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The cover design, a departure from our usual
practice of using a photograph, shows one
aspect of the important technical development
that forms the main subject of this issue of
CERN COURIER. It represents in a schematic
way the proton orbits inside the CERN 28-GeV
proton synchrotron during multiturn  resonant
ejection of the beam. The circulating beam
(full band) is kept within a region where six
sextupole lenses (not indicated), spaced around
the accelerator, prevent it from becoming
unstable, though betatron oscillations (with all
possible phases) build up to some extent. As
the mean orbit is expanded (by reducing the
guiding magnet field), protons on the outer edge
of the beam enter unstable orbits in which the
amplitude of the betatron oscillations (exactly
six per turn, produced by the quadrupole lens
Q55) build up as shown. Eventually the hori-
zontal separation between subsequent orbits
becomes so large that a considerable fraction
of the protons pass, in the course of one
revolution, from one side to the other of the
septum winding of the ejection magnet EMB58.
Once within the magnet, the protons are
deflected completely out of the synchrotron. The
‘bump’ in the orbits near the ejection magnet
is produced after the protons have been
accelerated and allows the magnet to be fixed
in position outside the (relatively large) volume
required by the beam just after injection into
the accelerator.
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The European Organization for Nuclear Research, more commonly
known as CERN (from the initials of the French title or the original body,
‘Le Conseil européen pour la Recherche nucléaire’, formed by an Agree-
ment dated 15 February 1952), was created when the Convention establish-
ing the permanent Organization came into force on 29 September 1954.

In this Convention, the aims of the Organization are defined as follows:

‘The Organization shall provide for collaboration among European
States in nuclear research of a pure scientific and fundamental
character, and in research essentially related thereto. The Organiza-
tion shall have no concern with work for military requirements and
the results of its experimental and theoretical work shall be published
or otherwise made generally available.’

Conceived as a co-operative enterprise in order to regain for Europe a
first-rank position in fundamental nuclear science, CERN is now one of the
world’s leading laboratories in this field. It acts as a European centre and
co-ordinator of research, theoretical and experimental, in the field of
high-energy physics, often known as sub-nuclear physics or the physics of
fundamental particles.

High-energy physics is that front of science which aims directly at the
most fundamental questions of the basic laws governing the structure of
matter and the universe. It is not directed towards specific applications —
in particular, it plays no part in the development of the practical uses of
nuclear energy — though it plays an important role in the education of thew
new generation of scientists. Only the future can show what use may be
made of the knowledge now being gained.

The laboratory comprises an area of about 80 ha (200 acres), straddling an
international frontier; 41 ha is on Swiss territory in Meyrin, Canton of
Geneva (the seat of the Organization), and 39.5 ha on French territory, in
the Communes of Prévessin and St.-Genis-Pouilly, Department of the Ain.

Two large particle accelerators form the basis of the experimental
equipment :

— a B600-MeV synchro-cyclotron,

— a 28000-MeV (or 28-GeV) proton synchrotron,
the latter being one of the two most powerful in the world.

The CERN staff totals nearly 2200 people.

In addition to the scientists on the staff, there are over 350 Fellows and
Visiting Scientists, who stay at CERN, either individually or as members of
visiting teams, for periods ranging from two months to two years. Although
these Fellows and Visitors come mainly from universities and research
institutes in the CERN Member States, they also include scientists from
other countries. Furthermore, much of the experimental data obtained with
the accelerators is distributed among participating laboratories for evaluations.

Thirteen Member States contribute to the cost of the Organization, in
proportion to their net national income:

Austria (1.95%)
Belgium (3.83%)
Denmark (2.07%)
Federal Republic

of Germany (22.74%)
France (18.57%) Switzerland (3.19%)
Greece (0.60%) United Kingdom (24.47%)

Poland, Turkey and Yugoslavia have the status of Observer.

The budget for 1965 amounts to 128 760 000 Swiss francs (= $29 800 000),
calling for contributions from Member States totalling 126 400000 Swiss
francs (= $29 300 000).

Italy (10.78%)
Netherlands (3.92%)
Norway (1.47%)
Spain (2.18%)
Sweden (4.23%)

A supplementary programme, financed by twelve states, covers design work
on two projects for the future of high-energy physics in Europe — inter-
secting storage rings for the 28-GeV accelerator at Meyrin and a possible
300-GeV accelerator that would be built elsewhere @
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CERN site crosses the frontier

Monday 13 September was another
historic day in the life of CERN,
marking the signing of the agreements
giving the Organization an extension
of its site across the Franco-Swiss
border into French territory. CERN
thus becomes the first international
organization to have a single site
implanted across an international
frontier, half in one country, half in
another.

Three agreements were signed on
that day. In order of time, the first
was the lease granting CERN the
use of the land, the second an agree-
ment between the French and Swiss
Governments concerning administra-
tive and legal questions, and finally

"the agreement between CERN and the
Government of France, defining the
legal status, on French territory, of the
Organization and those who work for
it.

The lease was signed at Gex by
Mr. Georges Dupoizat, ‘Préfet du
Département de I'Ain’, Mr. Raymond
Rocher, .‘lnspecteur principal des
Impots’ of the ‘Département’, and
Mr. Augustin Alline, representing the
‘Ministre des Affaires Etrangéres’, and
by Prof. Victor F. Weisskopf, Director-
General of CERN.

The agreement between the French
and Swiss Governments was signed
in Geneva by Mr. ‘Jacques Martin, for
France, and Mr. Jakob Burckhardt, for

jwitzerland.

At CERN, a short ceremony, witnes-
sed by a few specially invited guests,
was held in the Council Chamber, with
Mr. J.H. Bannier, President of the
Council, presiding, supported by Sir
Harry Melville, Vice-President. Mr.
J. Martin signed the agreement for the
French Government and Prof. V.F.
Weisskopf for CERN.

This extension to the CERN site,
acquired by the French Government
especially for the purpose, covers an
area of 39.5 hectares (97.5 acres) in
the Department of the Ain, in the
Communes of Prévessin and St.-Genis-
Pouilly. It will bring the total area of
the laboratory to just over 80 ha
(nearly 200 acres). The lease is for
99 years (renewable), at a rent of
10 francs per annum.

The signature of these agreements
represents a further step towards the
construction of the intersecting stor-
age rings, for which approval was
given in principle by the Member
States of CERN last June (see CERN
COURIER, vol. 5, no. 7, June 1965)
and for which the site was necessary.

The presence of part of the labora-
tory in France does not, however,
change any of the provisions of the
Convention for the establishment of
the Organization, signed at Paris on
1st July 1953. In particular, the seat
of the Organization and the registered
address will continue to be Geneva,
Switzerland.

