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VBA — Very Big Accelerator

A meeting is taking place at Serpukhov
to consider the possibility of building
a very big accelerator as a ‘world
machine’.

The idea of a machine with world-
wide participation in its financing,
construction and exploitation has been
talked about at intervals for many
years. With the present scale of par-
ticle physics research facilities, it
seems inevitable that wider collabora-
tions between countries will be neces-
sary to finance and use a forthcoming
generation of machines.

Whether the idea of a world
machine is coloured more by idealism
than by realism will always be difficult
to judge until it is finally examined in
detail. It does, "however, reflect the
international nature of particle physics
research, the close contacts between
scientists of many nations and the
overall satisfaction with the way inter-
national collaborations have succeed-
ed at high energy physics Laboratories.

CERN is regarded as the world’s
finest example of international col-
laboration in science, USA-Western
Europe relations in high energy physics
operate so smoothly that we take
them completely for granted. CERN-
Dubna, CERN-Serpukhov and the
more recent USA-USSR collabora-
tions have all gone well. A new phase
of CERN-USSR relations opened last
year (see July COURIER 1975). It is
doubtful if any other field of activity
can claim such a fine track record in
international cooperation.

It was at the Topical Seminar on
Perspectives in High Energy Physics
held in New Orleans in March 1975
(see April issue of last year) that the
subject of a very big accelerator and
the possibility of its being a world
machine was raised again. Major pro-
tagonists were Leon Lederman (Co-
lumbia University), Victor Weisskopf
(MIT) and Bob Wilson (Director of
Fermilab). The discussion involved
representatives of the high energy

physics communities in North Amer-
ica, Western Europe, CERN, Soviet
Union, Dubna and Japan.

To carry the discussions further, a
Study Meeting, attended by scientists
from all the regions mentioned above,
is being held at the Institute for High
Energy Physics, Serpukhov near Mos-
cow from 17-26 May. The Meeting
opens with a survey of the presently
operating machines, the machines
under construction and the projects
for future accelerators or storage rings
which are already on the table. It will
then turn to a study of the physics
case and the technical aspects of the
construction and utilisation of a very
big accelerator. As usual, accelerator
builders are unable to discuss
a machine without abbreviating it
to some set of initials and the
very big accelerator has become ‘the
VBA'.

What the VBA might be is not
defined at this stage, except that the
scale is set by giving as examples a
10 000 GeV (10 TeV) proton synchro-
tron or a 100 GeV electron-positron
storage ring. Anything on this scale
would absorb a sizable piece of pure
science budgets and of accelerator
expertise, even thinking of some ten
or more years ahead. This lines up
naturally with the suggestion that such
a machine would be constructed and
exploited by broader international col-
laborations than have been the case
so far. Hence the second title of World
Machine.

While we are struggling with pre-
sent economic difficulties, we cannot
anticipate such a project going ahead
for some years to come. We have to
recognize that it is now difficult to
sustain existing research programmes
let alone launch new ones. Neverthe-
less, it is always important to lift our
eyes, from time to time, from the
immediate situation and to look to
the future. In any case, it takes many
years to develop from the ideas stage

to a realistic project and to obtain the
necessary financial support.

It is the responsibility of the high
energy physics community to attempt
to predict the needs of their research
for the future and it is the responsibility
of the accelerator physics community
to investigate how far their techniques
can be extended to meet these needs.
Also, it is the responsibility of every-
one to continue to promote the high
energy physics contribution to inter-
national cooperation wherever it is
reasonable to do so. And what could
be more reasonable than a world col-
laboration on a very large enterprise
devoted to the increase of human
knowledge.
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Future communications

The method of transmitting news of
the Athenian victory over the Persians
at Marathon instituted one of the most
dramatic events in sport. What was
right for 490 B.C., however, is not
necessarily right for the end of the
20th Century. Developments in the
techniques of communication have
been one of the key factors in the
evolution of mankind, particularly in
recent decades, and these develop-
ments are certainly not at an end.

The field of particle physics de-
mands very advanced communication
techniques and there are features of
the present high energy physics scene
which make it an ideal testing ground
for techniques which will probably
later come into general use. This article
attempts to indicate some of our needs,
how they are being confronted at the
moment and how they could be
tackled in the future.

One approach to the needs is to
consider the present environment of
particle physics research. It is be-
coming more and more concentrated
on a few well equipped centres — the
Laboratories such as CERN, DESY,
Fermilab, Stanford... housing the
big accelerators and storage rings.
These centres serve many experimental
groups predominantly based in Uni-
versities. The scale of the experiments
is such that groups must collaborate
and often half a dozen Universities,
widely scattered geographically, are
likely to be involved in a particular
experiment,

These scattered groups must com-
municate at all stages of the expeti-
ment — its design, construction,
operation (data collection), analysis
and publication of results. The present
techniques of communication span
from letters, telephone calls, group
meetings, conferences, expetimental
data carried on tapes, written reports
and, in a few cases, links between
computers. Most of these techniques
involve time delays of days, whereas

168

delays of only minutes would be
involved inside one Laboratory.

Communications are ripe for further
development and the direction of the
development obviously has to take
into account the nature of the com-
munications. At the early and closing
stages of an experiment, they impose
quite modest demands on communi-
cation techniques in terms of volume
of data whether in the form of letters,
drawings, computer programs. . ..
Ideally, however, they should be rapid,
interactive and able to link flexibly
many centres to many sources (both
people and machines). A medium
speed data transmission network (op-
erating at upto say 10 kbit/s) with ver-
satile input/output devices would be
adequate. At the datataking stage, and
perhaps afterwards, there is the added
requirement of being able to handle a
large quantity of information at higher
speeds (Mbit/s) needing communi-
cation links with a wide bandwidth.

There have been moves in the
direction of providing some of these
facilities going on for several years.
PTTs are beginning to offer higher
speed telex and facsimile services and
are studying nationwide electronic
mail systems. Several high energy
physics Laboratories have ‘star net-
works’ — data links to some user sta-
tions which can serve for ‘remote job
entry’ to the Laboratory main com-
puters. Probably the most extensive
of these star networks is at the Law-
rence Berkeley Laboratory and there
are several in Europe, for example at
Bologna. They use post office tele-
phone lines both leased, so as to be
permanently available, or switched
(available on dialling). The terminal
devices range from teletypes to fairly
sophisticated work stations with cards
or keyboards. Some of them, such as
those linked to Daresbury, allow
modest interactive computing, infor-
mation retrieval and even sample data
acquisition.

Remote access from work stations
is now standard practice. In some net-
works it is done in a uniform way
(for example, work stations into the
Rutherford computer are built around
a GEC 2050 computer). There is,
however, great variety of networks
which makes interlinking difficult. A
neat way around one of the problems
is implemented at CERN where Dares-
bury and Rutherford have different
work stations to feed information to
their home computers. They share the
same telephone line back to the UK
by using multiplexing Modems. This
technique allows several sources and
receivers of communications without
extra line cost but limited by the fixed
total capacity of the line.

The problem of a work station being
able to have access to more than one
host computer without physically
changing connections is complicated.
This is because of the choice and
definition of the communication pro-
tocols and the availability and transfer
of the relevant data bases. Inter-
nationally agreed specifications are
only just beginning to emerge. There is
a Daresbury-Rutherford system which
links the main computers in each
centre via nodal switching systems so
that work stations can select between
two host computers and send com-
munications to either of them.

A few large shared networks are
now in operation. The best known is
ARPA (Advanced Research Projects
Agency) in the USA where a com-
mercial system, Telenet (for ‘Teletype
networking’) has also started recently.
They go a long way towards meeting
the requirements for a general medium
speed network, making many host
computers accessible to many users.
There is some use of ARPA by the
high energy physics community but
its full abilities are rarely exploited.
It is still used overwhelmingly for
communication from a single source
to a single host.



In Europe there is an experimental
system with similar performance called
Cyclades and several PTT systems still
under development — for example,
EPSS in the UK and Transpac in
France — which offer some of the
facilities found in ARPA though with-
out high speed. Rutherford and Dares-
bury are being linked to EPSS.

An experimental network called EIN
(European Informatics Network) will
come into operation very soon and
will link centres in the UK, France,
Italy and Switzerland. CERN hopes
to hook on to this network and it
could be useful as a test facility to
the European high energy physics
community though it also is limited
in speed. Also CEPT, the joint Euro-
pean PTT Organization, is to set up a
similar network called Euronet spe-
cifically for connecting large data
bases. These networks use ‘packet
switching” which offers a great cost
saving for users who would pay only
for the packets of information trans-
mitted and not for the continuous
rental of lines to all collaborating
Laboratories.

Experiments on high speed com-
munications have already started be-
cause this is the major bottle neck in
exploiting the full potential of links
between remote work stations and
large central computers. Microwave
data links have been successfully
tested based on existing telephone
trunk systems. For example, the Bell
Laboratories in the USA are experts
of some years standing, the Royal
Radar Establishment at Malvern in the
UK has portable microwave links
operating at 100 Mbit/s over several
kilometers, Daresbury has a micro-
wave link to Manchester University
and Fermilab has a microwave link
to Argonne. There is extensive use of
microwave systems in the military field.

More recently high speed com-
munications via infra-red lasers have
been developed for example at Belfast

and Cambridge. Portable and inex-
pensive microwave and optical links
are now available and are likely to be
used extensively in the future for point
to point communication within large
sites or over modest distances between
centres.

For high speed, long distance com-
munications the use of satellites is by
far the most promising technique. It
is also a multi-source and multi-host
method which is ideal for linking many
centres. There is already experience
in the USA where a system has been
running providing 1.3 Mbit/s between
five Government centres via a satellite.
More recently Satellite Business Sys-
tems (which involves particularly IBM
and Comsat) has decided to invest
$ 250 million during the next five years
in the development of a general pur-
pose network in the USA for mixed
voice, data and image communica-
tions via satellite with small antennae
located on customer’'s premises to
avoid expensive land lines. When
business interests of the acumen of
IBM propose to sink such a quantity
of money into a project, they are likely
to have made a very thorough assess-
ment of the future market and the
commercial benefit.

In Europe there are three experi-
mental communication satellite pro-
jects — Symphonie (France and Ger-
many), Sirio (ltaly) and OTS (Euro-
pean Space Agency). OTS is a proto-
type for a future European Communi-
cation Satellite system (ECS) and will
be launched mid-1977. CERN, DESY
and Rutherford have been collaborat-
ing with the European Space Agency
and with EIN to sound out the pos-
sibility of participating in the first
experiments with the OTS satellite
and with the EIN network. The high
energy physics needs are typical of
what could be common practice in
many other fields in the future.
Experimental use of the project com-
munication systems would provide a

The aerial, on top of a building at the Daresbury
Laboratory, which has been used in experiments
on high speed data communication between
Daresbury anad* Manchester University.

(Photo Daresbury)

thorough testing ground for the pur-
poses of the European Space Agency
and EIN and a good insight into the
problems and the potential for the
high energy physics community. Fund-
ing for these experiments in com-
munications are under discussion at
Government level.

The ultimate aim would be a com-
munications system which would
make life during all stages of an
experiment as easy as if all participants
and facilities were lodged in the same
Laboratory. It looks as if the necessary
technology is becoming available but
needs testing and optimizing to arrive
at the best system at a reasonable cost.

The communications which
resulted in this article were
transmitted to the Editor by very
conventional techniques of modest
bandwidth particularly from Basil
Zacharov at Daresbury and
Mervyn Hine at CERN.
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Neutron source at Rutherford

Beams of neutrons are playing an
increasingly important role in the
investigation of the structure of matter
but, in the constant search for new
and better experimental facilities, the
limitations of fission reactors as neu-
tron sources are becoming more and
more evident. Scientists are likely to
turn to accelerator based systems for
improved neutron sources and proton
synchrotrons could soon be in use as
the ‘next generation” of neutron
sources.

Low energy neutron beams are
widely used by physicists, chemists,
materials scientists, biologists, etc., to
investigate the structure and properties
of a wide range of materials including
alloys, defect solids, liquid crystals,
ferroelectrics, amorphous polymers,
organic molecules and membranes
and macromolecules such as proteins
and viruses. As is the case with high
energy physics, few Universities have
their own experimental facilities for
neutron beam research.

In the UK, the Science Research
Council (SRC) supports the work of
university scientists by providing
access to the necessary neutron beams
and by supplying instrumentation
support for experiments. At present
the beams are provided mainly by
fission reactors at a number of research
centres — notably the UK Atomic
EnergyResearchEstablishment (AERE)
at Harwell and the Institut Laue-
Langevin (ILL) at Grenoble — and
there is also modest but significant
use of the AERE 30 MeV electron
linac as a pulsed neutron source.

