


Comment

The interest aroused by the article on
‘Education of children of CERN staff’ in the
August issue of CERN COURIER, which
was a summary of a detailed report ‘En-
quéte sur la scolarisation des enfants des
fonctionnaires du CERN’, has been quite
exceptional. And the interest has not by
any means been limited to CERN staff for
whom the subject is obviously a matter of
concern.

Some unified approach to education
throughout Europe is very desirable as the
integration of activities in Europe becomes
progressively more widespread. Ideally,
this unified approach would preceed such
integration. It would be of great benefit to
a Europe acting more and more as a single
unit, to have accepted some common ele-
ments and common standards in educa-
tion throughout the continent. On the per-
sonal level, it would also mean that the
people who are called upon to move from
country to country, could do so without
jeopardizing their children’s future.

The practical difficulties are formidable.
Despite the enormous changes which have
been wrought in education internally, in
many countries in recent years, there are
aspects of respective systems which are
understandably jealously guarded, often
being based on generations of experience.
It will not be easy to open some of the
doors which it is important to open. Even
the seemingly straightforward need to
achieve recognition of qualifications across
frontiers (probably the most important first
step) is proving difficult.

At a time when European countries are
being asked for further support for expe-
riments in physics, in the shape of a large
new Laboratory, it may seem profligate to
put forward a case for support for an expe-
riment in European education. However the
national pockets that would be dipped into
would often be different ones to those
furnishing the money for CERN proper,
and the support on the education front
would certainly not dip deep.

It is incidental that it should be CERN
that provides a possible testing ground for
an approach to the education problems of
the future. While tackling the problems
confronting the CERN community, the
opportunity exists for an effort on a modest
scale, which, by virtue of the structure of
the CERN communjty, will be relevant
throughout Europe.

The report prepared at CERN is an ana-
lysis of needs ; it does not attempt to spell
out a detailed solution. If interest is arou-
sed in the Member States, it will be for
the educationalists to move in to tackle
the solution. Even presuming that interest
is generated, things will not happen tomor-
row.

Nevertheless, if the challenge is con-
fronted with anything like the courage and
vision which Europe showed when setting
up CERN, we may see some ‘spin off’ due
to the existence of CERN, which could
contribute to the future of Europe as nota-
bly as CERN itself is doing.
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39" Session

A report on the Council meeting which took
place on 2 - 3 October under the chairmanship
of Dr. G. Funke.

This special meeting of the Council had
essentially two items on its agenda: 1) To
review the situation on the proposed 300
GeV Laboratory and to work out the next
steps forward for the project; 2) To agree
the budgets for the existing CERN Labo-
ratory for the coming three years.

300 GeV count down

The Director General, Professor B. P. Gre-
gory, opened the discussion with a review
of the present situation on the 300 GeV
project. Five countries — Austria, Belgium,
Federal Republic of Germany, France and
Italy — have now declared their intention
to participate in a new high energy phy-
sics Laboratory, and these countries con-
tribute about 60°% of the present CERN
budget.

Following the decision of the U.K. not
to support the new Laboratory at the pre-
sent time, a possible initial programme for
the project has been drawn up which redu-
ces the cost by 25°% (slightly more than
the contribution of the U.K. to CERN). Thus
with 60 % support already assured, and
with the expectation that favourable deci-
sions from other countries will soon be
forthcoming, it can confidently be said that
the project is going ahead.

The ‘reduced programme’

After the announcement of the U.K. deci-
sion in June, the Council asked CERN to
prepare a possible programme to take ac-
count of the reduced participation. This
involved revising the project so that the
foreseen expenditure (a total of 1776 mil-
lion Swiss francs spread over eight years)
would come down to a level which would
place no extra burden on the countries
who agreed to participate than they faced
before the U.K. withdrawal.

At a meeting of the Scientific Policy
Committee on 10 July, a series of guide-
lines were drawn up stressing principally
that the reduced programme should retain
the ultimate capabilities of the machine
both in terms of energy (300 GeV), of
intensity (10*3 protons/second), and of uti-
lization (facilities for extensive exploitation
by research teams). The SPC also stated
that the time at which physics starts at
the machine should not be delayed and
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that even the restricted project should give
value for money as a research facility.

At the same time, with the strong hope
that the U.K. government will be able to
reverse its decis'on before very long, the
reduced programme has been planned so
that it could revert to the full programme
without incurring much extra expense
when the U.K. joins.

The reduced programme, prepared follow-
ing these guidelines, is a model of what
can be done and not a final proposal. It
serves as a basis for decision by demons-
trating that it is possible to meet the new
situation and to go ahead with the project
while still retaining its ultimate aims.

The cost estimates for the construction
period of the original project were prepa-
red under three headings —

i) The machine itself (931 MSF)

ii) General Laboratory facilities and ser-
vices (431.5 MSF)

iii)y Preparation for research (413.5 MSF).

On the machine itself only modest
savings can be made given the require-
ment that its ultimate performance will be
able to reach that originally planned with-
out much extra expense. However, by star-
ting with a reduced r.f. accelerating sys-
tem, magnet power supply and injection
system, a total saving of 61 MSF can be
made. The price paid in machine perfor-
mance would be a lower intensity (down
by a factor of five) and beginning operation
at a lower energy (200 GeV). If 20 MSF
could be saved elsewhere, operation
could begin at 300 GeV. Restoring the full
performance will be straight forward with
more money available.

Laboratory facilities and services are
cut by 160 MSF because of reduced power
equipment, less site work and buildings,
and the postponement of the main compu-
ter installation.

Preparations for the experimental pro-
gramme carry the heaviest cut, 215 MSF.
This takes account of there being 25 %
less physicists to accommodate at the ma-
chine and accepts that the research will
have to take longer getting into top gear
- building up to 75 % level over two years
after the machine begins operation. Only
one ejection system and experimental hall

will be built and the experimental equip-
ment will be less; in particular no large
bubble chamber will be built for the start
of the research.

These savings bring the total cost of the
project to 1335 MSF (at 1967 prices), 75 %
of the cost of the project originally plan-
ned.

Next steps forward

A series of decisions now have to be taken
to bring the project to a reality. One of
the major ones is the selection of the site
for the new Laboratory. The process of
elimination so far had brought the list of
possibilities down to nine but this is effec-
tively reduced to five at the moment — the
five sites of the countries who are support-
ing the project: Doberdo (ltaly), Dren-
steinfurt (Federal Republic of Germany),
Focant (Belgium), Gopfritz (Austria), Le Luc
(France). Obviously, other sites would be
added to the list if some other countries
joined.

The Council accepted that no further
studies on the sites are necessary before
taking the final decision. It is hoped that it
will be possible to have a first indicative vote
at the December Council meeting. Should
two or three sites then emerge as the pro-
minent contenders, detailed discussions
with the countries concerned could take
place prior to the final vote, hopefully in
March 1969.

Another decision which needs to be
taken at least as fast as the site decision
is the appointment of the Director General
of the new Laboratory. A project leader is
needed to take charge of the final design
of the machine which will be carried out
before beginning construction on the site.
The choice is obviously crucial to the suc-
cess of the project, and the Council accep-
ted that the best possible man (or two-man
team) will be selected, regardless of natio-
nality.

A further essential before the new Labo-
ratory can come formally into being is the
ratification of the revised Convention. In
December last year, the Council approved
amendments to the existing CERN Conven-
tion to allow a new Laboratory to be built.
Acceptance of the revised Convention in
no way implies commitment to support the
new Laboratory and the delegates were
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reminded of the need for their government
to ratify the amendments to the Conven-
tion as soon as possible. The signature
of all thirteen countries is needed to ena-
ble the project to go ahead, butitis obvious
that countries who may not participate will
not attempt to hold back the others.

Prior to the December Council session,
meetings will take place, involving parti-
cularly the five countries who are joining
the project, to arrive at a final text of the
‘Programme  definition’, the document
within whose framework the new Labora-
tory will be built and operated.

Assuming that these various items can
be resolved by March of next year, the
final design could start under the new
project leader by the middle of 1969. Then
in the second half of 1970, the team could
move on to the site to begin construction
of Europe’s new accelerator.

Professor B. H. Flowers, delegate for the
U.K., summed up the discussion on the 300
GeV project. He said that the discussion
had shown the spirit of European coopera-
tion in science in action. Even with the
reduced programme, a new range in the
study of matter and its interactions could
be opened up and Europe would retain in
the future the position if has held for so
many years as second to none in funda-
mental science. Professor Flowers offered
his congratulations and those of the Scien-
ce Research Council, of which he is Chair-
man, that the project is going ahead, and
said that U.K. Secretary of State for Edu-
cation and Science, Mr. Edward Short, also
wished it to be known that ‘he is pleased
at the positive decisions that have been
taken'.
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Budgets 69, 70, 71

The way in which budgets for coming years
are agreed at CERN foilows what is known
as the ‘Bannier procedure’ (it was worked
out in the Finance Committee on the insti-
gation of Mr. J. H. Bannier, delegate for
the Netherlands). At the December Council
meeting each year, the budget for the
following year is voted together with a
‘firm estimate’ for the vyear after and
‘provisional’ figures for the subsequent
two years. The firm estimate would nor-
mally only be reconsidered if a major
change occurred either in the work of
CERN or in the financial circumstances of
Member States, and the provisional figures
could also confidently be used in planning
long-term projects. The Bannier procedure
has proved invaluable in enabling CERN to
organize its projects efficiently.

At the Council meeting of December 1967
however, currency devaluation had produ-
ced an abrupt change in financial cir-
cumstances and it was not possible at that
time to arrive at figures for the coming
years. The Bannier procedure could there-
fore not be applied. In March, the Council
asked for a general review of the long-
term development of budgets as well as
the possibility of short-term savings. A
first report on the programme review
has been prepared.

Not having a firm estimate for 1969,
CERN had not been able to work out a
detailed budget for the coming year to
present to the Council in December and
it was therefore important to agree some
figures at this meeting.

The Director General presented the
recommendations of the CERN administra-

Dr. Hine (standing), the Director General (centre)
and the President of the Council in happy mood
during the Council Session.

tion for the years 69, 70 and 71. He recalled
that at the end of 1965, the Member
States had authorized two major develop-
ments in the research facilities at CERN —
the construction of the intersecting storage
rings, and the implementation of an impro-
vement programme at the 28 GeV proton
synchrotron. This involves long term com-
mitments stretching through to 1971.

On the intersecting storage rings, every-
thing is going as i‘nitially foreseen and
the expenditure on this huge project, which
is now past its half-way stage, is within
the predicted figures. On the improvement
programme however, there are many parts
(the heavy liquid bubble chamber ‘Garga-
melle’, the large hydrogen chamber, the
Omega project, improvements at the syn-
chro-cyclotron,...) and there are some
changes and additions which could not be
foreseen when the approval of the Council
was first sought. Two main items are —

1) The Booster injector, to increase the
intensity of the CERN 28 GeV accelera-
tor. This injector has been made more
elaborate, and therefore more expen-
sive than predicted, in particular to
absorb some possibilities which emer-
ged in 1966 which could contribute
greatly to increasing the performance
of the intersecting storage rings.

