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CERN, the European Organization for
Nuclear Research, was established in
1954 to ‘... provide for collaboration
among European States in nuclear re-
search of a pure scientific and funda-
mental character, and in research
essentially related thereto’. It acts as a
European centre and co-ordinator of
research, theoretical and experimental,
in the field of sub-nuclear physics. This
branch of science is concerned with
the fundamental questions of the basic
laws governing the structure of matter.
The Organization has its seat at Meyrin
near Geneva in Switzerland. There are
two adjoining Laboratories known as
CERN Laboratory | and CERN Labo-
ratory Il.

CERN Laboratory | has existed since
1954. Its experimental programme is
based on the use of two proton ac-
celerators — a 600 MeV synchro-cyclo-
tron (SC) and a 28 GeV synchrotron
(PS). Large intersecting storage rings
(ISR), are fed with protons from the PS
for experiments with colliding beams.
Scientists from many European Uni-
versities as well as from CERN itself
take part in the experiments and it is
estimated that some 1500 physicists
draw research material from CERN.

The CERN Laboratory | site covers
about 80 hectares almost equally
divided on either side of the frontier
between France and Switzerland. The
staff totals about 3100 people and, in
addition, there are about 1000 Fellows
and Scientific Associates. Twelve Euro-
pean countries contribute, in p?oportion
to their net national income, to the
CERN Laboratory | budget, which totals
391.1 million Swiss francs in 1974.

CERN Laboratory Il came into being
in 1971. It is supported by eleven
countries. A ‘super proton synchrotron’
(SPS), capable of a peak energy of
400 GeV, is being constructed. CERN
Laboratory Il also spans the Franco-
Swiss frontier with 412 hectares in France
and 68 hectares in Switzerland. Its bud-
get for 1974 is 227.1 million Swiss francs
and the staff totals about 350 plus 10
Scientific Associates.

CERN COURIER is published monthly

in English and French editions. It is
distributed free to CERN employees
and others interested in sub-nuclear
physics.
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Cover photograph: Inside the tunnel of the SPS where work on the final

concrete lining is beginning. The metal structure which produces this striking
photograph is the shuttering for pouring the vault. The mole had bored around

half the ring in December, reaching access shaft PP4. It is here that the

tunnel lining is now taking place, advancing in the opposite direction to that

taken by the mole — in other words going back towards PP1. The mole
itself is continuing its boring way around the ring towards the same PP1.
(CERN 48.2.74)



ECFA Meeting in February

The European Committee for Future
Accelerators, ECFA, held a Plenary
Meeting at CERN on 22 February.
It brought together about thirty
scientists from the field of high energy
physics, again reflecting the nature
of ECFA where representatives of the
European Universities, National
Laboratories and CERN participate.
The meeting was held under the
chairmanship of G. Salvini who has
been Acting Chairman since 1971
following the sad illiness of
T.G. Pickavance who had been elected
Chairman in succession to E. Amaldi in
January of that year. Professor Salvini
will now himself be succeeded by
W. Paul who was elected as the new
Chairman at the February meeting.
Professor Salvini presents this report
of the meeting together with his
aspirations concerning the role of
ECFA. He has promoted a revised
name of ‘European Committee for
Future Activities’.

The Plenary "Meeting provided an
opportunity to discuss some relevant
problems of scientific policy and to
review the activity of ECFA during the
last three years.

After having recalled what ECFA
is, and what it did during 1971-73,
I shall report briefly on the discussions
and the decisions taken at the meeting
and close with some general consi-
derations which | made in my address
to ECFA at the end of my mandate as
Acting Chairman.

ECFA was created with some
specific aims in mind. It has con-
cerned itself with:
~ the long-time programmes of CERN

(ISR, SPS, other new machines for

Europe);

— the collaboration between CERN,
European Universities and National
Laboratories;

— the National aspects of particle
physics and advice to Member

States on the weightings to be
given to the various fields of activ-
ity;

— the cultural impact of high energy
physics and the relationship with
other sciences.

Its main purpose could be described
as collaboration in the best meaning
of the word, involving the positive
participation of all the parties so as
to arrive at the best possible results
from European effort in the field of
high energy physics.

One of the main activities of ECFA
in 1971-72 was the 300 GeV Working
Group (more popularly known as the
Falk-Vairant Working Group, from the
name of its Chairman). Under the
fine leadership of P. Falk-Vairant and
his collaborators, particularly evident
during the fruitful days of the Tirrenia
Meetings in 1971 and 1972 (described
in CERN COURIER, vol. 12, p. 318),
this Committee was the backbone of
the preparations throughout Europe
for experiments at the SPS.

An important contribution of ECFA
to reciprocal understanding is the
periodical survey on the high energy
physics population in Europe and on
the financing of its research. This is
known as the Harting Report and |
think that the data it contains is the
foundation for efficient discussions on
European policy in our research.

In May 1972, an important Plenary
Meeting of ECFA was dedicated to
the activities and future programmes
of the National Laboratories in Europe,
presented by their Directors. It gave
insight into some present problems
in a period of delicate equilibrium
between the preparation for the expe-
rimental programme at the CERN SPS
and sustaining a viable high energy
programme with national machines.
ECFA believes that an understanding
of these national problems is an
important element in considering the
future development of CERN itself.

G. Salvini

Part of the ECFA meetings in 1972
were devoted to analyzing the rela-
tions between CERN, Universities and
National Laboratories. It is recognized
that there must be a continuous ex-
change of physicists and ideas be-
tween these three components.

Here is part of the letter of D. Hart-
ing and myself, dated 21 December
1972, which remains equally valid
today. It was written to summarize
some views expressed by ECFA:

‘... CERN is an absolutely neces-
sary institution but it is not enough by
itself for European development. We
know of course that, without CERN,
Europe would be nowhere to-day in
high energy. But CERN could not exist
alone, for we could not justify its
solitary existence to our Governments.

... The National Laboratories are
necessary, for they develop alterna-
tive ways of doing high energy phy-
sics, and they guarantee a great capa-
city and technical know-how in many
places in Europe in our field. Other-
wise, we would remain in a too passive
position to contemplate the beautiful
technical achievements of CERN.

... Butlet us go to the third consti-
tuent, the Universities, and similar
institutions of high culture in Europe.
To say that they are essential is an
understatement. They are perhaps the
main reason to justify CERN and
National Laboratories, and they are
the system which must take full benefit
of the existence of these two. It is
from the Universities that we must
really start the transformation of the
results of our research into culture for
Europe.

If the Universities do not react acti-
vely to our scientific results, we are
lost, and the interest and development
of high energy physics will decay in an
irreversible way. This may be consi-
dered from another point of view: the
Universities are the transmission belt
of scientific culture from one genera-
tion to the other; if high energy physics
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Professor G. Salvini (left) in conversation with
Dr. G.H. Stafford (Director of the Rutherford
Laboratory and Vice-President of the CERN
Council}) during an ECFA Meeting at CERN.
Professor Salvini has been Acting

Chairman of ECFA since 1971.

does not enter into the Universities
deeply enough, the younger genera-
tion will become uninterested in high
energy physics and the negative
consequences will be felt in one
decade or less. ...

... But what are the practical conse-
quences of all this? How can ECFA
contribute to these problems, and
what suggestions can we give? . ..

. CERN must be the heart of
Europe in high energy physics. A
good heart must guarantee the circu-
lation of the blood. If the blood re-
mains in the heart, a deadly stagna-
tion develops. In other words: Euro-
pean physicists must spend a part of
their life at CERN, but not all their life;
after a period of work at CERN they
should return to their national insti-
tutions. Life appointments at CERN
must be considered with great care;
in fact, being at CERN is a privilege for
gifted persons, but this privilege must
be continuously circulated among the
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European physicists. The visitors to
CERN are the important thing for both
scientific and technical research. ...

In order to submit all these points to
a careful analysis and to arrive at
specific recommendations to the offi-
cial bodies of CERN and Europe, it
was decided to form ‘Working Group
I1I". This Group has been very active
during 1973, under the Chairmanship
of J.C. Gunn. Its membership is
drawn from all three components
(CERN, National Laboratories, Uni-
versities) and is distributed around the
European countries — M. Regler
(Austria), J. Géhéniau (Belgium), K.
Hansen (Denmark), H. Schopper, H.
Faissner (Federal Republic of Ger-
many), D. Morellet, B. Thevenet
(France), A. Apostolakis (Greece),
C. Mencuccini, G. Morpurgo (ltaly),
M. Veltman (Netherlands), P. Nyborg
(Norway), S. Nillsson (Sweden),
P. Extermann (Switzerland), A. Don-
nachie, G.H. Stafford (UK), Y. Gold-

schmidt-Clermont, M.G.N. Hine, M.
Holder, A. Zichichi (CERN). J. Mul-
vey, Coordinator of the experimental
programme at CERN, also attends
meetings as an invited member and
the President and Secretary (D. Hart-
ing) of ECFA are ex-officio members.
J.M. Valentine and D.J. Baugh assure
the secretariat. .

Let us now turn to the ECFA
Meeting on February 22. The first act
was the election of the new Chairman
(with effect from 23 February 1974).
Prof. W. Paul was unanimously elect-
ed and we are very happy that the
guidance of the work of ECFA will, for
the next three years, be in the hands
of a physicist who has demonstrated
so much concern for the scientific
problems of Europe and has brought
so much intelligence to bear on them.

D. Harting reported some data on
developments in the field of high
energy physics in 1972 adding some
perspective figures for the following
years. M. Hine reported on the present
situation concerning computing power
available in Europe for high energy
physics. European physicists will be
informed by their national ECFA
members on these topics.

