


Cover photograph : Signature in Moscow of the
Agreement for collaboration at the Serpukhov
Laboratory, USSR. On the left, the Director
General, Professor B. Gregory, signs for CERN ;
on the right, the chairman of the State
Committee for the Utilization of Atomic Energy,
Professor A. Petrosiants, signs for the USSR.
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Comment

The Agreement concerning collaboration
between European and Soviet scientists at
the Serpukhov 70 GeV proton synchrotron
was signed on 4 July. It provides the USSR
Laboratory with the technical know-how
and experience on fast-ejection systems
and r. f. separators developed at CERN over
the past few years, and provides scientists
from CERN and its Member States with
access for experiments to the highest
energy accelerator in the world. The
machine is scheduled to receive its first
beams towards the end of this year and
its physics programme will probably be
under way about a year later.

The French government has already
separately agreed (October 1966) to send to
Serpukhov a very large hydrogen bubble
chamber 6000 litres in volume, called
‘Mirabelie’, being developed at the Saclay
Laboratory. Scientists from France will
participate in the bubble chamber
experiments with  Soviet  scientists.
Together with the ejection system and the
separated beam to be provided by CERN,
this will eventually form one of the most
important experimental set-ups at the
Institute for High-Energy Physics.

A few months ago, the US Atomic
Energy Commission also approached the
Soviet authorities concerning the possibility
of physicists from America taking part in

the experimental programme at Serpukhov.
So far, no official statement has been
made from either side about the progress
of this inquiry.

Free exchange of information between
high-energy physics Laboratories through-
out the world has always existed. The
results of the experimental work are
published and are freely available. The
major conferences in this field are held
in Europe, the Soviej Union and the USA.
Also for many years, there has been
exchange of scientists between Soviet
Laboratories, particularly Dubna, and
CERN (and between Soviet Laboratories
and other Laboratories in the Member
States). Up to now, these exchanges have
been on a fairly small scale and have been
conducted under purely verbal agreements
covered by a simple exchange of letters.

The Serpukhov collaboration is a great
development of this relationship and has
resuited in the drawing up of a formal
Agreement. Having access to the 70 GeV
machine over the next few years will
ensure that European scientists can
continue to use the most advanced
experimental facilities for their research.
In addition, collaboration between scien-
tists from different parts of the world can
have benefits which transcend the purely
scientific.

CERN, the European Organization for Nuclear Research, was established in 1954 to
“...provide for collaboration among European States in nuclear research of a pure
scientific and fundamental character, and in research essentially related thereto’. It
acts as a European centre and co-ordinator of research, theoretical and experimental,

in the field of sub-nuclear physics.

damental questions of the basic laws governing the structure of matter.

This branch of science is concerned with the fun-

CERN is one

of the world’s leading Laboratories in this field.

The experimental programme is based mainly on the use of two proton accelerators
— a 600 MeV synchro-cyclotron (SC) and a 28 GeV synchrotron (PS). At the latter
machine, large intersecting storage rings (ISR), which will allow experiments with collid-
ing proton beams to be carried out, are under construction. Scientists from many
European Universities and national Laboratories as well as from CERN itself take part
in the experiments and it is estimated that some 700 physicists outside CERN are
provided with their research material in this way.

The Laboratory is situated at Meyrin, Canton of Geneva, Switzerland. The site covers
approximately 80 ha about equally divided on either side of the frontier between
France and Switzerland. The staff totals about 2300 people and, in addition, there are
over 400 Fellows and Visiting Scientists.

There are thirteen member States participating in the work of CERN. The contri-
butions to the cost of the basic programme, 172.4 million Swiss francs in 1967, are in
proportion to their net national income. Supplementary programmes cover the con-
struction of the intersecting storage rings and preliminary studies on a proposed
300 GeV proton synchrotron for Europe.



Collaboration with Serpukhov

On 4 July, Professor A. Petrosiants, Chair-
man of the State Committee of the USSR
for the Utilization of Atomic Energy, and
Professor B. Gregory, Director General of
CERN, in the presence of the President of
the Council, Dr. G. Funke, signed an
Agreement in Moscow concerning scientific
and technical co-operation at the 70 GeV
proton synchrotron, being built in the
USSR. This machine, at the Institute of
High-Energy Physics, Serpukhov, will be
for several years the highest energy
accelerator in the world.

Discussions on the possibility of this
collaboration were initiated by Professor
V. F. Weisskopf in his last year, 1965,
as Director General of CERN. Throughout
1966, talks continued between the two
parties and at its meeting in December
1966, the CERN Counci! authorized the
Director General to proceed, in conjunction
with the Soviet authorities, to the stage
of drawing up a draft Agreement. This was
presented to the Council in June 1967 when
authorization to sign the Agree‘ment, after
some further negotiation on a few points,
was given.

The main features of the Agreement
are as follows:

1. CERN will provide a fast-ejection
system for the Serpukhov accelerator which
will become the property of Serpukhov.
CERN will be responsible for the design,
construction, testing and installation of
the system (including its magnets, their
vacuum tanks, and the associated supplies
and controls) and for commissioning the
fast-ejected proton beam at the
accelerator.

2. CERN will provide radio-frequency
particle separators which will be used
at Serpukhov for at least ten years. CERN
will be responsible for the design, con-
struction, testing and installation of these

items of beam-line equipment and
for commissioning at the accelerator.
For the extraction system and the

separators, the Soviet authorities will make
available all the necessary technical in-
formation, will set up at the Institute the
buildings and supplies of electricity,
cooling water etc., and will provide general
services such as workshops and stores.
In addition, it will be the responsibility
of the Institute to operate the accelerator

and provide the beams which are
necessary for the joint programme.

The principles of fast-ejection systems
and radio-frequency separators are briefly
described below.

3. CERN will have the right to propose
a succession of electronics experiments
to be incorporated in the experimental
programme at the 70 GeV machine. One
experiment of this type (involving the use
of electronic counters and spark chambers)
will be started in the first year of the
physics programme by a mixed team of
scientists from CERN and its Member
States and scientists from the Soviet
Union. This will be a tested experiment,
previously run at CERN at lower energy.
Further joint electronics experiments will
follow, with one experiment at a time
installed at the synchrotron.

Proposals for these experiments will be
submitted to the Scientific and Technical
Council of the Institute for High-Energy
Physics. This Council is equivalent to the
Nuclear Physics Research Committee
which takes the decisions on all the pro-
posals for experiments coming from Euro-
pean centres to be incorporated into the
experimental programmes of the two accel-
erators at CERN. Scientists from CERN
will be present, as consultants, at the
meetings of the Scientific and Technical
Council which discuss the joint programme.

4. CERN and the Institute for High-
Energy Physics will collaborate in bubble
chamber physics. Soviet scientists may
join teams working in this field at CERN
in the immediate future in preparation for
the start of bubble chamber physics
at Serpukhov. When bubble chambers come
into operation at Serpukhov, CERN scien-
tists will participate in joint teams analysing
the pictures. Some of the pictures will be
sent to CERN and then to Laboratories in the
Member States for analysis. In the first
years of operation of the 70 GeV machine,
the main bubble chamber will be
‘Mirabelle’, a large hydrogen chamber
being provided by France which is being
developed at the Saclay Laboratory. Joint
teams of French and Soviet scientists will
take part in the bubble chamber programme
and CERN scientists may also join these
teams.

