% AUA
Dewald AG Seestrasse 561 Tel.01 451300

8038 Ziirich Telex 52012
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Faire des échantillons au
kilogramme n’est pas livrer
des quantitées industrielles.

C’est pourquoi notre nou-
veau departement de fabri-
cation de supraconducteurs
Airco a repris ce que notre
Laboratoire Central de
Recherche faisait. Fabriquer
plus de supraconducteurs
avanceés qu’aucun autre four-
nisseur. Pour Brookhaven,
CERN, Fermilab, Livermore,
Los Alamos, M.I.T., Oak
Ridge, Saclay et U.S. Navy.

Nous fournissons des
supraconducteurs NbTi,
NbsSn et VsGa. En fil mono-
filamentaire ou multifilamen-
taire, en conducteur a
matrice mixte ou en rubans.
De section et forme variées.
Entresse, cables, gainés et
renforcés. En quantités de
plusieurs tonnes.

Et nous developpons de
nouveau systémes supracon-
ducteurs. Tel que les cables
gainés a refroidissement
forcé pour les systemes de
confinement magnétique
toroidaux. Ou les supracon-
ducteurs a surface de refroi-
dissement augmenté pour
les machines a mirroirs. Ou
des supraconducteurs a
matrice en aluminium ultra-
pur, utilisés dans des
aimants légers ou transpar-
ent aux radiations. Main-
tenant nous bobinons les
aimants.

Nous avons réalisé une
nouvelle brochure pour vous
montrer nos possibilités de
fabrication et notre expéri-
ence acquise. Appelez ou
ecrivez pour recevoir un
exemplaire.

Demandez Dr. Erik Adam.
S'ilest absent, demandez
Dr. Eric Gregory. Téléphone
(201) 464-2400. Cable
CRYOPLANTS MH. Ou
téléxez au TWX 710-984-
7985. Airco Superconductor
Manufacturing Group. 100
Mountain Avenue, Murray
Hill, New Jersey 07974 U.S.A.

/AIRCO

Superconductor
Manufacturing
Group




CAMAC
modules

3158 3160 3162

handle
a wealth

3515 3520 3530

of
analog 1/0

3

Hysisws

Rt

3553 3560 3561

Please contact us for additional information

Kinetic Systems International S.A.

ANALOG OUTPUT

These modules provide one or more pre-
cision voitage outputs for use in such

“analog control and monitoring situations

as driving X-Y recorders, driving panel
meters, and programming power supplies.
Power supply controllers also provide
output control signals and binary status
input.

3110 8-Channel, 10-Bit-D/A Converter
3112 8-Channel, 12-Bit D/A Converter
3158 Power Supply Controller
12-bit D/A converter, 4 digital out-
put control signals, 8 status input
signals
3160 Power Supply Controller
contains an additional output con-
trol signal

"3162 Power Supply Controller

features two 12-bit D/A converters

-

ANALOG INPUT
These modules provide the ability to

monitor analog parameters. Included are . .

multiplexing, signal conditioning, and
various types of single and dual A/D
converters.

3510 16-Channel Scanning A/D
Converter {11 bits)
3512 16-Channel Scanning A/D
Converter (12 bits)
3515 10-Bit A/D Converter
3520 12-Bit A/D Converter
3530 15-Channel Relay Multiplexer
used alone or to expand the 3562 or
3553 to multi-channel applications
3540 16-Channel Signal Conditioner
external amplifiers measure low-
level signals from strain gauges,
thermocouples, or other trans-
ducers. Can be used with the 3510
or 3512
3552 12-Bit A/D Converter

‘3553 12-Bit A/D Converter

3560 Dual V-F Converter
3561 Joystick Interface

COMING SOON

a new 16-Channel Temperature Monitor
module

a new driver for standard 4-20 milliampere-
analog process loops

Dept. CC48 * 6 Cheminde Tavernay * 1218 Geneva, Switzerland = Tel. (022) 98 44 45 » Telex 28 9622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Illinois 60441 * Tel. 8158380005 » TWX 910638 2831
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2 WIDTH HV SUPPLY