PS experiments

In the last two weeks of August
(34 and 35 in the PS schedule), the
main experiments at the proton syn-
chrotron were those using the two
bubble chambers in the North hall.
The 81-cm Saclay/Ecole Polytechnique
chamber, filled with liquid deuterium,
provided 60000 photographs of
5 GeV/c positive pions and 75000
pictures of 3 GeV/c negative kaons.
The CERN 1.1 m?® heavy-liquid bubble
chamber was used to obtain 200000
photographs of positive kaons. Each
of these pictures shows the tracks of
some 8 to 10 kaons which enter the
chamber, stop, and decay into other
particles, and it is planned to photo-
graph and examine some 5 million
events of this kind in a comprehensive
study of the decay properties of the
positive kaon.

During the same period, many of
the counter groups mentioned in last
month’s issue of CERN COURIER
continued to prepare their equipment
or actually conduct data-taking runs.
A start was made on ‘tuning’ the o4
beam line, containing three 10-m
electrostatic separators, which will
supply particles to the CERN 2-m
bubble chamber.

For six shifts during 26 to 28 August,
the machine was devoted solely to a
number of emulsion exposures, which
nevertheless made full use of the beam
in a rather interesting way. The main
experiment, carried out in the ks beam
normally used by the heavy-liquid
bubble chamber, involved the stopping

of negative kaons in an emulsion stack,
in order to study the hyperfragments
and sigma hyperons produced by the
interaction of kaons with atomic nuclei
in the emulsion. To ensure that the
kaons stopped in the stack, they had
to be passed through a ‘degrader’, to
decrease their momentum, and by
using a second emulsion stack for
this purpose the tracks of 800-MeV/c
kaons and their interactions were
automatically obtained for future study.
In addition, since target no. 6 serves
as the origin of the ms beam as well
as the ks, it was possible to expose a
third emulsion stack to the 3 GeV/c
negative kaons of this beam.

An interesting technical point for
which there was not space in the last
report, is that a new, shorter, fast
ejection magnet (EM 1) was installed
by the NPA Division in the tank in
straight-section 1 of the accelerator
during August. This solved a problem
of incompatibility that had arisen after
the installation inside the tank of the
first magnet of the my beam line, and
now enables both the fast-ejected
beam, hz, and the my beam to be used
at the same time. Although the
equipment appeared to work well when
the first tests were made in conjunc-
tion with the muon storage ring, at the
beginning of September, the intensity
of the external proton beam was not
nearly as high as expected. This,
however, was thought to be due only
to slight misalignment of the magnet,
or of some other piece of equipment
in a beam line that stretches for some
110 metres between the accelerator
and the storage ring.

During these tests, in each cycle
one bunch (59%) of the circulating
protons was ejected at an energy of
12 GeV, and another 15 % was direc-
ted, at 17 GeV, by means of the rapid
beam deflector on to target no. 6, for
the ms beam in the North hall. The
remainder, at 20 GeV during the
200-millisecond-long flat top, was
shared between target no. 1 (40 %),
for South-hall beams, and targets no. 60
(10%) and 64 (30%), for the East
hall @

We regret that the production of this
special issue devoted to the PS external
beams has meant that other items have
had to be held over until the November
issue.
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External
at the PS

by K.H. REICH, MPS Division

Ever since 1963% the use of external proton beams at
the CERN proton synchrotron (CPS) has become
increasingly popular. To provide these beams, two types
of ejection system are used to expel some or all of the
circulating protons from the accelerator. Both systems
employ a septum type of ejection magnet (EM). The
number of the straight section housing this EM is used
to label the particular system. Thus, there is ejection
system 1 (ES 1), which is the oldest, and ES 58, which
has just been put into operation ; work is progressing
on systems 62 and 74 and ES 16 is under serious study
(tig. 1).

WHY EXTERNAL PROTON BEAMS ?

In view of the effort and expenditure required to
provide each of these intricate and costly systems, not
to mention the radiation shielding of the external
beams, one obwviously expects external proton beams
to have important advantages when compared with
the internal beam. Ideally, all the protons accelerated
in the PS are eventually steered on to a target (which
may in some cases take the form of the liquid in a
bubble chamber). The comparison of beams can,
therefore, be stated as follows: in what respect are
external targets more advantageous than internal
ones ?** The answer is a complex one which must take
into account several seemingly unrelated aspects of the
whole problem.

** For a discussion of internal targets, see CERN COURIER no. 9

* See CERN COURIER, vol. 3, nos. 4-9 (April-September 1963).
(April 1960), pp. 8-9; all the developments mentioned there hav
since been put into effect.

ES58
(STE + MTE}

NEUTRINO

Drawings for figs. 1, 6, 7, 8
and 19, as well as the cover
design, by Miss G. Lieberwirth
(MPS Division).

proton beams

A new system for ejecting the high-energy proton beam from the
accelerator has recently come into use for the East experimental
area of CERN’s proton synchrotron. In this article, K.H. Reich,
who was responsible for co-ordinating all the many different
aspects of the work involved in the realization of this addition
to CERN’s experimental equipment, describes first of all why
external beams are desirable and then distinguishes between the
two main systems used for providing then : single-turn ejection
and multiturn ejection. The principles of the particular type of
multiturn  ejection known as resonant ejection, devised and
developed at CERN and now put into operation, are then
explained in some detail, followed by a description of the
installation, illustrated by a diagram of the layout and photo-
graphs. Finally, indications are given of the developments to
be expected at CERN both in the provision of more external
beams and in the sharing of the accelerated protons between
internal and external targets.

External targets

Pirstly, an external target itself may be conceived
almost without any restrictions as to location, size and
material, other than those given by its intended use.™
This means that it can be placed at a convenient
distance and angle with respect to a ‘stationary’ experi-
mental set-up such as the large bubble chambers, the
muon storage ring, or a heavy counter telescope, giving
a new degree of freedom which may even decide
whether an experiment is feasible or not. Then there
is no machine vacuum to be preserved, so that the
admissible target materials include gases and liquids,
such as liquid hydrogen and deuterium. External
targets can be aligned, exchanged and manipulated
more easily than internal ones.

There is no need to worry about what happens to the
circulating beam, and so the external target may be
used in conjunction with electrical or magnetic fields,
or both, of any characteristics. Such fields can be used
either to act on the target nuclei, as in the polarized-
proton target, or to influence the trajectories of the
secondary particles produced, as in the case of the
magnetic horn.

-

As a consequence of the absence of the PS magnetic
field, positive, negative and neutral particles, at all
energies, may be obtained from an external target
with the same amount of effort. With no accelerator
magnet unit in the way, the first lens of the secondary
beam line can be closer, thereby capturing more
secondary particles.