2) The collaboration with the Institute of
High Energy Physics, Serpukhov, which
was agreed in July 1967. CERN is pro-
viding special equipment for use on the
Soviet 70 GeV accelerator and is financ-
ing CERN teams doing experiments
at the machine. This could not be pre-
dicted in 1965.

In spite of tightening some areas of
expenditure (for example, the staff num-
bers, which are now 50 less than forecast
and will be 150 less than forecast by 1971)
the commitments now facing CERN will
take all the proposed budget increases
over the next few years and will involve
holding the physics programme at its pre-
sent level for four years.

No detailed predictions on budgets for
CERN-Meyrin after 1971 were put forward
at the Council meeting. Some major consi-
derations for the years from 1972 onwards,
when the ISR and the improvements pro-
gramme are completed, have to be care-
fully examined. They include the impact



Professor Puppi (left) retiring Chairman of the
Scientific Policy Committee in conversation with
one of the advisers to the ltalian delegation,

Dr. 8. d’Andrea.

Professor Gentner (left) newly appointed Chairman
of the Scientitic Policy Committee with Professor
Paul delegate of the Federal Republic of
Germany.

of the start of construction of the 300 GeV
machine and eventually the start of physics
at the machine, the role of the natio-
nal Laboratories, the long-term future of
CERN-Meyrin.

The delegations of the Federal Republic
of Germany and the U.K. both called for
reductions in the proposed budget figures.
Germany based its request on the financial
implications of beginning construction of
the new Laboratory and on the needs of
other areas of science and technology,
maintaining that CERN should establish
priorities in its work from now on.

The U.K. delegation were concerned in
the short-term to make economies whene-
ver possible in view of their financial situa-
tion but, more importantly, in the long term
were concerned with the image of CERN
for governments and for the rest of science.
Other fields such as astrophysics, oceano-
graphy and molecular biology, whose
demands on finance at the moment are
comparatively modest, are growing at a
tremendous rate and by the early 1970s
they will take an increasing proportion of
the restricted science budgets. The U.K.
urged CERN to take the lead in recogniz-
ing this problem, for it is decisions taken
and attitudes established now, which will
dictate whether CERN is adapted to the
situation which will soon prevail.

A compromise solution was put forward
by the Director General giving figures in
between those proposed by CERN and
those proposed by the U.K. This resulted
in the following budgets (in units of a mil-
lion Swiss francs) being agreed unani-
mously for the next three years —

1969 : 218, 1970 : 229, 1971 : 240

For the ISR project —

1969 : 88.6, 1970 : 79.5, 1971 : 79.5.
Expenditure in 1969 in connection with the
300 GeV project depends greatly on the
speed with which decisions are taken and
a tentative figure of 8.5 MSF was recorded.

These budgets will be voted at the
December meeting. The Director General
said that, in preparing the detailed bud-
gets, everything possible will be done to
avoid the burden of the reduced budgets
falling too heavily on the physics program-
me, while still fulfilling the various projects
under way.

The scale of the contributions of the
Member States is due to be revised at the
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end of this year (an exercise carried out
every three years on the basis of U.N.
statistics of net national income). The
Council decided to reduce the contribution
of Greece and of Spain as is allowed for
in the Convention in ‘special circumstan-

ces'.

Appointment

Professor W. Gentner from Heidelberg Uni-
versity was appointed to succeed Professor
G. Puppi as Chairman of the Scientific

Policy Committee. In bringing the meeting
to an end, the President, Dr. G. Funke,
expressed the warm appreciation of the
Council to Professor Puppi for all the work
he has done in the SPC during his term of
office.
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Formation of the
European Physical Society

On the afternoon of 26 September, the
European Physical Society was officially
inaugurated at the Aula Magna of the Uni-
versity of Geneva. This brought to a suc-
cessful conclusion discussions and prepa-
rations which started at Bologna in Novem-
ber 1965.

The idea of the Society was carried for-
ward at a series of meetings at Pisa,
CERN, London, Geneva and Prague. On
the 25 September a final discussion at
CERN, under the Chairmanship of the
Director General, Professor B. Gregory,
cleared the remaining points on the Cons-
titution of the Society, and on the morning
of 26 September more than forty of the
leading physicists in Europe and eighteen
National Physical Societies were enrolled
in the European Physical Society. The
National Societies are from :

Austria, Belgium, Czechoslovakia, Finland,
France, Federal Republic of Germany, Hun-
gary, lIreland, lIsrael, ltaly, Netherlands,
Rumania, Spain, Sweden, Switzerland,
U.K., U.S.S.R,, Yugoslavia.

(In a number of cases the National

CERN/P| 365.9.68
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Societies signed subject to formal ratifica-
tion by their own Councils.)

A major scientific Conference — the first
to be organized by the EPS — will be held
in Florence, 8-12 April 1969, and the first
Council of the Society will then be elected.
Until the Conference, an Executive Com-
mittee will guide the affairs of the EPS. Its
members are:

Prof. G. Bernardini, of Pisa, (President);
Prof. E. Rudberg, Stockholm (Vice President);
Dr. L. Jansen, Geneva (Secretary); Prof.
F. Janouch, Prague (Vice Secretary); Dr.
L. Cohen, London (Treasurer); Prof. G.J.
Béné, Geneva (Vice Treasurer); Prof. J. de
Boer, Amsterdam; Prof. H. Curien, Paris;
Prof. W. Gentner, Heidelberg; Prof. J. M.
Jauch, Geneva; Prof. G. Szigeti, Budapest.

Mme L. Etienne was appointed Executive
Secretary.

The seat of the Society is in Geneva and
the Secretariat is located at the Institut
Battelle, 7 route de Drize, 1227 Carouge.

An article on the EPS based on a talk by
the President, Professor Bernardini, ap-

Photograph below :

The Official Inauguration of the European
Physical Society in the Aula Magna of the
University of Geneva. On the platform are

(left to right) Professor G. Bernardini (President
of the Executive Committee of the Society),

Dr. D. van Berchem (Rector of the University

of Geneva) and Mr. E. Valloton (Head of the
Scientific Section of the international departmant
of the Swiss Ministry of Foreign Affairs).

peared in CERN COURIER vol. 8, page 35.

To recall the main aims behind its for-

mation — Article 2 of the Constitution

states :

‘The purpose of the Society is and shall
be to contribute to and promote the advan-
cement of physics, in Europe and in neigh-
bouring countries, by all suitable means
and in particular :

a) by providing a forum for the discussion
of subjects of common interest;

b) by providing means whereby action can
be taken on those matters which it ap-
pears desirable to handle on the inter-
national level.

The Society will concern itself with such
things as the co-ordination of Conferences
and Summer Schools; the co-ordination of
European physics journals and the publi-
cation of a Bulletin; the exchange of ex-
perience and information relating to phy-
sics teaching; the exchange of scientists
between physics centres in Europe.

At the official inauguration in the Aula
Magna of the University of Geneva, the
Rector, Dr. D. van Berchem, recorded his
pleasure at the formation of the EPS and
at the part the University had played in
bringing it into being. Speaking of the
selection of Geneva as the seat of the
Society, he recalled the role of the city in
the development of science and spoke of
CERN as being a real manifestation of the
spirit and practice of co-operation. Mr. E.
Valloton, representing the Swiss authori-
ties, also pointed to CERN as the example
of scientific co-operation and said that, in
order to pursue such co-operation, CERN
should be examined very carefuily to try to
evaluate the crucial elements which have
led to its success. He said that the Swiss
government has always encouraged inter-
national scientific research and welcomes
the formation of the EPS.

Professor Bernardini replied as Presi-
dent of the Executive Committee of the
Society. His main theme was the ‘cultural
unity of Europe’ and he said, ‘The for-
mation of this Society with such a wide
membership is a further demonstration of
the determination of scientists to work
together and make their positive contri-
bution to the strength of European cultural
unity’.



Membership of the EPS is defined in
Article 4 of the Convention:

‘The following individual, legal persons
or bodies may become Ordinary Members
of the Society:

a) individuals who have shown by their
contribution to European science, by
their professional activity or otherwise,
to the Council’'s satisfaction, that they
can further the cause and object of the
Society;

=

societies, groups or laboratories or-
ganized or existing under the laws of
the State of their incorporation or of
their seat and which, in the Council’s
opinion, make a significant contribution
to European science;

individuals who are members of a
society or group which has been
accepted as an Ordinary Member of
EPS and who fulfil the conditions laid
down in the foregoing paragraph pro-
vided such individual membership in
EPS is not precluded by the Consti-
tution or by-laws of their society or

group.

o

Membership fees are fixed in three cate-
gories — Individual members (72 Swiss
Francs/year); Membership through a Na-
tional Society which has joined the EPS
(the National Society pays a fee varying
according to the number of its members);
Members of a National Society who wish
to enroll also as individual members (18
Swiss Francs/year).

The first issue of the Bulletin of the
Society, to be called ‘Europhysics News’,
will be devoted to the formation of the
EPS. It will appear on the 15 November.

Enrolling in the European Physical Society —

1. Professor G. Bernardini (Director of the
Scuola Normale Superiore, Pisa)

2. Professor L. A. Artsimovich (Academy of
Sciences, USSR)

3. Dr. L. Cohen (Secretary of the Institute of
Physics and the Physical Society, UK)

4. Professor B. Gregory (Director General, CERN)
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News
from
abroad

Superconducting
accelerator programme
at Stanford

The High Energy Physics Laboratory
(HEPL) at Stanford University, USA, has
for some years been the scene of an inten-
sive attack on the challenging problem of
a supercondugting accelerator (SCA). The
work, under the leadership of Professors
W. M. Fairbank and H. A. Schwettman, has
advanced to the stage where a large SCA
will be put together during the next few
years with every hope of successful
operation.

The feasibility of constructing a super-
conducting linear accelerator was examin-
ed at several centres (CERN, Rutherford
Laboratory, and Stanford University) in the
early 1960s. It became obvious at that time
that a severe research programme to
achieve major technical advances would
be needed to overcome the problems invol-
ved and only Stanford decided to con-
front the work.

In order to explain why the challenge
was worth taking up, we should consider
the properties of the existing linear accel-
erator, which have perhaps reached their
optimum so far in the 20 GeV electron
machine at the Stanford Linear Accelera-
tor Centre. (Note: SLAC is a National
Laboratory, distinct from HEPL which is a
University Laboratory).

The 20 GeV accelerator is built up of
100 000 microwave cavities stretching over
a length of 3000 m. Radio-frequency power
is pumped into these cavities to establish
the electric fields which accelerate the
electrons. The bulk of the power is absor-
bed in compensating for the r.f. losses in
the copper walls of the cavities. Several
thousand megawatts of r.f. power are
required from an expensive klyston and
modulator system.

Because of the demand for power, the
duty cycle of the accelerator has to be
kept down to 1 in 1000 (in other words, the
accelerator is switched on for only a thou-
sandth of the time). For many experiments
this is a serious drawback. A related pro-
blem, which also affects the experiments,
is that it is difficult to hold the accelera-
ting fields (and thus the final beam energy)
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L. Suelzle (kneeling) and E. Jones (from CERN)
inspecting the injector for the superconducting
electron linac being constructed in the High
Energy Physics Laboratory at Stanford University.
(Photo Stanford University).

steady when pulsing the machine, coupled
with temperature rises in the cavity walls
where the power is lost which can change
physical dimensions and thus the acce-
lerator's characteristics.