The results coming from the joint teams,
for both electronics and bubble chamber
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experiments will be published jointly
under the names of the Institute for High-
Energy Physics and CERN and, where
French scientists are also involved, of the
Commissariat a 'Energie Atomique (CEA).

The Agreement will remain in force for
a period of five years from the date at
which the fast-ejection system and the
r. f. separated beam come into operation.
From then on, it will be extended auto-
matically for periods of one year unless
either side gives six months notice of its
wish to end the collaboration.

The Director of the High-Energy Physics
Institute and the Director General of CERN
will be advised by a Scientific Commitiee
of not more than twelve people in equal
numbers from CERN and Serpukhov. This
Committee will, for example, work out the
scientific, technical and organizational
programmes, and report the status of the
joint experiments, in particular by pro-
ducing an annual report.

The cost of meeting CERN’s responsi-
bilities under the agreement is estimated
(in units of a million Swiss francs at 1967
prices) as 0.5 for 1967 ; 2.5 for 1968 ; 3 for
1969 and 3 for 1970. Beyond that date, a
healthy level of collaboration is expected
to cost about 5 million Swiss francs a year.
The required sums for 1967, 8 and 9 have
already been incorporated in the forward
budgets for these years presented to the
CERN Council at its December 1966
meeting.
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Some footnotes :

The Serpukhov Institute for High-Energy
Physics is situated some 100 kilometres
south of Moscow.

The project for the 70 GeV machine
started under the guidance of the Moscow
Institute of Experimental and Theoretical
Physics and work began on the site in
1960.

The accelerator design was done at the
Research lInstitute for Electro-Physical
Equipment in Leningrad. It is a strong-
focusing machine, 470 metres in diameter,
accelerating protons to energies of 58 to
70 GeV. The total weight of silicon steel
in the main magnet ring is 20000 tons,
plus 700 tons of aluminium coils which
receive a peak power of 100 MW to give a
peak field of 12 kilogauss. Injection energy
is 100 MeV. The vacuum chamber has a
cross-section of 17 x 11.5 cm. The design
intensity is 2 to 3 x 10" protons per
pulse (beams of around 10" are expected
in the early months of operation) with 5 to
10 pulses per minute.

One very large experimental hall (150 x
90 m?), with no internal supports, has been
built across the ring. The bubble chamber
Mirabelle will be in a separate building
several hundred metres away to which the
beams will be guided through a long
gallery containing the radio-frequency
separators.

More detailled information can be found
in CERN COURIER vol. 6, page 69.

Fast-ejection systems

A fast-ejection system was first brought
into operation on the CERN 28 GeV proton
synchrotron in May 1963, and there are now
three such systems in use (one serving the
2 metre hydrogen bubble chamber, one
serving the muon storage ring, and one
serving the neutrino beam-line).

Fast-ejection implies the ejection of all
or part of the orbiting proton beam in times
of the order of a microsecond. When all the
beam is ejected the process is also called
‘single-turn ejection’ since the circulating
beam is deflected out in one turn of the
beam in the ring. The system on the CERN
machine involves the use of two special
magnets, installed in straight sections

inside the vacuum system of the ring, and
of pulsed beam-transport magnets in the
eiected proton beam-line.

The first magnet is a fast kicker magnet
(FK in Figure 1) which is plunged mechani-
cally into position around the circulating
beam at the end of the acceleration cycle
when the beam has focused to a small
cross-section. The magnet is then powered
so that it deflects the beam slightly, into
the aperture of the second magnet which
is called the fast ejection magnet, FEM.
This further deflects the beam clear of the
magnet ring into the beam-line. There, a
series of pulsed quadrupole focusing
magnets and pulsed bending magnets (the
units FQ and FM in Figure 1) guide the
beam to its target.

The radio-frequency acceleration system
in the synchrotron causes the proton beam
to orbit in twenty discrete bunches equally
spaced around the ring with time intervals
of about 0.1 microsecond between each
bunch. When the technology of the fast
kicker magnet and its associated elec-
tronics developed so that the magnet
could be switched on in a time less than
0.1 microsecond, it became possible to
achieve efficiencies approaching 100 %
from the fast-ejection system. This is be-
cause it is possible to allow one bunch of
protons to pass the magnet, then switch
it on and, with the extremely fast rate
of rise of the pulse, have it at the correct
magnet field level to bend the next bunch
into the fast ejection magnet. In principle,
just one fast kicker magnet could do the
job of bending the protons completely out
of the ring, but this would involve switching
on too powerful a magnetic field in such a
short time for existing techniques to cope
with.

The fast ejection magnet sits clear of
the normal beam orbit and is constructed
with a ‘septum’, which is a very thin plate
(a few millimetres thick) across the mouth
of the magnet gap which prevents stray
field from the magnet disturbing the orbit-
ing protons. It is therefore the job of the
fast kicker magnet to deflect the protons
from one side of the septum, where they do
not feel the field of the fast ejection
magnet, to the other, where a high
magnetic field bends them out of the ring.

In 1964, the techniques to switch off the
fast kicker magnet in the time between the



Figure 1 : Elements of a fast-ejection system.

Figure 2 : Schematic diagram of the mode
of operation of a radio-frequency separator.

————

passage of successive bunches of protons
were developed. This makes it possible to
eject a selected number of bunches leaving
the rest orbiting the ring to be used for
other purposes. This use of the fast-ejec-
tion system is known as ‘partial turn ejec-
tion’.

For fuller descriptions of fast-ejection
systems see CERN COURIER, vol. 3, page
79 and vol. 5, page 148.

Radio-frequency
separators

In January 1965, radio-frequency separators
for high-energy particles were brought
into operation at CERN for the first time
in the world. Their purpose is to sift out a
particular type of particle at a particular
momentum, from the spray of many types
of particle, which is produced when a high
energy proton beam is incident on a target.
Electrostatic separators had been used for
this purpose for many years (and are still
used) but the radio-frequency type has

considerable advantages for beams of high
momenta.

Their mode of operation can be briefly
described as follows. Initial momentum
selection is done by focusing and bending
magnets but for some experiments, such as
bubble chamber experiments which require
a high momentum beam of kaons, the
wanted particles can be swamped by a
large number of unwanted ones having the
same momentum (magnets sort out
momentum, which is mass multiplied by
velocity, but do not distinguish velocity or
mass separately). Particle separators are
then used to select the required particles
of a particular mass by only allowing those
with a particular velocity to remain in the
beam.

The electrostatic type uses strong electric
fields to achieve this second stage of sepa-
ration but as velocities increase, because
of relativity effects, many such separators
are needed to give a reasonably pure
beam. The new technique of r. f. separation
involves basically a sensitive timing device,
which ensures that only those particles
covering a fixed distance at the correct
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velocity can stay in the beam.