The importance of neutron beam
experiments lies in matching the beam
energies and other parameters to the
binding energies and dimensions char-
acteristic of the condensed matter
being studied. These binding energies
are typically in the thermal (up to say
100 millielectronvolts — meV) or
epithermal (hundreds of meV) regions
and, as a result, the maximum neutron
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energy available is of no consequence
— a marked contrast to the high
energy physicists” obsession with
maximum energy.

Of major importance, however, is
the intensity of the neutron beam.
Neutron scattering is a notoriously
low intensity activity and beam cur-
rents at the experiment are usually
whole orders of magnitude down on
the maximum flux close to the beam
source. This decrease comes mainly
from beam collimation and from the
requirement to make the ‘white” beam
from the source, with its wide spread
of neutron wavelengths, into a mono-
chromatic beam. To put this inevitable
beam attenuation into perspective, a
hypothetical beam in which each neu-
tron carried unit electric charge would,
even at the highest flux fission reactors
such as that at ILL, achieve a current
at the experiment of only about 10-*
pA.
Recently the SRC, through its Neu-
tron Beam Research Committee, has
been considering new neutron sources
to extend the application of neutron
scattering beyond what is possible
with present facilities. It is already
apparent that the further development
of reactor systems would be prohibi-
tively expensive while the use of
pulsed neutron sources based on par-
ticle accelerators looks a more econo-
mic alternative.

The Committee is now closely
examining the scientific potential of
a high intensity pulsed source of neu-
trons obtained by proton spallation
of heavy targets. At the same time,
the Rutherford Laboratory is studying
the possibility of modifying the Nimrod
complex into a high repetition rate,
high intensity machine suitable for
providing intense bursts of neutrons.

In the spallation mechanism, neu-
trons are produced by bombarding a
target of a heavy element such as
lead or uranium with protons of about
1 GeV energy. Spallation is a prolific

neutron production mechanism and,
more important, develops heat at the
rate of about 50 MeV per neutron
compared with 200 MeV per neutron
in fission reactors. (Heat production
is a limiting factor in reactor based
systems.)

The advantages to be gained from
accelerator based neutron sources are
becoming widely recognised. In the
USA, Argonne has a detailed project,
under Jack Carpenter, for an Intense
Pulsed Neutron Source (IPNS) ulti-
mately using a dedicated 800 MeV
proton machine (see COURIER, June
1975) and there are also moves afoot
to install a condensed-matter research
facility on the 500 MeV Booster at KEK
in Japan (COURIER, October 1975).
At the Los Alamos 800 MeV proton
linear accelerator, LAMPF, there is a
proposal to use the Weapons Neutron
Research Facility, which is now near-
ing completion, also for general neu-
tron research. At Oak Ridge they are
thinking of converting their existing
electron linear accelerator to produce
neutron beams.

The ideas for the Rutherford Labo-
ratory machine indicate that the main
accelerator modification could be
made in three or four years for less
than £7 million. This estimate assumes
that the new source will be able to
use much of the existing equipment
at the 8 GeV Nimrod synchrotron to-
gether with the magnet power supply
from NINA (the Daresbury Laboratory
electron synchrotron which is soon to
close down). Without this existing
equipment and surrounding resources,
the cost of the new source would be
about £30 million.

The machine would also use the
new 70 MeV Nimrod injector which
is being commissioned. All four accel-
erating tanks for this linac have been
installed and protons have been
accelerated to 10 MeV through the
first tank with currents of 75 mA. The
second tank will shortly come into



Parameters of the machine

Proton energy 800 MeV
Protons/pulse 2.5 x 10"
Protons/s 1.3 x 10"
Injection energy 70 MeV
Frequency 53 Hz
Peak magnetic field 07T
Vertical emittance 500 mm mrad

Horizontal emittance 950 mm mrad
Bending radius 7m
Mean radius 26 m

operation and progress on this injector
will be described in a future article.

The main parameters for the new
synchrotron are given in the table.
The machine requires long straight
sections for extraction of the large
emittance beam and this leads to a
relatively large mean machine radius,
although one which fits conveniently
into the existing Nimrod magnet hall.

The peak r.f. accelerating voltage is
140 kV and there is a frequency swing
from 0.7 MHz to 1.6 MHz requiring
cavities tuned by biassed ferrite. A
total of 12 m of r.f. cavity would be
required, distributed in two of the five
straight sections of the machine, while
one of the remaining straight sections
would contain the necessary equip-
ment to extract the protons and guide
them into the experimental area and
the heavy metal target.

The existing Nimrod magnet hall
also provides sufficient shielding for
the new accelerator but care would
have to be taken to control beam
losses and minimise the level of
induced radioactivity. This would be
reflected in the design of components
for the new system, but existing elec-
trical, cooling and other mechanical
services could be easily adapted for
the new machine configuration.

In addition to the condensed matter
research programme, other uses for
the new source are possible. Copious
production of 150 MeV/c pions is
feasible and, as well as being used in

Possible layout of an 800 MeV proton accelerator
and experimental facilities within the Nimrod
complex at the Rutherford Laboratory. The
machine would be used to produce pulsed

high fluxes of neutrons.
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nuclear structure work, such beams
would be of assistance in medical
studies on the effect of pions on
tumours and in general pion therapy.
This would extend the radiobiological
work currently in progress at Ruther-
ford.

Other possible uses for the new
machine, which would give it a multi-
disciplinary research role, include iso-
tope production (both for commercial
purposes and for hot-atom chemistry)
and radiation damage studies (for
fission and fusion research). Muon
precession in solids is increasingly
being used in other Laboratories to
study the internal fields in ferro-
magnetics, type Il superconductors
and spin glasses where dilute random
alloys have their spin orientations
frozen in the matrix. Other applications
for muon precession are the study of
defects in solids, biological work and
critical fluctuations in antiferromagne-
tics. The study of X-rays from exotic

atoms would also be a significant field.

The Rutherford Laboratory is no
newcomer to neutron research. For
several years a Neutron Beam Re-
search Unit, under Leo Hobbis, has
been supporting the research by Uni-
versity physicists using facilities in the
UK and at ILL. The unit is involved
with the development of new instru-
ments and techniques, the study of
new neutron sources and in neutron
experiments. The proposal for a higher
flux neutron source would be a major
extension of this work and would
provide the Rutherford Laboratory, as
the national high energy physics pro-
gramme is curtailed, with a significant
central project.
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Around the Laboratories

DESY
PETRA cavity prototype

tested

On 9 April, the first prototype radio-
frequency cavity for the 19 GeV elec-
tron-positron storage ring, PETRA,
was successfully tested with r.f. power.
The results exceeded the design
requirements.

About 100 MV is needed from the
PETRA r.f. accelerating system when
it is operating at full energy to com-
pensate for synchrotron radiation
losses and to ensure a useful beam
lifetime. The r.f. system will use four
500 MHz transmitters with 8 klystrons
having a nominal power output of
600 kW each. The total output power
of 4.8 MW is distributed to 64 acceler-
ating structures comprising five slot-
coupled n-mode drift tube cavities.

The requirement of c.w. operation
at high energy gain, together with the
need to minimize the higher order
mode losses and the space occupied
by the r.f. system, demands a cavity
structure with high shunt-impedance
per unit length. There are, in addition,
design considerations such as the need
for rapid cavity fabrication at low cost
and for a simple tuning system to
compensate for reactive beam loading
and thermal detuning effects.

These requirements have led to a
drift tube structure with five slot
coupled cavities with simple mechan-
ical components. The geometry and
dimensions have been determined on
aluminium models, where the tuning
system was also optimized. The cavity
components are carefully designed to
achieve the required high cooling rate
while avoiding dangerous welds be-
tween water channels and vacuum.

An electron beam welding tech-
nique was successfully used to join
the cavity components. This technique
was specially developed in coopera-
tion with the Lufthansa Aircraft Repair
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Factory in Hamburg. The most obvious
advantages are minimal distortion, the
elimination of oxidation effects, and
the ability fully to penetrate thick
plate sections without the use of a
filler rod. Disadvantages can include
weld defects such as cold shuts, root
porosity and spiking. The first two,
which lead to leaks or increased gas
desorption during cavity operation,
have been eliminated by finding the
optimal beam welding parameters.
Also the typical spikes of electron
beam welds, which can be very dan-
gerous because they can initiate multi-
pactoring in the cavities, have been
eliminated by careful design of the
cavity component joints.

The first four cavity prototypes have
been made out of AIMgSiO,S alumi-
nium alloy, which has good electrical
and thermal conductivity as well as
high mechanical strength. It has, how-
ever, a tendency to crack at the weld
and this has been overcome by ad-

Prototype r.f. cavity for the 19 GeV electron-
positron storage ring, PETRA, being built

at DESY. The cavity has been successfully
tested at full power. It was thermally stable
and no multipactoring was observed.

(Photo DESY)

ditional electron beam oscillations
during the welding.

Each cavity has 17 different stain-
less steel flanges for r.f. feed-throughs,
for tuning plungers, for pick-up and
absorbing antennaes, and for vacuum
components. The transitions between
aluminium and stainless steel were
made using the DEPI-welding pro-
cedure (see April issue). To reduce
thermal problems resulting from power
losses, all the stainless steel inner
surfaces are copper-plated ‘in situ’
using d.c. sputtering. Due to the opti-
mal design and the application of new
fabrication techniques, the cavity costs
were drastically reduced. v

The first of the four cavities has
already been successfully tested at
the design power of 125 kW. No
measurable changes of the resonance
frequency were observed after the
electron beam welding of the cavity
components. During operation at full
power the cavity pressure stayed in



¥ See page 186.

the ultrahigh vacuum range with only
one 400 litre/s sputter-ion pump in
action. Multipactoring was not ob-
served, probably due to careful design
of the coupling slots and to the clean
cavity surfaces. The tuning system
with only two plungers gave an equal
power distribution in all five cells and
it was thermally stable over the whole
power range.

After the r.f. tests, the inner surface
of the aluminium cavities will be cop-
perplated by d.c. sputtering in order
to increase the shunt-impedance to
13 MQ/m. Finally they will be installed
in the DORIS storage ring to increase
the maximum possible beam energy
to about 5 GeV.

The copperplating of the aluminium
cavities is a complicated technique.
It has been found that, using the same
electron beam welding technique, the
cost of a copper structure would be
almost the same as the cost of a
copperplated aluminium structure.
Therefore it has been decided to make
the PETRA cavities out of copper. The
technological problems for the pro-
duction of copper cavities have al-
ready been solved and the order for
series production can be placed.

FERMILAB %
Experiments

Some results, some experiments under
way and some future experiments
planned for the 400 GeV proton syn-
chrotron at the Fermi National Acceler-
ator Laboratory:

First measurement of neutrino velocity

The first direct measurement of neu-
trino velocity has been made in an
experiment by a team from Brook-
haven / Cal.Tech / Fermilab / Purdue /
Rockefeller. The measurement was

Huge magnet of the high resolution spectrometer
(HRS) is lifted into place in an experimental
area at the LAMPF 800 MeV proton linear
accelerator. The magnet weighs 135 tons and

is designed to allow energy resolution of a few
parts in 10°. It is mounted vertically and can be
moved horizontally about the incoming beam
direction on an air cushion.

(Photo LASL)
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made to a precision of about five parts
in ten thousand which is possible
given the large scale of the Fermilab
neutrino area, with a neutrino beam
line a kilometre long.

Within the precision of this first
measurement, the neutrinos fly through
the 1800 feet of earth and steel at the
same speed as light in free space.
The fact that the neutrinos move with
the speed of light is not surprising
since it is considered to be a massless
particle like the particle of light, the
photon. Whenever it is possible, it is
wise to check beliefs like this. The
neutrino is such a peculiar object that
precise measurements may well show
that its velocity differs slightly from
that of light.

When particles are produced with
moderate energy protons on the target,
only neutrinos penetrate the 1800 foot
shield between the decay pipe and
the 150 ton detector (first used for the
Cal.Tech/Fermilab neutrino experi-
ment). At the highest available proton
energy (400 GeV), muons also reach
the detector and the measurement
was made by comparing the distribu-
tion of arrival times of the neutrinos
and the muons at the same counter.
This pattern reproduced the short
bursts of the protons originally striking

the target indicating that all the par--

ticles travelled at the velocity of light.