Again, because the primary beam before the target
is freely accessible, it can be tailor-made for the use
intended. In particular, the beam diameter and angular
divergence may be chosen and adjusted at will, and
the beam current hitting the target can be measured
with precision.

Finally, in view of the high efficiency of modern
ejection systems, the radioactivity induced in the

1. Diagram of the CERN proton synchrotron showing the
present (solid line) and future (dotted line) ejection systems.



2, Diagram showing the positions of the components of the fast ejection system ES 1 in the South target area
of he PS. FK is now known as FK 97, FEM as EM 1. FK

FK = fast kicker magnet
FEM = fast ejection magnet
FQ = pulsed quadrupole focusing magnet

, 1 d h Ai vy
FM g mag

P

H = magnetic horn

FEM ENG, now NPA Division).

/” Figs. 2, 4 and 5 by A. Dind (formerly
. /_/'

e
% e F Q (about 0.1 microsecond) between the passage of two

%' successive proton bunches. Thus the ejection efficiency
/é is practically 100 °0. After it was made possible also
- / to de-excite the fast kicker magnet in such a short
FQ( FM time, ejection of fewer than all 20 bunches in the beam
/ was achieved (partial-turn ejection, PTE), making

possible beam sharing between internal and external
targets.

accelerator should eventually be an order of magnitude
less than when working with an internal target.

On the other hand, internal multitraversal targets
(through which a proton may pass many times before
interacting) are said to be often more efficient in
producing secondary particles and preferable as a
(small) source of separated beams. Also, simultaneous
use of several beams originating from the same internal Schematic diagram of the way in which a septum magnet is used.
target has long been an attractive feature. While the At (a), the beam passes just outside the septum $ where the effect
advantages of external targets seem considerable, there of the magnet is almost nil, at (b) the beam has been deflected by
is, as yet, too little experience to forecast to what the kicker magnet so that it pass?s ir'|side the s‘eptu.m, comes under

. K the full influence of the magnetic field, and is ejected from the
extent they will eventually replace internal ones. It accelerator.
is likely, however, that the trend will be for them to
do so increasingly, particularly if the intensity of the
CPS is increased by a factor like five.

>

There are three main reasons for wanting the ejection
to be so fast, two fundamental ones and one techno-
logical. The fundamental reasons are, firstly, the
desire to reduce the background from cosmic rays
SINGLE-TURN EJECTION during the beam burst and, secondly, to separate in

The first ejection system for the CPS (built by NPA
MDivision) ejects the entire circulating beam during a
’single turn. Because of its short duration of 2.1 micro-

seconds, this single-turn ejection (STE) is also called
fast ejection. The system consists essentially of two
special magnets inside the PS vacuum system, together
with pulsed beam-transport elements (fig. 2)*. A fast
kicker magnet (FK 97) (fig. 3) is rapidly brought into
position round the beam at the end of the acceleration
phase of the PS cycle and pulsed electrically so as to
deflect the beam into a second magnet (fig. 4), the
fast ejection magnet (FEM), which deflects it further
clear of the ring vacuum tube and main magnetic field
and along a separate evacuated tube into the external
beam line. This arrangement enables the kicker magnet
to be switched on in a time shorter than the interval

CERN/P! 77.4.63

* Figs. 2, 3, 4 and 5 are taken from CERN COURIER, vol. 3, pp. 79-81
(June 1963), figs. 8, 4, 2 and 1 respectively.

3. The kicker magnet FK 97 installed in its vacuum tank in straight-
section 97 of the synchrotron. The tank cover is off and the magnet
can be seen in its withdrawn position out of the beam path.




5. Diagram indicating the circulation of the 20 discrete bunches of
protons that constitute one pulse of the accelerator. Each bunch
takes about 6 thousand-millionths of a second to pass a given
point and the spacing bet bunch is about 105 thousand-
millionths of a second.

time the arrival of the burst and its effect. As cosmic
rays are ‘uniformly’ spread in time, shortening of the
CPS burst (keeping the same number of protons)
reduces the number of rays arriving during the burst
and hence their effect on the data ; the separation in
time is required in experiments like that using the muon
storage ring. The technological reason is that
certain very highly powered supplementary pieces of
apparatus, such as the magnetic horn, radiofrequency
separators, and the very high-field magnets used with
nuclear emulsions, can only be energized for very short
periods of time. Not surprisingly, the first application of
the fastejection was in a field where almost all of the new
possibilities could be used simultaneously : neutrino
physics. Much higher neutrino and antineutrino fluxes
could be provided by means of the magnetic horn, and
the background from cosmic rays could be considerably
reduced. Subsequent applications include nuclear
emulsion work and the muon storage ring.

MULTITURN EJECTION

While very important for the experiments just
enumerated, single-turn ejection is only exceptionally
used for work with electronic counters and spark
chambers, as in the neutrino experiment; normally
bursts about 100 000 times longer are desirable. The
method of obtaining such bursts is multiturn ejection
(MTE), a gradual peeling-off of the circulating beam
over many revolutions.

In contrast to the conceptually simple STE (which,
however, presents formidable technological problems),
MTE is a much more tricky business. This can be seen
intuitively from the following consideration : at the
energies at which it is normally used, the internal beam
has a diameter of about 1 cm ; if it is to be ejected over
a period corresponding to 100 000 revolutions, then the
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EXPLANATIONS OF THE ABBREVIATIONS

EM Ejection magnet (bending magnet) (EM1,
EM 58 etc.).

ES Ejection system; labelled according to
straight section housing EM (ES1, ES 58
etc.).

FE Fast ejection. Another name for STE or
PTE.

FK Fast kicker magnet (FK 66, FK 97 etc.).

MTE Multiturn ejection : the beam is gradually
ejected during a large number of turns
(500-100 000). With the resonant ejection
used at the CPS the burst can be long
(slow ejection) or short (quick ejection).

PTE Partial-turn ejection : basically the same
as STE, but the FK is energized for a time
shorter than a full CPS beam revolution
period, causing the ejection of a preselec-
ted number of bunches.

QE Quick ejection : short-burst (~.1 ms) mode
of operation of the resonant (MT) ejection.

RBC Radial bump coils, used for deforming the
equilibrium orbit of the internal beam.

RE Resonant ejection : MTE used at the CPS
in which a controlled resonance is set up
between the revolution of the protons along
their orbit in the ring vacuum chamber
and the betatron oscillations about this
orbit.

SE Slow ejection : long-burst (~.200 ms) mode
of operation of the resonant (MT) ejection.