Figure 2 shows the separation procedure
for pions and kaons. In the first radio-
frequency cavity, RF1, the incoming par-
ticles experience on an electromagnetic
field deflecting them in the vertical plane
through an angle a. Some tens of metres
further along the beam-line, a second
cavity, RF2, receives the particles focused
by a magnetic lens system, L. Because of
the slight velocity difference between the
pions and the kaons, it can be arranged
that the pions arrive when the electro-
magnetic field in RF2 is in the opposite
sense to that which they experienced in
RF1, and the pions are therefore deflected
back through an angle a to be intercepted
by a beam stop. The kaons arrive when
the field is in the same sense and receive
a further deflection, emerging at an angle
2 o to the axis, to be collected into a pure
kaon beam.

In the first CERN r. f. separator, each
cavity was fed with 20 megawatts of power
in pulses 8 microseconds long. The
frequency was 2855 MHz corresponding to
a wavelength of 10.5 cm. For the field to
reverse between the arrival of a pion and
a kaon, the pion must be 5.25 cm in front
of the kaon at the second cavity. The
precision of the device can be seen from
the fact that the pion takes less than
0.000 000 2 seconds to cover the intervening
distance between the two cavities.

A fuller story on radio-frequency sepa-
rators appeared in CERN COURIER, vol. 5,
page 35.
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CERN News

Study on CERN
Library use

With the coming spread of CERN’s activities
on to the new French site, various services
available to the personnel will have to be
extended and located so as to best serve
the whole enlarged area. One of these
services is the Library, with its related
activities, and the Library Committee has
tecently set up a ‘Working Party on future
policies of CERN’s Scientific Information
Service’ to enquire into its future. The
Working Party, which brings together
Library users and Library staff under the
chairmanship of Prof. L. Kowarski, has as
its first task the study of the future type
and distribution of reading rooms on the
site and the location of the main holdings
of books and periodicals.

A necessary part of this study is a re-
appraisal of the scope of the Library
and the relative weights to be given to
the central field of interest (high-energy
physics) and the more peripheral fields
(such as chemistry, astrophysics, computer
science, questions of managementis etc.).
Other tasks of the Working Party will be
concerned with more extensive use of
computer techniques in the various
operations of the Scientific Information
Service, as well as the position of CERN in
relation to developments elsewhere in in-
formation retrieval.

It is hoped that the full recommendation
of the Working Party can be presented be-
fore the end of this year; preliminary
answers to the first part of the study will
be available earlier. As part of this study,
a questionnaire was circulated at the end
of June to a widely defined spectrum of
actual and potential users of CERN'’s
library facilities with the aim of establish-
ing more precisely the present user pattern,
including the proportion of people in par-
ticular groups who in fact do not use the
Library, and whether this proportion is in
relation to the services available.

The Working Party intends to use the
replies to this questionnaire as a basis for
its recommendations on Library scope and
siting. At the same time, it recognizes that
the smaller the response, the less accurate
the conclusions that can be drawn (does a
missing reply denote a non-user of the
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Library or an extensive user who did not
send back the questionnaire ?), so that a
high proportion of replies is being eagerly
awaited. First indications were favourable
(in the first ten days after the Questionnaire

was mailed, about 500 replies were
received) ; more replies are expected to
come in, thus bringing the response closer
to a truly significant expression of the
users’ opinions.

New r.f. cavities

In the May issue (page 87) we reported
the arrival of the motor-alternator set which
will increase the repetition rate of the
proton synchrotron by a factor of two or
three. The new power supply enables the
rate of rise of the magnetic field in the
synchrotron ring to be doubled and, to
make full use of the consequent increase
in repetition rate, the addition of extra
radio-frequency cavities to the ring is
being studied.

The new cavities are very different
in design to the existing cavities. In order
to fit into short straight sections, their axial

The r. f. power amplifier with its auxiliary
equipment (transformer, rectifier and heat-
exchanger) connected for tests to one of the
new test cavities via a rectangular,
symmetrical feeder 17.5 m long.

length is limited to 1 m, and they have the
maximum diameter, 2.4 m, which can be
accommodated with the height of the beam
path over the floor of the ring tunnel. The
cavities would come into operation 80 ms
after injection, at the second harmonic of
the acceleration frequency, and would
make it possible to accelerate the protons
twice as fast during most of the rise-time of
the magnet field.

To study the interaction between the
proton beam and a ‘high-Q’ cavity of the
new type, a test cavity, tuned to 19 MHz,
has recently been installed in the syn-
chrotron ring. Measurements which were
carried out with the cavity connected
to its damping network showed no effect
on the beam. However, the importance of
such studies for the future is evident
from the measured value of about 30 kV
which was induced in the unloaded cavity
(i.e. without its damping network) by a
beam of 10?2 protons. This would
correspond to about 300 kV induced by a
beam of 10'* protons, and beams of this
intensity are scheduled in the second stage
of the improvement programme.



CERN in summer. A view of the main building
taken from outside the restaurant.
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A prototype r.f. power amplifier, intended
for laboratory iests with the 19 MHz
cavity has been delivered by Brown Boveri
and Co., and is installed in the Ejection
Building. This amplifier works in the
frequency range of 17.2 to 19.1 MHz. The
peak power dissipation amounts to 680 kW,
whereas the average power is about 100
kW. The amplifier is being run-in in prepar-
ation for its acceptance tests.

ISR Magnet Core
Contract

The contract for the production of the steel
cores of the main magnets of the inter-
secting storage rings has been authorized
to go to the firm ASGEN, ltaly, with ITAL-
SIDER, ltaly, as subcontractor for the steel.
The value of this contract is just over 17
million Swiss Francs.

The two intersecting storage rings, which
have an average diameter of 300 metres,
will each consist of two kinds of
magnet core, a focusing type and a defo-
cusing type (96 of each per ring). Their
purpose is to hold the proton beams

to effectively constant orbits in the rings
and to maintain a focusing effect to prevent
the beams dispersing.

The stringent requirements of beam
storage impose very tight tolerances on the
magnetic field configuration across the
magnet aperture and from one magnet unit
to another. The fields at corresponding
points of the apertures of the various
maghet units in one ring must be the same
to 0.05 %. These restrictions apply over the
range of magnetic field levels that might
be required (corresponding to various
energies of the stored beams).

The field configuration is determined by
the geometric shape of the magnet pole
profiles and by the magnetic characteristics
of the steel. To keep within the specified
tolerances for the magnetic field, the pole
profiles must be punched with an accuracy
of 0.015 mm and the average magnetic
permeability of the steel cores must be
very uniform (e. g. to within 2% at 15
kilogauss).

The magnets will be constructed of low
carbon steel laminations, 1.5 mm thick,
punched by a precision die and welded

together. To achieve the specified degree
of uniformity between the different magnets,
each one will be made up of laminations
from batches of steel coming from all parts
of the delivery.

In the tendering process, many firms
in the Member States were contacted
and tenders were received from 8
manufacturers with 6 steelmakers as
potential sub-centractors. The contract was
finally authorized at the meeting of the
Finance Committee on 13 June.