Another clue to something at 6 GeV

We reported in the March issue
(page 83) the evidence from an
experiment of the Leon Lederman
team at Fermilab for a particle of mass
close to 6 GeV. It appeared in measure-
ments on electron-positron pairs. Since
then there has been a careful search
at the SPEAR storage ring at Stanford
which found nothing emerging from
electron-positron collisions at that
energy.

There is another clue from Fermilab
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Neutrino interactions in the Fermilab 15 foot
bubble chamber with a neon-hydrogen liquid
mixture (77 mole percent) photographed in April.
An average of almost one neutrino interaction per
picture is found with 10" protons at 400 GeV on
the target. Frequently, the chamber is flooded
with tracks from several neutrino interactions

in the same exposure. In addition to increasing
the interaction rate, the heavy liquid mixture
allows many of the particles from neutrino
interactions to be recognized by direct inspec-
tion of the track appearance - protons, charged

in a simple experiment set up by
D. Eartly (Fermilab), G. Giacomelli
(Bologna) and K. Pretz (Max Planck
Institute Munich). They had a couple
of range telescopes behind a beam
dump and measured muon pairs, pro-
duced by proton collisions with
nucleons in the dump, whenever they
penetrated the two arms of the detec-
tor. The muon momentum was meas-
ured from its range along an arm
consisting of interspersed steel blocks
and scintillation counters.

Such a simple system could only
hope to find gross structure in the
dimuon spectrum. Nevertheless the
famous 3.1 GeV particle appeared
clearly as a knee in the dimuon mass
distribution. There was nothing notice-
able at 3.7 or 4.1 GeV but at 6 GeV
a similar prominent knee occurred.
Their paper to Phys. Rev. Letters
(which appeared as a Fermilab report
a year ago) mentions that an exotic
state of charmed quarks (cccc, which

pions and kaons producing secondary inter-
actions, neutral pions giving gamma rays
converting to electron pairs, muons sailing
through without interacting and direct electrons
or positrons with successive kinks and
associated gamma ray conversions along their
tracks. A major interest in the present experi-
ment by a Columbia/Brookhaven collaboration
is the study of di-lepton events in which two
muons or a muon and an electron are produced.

is a sort of double J/¢ if the charmed
quark interpretation of the 3.1 GeV
particle is correct) was predicted at
6.2 GeV by Y. Iwasaki.

Hybridized emulsion experiments

The recent interest in the search for
short lived particles, including charmed
particles and heavy leptons, has
.stimulated a revival of research with
nuclear emulsions at Fermilab and
elsewhere. The reason is that nuclear
emulsions, although a clumsy detector
in other ways, are capable of extra-
ordinarily high spatial resolution (a
few microns) and might sort out what
happens at the vertex of interactions
with such short lived particles better
than other detectors. In two experi-
ments which are now under way at
Fermilab, emulsion stacks are used in
hybrid systems with electronic tagging
to overcome the difficulty of searching




for low cross section processes with
emulsions alone.

One experiment, a search for short
lived particles produced in deep in-
elastic muon interactions, has used a
hybrid system of nuclear emulsions,
drift chambers and muon spectrometer
mounted in the muon laboratory by a
team from Cornell/Fermilab/Krakow/
Michigan State/Washington. Inelastic
muon scatters at large Q* are tagged
by the drift chamber, muon spectro-
meter system and the location of the
muon interaction vertex is pinpointed
within a volume of about 1/2 mm x
1/2 mm % 10 mm in the nuclear emul-
sion. The experiment used the muon
spectrometer employed earlier by a
Cornell / LBL / Michigan State / UCSD
collaboration which observed a small
but significant violation of scaling in
deep inelastic muon interactions.

The experiment was set up in the
summer of 1975 and had a short test
run in September followed by a data
run in December. A total of 24 emul-
sion stacks, each of area 40 cm? and
5 cm thick, were exposed to a beam
of 150 GeV positive muons. Typically,
the total beam exposure for an emul-
sion stack was 5 x 10° muons/cm?,
Several hundred high Q? events have
been tagged.

Analysis is now in progress. The
data from propcrtional and drift cham-
bers in the incident beam can be used
to locate the x and y position of an
interaction vertex to within + 200 um.
Software to locate the position of an
interaction vertex along the beam is
being developed.

Using tagging data from the elec-
tronics detectors, the emulsion groups
at Seattle and Krakow have begun to
search for muon scattering events.
The first tagged event in the emulsion
was identified in February. The space
angles of eight downstream charged
reaction products from the interaction
were measured both in the emulsion
and in proportional chambers located

Hydrogen jet intersected by the internal beam of
about 10" circulating protons or 5 x 10"
protons/s in the Fermilab accelerator. The
accelerator beam traverses the jet about 45 mm
from the nozzle exit and the whole jet becomes
visible giving a good idea of the small jet
divergence.

about 1 m downstream from the
emulsion stack. The agreement be-
tween the two sets of measurements
was excellent and one of the down-
stream charged particle tracks was
also seen in the muon spectrometer.

To date, some 30 tagged events
have been found. The experimenters
are trying to speed the rate of emulsion
scanning and to sort out the pro-
cedures to be used in searching down-
stream of the interaction for kinks and
vees — that is, to search for evidence
of decays of short lived particles.

A second hybrid emulsion experi-
ment is searching for short lived par-
ticles produced in the interactions of
high energy neutrinos. A team from
Brussels / Dublin / Fermilab / London /
Mulhouse/Rome/Strasbourg has as-
sembled a detection system which
includes nuclear emulsions, wide gap
spark chambers, a shower detector
and a scintillation counter hodoscope
muon identifier. The experiment is
housed about 30 m downstream of
the 15 foot bubble chamber.

During the fall of 1975, the experi-
ment was installed in the neutrino
beam and three test runs were carried
out in December with an emulsion
stack in place. An exposure of six
large emulsion stacks with a total
mass of about one-tenth of a ton
started in March. The experimenters
anticipate a total exposure of 2 x 101®
protons on the neutrino target, with
the horn system usually tuned for
neutrinos, sometimes for antineutrinos.
By late April, 25% of the exposure
was complete. This should give rise
to 100 high energy neutrino inter-
actions and scanning and measuring
of the spark chamber filmis under way.

Developments at the Internal Target
Area

The Internal Target Area has been in
operation at Fermilab for four years

and a series of experiments, including
proton-nucleon elastic and inelastic
scattering, searches for new particles
and studies of lepton production by
protons, has been completed. These
experiments are characterized by vari-
able incident energies from 8 GeV to
400 GeV or more, the use of very thin
targets so that very low energy recoils
can be studied, and a point geometry.

In the past year, a substantial addi-
tion has been made with the construc-
tion of an underground hall next to
the main ring. The hall, completed in
July 1975, is approximately 50 foot
by 50 foot with two penetrations into
the main ring tunnel. A supercon-
ducting spectrometer was installed
during the Fall of 1975 and apparatus
for the continuing US/USSR collabo-
ration is being installed now.

Several new gas jets have been
developed and put into operation.
The original experiments alternated
between operation with rotating solid
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targets and a cold hydrogen jet, built
by a Dubna group, which operated
very successfully. Increasing demand
for internal target experiments of
greater sophistication has led to the
need for new targets. In a significant
development, warm jets have been
built by Paul Mantsch and Frank
Turkot of Fermilab, Paolo Franzini and
Juliette Lee Franzini from Columbia
and Stony Brook and by Dan Gross
at Rochester. Ernie Malamud reports
that the Dubna Cryogenics Group led
by Yuri Pilipenko has also construct-
ed a warm jet.

The use of true de Laval nozzles
can produce very high density (107
grams/cm?) hydrogen jets with open-
ing angles of only a few degrees. They
typically have a diameter of 1 to 2 mm,
giving a well defined interaction point
which is important for recoil experi-
ments. Another advantage of a small
divergence supersonic jet is that it can
be captured in a small hole and
pumped away with small mechanical
pumps.

Present operation employs an up-
stream warm jet for the Columbia/
Stony Brook collaboration, a Dubna
cold jet (shortly to be installed) along
with a rotating target, followed down-
stream by another warm jet and
rotating target for the superconducting
spectrometer.

Tom Nash, new head of the Internal
Target Area, relates that five different
experiments are now using, or pre-
paring to use, the area. The Columbia/
Stony Brook experiment is extending
to elastic and diffractive scattering on
hydrogen and deuterium. The US/
USSR experiment is continuing work
on proton scattering off various targets.
For the future, they are aiming for
operation of a helium jet to measure
the energy dependence of interference
between single and double scattering
in the helium nucleus. The new super-
conducting spectrometer will be used
by a Rochester/Rutgers/Imperial Col-
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lege group to study proton elastic
scattering, particularly in the region
of the dip observed at the CERN ISR
and at Fermilab. The superconducting
spectrometer consists of an upstream
quadrupole pair coupled to a 4 T
bending magnet borrowed from a
beam line at the Bevatron.

A group from Indiana has a proton
polarimeter behind the spectrometer;
a similar polarimeter was calibrated
and used in an experiment at Argonne.
This group will check polarization pre-
dictions of various models of proton-
proton scattering. Measurements near
the dip in the elastic differential cross
section will provide a new tool for un-
raveling what is happening in that re-
gion. A Fermilab/Purdue team will use
the same jet to do proton scattering
on different gases.

For the future, all of the experiments
presently operating can be converted
in a straightforward way to the higher
energies that will be available with

First magnet for the 500 MeV Booster I/

to be used to increase the injection

energy into the Argonne Zero Gradient Synchro-
tron so as to achieve higher proton beam
intensities. Just visible in the magnet gap is

the ‘electromagnetic shield liner” which
surrounds the beam region to limit beam

energy loss.

the Doubler/Saver and the new loca-
tion proposed for the Doubler (below
the Main Ring) will make it convenient
to operate experiments in the new
target hall. Also some preliminary
work has recently been done on the
possibility of producing polarized jets
suggesting that jets may be feasible
with polarizations in the neighbour-
hood of 70 to 95 %. If these indica-
tions are correct other polarization
experiments could' be done at the
Internal Target Area provided the jet
densities can be made high enough.

ARGONNE
First magnet for Booster

In early April, the first magnet for
Booster Il arrived at Argonne and
assembly of the ring started. The
machine is a small, rapid cycling




The completed enclosure for Booster I/ at the
position where it is opened for installation of the
magnets. Construction of the magnet ring has
started and it is hoped to have circulating beam
in September of this year.

(Photos Argonne)

(30 pulses per second), combined-
function, alternating gradient synchro-
tron, designed to accept 50 MeV
negatively charged hydrogen ions
from the present ZGS linac, strip them
at injection to positively charged pro-
tons and accelerate them to 500 MeV
for injection into the ZGS.

The use of H- injection, a unique
feature of Booster Il that allows much
more intense circulating beams than
conventional proton injection, has
been successfully tested with the
experimental Booster | as well as by
direct H- injection into the ZGS. The
increased injection energy into the
ZGS using Booster Il instead of the
50 MeV linac will avoid low energy
losses and should enable the ZGS to
attain circulating beam intensities well
over 10" protons per pulse.

In addition to feeding the ZGS, the
500 MeV protons may be used directly
for research. The use of Booster Il as
a prototype for an intense pulsed

neutron source for condensed matter
studies is under serious consideration.
Another possible application is the
production of intense low energy
muon beams. Such uses of Booster |l
could be simultaneous with its use
as the ZGS injector, which requires
relatively little of the Booster Il duty
cycle.

The newly delivered magnet is con-
structed of 0.35 mm thick iron lamina-
tions, each singlet magnet having
1700 of these laminations and each
triplet magnet 8000. Electromagnetic
shield liners are mounted within the
magnets to prevent image currents
developing within the resistive walls
of the laminations. The liners will
reduce the beam energy loss to less
than 1 keV/turn. The remaining losses
will be removed later by utilizing beta-
tron induction magnets that apply an
induction field for the last millisecond
or so prior to extraction.

Booster Il will have six singlet and

-

Iy

six triplet magnets, arranged on a
66.7 m circumference. The magnets
will be mounted on support columns
mechanically decoupled from the
building floor which should greatly
reduce the alignment problems en-
countered with Booster | caused by
movements of the concrete slab floor.
The straight section boxes to be placed
between the singlet and triplet mag-
nets, containing the extraction septum,
injection bumpers, the H- stripper
mechanism and beam diagnostic
equipment, have been fabricated.
Components of the 50 MeV line sup-
plying the negative ions are almost all
in position.