Each Channel incorporates

High Voltage 0,1-6kV

Current 0-3mA to 3kV reducing to 0,5mA at 6 kV
Independent, polarity-internally selectable
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POWER: SEE REAM PANEL L

A BENMARK

Adjustable limits for voltage and current
High stability -low ripple
Computer control

HV Output wilh gradual rise/fall time

DESIGNED FOR USE WITH BOTH MULTIWIRE PRO -
PORTIONAL CHAMBERS AND PHOTOMULTIPLIERS

WENZEL ELEKTRONIK @

8 Minchen 82 - WardeinstraBe 3 - Telefon (089) 421091 - Telex 05-24578

ST
OF ITS KIND

Eight transient recorders and
expandable memory...

e High-sensitivity wideband inputs — 1 MHz bandwidth and 150 psec aperture uncertainty
gives full 8-bit resolution even at high frequencies. Differential inputs available.

e High speed — samples' at rates from DC to 4 MHz with internal or external clock.

e High-density — digitizes up to 8 unipolar or bipolar signals.

e Large expandable memory — comprised of 1 or more 32K x 8-bit memory modules.

e Built-in display — may be used with any scope.

e International and IEEE Standard CAMAC packaging — affords instant interface to most
present-day computers.

the ultimate in packaging density and low cost

LeCroy’s new System 2264/8800 consists of one 8-bit, 8-channel waveform digitizer and
from one to four 32K 8-bit memory modules. The modularity of the system permits instant
expandability without reproducing the costly overhead of power distribution, system
control, and readout.

The internationally accepted CAMAC format provides immediate connection to almost
any computer.

Complete information on the System 2264/8800 may be obtained by calling or writing
LeCroy/California or your nearest sales office.

CALIFORNIAy

LeCroy Research Systems of California, Inc.
1806 Embarcadero Road; Palo Alto, CA. 94303
Phone: (415) 328-3750 TWX: 910-373-1791

Offices in: Palo Alto, California; Geneva, Switzerland; Heidelberg, W. Germany; Paris, France; Wheatley, Oxford, England.
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DC Current Transformer

The new PCT-series DC Current Transformers are
relatively small devices for non-contact, bi-directional
precision current measurements up to 10 kA with
very low energy consumption, working in the fre-
quency range from DC to 30 kHz.

The instrument consists of a core assembly and of
a separate electronic unit, interconnected by a
shielded cable terminated by multipole connectors.

The electronic module can be delivered in two
versions: closed cabinet or 19-in rack mounting. The
core assembly is moulded in a cylindrical steel
cabinet. The primary conductor is a copper bar,
fixed along the center of the cores.

Specifications:

— Output voltage

at rated pr. current + 10V
— Linearity 10 ppm of FS
— Noise, rms (zero to 30 kHz) 10 ppm of FS
— Output offset,

initial 10 ppm of FS

vs. amb. temp. 3 ppm/°C

vs. supply voltage (220 V) 0,3 ppm of FS/%
— Long term stability 15 ppm of FS/500 h
— Test voltage (50 Hz, 1 min) 2 kV

Current regulated POWER SUPPLIES up to 1 MW
with rated currents up to 20 kA and long term
stabilities up to b ppm form the most important part
of our activities.

Industrielle Elektronik

l. Foeldi, dipl. Ing.
8303 Bassersdorf
Switzerland

Tel. 01 836 66 53
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Our recently introduced A150 power amplifier may B db d
be just right for your exacting needs of rf drive power. roa an
Covering the frequency range from 0.3-35 MHz with

50 dB gain the A150 produces 150 watts of linear f |
Class A power. If distortion is unimportant the A150 r' - power- m-
...by ENI
But...

will deliver up to 250 watts of CW and pulse power.
If your requirement is beyond the capability of the

A150 maybe another amplifier from our wide
catalogue would be more suitable. Here is just a brief
selection

Model 240L 20KHz-10MHz 40 Watts

Model 3100L 250KHz-105MHz 100 Watts

Model 440LA 150KHz-300MHz 35 Watts

Model 503L 2-510MHz 3 Watts

All ENI amplifiers are fully protected against load
mismatch and will deliver constant forward power
regardless of load impedance.