Visits to Russia

In the latter part of June and in early
July, about a dozen CERN scientists
visited the Soviet Union. First of all, Dr.
Goldschmidt-Clermont and Dr. Winter went
to the Institute of Professor Budker at
Novosibirsk. They then went to Serpukhov
where they were joined by Professor
Cocconi and Drs. Kuiper, Lazeyras,
Lengeler, Lock and Ramm for several days
of discussions with Professor Logunov and
his colleagues on all aspects of the
collaboration now being established be-
tween CERN and the High-Energy Physics
Institute.

Some of the group then returned to
Geneva, while the remainder travelled on to
Riga (Latvia) where they were joined by
the Director General, Professors Bethelot
(Saclay), Citron (Karlsruhe), Van Hove, and
Dr. de Raad, for a meeting of senior
scientists organized by the Joint Institute
for Nuclear Research, Dubna. Three days
were spent discussing the future perspec-
tives in high-energy physics with particutar
reference to CERN, Dubna and Serpukhov.
The Soviet participants included Professors
Bogolubov (Director of Dubna), Blokhintsev,
Dzhelepov and Pontecorvo.

After this meeting, the Director General
with four other colleagues from CERN
went to Leningrad where they visited the
Electro-physics Institute (Komar) of the
State Committee for the Utilization of
Atomic Energy, which is responsible for
the design and construction of most of
the accelerators in the Soviet Union. The
Director General then flew to Moscow where
he was joined by Mr. Hampton for the
signing of the Agreement on collaboration
at Serpukhov. (See the article on page 123.)
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Vacation students

Once again this year some 100 students
have chosen to spend their summer
vacation working at CERN. For times
varying from two to four months they will
mingle with the CERN personnel, studying
physics problems, taking part in an
experiment and following a series of
lectures, instead of sun-bathing on a beach
at the seaside.

The students come from the 13 Member
States of CERN and were carefully chosen
from over 350 who applied. They have all
spent at least three years at University spe-
cializing in physics, electrical engineer-
ing, electronics or mathematics. During
their stay they join one or other of the
Divisions : proton synchrotron, synchro-
cyclotron track chambers, nuclear physics
apparatus, storage rings, data handling and
health physics where they will be involved
in the everyday work. They can, in par-
ticular, take part in the development and
use of the experimental equipment, become
familiar with the wuse of electronic
computers and work on the new accelerator
projects. '

This annual invasion is not designed to
step up the output of work from CERN but
rather to give the young university stu-
dents the opportunity to gain experience
in the field of their studies, to learn
to work in a team, to have some foretaste
of their future careers in research labo-
ratories and in industry.

In addition, the students have the chance
to attend a series of lectures and special
courses given by CERN specialists inclu-
ding some of the Directors of Departments
and Division Heads, on subjects such as
computer programming, accelerator techno-
logy, theoretical physics, experiments in
sub-nuclear physics, etc...

In this way, the 100 vacation students
will take part in the life of a big labo-
ratory such as CERN, and will be able to
improve their theoretical grounding through
the lectures and their practical experience
though their work in the different Divisions
which receive them.
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Ten years ago

A reproduction of a page from the logbook

of the 600 MeV synchro-cyclotron recording

the first circulating beam on 1 August 1957. The
entry is by Professor W. Gentner, who was
then Head of the Synchro-cyclotron Division,
followed by the signatures of many of those
who contributed to the construction and
commissioning of the first CERN accelerator.
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Safety at CERN

A brief description of the work of the
Safety Group.

The use of dangerous reactive products,
such as liquid hydrogen and propane, and
the use of a great deal of high voltage
equipment is so much a part of the daily
work of CERN that it is surprising, though
very reassuring, that there are practically
no serious accidents.

The main reason is that great importance
is attached to safety at CERN and every
attempt is made to reduce the risk of acci-
dent to a minimum.

By its statutes, CERN is not subject
to control by outside authorities with
respect to safety, and must, therefore,
take every precaution to guarantee the
safety of its employees.

That is why there has been, since the
beginning of 1962, a specialized service —
the Safety Group — whose task it is to
ensure that safety never takes a back seat.

The Safety Group is directly responsible
to the Directorate so that it has greater
freedom of action. The Director of the
Administration Department has two main
representatives to help him in matters of
personnel safety : the Safety Group and
the Health Physics Group. The latter is
concerned exclusively with safety
questions connected with radiation. Its
task is to assess the risks, to make sure
that the permissible doses of radiation
are not exceeded, to develop control
methods, to control entry into dangerous
areas and to keep a check on the radiation
doses received by personnel, by means of
film badges and medical examinations.

The Safety Group on the other hand
takes care of all the other questions
concerned with safety at CERN. It acts
in a sense as ‘Advisor to the
Organization in matters concerning :

— general safety in workshops and

laboratories,

— the use of pressure vessels,

— risks of fire, explosion and poisoning,

— the use of hydrogen and propane,

— electrical installations.

The Group is divided into three main
sections. The industrial section has five
engineers carrying out daily tours of
inspection in order to prevent accidents
(particularly by electrocution). The section
works in close co-operation with the Tech-
nical Services and Buildings Division and
also with the safety officers in the various
sections.

The inflammable liquids section has
two engineers who, with the help of
specialists in the Divisions which use these
liquids, check the installations and their
surroundings before each experiment.
Work involving the use of liquid hydrogen
or propane requires constant supervision to
remove, as far as possible, any risk of
accident. In co-operation with the hydrogen
safety officers and monitors, the section
tries to eliminate any danger from leaks
or sparks which could cause an explosion.
Regular inspections are carried out. In
the event of leakage, hydrogen detectors
automatically cut off the electricity supply
and start a powerful ventilation system
in the area which has been contaminated.
Moreover, the electrical apparatus in these
areas is designed so that it cannot produce
a spark.

The third section is responsible for the
inspection of installations and equipment.
Three engineers and two technicians
carry out checks on new apparatus (both
at the design stage and on receipt of the
actual equipment), on all apparatus in use
and on all the work done at CERN or
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outside firms for CERN. This section also
carries out investigations on equipment for
special uses.

It is easy to see that the greatest
risks arise in the use of inflammable
liquids and of high voltage equipment.
For this reason, without neglecting the
other risks, a particular effort is made in
these two sectors.

In conclusion, two figures are rather
significant :
in 1961 there were 2 accidents for
100 000 hours of work
in 1967 so far there have been 0.35
accidents also for 100 000 hours of work.

A 200 kV x-ray machine, on the left,

being used by members of the Safety Group
for non-destructive testing of a Mylar
beam window. On the right of the ‘window’
the x-ray film holder is being adjusted.
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Status report on

high-energy physics research

A summary of the talk given by Professor
L. Van Hove to journalists from many
European countries at a Press Seminar
on 2 June.