J.C. Gunn made a preliminary report
on Working Group 1li. The Group
hopes to complete its work within
1974 and to present a final document
with a number of definite recommen-
dations. Among the topics discussed
have been: the equilibrium between
young physicists entering the high
energy field with the hope of a career
and the present perspectives of the
European ‘market’” in high energy
physics; the balance between visitors
to CERN and those in permanent posi-
tions; the impact of the results of high
energy physics on European scientific
culture; the new European enterprises.

Also, as usual at ECFA Plenary
Meetings, the Directors General of
CERN gave Status Reports on the
developments at CERN Laboratory |



and CERN Laboratory Il. The recent
important discoveries at Lab. | are well
known and are a sound basis for confi-
dent discussion in ECFA. At Lab. 11 it
is clear that a great effort is being made
to avoid the present difficulties in
Europe affecting the construction
schedule of the 400 GeV machine.

To conclude let me recall a few
general points from my address at the
end of my mandate as Acting Chair-
man:

The physicists of Europe outside
and inside CERN must be considered
equally. CERN must continue to be
closely connected with the rest of
Europe and the Universities; it is there-
fore important that exchanges are pos-
sible on an equal basis.

We must promote the spread of
scientific information. It is becoming
possible in high energy physics for
results to be talked about at CERN and
to be published only later when scien-
tific work has already developed from
them. This inflates the urge of young
physicists to be at CERN, with the ob-
vious danger that National Laborato-
ries and Universities become “provin-
cial. We should make continuous
efforts to avoid this.

In the relationship between high
energy physicists and physicists work-
ing in other fields, we must try to
attract their interest and to inform them
on what we are doing and why. In
trying to explain our problems we shalil
come to appreciate the deep motiva-
tions of our work better ourselves.

One of the next responsibilities of
ECFA will be the discussion of a new
enterprise of great value — the con-
struction of electron-positron and,
maybe, electron-proton storage rings
for high energies. Due to the beautiful
pioneering work at lower energies in
Europe, the Soviet Union and the
United States in recent years, we know
that this line of research is very
valuable. This is a very important posi-
tive point on which to end my report.

CERN News

Start-up of the PS and
ISR

The proton synchrotron and inter-
secting storage rings were shut down
during the first weeks of the year for
general maintenance and important
modifications as described on page 8
of the January issue. The machines
came into action again mid-February.

A main feature of the PS start-up
was that, because of the care taken in
the preliminary checks, it went more
rapidly than in previous years. Where-
as it usually takes twenty-four hours
to achieve a beam of good enough
quality for high energy operation,
tests on fast ejection 16 for the ISR at
22 GeV/c and then at 26 GeV/c
were made after only fourteen hours
of adjustments (injection, passing
through transition, etc.).

It was then possible to test the
various operations listed in the ma-
chine schedule: internal target 1 at
18 GeV/c for counter experiments, fast
ejection at 26 GeV/c forthe 2 m bubble
chamber, slow ejection and internal
target 8 beam sharing for counter
experiments. Well before the sched-
uled time it was clear that the high
energy programme could be carried
out. It was of particular importance to
be ready on time because the work of
boring out the injection beam-line to
the SPS, which is carried out during
the periods when the ISR are not being
filled, makes it essential to adhere
rigidly to the time-table.

After two weeks of operation, the
PS intensity had not reached the pre-
vious record levels and remained just
below 2 x 102 protons per pulse. The
current supplied by the Linac was of
rather low intensity (30 to 35 mA
instead of 40 to 45 mA within an
energy spread of + 150keV) and it was
not as stable as during the previous
record performances. These short-
comings are probably due to a con-

siderable asymmetry in the field distri-
bution of the compensation cavity of
tank | which has caused the repeated
failure of an insulator. This can give
the abrupt phase change which has
been detected. The breakdown rate
after a fortnight's operation is about
5 %, better than the annual average for
1973 (8 %).-

The Booster is gradually being
brought into action again. It is required
for neutrino experiments with Garga-
melle in April when the highest pos-
sible proton beam intensity can be
used. The ISR will then be filled using
every other pulse. During the pulse for
the Gargamelle experiment, attempts
will be made to eject a single bunch to
the 2 m chamber and, after eighteen
bunches have been ejected for Garga-
melle, to eject the last bunch slowly
for tests with the Omega spectro-
meter. Obviously, this method of ope-
ration must be tried in advance, and
the first trials are scheduled for
8 March.

The ISR started up on 14 February.
A first check, without any beam in the
rings, verified that all the machine
components were connected up and
operating correctly. The next day,
beams from the PS were stored with-
out any special problems and, on
16 February, physicists could re-start
their experiments. The only significant
incident during this start-up period
was a leak in the vacuum tank of a
beam profile monitor, which was
quickly repaired.

During the first week after the ma-
chine start-up, the beams in the two
rings were accelerated to 31 GeV for
a period of experiments with the Split
Field Magnet at intersection 1-4. The
circulating currents in the two rings
were then 4 A and the luminosity
reached a figure 0f 0.34 x 10* cm-2s,
On 23 February, beams were stored
in the ISR for forty-one hours. The
intensity of each beam was 10 A at an
energy of 26 GeV and the luminosity
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reached 3.7 x 10* c¢m-2s-'. This long
period of operation showed that the
beams were particularly stable since
the decay rate of the circulating cur-
rent was only 4.6 ppm/min during the
forty-one hours, as against 60 ppm/
min in the same conditions last year.
This improvement has been achiev-
ed mainly because of the new work-
ing lines now used in the ISR. The
betatronic  frequency fluctuations
brought about by space charge forces
caused the working lines in the Qy,
Q4 stability plot to curve inwards
during stacking and to cross the fifth
and third-order resonance lines. The
working lines used this year, referred
to as 8C, prevent this and eliminate
these resonances in the stored beam.
The resuit is impressive — the beam
stability is greatly improved and makes
it possible to sustain longer experi-
mental periods with beams of which
the luminosity decreases only slowly.

Problems
with the BEBC magnet

In the December issue (pages 370-
371), we described the promising
results in the commissioning of the
3.7 m European bubble chamber,
BEBC. The superconducting magnet
had by then reached its design field
of 3.5 T in the chamber volume. We
also mentioned that an intermittent
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fault had been encountered when the
magnet was powered and that this
fault had disappeared during a series
of systematic tests. It was not possible
at that time to study the problem in
more detail.

When the magnet was warmed up
in January the fault reappeared. Mea-
surements confirmed that a short cir-
cuit was occurring not in the super-
conducting coil itself butin an auxiliary
circuit.

It was still possible to operate the
magnet though only at a [imited rate of
charge and discharge. At the peak field
of 3.5 T the stored energy is 730 MJ
and operation then became too diffi-
cult and even hazardous, since the
short circuit could have caused other,
more serious faults. It was therefore
decided to tackle the repair immedia-
tely.

The auxiliary circuits concerned
connect the double pancakes to the
terminals on the cryostat cover. They
are inside the cryostats and cannot be
reached from outside or via the few
apertures in the cryostats. In order to
remedy the fault, the upper pole piece,
the magnetic shielding and a major
portion of the vacuum tank has to be
dismantled. The cryostats then have
to be removed and opened in order to
give access to the coil and the defec-
tive wiring. When the magnet has been
dismantled, it will be possible to take a
close look at the breakdown since it is
impossible to establish all the details

One of the coils of the superconducting magnet
of the 3.7 m European bubble chamber, BEBC,
during its assembly in 1970. The coil has twenty
pancakes, stacked vertically one above the other,
each with 87 turns of superconductor — alto-
gether one of the largest superconducting
magnets ever built. Faults on a coil connection
necessitate a major dismantling of the bubble
chamber which will be out of action until early
next year.

until such a direct examination has
been made.

The dismantling operation will take
about two months. The repair itself can
be quickly carried out but the oppor-
tunity will be taken to improve the
measuring circuits and the pipework
of the cryostats. Six weeks’ work is
scheduled. Reassembly will take sev-
eral months because of the large num-
ber of tests which will have to be made
at each stage. Over-all testing shouid
be possible once more in November.
A programme of improvements will
also be carried out on the chamber and
its installations — especially the
expansion system, the optics and the

-cooling system — in parallel to the

work on the magnet.

Operation of BEBC for physics
should be possible again at the begin-
ning of 1975 after the annual PS
shutdown.

Conference
on underground survey
techniques

A conference on underground survey
techniques was held at CERN on
5-6 March under the Chairmanship of
J. Gervaise, Leader of the CERN
Laboratory Il Survey Group. It was
organized by CERN in collaboration
with the National Institute of Applied
Sciences (INSA) of Lyon and attract-
ed some seventy participants mainly
from France, Belgium and Switzerland.

In his opening address, J.B. Adams,
Director General of CERN Laboratory
[l, recalled the problems facing the
surveyors in 1954, in the building of
the 28 GeV proton synchrotron, and
then, in 1966, the Intersecting Storage
Rings. Ground movements can adver-
sely affect the magnetic field configu-
ration in the machines and the first task
was to measure the stability of the
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ground to allow the civil engineers to
provide as rigid a foundation as pos-
sible. Errors in alignment also upset
the required fields and it was essential
for the hundred magnets of the PS, for
example, to be no more than a few
tenths of a millimetre from their theo-
retical positions.

The PS tunnel was built almost at
ground level and the concrete beams
carrying the magnets were supported
on the molasse via eighty pillars. At
that time, therefore, there were no
underground surveying problems to
deal with. The same applied at the
ISR. Although they were sunk more
deeply into the ground, the width of
the tunnel and the experimental halls
made it possible to use traditional
techniques.