The superconducting accelerator could
get round these limitations. If it were pos-
sible to build the cavities from a supercon-
ductor, and to sit the accelerator efficien-
tly in a very low temperature environment
where superconductivity becomes effective:

— There would be a great reduction in the
power lost in the cavity walls giving a dra-
matic saving in r.f. power

— The accelerator could then be operated
continuously instead of having a very low
duty cycle (the continuously maintained
field would also lead to more stable out-
put energy)

— 8Since the r.f. power system would no
longer be under strain, more power could
be used to increase the accelerating vol-
tage to the breakdown point, thus reducing
the physical length of the accelerator (per-
haps a factor of two or three down on
conventional linacs of the same energy)
— And, a surprise bonus, if superfluid

240

helium were used as the refrigerating me-
dium it would be possible to maintain
extremely stable temperature conditions
which would contribute to exceptionally
stable output energy.

To achieve these fascinating possibili-
ties, HEPL mounted a long-range research
programme to develop :

1. A new superconducting technology to
produce high power superconducting mi-
crowave cavities where the power loss is
a factor of million lower than in conven-
tional cavities.

2. A new superfluid helium technology to
handle power dissipation at low tempera-
tures while maintaining near isothermal
conditions over distances of hundreds of
metres.

Development of cavities

The reason for the requirement of a factor
of a million compared with the conven-
tional cavities is twofold. First, if the. power
dissipation in the walls can be reduced
by a factor of a thousand then, for the
same power input, the same accelerating

voltage can be maintained continuously.
Second, on extra factor of a thousand is
needed to compensate for the inefficien-
cies of a refrigerator working at tempera-
tures near absolute zero. In theory, super-
conducting cavities, made for example of
lead or niobium, would produce such an
improvement.

A more usual way of expressing what is
required is to say that one needs to
achieve microwave cavities with Qs excee-
ding 10'°, compared with the conventional
Qs of 104 Q stands for ‘quality factor’ and
represents the power utilization of the
cavity ; the higher the Q the less is the
power needed to establish a required vol-
tage.

If the power were fed into the cavity at
zero frequency, the resistance of the super-
conductor would be zero below the transi-
tion temperature (when the metal becomes
superconducting). However at high fre-
quency, such as is involved in the principle
of operation of a linear accelerator, the
resistance vanishes only at absolute zero
(and then only if some sources of residual
resistance are eliminated). Prior to the
Stanford work, the maximum values of Q
which could be achieved in a supercon-
ducting cavity were around 107 (indepen-
dent of temperature) and HEPL had there-
fore the task of improving on this perfor-
mance by a factor of a thousand.

One source of residual resistance is that
magnetic flux is trapped in the walls of
the cavity when they become superconduc-
ting. When the cavities are cooled down
in the earth’s magnetic field, flux is trap-
ped in the walls producing normal conduc-
ting regions. In a series of experiments
carried out at HEPL, it was found that Q
could be pushed progressively higher as
the ambient field during cool-down was
made lower. This increase continued
down to a field level of 0.03 gauss.

Another source of residual resistance is
that large thermal gradients can appear as
the metal goes superconducting giving
large thermoelectric currents, again resul-
ting in trapped flux. Keeping these thermal
gradients as low as possible resulted in
further increases in Q.

By now HEPL has shown that, with these
precautions, it is possible to take the value
of Q above 10'. (Similar values have since
been obtained at Brookhaven and Karls-



Some photographs from the National Accelerator
Laboratory where the USA 200 GeV accelerator
is being constructed :

1. All the Laboratory staff have now moved on to
‘The Campus’ and this flag-raising ceremony
took place on 24 September.

2. As reported in the last issue of CERN
COURIER, the Laboratory has experimented
with inflatable buildings. The one shown is for
the ‘Modeling and Measurements Group’.

3. An aerial view of the village of Weston which
temporarily houses the Laboratory staff.

ruhe using lead cavities.) The first require-
ment for a superconducting accelerator
has thus been achieved.

Pure niobium looks the best material for
the construction of the cavities because
of its excellent high voltage properties.
With niobium it should be possible to
achieve very high accelerating fields lea-
ding to a compact accelerator (energy
gradients of the order 20 MeV/m). Several
techniques for manufacturing cavities of
pure niobium, which at first sight could be
an extremely expensive business, are being
investigated. Electrodeposition on a copper
mandrel looks particularly interesting both
economically and as a method of accurate
construction.

Helium refrigeration

Superfluid helium has remarkably good
heat-transfer properties and is an excellent
heat reservoir, having high specific heat.
It can therefore rapidly spread any heat
generated in the cavities throughout a far-
ge thermal reservoir and thus play an
essential part in the operation of a super-
conducting accelerator by providing a sta-
bie thermal environment.

The Stanford team had, however, to
apply itself to the problem of realizing
these properties in a practical system. A
superfluid refrigerator had never been built,
nor had a large-scale cryogenic system
such as would be needed for a supercon-
ducting accelerator.

The firm Arthur D. Little Inc. modified
an existing refrigerator for superfluid opera-
tion. This was a 30 W system and tests
with it led to the design of a 300 W unit
now being installed at HEPL. The use of
this refrigerator should demonstrate the
feasibility of operating a large and complex
system from a central refrigerator. Work is
already under way on the design of a 1000-
2000 W refrigerator.

The near future

The 300 W refrigerator is designed to cool
a superconducting accelerator 150 m long.
(A 1.5 m prototype has been in operation
since December 1966.) Within the next few
years all the individual pieces of work
which have been done on various aspects
of SCA technology will be brought toge-

ther in the design, construction and ope-
ration of a superconducting electron linac
150 m long. If all goes well it could even-
tually lead to a superconducting conver-
sion of the SLAC accelerator.

During this exciting stage of the work at
Stanford, two CERN people will be working
with the team — E. Jones (who did re-
search with the storage ring model, CESAR,
at CERN) and P. Bramham (a linac r.f. spe-
cialist from the ISR Division).

End of ING

The Intense Neutron Generator (ING) pro-
ject has been rejected by the Canadian
government. It was announced on 20 Sep-
tember that, in accordance with the govern-
ment decision, the AECL (Atomic Energy
of Canada Limited) will phase out its ING
studies and experiments by the end of the
current fiscal year.

The ING project was centred on the
Chalk River Laboratory. It involved the
construction of a 1 GeV proton linear
accelerator providing a continuous beam
of 85 mA to be used principally for the

3.

production of an intense flux of neutrons.
(See for example CERN COURIER vol. 7
page 200, for a fuller description).

The Canadian government decided that
in the light of the other demands on the
national treasury, the high cost of ING
could not be met at this time. It would
have been by far the largest, and most
expensive, single scientific project ever
funded by the federal government (capital
cost § 166 million at 1966 prices over a
construction time of seven years). Cana-
dian scientists are left with TRIUMF (see
CERN COURIER vol. 8, page 136), a cyclo-
tron project on the west coast.
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Vienna Conference

A report of the conference at Vienna and of
some of the developments in sub-nuclear physics
discussed there.

The 14th International Conference on High
Energy Physics was held at Vienna, from
28 August to 5 September. It was the latest
in the major series of biennial conferences
covering sub-nuclear physics, often called
the ‘Rochester conferences’ (the first ones
were held at Rochester in the 1950s). The
sponsors were the Austrian Federal Govern-
ment, the International Union for Pure and
Applied Physics {IUPAP), and CERN.

About a thousand physicists from thirty-
nine countries attended, including almost a
hundred from CERN, and the organization
of the conference was remarkable in co-
ping successfully with such a large num-
ber of people.

The setting of the Imperial Palace, the
Hofburg, at Vienna was perhaps the most
magnificent ever to receive a conference
in this series. Using the large conference
hall of the Hofburg, it was possible to
accommodate all the participants together
(though the loudspeaker and projection
system were not adequate for such a large
throng). In addition, the Austrian hosts
were overwhelmingly generous in their
hospitality. The entertainment programme
included a night at the famous Vienna
Opera and a reception at the elegant Town
Hall. And to complete their impression of
Vienna, the participants could appreciate
as they made their way around the city
that all the beautiful problems in life are
not confined to physics.

But these pleasant memories were inevi-
tably coloured by the nearness to the Con-
ference, both in time and space, of the
occupation of Czechoslovakia, which was
deeply felt by the assemblied scientists.

To turn to the physics — the conference
was one of consolidation rather than reve-
lation. There were no dramatic announce-
ments of results such as fired the confe-
rences in the early 1960s (and this may
well remain the case for some years, per-
haps until a new energy range opens up).
Nevertheless, many more pieces were
added to the jigsaw puzzle, mainly slott-
ing into their expected places. Results on
the weak interaction and the electroma-
gnetic interaction which were thin on the
ground a few years ago, are now flowing
in in profusion. For the weak interaction, the
flurry of activity is mainly a consequence
of trying to understand the violation of
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charge-parity (CP) symmetry in the decay
of the long-lived neutral kaon. For the
electromagnetic interaction, the existence
of full experimental programmes particu-
larly at the DESY electron synchrotron and
at the linear accelerator at Stanford has
added many more results. Some experi-
ments have been refined to a point where
accuracies unbelievable even two vyears
ago, are being achieved. On the theoretical
side a lot of new ideas were added to the
melting pot, not many of them thoroughly
developed. They will, however, be the
source of interesting work using new
approaches.

Almost a thousand papers were received
for discussion during the parallel sessions
and the ‘Discussion Leaders’ had the diffi-
cultjob of filtering these down to a number
which could reasonably be accommoda-
ted. They were broken down into seven
groups — GCurrent and field algebras,
quarks, and related topics; Electromagne-
tic interactions; Resonances; Dynamics of
strong interactions; Weak interactions and
CP violation; Intermediate and high energy
collisions; Fundamental and theoretical
questions.

What follows now is a necessarily very
selective review of the information presen-
ted at the conference — picking out a few
experiments and a few important topics
from theory.

Weak interaction

Fta zero zero confrontation

As mentioned above, an intensive attack
has been launched on the weak interaction
in an effort to understand the mechanism
of CP violation in the decay of the long
lived neutral kaon, K°|. One important
need is to determine the value of eta
zero zero.