The main objectives of high-energy
physics research are the study of matter
and interactions on the sub-nuclear scale,
corresponding to dimensions shorter than
1073 cm. This field of physics is dominated
by the fact that, at this scale, matter
exists in the form of a great variety of
particles (often called ‘elementary
particles’), most of which are highly un-
stable with life-times between 103 and
10722 seconds, decaying into more stable
daughter particles. High-energy physics
is at present concentrating its efforts on
the study of these particles, their decay
modes, and the interactions which they
undergo when they collide with each other.

The number of known particles has
increased rapidly in recent years and is
approaching 200. Despite this proliferation
of particles, our understanding of their
properties has made very considerable
progress through the fact that basic rules
of classification have been found.

In contrast with the number of particles,
the number of basic interactions has not
increased in the last 30 years. Now as then,
sub-nuclear physics is dominated by three
interactions : the strong, the electro-
magnetic, and the weak. The symmetry or
invariance properties of these interactions
(i.e. the quantities’ which do not change
when particles are subject to these
interactions in collisions or in decays)
have gained an ever increasing importance
in  our understanding of sub-nuclear
physics.

Strong interactions

It is in the field of strong interactions
that the proliferation of new particles has
occurred. Most of the new particles are
so-called ‘hadrons’, ie. particles
participating in the strong interactions.
Hadrons are either mesons (which have
spin 0, or 1, or 2,... ; examples are the pion,
the kaon, the rho meson, ..), or baryons
(which have spin 1/2, or 3/2, or 5/2 ...;
examples are the proton, the neutron, the
lambda hyperon, the N* resonance, ...), or
antibaryons which are the antiparticles of
the baryons, (the antiparticles of mesons
are again mesons).

In recent years, powerful schemes of
classification have been developed, and
all the indications are that they have a
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fundamental significance. The following
classification principles  have been
discovered :

a) isospin and strangeness

b) SU(3) symmetry, which combines iso-
spin and strangeness; it groups
particles in octets, nonets, decuplets
and possibly also in higher multiplets
combination of SU(3) symmetry and
spin, which groups together several
SU(3) multiplets with different spin
values (for example, the baryon octet
of spin 1/2 is grouped with the
baryon decuplet of spin 3/2 ; the odd
parity meson nonet of spin 0 is
grouped with that of spin 1). This
combination of SU(3) and spin is
often described as SU(6) symmetry :
it is wunlikely to be a genuine
symmetry, however, because it con-
flicts with relativity ; it is much more
likely to be a dynamical structure
property of hadrons

d) another classification according to
spin alone which seems to emerge
in recent findings. It states that
particles can be grouped in so-called
‘rotational series’ or ‘Regge series’
The particles in a series differ only
by their spin, which has values J,
J + 2, J + 4, ...; all their other
properties are the same

remarkable indications of structural
properties common to mesons and
baryons. They make it possible to
calculate meson properties starting
from baryon properties (for example,
the decay rate of the omega meson
into a neutral pion and a gamma can
be calculated from the magnetic
moment of the proton).

There is a simple and surprisingly
successful  ‘mechanistic model’ which
gives a compact description of all the
above classification properties. It is the
quark model, quarks being so far purely
theoretical objects which are supposed to
carry the most important properties of
meson and baryons. In this model, a
meson would be composed of a quark
and an antiquark, a baryon of three quarks,
and an antibaryon of three antiquarks. The
main properties of mesons and baryons are
well approximated by saying that they are
the sums of the corresponding properties
of their constituant quarks. It is not yet
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known whether quarks can exist free, i. e.
not bound with other quarks in mesons or
baryons. Free quarks would be charac-
terized by the remarkable property of
having fractional electric charges (£ 1/3 or
+ 2/3). The search for quarks will continue
on present accelerators and, more hopefully,
on future machines of higher energy.

A large number of high-energy ex-
periments aim at giscovering new hadrons
and at establishing their properties,
especially the decay modes of the known
hadrons. Most bubble chamber experiments
contribute to this research. Among elec-
tronic experiments, a new and powerful
method, known as the missing mass
method, has been found to search for new

hadrons. (See CERN COURIER vol. 7,
page 31.)
The strong interactions which occur

between hadrons when they collide with
each other, form the second very important
field of strong interaction research. It is
now known that a remarkable simplicity
of principle regulates the high energy
collisions of hadrons which are of two-
body type, i. e. in which only two particles
come out of the collisions. All the prin-
ciples above, which are the basis of hadron
classificaton, form also the basis for the
analysis of two-body collisions. This study
requires :
(iy a systematic comparison between
collisions of various hadrons,
(ii) a systematic study of the energy
variation of a given collision over
wide energy intervals.

The work of type (i) is done extensively
around high energy proton synchrotrons
and uses the many secondary beams (such
as pion, kaon, and antiproton beams).
These experiments also make it possible
to study point (ii), but the energy interval
available (up to about 30 GeV) turns out to
be narrow for the effects to be measured.
The study of point (ii) for proton-proton
collisions will be one of the important
experimental programmes on the inter-
secting storage rings being built at CERN.
A similar study for other collisions will
require much larger synchrotrons than are
now available. Experiments of type (i) are
carried out both with bubble chambers (for
common collisions) and with counter and
spark chamber arrangements (for rare
collisions or for high precision work).



Electromagnetic
interactions

A distinction needs to be made between
the electromagnetic interactions of the
electron, the muon and their antiparticles
on the one hand, and the electromagnetic
interactions of hadrons on the other. For
the first category, an extremely accurate
theory exists called ‘quantum electro-
dynamics’. Up to now, it has been found to
agree with experiment to extremely high
precision, often better than one part in
ten thousand. Further tests of quantum
electrodynamics are under way in many
high-energy physics Laboratories, using
either electrons or photons coming from
electron accelerators, or muons coming
from proton accelerators via the decay of
pions. A high precision experiment of this
sort is .now going on at CERN involving
the measurement of the magnetic moment
of the muon. The present precision is of
the order of one part in a million. If it can
be pushed further by about a factor 10, one
may be able to reach the true limit of pure
quantum electrodynamics, namely the
very small effects through which the
existence of hadrons are theoretically
expected to afféct the properties of the
muon, the electron, and the photon.

The electromagnetic properties of
hadrons pose completely different problems
because of the virtual effect of the strong
interactions. Whereas electrons and muons,
which are not subject to strong interactions,
behave as point electric charges, the
hadrons have their electric charge smeared
out in space and carry electric currents
smeared out in a similar way. The
systematic study of the electromagnetic
properties of hadrons proceeds through
various measurements, such as electron
scattering on protons or neutrons,
measurement of the magnetic moment of
baryons, detection of electromagnetic
decay modes of hadrons, etc...

We know now that the hadron classi-
fication principles described above also
allow us to correlate and predict many
electromagnetic properties. For example :

i} from SU(3) symmetry, we can predict

that the magnetic moment of the
lambda hyperon is equal to —0.5
times that of the neutron. Existing

measurements at CERN and Brook-
haven agree with this prediction, but
the error is still large. A new measure-
ment has been undertaken at CERN

ii) as already mentioned the electro-
magnetic decay of the omega meson
into a pion and a gamma is calculabie
from the proton magnetic moment.
The experimental value agrees with
the calculation.