For more data contact your local
Representative or direct to ENI.

-
ENI ErMs:5is oo

3000 WINTON ROAD SOUTH 23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE
ROCHESTER, NEW YORK 14623 SGb5 2JS ENGLAND
Tel.: 716-473-7330; Telex 97-8283 ENI ROC Tel.: (0462) 51711; Telex: 825153 ENI UK G

JANNEY MEETS THE DEMANDS OF THE
HIGH-ENERGY PHYSICS COMMUNITY

with Ultrahigh Purity, Ultrahigh Conductivity
Wrought Copper Components

Janney is the major source for ultrahigh-purity,
wrought copper components for linear
accelerators, vacuum tubes and cryogenic cable
used in high energy physics programs;
programs which have stringent

requirements for:

e Ultrahigh Conductivity * Shaped Wrought

(98-102% IACS) Geometries
¢ Excellent Brazing * Experienced
Characteristics Metallurgical

Control

® Vacuum Integrity

Our engineering and production personnel
have contributed to every major high-energy
physics program since 1962.

These specialists are available to provide
metallurgical and design feasibility
consultation on request.

For further information or to discuss
vour particular requirements, write or phone:

@ JANNEY CYLINDER COMPANY

7401 State Road, Philadelphia, Pa. 19136 U.S.A.
Phone: (215) 624-6600 Telex: 834364 Janney Cyl. PHA.
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THE ONLY GAME IN TOWN:
EG&G ORTEC'S NEW 934 QUAD

CONSTANT-FRACTION 100MHz DISCRIMINATOR.

If you’'ve been looking for a discriminator that meets
the critical timing needs that have never before been
satisfied for the high-energy physicist, the EG&G
ORTEC 934 is the only game in town. Using constant-
fraction timing, we've virtually eliminated rise-time
effects from your experiments.

Taking full advantage of our new hybrid circuit
technology, we've put four independent 100MHz
discriminators into one single-NIM-width instrument
—four channels of the highest-performance timing
never before obtainable with photomultiplier tubes
or fast solid-state detectors. All at phenomenally low
per-channel cost.

'y
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I
40004,
|
|
{ O Fast tunnel-diode leading-
30004 l edge discriminator
g O Model 934 100MHz constant-
o : fraction discriminator
g 2000 :
[ -
g i
= i
|
|
1000+ |
|
|
[1)
0 I Sm-m e n
Vih 400 800 1200 1600 2000

Input Signal Amplitude (mV)

©1977, Ortec

Look at the excellent walk-vs.-dynamic-range
characteristics of the constant-fraction Model 934 as
compared with the best leading-edge discriminators.
With a walk of less than =150 ps over a 200:1
dynamic range (—50mV to —10V), you have the finest
discriminator walk characteristics yet attained.

Of course many additional features are built in, as
you've come to expect of EG&G ORTEC: features
such as zero-deadtime updating and independently
adjustable threshold, update width, and walk controls
for each channel.

Call or write us for complete infor-
mation. Ortec Incorporated, 100
Midland Road, Oak Ridge, TN 37830;
(615) 482-4411, Telex 55-7450. For
technical assistance call our special
TLC lines—(615) 482-9071 from
Western States, 9072 from South and
Midwest, or 9073 from Eastern
States

7046
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Spécialiste des composants

le VIDE et TULTRAVIDE
bpazgsrsufles souduer:,s verre-métal H%EHMZHM@ER
relec

vous propose

Precision

Power Supplies
Stability upto 107¢ ; up to 300 kW ; up to 300 kV

for all applications

Magnets Microwave tubes

- e Superconductors Capacitor charging
PASSAGES BASSE TENSION

- -
connecteurs JAEGER 1,5 KV/5A Beam deflection Multipliers
NIVEAU ZERO En outre, notre activité ne se limite pas au
hUbIOts STAND, matériel présenté ici, une équipe de techni-
di b t A ARD ciens se tient & votre entiére disposition
observation  avacneTioues pour étudier toute réalisation sur plan ou
toute modification du matériel standard
passages de passages de
thermocouples courant Zm latest techniches 3!9/ used. y
'so we guarantee a perfect nightness.
All our production is tested with helium.