To explain what this means we need to
go quickly through some facts on the CP
violation. (For more detail see CERN COU-
RIER vol. 6, page 171; vol. 7, page 31; vol.
8, page 11.) In 1964 came the first observa-
tion of the decay of the K°_ into two char-
ged pions. If charge parity symmetry were
conserved this decay would not be possi-
ble, but by now it is well experimentally
established and the rate at which it occurs
(a few decays in a thousand) has been

accurately measured. The rate at which the
short-lived kaon, K©g, decays into two
charged pions (which does not violate CP)
is also known. It is then possible to give
a value for the ‘relative decay amplitude’
called ‘eta plus minus’, which compares
the amplitudes (the square roots of the
rates) of the decay of the K°[ into two
charged pions and of the K®g into two
charged pions
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The value of eta plus minus is now well
established as about 2 x 1073,

In 1966, the decay of the K°( into two
neutral pions, which also violates CP, was
observed in two experiments — a spark
chamber experiment done at CERN by a
Rutherford, Harwell, Aachen, CERN group
and a spark chamber experiment done at
Princeton. It is a much more difficult decay
to get hold of since it involves detecting
the electron showers, which are produced
by the gamma rays, which are produced
by the neutral pions, which are produced
by the long-lived kaons. Great care has to
be taken to distinguish the two pion decay
from the profusely occurring three pion
decay. Nevertheless, both experiments
measured the rate of the decay and were
therefore able to put forward a value for
eta zero zero
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Why is the value of eta zero zero impor-
tant ? The answer lies in trying to analyse
just what is happening when we observe
the long-lived kaon decaying into two
pions in violation of CP symmetry. Are we
seeing directly the rare occurrence of a
K® | decaying into two pions or are we
seeing the decays of a K°g into which a
K¢ | has converted ? (Although the K% is
‘allowed’ to decay into two pions this
doesn’t get around the CP violation
because we still have to confront it in con-
verting K°| into K°g ). If the second alter-
native is correct — that a ‘super-weak’
force is acting on K°|_ which on rare occa-
sions converts a K°| into a K°g — then
the ratio of the observed K° | decay into
two neutral pions compared with two char-
ged pions, should equal the ratio of the
K®g decay into two neutral pions compa-
red with two charged pions (just because

Moo =



we are saying that we are not seeing the
decay of K°_ at all, but always of K°g into
which K°L isoccasionally converted). Then
noe should equal n+- having a value
of about 2 x 1073, If this is not the case
we eliminate the superweak theory of CP
violation.

Both 1966 experiments gave meo equal
to about 4 x 1073 and the two results were
very close together. Three further measu-
rements entered the discussion at Vienna

1. A Hawaii/Berkeley team in an experi-
ment at Berkeley comes close to 4 x
1073, in line with the 1966 results.

2. A CERN heavy liquid bubble chamber
experiment involving CERN, Ecole Poly-
technique and Orsay gives a value
close to 2 x 1073, This experiment invol-
ved perhaps the most searching ana-
lysis of any bubble chamber experiment
yet, because, when it became obvious
that the result did not tie up with the
two 1966 results, the scientists stood
on their heads to look for possible
errors.

3. Preliminary news from an experiment
led by V. Fitch at Princeton which has
observed no two neutral pion decays
so far. This was a significant contribu-
tion to the discussion simply because
if moo in nearer 4 x 107 some events
should have appeared (the event rate
goes up as the square of moo).

Also, further analysis of the first Prin-
ceton result has brought it down to nearer
2 x 1073,

Obviously, in the light of this confron-
tation, each experiment has been put
under a microscope but without discove-
ring any flaws. Further experiments will be
done and the possibility of using the new
large heavy liquid bubble chamber, Gar-
gamelle, which would be a very efficient
detector of neutral pions, is under consi-
deration at CERN.

Neutrino results

The preliminary results of the latest series
of neutrino experiments at CERN (see
CERN COURIER vol. 6, page 211) were
reported at the conference. For the first
time, information based on neutrino inter-
actions on free protons could be announ-
ced. It proved easy to pick out the free

proton events from those involving a pro-
ton bound in a nucleus.

Prior to this experiment there was no
experimental figure for the cross-section
of the neutrino interaction with a nucleon
to produce a pion. The previous experi-
ments, in order to see an acceptable num-
ber of interactions per day, were compelted
to use freon in the bubble chamber and
any interaction with a nucleon producing
a pion was very difficult to analyse because
the pion is affected by the other nucleons
in the heavy nucleus. Now that the neutrino

“flux in the CERN beam-line has been grea-

tly increased, an acceptable event rate can
be achieved using the less dense propane
in the chamber, and propane has hydrogen
atoms with ‘free’ protons at their nucleus.
Thus pion production can occur without
interference from other nucleons. The
results show that, as expected, the domi-
nant contribution to the inelastic cross-
section comes from the formation of the
nucleon resonance N* (1236).

VH+N—>N*+J‘E+“lL

The spark chamber experiment done in
association with the bubble chamber expe-

K 840/43

The huge hall used for the Conference sessions
in the Imperial Palace at Vienna.

riment also confirmed an expectation. One
of their measurements was to check the
muon conservation law, namely that the
muon neutrinos (VM) always transform to
negative muons and the muon antineutri-
nos (7“) to positive muons. With spark
chambers before and after the bubble
chamber they used the magnetic field of
the chamber to determine the charge on
the muon. With the CERN beam of neutri-
nos only negatfve muons should have been

seen. The result was p*/u~ = 0.3 % which
is consistent with the background
Vv = 0.2 %,

A side effect of the research on cosmic
and solar neutrinos with detectors located
deep underground has been the measure-
ment of the angular distribution of very
high energy muons. A report from the Utah
University team down the Park City lead
mine found that the measured muon flux
did not vary with angle in the expected
way (see CERN COURIER vol. 8, page 12)
suggesting that the source of these muons
was not exclusively the decay of pions
and kaons.
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This result has since been contested
(for example by a Durham University group)
and at the Conference, M.G.K. Menon
reported similar measurements carried out
in the Kolar gold mines in India at diffe-
rent depths. His team found the muon flux
to vary with angle as expected.

Theory

The theoretical attack on the weak inter-
action has moved into a new phase in
that people are now busy trying to calcu-
late higher order corrections. So far the
theory describes the interaction very well
to lowest order, but it runs into trouble if
it is extended to higher orders. The present
efforts are directed towards modifying the
theory to correct this and some possible
models have been proposed.

On the delicate problem of CP viola-
tion, the theoretical position is wide open
and theorists are largely maintaining a
discreet silence for the time being until the
experimental position is clarified.

Electromagnetic
interaction

C violation

One of the major topics of the conference
held two years ago at Berkeley was the
possible violation of charge symmetry in
the electromagnetic decay of the eta
meson into three pions (see CERN COU-
RIER vol. 6, page 171). The first experi-
ment (bubble chamber experiment at Brook-
haven) based on the observation of one
and a half thousand events rocked the
boat by claiming a clear indication of C
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violation (giving an asymmetry of 0.072
0.028). A spark chamber experiment at
CERN, reported at Berkeley, had observed
more events (ten and a half thousand)
and showed no C violation (asymmetry
0.003 * 0.010).

Still more events, 40000, have been
observed in an experiment at Brookhaven
by a Columbia University, BNL team and
an observed asymmetry of 0.015 £ 0.005
was reported at the conference. St'anding
by itself this may have been regarded as a
strong indication of C violation but, with
the other experiments behind it, a verdict
of ‘violation not proven’ is generally recor-
ded.

It appears that American eta mesons
have a tendency to break the law while
Western European eta mesons are well-
behaved (they have, of course, a much
longer cultural tradition behind them).
Apart from spinning a coin in mid-Atlantic
(which would be unscientific, though chea-
per), perhaps the clinching resuit will be
the behaviour of Eastern European eta
mesons at Serpukov.

g-2

The muon storage ring group from CERN
reported their measurements of the ‘g
minus 2’ of the positive and negative muon.
The experiment was one of the most refin-
ed ever to be undertaken, aiming to
measure ‘g-2’ to an accuracy more than
ten times better than ever before. The
value of ‘g-2’, which is related to the ano-
malous magnetic moment of the muon, is
important because —
i) It is a way of testing just how far the
very successful theory of quantum elec-
trodynamics continues to apply when

A photograph taken during the reception in the
Vienna Town Hall. This was just one of the events
laid on by the City of Vienna which received

the Conference with quite exceptional generosity.

investigated at smaller and smaller
distances; one of the gratifying surprises
of physics is that this theory which was
developed to explain phenomena onthe
scale of 107% cm has continued to hold
good down to 10714 cm.

It could provide a clue to the reason
for the existence of the muon ; the elec-
tron and the muon differ essentially
only in their mass and why Nature has
need of two diffefent ‘identical’ particles
has been an intriguing question for
many years.

(For a full description of the experiment
and its aims, see CERN COURIER vol. 6,
page 152.)

The theory predicts a value for g-2 of
116560 x 1078 The experiment gave
(116575 + 71) x 1078 for the positive muon
and (116625 £ 24) x 1078 for the negative
muon. These results are twenty times more
precise than the previous figures. During
the course of the experiment they were
consistently higher than the theoretical
prediction but not enough to shake the
belief in quantum electrodynamics which
still stands down to distances below 1074
cm.

The possibility of pushing the accuracy
still further is now being investigated at
CERN.

=

Theory

Some of the results from Stanford are
posing big problems for theorists. They
concern particularly electroproduction at
high momentum transfer. When resonance
production goes down, an inexplicable
background remains which is large and
constant.

Photo production of the neutral pion and
the photoproduction of charged pions by
polarized gammas pose new difficulties
for the Regge pole analysts. For elastic
electron scattering, explanations of the
form factors at large momentum transfer
in terms of a composite structure of the
nucleon were presented but the position
is still not clear.

Strong interaction

Here, more than anywhere, the weight of
accumulating information is growing at a
great rate. In bubble chamber experiments



Part of the audience during one of the
Conference sessions. The hall of the Imperial
Palace was able to accommodate more scientists
than had ever been brought together at any
previous high-energy physics Conference.

(Photos : Foto Schikola, Vienna)

the statistics are climbing at the rate of
about four every two years and the pre-
sent statistical accuracies are forcing more
attention to be paid to systematic errors
such as are involved in the optical pro-
perties of the chambers.

At the last conference two years ago
in Berkeley, two-body collisions were
mainly known in terms of elastic scattering
near the forward direction. Now data
exists over the whole angular region for
pion-proton, proton-proton and anti-proton
interactions. All these have different struc-
tures and it will need a lot of work to
interpret them theoretically. In terms of
quasi-elastic scattering (such as pion plus
proton giving a proton and a boson reso-
nance), many results have come from
bubble chamber and missing mass spec-
trometer experiments.

The situation with regard to resonances
was summarized by H. Harari (Weizmann
Institute) in a thoroughly well-prepared and
well-presented talk. He showed that, parti-
cularly for the baryon resonances, the
observed particles fit very well into the
places assigned to them by SU6 theory
or the quark model. For the boson reso-
nances, things are not so clear cut.

Mixing angle

Results involving the electromagnetic inter-
action, which have an important bearing on
unitary symmetry theory, were reported by
several groups including the Bologna/CERN
team. Three measurements were reported
for the ‘o - @ mixing angle’ giving values
which fit that needed to explain the omega
(w) and phi (&) vector mesons in terms of
Sus.

When shuffling the observed particles
into the groups corresponding to the SU3
scheme, an anomaly arose for the group
of vector mesons. In the expected group of
eight, seven mesons were found to fit
nicely but none fitted into the slot for a
particle of mass about 960 MeV (called
®s).

Instead two maverick particles were
found — the omega meson of mass 760
MeV and the phi meson with a mass of
1020 MeV. J. J. Sakurai suggested that the
two observed particles are in fact mixtures
of the ws and an SU3 singlet particle
w1 (both of these particles having the same
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quantum numbers). This can be expressed
by the ‘w - @ mixing angle’.