A geological survey carried out for
the SPS showed that the molasse bed
adjoining Laboratory | could accom-
modate an accelerator 2.2 km in dia-
meter, the machine being buried deep
in the ground. The Survey Group had
thus to ensure all the stringent align-
ment requirements underground.

Half the circumference of the main
tunnel, the injection tunnel and the
ejection tunneis to the West and North
experimental areas have been bored.
The results are very satisfactory. At
none of the shafts is the tunnel axis
more than two centimetres away from
the reference points based on the sur-
face network.

J. Gervaise gave a detailed report
on the successive stages of the survey
made for the SPS and made three
particular points.

The first relates to the constant
development of survey equipment,
which could well become obsolete
within a year. None of the techniques
and systems used for the PS between
1954 and 1959 are applicable today
and seem completely old-fashioned.

A second point concerns the cost of
underground work. The CERN site is
centred on a fold in the molasse of the

The muon storage ring under construction.

The ring requires extremely careful assembly
since it will be used in an experiment to
measure the ‘g-2’ value of the muon to very
high accuracy. We will return to this experiment
when the ring is tested in the summer.

The detection system built up of multiwire
proportional chambers in place in the large
aperture of the Split Field Magnet at the
Intersecting Storage Rings. This system, linked
directly to large computers,is able to devour
data on the high energy proton-proton
collisions at unprecedented rates.
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Geneva basin and, with an accelerator
2.2 km in diameter, there is a differ-
ence in level at the surface of about
50 m between the highest and lowest
points on the circumference. Conven-
tional ‘cut and fill' methods would
have been extremely expensive. Also,
with the wish to protect the environ-
ment as much as possible and to
retain productive land, it was essential
to build the synchrotron underground.

A change in the 'philosophy’ of the
underground survey for the acceler-
ator is a third important point. Al-
though the synchrotron geometry is
three-dimensional, there are only two
spatial parameters affecting the pro-
tons — the variation in machine radius
and the vertical variation in the mean
plane chosen of the closed orbit. Any
deviation in the longitudinal closure,
which is normally the most important
parameter in tunnelling, is here of
secondary importance. Anyway, to
avoid any longitudinal deviation, the
length measurements were made with
geodetic equipment, and not with
field survey instruments; the distinvar
is used for the geodetic traverse and
a MA 100 teliurometer is used for the
goniometric traverse.

For transverse deviations it was
planned to use gyroscopic compasses
for locating the underground network
to guiding the boring machine. Spe-
cialists carried out geotheodolite tests
and looked for ways of making quicker
automatic readings. It took two years
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to become fully familiar with the
instrument and its operation, after

which the desired results
achieved.

The first day of the meeting was
taken up by lectures not directly re-
lated to CERN, such as: Instruments
and methods of underground sur-
veying (N. Lenoble); Examination
of the problems involved in boring
road tunnels (G. Tarlet); Precision
tunnelling and the transfer of direc-
tional measurements (M. Dauge);
Traversing in tunnels to determine dam
distortion (H. Chablais); The geodet-
ics and field surveying of the Parisian
Regional Express Network (R. Collin).

The second day began with a sum-
mary by E. Menant of the underground
surveying problems at CERN. D. Bois,
E. Menant and J. Olsfors described
the automation of the gyroscope and
the concluding talk by J. Gervaise
dealt with the detailed results obtained
with the underground survey for the
SPS. Finally the participants were
able to see what it was all about during
a visit to the SPS tunnels.

were

Machining plexiglass

A new type of milling head operating
on air bearings has been developed in
the West workshop. It is driven by an
air turbine and the speed of rotation

Measurement of the field in the magnet of the
600 MeV synchro-cyclotron. In the course of
the improvement programme at the machine, the
magnet has received a number of modifications
including the cutting of a 21 em diameter hole in
the centre of the yoke for the new type of ion
source. A new map of its field, which is about

2 T, is therefore needed. A bar 3.5 m long
carries a hundred Hall plates linked to a
computer. The plates are mounted with a 3 cm
spacing and give field valves to the required
precision of about 2 x 10~ 36 000 readings
are taken in about 40 minutes.

can be controlled electronically to
maintain a steady preselected speed
within a range from 1000 to 22 000
rpm. Machining times with this milling
head are substantially reduced.

So far, industry has been unable to
supply a self-propelling head with a
sufficiently rigid spindle for the range
of speeds andedimensions required.
The dimensional tolerances which are
needed led to the development of this
new machine, which is the brain-
child of Ch. Brégy. At the moment it is
used with very satisfactory results in
the machining of components intend-
ed for light-guides and scintillators.
However the principle will later be
extended to a vertical-shaft centrifuge
for machining epoxy resin for parabolic
mirrors. This will produce a better sur-
face finish and more accurate repro-
duction.

This development is in line with one
of the objects of the CERN workshops
— to design prototypes to meet the
very special requirements which arise
is carrying out fundamental research.

The ISOLDE improve-
ment programme

In the context of the improvement
programme of the 600 MeV synchro-
cyclotron (described, for example, in
vol. 13, page 333) the isotope separa-
tor on-line, ISOLDE, is also under-
going a series of major modifications.

The separator was brought into
operation in 1967 and is designed to
study the short-lived nuclides far from
stability. The radioactive nuclides,
produced by exposing a selected
target to the 600 MeV proton beam
from the SC, emerge from an ion
source. An ion beam, usually of one
element, is formed and passed through
an analyzing magnet. From there,
isotopically pure ion beams are trans-



ported by means of an electrostatic
beam handling system to the measur-
ing equipment.

The ISOLDE improvement pro-
gramme began in June 1973 and will
continue until May/June, when the
synchro-cyclotron is due to start run-
ning again. Two divisions (Nuclear
Physics and Synchro-cyclotron) are
involved in this programme in which
the CERN-ISOLDE group is colla-
borating with scientists from the
Denmark, Federal Republic of Ger-
many, France, Norway and Sweden.

The ISOLDE group is rebuilding the
separator. The new target and ion
source unit will make it possible to
produce radioactive isotopes of about
35 elements (the previously number
was about 10) and to have ion cur-
rents with an intensity up to several
nA (10" ions per second) which is a
very high figure for radioactive par-
ticle beams.

Another new development is the

system for transporting the beams to
the measuring equipment situated in
the experimental hall. The new switch-
yard has four electrostatic deflectors
installed at the output from the separa-
tor and can guide, simultaneously,
four different isotope beams selected
from a wide range of masses towards
the experiments.

The ion-optical system will trans-
port low energy (about 60 keV)
beams of heavy isotopes focusing
them on a 1 mm? spot at a distance of
15 m. This requires a dozen electro-
static quadrupole lenses distributed
in the four beam-lines. The experi-
mental hall is now to be used only for
measurements connected with the
four beam-lines which emerge through
the shielding wall.

In view of the planned increase in
the intensity of the proton beam to
the ISOLDE target (from 0.05 pA to
5 uA), a new shielding wall has been
built with heavy concrete and iron

Diagrams of the on-line isotope separator which

is being improved during the long shutdown of

the 600 MeV synchro-cyclotron. The new version,

ISOLDE-2, consists of

a) target and ion source,

b) electrostatic lens for ion extraction and ion
beam focusing,

¢) analysing magnet,

d) ‘switchyard” with four pairs of deflectors,

e} electrostatic focusing lenses

blocks. This wall, 3 m thick, has been
placed parallel to the former wall,
2.5 m thick, leaving a space in which
the mass separator has been installed.
The new wall also incorporates the
mass-analyzing magnet.

The proton beam transport line from
the synchro-cyclotron is about 60 m
long and has been completely rebuilt
in order to achieve a better vacuum in
spite of the expected increase in
radiation damage. The ventilation
system in the target room has been
improved to reduce the radioactivity
of the irradiated air to a permissible
level before it is returned to the out-
side atmosphere. For evacuation of
the air a chimney 20 m high has been
built.

It will soon be possible to install
new experiments at ISOLDE-2 to take
advantage of the availability of a
wider range of isotopes and higher
beam intensities in the continuing
study of the nucleus.
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Photos of Southern Sky

The 40 inch Schmidt telescope came
into regular operation at the European
Southern Observatory in Chile last
year. The first task is to complete a
survey of the Southern sky from —-20°
to —90° on Kodak lla-0 plates. [t is
known as the ESO (B) Survey or the
Quick Blue Survey. It will be followed
by a southern equivalent of the famous
Palomar Sky Survey which mapped
the Northern sky. This will be carried
out in a joint programme by the Euro-
pean Southern Observatory at Chile
and the UK Science Research Council
Observatory in Australia. It is known
as the ESO/SRC Survey of the South-
ern Sky. The ESO Schmidt telescope
will take the red plates (098-04+RG
630) and the SRC 48 inch Schmidt
telescope will take the blue plates
(llla-J + GG395).

Here are shown, for the first time,
two spectacular photographs recorded
during the Quick Blue Survey. The
original plates were taken by ESO
astronomer H.E. Schuster and copies
were made in the ESO Sky Atlas
Laboratory at CERN by B. Dumoulin,
B. Pillet and R.M. West.

1. Adark nebula observed in the milky
way. It consists of opaque inter-
stellar material which shrouds the
light of the stars behind.

2. A small part of a 30 % 30 cm?® blue
plate on which the light from the
stars has been passed through a
prism. The wavelengths which are
covered go from 3900 to 4900
Angstroms, the ultraviolet part is
cut off by a filter. The Schmidt
telescope is equipped with one of
the world’s largest objective prisms
made of ultraviolet transparent UBK
7 glass. It has a diameter of just over
1 m and its thickness varies from
40 to 113 mm.