STE Single-turn ejection : the entire beam is

0 ejected during a single turn by means of
an FK and an EM.

individual ‘layers’ are some ten thousandth of a milli-
metre thick. In other words, at a certain stage a proton
finds itself at a given radial position and begins to be
ejected while its neighbour, which is a thousandth of
a razor blade’s thickness further to the inside, must be
made to stay a little tonger inside the CPS !

An early scheme to perform this feat, which has
been and still is used at other proton synchrotrons.
involves the use of a suitable internal target. A profon
hitting this target loses so much energy that its new
orbit is sufficiently separated from the old one to
enable the thin winding of an ejection magnet to be
placed in between the two.

While an individual proton is thus ejected rather
quickly, the long burst comes about by steering the
internal beam path very slowly into the target. This
scheme was undoubtedly a large step forward when it
was first used a decade ago ; to-day it is less attractive,
mainly because the use of the internal target entails
drawbacks such as beam loss, through nuclear inter-
actions and scattering, and beam blow-up, through
multiple scattering and increased energy spread. As
a consequence of these defects the ejection efficiency
is usually only about 30-50 %, and the beam diameter
(strictly speaking, the beam emittance) as well as the
energy spread 'of the external proton beam are larger
than that of the internal beam.



Resonant ejection

The modern method, used for the first time in a
proton synchrotron at CERN*, is known as resonant
ejection. TUnder normal operating conditions, if a
proton is slightly deflected from its path because of,
say, the existence of a stray magnetic field in a straight
section, it ‘oscillates’ about its former orbit. However,
because of the design of the magnetic field, the proton
never comes back to exactly the same place after each
complete revolution and so these betatron oscillations,
as they are called, never build up to any great ampli-
tude. This feature of the magnetic field is, of course,
extremely important for the operation of the synchro-
tron, and for this reason a number of guadrupole and
sextupole magnetic ‘lenses’ were included in the original
construction so that the field could be corrected if
necessary. In fact they were not needed, but these
same lenses now form the basis of the resonant ejection
system.

The system works by setting up a resonance, in a
controlled way, between the revolution of the protons
along their orbit in the ring vacuum chamber and the
betatron oscillations about this orbit. From a number
of possibilities (integer, half integer, one third) the
integer resonance was chosen for the multiturn ejection
at the CPS because it could most easily be achieved
with the existing lenses. This means that the number
of radial betatron oscillations per revolution, instead
of being near 6.25 for all orbits inside the CPS vacuum
chamber, is made to decrease as the orbit radius gets
bigger, passing through the value 6.0 for the orbit
running (very roughly) along the middle of the chamber.
For this, one guadrupole and a number of sextupole
lenses are used. Each time it passes through the
quadrupole lens a resonant proton (see below) exper-
iences, on successive turns, an increasing deflection to
the outside, producing a growth in the amplitude of the
betatron oscillations (see cover design). After 50-100
reviolutions the amplifude growth per turn has reached
about 20 mm under typical operating conditions.

In the CPS, about a thousand million protons are
building up such oscillations more or less simulta-

* See CERN COURIER, vol. 3, pp. 110-111 {(September 1963).

EM58

neously. Thus, at a given instant, some protons are
found at practically all radii greater than the ‘unstable’
radius. This means that an ejection magnet of the
septum type, placed at practically any radius, will
necessarily cause the loss of some protons (those which
fall on to the septum). However, it is reasonable to
expect that with successive turns separated by, say,
20 mm and a septum thickness of a few millimeters a
high proportion (like 70%1) of the protons will enter
the opening of the EM and be ejected. This empha-
sizes, however, the need to keep the septum as thin as
possible.

Besides giving a boost to the oscillations once they
have started to build up, the sextupoles have the task
of keeping the remaining protons out of resonance
while they are awaiting their turn. In other words,
referred to the position of the quadrupole, the sextupole
action reinforces the quadrupole action at radii larger
than the ‘unstable’ one and diminishes it at smaller
radii. Thus the entire circulating beam can be kept
in the CPS even with the lenses fully energized, so
long as it is positioned at a radius sufficiently far to
the inside of the ‘unstable’ radius.

This then is the sequence of events for achieving
resonant ejection. The magnet cycle is chosen such
that the protons in the ring reach the desired energy
at the onset of the ‘flat top’. The radiofrequency
accelerating field is then switched off and the protons
continue to circulate as a beam, 5 to 10 mm wide,
under the influence of the guide field of the main
magnet. At this stage the quadrupole and sextupole
currents have also reached their correct values and the
‘unstable’ orbit is somewhat larger than that on which
the beam is circulating. The guide field is than steadily
reduced, E:ausing the average proton orbit to expand ;
when the orbit reaches the ‘unstable’ radius, growth of
the oscillation amplitude starts (see fig. 6). By then
the EM has been energized and deflects the protons
that enter it out of the CPS and into the external beam
line.

The burst duration thus depends on the rate of change
of the synchrotron guide field, which directly controls
the ‘spill-out’ rate. Two burst durations are of practical
interest. A long burst, lasting about a fifth of a
second, is used for electronic-counter and spark-
chamber work ; this is also referred to as slow

6. Schematic representation of the beam beha-
viour, on either side of the ejection magnet,
during slow ejection from straight-section 58.
The numbers on the lower scale are those of
the sitraight sections between synchroiron

- magnet units ; the side scale shows distance
-7 horizontally from the mean orbit in the centre
of a focusing section (F) or defocusing
section (6-cm D displacement corresponding
to 8-cm F displacement). O represents the
undeformed orbit, DO the same orbit defor-
med by the action of the bump coils, E
(shaded) the envelope of orbits followed by
protons on their last turn before entering
the ejection magnet (deflection by the EM
is not shown). The septum of the ejection

magnet is indicated in black.
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7. Schematic representation of fast ejection
using EM 58 and either FK 97 or FK 66. As in
fig. 6, numbers round the circle represent
straight sections whilst the displacement
from the undisturbed orbit is given by the
radial scales. The solid line shows the orbit
disturbed by the bump coils but with the
kicker switched off ; the dotted lines show
the effect of energizing either of the kicker ™~ _
magnets.

ejection. A short burst, lasting about a thousandth of
a second, is used (for example) for bubble chamber
work other than with r.f.-separated beams ; this mode
of operation goes also under the name of quick ejection.
The short burst is obtained not with the flat top but
by using a high rate of field change during the falling
part of the magnet cycle. For the long burst the flat
top must be inclined very slightly only, the rate of
change being in fact only a small fraction of a per cent.
of that normally used during rise and fall of the
magnetic field. This presents a difficult technical
problem because the ripple on the magnet power supply,
intrinsically largest on the flat top, produces instanta-
neous rates of change many times larger. At the CPS
this basic problem was solved by adding an electronic
filter to the supply. Furthermore, the instantaneous
rate of beam spill-out is controlled by means of a
feedback system which moves the beam automatically
further to the outside in the CPS quadrupole when the
spill rate decreases, and vice versa, thereby accelerating
or delaying the spill-out process. The result is a fairly
good rectangular-shaped burst, as ideally wanted by
the experimenters.