The way used to determine this angle
by the Bologna/CERN team was to mea-
sure the electromagnetic decays of the
omega and the phi into electron-positron
pairs. The omega and the phi are linked
with the photon, which materializes into the
electron-positron pair, by their ws compo-
nent. Thus to examine the electromagnetic
decays is effectively to switch off the s,
making it possible to determine how the
ws and w1 mix to give the observed omega
and phi mesons.

However, the electromagnetic decays of
the mesons are very rare and difficult to
observe. The team measured the decays
using a complex array of detectors mainly
built at Bologna. Although only a handful
of events for each particle state were seen
it was possible to give a value for the
mixing angle (23 f7)0 which confirms that
the SU3 explanation of the omega and phi
in terms of the mixing of two particles is
correct.

Similar values came from elegant and
difficult experiments done by the Orsay
colliding beam group, who used electron-
positron collisions in the Orsay storage
ring to produce the mesons, and from the
MIT/DESY group who used photoproduc-
tion of the mesons at the DESY electron
synchrotron.

Theory

The strong interaction is fertile ground
for theorists also. The complexity of the
experimental observations has resuited in
many different theoretical approaches.
To understand the behaviour of cross-
sections at high energies and the exchange

of quantum numbers, the Regge pole mo-
del remains the most successful. The known
particles fit well with the concept of Regge
trajectories but complications have oc-
curred involving the introduction of ‘con-

spiracies’ (special connections) between
trajectories in order to explain, for example,
experimental results in which pion ex-
change is prominent. These complications
may result in ‘Regge cuts’ assuming a
much more important role in the theory
than they have done up to now.

One of the most satisfying developments
since the Berkeley conference has been
the recognition of ‘duality’ between the
Regge pole picture and the resonance
production picture of particle interactions.
Previously, theorists were in the aestheti-
cally displeasing position of having an
interpretation which was good at high
energies but bad at low energies (Regge
pole picture) and another interpretation
which was bad at high energies but good
at low energies (resonance picture). An
analysis which seems to resolve the con-
flict by showing that, in fact, each picture
contains the other was first proposed by
Dolen, Horn and Schmid and it has since
been extensively used to determine Regge
parameters for low and intermediate
energy interactions. Much work is under
way on this theme; in particular, a model
proposed last summer at CERN by G.
Veneziabo is being explored further.

For the first time, a major effort has
emerged to understand interactions where
many particles are produced (as opposed
to essentially two-body processes which
may produce two resonances which decay
to give more particles). The most promis-
ing interpretations are based on multi-
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Regge pole exchange which many groups
used for interpreting their data following
the pioneering work of Chan Hong-Mo
and collaborators at CERN. This model is
proving very successful and led G. Chew,
F. Low, and M. Goldberger, to some inte-
resting theoretical developments which
were sketched at the conference.

On symmetries, SU3 theory still stands
in good array. The development of the
Regge pole model has put forward the
possibility of some particles which would
not fit the classification of particles based
on the postulate of quarks, but M. Gell-
Mann and G. Zweig have already prepared
for the possibility of these particles being
detected experimentally by working out a
modified quark model.

New results have emerged from the
work using algebra of fields, in particular
in connection with processes involving
hard (actual) pions; the early current alge-
bra work obtained its results assuming
soft (zero mass) pions. A beautiful resuit
of more mathematical nature was presen-
ted by D. Atkinson in S-matrix theory. He
has explicitly shown the compatibility of
crossing-symmetry, unitarity and the Man-
delstam representation for a scattering am-
plitude.

And with that flurry of specialists terms
this brief review of some of the topics of
the Vienna conference is concluded.

The conference indicated many interesting
theoretical paths to follow, many experi-
mental results which are still needed, and
results which need further precision. No
doubt much of this will be cleared by the
time of the next conference in the series
which will be held in the Soviet Union in
1970.

The new concrete shielding roof which was built
over the top of the existing PS tunnel over the
target zone from which beams are taken to the
North and South experimental halls (see CERN
COURIER vol. 8, page 178). This precaution has
been taken to prepare for the radiation levels
which will be generated as the intensity of the
proton synchrotron is increased.
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CERN News

Start up of the PS

The proton synchrotron began operation
again on 9 September after a long shut
down. Up to 23 September, the machine
was operated only at night and at low
energy (800 MeV) because the civil engi-
neering work at various points around the
ring, particularly the reinforcement of the
shielding and the piercing of the connec-
ting tunnels for the Booster and the ISR,
was still in progress.

It was possible during this running-in
period to eliminate the faults inevitably
present after the many modifications and
additions which had been carried out
during the shut down. These two weeks
were also used to carry out a series of
tests to improve the overall injection effi-
ciency; these tests will be continued in the
normal course of development of the ma-
chine.

On 25 September, when all the civil engi-
neering work had been finished on sche-
dule (despite the bad weather), the PS
came back into normal operation. Opera-
tion began with a step-by-step increase in
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energy to find the optimum settings of the
currents feeding the pole face windings.
The main problem here was to obtain a
sufficiently uniform magnetic field at high
field levels over an adequate width inside
the vacuum chamber to enable the beam
to be directed onto targets. The width of
uniform field at high field levels could not
be predicted accurately in advance. Uni-
form field at peak energy of over 45 cm
was achieved which is ample. The varia-
tion in the currents for the pole face wind-
ings are now programmed.

Once this had been cleared, the next
step was to establish the maximum energy
for regular operation. It was found to be
27.2 GeV with a repetition rate of one pulse
every 32 s (with the previous magnet
power supply, the theoretical repetition
rate at this energy was one pulse every
6 s) and it may prove possible to lower
this figure to 2.8 s. (These performance
figures are close to those on the AGS at
Brookhaven). The new power supply is
working well, but there are still a few
adjustments to be made to the static con-
verters.




One of the new remotely-controlled arms carrying
a television camera which observes the
manipulator in action. It is less bulky, stronger
and has a further degree of freedom of movement
compared with jts predecessor.

On 5 October an intensity of 10'2 protons
per pulse was obtained.

At the time of writing, experiments have
started only in the South Hall, fed by two
internal targets, one in straight-section 1
receiving 80 %o of the beam, and the other
in straight-section 8 receiving the other
20 %o. All the other experiments in the PS
programme should begin progressively
through to the months of January or Febru-
ary, 1969.

Tests on the ‘straight flush® system
(see CERN COURIER vol. 8, page 175}
began on 10 October and the system has
already performed many of its tricks. The
ejection channel from straight-section 58
can be supplied with up to three bunches
of protons per pulse and adjustments ready
for feeding beams to the 2 m bubble cham-
ber can begin. Experiments are under way
also on the full-aperture kicker (see CERN
COURIER vol. 8, page 26) and on the slow-
ejection system for the East Hall.

From the start up, a considerable improve-
ment has been achieved in the vacuum
monitoring system. Information on the
pressure in each of the straight-sections
of the ring can be read from dials or prin-
ted out by the IBM 1800 computer in the
control room. The latter also gives the
averages of the measurements and indi-
cates those sections where the vacuum
is poor.

Modified manipulator
of the PS

A ‘General Mills’ remotely controlled ma-
nipulator has been installed in the PS ring
since mid-1967 (see CERN COURIER vol. 7,
page 85). Although such devices are by
now quite common, they have not so far
been used in places with no direct visual
access such as an accelerator tunnel. The
aim of the tests at the PS is to study all
the problems involved in the operation of
a manipulator seen only by television
cameras.

In May 1968, a second, smaller telema-
nipulator of quite a different design, which
was made at CERN, was added. The whole
apparatus proved most useful when the
PS was shut down in June 1968; especially

for dismantling the septum magnets from
straight-sections 58 and 62, which had
some very ‘hot’ components.

The new small manipulator was particu-
larly useful. It has a long, thin arm which
is suitable for delicate work because, in
contrast with the arm of the large manipu-
lator, it does not block the field of view of
the cameras or cast shadows. Nevertheless
it is a prototype and has some faults ; for
example, its counterbalancing system is
cumbersome. This is to be improved.

It has also been necessary to modify the
observation system: the three cameras
(two for detailed views and one for an
overall view) have had to be replaced
because they produced very low level
signals which could easily be disturbed by
the surrounding motors. The lighting sys-
tem has also been improved — the lights
on the cameras have been replaced by
halogen lamps which are about ten times
more compact, and those fixed on the
bridge have bean replaced by more power-
ful ones. The counterbalanced arms sup-
porting the cameras have been replaced by
stronger ones which are now fixed to a
carriage and no longer directly to the
bridge, which gives them longer range in
the lateral direction.

The next major problem to be tackled
is that of the limitation in the area where
the manipulator can work, dictated by the
length of the control cables (40 m) bet-
ween the bridge and the input/output point
on the wall of the ring. Work has started
on a system which will allow cables to be
disconnected from a distance and be
reconnected on a connection box 40 m
further away.

LSD at CERN

In autumn 1966, the Track Chamber Divi-
sion at CERN, in collaboration with Collége
de France and Ecole Polytechnique, under-
took to build two automatic measuring
machines for bubble chamber photographs
of the type known as the digital Spiral
Reader. (In French ‘lecteur a spirale digi-
talisée - LSD’; honi soit qui mal y pense !)
One is intended for use at CERN and the
other at the Collége de France.

It is only necessary to point to the num-
ber of photographs taken in the three
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CERN bubble chambers in the last year —
over 7 000 000 — to bring out the need for
measuring systems which are as automatic
as possible.

There are three stages prior to the ana-
lysis proper of the particle events recorded
on a photograph :

1) Scanning : the selection of the events
with which the experiment is concerned
(perhaps events with two or four
prongs, or neutral particle decays...).
An event will involve only a fraction
of the many tracks produced on a pho-
tograph during the exposure time and
only a fraction of the total number of
photographs taken during an experi-
ment will record the interesting events.
It is a relatively simple operation for
the trained human eye to pick these out
but it is still too complex an operation
for machines to do efficiently. (There
are attempts being made to develop
automatic scanning but they are still
at the experimental stage.) One is limi-
ted therefore, to producing equipment
which reduces human intervention to
the bare minimum.

2) Measurement : the accurate recording
of the coordinates of a certain num-
ber of points on each trajectory of the
events selected. This process can be
either semi or fully automatic.

3) Processing: This begins with the
reconstruction in space of the trajecto-
ries using information from the three
views taken. This is done by computers
in every case and serves first to elimi-
nate incorrect measurements.

Almost all the present methods of film
measurement involve a man/machine col-
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The principle of the Spiral Reader : A radial slit
(E) projected optically onto a bubble chamber
photograph moves in a spiral centred on the
vertex (D) of an event on the photograph. The
slit measures in polar coordinates the positions
of those particle fracks which make an angle of
less than 20° to the radius — all the tracks
drawn in full on the diagram. The sections of
track drawn dashed are not measured. This
eliminates a high proportion of the tracks not
forming part of the event but can miss also part
of tracks (C) which are part of the event.