The booster tunnel has recently
been completed and services installed.
The centre core of the tunnel contains
large capacitor banks to resonate the
ring magnets at their 30 Hz operating
frequency. Two r.f. stations operating
in the 2 to 5 MHz band will provide
22 kV of accelerating voltage to single
gap resonant cavities placed 180°
apart. R.f. energy of 50 kW (25 kW
per station) is required to produce the
accelerating voltage, with another
25 kW supplied to the proton beam.
To accomplish this and to provide
some reserve power, two power ampli-
fiers, capable of 100 kW each are
mounted below the 1.32 m long
accelerating cavities.

Delivery of all Booster Il compo-
nents is on schedule for producing
the first circulating beam in September
of this year.

Spin-spin forces
increasing with energy

An experiment using the polarized
proton beam from the ZGS to probe
the inner structure of the proton has
demonstrated that the spin-spin force
in high energy large angle proton-
proton elastic scattering becomes
larger with increasing energy. This
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effect was observed during the Feb-
ruary 1976 run of the polarized proton
beam. The run was at 11.75 GeV/c
and provided the first opportunity to
study spin-spin interactions above
6 GeV/c. A.D. Krisch (Michigan/Niels
Bohr Institute) qualifies this growth
with energy as ‘a very surprising
result’. It was generally assumed that
all strong interaction spin effects
would become less important at
higher energy or at best be independ-
ent of energy.

In atomic physics, where the typical
energy is a few eV, the effects due to
the proton spin are very important.
For example, the Pauli exclusion prin-
ciple makes it impossible for two
electrons with the same spin to occupy
the same position in an atom and
thus the spin forces in atoms deter-
mine many of the chemical properties
of the elements. In high energy
physics, where the typical energy is a
few GeV, many scientists believed
that spin could not have a very
important effect on proton-proton
scattering cross sections. However,
the proton can easily have a rotational
energy of 100 MeV caused by its spin.

The experiment was done by a
group of physicists from Michigan/
Argonne/Niels Bohr Institute/CERN/
Max Planck Institute/St. Louis. They
measured the differential cross section
for proton-proton elastic scattering
when both the beam proton and the
target proton are in pure spin states.
The beam protons came from the ZGS
polarized beam which had an intensity
of almost 10" protons per pulse, and
a polarization of just above 50 %. The
target protons were in the Michigan/
Argonne polarized proton target where
the polarization averaged about 65 %.
The elastic cross section in each spin
state was measured using a simple
double arm spectrometer containing
three magnets and six scintillation
counters.

The spin of both the target proton
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and the beam proton were oriented
vertically and thus perpendicular to
the horizontal scattering plane. The
four measured cross sections cor-
respond to the four possible spin
combination states from which the
spin-spin part of the interaction can
be calculated. This was never studied
before above 6 GeV/c because it
requires both a polarized beam and a
polarized target.

The group also measured the left-
right scattering asymmetry parameter,
which had previously been measured
at CERN and Argonne using a polarized
target and an unpolarized beam. This
measures the spin-orbit forces in
proton-proton elastic scattering. The
new measurements confirm these
eatlier results with high precision. This
makes two effects very clear — the
asymmetry parameter clearly decreases
with energy at small transverse mo-
mentum and is approximately inde-
pendent of energy at large transverse
momentum.

The most surprising result is that at
large transverse momentum the spin-
spin part of the interaction increases
strongly with energy. It is about three
times larger at 11.75 GeV/c than at
6 GeV/c. The results mean that the
forces causing proton-proton scatter-
ing are stronger when the two spin-
ning protons rotate in the same direc-
tion than when they rotate in opposite
directions and that this difference is
increasing with energy.

Thus the spin dependence of strong
interactions appears to be rather dif-
ferent than was expected. In large
transverse momentum elastic scatter-
ing, which probes the core of the
proton, the spin forces seem to remain
important. The spin-orbit force seems
independent of energy, while the spin-
spin force grows with energy.

One simple picture of what is
happening uses the old ‘onion model’
of the proton, which sees the proton
as having several layers like an onion.

The outer layers are involved in the
low transverse momentum interactions
while the inner core is involved in the
high transverse momentum interac-
tions. The new results indicate that
the proton may be a spinning onion
with the outer cloud spinning slowly
and the inner core spinning very
rapidly.

TRIUMF

Pions stopped in
hydrogen

and deuterium

Three secondary beams of pions and
muons are currently in use at TRIUMF.
All are produced from target T2 which
intercepts the more intense of the two
primary proton beams extracted simul-
taneously from the 500 MeV negative
hydrogen ion cyclotron. The target
ladder actually offers a choice of six
targets of beryllium, water or copper
of various lengths. The target, which
was designed and built at the Uni-
versity of Victoria by T.A. Hodges, was
moved into position in its 30 ton lead
shielded vacuum vessel early in 1975
and produced its first mesons in June.
This year it has run steadily with the
1 pA proton beams to which TRIUMF
is temporarily limited by the amount
of shielding available.

Two of the three secondary beams
are taken off in the forward direction
— the biomedical channel (M8) at
30° upwards then bending to the right,
and the stopped muon channel (M20),
which is dedicated to muon spin pre-
cession studies, at 55° to the left. The
third channel (M9), with which the
remainder of this article is concerned,
accepts pions and muons emitted at
135° to the left. It was originally de-
signed as a stopped pion/muon chan-
nel, but in view of the postponement



of the high resolution pion channel
(M11) for lack of funds, it will also
be used temporarily as a source of
low energy pions. (The extra capital
funds for TRIUMF, announced by the
Canadian government in February, will
enable a start to be made on M11 in
addition to allowing the primary beam
intensity to be increased to 10 pA this
year.)

The analyzing section of M9 begins
with a radiation-hard 20 cm quadru-
pole, followed by four 30 cm quadru-
poles and two 45° bending magnets,
giving a dispersed focus for momen-
tum selection near the midpoint and
an achromatic focus at the end. This
is followed by a quadrupole triplet
which can be used either to collect
decay muons or to form a third pion
focus 4 m downstream. Alternatively
the triplet can be removed on air pads
to allow stopped pion experiments at
the second focus. The final element
in the channel is a rehabilitated cyclo-
tron magnet (courtesy of Oregon
State University) for muon momentum
analysis.

In practice, the most promising
feature of the channel appears to be
its ability to provide very low energy
pion beams with low background and
small spot size (3 cm diameter). Even
15 MeV negative pions can be clearly
separated from electrons and muons
by time-of-flight analysis, utilizing the
r.f. microstructure of the primary beam.
The channel will accept up to 65 MeV
pions but is normally tuned at 30 MeV.
For a 10 cm beryllium target the
positive pion fluxisthen 1.5 x 10°/pA's
with 13 % each positron and muon
contamination; the negative pion flux
is 0.3 x 10%/uA s with 50 % electron
and 13 % muon. The design, construc-
tion and commissioning of M9 are
the responsibility of N. Al-Qazzaz,
D. Bryman, R.M. Pearce and P.A.
Reeve of Victoria.

Experiments have so far used
stopped beams of p.~, =~ and =*. They

include a search for enhanced polariza-
tion of p~ captured in rare earth ele-
ments at low temperature (Tokyo,
British Columbia and Queens), =~ X-
rays from *He and other light nuclei
(Victoria), measurement of the =+ —

e*v branching ratio (Victoria) and
emission of heavy fragments in pion
absorption (Alberta/British Columbia/
Saskatchewan/Oregon State).

A major item of equipment also
being tested on M9 is a neutral pion
spectrometer, developed by a group led
by P. Depommier and J.-M. Poutissou
(Montreal) and M.D. Hasinoff, D.F.
Measday and M. Salomon (British
Columbia). It consists of two very
large sodium iodide crystals — MINA
(for Montreal INa) measures 36 cm
diameter by 36 cm and TINA (for
TRIUMF INa) measures 46 cm diam-
eter by 51 cm. The use of large Nal
crystals in an accelerator environment
is quite rare because they have a
fairly slow time response (about

Bird’s eye view of TRIUMF's three pion and
muon beam lines emanating from the pion pro-
duction target T2 — before being immured in
concrete. Working counter-clockwise from the
right are (i) the negative pion biomedical channel
M8, (ii) the stopped muon channel M20,

(iii) the stopped pion/muon channel M9,

(iv) the incoming proton beam line which is
due to be extended beyond T2 to a 180 kW
beam dump and thermal neutron source during
the coming year.

(Photo TRIUMF)

250 ns) and so cannot tolerate a high
count-rate. Because of their large
active volume (and mass), they are
very sensitive to high energy neutrons,
but with a combination of good shield-
ing and the 100 % duty-cycle of the
TRIUMF cyclotron, it has proved
relatively straightforward to use these
excellent gamma ray spectrometers at
a meson factory. The initial tests were
performed by stopping a 50 MeV
negative pion beam in a 1 litre flask
of liquid hydrogen and observing the
following reactions:
T~ +p—>y+tn
(where Ey is 129 MeV)
mm+p—>n+n—>y+y+n
(where Ev is between 55 and 83 MeV)
The ratio of the rate of neutral pion
production to that for the direct pro-
duction of gamma rays is the famous
Panofsky ratio (P) and prior to these
TRIUMF measurements, the best data
were obtained on the CERN SC over
15 years ago by a group which in-
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Spectrum of gamma counts which measures the
Panofsky ratio (the ratio of neutral pion
production to direct gamma production in
negative pion-proton interactions) from an
experiment at the TRIUMF cyclotron. The geo-
metry of the gamma detectors, sodium iodide
crystals either side of the hydrogen target,
restricts coincidence measurements to the
highest and lowest energy gammas — hence the
two peak structure of open circles on the left.
The coincidence spectrum is arbitrarily nor-
malized to the data on single gamma detection;
the efficiency for detecting two gammas in
coincidence is about 3 % of that for single
gammas.
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A spectrum of the observed gammas
is illustrated with the single gamma
events on TINA plotted as full circles
and the coincidence events as open
circles. The ratio of the pulse heights
of the two peaks is a sensitive measure
of the velocity of the neutral pion.
The preliminary value for the Panofsky
ratio is P = 1.542 4+ 0.008 in agree-
ment with the previous value 1.533
+ 0.021.

When a deuterium target is used to
stop the negative pion beam the
following reactions are possible:

n~+d—->n+n
n~+d—->n+n+y
n~+d-n+n-+r=°

The =° production has never been
observed (branching ratio less than
10-*) and twenty years ago this very
low branching ratio proved that the
negative and neutral pions were dif-
ferent charge states of the same par-
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searching for this reaction and there
are indications that it has been seen
at the level of 10-* or so, somewhat
lower than was expected.

CERN
SPS — protons in
and around

On 3 May the second big stage in
commissioning of the CERN 400 GeV
proton synchrotron (the SPS) was
confronted. Last month we reported
the successful transfer of the 10 GeV
beam from the PS to the SPS ring.
At the beginning of May it was time
for the first attempt at injection and
circulation of the protons.

A few days earlier, on 29 April, the
PS had prepared in style with further
tests on the continuous transfer system

which peals the PS beam off during
ten turns to give the long ribbon of
protons to almost fill the circumference
of the SPS ring. With a stable beam
from the 50 MeV Linac, 1.25 x 10"
protons per pulse were accelerated
in the 800 MeV Booster and the PS
took 1.1 x 10' to the SPS injection
energy of 10 GeV. The continuous
transfer ejection operated with an
efficiency of 93 % so that 1.025 x
10" protons were out of the PS and
en route for the big machine. The
design intensity of the SPS is 10"
protons per pulse.

On 3 May, there were two fine
achievements in quick succession.
First of all, about mid-day, the bending
and focusing magnet fields were set
up to take the 10 GeV beam and the
injection system was powered. The
beam went in and around the full turn
at the very first attempt. Even without
the orbit correction dipoles in circuit,
the machine settings were so perfect
that protons toured the 7 km circum-
ference to arrive at a beam stop, near
where they were injected, only milli-
metres away from their scheduled
position.

This tells us that the injection
system is working well, that the
machine alignment has been impec-
cably done, that the magnet system
(with some 744 bending magnets and
216 quadrupoles) is near perfect, that
the power supplies are ticking over
exactly as required and that the
vacuum system is providing the neces-
sary hole all the way around the ring.

In the course of the afternoon re-
fined measurements and corrections
were carried out and the excellent
beam monitoring and control system
came into its own. The beam inten-
sities were kept to around 2 x 10
protons per pulse (in case high losses
occurred and resulted in unnecessary
irradiation of the accelerator) and
there was hardly any noticeable loss
around the single turn.



In the evening the beam dump was
brought into action so that the beam
stop could be lifted out and the pro-
tons allowed to circulate for several
turns. This brought the second suc-
cess. The protons orbited for many
turns immediately. Before the machine
was switched off at the end of the run
the injected beam was circulating
during about 300 ms for some 12 000
turns. This tells us that we have a
stable beam which we can hold in
the ring.