THE NEW EAST-AREA SYSTEM

The detailed working of the resonant-ejection method
was studied experimentally in 1963 after a long-pulse
EM had been installed in straight-section 1 of the CPS.
Its behaviour was essentially as expected from theory ;
in particular it could be shown that the quality of the
external proton beam was not much different from
that of the internal beam and that the ejection effi-
ciency was as high as calculated.

Unfortunately, the use for physics of this experi-
mental beam turned out to be far from easy because
of the closeness of the fast-ejected beam and secon-
dary beams from target 1. For the new East-area
ejection (designed and built by MPS Division) it was
therefore decided to separate more widely in space the
slow-ejected proton beam, the fast-ejected beam, an.
the secondary beams from internal targets. Besides
the studies of possible ejection trajectories, the early
work was aimed at finding out how far the septum for
a long-burst EM with a high useful field (20 kilogauss)
could be thinned down and to what extent the stray
field could be reduced. After theoretical and experi-
mental results had shown the feasibility of a satis-
factory EM up to these field levels, the following
solution was adopted : slow ejection (long-burst resonant
ejection) from s.s. 62, secondary beams from s.s. 61, and
fast and quick ejection from s.s. 58. While awaiting
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the completion of ES 62, ES 58 is also used to produce
long bursts for electronic-counter and spark-chamber
work. The new ES 58 is shown on the inside picture
pages (153-156), and some of the highlights are discussed
in the following paragraphs.

Ejection magnet

Unless one rearranged the positions of the long and
short straight sections — an enterprise of non-negli-
gible scope which might adversely effect the CPS
performance —, this scheme necessitated ejection from
a short straight section. It was also decided to use, if
at all possible, a stationary EM, placed outside the
space occupied by the beam orbits during injection
and acceleration. A stationary magnet increases the
beam-sharing possibilities and reduces the maintenance,
since no moving parts can wear out. As the beam
displacement by means of the FK could not be increased
markedly, this meant deforming the equilibrium orbit
locally to bring the circulating beam close enough to
the septum of the EM before switching on the FK.
This orbit deformation is achieved by means of 4 pairs
of special windings (radial bump coils, RBC), placed
on the yokes of 8 CPS magnet units. The maximum
amplitude of the deformation obtained after installation
of enlarged vacuum chambers is about 8 cm. For MTE
about half this amplitude is used (fig. 6), and for STE
7 to 8 cm (fig. 7).

After it had been shown, contrary to some early
apprehensions, that the beam survives this brute-force
treatment, studies were concentrated on the problem
of how exactly to get the beam out through the fringing
magnetic field of the accelerator without worsening its
properties. Contrary to the useful field in which the
ring vacuum chamber is placed, the fringing field is not
linear and it can therefore distort rather badly a particle
beam passing through it. Such distortion leads to an
increased spot size on the target, adversely affecting
the usefulness of an external proton beam. One way
to deal with this problem is to eject at such a large angle
that the fringing field is traversed through a compar-
atively short length only and the most dangerous parts
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9. Power supply for septum magnet.
Supply : 60 V, 16 000 A pulsed, Pulse rise time : 30 ms,
Current ripple : <7 0.2 % (with filter), Load : 3.3 mohm, 40, H.
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10. Electronic

8. Simplified diagram of part of the synchrotron ring, showing the
layout of ejection system 58 and the external proton beam line. The
other photographs and diagrams on these pages show various parts

of the system and some of the results of the first trials.
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16. Lamination and septum winding 17.

for ejection magnet. The sep-
tum has been cut to show the
cooling-water channels.
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1st section (left)

Main magnetic field (kG) : 10
Mean stray field outside septum (G) : 6
Yoke length (mm) : 700
Air gap (mm) : 19 x 39
Septum thickness (mm) : 3
Pulse length at full current (ms) :

Duty cycle :

ter for septum-magnet power supply.

The two sections of the ejection magnet (designed for thin septum and high fields).

2nd section (right)

20
50
520
19 x 30
6.1
200
1:10
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12, Shimming and shielding of CPS
magnet,
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Right: 2 of the 5 shim supports
(4 shims with hyperholic
pole pieces, including
2 with additional nentral
pole, 1 shim with parallet
poles).

« marble shielding of external target

heam-transport elements

Centre : arrangement in magnet 59 :
« magnetic shield of external beam Firstpart: bending section (alumi-
nium  spacers between
parallel poles),

. magnetic shims on CPS magnet unit Second

part : shielding section.

< tank 58 hausing ejection
: ¥ magnet
¥y

1. General view of
external proton beam
line from s.s. 58,

7 18. Ejection magnet installed
ins.s.58.10 kG and 20 kG
septum magnets mounted
in series inside quick-
disconnect vacuum tank
{‘Out’ position, front part
of tank removed).
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i c
13. One type of shimming of CPS magnet (the other type us
a) Principle : the two pieces marked S and the neutral
C = circulating beam, E = ejected beam, V = vacuum
b) Photograph of shim mounted on 101st magnet unit for
¢) Result: in the region through which the beam passes,
remains constant (curve 2).
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parallel pole pieces).

‘e N create a quadrupole field (P = pole pieces of magnet,
rambers).

sasurements.

¢ gradient no longer varies (curve 1, without shimming) but
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Foreground :
Centre :

Background :

13. Partial view of external proton beam line, looking towards target.

TV camera (TV3) and box housing up to 12 screens
changed by remote control,

slim d.c. lenses (Q3 and Q4) and bending magnets
(B4 and BS5),

marble shielding of external target.

cm

CERN/SIS 24282

20. Slow internal-beam spill.

Upper left :

Lower left :

TV screen no. 1 in front
of ejection magnet ;
aperture lined up with
magnet aperture,

internal beam shifted
vertically by means of
CPS dipoles to show
full beam width,

Upper right :  characteristic TV beam-
spot image with spill in
progress (5-mm gridon
screen),

Lower right:  horizontal beam profile
as seen by selected
solid-state diodes at

exit of ejection magnet.
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: B. Sagnell (MPS Divisiot

Photo

14. Partial view of external proton beam line, seen from top of synchrotron magnet.
From left to right : slim d.c. lens (Q4), 2 C-type d.c. bending magnets (B4 and
B5), 2 exchangers for nuclear emulsions used during measure-
ments, marble radiation shielding of external target,
In right foreground : standard beam-transport lens, for secondary beam og.