RIGIDE In addition our activity is not limited to the .
raCCOr‘dS s material presented here, a team of techni- Control and Measuring Techniques
tubulaires SOUPLES cians is at your entire disposal for studying R

any work from drawing or any modification Happinger Strasse 71

of standard equipment.

8200 Rosenheim

yaw 4 .
ﬁR Tel. 08031 - 66397/66116
Sv'l.gx[ﬁnleuvee»sg-(;emges - 94600 Choisy-le-Roi (France) " 890 89.90 HJI]EHJNJZHM@]L Telex 0525777 hemes d

et 890 92.17

PREGISION COMPONENTS
FOR NUGLEAR RESEARGH & NUGLEAR POWER

BELLOWS EXPANSION JOINTS
VACUUM VESSELS
TOKAMAKS
BEAM TUBES
THIN-WALL FABRICATIONS
METAL SEALS
FLEXIBLE METALLIC HOSE

Al-stainless-steel multiple TRANSFER LIVES
T ot reer o e eonting aey fue COUPLINGS

Prototylsr;eu Ee:s;\lzeactor,

Avica Equipment Ltd. Avica International
Mark Road, Hemel Hempstead, BP147 Principauté de Monaco
Hertfordshire. HP2 7DQ Telephone: (93) 30-09-39

Telephone : Hemel Hempstead 64711 Telex:469771 MC

GROUP OF COMPANIES st Telex: 82256
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performance:

pulse preamplifiers

low noise

low cost

low power
wide bandwidth
high gain

* * * ¥ *

The monolithic TRA1000 and hybrid TRA510 are two new, high-
performance pulse preamplifiers by LeCroy. These preamplifiers offer
>7500 open-loop voltage gain, 20 MHz bandwidth, low power
dissipation, compact packaging, and inverting and non-inverting dual
outputs capable of driving coaxial or twisted cable directly. Both devices
can be operated in either a charge-to-voltage mode or a current-to-voltage
mode. In the current mode the TRA1000 offers <30 pA/+/Hz r.m.s. input
noise contribution. For ultra-low-noise applications, the TRA510 with its
FET input stage gives <3 pA/\/ﬁE r.m.s. input noise performance.

ideal for MWPC linear measurements
and liquid argon chamber systems

THE HARD WAY -
N

NO SHAPER NECESSARY

The exceptional low-noise performance of the Models
TRA1000 and TRA510 allows accurate digitization of
detector signals even without bipolar shaping. Actual
tests in an experimental environment have proven

comparable performance for the TRA510/Integrating ADC

Quantity Model TRA1000
>10,500 $4.60
5,200-10,499 $4.90
1,300-5,199 $5.30
130-1,299 $6.00
10-129 $6.50
5-9 $7.30
1-4 $8.70

| scheme and the TRA510/Shaper/Peak ADC scheme. The
GI\TEU

TRA510/Integrating ADC scheme not only simplifies the
system, but it is especially useful for high-capacitance
Model TRA510 detectors, such as liquid argon ionization chambers,
21;28 where the preamplifier signal-to-noise ratio is otherwise
$13.70 degraded. Used with either scheme, LeCroy’s new TRA’s
$15.30 provide high performance at low cost.
$16.50
2;2;38 Call or write LeCroy or your nearest sales office for details.

y Innovators in Instrumentation
RESEARCH SYSTEMS

Headquarters: 700 South Main Street, Spring Valley, New York 10977; Phone: (914) 425-2000; Offices in: Palo Alto, California; Geneva,
Switzerland; Heidelberg, W. Germany; Paris, France; Wheatley, Oxford, England. Representatives throughout the world.