At the time of writing the third stage
is being confronted. This involves
bringing on the radiofrequency system
to capture the circulating beam into
bunches which can then be acceler-
ated. This is one of the trickiest opera-
tions requiring extremely precise tim-
ing. It is necessary to tune the time
taken for the beam orbit and the r.f.
travelling wave, which has a frequency
of 200 MHz, so that the protons pass
through the two r.f. cavities during
the right part of the r.f. cycle.

There are several more runs planned
before the end of May and with luck
we could carry the story of the SPS
start up in our next issue.

Data Base Management
at the SPS

The introduction of the CDC 7600
computer at CERN in 1972 pretty well
coincided with the start of construc-
tion of the SPS and its ‘front-end’
6000 computers have been used
extensively in managing the assembly
and installation of nearly all compo-
nents of the machine. Data Base
Management is a rapidly evolving
branch of Computer Science but in
1972 there was no commercially
available complete system which could
do the job on the CDC computers
and one called TABLOID (because it
was based on Tables) was developed

at CERN on a front-end computer
while the 7600 was being tamed for
the analysis of experiments.

Today, there are about 40 million
characters of information concerning
the SPS in about ten Data Bases (a
character is a 6-bit code representing
a digit or letter or other standard
symbol and all this data is contained
in part of a disk pack). These Data
Bases have been built up and modified
continuously to reflect the status of

The intense throng in the SPS control room on
3 May when injection and circulation of the

70 GeV protons coming from the PS was
achieved without difficulty.

Oscilloscope trace from a pick up in the SPS ring
indicates protons circulating almost without
loss for some 300 ms, corresponding to about
72 000 turns.

various types of equipment in the SPS
tunnels and buildings.

There are two very similar Data
Bases containing detailed information
about some 25 000 cables in the con-
trol system and power supply system.
The engineer can request up to fifty
standard reports already programmed
in the TABLOID language, based on
these two Data Bases, or on other
closely associated Data Bases con-
cerned with drawings, stocks, ac-
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counting, etc., for the cables. A report
may, for example, list full details about
all cables belonging to a particular
system or connected to a particular
piece of apparatus. A recent refine-
ment is that, when a new batch of
cables is input to the Data Base, the
computer can decide from which
drums to cut them in order to minimize
waste.

The largest TABLOID Data Base is
the one built up by the Installation
Section, which contains descriptions
of approximately 100 000 accelerator
elements and subassemblies together
with all their connections to the various
service utilities — hydraulic, electric,
etc. For systems ranging from distribu-
tion boxes to mechanical supports,
TABLOID has been furnishing detailed

“reports showing what material is to
be prepared from the stores, how it is
to be transported, and how the instal-
lation is proceeding. For other systems,
such as magnet and vacuum, reports
give just the status of the installation
and lists of the material involved.

For the whole SPS, various reports
are produced about every three months
giving an inventory of all the material
in the tunnel, and showing the struc-
ture of the machine. This Installation
Data Base is supplemented by three
others describing materials as they are
received and stored. In addition,
TABLOID is used to maintain an
inventory of all movable items such
as oscilloscopes or the Director’s desk.

TABLOID is a batch system, and
jobs are normally submitted at a
Remote Input/Output Station (RIOS),
the data being punched on cards and
the reports received at the RIOS
printer. A stack of between one and
two metres of paper was being pro-
duced each week in this way for the
SPS at the peak of the installation.
To alleviate this paper consumption
and to provide more immediate infor-
mation, a separate program for inter-
active inspection of datain a TABLOID
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Data Base has been provided for
some applications and microfiche is
being used for the complete inventory
of the SPS tunnel.

TABLOID, although designed for
the SPS applications, is now being
used for the production of the High
Energy Reaction Analysis (HERA)
reports, and several Divisions have
adopted it for keeping their inventories
of equipment.

Polarized deuterons

A deuteron target with a polarization
of 41 to 43 % (a new high for this type
of target) has recently been developed
by the CERN Polarized Target Group.
Work has also started on an experi-
ment to study polarized neutrons in
the K*n—K°p reaction at 6 GeV/c. The
experiment will supplement the infor-
mation obtained in 1971 from studies
of the K-p—~K°n reaction at 6 GeV/c,
using polarized protons.

The new deuteron target is much
larger than the previous one. It is
12 cm long with a diameter of 16 mm.
For chemical reasons, the substance
used is a mixture of two propanediols,
one partly containing deuterons and
the other with a total deuteron content.

The high polarization rate is due to
the use of a He®/He* dilution cryostat,
which is an improved version of that
used for the frozen spin target, built
by the same group (see September
issue 1974). The temperature of the
He®*/He* liquid is 0.2 K, and that of the
specimen is 0.35 to 0.4 K.

The interest in experiments with
polarized deuteron targets goes back a
number of years. In 1970 (see July
issue 1970) an experiment was carried
out at CERN with a butanol target
containing deuterium in which a
polarization of 20 % was achieved.
Some time later, a group from Bonn
made tests with a propanediol con-
taining deuterium advancing the polar-

ization to 25 to 30 %. At present, the
Rutherford Laboratory is building a
target which will be used for the same
experiment as at CERN but at a lower
energy.

Polarized deuteron targets will be
increasingly used in years to come.
For example, a CERN/Annecy/Oxford
group is proposing a measurement
of the reactions pn—pn (elastic) and
pn—np (charge exchange) at24 GeV/c.

New look for Omega

In the West Hall, the Omega spectro-
meter is being made ready to receive
the higher energy beams from the SPS.

Two drift chambers of very large
area (3.2 m x 1.7 m) will be posi-
tioned behind the Omega magnet to
improve the accuracy when measuring
the momenta of forward-going par-
ticles. A large gamma detector, 3 m in
diameter, will also be installed. It is
composed of a leadglass mosaic
plane preceded by a position detector
consisting of leadglass converter and
a scintillation hodoscope with 800 ele-
ments. This complex represents the
contribution of a large European col-
laboration for photon physics. .

To identify the high energy particles
emerging from the spectrometer, an
8 m long atmospheric pressure Che-
renkov counter will be added and, to
improve the resolution of multitrack
events, three multiwire proportional
chambers with a wire spacing of
0.5 mm will be installed downstream
of the target.

All of this equipment is either under
construction or testing and will be
ready to be used in experiments by
October. Omega will then be fed by
two beam lines. The first is an 80 GeV
electron beam line where the electrons
will be converted into tagged photons
(the tagging being done by measuring
the energy of the electrons which have
produced a photon in the converter).



It will also be possible to use this same
beam line to convey non-separated
hadrons into the spectrometer.

The second beam line will convey
separated hadrons which have an
energy up to 40 GeV. Separation will
be done by two superconducting r.f.
cavities which are being built at
Karlsruhe — the first of their kind to
be brought into operation. They are
due to be delivered at CERN towards
the end of the year and it is expected
that the beam line will be in action in
mid-1977. Most of the installation is
complete and the first tests on the
cooling plant, which will keep the
separators at a temperature of 1.8 K,
have started.

Omega offers the possibility of a
wide range of experiments which can
be carried out in succession with only
very slight modifications. Because of
the new particle discoveries, the expe-
rimental programme has been revised.
With Omega’s versatility, there is no
urgency to fix the programme and it
can be rapidly adjusted to develop-
ments in the physics. If present ideas
on charm are still valid when the SPS
provides particles, experimentalists
will look for charmed particles pro-
duced in pairs using a triggering
system which will give a very sub-
stantial increase in the ‘luminosity’ for
this type of event. 7-pronged events
are of particular interest.

Pion beams will be used to find
events producing muon pairs by
installing a copper absorber through
which only muons can pass. Studies
will be made of J/¢ production and it
should be possible to record several
thousand a day. Special attention will
be paid to finding events in which
three muons are produced (two from
the J/¢ decay and one from a charmed
particle).

For the r.f. beam, several experi-
ments have been proposed, particu-
larly in connection with the study of
strange particles and the study of

pp—pp in the range 5 to 10 GeV
(where the SPS will provide a very
intense beam of antiprotons).

The experiments will be carried out
by large collaborations in which many
European laboratories are participat-
ing. Experiments with tagged photons
and those with hadrons can follow
one another in quick succession (each
lasting about three weeks). Data from
one can be analysed whilst the other
is collecting more.

There is a general hubbub elsewhere
in the West Area as excitement mounts
with the commissioning of the
400 GeV proton synchrotron which is
scheduled to give beams into the
Area by February of next year. Experi-
ments are, in fact, likely to start before
the end of this year.

The West Hall will receive beams
generated by protons of energy up to
200 GeV (the area of the Hall limits
the peak energy which can usefully be
used). Nine experiments are in pre-
paration and, regardless of the detec-
tion systems themselves, some idea of

The Omega spectrometer, sitting under its
‘igloo’ top left of the picture, will be fed by two
beam lines when the SPS is in action. One of
these beam lines is seen being installed. It
incorporates a photon tagging system which is
to be used in a search for charmed particles with
an incoming photon beam.
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the scale of the preparations can be
obtained from the fact that these
experiments need to be embedded in
some 40 000 tons of concrete and up
to 6000 tons of iron shielding. In addi-
tion to Omega, there will be other
large spectrometer magnets (Orsay
spectrometer magnet, AEG magnet
and the imposingly named Goliath
spectrometer magnet).

At the end of the Hall, the 3.7 m
European bubble chamber BEBC, a
counter experiment and ‘the heavy
liquid bubble chamber Gargamelle are
being made ready to receive neutrino
beams generated by 400 GeV protons.
A track sensitive target is installed in
BEBC ready for testing towards the
end of May. The iron cored magnet
units, scintillators, drift chambers and
electronics of the counter experiment
are coming together. The move of
Gargamelle from the PS is well under
way.
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People and things

Records at the ZGS

On 23 March the ZGS established

a new record circulating intensity of
5.4 x 10" protons per pulse passing
the 4.1 x 10" achieved in January
1975. The dramatic improvement was
the result of using lower rate of field
rise at injection, with the debuncher
used to control the injected beam
energy spread. Corresponding to the
new peak intensity record was a new
record 24-hour average circulating
intensity of 4.6 x 10'%, compared to
the previous 3.5 x 10" This increase
in circulating intensity, combined
with high extraction efficiencies
using slow resonant extraction (see
January 1976 COURIER) means that
many more protons are nhow available
to experimenters.

Another record performer in March
was the 12 foot bubble chamber,
where 708 000 pictures of 6.5 GeV/c
negative kaons in hydrogen were
taken. The chamber was double
pulsed with the two pulses separated
by 300 ms. Combined with
200 000 pictures of 12 GeV/c
polarized protons in hydrogen taken
at the end of February and
200 000 pictures of low energy
antiprotons in deuterium being taken
during April, the chamber will have
logged 1.7 million pictures in a little
over two months.

URA Board of Trustees

The Fermilab is operated by the
Universities Research Association,
Inc. of Washington D.C. — a con-
sortium of 52 Universities involved
in particle physics research. The
Board of Trustees for the coming
year is: M.G. White — Chairman
(Princeton), M.L. Good — Vice-
Chairman (Stony Brook), R.R. Carl-
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son (lowa), J.H. Colvin (Texas-
Austin), LA, Getting (Aerospace
Corporation), G. Goldhaber (Brook-
haven), L.P. Gregg Jr. (First National
Bank of Chicago), R.M. Johnson
(Florida State), H. Koffler (Minne-
sota), B.D. McDaniel (Cornell),

N.U. Mayall (Tucson), L.L. Merritt Jr.
(Indiana), D.H. Miller (Northwestern),
H.K. Nason (Monsanto Research
Corporation), W.K.H. Panofsky
(SLAC), H.D. Smyth (Princeton),
G.A. Snow (Maryland), H.K. Ticho
(UCLA), A.B. Weaver (Arizona),

G.A. Webb (Carnegie-Mellon) and
V.F. Weisskopf (MIT).

Some like it cold

The world’s largest helium liquefier is
to be built by CTi-Cryogenics in col-
laboration with Sulzer and to be
installed at Fermilab before the end
of 1977. CTi have also recently de-

The 184 inch synchro-cyclotron built by

E.O. Lawrence at Berkeley, photographed shortly
after completion in 1946. Originally designed
for 100 MeV protons, it accelerated deuterons
to 200 MeV and was able to produce the newly
discovered mesons in the late 40°s. It was a
prolific source of particle and nuclear physics
results but has now dropped its physics role

to become a medical facility for therapy and
biological studies.