15. View of the complex target
mounted in its support frame. The beam
enters from the right and traverses the
target head T along the line BB, as
indicated. The head in use, two spares,
and various luminescent screens, § can
be seen mounted on the disk which can
be rotated by remote control in order to
bring the required one into position.
Observation of the screens, either for tar-
get alignment or for beam alignment and
focusing is made by means of mitrors,
M, and a TV camera. On the beam-entry
side, the diaphragm D (shown here fully
open) can be adjusted by remote control
so that the aperture is just large enough
to let the beam pass through ; any beam
jitter can then be detected by the light
produced in the | t material at
the rim. The target is positioned hori-
zontally and vertically by beams of the
unit P and rotated about a horizontal or
vertical axis by the unit R.

-
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)
21. External-beam current transformer for 1.5-ms burst. %)
Left : casing v_wth.fm.!rfold magnetic shielding, E -"
Centre : electronics in ring, Lcu)
Right : transformer cores and external-beam vacuum ’
chamber.

CERN/SIS 24284

CERN/SIS 24364
22. Oscillograms of beam burst produced by resonant ejection.

Left : long burst (180 ms duration); Right : short burst (1 ms duration);
Sweep : 50 ms/division, Sweep : two upper traces, 50 ms/division,
Top trace : flat top of magnet cycle, two lower traces, 0.5 ms/div.,
Second trace : circulating proton current, Top trace : flat top of magnet cycle,
Third trace : current in positioning Second and
CPS dipole, controlled by third trace : circulating proton current,
spill-out rate, Bottom trace : signal from counter looking
Bottom trace : signal from counter looking at external target.

at external target.
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are avoided. This is the solution adopted for ES 1.
In principle, it would also been possible for ES 58
and ES 62. However, this would have meant a very
powerful ejection magnet (20-kilogauss field through-
out) which would necessarily have had a thick
septum, This in turn would have led to a reduced
ejection efficiency. Therefore a compromise solution
was adopted,which nonetheless resulted in a practically
undistorted beam as well as a good ejection efficiency.

For this the fringing field was corrected as far as
possible towards the equilibrium (non-ejected) orbit
by means of two types of high-quality magnetic shims
(see figs. 12 and 19). The external beam trajectory
was chosen to have the smallest ejection angle that
would still just bring it into the corrected region. A
two-section ejection magnet (fig. 17) was then provided
to produce this angle (about 1°) with a minimum
thickness of septum. The first section, 70 cm long,
produces a field of 10 kG using a septum 3 mm thick.
At the end of this section the beam has been deflected
about 3.2 mm away from the line of the septum so
that the second section, which is 52 ¢cm long and set at
an angle, can have a septum twice as thick as the
first one without causing extra beam loss. This made
it possible to use two windings and to obtain a field
of 20 kG, using a special cobalt steel. The most
difficult problems arising with these high-~grade magnets
were the cooling of the septum and the reduction of
the outside stray field. The instantaneous current
density in the septum reaches wvalues as high as
300 A/mm?, posing a considerable problem of water
cooling to carry the heat away between pulses. The
solution adopted was to incorporate the cooling-water
channels into the septum itself (fig. 16), after the CERN
Technology Workshop had succeeded in producing
such an arrangement by electroforming and a long life
test under shock conditions had shown its mechanical
robustness. The stray magnetic field on the circulating-
beam side of the septum must be small, because
otherwise it disturbs this beam in an intolerable way.
Through detailed studies and very careful design this
field was brought down to 6 gauss (from 10 000 gauss)
in the first section, and to 50 gauss in the second
section (which is further away from the circulating
. beam), values which are no longer harmful. Another
technological feat is the power supply for this magnet
(fig. 9), which provides the required long-current pulses
of up to 16 000 A with a precision better than * 0.2 %.
It uses silicon controlled rectifiers and electronic ripple
filter (fig. 10).

Beam transport

The beam-transport elements (see figs. 13 and 14) are
not pulsed, but are J.c. powered in the normal way, in
view of the long MTE bursts. However, by adopting a
‘figure-of-eight’ design for the lenses and C-type
design for the bending magnets, their radial dimensions
could be reduced to such an extent that only 12-cm
clearance is required at any point between the axis of
the external beam and any boundary object (CPS
magnet, tunnel wall, etc.). This, in fact, is the same as
for the pulsed bending magnets used with ES 1 (the
pulsed lenses are slimmer, but their bore diameter is
20%s smaller). One of the ‘slim’ d.c. lenses is even
installed in a CPS straight section, right against the

synchrotron vacuum chamber. Thanks to adequate
magnetic shielding, it does not disturb the injected
beam noticeably.

Monitoring arrangements

Another important category of apparatus for the
ES 58 includes the beam detectors and monitors. For
the beam setting-up and stability control, light-emit-
ting screens and closed-circuit television (fig. 13) proved
invaluable. As the cross-sectional area of the beam
and hence the proton density on the screen varies by a
factor of about 1000 in going from, say, a focusing
lens to the strongly focused spot on the target, screens of
widely different sensitivity are needed for meaningful
observation. This is, of course, all the more true if
one wants also to work with very different beam
intensities, for example by changing from MTE to PTE.
The problem was sclved by adopting a mechanism
which changes up to 12 screens (in vacuum) by remote
control and by using 4 different screen materials. In
order of increasing sensitivity the materials are fluoros-
copy screens as used in x-ray fluoroscopy, zinc
sulphide (ZnS) on aluminium sheet, plastic scintillator
1 mm thick, and cadmium tungstate (CAWOQ,), again
on an aluminium sheet. An arrangement of 20
semiconductor-diode strips permits at one point
simultaneous observation of the spatial and time dis-
tributions of the external beam (see fig. 20). The beam
intensity of the fast-ejected and quick-ejected beams
is measured by means of current transformers (fig. 21),
developed from the earlier version employed in the
fast-ejected beam of ES 1. A secondary-emission
chamber was built for the measurement of the intensity
of the slow-ejected beam. Various Cherenkov counters
monitor the radiation from strategic places such as the
EM septum and the target.