139



Un groupe de niveau européen
/ \ dans
DNET la prestation de services
Nettoyage industriel
Nettoyage d'ateliers, bureaux, laboratoires, cliniques
v Hygiéne, désinfection, désinsectisation, dératisation

Manutentions

Office nouveau du nettoyage ONET

13008 -MARSEILLE 12 bis, boulevard Pebre tél. (94) 762850

75-PARIS 4 et 6, rue du Buisson - Saint-Louis - X® tél. (1) 6079484
GENEVE 55/57, rue Prévost-Martin tél. (022) 206848
74 -ANNECY 6, avenue de Mandallaz tél. (60) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (50) 419133

Fournisseur du CERN a Genéve, du CEA & Marcoule, Pierrelatte, Cadarache,
La Hague, de I'ONU et de I'UIT a Genéve.

Kommandoraum SPS CERN (Welco-Pulte)

Wir fabrizieren Pulte in frei wahlbaren Formen und Grdssen

MEIEE Eg Romerstrasse 177 a - CH-8404 WINTERTHUR

o= N= B N E B Tel. 062 / 276939 - Telex 76186
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The 2-in-1* Camac Crate

‘ The new Type 1904 Crate, based on the experience gained in producing almost 1000 Camac
crates so far, is compatible with CERN specs 087/099 for 300 W/500.W crates.

* Borer finesse + CERN specification compatibility
and experience = atareasonable price

. @ Full 25 station capacity
@ Exchangeable 300 W/500 W Power Packs

©® Cooling Unit with comprehensive
monitoring facilities including
actual air-flow supervision

@ Digital display of voltage and
current for all low-voltage lines

- @ Well-proven Dataway

@ A very competitive Price Tag. Ask us.

4500 SOLOTHURN 2 SWITZERLAND
tel: 065/31 11 31 telex: 34228

RAM mit nur 28 mW Standby-Power !
max. 10 MW bei 3 V erhiltlich

Telex 68 636

4096 x 1 Bit

Zugriffszeit 200 . . . 300 ns

kein Refresh

nur eine Spannung (5 V + 10%)
Tristate-Ausgang

direkt TTL-kompatibel

18 Pin Dual-In-Line-Gehéause
Plastik- oder Keramikausfihrung

N
~N
-
-
©
N
~
(]
©o
o

c

o
5

D
-

4932 Lotzwil

... ein Beispiel aus dem grossen MOSTEK-Spektrum!
Fordern Sie bitte den Katalog an!

4932 LOTZWIL TEL.063/281122 TELEX 68 636



a I
GENERATEURS ET SYNTHETISEURS

SERIE 6000

m Systéme modulaire

m Troistiroirs de sortie a choix
300Hza 110MHz
400KHz a 600 MHz
640MHz a 1,28GHz

m Résolutiondés 0,01 Hz

m Stabilité de fréquence: 2 - 10-8/jour
apres 72 heures de fonctionnement

m Entierement programmable

m Asservissement de la fréquence

ROSCHI
Telecommunication AG

3000 Bern 31, Postfach 63
Telex 32137
Telefon 031 4427 11

Generalvertretung
und Service
fur die Schweiz

ENTREPRISE GENERALE DE DECAPAGE
ET DE PEINTURE INDUSTRIELLE
REVETEMENTS SPECIAUX

,Z}v%ztizoaiﬂe

N. LOUIS et ses Fils
S.A. au Capital de 3000000 F

P.D.G.: Marc LOUIS

GRENAILLAGE METALLISATION

PERSONNEL QUALIFIE
MATERIEL SPECIALISE
Siége: BP 647

57011 METZ (CEDEX)

6, RUE DE MERIC
TEL. (87) 30.37.64 +

GROSSES REFERENCES EN
FRANCE ET A L'ETRANGER

R.C. Metz 58 B 226
Télex 860280 Antiroui

Trés grosses références en

OFFSHORE INSTALLATIONS PORTUAIRES
TERMINAUX, PIPE-LINES - GAZODUCS,
RAFFINAGE, PETROCHIMIE

Spécialiste des revétements spéciaux
Connaissance parfaite des produits de toutes marques
Service Etudes parfaitement rodé