Weak interactions

In weak interactions also there is a special
class of phenomena where strong
interaction effects can be neglected to
very high precision. It concerns the weak
interactions of electrons, muons and
neutrinos. Since the discovery that
neutrinos exist in two types, one asso-
ciated with electrons and the other with
muons, the main features of this type of
interaction seem to be cleared up to a
considerable degree. Only work of ex-
tremely high precision or at extremely high
energies is likely to give further progress.

Weak interaction properties of hadrons,
again due to the virtual effect of the
strong interactions, are very complex.
Nevertheless, recent progress, closely
connected with SU(@B) and SU(®6)
symmetries, has allowed us to classify and
correlate many properties. Important
relations have also been found between
weak and electromagnetic properties of the
hadrons.

Up till recently, weak interaction
properties of hadrons could only be
studied by investigating appropriate decay
modes. But development of intense neutrino
beams produced by proton accelerators
has opened up a completely new field of
experimentation. It is now possible to
study directly the interaction of high energy
neutrinos on protons and neutrons. The
neutrino beam available at CERN even
makes it possible to do this work in a
bubble chamber, so that all the details of
neutrino-induced collisions can be observed
and measured. Radical increases in
neutrino intensity and energy will be
reached with the next generation of proton
accelerators. One important theoretical
speculation, concerning the possible
existence of a so-called ‘intermediate
boson’ which would mediate the weak

interaction, has not been confirmed with
present accelerators. It will have to be
tested again with higher energy machines.

Finally, a class of problems of the
greatest importance for weak interactions
concerns their symmetry and invariance
properties, especially under the trans-
formation C of particle-antiparticle conju-
gation, the transformation P of space
reflection, and the transformation T of
time reversal. As is well known, C and P
invariance are violated to a large degree
by weak interactions, whereas the com-
bined CP invariance is preserved to good
precision. A fundamental experiment,
carried out at Brookhaven in 1964, revealed
a small amount of CP violation in the
decay of the long-lived kaon into a positive
and a negative pion. In 1966, CP violation
was also shown to exist, first at CERN and
soon afterwards at the Princeton
accelerator, in another decay mode.

The discovery of CP violation in the
kaon decay has led to many speculations
concerning the possibility of similar
violations in strong or electromagnetic
interactions. The possibility of such
violations gave rise to an extended ex-
perimental effort, especially at CERN. A
major experiment, which was devoted to
the eta meson decay, established CP con-
servation to a precision of 1%, by far the
greatest accuracy reached to date. While
the eta meson experiment tests simulta-
neously the possibility of violations in the
strong and electromagnetic interactions,
an anti-proton-proton annihilation experi-
ment has been carried out at CERN fo test
purely the strong interaction. The result is
again that CP conservation holds to about
1% precision.

The main tools required for weak inter-
action studies are very intense beams of
appropriate particles, especially mesons,
and detection and analysis methods capable
of handling very high statistics and of
measuring decay modes with high preci-
sion. Similar requirements are needed aiso
for the study of many strong and electro-
magnetic properties. Hence the desirability
of extensive improvement programmes for
existing accelerators, such as have been
started at Brookhaven and at CERN, and
the necessity of powerful equipment for
detection and data analysis.
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News from Abroad

Daresbury

The Daresbury Nuclear Physics Laboratory
was formally opened on 16 June by the
Prime Minister of the UK, the Rt. Hon.
Harold Wilson.

The Laboratory houses a 4 GeV electron
synchrotron, NINA, capable of very high
beam intensity which produced its first
full energy beam in December 1966, after
a construction period of only three years
(see CERN COURIER, vol. 7, page 12). The
machine was put to use for physics almost
immediately and by now teams from the
Universities of Glasgow, Liverpool, Man-
chester, Lancaster and Sheffield are
involved in the experimental programme.

Experiments include investigations on the
photoproduction of neutral pions and eta
mesons, and of neutral kaons; elastic
electron-proton  scattering; wide-angle
electron and muon pair production ;
inelastic electron-proton scattering, in par-
ticular, the electro-production of nucleon
isobars.

In his speech at the Opening Ceremony,
the Prime Minister paid tribute to the
Director Professor Alec Merrison, and his
staff for the speed-at which the Laboratory
became operational, and wished the Labo-
ratory “well in its future research
programme. Professor Merrison has been
seconded from the staff of Liverpool
University to become Director of Daresbury,
and he continues to lecture at the Univer-
sity. He spent several years at CERN in its
early days (his signature can be found on
page 128 among those celebrating the first
beam in the synchro-cyclotron).

Referring to future support for sub-nuclear
physics, the Prime Minister said that CERN
had already proved successful, not only in
its prime scientific purpose but as a
manifestation of European collaboration in
an advanced scientific field, and that the
Government of the UK was giving most
sympathetic consideration to the proposed
project for a 300 GeV machine.

DESY

It has been found necessary to change the
vacuum chamber of the 6 GeV electron
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Professor Merrison (left) escorting the Prime
Minister (centre) and Sir Harry Melville

(right) around the magnet ring of NINA when
the Daresbury Laboratory was formally opened.

An aerial view of the Daresbury Laboratory
bounded on the north side by the Bridgewater
canal. NINA is in the circular building

and its adjoining experimental hall is the
tallest building on the site.

/Photos Daresbury.)
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synchrotron at DESY, Hamburg, Federal
Republic of Germany. The accelerator ring
is 100 m in diameter with a vacuum vessel
cross-section of 48 x 144 mm. The initial
chamber material of organic resin has
suffered radiation damage, causing high
out-gassing rates in the vacuum chamber.
A new chamber is being constructed of
alumina ceramic.

Erevan

The 6 GeV electron synchrotron under
construction of Erevan, USSR, is scheduled
for completion in August.

Excavation work for the machine started
in 1960. The ring vacuum chamber is 70
metres in diameter with a cross-section of
42 x 120 mm. There are 48 magnets (in
FOFDOD sequence) and 24 accelerating
cavities. Injection is at 50 MeV from a
linear accelerator. The pulse repetition rate
is 100 pulses/second. Hydrogen and heavy
liquid bubble chambers and spark
chambers, including a wide gap (30 cm)
chamber, will be used in the experimental
programme.

Weston

The Director, Professor R. Wilson, of the
National Accelerator Laboratory at Weston,
lllinois, USA, where it is intended to
construct the 200 GeV proton synchrotron,
has made several statements in recent
months concerning the new accelerator and
the Laboratory.

At a two day conference of accelerator
builders and users organized at Argonne
by the Universities Research Association
(an association of 46 Universities in the
USA who will manage the National
Accelerator Laboratory), Professor Wilson
stated that his approach to the accelerator
construction will be as far as possible
similar to that he has used in the
construction of electron accelerators at
Cornell University. He hopes to rely on a
comparatively small staff at Weston itself
with the minimum administrative structure.
He also hopes to use the machine himself
as an experimentalist. Professor Wilson
has set up a Physics Advisory Committee,
chaired by R. Cool from Brookhaven, to

have the advice of the rest of the Physics
community.