4th joint experiment at Serpukhov

The 4th electronics experiment to be
carried out under the terms of the
Agreement between CERN and the
Institute for High Energy Physics at
Serpukhov has been installed in the
experimental hall of the IHEP 76 GeV
proton synchrotron since October
1972. It has now gathered a large
amount of data and analysis of these
data has started.

The experiment involves physicists
from Karlsruhe, Pisa, Serpukhov and
Vienna (the European centres being
partly supported by CERN). It is stud-
ying the interaction between nega-
tive pions and protons in which charge
exchange takes place giving a neutron
and neutral mesons as final state:

=~ + p — n + neutrals

The Karlsruhe and Pisa groups had
already examined this interaction at
the CERN PS energies detecting y-rays
and neutron in coincidence. They took
data at 3.8, 6, 8 and 12 GeV/c and
looked at the production and decay
properties of mesons, in particular for
those giving 2, 3 or 4 gammas (z°, 7, ©,
X° and =° =° with mass up to 1.7 GeV).
They were interested in carrying the
study through to higher energies
extending at the same time the mass
range available for =° =° and searching
for higher mass resonances.

A Serpukhov group (led by Yu. D.
Prokoshkin), having completed an
optical spark chamber experiment, was
interested in gathering higher statistics
on the interaction giving a neutron and
a single neutral pion (or 7, X° mesons)

=Ttp —> n+n° (0, X°).

On the assumption of charge inde-
pendence for the pion-nucleon inter-
action, the amplitude for charge
exchange is determined by the dif-
ference between the amplitudes for
elastic =*p and =p scattering. The
charge exchange reaction is also con-
sidered the most suitable for testing the
Regge picture of high energy interac-
tions, which is central to many recent
theoretical models. From both points

Diagram of the gamma detector showing how
it is built up of alternate sheets of stainless steel
and scintillator. The photomultiplier tubes are
arranged around the outside.

The decay of the f° particle into two pions
clearly picked out from the experimental data
after only 10 hours of data-taking despite its
very low cross-section.
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The experimental apparatus of the Karlsruhe/
Pisa/Serpukhov/Vienna experiment being carried
out at Serpukhov. In the foreground, surrounded
by counters and cables, is the hydrogen target
which is bombarded by a negative pion beam.
Hidden in the concrete blocks on the right is the
neutron detector. In the rear is the on-line
gamma detector.

Below is a diagram showing the layout of
the detection system.
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of view the high statistical and syste-
matic accuracy expected in the new
experiment is essential.

The experimental programmes and
the efforts of both groups could usefully
be combined and a unique apparatus
could be used (in particular the gamma
detector which is an advanced and
expensive instrument), simply by
choosing foreachinteraction and ener-
gy the appropriate target-detector dis-
tance and electronic recording con-
ditions.

The experimental equipment, which
has been set up, can handle a very
intense beam (2x10° particles per
second) of incoming negative pions
giving a high data taking rate, limited
in some cases by the speed of the on-
line computers. For example, in pre-
vious experiments at CERN and Ser-
pukhov, the decay into 2y-rays of the
X° meson produced in the negative
pion-proton interaction, had only been
seen about a hundred times by the
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groups involved (about 50 times at
CERN and about 50 at IHEP). Now
such events are collected at the rate
of 100 per day. Similarly the produc-
tion of a high mass meson decaying
into two neutral pions, which is
another event of very small cross-
section at high energies, can be seen
at the rate of 5 events per nanobarn
per day.

The negative pions (up to now
with momenta of 25 and 40 GeV/c)
are incident on protons in a liquid
hydrogen target 40 cm long, cooled
by pressurized helium, where the
point of interaction is determined by
the amount of Cherenkov light col-
lected by a photomultiplier. Surround-
ing the target is a set of veto counters
which stop an event being recorded
if they detect a charged particle. There
is also a set of lead-scintillator sand-
wiches which guard against gammas
emerging at large angles and missing
the gamma detector in the forward

direction. A fraction of the recoil
neutrons can also interact in the guard
counters but, by recording the indi-
vidual pulse heights, it is possible to
distinguish low energy neutrons from
gammas in most cases.

A neutron detector, built up of
sixteen plastic scintillators 240x16x
16 cm® mounted in two layers of
eight elements, is used to give time
of flight and position measurements
on neutrons coming from interactions
in the target. It covers, however, a
small solid angle and has low detec-
tion efficiency so it is not incorporated
into the trigger system. Thus only a
fraction of the data is giving informa-
tion on emerging neutrons. This is an
extended and improved version of the
detector already provided by the
Karlsruhe group for the CERN exper-
iment.

The prima donna of the experimen-
tal equipment is the gamma detector.
It is the first of its kind giving on-line



information on the positions (to about
2 mm) and energies (to a few percent)
of the gammas. The detector is built
up, along the beam direction, of
alternate 1 cm thick layers of steel and
plastic scintillator. It consists of four
blocks of scintillation counter hodo-
scopes, 648 counters in all, each
made by 3 scintillators (1.5x1.0 ¢cm?
in cross-section) viewed by a single
photomultiplier. Altogether there is
36 cm of steel (about 20 radiation
lengths) which makes the detector
suitable for measuring gammas of
very high energy. Gammas of 100 GeV
would lose 98 % of their energy in the
detector and even gammas of
1000 GeV would lose more than 90 %.

The pulse height detected by each
photomultiplier is recorded and used
to determine the energy and position
of the gamma (the ‘centre of gravity’
of the resulting electron-positron
shower is assumed as a good approxi-
mation for the position). The electro-
nics for this system was built by
Serpukhov (analogue to digital con-
verters) and Pisa (8x12 bit single
module CAMAC scalers).

There will be a further addition to
the detection system later this year in
order to look also at the negative
kaon-proton charge exchange inter-
action. Multiwire proportional cham-
bers from the Vienna group and wire
spark chambers from the Serpukhov
group will then be introduced to see
the charged pions coming from neutral
kaon decay.

Data taking is likely to continue
until the Summer of 1975 but some
results will be available before then.
Meanwhile the 5th collaborative
CERN-Serpukhov experiment involv-
ing physicists from Bologna, Dubna,
Milan, Trieste and Warsaw will be
installed at Serpukhov. They will be
studying the extraordinary phenome-
non where many-pion systems are
able to travel through a nucleus just
as easily as a single pion.

Around the Laboratories

VILLIGEN
First pions at SIN

As reported briefly in the February
issue, protons were accelerated to full
energy in the ring cyclotron of the
Swiss Institute for Nuclear Research,
SIN, for the first time on 18 January.
A 590 MeV beam has been extracted
and pions have been detected from
the first target. Development of the
project was last described in vol. 13,
page 43. We will now fill in the story
in some detail through to the success-
ful commissioning of the machine.

Briefly recalling the main features of
the accelerator — It consists of two
cyclotrons. An injector cyclotron, built
by Philips, is designed to provide
100 vA of protons at 72 MeV to a ring
cyclotron and also to provide a variety
of ions and polarized beams at variable
energy for an experimental programme
at low energies. The ring cyclotron
continues the acceleration up to a
peak energy of 590 MeV. It receives
particles on an internal radius of 2.05 m
and accelerates them via four r.f. cavi-
ties to a radius of 4.5 m. Since the
central region has effectively been
lifted out by having an injector cyclo-
tron, high accelerating voltages can
be applied in the cavities leading to
considerable separation between the
turns at extraction energy. This greatly
simplifies the extraction problem and
should eventually result in very high
extraction efficiency (95 % is aimed
for).

Vacuum was achieved in the ring
cyclotron for the first time on 21 Sep-
tember 1973 and the beam transport
system and essential parts of the
control system were ready for testing
by October. In the injector cyclotron,
the first internal beam was accelerated
to 72 MeV on 1 August using 3rd har-
monic acceleration (reported in vol. 13,
page 263). Assembly of the extraction
system followed and, with only the

electrostatic section available (the
magnetic section was still being
manufactured and tested), the cyclo-
tron gave an external beam of 20 MeV
protons or 33 MeV deuterons in the
1st harmonic mode (8.45 MHz). In
preliminary test runs in November the
beams were used successfully to test
the beam fransport system between
injector and ring cyclotrons and to test
the basic functions of the injection
system of the ring cyclotron.

After these tests the shorting bar for
50 MHz operation and the magnetic
channel of the extraction system were
installed in the injector cyclotron by
Philips. The latter is a rather compli-
cated ‘septum coil” which is mounted
immediately after the electrostatic de-
flector. On 31 December a 72 MeV
proton beam was deflected for the
first time, reaching the target at the
exitoftheinjector cyclotron while oper-
ating in the ‘injector mode’ (accelera-
tion on the 3rd harmonic at 50 MHz).

On 12 January 1974 this beam was
used for proton injection into the ring
cyclotron. After crude empirical adjust-
ments of the sensitive parameters, a
few beam revolutions were recorded.
The following night, acceleration from
injection radius out to 2.4 m (equiva-
lent to approximately 92 MeV) was
obtained.

A long test run was scheduled for
17/18 January. During tune-up of the
ring, the ceramic insulator of the r.f.
feedthrough in one cavity developed
aleak. The faulty element was removed
and replaced with a blind cover plate
since spare elements were not then
available. With relatively poor vacuum
conditions for stable high voltage op-
eration of the cavities, the tests had to
be performed using three cavities
instead of four. Fortunately, the beam
dynamics group was ready for such
a case — after all a normal table can
stand also on three legs if properly
loaded! Beam was injected into the
ring on the morning of 18 January and
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The team of the Swiss Institute for Nuclear
Research, SIN, line up around the ring cyclotron
which they have brought so smoothly into
action.

(Photo SIN)

in half an hour could be accelerated
from 100 MeV to 540 MeV setting a

new world record for isochronous
cyclotrons. (The previous record was
100 MeV protons at the Maryland
cyclotron.)