SR [ in operation at Berkeley. In September 1964,
this became the first Spiral Reader to be used

Figure 1
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in production measurements. It measured its
millionth picture at the end of last year.
(Photo LRL)

Diagram of the CERN Spiral Reader (LSD)
showing :

(1) projection table
(2) tilm transport

(3) the system producing the spiral movement of
the slit (the periscope protrudes from the
centre of the cone)

(4) television camera

(5) mirror positioned inside the cone (not shown
directly on the diagram, but its position can
be realized from the trace of reflected light).

laboration. Various types of machine with
varying degrees of automation are in use.
They include the IEP’s (Instrument for the
Evaluation of Photographs — see CERN
COURIER vol. 6, page 7 and vol. 7, page
185) and the HPDs (see CERN COURIER
vol. 8, page 7).

A further method, the Spiral Reader,
has come to fruition quite recently. It is
based on a principle which originated at
Berkeley where twd measuring machines
of this type have been brought into opera-
tion (see below). CERN’s Spiral Reader or
LSD follows the same basic principle
though it is different in many design fea-
tures. Human intervention is reduced to
indicating to the machine the vertex of an
event (at D on Figure 1).

The LSD takes advantage of the fact
that the events always have a ‘star’ form-
ation which makes it feasible to survey
their topography in polar coordinates. The
principle of the device is as follows: A
radial slit moves in a spiral around a
point of reference. The spiral is centred on
the vertex of an event and, by means of
an optical system, the slit moves over the
bubble chamber photograph. Each time it
encounters the track of a particle, a pho-
tomultiplier tube produces a pulse which
records its location in polar coordinates.

The advantage of using a slit is that it
does not record every track but only the
‘radial’ ones. The intensity of the light
passing through the slit varies depending
upon how parallel the slit is to the track
and by recording only the pluses of a cer-
tain amplitude, (the standard used being
that corresponding to tracks making an
angle of less than about 20° to the radius)
almost all the tracks not forming part of the
event will be eliminated.

The use of a slit, however, is a disad-
vantage for those tracks which are heavily
curved, having an angle of more than 20°
to the radius at the end of their trajectory.
In such a case, only a part of the length
of the track is measured (the part close to
the vertex}). This is usually adequate
because the heavily curved tracks will be
low energy particles.

Practical details

The main components of the LSD are afilm
transport system, an optical system, a pro-



Figure 2

jection table, closed-circuit television
giving high magnification, a spiral scann-
ing system, a system for measuring the
fiducial marks, a computer and its peri-
pheral equipment. (See Figure 2.)

Film system and table

Three films (50 mm film up to now, al-
though it is possible to modify the system
to take 35 mm film) are wound on the same
spool and are exposed in parallel on a
mobile, servo-controlled table. The posi-
tion of the table can be measured to
within 2 © by a Heidenhain linear coder.

Optical system

The light used for the projection is pro-
vided by a xenon lamp and reaches the
film after reflection from a cold mirror
which prevents the film from being heated.
The image is then passed through a set of
Schneider Repro-Claron lenses (01, 02 and
0s) and mirrors to the projection table, the
spiral scanning system and television
camera.

Projection table

This provides a 10 x magnification, and
allows the operator to have a general view
of the photograph. A small control desk
is attached to it.

Television camera

The camera (manufactured by Grundig)
projects a greatly magnified image (200 x)
of the event, so that the operator can
super-impose the centre of the spiral very
accurately on the vertex.

Spiral scan

This is the distinctive feature of the ma-
chine. The spiral movement of the slit is

produced by an optical-mechanical sys-
tem. A periscope moves vertically along
the axis of a cone, along the inside wall
of which is a small mirror (at 5 on the
diagram) inclined at an angle of 45° to the
horizontal. The periscope-mirror assembly
revolves at a speed of 900 rpm, with the
mirror permanently oriented towards the
periscope aperture, which is formed by a
fine vertical slit (50 w x 1000 p). The light
reflected by the mirror enters the peris-
cope through the slit and reaches a pho-
tomultiplier via a glass-fibre guide made
by Sovis.

The uniform rise of the periscope pro-
vides the spiral scanning action, maximum
travel being 150 mm corresponding to an
80 cm radius circle in the 2 m bubble
chamber. The movement of the periscope
and the angle of rotation are tracked by
the Heidenhain coders. The order of accu-
racy is 2 u in radius and (360/129 600)° in
angle.

Measurement of the fiducials

The fiducial marks on each photograph
can be measured automatically in one
single operation by means of V-slits con-
nected to four pairs of photomultipliers.
The equipment is adjusted for a given type
of bubble chamber and must be readjusted
if a different chamber is used.

Computer

A PDP 9 together with its peripheral equip-
ment (two tape units, teletype, oscilloscope
and fast card-reader) is an integral part of
the operation of the LSD. It has a memory
of 8192 words of 18 bits. Its functions are
— to control the film transport, the move-
ment of the projection table and the peris-
cope, the automatic measurement of the

fiducial marks; to pass instructions to the
machine from the operator and to inform
the operator of any problems on the ma-
chine; to record the measurements and
store them on magnetic tape.

Programme

Construction of the LSD is progressing
to schedule and is now at an advanced
stage. Tests are under way to deter-
mine the precision which the machine can
achieve. About twenty events have been
measured and analysed on the CDC 6600.
A filtering programme (POOH) adapted to
CERN standards has correctly reconstitu-
ted events ‘in space’ using the data from
the LSD. Start-up of the machine for ‘pro-
duction measurements’ is planned for
1 April, 1969.

Execution on an industrial scale

A group of Danish, Norwegian, Swedish,
Austrian, British and Israeli physicists was
set up in 1967 under the name of the
‘Spiral Reader Purchasers Group’ to find
out if there was a company capable of
manufacturing the LSD on an industrial
scale, using the design developed at CERN.
The Swedish firm of SAAB was finally
selected and has already received three
orders (Copenhagen/Stockholm ; Saclay ;
Vienna).

The use of the spiral reader technique for
measuring bubble chamber film originated
at the Lawrence Radiation Laboratory, Ber-
keley, and was pushed to a successful
conclusion under the leadership of Pro-
fessor L. Alvarez. The first idea came from
B. McCormick leading to the construction
of a device involving a circular scan of
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radial slits about a vertex. This was modi-
fied to a spiral scan of a single slit in 1960.
The circuitry was converted to digital and
the scanning motion was generated by a
periscope, a rotating cone and the slit.
In 1964, a PDP-4 computer was integrated
into the design and in September of that
year ‘Spiral Reader I’ began production
measurements. [t has been in operation
ever since with high reliability and heavy
utilization — its millionth event was mea-
sured on 23 December 1967.

Construction of Spiral Reader !l at Ber-
keley began in February 1966 and it came
into service in June 1967. 1t can measure
up to 120 bubble chamber events per hour.
The two Spiral Readers measured over
one million events in 1967. Many impro-
vements have been incorporated in the
second version and of special interest is
the investigation of a laser system to
speed up the measurement of short or
obscured tracks, which have so far requi-
red special attention from the operator.

The Berkeley Spiral Reader team, under
F. Solmitz, are also involved in the pro-
duction of a further Spiral Reader, in
collaboration with the Stanford Linear
Accelerator Centre, to be used at Stan-
ford.

Direct from the mains

It was mentioned in the article describing
the Booster in CERN COURIER vol. 8, page
8, that it may be feasible to power the
magnets of the four synchrotron rings
directly from the mains. This would do
away with the rotating power supply (mo-
tor-alternator set) which is usually used to
smooth out the surges of power required
by the pulsed operation of a synchrotron.
Rotating plant, subjected to the stringent
demands of accelerator operation, has
proved to be the most fragile part of the
machine, and the possibility of dispensing
with it is of great interest (see CERN COU-
RIER vol. 8, page 108).

The maximum power required for the
Booster magnets is nearly eighteen times
lower than that of the PS itself in normal
operation and represents a pulsed load
which, it has been calculated, could be
borne by the mains supply coming into the
CERN Laboratory. Obviously, however,
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experimental tests were needed before the
possibility could be pursued further.

Advantage was therefore taken of the
PS shutdown to carry out such tests, with
the cooperation of the Geneva electricity
authorities, on 15 and 16 August. Since the
Booster magnets are not yet available, the
PS ring was used, pulsing the magnets at
a lower voltage (3 kV) than normal. This
simulated (though not exactly) the pulse
conditions which will prevail for the
Booster.

Tests took place at the time of peak
electricity load during the day and of mini-
mum load during the night. Repetition
rates of 3, 4, 6 and 9.9s were used.

The influence of the pulses was measu-
red at different points in CERN and on the
Geneva grid. The measurements were con-
cerned with frequency variations, voltage
fluctuations and variations in the power
supplied by the generators. The results
were analysed on the ATLAS computer in
the UK using the BOMM computer pro-
gramme for time series analysis.

The results of the tests were —

a) Frequency variations

The maximum value of the frequency vari-
ation induced by the pulses did not exceed
0.01 % corresponding to a peak-to-peak
variation of 0.005 Hz under normal condi-
tions. This value is of the same order as
the usual ‘noise’ on the mains supply
within the frequency range of the puises.

b} Voltage fluctuations

The voltage fluctuations measured on the
CERN site during the tests were higher
than could be tolerated by some other
CERN users. If the Booster magnets are
supplied from the mains it will be neces-
sary to include a compensation system to
hold the voltage steady.

c) Effect on the generators

It proved difficult to detect any effect on
the generators supplying the grid. The
measurements made at the Verbois and
Chancy hydro-electric generating stations
showed no variation — the influence of the
pulses was too small to give any deflection
on the recorders.

Thus the experimental results have lar-
gely confirmed the theoretical predictions
and were even better in some respects.

They have proved that it is feasible to
connect the Booster magnets to the mains.
It could provide important experience for
the possible connection of the 300 GeV
magnet to the mains.

Cross-channel link

Another important test of the ability of
electricity networks to take large pulsed
loads was carried "out on 20 - 21 June.
The power authorities of France (Electri-
cité de France) and the United Kingdom
(Central Electricity Generating Board) pas-
sed a series of pulses of 80 - 160 MW
over the interconnecting cross-channel
submarine cable (d.c. link).

CERN, Daresbury and Rutherford colla-
borated with the CEGB and EPF in the
frequency measurement programme and
the analysis of the pulse-induced frequency
disturbance was done at the Atlas Compu-
ter Laboratory using the BOMM program-
mes. The efforts of the two large national
power authorities in mounting this experi-
ment on their systems and furthering our
interest in this subject are greatly appre-
ciated.

The tests were conducted under condi-
tions of peak and of minimum load on the
networks, passing a series of square pui-
ses at three different frequencies. The
maximum observed frequency change
induced by the pulse exchange was 0.05 %o
measured in the UK and 0.03 % measured
at CERN. Figures of this order are likely to
be completely acceptable to national
power authorities, yet they resulted from
conditions more severe than would be
required for the 300 GeV magnet power
supply.
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New 25-ps Sampling Oscilloscope

Four new Sampling Heads provide new measurement capa-
bilities in Tektronix Type 561A, 564, 567 and 568 Oscilloscopes.
Used with the Type 3T2 Random Sampling Sweep and the Type
3S2 Dual-Trace Sampling Plug-in Unit, the six Sampling Heads
offer a step ahead in the measurement performance, designed to
meet customers changing measurement needs.

Previously announced Sampling Heads include the Type S-2,
featuring a 50-ps risetime and the Type S-1, featuring a 350-ps
risetime and an unexcelled transient response.