(Photo LBL)

b

livered a new refrigeration system to
Brookhaven to be used in their de-
velopment programme on supercon-
ducting power transmission lines.

Appointments at DESY Scientific
Council

At its April session, the Scientific
Council of DESY elected Prof. V. Soer-
gel (Heidelberg) as Chairman in suc-
cession to Prof. W. Paul (Bonn). The
Council also decided to extend its
representation by electing foreign
members. A PETRA Machine Com-
mittee is being nominated in addition
to the PETRA Research Committee.
Secretary of the Research Committee
is Dr. W. Bartel of DESY who may be
contacted on all questions in connec-
tion with letters of intent or proposals
for PETRA experiments. The first
meeting of the PETRA Research Com-
mittee is planned for 1 June.



Professor Weisskopf, who has received the
Oersted Medal from the American Association
of Physics Teachers, lectures to the vacation
students at CERN during his regular summer
visits. He is seen here in discussion after one of
these lectures.

Conferences

28 June-9 July: A study on the
uses of the Energy Doubler/Saver
will be held at Fermilab. The study
will concentrate on the new physics
that will be opened up by the
Doubler, on the modifications needed
in the present experimental areas
and what a new area, whimsically
christened the ‘Quark Area’, might
look like. Further information from
Joe Lach at Fermilab, P.O. Box 500,
Batavia, lllinois 60510.

12-16 July: The Third Study Group
on High Energy Heavy lon Physics
will be held at Berkeley. There will
be talks and discussion on the
experimental and theoretical accom-
plishments of the past year and on
the perspectives for the future in
heavy ion physics covering the range
20 MeV/nucleon to 2 GeV/nucleon.
Further information from N.K. Glen-
denning or L. Schroeder, Summer
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Study Group, Lawrence Berkeley
Laboratory, Berkeley, California
94720.

New accelerator column at Fermilab

During 'the March shutdown, a new
accelerator column was installed in
the Cockcroft-Walton pre-infjector at
the Fermilab. The new column has a
larger aperture in the accelerating
electrodes permitting more protons to
be accelerated. First operation has
boosted the current out of the linac
from a previous high of 160 mA for
normal operation to 215 mA. Aging
of the Jjon source and column is
expected to increase the current further
with the goal of 240 mA for single
turn (2.8 us) injection into the booster.
This will enable over 5 x 10* protons
to be injected into the main ring with
the 13 booster pulses needed to fill
the main ring. The 8 GeV beam

extracted from the booster so far has
been increased to 2.54 x 10" protons.

Physics awards

Victor F. Weisskopf has been awarded
the Oersted Medal — the highest
award of the American Association
of Physics Teachers. The medal is
given for outstanding contributions
in the teaching of physics and can
rarely have had a more deserving
recipient than Vikki Weisskopf who
continues to give a great deal of
his time and energy to the com-
munication of science. His general
lectures on physics draw large
audiences wherever he goes. For
example, for his recent talks on
‘Modern Physics without Mathe-
matics” at MIT, no lecture room
large enough to hold all who wished
to attend could be found. His written
work on science is no less popular.
Professor E.C.G. Stueckelberg has
been awarded the Max Planck Medal
for 1976 for his basic work on field
theory. Ernest Stueckelberg is pre-
sently Honorary Professor at the
University of Geneva and also works
in the Theory Division at CERN.
He was born at Bale in Switzerland
and this year has also been elected
Honorary Member of the Swiss
Physical Society.

Superconducting quad for ISR

A prototype superconducting quadru-
pole for a possible high luminosity
insertion in the CERN Intersecting
Storage Rings was successfully tested
in a vertical cryostat in the first week
of May. Already at its second quench
the magnet produced a field gradient
in excess of the design value (40 T/m
in a 173 mm warm bore) and after a
few further quenches reached the
wire limit conditions. The maximum
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gradient was 47 T/m with a maximum
induction of 6 T in the windings and
a stored energy of 700 kJ. The magnet
has to be fitted with 6-pole and
12-pole windings, presently under
fabrication, and will then be inserted
into a horizontal cryostat for final
testing and magnetic measurements.

Soviet neutrino. telescope

A vast detector is being installed
under a mountain in the Caucasians
to detect solar neutrinos. The hunt
for solar neutrinos has been led by
R. Davis of Brookhaven and the low
rate that has been observed, com-
pared to that calculated from the
assumed burning cycle of the sun,
has been one of the physics
mysteries of recent years. The Soviet
neutrino telescope has a first module
covering 2000 m? composed of
cubic tanks each holding 150 litres
of liquid scintillator (white spirit).
Eight modules are planned (four
vertical and four horizontal) for the
complete detector. A huge cave has
been cut out to hold the tanks and
it has been lined with special rock,
which has low radioactivity, and
steel. The neutrino telescope is part
of an astrophysics research station
of the Soviet Academy of Sciences.
The world’s largest optical telescope
with a 6 m mirror and a radio-
telescope are in the same region.

500 GeV at Fermilab

On 14 May protons were accelerated
to 500 GeV in the Fermilab synchro-
tron for the first time. Beam was
ejected to the neutrino area and
bubble chamber pictures were taken
at the new high energy. More

next month.
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A point of view

From time to time we hope to carry
individual comment on aspects of the
high energy physics scene under the
title of ‘A Point of view’. This month
we reprint (with kind permission) an
editorial which appeared in the No-
vember 1975 issue of the fine American
science fjournal ‘Physics Today’. It is
written by R.R. Wilson, Director of the
Fermi National Accelerator Laboratory
and relates to our opening article in
this issue concerning a ‘very big
accelerator”. We could hardly choose
anyone more appropriate to begin a
series of ‘individual comment’ since
we could hardly choose anyone more
‘individual’. Bob Wilson has repeatedly
distinguished himself by feats of
imagination which take his thoughts
beyond what is preoccupying most of
his colleagues. The Fermilab itself is a
monument to this vision. It is a
pleasure to open our pages to his
comment.

It has been a long-time ambition
of scientists to build an international
laboratory, one with participation from
every nation in the world. In CERN,
Centre Européen pour la Recherche
Nucléaire (how it rolls off the tongue),
we already have the prototype, the
paradigm, the Platonian ideal for such
a laboratory. When suggested some
twenty-five years ago, CERN was
regarded as the impossible dream of
visionaries. How could those divisive
nations ever come together and agree
upon anything? But now it is taken
for granted as the successful vehicle
of European collaboration. France may
pull out of NATO, but is it thinkable
that she pull out of CERN? Nor can
there be any question of the scientific
value of CERN. Had Western Europe
proceeded on narrow nationalistic
lines, then each of the nations would
have been swamped by the order-of-
magnitude larger effort of the USSR




or the US. Instead, through CERN
they have managed to achieve a
degree of scientific excellence that
must be reflected by their political
leaders in a pride of culture, a sense
of self that may be an important back-
ground for playing a significant role
in world affairs.

CERN grew out of a long tradition
of the universality of scientific knowl-
edge. Every country takes pride in its
own contributions, but, as every scien-
tist knows, a separate and distinct
German electricity did not develop in
isolation nor did a Russian chemistry.
This tradition of internationalism has
infused and informed science, has
contributed importantly to its growth.
In the very communality of this de-
velopment a direct communication
has developed between scientists of
different countries, and this has led
to personal friendships which in turn
provide a mutual basis for under-
standing important problems that tran-
scend those of science.

During the ‘cold war’ the cultural
interchange between the USSR and
US almost came to a halt. Immediately
following the ‘thaw’, among the first
to establish exchanges were physicists.
Resumption of physics talk — ah, that
was easy. But very soon the conversa-
tions were cautiously extended to
social and political questions much
more difficult to discuss with any
understanding. However, here scien-
tists have an advantage over states-
men, because they can start from the
friendly, neutral and well calibrated
statements of science and then go on
to the charged and tenuous terms of
politics.

Those tentative discussions led to
the Pugwash Conferences, designed
largely to discuss disarmament. The
success of the Pugwash conversations
led directly to the official discussions
about the Nuclear Weapons Test Ban
Agreement and, less directly, to the
SALT talks. This is not to say that

scientists can bring about disarma-
ment or peace between nations —
political leaders do that.

However, scientists can be among
the first to sense areas of possible
agreement — they may even be among
the first to recognize the urgency for
it, they may be useful in giving tech-
nical advice — none of this having
much to do with science itself —
except that for science to survive, we
must all survive.

Perhaps the international experience
of scientists in living in accord and
cooperation is relevant in this present
crisis of survival and can be of some
help. Maybe CERN will stand as a
hopeful beacon, the impossible be-
come real. And perhaps a world labo-
ratory, aside from the obvious scien-
tific benefits, could carry this expe-
rience an important step further. Just
as CERN had to solve problems of
currencies, of languages, of national
prerogatives, of industrial cooperation
between the European nations, the
solution to all of which may have
contributed seminally to the establish-
ment of the Common Market, so might
a world laboratory break similar ground
on a truly global scale.

Space physics, astronomy and high
energy physics as well as other
disciplines, can offer projects appro-
priate to this scale. In particular, high
energy physicists have met together,
perhaps for about 15 years each year
in a different country, to discuss col-
laboration in general, the world labo-
ratory in particular. Although a healthy
collaboration now takes place between
many of the countries, attempts to
form a world laboratory have been
confounded by national plans for
immediate projects. An 80 GeV syn-
chrotron at Serpukhov, intersecting
storage rings at CERN, a 400 GeV
synchrotron at Batavia, an even larger
machine at CERN, all stand in mute
testimony of what might have been
done more economically, perhaps

more intensely, at one world labo-
ratory. However, it can be said of all
those facilities that their exploitation
hasindeed been on a truly international
basis — and to everyone’s benefit.
But a new opportunity for a world
laboratory is in the air. We can now
see that the multi-hundred GeV level
will not be enough, that an accelerator
ten miles in diameter rather than one
mile will be required to give a more
complete picture of elementary par-
ticles. Particle physicists need ten-
thousand-billion electronvolts — ten
TeV — one billion dollars. If they and
the statesmen of a// the nations of the
world can get together to build and
operate such a laboratory — on a
really world scale — then the individual
nations will get more knowledge,
more technology and more oppotr-
tunities in science for their money
and effort. Even more important to
the nations, such an undertaking
might well provide some of the
experience in international living so
necessary for human survival — a
candle in the darkness.
R.R. Wilson
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Theswitch that

setsyou free

Three advanced pocket programmables from
Hewlett-Packard. With the switch that sets you
free on all three.

Free from the keyboard. You are not limited
to built-in functions: you can enter programs
yourself. Free from the need to enter algorithms
again and again in repetitive calculations. You key
in constants and operations once: then solve
swiftly for variables.

It's all very simple; very logical; very practical.

And Hewlett-Packard’s years of experience in
programmable calculators show up in a very
special combination of hard- and soft- ware that
effectively gives you extra programming power
The wide range of built-in
functions on the keyboards
make every step count. Hewlett-
Packard’s famous RPN logic
system and 4-level operational
stack can save and automatically

HEWLETT hp;
bt

re-introduce in correct sequence, up to three
intermediate answers: so you don’t waste steps
storing and recalling them. There’s more memory
than you expect in a pocket calculator. And
powerful software support.
EveryHewlett-Packard pocket programmable
comes to you complete with comprehensive
manual, packed with detailed programming
instructions and examples. Soft carrying case,
rechargeable batteries and re-charger/mains
adaptor are also included. So is a full year’s
warranty honoured at any of 172 Hewlett-Packard
offices in 65 countries.
It all adds up to a mind-
expanding instrument with the
- Hewlett-Packard look and feel of
= quality. One you will use with
# growing pleasure as you continu-
d ally discover new and unsuspected
capabilities in it and yourself.

PACKARD

Sales and service from 172 offices in 65 countries.
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Advanced programmables from
Hewlett-Packard-the first family

FIRST wit_h engingering potation FIRS four dimension pocket

(scientific in multiples of calculator—-HP-55.

10£3)-HP-25. 49 program lines with up 1. 49 steps of practical programming

to 3 steps in each. 72 built-in functions power. 2. No less than 20 addressable

covering science, engineering, maths memories! 3. 86 built-in scientific and

and statistics. statistical functions. 4. Built-in timer
Comprehensive editing facilities. with a resolution of 1/100 sec.

13 memory registers, eight separately Rugged, reliable, amazingly versatile

addressable. —the sophisticated HP-55.

A truly advanced programmable
calculator from Hewlett-Packard.
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FIRS fully-programmable pocket
calculator in the world-HP-65.