To manceuvre the beam to extrac-
tion radius at 590 MeV took more
effort. Different trim-coil settings were
tried but a drastic loss of protons,
starting a few centimeters before
extraction radius, proved difficult to
be overcome. Finally, late in the
evening (and shortly before the fila-
ment of the ion source burnt out!) 4 nA
of protons succeeded in avoiding all
obstacles and were extracted. This
was the first time that any accelerator
produced protons of relativistic ener-
gies with a 100 % macroscopic duty
cycle.

For the whole run the injector, still
under the responsibility of Phillips,
produced a stable beam with very few
interruptions for over 30 hours. All
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experiments were carried out with
beams of 1 to 1.5 pA from the injector
and 0.6-0.8 wA measured on the first
revolutions in the ring.

The reason for the loss of protons at
the outer radius was found a few days
later when the ring was opened forin-
spection. Avertical clipping of the beam
had occurred due to a faulty mount of
a support plate for pole face windings.
The support plate was almost reaching
the magnetic mid-plane at a point
close to the extraction radius. The
fault was easily repaired. Inserting the
spare unit of an r.f. feed-through in
cavity 3 plus readjustments of beam
collimators made the ring fully opera-
tional again.

In the following tests on 7/8 Feb-
ruary, all four cavities were operating
under very stable conditions. The beam
could be injected, well centred and
brought to extraction radius without
any severe intensity loss. All the
extraction elements worked according

to specifications. More than 80 % of
the beam was extracted and measured
on the temporary beam dump in the
cyclotron vault. Towards the end of
this run the intensity climbed to
0.5 ¢A at the beam stop.

On 14/15 February there was a
closer investigation of injection beam
matching and vertical beam behaviour.
Vertical oscillations near injection
were found to be due to supports of
alignment references on the last injec-
tion magnet. These had been manu-
factured accidentally from steel instead
of stainless steel and when they were
removed the unwanted oscillations
disappeared.

Summarizing events on the accel-
erator side, everybody was surprised
how fast and smooth the commission-
ing of the ring cyclotron progressed.
The planned three to six months for
tuning up this novel accelerator were
cut to about five beam shifts!

The ‘big run’ dedicated to the pro-



duction of pions from the first external
target was scheduled to start on Fri-
day, 22 February. The extracted pro-
ton beam-line and the pion channel
(=M3) from a thin target were ready.
A temporary beam dump was set up
a few metres downstream from the
target, which consisted of a simple
5 mm thick graphite plate.

The run started with trouble in the
injector cyclotron requiring the ex-
change of an insulator, for the extrac-
tion septum. A further difficulty was a
short in the r.f. power amplifier of one
of the main cavities which again
limited operation to three cavities for
the rest of the run.

Beam tests started in earnest in the
early afternoon of 23 February and
soon difficulties with beam centring
at injection were encountered. Ana-
lysis of the beam probe data revealed
that this was largely due to a magnetic
field distortion caused by the removal
of the above mentioned steel sup-
ports. Powering some pole face wind-
ings cleared the trouble and beam was
accelerated to extraction radius with
an intensity of 0.1 to 0.2 pA by
11.20 p.m. The expected beam losses
near extraction due to the ‘Walkin-
shaw coupling resonance’ were ob-
served and eliminated by improving
the horizontal beam centring at
injection. This made the machine
physicists very happy. The only job
remaining on the ring cyclotron was
the optimization of the extraction and
this was carried out amid mounting
excitement on the part of the experi-
mental physicists who were waiting
for their first pions.

The highlight of the night occurred
at 0.27 a.m. on 24 February when the
first extracted protons were observed
as a bright spot on a scintillator screen
at the thin target. A few minutes later
the first pions were detected in the
©M3 channel which was set for posi-
tive particles of momentum 3004
3 MeV/ec.

The pulse heights from pions pass-
ing through a thin plastic scintillator
could be clearly distinguished from
the pulses due to secondary beam
protons and a polaroid oscilloscope
picture was quickly transmitted to the
control room. After slight adjustment
of the second bending magnet in the
=M3 beam, the pion rate reached the
expected intensity of 3x10° positive
pions per second with a proton
intensity at the target of 30 nA. More
precise measurements of the pion
beam were made with a lucite Cheren-
kov counter and a long scintillation
counter, from which it was estimated
that the proton to pion ratio was
roughly one to one in a cross-section
of 10 cm? across the beam. The trans-
mission of the proton channel from
extraction. to the thin target was
improved to 50 % and then left un-
altered so as to provide stable con-
ditions for the experimenters. Later,
the proton beam intensity from the
injector was increased and resulted in
a maximum proton current of 300 nA
being recorded at the pion production
target.

During the coming two months,
another pion beam will be installed
and three experiments around the
first target will be made ready. By
mid-summer, the area around the
second target will become operational
together with two more pion beams
and with the neutron time of flight
path. Muons from a superconducting
solenoid are expected later in the
Summer and polarized protons by the
Autumn. The start of the full experi-
mental programme is determined by
the final commissioning date of the
injector cyclotron, which is seriously
delayed.

Research groups mainly from Swiss
and German research centres have
proposed about 48 experiments (for
more details see vol. 13, page 45) and
are now preparing equipment for their
first runs,

Pictures from the February tests of the SIN
cyclotron:

1. The 590 MeV proton beam spot detected at
the position of the first target by a glass scintiflator.
The beam size is about T cm diameter and the
intensity is about 30 nA.

2. Proton beam profiles at the exit of the
extraction channel measured using T mm wide
metallic fingers sweeping through the beam.

The intensity is about 500 nA.

3. Pulse height spectrum from a lucite
Cherenkov counter (45 cm long, 10 cm diameter)
located at the end of the 300 MeV/c pion
channel. From left to right the peaks record
pions, muons and electrons.
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Diagram of the r.f. structure which adds a
second harmonic to the accelerating fields in
the Nimrod synchrotron. This results in better
bunch configurations and makes it possible to
accelerate higher intensity beams.

Below, for the specialists, is shown the effects
on r.f. fields and phase.
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We congratulate Professor W. Blaser
and his team on their fine achievement
in bringing their accelerator so
smoothly into action. With this ‘'meson
factory’ they have added a very im-
portant facility to Europe’s armory for
nuclear physics research. We wish
them many fruitful years of physics
with their new machine.

RUTHERFORD
Better bunches
in Nimrod

The 7 GeV proton synchrotron, Nim-
rod, at the Rutherford Laboratory has
reached new record intensities follow-
ing the bringing into operation of a
further r.f. accelerating system. The
new system adds the 2nd harmonic to
the r.f. fields seen by the proton beam,
This gives the same synchronous
energy gain per turn but there are now
two stable phase angles which in-
creases the phase acceptance and
reduces the maximum amplitude.

The effect of the additional r.f.
system is to modify the shapes of the
bunches in which the protons orbit
the ring. The space charge forces
within the bunches are reduced and
higher intensity beams can thus be
accelerated. With the second harmonic
in action, Nimrod intensity has been
carried to 4.2x10'? protons per pulse
and the average intensity is around
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4x10' This is an increase of 40 %
compared with previous figures.

Work on the system began three
years ago with model studies of a
tuned drift tube structure capable of
increasing the normal accelerating
fields by 60 % at the 2nd harmonic of
the normal field. There were chal-
lenging problems to be overcome,
such as the exacting specification for
the large volume of ferrite needed to
tune the drift tube, the wide frequency
range to be covered (2.8 to 16 MHz),
and the phase locking to the main
r.f. field and to the bunches.

The final design consists of a cop-
per clad steel drift tube with a rein-
forcing outer skin. Ferrite from Philips
(similarinqualitytothat usedinthe new
CERN PS r.f. cavities) is moulded in
rings and mounted in two large cylin-
drical resonators on either side of the
box containing the drift tube, serving
as tuning stubs. Bias conductors pass
through the central stems and drift
tube, returning along the inside walls
of the box under r.f. screens. The box
lid carries at 50 kW power valve
(4 CX 35000) driven remotely by a
1 kW drive chain supplied by Mar-
coni Ltd.

Problems were encountered with
vacuum leaks into the box and all inter-
nal joints had to be rewelded. First
attempts at operation in the ring were
promising in that the combined r.f.
fields held higher intensity beams but,
after several milliseconds, oscillations

in phase and bunch width caused
severe losses. Careful studies showed
that oscillations in bunch width can
occur independently of phase motion
and can be damped out by feeding
back a signal, derived from a bunch
width monitor, into the phase control
system for the r.f. fields. When this
was achieved, the combined r.f. sys-
tems carried the beam happily to full
energy giving the 40 % increase in
intensity which was anticipated in
the design.

This use of higher harmonic r.f.
fields in accelerators was first sugges-
ted by N.M. Blackman as long ago as
1949. The idea has, however, only
been used at the late lamented Prin-
ceton 3 GeV synchrotron and at the
ITEP 7 GeV synchrotron in Moscow.
In both cases, the higher harmonic
systems were applied over short
periods after injection. Nimrod is the
first accelerator to have a high power
system which can operate through-
out the acceleration cycle.

BERKELEY/STANFORD
PEP Agreement

With effect from 25 February, a
‘Cooperative Basic Agreement’ exists
between the Universities of California
and Stanford concerning the PEP
project.



The Lawrence Berkeley Laboratory,
operated by the University of Cali-
fornia, and the Stanford Linear Accel-
erator Centre, operated by Stanford
University, have been collaborating on
the development of a large colliding
beam project since 1971. It is known
as PEP for Proton-Electron-Positron
since its complex of accelerator/
storage rings would make possible the
study of high energy collisions be-
tween these three types of particle.