25-ps Sampling Head

The new Type S-4 Sampling Head fea-
tures a 25-ps risetimes and DC-to-14 GHz
bandwidth. This 50-Q Sampling Head gives
increased detail and resolution making
fast pulse measurements.

Sampling Probe Head

The new Type S$-3 Sampling Probe Head
has 350-ps risetime and an input im-
pedance of 100 KQ paralleled by 2.3 pF.
The type S-3 is designed to measure high
impedance signal sources and is easy to
use when probing into miniature circuits.

25-ps Pulse Generator

The new Type S-50 Pulse Generator Head
has a 25-ps risetime and features high
resolution, 35-ps TDR measurement when
used with the Type S-4 Sampling Head.
Powered by the 382 Piug-In or Type 285
Power Supply.

18 GHz Triggering

The new Type S-51, 1-to-18 GHz trigger
countdown unit provides stable oscillo-
scope triggering to 18 GHz and displays
to 14 GHz and above with the Type S-4
Sampling Head. Powered by the 352 Plug-
In or Type 285 Power Supply.

- TEKTRONIX INTERNATIONAL AG

<% Tel.042/49192 (219192) 6301 ZUG
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v check these

latest innovations
from LIRS

Staying abreast of latest technological developments is no easy

task. Particularly in a frontier-probing discipline like nuclear re-
search. Here, instrumentation developers, like the researchers

they serve, are constantly probing the threshold of the state of the
art. And new instrument breakthroughs come rapidly. ['1 If you have
not heard about these latest instrument innovations from LRS, take
just a moment to update your thinking. If you are interested in
detailed technical information, simply check the appropriate boxes . . .
clip page to your card or letterhead . . . and mail back to LRS today.

the newest of the new:

Generates pulse train of

Linear Gate: Normally oft;
3 ns opening and closing

- times. Clock: Crystal con-

trolled. Outputs: Fast logic
outputs: —750 mV; slow

2-FOLD FAN-IN

direct coupled. Linear
Range: -+100 mV to —1.5
voits. Outputs: One per
channel; 1.0 ns rise and
fall time. Gain: Input to
output, 1.0 into 509.

“44% Model 143B S50 Model 225 Model 1245
€% | GATED DIGITIZER @ © €| 8-CHANNEL GATED PULSE STRETCHER

. Provides fast efficient pulse

tength proportional to Linearly mixes two input . stretching for adapting nano-

e amplitude or area of ma- 17 : signals at rates to 200 second pulses for use with

& nosecond input pulse. DO D WHz at each of 8 inputs. MCA. Built-in linear gate. Out-

ot Compatible with all scal- No duty cycle limitations, put proportional to area of in-
@ ers. Out;IJuts are direct | "¢ put.

ool Input Full Scale: —1 volt coupled current sources § =% | ynout Full Scale: —500 mv for

(Peak Mode); —7.5 voit- providing a gain of 1.0 5 ':15 or equivalent. Linear Gate:

et nanoseconds or equivalent over dynamic range. 1 Normally clesed, —600 mV

€@ | puise area (Area Mode). inputs: Two per channel, opens. Full Scale Output: +10

volts into high impedance; +5
voits inte 50 Output Charac-
teristics: Risetime 100 ns; fall
times, switch selected, time
constants 1 and 3 us. Nonline-
arity: =1% integral.

logic output: +4 volts in-
to 50Q.

O ag 4[]

Model 208 Model 520
MULTI-MODE TIME-TO- 1 DUAL 100 MHz

HEIGHT CONVERTER | SYSTEM SCALER

Measures time intervals from Designed for system applica-
50 ns to 50 »s (50 ms optional). tions, this compact AEC module
The THREE operating modes of- uses centralized nixie display to
fer long-term data storage (Ana- | reduce system size and cost.
log Storage Mode), sequential Counting in binary, with octal
time measurements (Multiple readout (decimal too, if desired),
Stop Mode), and a prompt read- Model 520 is directly compatible
out {Normal Mode). i with magnetic tape units and on-
::nputs; %tart,ust[())g, lnhib]ita OuTt_put | line computers.

ommand; a coupled. Time Input: Built in discriminaters;
Ranges: 10, 50 ns to 50 us. Qut- thfeshom variable from —250 to
puts: + 10 volts for analyzers, t 2.5 voits; 500 impedance, Fast in-
== 1 volt into 500 for ADC’s; sep- hibit: 3 ns opening and closing
arate duration and deadtime con- time. Double Pulse Resolution: 10
trols. Control Outputs: Complemen- " ns. Capacity: 24 bits (1.7 x 107 in
tary, 0 and +4 volts, for routing decimal). Controls: Inhibit/enabie,
signals or tape control. clear, strobe and threshold.

O

Model 170
6-CHANNEL GATED LATCH

Six independent latch circuits,
store slow logic voltage level in-
dicating coincidence events be-
tween channel input and com-
mon gate input. Separate fast
logic outputs permit additional
immediate use of coincidence in-
formation in logic system.
inputs: 6 plus common gate; 2
paratleled BNC connectors permit
reuse of gate signat. Buffer Reg-
ister Outputs: O and -+4 volls;
duration same as readout strobe;
via rear connector. Fast Logic Out.
puts: One per channel; —16 mA -
during output; duration internally
adjustable from 10-1000 ns.

"1 ™odel 224 — 100-CHANNEL FAN-OUT

Rack-mounting, line-powered fan-put delivers one hundred simultaneous fast logic pulses
into separate 50 loads. Output duration slaved to input duration or variable, 500 ns to
5 us. Excellent system blanking pulse generator.

LRS

LeCROY RESEARCH SYSTEMS
C ORPORATI O N
Rte. 303, W. Nyack, N.Y. 10894 -(914) 358-7900

INNOVATORS IN INSTRUMENTATI/ON



Everything is new!
Only the name has not changed: Ion Getter Pumps

A new range of ion getter pumps was designed, following research work by our physicists and engineers. Only
the name is unchanged. We can now offer the following advantages: « Extremely wide range of application be-
cause of quick starting at 103 Torr and total pressure below 10" Torr « High argor stability —30% of the
pumping speed for nitrogen— because of a newly designed cathode arrangement and a different combination
of materials « Extended lifetime because of special anode surfaces —flake formation is eliminated— « Pump can
be baked with its magnet to 400° C « Also available is a single unit with 120 itr/sec pumping speed s Price per
ltr/sec extremely low « Low operating cost « Power supply units available at competitive prices « Because of a
second flange easy access to the inside of the pump even when installed « Second flange can be used also
for fitting evaporator pump or inside heater or starter pump « Our c.f. flange system is identical to conflat
system ¢ These are decisive factors. This justifies your enquiry.

®PeymoLn-HERAEUS

LEYBOLD-HERAEUS GMBH & CO — 5 KOLN-BAYENTAL - POSTFACH 195
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NUCLEAR ENTERPRISES LTD
LABEN, SIMTEC, C.S. ITALIA

20th CENTURY ELECTRONICS LTD
LAN-ELECTRONICS LTD

SCIENTIFICA & COOK ELECTRONICS
LTD

COMPUTER INSTRUMENTATION LTD
D.A. PITMAN LTD
JOHNSTON LABORATORIES INC.

SCIENTIFIC RESEARCH INSTRUMENTS
CORP.

2, chemin de Tavernay, Grand Saconnex ELECTRONICS & ALLOYS INC.
1218 GENEVE THE CYCLOTRON CORPORATION

HIGH ENERGY and NUCLEAR EQUIPHENT S.A. ~Isiuisor »orerere

A

The equipment manufactured by our Principals is well known at leading Telephone numbers :
Research Centres, Universities, Hospitals and Industrial Establishments Geneva : 029/34.17.07 /05
throughout the world. Nuclear, health & Medical Physics, Nuclear Medi- Madrid : 257.22.00 (ask for Miss Johnson,

cine, Life Sciences and Industrial Nuclear Laboratories can be furnished
completely and you can call on the vast knowledge and resources of our

Steno Services)

Principals to do all your system and equipment planning free of charge. Telex numbers :

We can put you in touch with Physicists, Chemists, Medical Specialists, Geneva : 23429 answer back “stiff ch”
Engineers and Administrators who recently have completed the type of Madrid : 27686 answer back “hilma e”
equipment survey with which you may now, or soon will be, faced — save (attentions: Miss Johnson Steno
your time and your organisations’ money by contacting HENESA. Services)

New It is with pleasure that we announce our appointment as the exclusive representative of Nuclear Enterprises

appointment

Vacancies

Equipment
£ross-
referred
to
suppliers:

Ltd. in Spain, where we already have resident consultants and a communications centre in Madrid (see
under telephone and telex numbers). A branch of High Energy & Nuclear Equipment SA is currently being
established in Madrid and others will be opened elsewhere in the future.

Consultants and electronics engineers (part-time) — We wish to appoint a number of university Professors
and heads of departments of physics — experimental and medical, and graduate electronics engineers or
highly experienced technicians in various parts of Switzerland and Spain with a few hours per month to
spare. Please telephone or write (in English), in confidence, for more details if you are interested.

NUCLEAR ENTERPRISES LTD — Offer the widest nucleonic product range in the world, have the largest research and development
group in the field in Europe and provide equipment for nuclear, high energy, health and medical physics, biochemistry, bioengi-
neering, nuclear medicine, reactor control and monitoring in addition to industry. Nearly every requirement can be provided from
normal production and when this is not possible, equipment can be custom designed and manufactured specially. Nuclear Enter-
prises incorporates companies formerly known as Isotope Developments Ltd, the Nucleonics Division of EM! Electronics Ltd. and
the Nucleonic Interest of the Baldwin Instrument Company. ’

LABEN — The name is synonymous with kicksorters — the fastest, most stable, linear and reliable available — but they are also well
known for their fast ADC’s — used with most computers — spectrum stabilisers, time-of-flight units, telemetry systems etc...

SIMTEC — Silicon detectors and electronics for research and educational applications in use in more than 40 countries. They are
also used in space vehicles and defence devices. Their latest product is the S-211 low cost spectrometer for use with semiconductor
detectors : hundreds will be installed soon in Canadian and American universities and a large number will be used for research as
well as teaching. We represent SIMTEC for a large part of Europe (Belgium, Bulgaria, Czechoslovakia, Hungary, Poland, Portugal,
Rumania, Spain, Switzerland and Yugoslavia).

C. S. ITALIA — The manufacturer of the highest precision plated printed circuits, with plated through holes, in Europe. The
more difficult the job -multilayer circuits, for example, the more interested they are in undertaking the work. Please send drawings
and/or masters directly to C. S. ITALIA, 48 Via Saorgio, TORINO /ltaly.

20th CENTURY ELECTRONICS LTD - design and manufacture a wide range of special radiation detectors and vacuum measuring
equipment, electron tubes and components, metal/ceramic seals, image intensifiers and converters; fissile coated foils and stable
isotopes, complete range of mass spectrometer leak detectors, one automated version will ‘look at’ any small sealed objects at
the rate of 10 000/hour. Their latest development is a quadrupole mass spectrometer, Q 806. This has an excelient specification
and is a lot less expensive than most other similar equipment. It is already installed at several leading European research cen-
tres and production is having to be expanded rapidly to keep pace with the demand.