Agences
13741 VITROLLES 57190 FLORANGE 59640 PETITE-SYNTHE 44480 DONGES 78520 LIMAY
Zone industrielle Z.I.L. 3 pres Dunkerque Z.I. prés St.-Nazaire Z.l. Limay
1ére Rue - N° 18 43, Route de I'Etoile Av. de la Gironde Tél. (40) 45.71.52 Porcheville

Tél. (42) 89.06.75

R.C. Salon-de-Provence

68 B 30

Télex 420309

B.P. N° 8 - 13741 VITROLLES

B.P. N° 38
Tél. (87) 58.18.62
57190 FLORANGE

Tél. (20) 66.28.20

R.C. Dunkerque 68 B 20
Télex 820944

B.P. N° 38

59640 PETITE-SYNTHE

R.C. St.-Nazaire 65 B 17
B.P. N° 13
44480 DONGES

8A, rue Fernand-Forest
Tél. 477.45.84
Télex 691749
R.C. Pontoise 73 B 607

142




Drills :

® sheet metal up to 1.5mm #
@ thin-walled piping

@ car body sheet

@® plastic sheet and tubing

For installing signalling devices, assembling instrument
panels, automatic installations, fitting aerials, laying
pipes and cables. For reaming out existing holes. For
deburring.

Indispensable for equipment assembly

Swiss and foreign patents

TIPSWITOOL®

Altkircherstrasse 30
P.O. Box - 4027 BALE/Switzerland - Tel. 061/396500

Montage industriel

Installation
Transfert
Entretien
Levage

AGENCE :
13, chemin du Levant
01210 FERNEY-VOLTAIRE
Tél. (560) 425531

Siége social :
15, avenue Descartes
92350 LE PLESSIS-ROBINSON
Tél. 6302238 - Télex 250949 plrob

BDN-DS
Alimentation
a découpage

secteur

0‘5 \V - 25 A dans un volume de 2 dm?,
e Réserve d'énergie™.
e Possibilité d'une faible résiduelle*.

*par adjonction d'un condensateur extérieur.

Nos gammes d’alimentations
couvrent les besoins de 2,5V a 3.400 V
etde 0,05 Aa100 A

\ TEL. (1) 920 84.71/ TELEX : TCSF 204780 F

SAPHYMO_STEL

Filiale THOMSON-CSF.

DIVISION ELECTRONIQUE
27-29 AVENUE CARNOT / B.P. 53 / 91301 MASSY

\3062
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WES CAMAC TEAM
KARL WEHRMANN  SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040/241511 TLX 2163043

CAMAC-CRATES 200-500 W \
T YT O T YS. @ CERN COMPATIBLE, PLUGABLE

R —— S POWER BOX
. ® PLUGABLE FAN UNIT

® DISPLAY SHOWS : STATUS, FAN
FAILURE, OVERLOAD, OVERHEAT

® CURRENT/VOLTAGE DISPLAY
® SHORT CIRCUITPROTECTION
® COMPUTER MONITORING PLUG
® THREE 500 W-VERSIONS

For detailed technical and price information please contact WES and ask for catalog 9/76

WES-CAMAC-TEAM

represented in Switzerland by
QANBERRA-STOLZ AG Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 0567/54078 Telex 54070 j

Whenyou’re hot and
under pressure feed through
~with Ferranti

Ferranti supply ceramic to metal seals for all kinds
of situations where a leak tight insulated connection is
needed into high pressure or high vacuum systems,
especially where high temperature is involved.

When it comes to expertise in ultra-high vacuum
technology you can't beat Ferranti. We're experts in
custom building too, and because we keep a big stock
of components we can provide a fast turnround.
Alternatively we can often supply a need from our
considerable range of standard items.

We have been making ceramic to metal seals for
many years for use in the nuclear power, aircraft and
communication industries, and for lots of other special
applications.

If you have a problem of connection or feedthrough
under difficult conditions see what Ferranti can do.