Realization of the project is now
envisaged in stages, the first being the
construction of an electron-positron
ring of 300 m radius to hold beams of
energy up to 15 GeV. Further stages
could add a 200 GeV proton ring using
superconducting magnets and another
electron ring. It has been decided that
PEP would be located at Stanford and
be fed with electrons and positrons by
the existing 20 GeV linear accel-
erator.

The Agreement spells out the form
of the continuing collaboration be-
tween the two Laboratories in the
evolution of the project, with the aim
of beginning construction of the first
stage in fiscal year 1976. The electron-
positron ring is estimated to cost
between § 50 million and $ 60 million
spread over the five years 1976 to
1980. The project would be staffed by
scientists and technicians drawn in a
balanced way from the two Labo-
ratories. After completion of construc-
tion PEP would be operated as a
national physics facility. The actual
management of the accelerator oper-
ation would be a Stanford responsi-
bility and both Laboratories would
participate in the experimental pro-
gramme in a similar way to other
Laboratories and Universities.

This formal Agreement presents the
decision makers with a much clearer
picture of how the PEP project could
be managed.

In order to pull the high energy
physics community into the discus-

sions, particularly concerning the
experimental facilities, a summer study
will be held at Berkeley from 5-30 Au-
gust. A steering committee for the
study has been set up (B. Barish,
M.L. Goldberger, D. Cline, J. Kadyk,
R. Lander, B. Richter and K. Strauch —
Chairman). They plan to have a week
of ‘workshops’ on topics such as
QED experiments, Hadron experi-
ments, Weak interaction experiments,
Searches for new particles, Spectro-
meters, etc... The following weeks
will be given to working out detailed
recommendations.

Meanwhile, the electron-positron
storage ring SPEAR at Stanford is
operating with beams in the energy
range 1.5 to 2.6 GeV. SPEAR was
designed to be capable of holding
particles up to 4.5 GeV but, initially,
the radio-frequency system and the
magnet power systems were built for
lower energy operation.

Aerial view of the site at Stanford where it is
proposed to locate the PEP accelerator/storage
rings. The ring drawn in is about 700 m in
diameter. The output end of the existing electron
linear accelerator, which would feed electrons
and positrons to PEP, can be seen on the left. Also
discernible (near the centre of the picture) is

the electron-positron storage ring SPEAR. The
PEP rings would be installed in tunnels bored
about ten metres below ground with just the
experimental halls in the long straight sections
appearing as surface buildings.

After the ring came into action,
work began on the design of com-
ponents required for 4.5 GeV. The
additional magnet power supplies and
increased cooling are straightforward
but the increase in r.f. power and
voltage is substantial since the radia-
tion loss from the stored beams
increases as the fourth power of the
energy. Thus, the voltage required to
compensate for radiation loss and to
maintain an adequate lifetime in-
creases from 500 kV at 2.6 GeV to
7 MV at 45 GeV. Both the shunt
impedance per unit length of the
existing r.f. cavity and the available
straight section length make it entirely
impractical to achieve these voltages
at the frequency of 50 MHz which is
used at present.

A study of how the cost varies
with frequency for a system which
will fit into the available straight sec-
tion length indicated a broad optimum
around 300 MHz. A frequency of
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358 MHz, the 280th harmonic of the
circumferential frequency, was se-
lected. A cavity built up of four groups
of five coupled high shunt impedance
cavities was designed and is now
being constructed. Each group of five
cavities will be installed in a SPEAR
straight section. The first group is
assembled and has undergone low-
power tests; the remaining three are
in production and will be completed
and  tested in July. Each will be
powered by a 135 kW klystron, which
is also designed and being built at
SLAC. The first klystron is under test
with very satisfactory results so far.

The complete r.f. system — power
supplies, klystrons, and cavities —
will be installed in SPEAR during the
Summer and power supplies for the
ring magnets will then be added.
These additions will allow operation
up to 4.2 GeV per beam to begin with
and, after some operating experience,
it is later hoped to push the maximum
energy to 4.5 GeV.

One result of the seven-fold increase
in the operating frequency of the r.f.
system is that the electron and posi-
tron bunches will be shortened in the
same ratio, resulting in smaller inter-
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action lengths. The shorter bunches
also mean that, to maintain the same
injection rates, the linear accelerator
must deliver the same charge per
pulse in a shorter burst. A new elec-
tron gun for the input end of the
accelerator has been developed for
this purpose.

As we reported in the last issue
(page 39), results from experiments
with SPEAR have been amongst the
most fascinating of recent vyears.
There is therefore great interest in
seeing what happens when the inter-
action energy is increased to 9 GeV.

GLASGOW
Over a million

The Glasgow Film Analysis Group
recently celebrated two events — the
measurement of the millionth event on
their SMP system and the installation
of a new computer.

For analysing bubble chamber film,
the Glasgow University team has used
a set of three SMPs on-line to an
IBM 7040 computer. SMP is the
abbreviation for Scanning and Meas-

uring Projector — a type of elaborate
scanning table with a measuring
system built into the top which was
promoted by L. Alvarez at Berkeley.
The Glasgow system has been in
action about 100 hours per week
since 1966. It has measured film from
a series of experiments mainly using
the 2 m bubble chamber at CERN. It
has also measured film from the
streamer chamber at DESY.

The new computer is an IBM 370/
145 which has 384 kbites of memory
and is particularly well adapted to a
multiuser environment. It can be used
for batch processing and also con-
trols a POLLY measuring machine (the
type developed at Argonne) which is
at present being adapted ready to
receive film from the 3.7 m European
bubble chamber, BEBC. A second
POLLY is under construction and will
also be controlled by the IBM. Linked
to the computer in addition are display
terminals, used for the reconstruction
of events recorded in the Omega spec-
trometer at CERN, and a line to the
large 1BM 360/195 at the Rutherford
Laboratory.




varian

makes
“computer

systems

...wWhich means a lot
in terms of software!

Time-sharing in two versions:

1.

A low-cost in core system which
supports up to 16 users simultane-
ously.

Features are:

Dartmouth BASIC compiler

Simple job control directives

Flexible system generation procedures
2.

A disc-based time-sharing system
supporting up to 64 users.

The distinguishing features are:

Full Dartmouth BASIC compiler, using
virtual memory techniques, thus
permitting programs of up to 16 000
statements o be run.

FORTRAN 1V (with virtual memory).

Automatic accounting and detailed
trace of system utitization.

Foreground and Background mode

of operation.

Comprehensive and easy to use job
control language.

integrated filing system with protection
of files from accidental corruption.
Support of all Varian standard
peripherals.

Real-Time Operating Systems:

BEST (Basic Executive Scheduler and
Timekeeper), Real Time Clock driven
monitor for small to medium configu-
rations. Modular system allowing
multiple realtime tasks to run concur-
rently in as little as 4 K core of any

620 — or 70 — series

Varian computer.

VORTEX (Varian Omnitask Real-Time
Executive) allows multiple foreground
tasks to be executed concurrently

and with a background task. Large
programs can be segmented and
overlayed in both foreground and
background. Background jobs are
scheduled automatically by Job Control
Processor. Other features are Dynamic
Memory Allocation, Memory Protection,
Process 1/0, support of Data Commu-
nication and many others.

For details please contact:
Varian AG
Steinhauserstrasse

CH - 6300 Zug

Tel.: 042 232575

varian
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Many manufacturers offer low-priced CPUs. Digital included.
But only Digital can now give you the first Mini-System packages for
30 per cent less than the component prices. Why? Because Digital
manufactures all the elements itself and in larger quantities than any
other mini-computer manufacturer. Pick the low-cost Mini-System
that best meets your needs. And get 12-month maintenance, soft-
ware consulting service and access to training.

PDP-11E10 (the Standard-11). The most versatile standard
computer system ever built with disk and tape storage and a choice
of software systems. Here's what you get:

The new, 16-bit PDP-11E10 CPU with 16K of 980 nanosecond core
memory and bootloader.

An RK-05 2.4-million byte cartridge disk.
A dual DECcassette transport with 150,000 bytes of on-line storage.
A 30 cps DECwriter for keyboard input and hardcopy output.

The RT-11 Real-Time operating system supporting BASIC and
FORTRAN, or our DOS/Batch system supporting FORTRAN. Take
your pick.

DECLAB-11/40 System. The most complete new laboratory
system available. It includes:

A 16-bit PDP-11/40 CPU with 18K of 980 nanosecond core memory
and bootloader.

Two RK-05 2.4-million byte cartridge disks.
A 12-inch diagonal Graphic Display, display processor and light pen.
A 30 cps DECwriter for keyboard input and hardcopy output.




introduces
-Systems.

The LPS-11 Laboratory Peripheral System including:

a 12-bit A/D converter, sample and hold, with 8-channel multi-
plexer and 6-digit LED display;

a pre-amplifier for four A/D converter channels;
a programmable real-time clock and dual Schmitt triggers,
and a 16-bit buffered digital 1/0.

The lab version of the RT-11 Real-Time operating system supporting
BAS|C and FORTRAN.

Plus four training credits.

GT-44 Graphics System. The price/performance leader in
graphics computing, including:

A 16-bit PDP-11/40 CPU with 16K of 980 nanosecond core memory. -

Two RK-05 2.4-million byte cartridge disks.

A 17-inch diagonal Graphic Display, display processor and light pen.

A 30 cps DECwriter for keyboard input and hardcopy output.

The RT-11-GT graphics version of the Real-Time operating system
supporting BASIC.

Plus four training credits.