Many items of impeortance

A project of this size to which moere than 100 people
contributed at CERN in one way or another includes
of course many more items, all of them important for
the final success but for whose description the space
is lacking. Mention should at least be made of the
vacuum system, namely the enlarged CPS vacuum
chambers and the vacuum pipe for the external beam,
which is directly connected (without any window).
The EM is housed in a tank especially designed as a
quick-disconnect plug-in wunit (fig. 18). If the need
should arise, an EM can be exchanged with a spare
unit in about 15 minutes. In the Main Control Room
the new controls and means of observation take up
about € additional racks, arranged to permit inde-
pendent, self-contained operation of beam spill-out and
of the external proton beam proper. A new building
(the East-ejection building) had to be erected to house
the power supply for the EM and the supplies for the
orbit bump coils and the CPS ejection quadrupole
(no. 55).

First trials

The results of the running-in of the system have
already been reported in CERN COURIER (vol. 5, p. 115,
August 1965). Broadly speaking, everything worked as
expected on first trial. The ejection efficiency of the
MTE is about 70%. The strongly focused fast-ejected
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beam passes continually through a hole 2 mm in dia-
meter in a ZnS screen without visibly illuminating the
rim. Under the same condition the multiturn ejected
beam just touches this rim. Besides testifying to the
beam stability this demonstrates the success of the
magnetic shimming — after taking away the shims the
spot size was roughly doubled and the edge was no
longer sharp and regular. The spot sizes obtained are
fully adequate for the beam uses intended, and with
further operational experience it may even be possible
to reduce them somewhat. Similarly, the character-
istics of both the long burst and the short burst from
the MTE (fig. 22) come up to the physicist’'s expect-
ations. The characteristics of the STE, achieved by
means of FK 97. are unchanged from those already
known from ES 1.

THE FUTURE

ES 62 and ES 74 (planned for the new neutrino area)
are scheduled to come into use in 1966. ES 16 should
be ready in time for the Intersecting Storage Rings and
their 25-GeV experimental hall.

On paper a scheme has been worked out to increase
the MTE efficiency above 95%, thereby considerably
reducing the radioactivity induced in the CPS and
providing a cleaner beam for physics. It involves
focusing of the internal beam during its last turn before
ejection by means of a lens with a septum about 0.2 mm
thick. This scheme will be put into operation as a
second stage of ES 62.

Another beneficial line of development should be the
furtherance of beam-sharing techniques. The rise
times of most pulsed elements have already been speci-
fied at as low a value as Y50 second (ten times less than
usual). The remaining elements will be modified in the
months to come, and a comprehensive programming
system is under development. Thus a rapid succession
of bursts on internal and external targets during the
same CPS pulse will soon become possible.

Beam sharing between internal and external targets
will be further improved when the fast kicker FK 66
comes into operation. This new magnet will have an
aperture sufficiently large for it to be left permanently
in position inside the vacuum chamber, instead of
having to be moved into place at the correct instant
in each acceleration cycle. As the vacuum-chamber
aperture has to be free for internal target operation,
the interval between the two types of operation (exter-
nal and internal) in any cycle will be shortened by a
significant amount, since one will no longer have to
await the withdrawal of the FK. Another, probably
even more important, feature of the new kicker will
be the possibility of energizing it repeatedly during
the same CPS pulse for beam sharing between several.
ejection systems.

As a further step, multiple beams from the same
external target should come into existence in the some-
what more distant future. While already being served
well, high energy physicists may thus expect an ever
increasing range of facilities at the CPS in the months
and years to come @

Vacuum

Pumps

Wismer AG

Oerlikonerstrasse 88
8057 Zurich
Tel. 051 46 40 40

Backing

with automatic addition and filtration
of oil.

Backing pumps working with
a high suction pressure

show appreciable losses of oil
which escapes

with the expelled air.

The problem of making up the oil
charge of the pump continuously and
automatically has been

solved by HERAEUS in a simple and
interesting way.

At the same time the pump oil
is filtered.

We shall be pleased to place detailed
documentation at the disposal
of our customers.
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35 Mc MULTISCALER SYSTEM

WITH AUTOMATIC RECORDING
OF INFORMATION

Completely transistorised

Guaranteed to work up to 55° C (131°F)

version of the system developed at CERN -the European
QOrganisation for Nuclear Research.

Compatible with CERN standard systems.

Results recorded by print, punch or magnetic tape.

Rapid adaptation by general control unit to all usual recording
systems.

Scaler input level : 500 mV min., 12 V max. Resolution better than
30ns with triple pulsing.

ACCESSORY PLUG-IN UNITS :

o Code converter

Time base

Delay unit

Control unit

Scaler convertible from 2 X 3 to 1 X 6 decades
10 channel pattern unit

Parameter indicator

Remote control box

OTHER PRODUCTS :

® Fast discriminators

Fast linear gates

Triple coincidence units
Delay boxes

Attenuators

Photomultiplier bases
Transistorised power supplies

STUDY AND DEVELOPMENT OF SPECIAL APPARATUS
PLANNING AND PRODUCTION OF EQUIPMENT

FOR INDUSTRIAL AUTOMATISATION
AND DATA HANDLING

SOCIETE D’ELECTRONIQUE NUCLEAIRE

73, RUE DE LYON - GENEVE[SUISSE - TELEPHONE: (022) 44 29 40

AGENTS : ZURICH OFFICE: M. Georges HERREN, Dipl. Ing. ETH. ® FRANCE:
S.A.lLP. MALAKOFF (Seine) @ ITALY: SOC. EL. LOMBARDA-SELO MILAN @
GERMANY : HERFURTH GmbH. HAMBURG-ALTONA ® HOLLAND : DESSING - ELEC-
TRONICA AMSTERDAM-Z @ SWEDEN :OLTRONIX A.B.VALLINGBY/STOCKHOLM @
U.S.A.: NUMINCO APOLLO, Pa. ® ISRAEL: PALEC LTD. TEL-AVIV @ AUSTRALIA:
A.A. GUTHRIE PTY, Ltd. MARRICKVILLE, NS.W. @
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Adsorption and
Desorption of

Water Vapour on
«Molecular Sieve 5 A»

p1 == 0.060 torr, p2 =— 0.085 torr, T - 320 "K

+4.10« Torr: l/g - sec

+3-10+

+2-10-

| ‘ —P 4An |
SORBOPRINT SPG 1

A complete measuring equipment for:

Adsorption
Isobar measurement of the adsorption or desorption rate.
Also determination of adsorbed or desorbed gas quantities.

Absorption
Determination of coefficients of diffusion and of gas
solubitity.

Permeability
Determination of the penetration times.
Measurement of diffused gas quantities.

Drying
Determination of the solvent content.
Measurement of the drying speed.

BET-isotherms
Determination of specific surfaces.