It may well be that we have already found the answer.

For further information and literature, contact
Ferranti Limited, Electronic Components Division,
Gem Mill, Chadderton, Oldham, Lancs. OL9 8NP
Tel: 061-624 0515 Ext. 215 & 249 Telex: 668038

FERRANTI

Ceramic to metal seals
FEA491
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Your electronic equipment requires a
reliable Melcher switching
mode power supply

Within our
broad range of
power modules covering
25 different basic types (185
variations) working from -40 to +85°C, 5 to 100 W,
you find off line chopping supplies, DC/DC converters
and switching mode power supplies.

Features: Advantages:
@ Wide input voltage range — wide range of applications
@ High efficiency 72t0 92% — low heat generation
® Low heat generation — high reliability MTBF 250000 hrs
@ Short circuit proof — easy handling, self protecting
e Parallel connection
possible — expandable systems
@ Specified dynamic — shows conditions under dynamic
caracteristics loading
o Metal case — no additional cooling required
o No derating — full load over entire temperature

Delivery from stock. Write for more details.

MELCHER

elektronische Gerate AG
Seestrasse 8, CH-8610 Uster, Tel.01/879858/59, Tx. 57 154 meus ch

Designed to
wash away
damaging
contaminants.

Wed

Haws Model 7060-B
with patented “Feather-Flo” heads

Install Haws emergency eye/face-wash fountains near
every hazard. Push of the valve handle provides instant,
gentle, pressure-controlled water to float away
contaminants without damaging delicate tissues.

This equipment can help to eliminate potential permanent
injuries. Write for free information and catalog.

Haws International, 1439 Fourth St.,
Berkeley, California 94710, U.S.A.

®

Haws Emergency
Equipment: Eye/Face-Wash
Fountains « Drench Showers »

Decontamination Stations *
INTERNATIONAL

Laboratory Units « Freeze-
Proof Units

a second
prefabrication

plant :

after the plant in Montelimar FRANCE,

the plant in Olazagutia SPAIN

has become operational .

You can :

m leave to us the installation of
500 t/month of piping circuits

m be sure that the quality
requirements and delivery date
that you ask for will be met

Qur 2 prefabrication plants
Assembly area

béccard

DESIGN, SUPPLY, FABRICATION AND INSTAL-
LATION OF PIPING SYSTEMS FOR RESEARCH,
OFFSHORE OIL EXPLORATION AND REFINING
® CHEMICAL AND PETROCHEMICAL INDUS-
TRIES @ IRON & STEEL INDUSTRY e NU-
CLEAR POWER STATIONS...

2000 People - 500 Licensed welders

Sté BOCCARD

© BP 6080 - 69604 Villeurbanne Cedex
FRANCE - Tél. (78)68 34 35 Télex 300426 F

® Tervuerenlaan 42 - 1040 Brussel 4
BELGIQUE

@ Edificio Deusto - Avenida del Ejercito 3
Deusto - Bilbao 14 - ESPAGNE

® Olazagutia - (Navarra) - ESPAGNE
® Via Gozzi N° 5 - 10121 Torino - ITALIE
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] _ Voici
enregisireur compact
avec ses nombreux

accessoires

W+W 300. Un produit de KONTRON.

W+W 300. @ Enregistreur a boitier pour mon-  etc. incorporés au modele de base
L enregistreur suisse & modules- Eggﬁa(rack 19”) ou a poser sur une ;é,st?/rg\)/'eze XY possible pour tous
tiroirs pour: . . . ,

b ® Construction modulaire @ Haute précision (0,3%) et vitesse

® mesure de résistance PT 100
@ sondes de tempeérature CTN
@ thermoéléments

® Amplificateur et systéeme servo élevée de réglage (constante de
additionnels peuvent étre montes temps 0,3s pleine échelle)

° (ot tensi i i ultérieurement @16 vitesses de défilement du
courantetiensionafternatits @ Nombreux extras, par exemple papier
commande externe d’avance du @ un appareil universel aux dimen-
papier, marqueur d'évenements, sions réduites.