LAN-ELECTRONICS LTD — are best known for their wide range of large screen low cost monitoring oscilloscopes for use with data
systems, computers, kicksorters etc... but they also make a pre-arrestor cardiac monitoring computer.

SCIENTIFICA & COOK ELECTRONICS LTD - applied physics laboratory equipment including low cost lasers, power monitors, spa-
tial pinhole filter, brewster windows, 2" and 4" bi-axial field electromagnets, 12-channel micropumps, colony counters, cell counters,
thermoblocks and syringe pumps. They also specialise in NMR and ESR spectrometers and can supply all associated equipment.
COMPUTER INSTRUMENTATION LTD — European leader in computer peripherals — printers, incremental plotters, data processing
systems, including ADC’s, DAC’s etc... The incremental plotters have been used with all well known computers but also have appli-
cations in technical and commercial work of virtually all disciplines.

D. A. PITMAN LTD — Outstanding performance Blood Volume Computer widely used in hospital accident surgical, burns, medical, neu-
rological, maternity and veterinary units. Direct read-out in litres and accurate determinations possible within 15 minutes, Also manu-
facture low cost placenta monitor and a range of useful radiation monitors for special requirements.

JOHNSTON LABORATCRIES INC — well known manufacturer of precision equipment for vacuum and gas analyses and monitoring:

. their focused mesh multipliers, which can be reactivated, form the ‘heart’ of mass spectrometers manufactured by many other orga-

nisations and at research establishments.

SCIENTIFIC RESEARCH INSTRUMENTS CORP. — Best known for their outstanding work in developing and manufacturing a medical
mass spectrometer for clinical blood, tissue and respiratory gas monitoring. This system is now in use at many leading North Ame-
rican hospitals and clinics and would be of great interest to medical specialists in Europe.

ELECTRONICS & ALLOYS INC. — Deep field photographic microscopes (black and white or colour) capable of examining non-planer
objects with all portions of the image in exact focus. This is of great interest to researchers and lecturers in medicine, solid state
physics, geology, metalurgy etc... Electronics & Alloys are the world leaders in precision evaluation analyses instrumentation and
many of their products form the delicate mechanisms of other manufacturers' systems. They also make their own neutron and X-ray
diffractometers etc... 60 or more precision mechanical devices such as the well known low cost euceniric goniometer, the expensive
full cycle goniometer etc... are included in this range.

THE CYCLOTRON CORPORATION — Small cyclotrons and associated equipment for nuclear structure investigation, medical physics,
nuclear chemistry, activation analyses and biochemical research, teaching and isotope production. Guaranteed beam energy 22MeV
protons, 12MeV deuterons, 30MeV helium3 and neutrons up to more than 30MeV. Beam current at least 50 microamps. The compact
cyclotron can be contained in a room 4x4x3 metres. ) . )
Ronald S. Stiff — Managing Director
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Small-Type
Relays

Series K40

Low contact resistance and reliable contact making
with twin contacts

Short bounce time

Extremely high life expectancy
Small dimensions

2 to 6 change-over contacts

Print and solderable types available
Low prices

Various types from stock

Miniature and

Micro-Executions
Dimensions:
MINIRID A g8 X 12 mm
MINIRID B &8 X 18 mm
MINIRID C &8 X 23 mm
MICRORID A @6 X 12 mm
MICRORID B g6 X 18 mm
MICRORID C g6 X 23 mm

Operating voltage 2 ... 24 V DC

Max. switching power 28 W
voltage 500 V
current 1A

ERNI+Co. Elektro-industrie
CH-8306 Briittisellen-Ziirich
051,931212

53 699

Telephon
Telex

Que votre probléme de mesure
soit analogique ou digital

c’est 'affaire de

SCHLUMBERGER!

Oscilloscope
double trace
mod. CD 1400

D'une conception modulaire, cet oscilloscope est dispo-
nible avec 9 tiroirs interchangeables. Largeur de bande
DC-15MHz, sensibilité max. 100 wv/cm,

Multimétre
numérique
mod. A 1613

Ce contrdleur universel d’un prix particuliérement avan-
tageux dispose de 6 fonctions: voltmétre (AC et DC),
ampéremétre (AC et DC) ohmmétre et capacimétre. Sur
demande I'appareil est muni d’'une sortie pour imprimante.

Suiveur de spot
enregistreur

L’enregistreur Photodyne & asservissement photo-
électrique est destiné a suivre avec une grande fidélité
les déplacements d'un spot lumineux, vitesse de poursuite
800 mm./s., 10 vitesses de papier de 0,5 & 500 mm./min.,
1 ou 2 canaux,

GENEVE
ZURICH

SCHLUMBERGER.

INSTRUMENTATION S.A.

15, rue du Jeu de ’Arc, 1211 GENEVE 6 Tél. (022) 3599 50

333, Badenerstrasse 8040 ZURICH Tél. (051) 5288 80
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not a
tall
story!

NE 110 Plastic Scintillator really does have an attenuation length of over
2.5 metres. This new scintillator, with light transmission superior to that of any other
available plastic scintillator, is especially recommended for use with large area sheets
and large volume scintillators. It is resistant to crazing and has [ong term stability
against ageing and radiation damage.

Technical data:- Light attenuation: 0.004/cm; Light output: 589, anthracene
or 909, relative to NE 102A; Decay constant: 3.3 x 107%s,

Full details on request from:

NUCLEAR
ENTERPRISES LIMITED

Sighthill, Edinburgh 11, Scotland. Tel: 031-443 4060. Telex 72333. Cables ‘Nuclear’ Edinburgh
Bath Road, Beenham, Reading, England. Tel: Woolhampton 2121. Telex 84475
Associate Company: Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070, U.S.A.

Swiss Agents: HIGH ENERGY AND NUCLEAR EQUIPMENT S.A.
2, CHEMIN DE TAVERNAY
GRAND-SACONNEX
1218 GENEVA
Tel. (022) 341707 /3417 05.
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Agents & distributors

Natural and
synthetic rubber

Plastic materials

Power transmission
elements

Sealing specialists
(GACO)
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GENEVA ZURICH MILANO

Healel

TECHNIQUES DU VIDE

22, avenue Edouard Herriot,
92-Le Plessis- Robinson (France)

Composants vides

(pompes primaires, pompes roots, pompes a dif-
fusion d’huile, vannes, appareils de mesure, acces-
soires, groupes de pompage).

Thermique sous vide

(fours a induction, fours a résistance, fours a bom-
bardement électronique, toutes ces installations
étant automatiques et programmées).

Détection de fuite a 1I’hélium

Chambres de simulation spatiale

of Electric Furnaces

Continous belt conveyor furnaces with
controlled atmosphere for hot forming,
annealing, brazing, hardening,

(bright tempering) carburizing,
carbonitriding (air quenched steel and
stainless stell).

Export to the whole World.
Supplier : Industry, Universities,
Schools, Aeronautic, Aerospatial.

3, rue des Cras

Manufacturer for the Construction % sesasos

TéL. (81) 80 36 49
Doubs - FRANCE

Four avec bande convoyeuse pour grosses quantités

Forno con battistrada automatica per grandi quantita

Horno con banda transportadora automatica para grandes cantidades
Continuous belt conveyor furnace for big quantities

Ofen mit Transportband fiir grosse Mengen

T21TA NINaY 220 LI Oy M3

Piec z tasma konwojowa dla wielkich ilos¢

IMeub ¢ NEHTOYHBIM KOHBEHEPOM LJIA GOJILLUIMX KAYECTB

Figure 5
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HOW TO MAKE A BIG COMPUTER SYSTEM
FROM A TINY § 10.000 MACHINE?

@n‘!m data machines

T T =

Simply attach several magnetic tape units to your real
time computer using a SEN interface

Displayed above is an interface to the VARIAN DATA MACHINES 620i computer designed to control up to four (4) IBM 2400
series magnetic tape transports. This interface has an elaborate and convenient data transfer logic. Data flow to or from the
memory is under control of two Address Registers (Trap Transfer). To write a record, for example, the initial and final addresses
of the memory portion from which the data has to be taken are set into the corresponding registers. Then a write instruction is
given and the write process goes along without further program control. The end of each tape operation can be signalized by an
interrupt.

Ask SEN to know more about this interface and to see how it will boost the usefulness of your computer and ease the work of

| SUMMARY OF SPECIFICATIONS

@ 7 track IBM Recording ® 8 instruction codes for Read-Write-Tape motion operations

@ High or Low Density ® 8 instruction codes status sensing

® Interface assembles BCD or binary characters from @ 3 instruction codes for the Memory Address Registers
machine words (either 16 or 18 bit machine words) @ Interrupt available at the end of each tape operation

==

ELECTRONIQUE

Representatives throughout Europe and The United States
31, Av. Ernest-Pictet / 1211 GENEVA 13 / Switzerland / Tel. (022) 44 29 40
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l CRECIRONCS

TDC 16BIT

Great Britain: 36 East Street, Shoreham-by-Sea,
Sussex

Telephone 4305

Germany: Verkaufsbiiro Minchen, Kaiserstr. 10,
D-8000 Miinchen 23

Telephone 34 80 16

France: Sorelia Electronique, 150 rue de Chatou,
92 Colombes

Telephone 782.16.39-782.32.79

HIDAC means easy and
reliable high speed data

acquisition!

The HIDAC system applies to spark chambers, hodoscopes, spectrometers
and time of flight measurements. It is kept up to date even in some years
by the permanent introduction of new modules, which helps to automise

and expand your experiment.

Time to Digital Gonverter 909

The TDC 909 consists of two inde-
pendent channels for digitizing the
sonic transit time of spark cham-
bers. It consists of a special discri-
minator input-circuit giving low jitter

triggering of the subsequent 16 bit.

binary scaler, which counts the pul-
ses from a clock-generator with a
maximum speed of 20 MHz. The
threshold of the input-discriminator
is variable from 0,5 to 4,5 Volt in
steps of a 0,5 Volt. For multiple-spark-
detection with wire-spark-chambers,
a special overflow-output is provi-
ded, by passing the second and all
the following pick-up signals, which
can be used to trigger second or
further channels. In this way there
is no limit to the multiple-spark-de-
tection by switching TDC’s in cas-
cade. The double-spark-resolution
is 0,5 us or 2,5 millimeters for wire-
spark-chambers. Using the LOOK-
button the contents of this 16 bit
binary scaler are displayed on the
central control unit in decimal form.

The HIDAC Data Acquisition System
is designed for collection of all
data in experimental high and low
energy nuclear physics. Many spe-
cial units are available for particu-
lar applications, such as recording
of data from spark chambers, Ho-
doscope-arrays, time-of-flight mea-
surements, pulse-height information
and counting-rates up to 100 MHz.
This equipment was conceived from
the many special units over the last
few years, together with the latest
requirements for ON-LINE control.
Our programme does not only con-
sist of a single component for the
system, but we have a fully integra-
ted range from spark chambers to
interface of computers. We do not
claim to have developed this system
entirely ourselves, but with the help
of our many customers it therefore
covers most the requirements in the
field.

On the left one the modules is
introduced.

ELECTRONICS
Switzerland: Heidenhubelstr. 24,
Solothurn
Telephone 065/2 85 45