BALZERS

BALZERS AKTIENGESELLSCHAFT FUR HOCHVAKUUMTECHNIK UND DUNNE SCHICHTEN
FL-9496 BALZERS + PRINCIPALITY OF LIECHTENSTEIN

DISTRIBUTED BY BENDIX-BALZERS VACUUM, INC. ROCHESTER, NEW YORK
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about the P

PHILIPS

&

AN EXTENSIVE RANGE OF PROGRESSIVE INSTRUMENTS

The progressiveness of the Hand Contamination Monitor PW 4215
is shared by all the Philips health physics instrumentation.
This line is but one category of the extensive Philips range of
nuclear equipment,

You will find full information on this range in the 10 sections:
Counters - Ratemeters - Automatic Spectrometers - Integrated
Systems and Custom-Engineered Equipment - Monitors - Diag-
nostic Radioisotope Equipment - Neutron Generators - Radiation
Detectors and Ancillaries - Modules - Cabinets, Racks, and
Module Housings

of the Philips 87-page . Catalogue No. 5 on Nuclear Equipment.
A free copy is yours for the asking!

PHILIPS

PWA 40

_ Reliable routine checks in 60%, less time

That is quite’ a lot, especially: when routine

checks on skin con‘tamination ﬁave ‘to be carried

alpha particles corresponds to 0.001uC fem? for |

to suit:local

set'in'the factory at " MPL.

Speed, but not to the detriment of accuracy

The high speed at which the PW 4215 does its
job is also due to the detector arrangement:
four highly efficient gas-flow counters with their
separately operating counting channels are pro-
vided for simultaneous checking and indicating
of alpha and beta contamination of both surfaces
of the two hands. In addition, the background
count is automatically subtracted in each beta-
counting circuit.

Absolutely fool-proof and fail-safe
With this monitor there can be no question of

errors due to improper use. If, for instance, the.

hands are not fully inserted into the monitoring
space, or if they are withdrawn before the full
monitoring cycle has elapsed, no clearance sig-
nal is given at all.

These are hard facts, telling facts. There are
more, all deserving your attention. Ask for the
pamphlet WA2-B99, and for the article on the
monitor’s design and performance.

Nuclear Equipment

%Py, and 1" MPL for beta radiation’to 0.030Gi/ |
em? for “9Gr,. settings-which can be readjusted: §
requirements. The meter readings |
at which alarm is given are also adJustable out |

Philips, Scientific Equipment Dept,,

Eindhoven, The Netherlands.
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NEW VARIABLE LEAK VALVE

Model 951-5100

This new leak vaive offers unprece-
dented control sensitivity and stability
over a wide range of leak rates. It is
the only valve that can consistentiy
control leaks as small as 1X10-10 torr-
liters per second. In addition, it can
be used for roughing small systems.

Some features are:

Ultra smooth low torque operation

. Bakeable open or closed, including

drive mechanism to 450° C

Welded stainless steel construction
Hundreds of closures. Replaceable
gasket assembly with saphire-copper
seal.

Order No. 951-5100

Delivery: from stock

For more information on this or other
Varian Vacuum Products call or write

VARIAN

International
Headquarters

Varian AG
Baarerstrasse 77

Rochar

[£lecTronrgue] ssanisnen SCHLUMBERGER

A capital development in design of panel
electrical measuring instruments

Digital panel indicator A. 1454
square flange instrument 120 x 120

GENERAL CHARACTERISTICS :

Accuracy over a temperature range of 0-50°C :

— for direct current : £ 0.2 % of full scale (class 0.2)

— for alternating current, in the frequency range from
30 c/s to 5 ke/s : 0.5 % of full scale (class 0.5)

Definition for analogue-to-digital coaversion: 1000 to
2000 bits, according to range.

Direct display on 4 digital tubes (point and unit display).

Preset measuring rate ;
— either 83 measurements/second
— or external control by closing of an electric circuit.

Response time at 0.2% : 1 second (approximately).
Insulation from ground : U.T.E. standards.

External reference voltage to provide for utilization as a
Quotient Meter :

5V * 20% (drain : approximately 1 mA).

Transcription (on request). All models A 1454 can be
equipped with a transcription output.

“

Our company, as the Swiss sales organisation of
the Schlumberger Group, also represents the
interests of the following manufacters: WESTON
(Rotek, Boonshaft and Fuchs, Transicoil),
SOLARTRON, HEATH, EMR, ACB, SEMAC,
TOLANA, LEGPA, LE BOEUF, KINTEL,
QUENTIN.

Information, sales, service:

_ ~
GENEVE

6300 Zug/Switzerland

8, avenue de Front 1211 Genéve 6, tél (022) 35 99 50.
Tel.042/4 4555

333, Badenerstrasse, 8040 Zurich tél. (051) 52 88 80.
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EMI ELECTRONICS MAKES
A WORLD OF DIFFERENCE

)|

IS OUR BUSINESS

M| NUCLEAR HEALTH EQUIPMAENT MEETS EVERY NEED

In the time that it takes you to read the first few lines of this advertisementyou  Above: Rate meter RM2 is a low cost solid state
general purpose monitor for all types of radiation. It

could be completely checked by an EMI radiation monitor. It happens every day  weighs only 6 Ib.

when thousands of people working in nuclear laboratories go safely home. The ~ S5o%, Sinale Hand Monitor fype M2 Leonomical
new generation of EMI Nuclear Health Monitors, the largest range in Europe, Cgfggai'jdi‘fait?gg’Say‘iit‘;mig_‘mpes- Has audible and
includes instruments to meet the needs of establishments large or small. The

monitors illustrated are but two of the EMI range which includes, Hand and
Clothing Monitors, Hand Monitors, Foot Monitors, Floor Monitors, Neutron
Monitors, Air Monitors, as well as the Wells series of modular nucleonic instru-
ments. If nuclear safety is your business, send now for full details of the EMI

range.

EM] |EmMiI ELECTRONICS LTD

Nucleonics Division - Hayes - Middx - England -Tel.: Hayes 3888

EE 425
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acceélerateurs
de particules

Accélérateurs linéaires d‘électrons

CSF-COMPAGNIE GENERALE
DE TELEGRAPHIE SANS FIL

Vente en France :

CSF - CENTRE DE PHYSIQUE ELECTRONIQUE ET
CORPUSCULAIRE : DOMAINE DE CORBEVILLE - B.P.n°10
ORSAY (S.-et-0.) Tél. 928.47.20 et 928.57.20
Exportation :

CSF - DIVISION INTERNATIONALE :
79.Bd.HAUSSMANN , PARIS 8¢ - FRANCE - ANJ. 84.60

Cyclotrons a énergie
variable

Accélérateurs linéaires
a protons

Accélérateurs linéaires

a ions lourds.

S.PL 51 -