Digital Mini-Systems. You get a lot more for your money.
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1 |
| | want to know more about the following Mini-System: |
: O PDP-11E10 0O DECLAB-11/40 0O GT-44 Graphics :
| 0 Please send literature 0 Please contact me i
: Name Position :
| Company I
I Address |
| |
= Telephone I
| Digital Equipment Corporation International — Europe, |
] 81, route de I'Aire, CH-1211 Geneva 26, Tel. (022) 42 79 50. I
| |

L-----_—--__--__---_-_-J
Offices in Reading, London, Manchester, Birmingham, Bristol, Edinburgh,

Munich, Cologne, Frankfurt, Hannover, Stuttgart, Vienna, Stockholm,
Oslo, Copenhagen, Helsinki, Paris, Grenoble, The Hague, Brussels,

Zurich, Milan, Turin.




liquid Air, Nitrogen, Oxygen or Argon

FOR transport, storage and handling at minimum loss rates
combined with great flexibility

TO ENSURE perfect reliability thanks to the application of
advanced and experienced techniques and materials

OUR TANKS AND CONTAINERS ARE AT YOUR DISPOSAL
SERIES RT DEWAR type container, stainless steel, capacities
4,5,7,10, 20, 37 litres

SERIES TC open containers, capacities 5, 10, 25, 32, 50, 100,
200, 300, 400 litres

SERIES TSB container for gravity feeding of diode cryostats,
capacities 10 and 25 litres

SERIES RCB preservation container for cryobiological purposes,
capacities 4, 12, 21, 41 up to 1000 litres

SERIES T and EF closed tanks for liquid supply at low and
medium pressure, capacities 160, 170, 600 litres

L’AIR LIQUIDE

division matériel cryogénique

57.Qv COrmMot 94500 ChaMpIgNy/m
CEl 8839740 CTEEX 23834 CNOMOA ChaMo ™ el

94



Nuclear

transmutation

We are there, wherever there is research
into the peaceful uses of nudlear energy

KRUPP steel in the service of man. KRUPP steel
in the service of research. KRUPP steel in physics,
chemistry, medicine and biology. We do a lot in these
fields.

We supply magnets for accelerators, spectro-
meters and beam transport, with forged or laminated
" poles and yokes, rough or finished, as individual com-
ponents or fully assembled. The material used is our

“Minimum RA" special low-carbon mild steel, resistant
to ageing and free from impurities. With a minimum
spread of induction, “Minimum RA’ combines high
permeability and low coercive force. Any questions?
Our specialists are ready and willing to answer them.

FRIED. KRUPP HUTTENWERKE AG, D-463 BOCHUM
WEST GERMANY

@ KR“PP STEH. for the world of tomorrow

Double bending magnet
for beam transport
made of KRUPP STEEL
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Surveillanceequipment must bereliable.
EEV vidicons give you tube reliability you can
depend on.
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RICO-Gouttiéres a cables
Chemins de cables

Eléments fabriqués en série, disponibies o
de stock, préts a étre assemblés selon le principe
de la boite de construction, permettent

des gains de temps importants dans
V'établissement des plans, dans les

bureaux d’'études, sur le chantier et & I'atelier.

1/4

RIETH & Co.

Fabrik fiir Eisenkonstruktionen Max Banninger AG
D-7312 Kirchheim-Teck 8050 Ziirich
Tel. (07021) 45051 Nansenstr.1

Telex 07267 881 Tel.1/46 3642
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ONE OF THE 2500 AVAILABLE

HOKE VALVES

HIGH
VACUUM
TO 1000 PSIG

316 SS
OR BRASS
—40°C TO 600°F

HOKE BELLOWS SEALED VALVES
(4100 SERIES)

DISTRIBUTOR FOR SWITZERLAND

bl

MATKEMI AG

4106 Therwil
Erlenstrasse 27
Telefon 061 / 734822
Telex 62440




AND ON EEV VIDICONS.

with a range of photo-
surfaces. Special rugged
types are available to with-
stand shock or vibration.
The EEV vidicon range is wide.
And it grows. And every tube
offers you the benefitsof EEV ex-
perience: good picture geometry and
resolution and a long life expectation.
Write for typelists:orif youhavea
problem, call our camera tube.engineers
at Chelmsford.

Reliable operation ~hour after hour,
year after year —isessential for closed
circuit cameras.You’re more likely to
get thiskind of consistent reliability
with tubes from the vidicon
experts: EEV.

EEV vidicons coverall TV
pick-up applications, inmonoor
colour, for most cameras—in
electrostatically focused and
magnetically focused types
(separate or integral mesh)

EEV AND M-0OV KNOW HOW.

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. SF €€ E

® Corps matricé en
laiton ou inox

@ étanchéitévis-a-vis
de l'extérieur mé-
tallique.

Etudes
de tous problémes-
spéciaux et de série.

®J5a200 mm
® Corps droit ou équerre
® Température: —270°C a

-+ 650° C

® Pression : ultra-vide a 500
bars

® Régl®ge d'ouverture a le-
veetotale,a passagedirect L

® Signalisation électrique \ ~ | 62,rue de la Villette
® Commande pneumatique 4P | 75019 PARIS FRANCE
et a distance Tél. 607.35.29 - 205.38.26

® Indicateur de position.




parallel input
and output registers

JRE 10.: parallel input register
allows to send onto the dataway 24 bit
words, from two peripherals

JRS 10 :parallel output register
allows to send to two peripherals 24 bit
words from the dataway.

Common features :

— Each register contains two independent
24 bit registers

— The peripheral can operate as master or
slave in regards to CAMAC system

— transfers with «shake hand» signals

FOR MORE INFORMATION PLEASE CONTACT :

Schiumberger

SAIP/SCHLUMBERGER : BP 47 - 92222 Bagneux (France)
Tel. : {1) 655.22.11 Telex : SAIPEX 25075 F



Entreprise de peinture

Suisse
Moyen-Orient
Espagne - ltalie
Afrique du Nord
lle de la Réunion
Belgique

C.E.R.N. - GENEVE

Prézioso International S.A.

Siege social :

15, avenue Victor Hugo
75 - PARIS 16°

Direction administrative :
B.P. No 2

FELDMUHLE
AKTIENGESELLSCHAFT

D-731 Plochingen (Germany)
Telefon 07153-611
Telex 07266 825

Molded

parts made of

sintered aluminium oxide
96 —99,9% Al,O,

Aluminium Oxide
Ceramics
MoMn-Ni- and
WNi ~
metalized.

SAINT-CLAIR DU RHONE
38 370 Les Roches de Condrieu

Tél. (74) 8565307
855228 Ceramic/Metal
Télex: 90404 F Combinations
particularly
Vacuum-Chambers
UHV-Feedthroughs

CTi-Cryenco Helium A FEATURES
Dewars are unmatched in Conduction-cooled

quality, reliability, and : shields. (no LN, needed)

durability, yet they've . ~ ' o T o e
been engineered and built Stcnnlgss steel He Liguip , %“m*g
container - HELlum | E  HELIU

to cost you less.
Available in 50, 100, Accept %, V2, %-in. : . SrGoenes
250, 500 and 1000 liter ca- transfer tubes rcryenc GrCryonco
pacities (larger sizes for - Low boil-off : -
bulk quantitigs), CTi- 50, 100 1.5%/day
Coronco Holum Dowere ' 250..10%/day
struciural strength, and l 500..... 0'75:/"/ddy
simplicity of use to reduce 1000 0.50%/day
operating costs and con- Truck, rail, ship, air*
serve valuable liquid. transportable *With cpticnal Absolute Pressure Relief Valve

Write or call for complete technical data and price information:

a Division of CRYOGENIC TECHNOLOGY, inc. 4955 Bannock Street, Denver, Colorado 80216 | (303) 244-8691




LEMO SELF-LOCKING
GONNEGTORS
FORM A SOLID BOND.
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Our production programme

Connectors, unipole {1+150 A). Connectors, coaxial {(50-60-75-100Q). Connectors,
biaxial and triaxal. Connectors, high voltage (2-5-8-10-15-30 KV.DC). Connectors,
multi-coaxial, multiple contacts, multiple high voltage. Connectors, combined, high and
low voltage. Connectors, combined, coaxial and signal. Connectors, combined special.
Connectors, for thermo-couples. Adaptors to connectors type: BNC-UHF-C-N-CONHEX -
PET-Suhner-G. Radio, etc.

International connections:

Germany: LEMOSA GmbH. Wernher von Braun Strasse 16. D- 8011 Putzbrunn. England:
LEMO U.K. Ltd. 6, South Street. Worthing, Sussex. Austria: LEMOSA GmbH. Postfach
703. A-1011 Wien. Belgium: Ets. Clofis Spri. 539, Steenweg Brussel. B-1900 Overijse.
Denmark’ K. Kamuk A:S. Bredebovej 31. DK-2800 Lyngby. United States: LEMO
USA, INC. 2015 Second Street. Berkeley, California 94710. Finland: Oy Chester AB.
Uudenmaankatu 23 A. SF-00120 Helsinki 12. France: Jupiter S.A. Constructions élec-
triques. 104, rue Garnbaldi. F-94 Saint-Maur. Holland: Geveke. Elektronica en Auto-
matie NV. P.O. Box 652. Amsterdam. ltaly: LEMO Italia S.R.L. 10, via Calzecchi.
1-20133 Milano. Norway: Henaco A'S. P.O. Box Okern. Oslo 5. Sweden: AB D.J.
Stork. Humblegatan 32. Box 37. S-172 21 Sundbyberg 1.

LEMO 55

Electrotechnique
Tel. (021) 711341 Telex 24683 1110 Morges (Swutzerland)




Application-
minded
A-to-D
Conversion

-

berér cé boreréd
cmm DUAL SLOPE ADC
MUCTIPLEXER
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The tapered slabbing and reaming drill is
economical and very useful

DRILLFILE

special drill

for the economical mounting of car aerials and car
radios, car calling units as well as telecommunication
devices DRILLFILE is recommended by leading firms
all over the world. In its measurements DRILLFILE
accommodates all requirements.