Design effort on the machine has started,
working on a cost estimate of $ 240 million,
with a reasonable amount in addition if it
is decided to make provision for
eventually going to higher energies (for
example, an extra 520 million is estimated
for the magnet ring, if provision for an
increase in energy to 300 GeV is to be
incorporated ; the design team will
consider rings capable of up to 500 GeV).

Professor Wilson hopes for full authori-
zation of the project for fiscal year 1969 ;
authorization will be requested in Spring
1968. A construction period of 5 to 6 years,
after full authorization, is anticipated. For
fiscal year 1968, the US Atomic Energy
Commission requested $10 million, but
this request was regarded as being in some
jeopardy because of the failure so far to
achieve a guarantee of non-discrimination
in housing at the Weston site. In fact, the
Joint Congressional Committee‘ on Atomic
Energy, JCCAE, allocated $7.3 million which
it believed to be sufficient to meet the first
year capital requirements.

A sub-committee of the JCCAE has
recommended that the design intensity be
set at 3 x 10'3 protons per pulse rather than
3 x 10'? proposed for budgetary reasons,
and that the accelerator should have expe-
rimental areas which are consistent with
the national scope and purpose of the
machine. They also support careful study of
the possibility of increasing the energy
eventually to 300 GeV or higher.

Argonne

Construction of what will be the world’s
largest bubble chamber has started at the
Argonne National Laboratory, USA.

The chamber will contain about 32 000
litres of liguid hydrogen in a tank of cy-
lindrical construction with diameter about
4 metres. A superconducting magnet will
give a field of 20 kilogauss over the useful
volume and the optics will involve the
use of a bright-field illumination system
with Scotchlite on the interior walls.

The total cost of the project is esti-
mated at %17 million. It is hoped to have
the chamber ready for commissioning in
1969. It will be used at the 125 GeV ZGS
(Zero Gradient Synchrotron) at Argonne.

Book Reviews

Unitary symmetries and
their application to
high-energy physics

by M. Gourdin (Amsterdam, North Holland
Publishing Company, 1967, 110 sh.)

Of all the greaf theoretical ideas of recent
years in elementary particle physics, the
one which has met with the greatest
success and which seems assured of a long
life is certainly that connected with unitary
symmetries. It may even be said that SU(3)
has now become a habit with physicists
and that whatever its future may be, some
of it will surely remain at least in their
manner of thinking. For the moment at any
rate, no high-energy physicist can afford to
ignore it; the mathematician, the experi-
mentalist, and the theoretical phenome-
nologist, each find a use for it.

So it was both natural and useful that a
publication should appear to give a
synthesis of the enormous amount of work
on this subject in recent years. We are
indebted to Professor M. Gourdin for
having undertaken this task.

‘Unitary Symmetries’ is intended to collect
together for the largest possible public,
both the physical and mathematical aspects
of unitary symmetries. The author has
accentuated the physics side of the problem
as can clearly be seen from the way the
book is arranged. The first part, devoted
purely to physics, takes up two-thirds of
the book. The SU(3) group and its ex-
perimental consequences are dealt with in
detail :  classification of  elementary
particles, charge operators, formulae of
mass, etc... Each of the three types of inter-
actions, strong, electromagnetic and weak,
is reviewed in turn : 3 and 4-body coupling
(with an impressive number of formulae),
decay of resonances, for strong inter-
actions ; differences of electromagnetic
mass, form factors, photoproduction, for
electromagnetic interactions ; currents,
leptonic and non-leptonic decays for weak
interactions.

This first part, which in our opinion is the
most useful, is followed by four rather
concise chapters on the SU(B) group. This
is dealt with in the same way as the SU(3)
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group : general remarks on the irreducible
representations of the group and appli-
cations in physics. The relativistic
extensions of the SU(6) group are not
discussed.

The last third of the book is purely
mathematical using modern formulations,
and deals with Lie groups and Lie algebra.
Logically, this should have been at the
beginning, but the author’s intention was
above all to write a book on physics.
Therefore, this part should be considered
as a long appendix, which will probably
disappoint the mathematician since it was
not written for him, but which should help
physicists to bridge the gap between
difficult mathematical theories and their
applications in physics.

This is therefore a reference book which
will be useful to high-energy physicists,
and to advanced students who have already
a good grasp of group theory, especially
the SU(3) group with which the reader is
assumed to be familiar.

Ph. Salin
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Stores Service,
CERN

The Surplus Stock and Salvage section has a large
selection of new and used electronic and electrical
spare-parts, also used electronic components in
good condition.

Those interested should contact the Head of Stores
Service for further information at the following
address:

CERN - 1211 Geneva 23.
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100 Mhz

Unilimited applications e Up to 1000 channels e Scalers with visual display s Modular
scalers [ Automatic readout of the system: from the simplest printers to the most
sophisticated output device

SOCIETE D’ELECTRONIQUE NUCLEAIRE — 31, AV. ERNEST-PICTET — 1211 GENEVA 13 —~ SWITZERLAND
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high resolution gamma and X-ray

spectrometry featuring Lithium Drifted

GERMANIUM & SILIGON DETECTORS

LOW NOISE ELECTRONICS/CRYOSTATS/PACKAGED SYSTEMS

High-resolution gamma-ray and
X-rayspectrometry can be performed
with our complete Semiconductor
Detector Spectrometer systems feat-
uring lithium-drifted Germanium and
Silicon detectors in cryostats of our
own design, and with Edinburgh
Series low noise electronics. Sys-
tems are delivered pre-tested,
pre-calibrated and ready for
immediate operation, with a
twelve-month guarantee.

For gamma ray spectrometry, select
the size and type of lithium-drifted
germanium detector best suited to
your experiment. (Sensitive volumes
available up to 30cc). For low energy
X and gamma rays, betas, protons,
alphas, etc. choose a unit from our
lithium-drifted or double diffused
silicon detector range (Depletion
depths up to 5 mm for normal oper-
ation, and 15 cc for special applic-
ations). These detectors can be
operated at room temperature, down
to liquid nitrogen temperature, or (to
special order) at greater than room
temperature. For low energy X-ray
work, resolutions of less than 1 keV
are obtained with cooled silicon
detectors.

Detectors for low temperature oper-
ation are supplied in cryostats each
complete with integral low noise
charge-sensitive preamplifier
which uses one or more specially
selected Field Effect Transistors, a10
or 25 litre dewar, a 1-litre-per-
second lon Pump and Control
Unit, a Cryosorption Pump using
molecular sieves (optional), and a
Pirani Vacuum Gauge and Con-
trol Unit (optional).

Typical system resolutions obtained
with our Ge(Li) spectrometers are:
a. Planar 5 cc detector : less
than 3 keV on the 662 keV
photopeak of 137¢s,

b. Coaxial 30 cc detectors : less
than 5 keV on the 1.33 MeV
photopeak of 60co,

(Please note that the resolutions
quoted are total system resolutions.)