WV == W

Modeéle 312 (142 canaux)
Modeéle 314 (1—4 canaux)
Modéle 316 (1—6 canaux)

HYAKONTRON
AV ANALYTIQUE

8048 Ziirich 3007 Bern 4127 Birsfelden 1052 Le Mont-sur-Lausanne
Bernerstr.-Stid 169 Eigerplatz 5 Hauptstrasse 28 Z.1.Budron A
146 Tel. 01629262 Tel.031 4596 25 Tel.061 428866  Tel.021 333811



THE FASTEST 8-CHANNEL,
UP DATING, LOW-THRESHOLD
DISCRIMINATORS AVAILABLE.

F2s3 OCTAL
PROGRAMMABLE 4
BLHANNELS DECRIMINATOR 8
w0 6B .

PUT A NEW
STANDARD
IN

YOUR CRATE

TYPE FD 253 FD 254 FD 2565 FD 256
Nb of channels 8 8 16 8
.Updating yes yes yes yes
Threshold (mV) —30 to —540 —8 to —1000 —8 to —1000 —8 to —1000
computer screw driver adj. screw driver adj. screw driver adj.
controlled™ common to 8 ch. common to 8 ch.
Qutput width (ns) 5to 35
computer <5to>40 <5to0>40 <5to>40
controlled*
Nb of outputs 2 3 1 3
Fast veto no yes yes ves
Typical rate (Mz) 100 100 100 100
Double pulse 10 <10 <10 <10
resolution (ns)
Time slewing (ns) <1 <1 <1 <1
Input connector BNC Lemo Lemo Lemo
Output connector AMP Lemo Lemo Lemo
Input-output 19 to 34 <20 <20 <20
delay (ns) computer
controlled*
Output level MecL NIM NIM NIM
* Through SATAN Unit SSU 400
France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 687 25 71 - Tix 202553F, F - 94 - RUNGIS — Germany: SEN ELEKTRONIK GmbH;
Postfach 223; Tel. 04 103 62 82 - Tix 2189 548d, D - 2000 - WEDEL — DIDAS Digital Data System; Radspielstrasse 8; N

Tel. 089 91 67 10 - Tix 529 167d - D - 8000 MUENCHEN 81 — Switzerland: SEN ELECTRONIQUE SA.; CP 39;
Tel. (022) 442940 - Tix 23359ch -CH - 1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 51 03;
Tix 58257ch - CH - 8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY. — OFFICES THROUGHOUT THE WORLD.

Headquarters: SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 31; Tel (022) 44 29 40 - Tix 23359¢h - CH 1211 GENEVE 13.

ELECTRONIQUE



Get high power RF generation,
switch and requlator tubes
for tomorrow’s accelerators

and fusion machines
from EIMAC today.

When combined RF power generation and high voltage
switching and regulation requirements for accelerators and
fusion machines develop, you need off-the-shelf power tubes—
not proposals. That's why EIMAC has developed the highest
power tetrode product line available for these requirements.
And that's why EIMAC is dedicated to a policy of continued
development of new tube materials, rf tubes, switch tubes
and high power circuitry for tomorrow’s requirements.

EIMAC high-current switch tubes with hold-off voltages
up to 70 kV are ready right now and development of products
up to 200 KV is underway.

RF power tubes with up to 1250 kW anode dissipation
and cavities at 50 to 110 MHz are also available at reasonable
prices from EIMAC. For example: «

EIMAC EIMAC 500 kW
EXCITER 4CW50,000E X-2170 at
AND CAVITY AND CAVITY 55 MHz

Because EIMAC is a leader in state-of-the-art high
power tube development, EIMAC power tubes dominate the
field of fusion power generation and related experiments in
ERDA and world-wide national laboratories. For your high
power needs, contact Varian, EIMAC Division, Attn: Tom
Yingst, 301 Industrial Way, San Carlos, California
94070 USA. Or any of the more than 30 Varian

Electron Device Group Sales Offices
throughout the world.

varian
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