100 steps of program memory. Built-in reader
enables you to enter programs from pre-
recorded magnetic cards about the size of a
stick of chewing gum; or record for use over
and over again, programs entered through
the keyboard. Full range of built-in keyboard
functions. Powerful memory. Specialised
applications software in abundance.

Fast-growing library of programs from
users. Virtually a pocket computer.
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Thyratron CX1171B.

When you have an inverse voltage  directions without affecting the

problem then you have an interest hold off voltage.

in EEV’s double-ended thyratron. These new double-ended tubes
Conventionally, the thyratron are available in both 3in. and 4%in.

has been a triggered unidirectional ~ ceramic bodies -2, 3 or 4 gaps.

switch. EEV has now designed, Can we discuss our ideas and

constructed and successfully run your problems with you? Please

new triggered hydrogen thyratrons  contact our hydrogen thyratron

capable of conducting in both engineers at Chelmsford.

EEVand M-OV know how
ENGLISH ELECTAC VALVE COLTD Chromatons Essen erains Ov 50U Tor 0045 a7 Teee 56106 crame: Enelochos Sraioser: s& e E

La ligne
la plus
complete:

série 31

Fonctions maintenue ou momenta-

née, ¢léments a4 rupture brusque
mécanique, low level ou électroniques
pour toutes les ‘exigences, versions a
clef, voyants, également clignotants, dio-
des de blocage intégrées, affichages digitaux
{décodeurs, mémoires, diviseurs 10:1)...

Valorisation par

les boutons-poussoir
lumineux EAQO -

une formule connue au
monde entier pour des
solutions fonction-
nelles et esthétiques
de tous vos besoins

de commande!
Offrez-vous I’assu-
rance d’avoir choisi
«ce qui se fait de
mieux»... appareils de
commande et de
signalisation EAO.

Surface utile lumineuse et a graver accrue, pro-
fondeur plus réduite, pouvoir de coupure jusqu’a
SA[250V, collerettes 18 x 24 ou 18 x 18 mm, percage
16 mm, approbations internationales (ASE, CSA, UL,
DEMKO, OVE, Lloyds International)...

Nous attendons avec plaisir votre demande de documentation.

Electro-Appareils Olten SA

appareils de commande et de signalisation transformateurs convertisseurs

commandes

Tannwaldstrasse 88, CH-4600 Olten, téléphone 062/211961, télex 68 402
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Immunity from
electrical interference

For a reliable solution to your problems involving control,
counting, programming and signalling operations.

* The KS electronic system offers something more than
the mere certainty of fulfilling its allocated functions; it also
guarantees a standard of reliability which is proof against
everything, thanks to high intrinsic immunity from electrical
interference.

* This feature, which is absolutely essential in a multi-
purpose electronic system, is due to the special attention paid
to the basic system design, the most important characteristics
of which include:

e Shielding of the case, the mains cable and the signal
cables.

e Separation, by a central shield inside the case, of the

logic functions from the matching and power supply functions.
e Theinherent impedance of the lines and of the mains
power supply lead are matched to the impedances of their
supply sources.
e Problems of crosstalk are eliminated by the use of
signal cables which carry either input or output signals only.
e The system can be provided with a crystal time base
for operation in the synchronous mode.

* There is still a lot to say about the KS system’s immu-
nity to electrical interference. For further particulars, please
write for our detailed technical leaflet.

SODECO

SODECO-SAIA Ltd. Grand Pré 70 CH-1211 Geneva 16 (Switzerland) Tel. 022-33 5500 Telex 22 333
Representatives throughout the whole world by the sales network of the Landis & Gyr Group
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—— Degussa ¢

Capillary tubes, Pipes, Laboratory equipment

made of DEGUSSIT®,
the heavy-duty material.

ﬂ

(Capillary tubes, open and blinh
pipes, for protecting and
insulating thermocouples or
other measuring probes, cruci-
bles, annealing boxes, boats

and rods, for annealing and
melting metals and glass, for
evaporating metals and salts,

as crucibles for the production
of monocrystals, etc.

Please ask for our technical
rouments and experts’ advicej

\—

Degussa (Schweiz) AG

Postfach 2050 - 8040 Ziirich - Telefon 01-543900 - Telex 57946

Designed to
wash away
damaging
contaminants.

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 Safety
Equipment: Eye/Face-Wash
Fountains - Drench Showers *

Decontamination Stations
INTERNATIONAL

Laboratory Units « Freeze-
Proof Units

[JENNWALT

= STOKES

HIGH VACUUM equipments and components

Mechanical single stage

I mmediate delivery

Compact and complete

Reliable and economical

Operation quiet and vibration free
Vacuum blank-off : 10 micron or less
Automatic lubrication

Capacity : 7 models from 50 to 1250 m?/h

MICROVAC®

Vacuum pumps
Exclusive two year guarantee

94, rue d’Estienne-d’Orves, 92502 RUEIL-MALMAISON
B.P.11. Tél.977.34.09. Télex: 692181 F Pennwlt

Agent exclusif pour la Suisse:
U. GRAEZER VAKUUM TECHNIK
8001 ZURICH - Neumihlequai 6
Telephone 01 471588  Telex 58933
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Send for the
SERVOGOR® Goodfellow Metals
la gamme de qualite. catalogue and

ux Ml possBIeS price list.It contains
details of the large
range of metal foils,
wires, powders and
tubes available for
theresearch
scientist. It should
be your first point
of reference for
research metals.

SERVOGORP 25, 2Sh enregistreur bicanal

exécutions a une ou plusieurs gammes

17 gammes de mesure de 200V ... 250 V—
réglage a volonté de gammes ediaires
réglage de point zéro continu ou calibré
jusqu’a —400 /o

temps de réglage 0,25 ou 0,5 sec.

précision 0,25 ou 0,5 %0

largeur d'écriture 200 ou 250 mm

8 vitesses de papier

systemes d’'écriture disponibles:

encre, stylo a bille, feutre, saphir ou plume
Rotring

prévu pour dispositifs supplémentaires:
plumes de marquage, potentiomeétres
séquentiels, enrouleur automatique de
papier etc.

enregistrement sur rouleau de papier ou
feuilles séparées

extension prévue

\ Demandez la liste B-8.13 /
AG FUR MESSAPPARATE ol
oodfellow Metals Ltd.

3013 Bern  Schiaflistrasse 17 « Tel. 031- 4215 06 Cambridge Science Park, Milton Road, Cambridge CB4 4DJ. England.
Tel: Cambridge (0223) 69671. Telex: 81683

194



DC/DC-Converter

models from 1 to 100 Watt

3 Series:

— TMC: potted modules for
pcb-mounting, up to 10W
— TPC: on Eurocard
100x160 mmi, up to 100 W
— TPC-G: in Alu-box,

) THOMsON.CSF

| V4 .
dénergie
Standard input voltages: d, 1.
5,12, 24, 48 and 60 VDC
Output range: 5 to 48 VDC, (Also multiple outputs) argen

Currents to 12 Amps.

High efficiency and reliable advanced circuit
Interesting prices

Delivery from stock

de temps

Call or write for our new 1976 power supply
and dc/dc-converter catalog.

TRACO ZURICH conception
TRACO ELECTRONIC AG +etugle
JENATSCHSTR. 1, 8002 ZURICH, TEL. 01.36 07 11, TLX. 54318 + dess|n +
fabrication

Saphymo-stel
a Créé pour vous
une gamme compléte d’

Motoréducteurs

Bien des fois imités, jamais égalés, ni en
qualité ni en précision...

...parce que mis au point dans le cadre de
plus de 60 années de spécialisation dans la
construction de réducteurs a vis sans fin.

Saphymo-stel
APPAREILLAGES ELECTRONIQUES
ALIMENTATIONS STABILISEES

29, avenue Carnot - 91302 MASSY
Té1.920.84.71 - Télex : TESAFI 204 780 F J

Demandez la documentation ou la consul-
tation d’un de nos techniciens.

RPI 951-4A

Th. Ziirrer + Cie.
Birmensdorferstrasse 470, CH-8055 Ziirich
Telefon 01 352555, Telex 54506

195



I“RB"IA Labor-

Schittelmischer

efreie Wahl der Mischbehalter

von Fingerhutgrdsse bis 2Litergefass
esteriler, staubfreier, schonender
¢ Mischvorgang

eHomogenitat in kurzer Zeit erreichbar
ebevorzugt fur Feststoffgemische

WAB

SEIT 1933

Willy A.Bachofen
Maschinenfabrik

Utengasse 15/17, CH-4005 Basel/Schweiz
Telefon (061) 33 55 55, Telex 62564

Add to your nuclear instrumentation
with the following which
provide img
on the

PEN DOSIMETERS
SEQ 5 | B s

Measures the absorbed dose in soft tissues at a depth of
300 mg/cm?, due to photons of 50 keV or above and electrons
of any enegy.

Measures the absorbed dose in soft tissues
s E Q 6 at a depth of 300 mg/cm?, due to photons of
10 keV or above and electrons of any energy.

DASAL

Personal detector with an adjustable alarm level. Audible
warning with three levels.

BALISE 224

A wall-mounted or portable instrument for monitoring
the level of radioactivity. Visible or audible warning.

s E Q 7 7 mg/cm? (skin dose). Remote control for outdoor operation.

Good internal insulation, daily leakage less than 0.5%. Manu-
factured in accordance with French standards — DIN or
British standards on request. CEA-LCA system.

A B ° :l

34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL - FRANCE - TEL:7351610 +
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Data Logger with Microprocessor

Digitrend 220 .P from Doric Scientific

A complete and highly versatile instrument system for production control
and laboratory use.

Ml 20 to 1000 measuring positions

Il Scanning speed up to 20 channels per second

M Inputs: 6 types of thermocouple (J, K, T, E, S, R)
2 current ranges, 4-20 mA and 10-50 mA
4 linear voltage ranges with auto-range facility

Highly flexible programming : individual channels or decades

Built-in printer and serial outputs for magnetic tape devices, teletype,
punched tape or modem

Selective alarm for up to 32 individual limit-values
Computer random access
Data panel for identification read-in

M FET or Reed relay multiplexer

Ask for our fifty-page brochure

Dr. K. Witmer Elektronik AG

Seestrasse 141 8703 Erlenbach ZH Tel.01/908595

Bureau de vente Suisse Romande
Geérard Kuffer, Genéve Tél.022/523363

ION BEAM
TRANSFER MAGNETS

. MODEL 3514
2” QUADRUPOLE
DOUBLET

(shown with optional
vacuum chamber and cradle)

8.03 inches

7.97 inches

4.4 kgauss/inch
13.0 Volt, 46 Amp

Effective Pole Length
Effective Separation
Gradient (max)

Power (max per singlet)

DELIVERY - Normally Ex Stock

Another high performance magnet from ANAC's
comprehensive range of standard beam line elements -

Quadrupoles
Switchers
Analyzers
Beam Steerers

Call or write for complete technical specifications and prices:

AUCKLAND NUCLEAR ACCESSORY COMPANY LTD

P.O. Box 16066, Auckland 3, New Zealand
Tel 861-985. Cables: ADVANCED

AD-10-CC

You €00 should make use of our
Know-How in the field of
Light Structures Technology!

Our experience for decades:
estructures made of fibre reinforced synthetic materials
efibre reinforced synthetic foams
ebonding technique ®sandwich plates estructures

Contact: Contraves AG, Schaffhauserstr. 580 , CH-8052 Ziirich

10/80
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Miniatures
‘et universels:

série 11/21

Fonctions maintenue ou momenta-

née, éléments 4 rupture brusque
mécanique, low level ou €lectroni~

ques pour toutes les exigences;

voyants, boutons-poussoir...

Dimensions réduites, signalisation

par LED ou lampe 4 incandescence

Bi-Pin T1 longue durée, positionne-

ment optique en fonction enclenchée,
pouvoir de coupure jusqu'a 5 A/250 V,
montage par Parriére, percages 12 resp.

8 mm, approbations internationales (ASE,
CSA,UL,DEMKO,0OVE, LioydsInternational)...

Nous attendons avec plaisir votre demande de documentation.

Valorisation par

les boutons-poussoir
lumineux EAQ -

une formule connue au
monde entier pour des
solutions fonction-
nelles et esthétiques
de tous vos besoins

de commande!
Offrez-vous Passu-
rance d’avoir choisi
«ce qui se fait de
mieux»... appareils de
commande et de
signalisation EAO.