4x10°
0-426 MeV DETECTOR: LITHIUM DRIFTED GERMANIUM.
10 c.c. COAXIAL TYPE
i DETECTOR BIAS: 1000V.
PRE-AMP: NE 5287A (4 FET ROOM TEMP.)
. AMPLIFIER: NE 5259
3x 10 AMPLIFIER TIME CONSTANTS:
j 1 MICROSECOND
» i DOUBLE INTEGRATION
o] SINGLE DIFFERENTIATION
z ANALYSER: LABEN MULTICHANNEL
< MOD. 1024
(&}
o« 2x10° ]
& 0-816 MeV 1-274 MeV
w -»
= 1-085 MeV 1-487 MeV 2-090 MeV
2 - - -
[e] .
«©
1x10 ﬂ 1
i
250 500 CHANNEL NUMBER 750

Gamma-ray Spectrum of Indium, activated by Thermal Neutrons from moderated sources of Americium-241]
Beryllium. Spectrum measured on Lithium-drifted Germanium Gamma Ray Spectrometer. Above is the
actual system used to make these measurements. It includes (right to left) cryostat system with Ge (Li)
detector and NES287A Preamplifier, jon pump and control unit, Edinburgh Series electronics and 400

channel Laben analyser.

The twenty-fold improvement in
gamma ray energy resolution at-
tained with Ge(Li) detectors can be
further exploited by the use of anti-
coincidence systems. \When an
anticoincidence assembly is placed
around a Ge(Li) detector, an ap-
preciable reduction in general back-
ground results, as well as a reduction
in counts due to Compton inter-
actions in the detector. We make
and supply NE 102 plastic scintil-
lation counters of all sizes and
shapes to surround the Ge(Li) de-
tectors, as well as Nal(Tl) or
Csl(Na) anticoincidence systems,

(References: M. W. Hill, Nucl.Inst.&
Methods, Vol 36, No. 2, p.350-2,
Oct. 1965. J. Kantele et a/, Nucl.Inst.
& Methods, Vol 41, No. 1, p.41-4,
April 1966).
Edinburgh Series modulesprovide
the widest range of electronic
systems of the highest performance
to suit each experiment. Our Low-
Noise Preamplifier NE 5287A (with
4 FETs) and NE 5259 Pulse Ampli-
fier achieve a noise performance at
room temperature of 160 ion pairs at
zero detector capacitance, and 4.5
ion pairs per pF with lus double-
integration single differentiation.

Our Physics Group will gladly discuss your requirements for individual units or for a
complete packaged system. New 1967 Catalogue and wall-display chart available by contacting....

NUCLEAR ENTERPRISES (G.B.) LTD.

Sighthill, EDINBURGH 11, Scotland. Tel: (031) CRA 4060. TELEX 72333.

Associate Companies: Nuclear Enterprises Ltd., 550 Berry Street, Winnipeg 21.
Nuclear Equipment Corporation, 931 Terminal Way, San Carlos, California
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Get all the facts on our new generation of nuclear instruments.
Featuring unsurpassed versatility and performance...over 200 MHz
for those who need it. Shown below are two of our new generation,
the TR204 dual updating discriminator and Cl44 coincidence
modules. They set new standards for high rate, short resolving-
time coincidence measurements...and they are simpler to use than
avar. Ask our field engineer or representative for more details.

EGz .

NUCLEAR INSTRUMENTATION

MODEL TR204/N MODEL Cl144/n

DUAL UPDATING . COINCIDENCE
© DISCRIMINATOR (N}

Protected direct-coupled

input with 5 nsec. INPUTS
resolution. i

Fast inhibit input

protected to accept

INHIBIT o
photomultiplier signals. g

Threshold
continuously variable
from —100mv to —500mv.

MAJORITY
OUT OF 4

Output width continuously
variable from 3 nsec to
greater than 200 nsec.
Updating timer provides
true ‘no-deadtime’”
operation.

CLIPPED

Clipped input mode
provides one output pulse
for each input.

No multiple pulsing
however long the input.

DC input mode

provides output of
preset width or duration
of input above threshold,
whichever is longer. Just
what’s needed for veto
operation.

Two dual outputs for

total signal fanout of four.
One output can be |

a complement signal

at the flip of a switch.

‘}"@ EGeG ez : o ; 6'"@ EGrG e

Input pulse pair resolution
better than 5 nsec.

Selective AND
or majority AND
operation switch selected.

Direct-coupled,
protected VETO input.

Buffered VETO output.

Dual OVERLAP output
gives either AND or NAND
signal as selected by
switch. Minimum input

| required for full output
| <2 nsec.

Regenerated outputs
signals are produced by
same type of “updating”

| circuit used in TR204.

YES signal means “YES,

a coincidence occurred.”
Pulse width is continuously
variable by front panel
ten-turn control.

Two dual YES outputs
for high fanout ratio.
One may be selected to
give complement output
signal.

System gate signal
may be used
to gate C144 operation.

All M100 modules are available in both the EG&G package and in the NIM package (TID-20893 rev.). Write or call for detailed spec-
ifications, EG&G, Inc., Nuclear Instrumentation Division, 36 Congress Street, Salem, Massachusetts 01970. Tel: (617) 745-3200. Cable:
EGGINC-SALEM. Field offices: Chicago, lllinois; San Ramon, California; Washington, D.C.; Representatives in foreign countries.
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The Peerless Counting Machine ... Available From Stock

Two years ago we introduced Nanocounter 100
as the most advanced Counter/Scaler available.
Acceptance was so overwhelming that our pro-
duction was deluged almost at once. Nanocoun-
ter was the best of breed but we couldn’t breed
it fast enough and hold its uncompromising
quality standards. There were, ah, some delays
in delivery.

Two strenuous years later Nanocounter 100 is
still the best Counter/Scaler available. And now
it is available from stock; production levels are
now high enough to meet any reasonable de-
mand. Please make a few reasonable demands.

The Peerless Counting Machine remains peerless.
In two years we've made exactly one change:
we now offer the NCCA Cooling Adapter (a fan-
shroud combination) to move heated air away
from the power supply heat sinks so that other

CHRONETICS

occupants of the rack can play it cooler. Other-
wise Nanocounter holds its performance/quality
lead without effort. It still offers 100 MHz plus
counting rates; DC-coupled, stable, amplifier-
discriminator inputs; self-testing; separate high-
level Start/Stop gating; fully buffered outputs
with serial outputs as one of the very few
options; full RF-shielding; all (silicon) solid-state
circuitry; 10 nsec pulse pair resolution and a
host of other features available elsewhere only
as added cost options when they are available
at all.

Once more: Nanocounter 100, Chronetics’ 100
MHz Dual Counter/Scalers, are available from
stock. Price is still just $2200. f.o.b. Mt. Vernon,
N. Y. Technical literature, a demonstration or the
Peerless Counting Machine itself is yours upon
request. Immediately.

U.S.A.: 500 Nuber Avenue, Mt. Vernon, New York (914) 699-4400 TWX 710 560 0014
Europe: 39 Rue Rothschild, Geneva, Switzerland (022) 318180 TELEX 22266