Electro-Appareils Olten SA

appareils de commande et de signalisation

transformateurs convertisseurs commandes

Tannwaldstrasse 88, CH-4600 Olten, téléphone 062/211961, télex 68 402

M Produits pour Ia technique réacteurs

Notre programme de vente comprend:

@® Appareils de laboratoire

Creusets, capsules et électrodes en platine, or
et argent

Fours de laboratoire jusqu'a 1775° C
Appareils de diffusion pour la fabrication
d’hydrogéne ultrapur

Terres rares

Métaux, oxydes, sels, Ce, Dy, Er, Eu, Gd, Ho,
La, Lu, Nd, Pr, Sc, Sm, Tm, Tb, Y, Yb
Semis en Platine, Palladium, Rhodium,
Iridium, Tantale, Niobium, Tungsténe,
Molybdéne

en fil, baguette, anneau, feuillard
thermocouples, thermocouples cryogéniques
ainsi que thermocouples a gaine métallique
MALLORY 1000

Matériel de haute densité pour la protection
antirayons

Produits pour usines chimiques
Catalyseurs sur base de platine, palladium et
argent

Disques de rupture, supports et supports a vide
Produits chimiques

Produits SPECPURE® et PURATRONIC®

de trés haute pureté pour le laboratoire et
I'analyse

JOHNSON MATTHEY &
BRANDENBERGER AG

Rigistr. 55, 8033 Zurich 6, Téléphone (01) 2697 60
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GENERATE
CALIBRATED
PARTICLES

..PRECISELY

== hat B

TSI's Model 3050 “Berglund-Liu* Aerosol Generator produces
aerosols with a high degree of mono-dispersity and an accu-
rately known particle size. It features:

® Size range — from 0.6 to 40 microns.

® Concentration — from 1 million to 10 mil-
lion particles/cu. ft.

® Variety of materials — salts, DOP, oils, dyes.
@ For: calibration of aerosol sizing instruments,
R & D in Aerosol Physics.

Free bulletin describes TSI's instruments which generate, sample,
weigh & size aerosols.

S Brindi AG
‘ﬁ'@ [) ) Postfach 230
4002 Basel

Tel. 061 /427955




Débitmeétres
GEC-Elliott, Rotameter Works, Croydon

Appareils calibrés et
non calibrés A
pour liquides et gaz

livrables ex stock Zurich type 1100

Vannes
a pointeau

en acier inox
au chrome 4421
et chrome-nickel-molybdéne 4436

Armatures Phonix

vannes d'arrét et de réglage

Hofer

technique a haute pression

Demandez la documentation auprés de

.EAE Oerlikonerstrasse 88
V Vl tél. 01/46 4040

vorm. WISMER AG 8057 Zurich

E. LOTTI S.A.

PLUS DE
5000 PRODUITS
EN STOCK

Réactifs MERCK
Scintillateurs CIBA-GEIGY

Produits
® de recherches VENTRON-ALFA

@ pour purification des eaux
(NaBH+«) VENTRON

e pour recherche électronique
et nucléaire ESPI

e biologiques GIBCO
e chimiques purs

Responsable: M. F. RIONDEL, ingénieur chimiste

8, RUE BAYLON, 1227 CAROUGE

TELEPHONE 42 57 66 / 42 57 65
TELEX: 289 382 LOTI. CH.

The
Answer

For all of your

CRYOGENIC NEEDS!

Full Range Cryogenic
Thermometer/Controllers
DRC-7C & DRC-70C

¢ 1t0400K Range e 1K Resolution%
e Recorder Output & Optional BCD
Output e Interchangeable Sensors
e Solid State Construction & Reliability
* 0.5K or Better Controlability &
¢ 0to 50 Watt Heater Output

DRC-70C
% ¢ 0.1 Resolution
% e 0.3K or Better Controlability

Models DRC-7C & DRC-70C offer the
convenience of Direct temperature read-
out and set point selection in Kelvin
units with a choice of readout resolution
and controlability.

The unique design and the use of com-
pletely interchangeable sensors allevi-
ates the necessity of instrument recali-
bration when sensors are changed, thus
allowing one to dedicate a sensor, but
not the instrument to a specific system.

The full range capability of these instru-
ments, coupled with 0 to 50 watts of
heater power make the DRC-7C and
DRC-70C the ideal solution to a multitude
of temperature control problems.

For details and lLterature write,
call, or telex

LAKE SHORE
(RYOTRONICS, INC.

9631G Sandrock Rd., Eden, N.Y. 14057

(716) 992-3411 Telex 91-396 CRYOTRON EDNE|

Contact us direct,
or our representatives

Overseas Representatives

Germany, Switzeriand, Austria
GTW

Lindenstrasse 45

8Munich 90

West German

0811 646784 Telex 524 564 CRYO D

Holland France, Portugal. Spein
Nenimyb v MERIC
Laan Copes Van Cattenburch 76-78 22 Boulevard Jean-Jaures
PO Box 1702 91 Arpajon
s-Gravenhage 2011 France
The Netheriands 490-12-81
070-469509 Telex 31706
United Kingdom Israel
Cryogenic Calibrations John Hess
Pitchcott, Nr Aylesbury 13 Gilad: Street

Buckinghamshire, England Jerusalem. israel
029-664 259 (Whitchurch 259)
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Un groupe de niveau européen
dans

DNET la prestation de services
Nettoyage industriel
\ ’ Nettoyage d’ateliers, bureaux, laboratoires, cliniques
Hygiéne, désinfection, désinsectisation, dératisation

Manutentions

Office nouveau du nettoyage ONET

13008- MARSEILLE 12 bis, boulevard Pébre tél. (91) 732850
75- PARIS 4 et 6, rue du Buisson - Saint-Louis-Xe tél. (1) 2081557
GENEVE b5/57, 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) 411207

Fourmsseur du CERN a Genéve, du CEA a Marcoule, Pierrelatte, La Hague,
de I'OMS, de 'ONU et de I'UIT a Genéve.

LUZIESA

Usinage a fagon par ultra-sons
Verre — Quartz — Céramiques
Usinage a facon par électro-érosion
Aciers traités — Carbures — Tungsténe

PMI REF-01
MONOLITHIC
10 V PRECISION
VOLTAGE REFERENCE opTemEERaV:E

References to the energy band- appareils de contréle non destructif (CEA - Belgo-
- nucléaire - Fabricants de tubes...)
gape of silicon, thus no warm-up N
or ageing is necessary. REFERENCES:
. CERN: plaque Data Box de B.E.B.C.
A Stable reference Voltage IS CEA: plaques de succion Mirabelle en service a Protvino
. . . . en U.R.S.S. (marques Brenner et Bits)
achieved within microseconds.

Adjustable within -3 % with ne-

— PETITE MECANIQUE DE PRECISION

— PROTOTYPES

— SPECIALITE MECANIQUE

FABRICATIONS PROPRES:

Générateurs d’Ultra-sons Multifréquences

gligible effect on the temperature G e o Ul sare.

drlft Cuves de Nettoyage
BOURNS (Schweiz) AG 6301 Zug CHATRES/CHER 41320 MENNETOU Tél. (39) 980102
Telephon 042 232242 Telex 78722 PARIS Tél (1) 3674822
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Q what is

as powerful as a computer?
as cheap as an interface ?

as self-reliant as a good manager?

as dependable as time?

child’s play to operate?

* The microprocessor in Camac that

— plugs directly into any existing crate

- has extensive software support

- can be demonstrated in your laboratory.

Ne Do Ne Ne Do NeNe Ne

Ne Do De

Ne Do Ne Do Ne Te

DANFYSIKC DANFYSIKC DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK

HIGH VOLTAGE POWER SUPPLY N1130

Consisting of 4 individually
regulated outputs in one
2/12 NIM module.

each one
of these4
midgets
IS more
capable
than
their
husk
grandpa

Output voltage
pos. or neg. : 0.1 - 6 kV
o o

DANFYSIK

Output current 3 mA at 3 kV
DANFYSIK capability: 0.5 mA at 6 kV

Do

DANFYSIK

Output ripple: less than 104 or
100 mV whichever is
greater

Stability: better than 5 x 10-4
for 24 hours

DANFYSIK

|
DANFYSIK
Temperature  better than 10-4/°C,
oavrvsik  coefficient: over 0 - 50°C
n.’ Input power common
=" for all 4 outputs

' DANFYSIK

DANFYSIK
DANFYSIK

DANFYSIK

Internal or external reference D‘l
setti n g DANFYSIK

current limit circuit, adjustable DADNF%‘K[
0.05 - 3 mA

voltage limit circuit, adjustable D&«
0.1 - 6 kV

DANFYSIK

Fully short circuit protected
Monitor output 0.1 - 6 V (1:1000) S5«

Status indication: overload/
DANFYSIK

Output voltage within one promille
of the selected voltage or both. Datrvsi

Rate control on output voltage DANF?,KI
1 kV/sec.

Max. overshoot on output volta- AV
ge 50 Volts

DANFYSIK

o DK 4000 JYLLINGE

(1@ DENMARK

o l PHONE: 03 38 81 50

(1@ CABLE: DANFYSIK ROSKILDE

Me TELEX: 43 136

(1@ CERN ordered more than
He

DANFYSIK

DANFYSIK

Hel Ne Ne Ne NelNe Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Te

DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSIK DANFYSHC DANFYSIK DANFYSIK DANFYSIK

100 of our highly regulated

e DANFYSIK HV power supplies.
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S SERUAL LEATE
INTERFACE LONTROLLER

CAMAC

@ % S| Serial Branch Highway
. I Controller and Driver
| ‘I8 from Nuclear Enterprises
5 e 08 82

® s @ The Serial Branch Highway puts a new
 nemme g dimension into Camac Multi-crate
srue. LosT @ Systems.
preasseo
o @ 9080 SERIAL CRATE CONTROLLER
o = Complex systems containing up to 62
Crates can be operated at data rates of
5Mbits/second. Minimum geographical
restraints are imposed using the Nuclear
Enterprises Model 9080.

9046 SERIAL BRANCH DRIVER

The Camac Serial Highway is a
uni-directional loop originating and
terminating at the Nuclear Enterprises
Model 9046. A Modem compatible V24
driving capability is a standard feature of
the instrument.

Full details on request. New 6-page
CAMAC Selection Guide also available.

@ NUCLEAR
ENTERPRISES
LIMITED

Bath Road, Beenham, Reading RG7 5PR, England. Tel: 073-521 2121. Telex: 848475. Cables: Devisotope, Woolhampton.
Also at: Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 8 Minchen 2, Germany. Telephone: 53-62-23 Telex: 529938
U.S.A.: Nuclear Enterprises Inc, 935 Terminal Way, San Carlos, California 94070 Telephone : 415-593-1455 Telex: 348371.
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to drive our new
remote controlled delay
with your camac system

hard

to believe how little
it costs

give us a call and find out more about
the FE292 and its CAMAC controller

SEN ELECTRONIQUE Case Postale 39 CH 1211 Geneve 13 tel (022) 4429 40 tix23353ch
ZURICH Im Zentrum 18 CH 8604 Volketswil tel (01) 86 51 03 tIx58257 ch
HAMBURG Postfach 223 D 2000 Wedel tel 04103 6282 tIx2189 5484d

MUNICH Radspielerstr. 8 D 8000 Miinchen 81 tel 089 916710 tix523167d ELECTRONIQUE
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You can wrap our
Nb.Sn superconducting wire
this tight.

That's why we were asked to supply the wire for
the first commercial pre-reacted multifilamentary
NbsSn magnet built in the United States. For
Wright-Paterson AFB.

Our NbsSn and NbTi multifilamentary
superconductors made a 9.5 Tesla mag-
net...with a 35-mm bore and only a 100-
mm outside diameter. It operates on 113A
at4.2 K with 100% short sample current. v
And it replaces a 5 Tesla magnet without add- |
ing one millimeter to the outside diameter.

We have a lot of our flexible, multifila-
ary NbsSn superconductors in stock.
7 7 We can
5 provide copper-
stabilized wires, cables
and braids, all with
high-packing densities.
From 300 to 500,000
filaments per strand. We
can supply the material

R unreacted, or pre-reacted, ready
towrap and use. In round, square, or rectangular cross-
sections to wind bores as small as 25 mm.

We also stock NbTi copper-stabilized or mixed-matrix (Cu +
CuNi) superconductors for pulsed or DC magnets. We also make
custom-designed shapes, composites and low-AC-loss NbsSn tapes.

Call or write Dr. Erik Adam or Dr. Eric Gregory for help...or just for our flexible
brochure. (201) 464-2400. Airco, Inc., 100 Mountain Ave., Murray Hill, New Jersey

07974, U.S.A. TWX 710-984-7985. A IRGO Inc

ment
e s
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