TIPSWITOOL
1564 DOMDIDIER/Switzerland

LASER CHRONOLITE
UND
HOLOGRAPHIE-LASER

ein im Q-switch-Betrieb arbeitender Rubin-Impulslaser, der
zwei in kurzen Zeitabstinden aufeinanderfolgende Laser-
Lichtimpulse abgibt. Der Zeitabstand ist im Bereich von 1 ms
bis 10 us stufenlos variabel und kann auf Wunsch nach oben
und nach unten erweitert werden.

Die Halbwertsbreite des Laserimpulses liegt bei 20 ns. Wellen-
lange 694 nm. Kohéarenzlangen von mehr als 1 m sind erreich-
bar. Die Impulsenergie von 50 mWs reicht aus, um in Reflek-
tionsholographie eine 13x18 c¢m Photoplatte zu belichten und
Objekte von 10 bis 20 cm Durchmesser auszuleuchten.

Bitte fordern Sie Unterlagen an bei

IMPULSPHYSIK GmbH

95Ny~ 2 Hamburg 56 (Rissen) Siilldorfer Landstr. 400
‘_’ Tel. (040) 812151 / FS 02189 514 ffid
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Un groupe de niveau européen

dans

Nettoyage industriel
Nettoyage d’ateliers, bureaux, laboratoires, cliniques

DNET la prestation de services

Hygiéne, désinfection, désinsectisation, dératisation

Prestations de main-d’osuvre

Manutentions

Office nouveau du nettoyage ONET

13008- MARSEILLE 12 bis, boulevard Pébre tél. (91) 732850
75- PARIS 4 et 6, rue du Buisson - Saint-Louis-Xe tél. (1) 2081557
GENEVE 55/57, rue Prévost-Martin tél. 257888
74 - ANNECY 6, avenue de Mandallaz tél. (50) 454641

01-SAINT-GENIS Route de Genéve

tél. (50) 411207

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

fours électriques
et
verres de silice

Appareils de laboratoire et industriels

Etuves de chauffage s
[ncubateurs ; s /ﬁ“
Etuves a vide ’
Plaques chauffantes
Fours a moufle
Fours tubulaires
Fours a creuset

En quartz

Appareils a distiller
Appareils de laboratoire
Emetteurs infrarouges
Thermoplongeur
Silice pour I'optique

Four & creuset
type Tik/R 11/12

Demandez la documentation auprés de
@

vorm. WISMER AG

Oerlikonerstrasse 88
tél. 01/46 40 40

8057 Zurich

EUROVAN

SAUVIN, SCHMIDT S.A.

Déménagements (membre EUROVAN)
Service fret avion (agent |IATA)
Camionnage officiel CFF

GENEVE
Gare de La Praille — Tél. (022) 438000
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The novel features
of these
components...

...are also incorporated in the new
BALZERS ionization vacuum gauges!

The novel features of these components and the newly-conceived circuit design, combined with the dependable prin-
ciple of the hot cathode ionization, are the primary requirements for advanced designs in the field of vacuum measuring
instruments. The vacuum user is mainly interested in the benefits he gets from advanced designs. The most outstanding
are enumerated below. In addition, comprehensive documentation will be gladly submitted to you upon request.

@,

Measuring range: 10-3t0 1072 Torr. Measuring
system: BA gauge heads. Analog read-out and
manual range selection with LED range read-
digital signal outputs for process control and  out. Signal output 10V/5mA per decade. 1/1-
computer connection. 1/1-19 rack panel. 19" rack panel.

Extended emission current range. Degas and modulator device. Multiple protection for elec-

Measuring range: 2-1073 to 1072 Torr. Mea-
suring system: BA gauge heads. Digital read-
out and automatic range selection. Analog and

Measuring range: tot-
al 10" to 10-8 Torr —

Measuring systems:
HiFi and BA gauge
heads. Accurate pres-
sure read-out on

strictly log. display.
Output signal 10V
1/2-19 rack panel. Ad-
justment and control
of zero and emission
current not required.
Automatic monitor-
ing of cathode cur-
rent,

BALZERS-owned Sales Companies in:

| Ziirich (CH), Frankfurt/M (D), Wien (A),
Kungsbacka (S), Berkhamsted (GB),

Santa Ana (USA), Meudon (F), Milano (l)

tronic system and gauge cathodes. Remote control for cathode. Excellent and very stable ampli-
fiers for measurements and emission current control insure high standards of accuracy of the
measuring data.

In addition to the equally new UHV gauge head, type IMR 132
(flange NW 35 CF), most commercially available BA gauges
can be used.

BG 800019 PE DN 5493

BALZERS

BALZERS AKTIENGESELLSCHAFT
fiir Hochvakuumtechnik und Diinne Schichten
FL 9496 Balzers
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Wenn Sie Fortschritt planen

Schlumberger

MESS-uNDp ®
REGELTECHNIK

Elektronische JUMO-TROWI- und TROFE-
PRINT-Temperaturregler fiir Thermo-
elemente oder Widerstandsfiihler in Pla-
tinenhalterung oder 19“-Einschubkasten
... die idealen platzsparenden Regler auf
steckbarer Europaplatine

Pensez-y ...

Universelle Montage durch Trennung von
Sollwerteinsteller und Reglerplatine.

Lorsqu’aujourd’hui, demain ou dans un an, vous

avez besoin d'un enregistreur magnétigue
pour applications industrielles ou médicales. M. K. JUCHHEIM GMBH & CO - D-64 FULDA
Telefon 0661/831 Telex 04-9701

AJ 19-73

Nos enregistreurs magné-
tiques sont robustes, rapides
et, si I'on se réfere au colit
par bit, comptent parmi les
moyens les plus avantageux
d’acquisition de données.

En conséquence, I'enregistreur
magnétique est aujourd'hui le
support parfait pour la canalisation
du flot grandissant des infor-
mations.

RN

Circuits imprimés "'}

(o eonelll]

Ch. de Rionza 5 — 1020 Renens/Suisse
Tél. (021) 256666 - 65 Telex 25640

M Enregistrement en direct jusqu'a 2 MHz N i "y
M Enregistrement en FM jusqu'a 400 kHz X g e Laii Iy idg?ﬁ T
B Enregistrement digital jusqu’a 96 kbit/s 1 I ol § l &lhg;!w

B Rapport Signal/Bruit jusqu’a 52 dB

Schiumberger |

8040 Zirich - 1207 Genéve
Tel. 01 528880 Tél. 022 359950

Miinchen — Wien — Paris — Mailand — Stockhoim
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SEN

6000 SERIES
SPECTRUMWM

ANALYZERS

THE REAL TIME
OPERATORS

EVERY 6000 SYSTEM INCLUDES

A POWERFUL GENERAL PURPOSE COVIPUTER.

wWiITH RTOS — YOU CAN USE IT!

¥ MULTITASKING
¥ PERMANENT LIVE DISPLAY

¥ SIMULTANEOUS ACQUISITION & PROCESSING

=

ELECTRONIGUE
1211 GENEVE 13 - SUISSE Case postale 39 - 31, av. Ernest-Pictet - Tél. (022) 44 29 40 - Télex 23359 - Cables SENELECTRON

ZURICH HAMBURG
SEN ELEKTRONIK AG SEN ELEKTRONIK GmbH
Tel. 01.86 51 03/04. Telex. 58257 CH. Tel.04103/6282. Telex. 2 189 548 D.
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PHILIPS

106

Electronic
Components
and Materials

FAST, FASTER, FASTEST

0,3 ns transit time fluctuation is the new
standard in photomultipliers. .

The new XP 2020 sets the state-of-the-art for
high speed photomultipliers. A transit time
fluctuation of only 0,3 ns and a 1.5 ns rise time
makes it ideal for fast coincidence techniques
or Cerenkov detections. Moreover it is
competitive on price with slower equivalents.
Almost as fast is the new PM 22083, a 12-stage
linear-focused tube with a bi-alkali
photocathode. It is ideal for applications having
low luminous fluxes, such as single photon
counting, as well as for time measurements.
The table below gives the main specs.
Data sheets and samples for evaluation are
available on request.

XP 2020 PM 2203
Spectral response type D type D
Useful cathode diameter 42 mm 45 mm
Quantum efficiency at 400 um 25 %, 30 %
Cathode sensitivity at 400 um 85 mA/W | 100 mA/W
Rise time 1,5us 1,6 ns
Transit time fluctuation 0,3 ns 0,35 ns
Gain at 2,6 KV 108 108

Type PM 2203 is a direct replacement for type 8575 and

a near equal to the 9814B.

For more information on these new tubes plus an
updated product survey of the extensive

Philips range write to :

Philips Industries, Electronic Components and

Materials Division, Eindhoven - The Netherlands

Distributed and sold in the U.S.A. by : Amperex Electronic Corporation
230 Duffy Avenue, Hicksville N.Y. 11802

In Canada : Philips Electron Devices
116 Vanderhoof Avenue Toronto 17 - Ontario

PHILIPS



ANNOUNCING TN-1700.
The pacesetter for the next generation of
pulse height analyzers from Tracor Northern

The UNEXCELLED TN-1700 includes these standard features:

Acquisition Features

® New State of the Art ADC

® Digital Conversion Gain

. Control

® “Zero-deadtime” MCS

Display

® | arge 6.5" CRT

® | ive, flicker-free display

® Full alphanumerics for results
and labels

Region of Interest Versatility

e Unrestricted Setup (including
overlapping limits)

® Dynamic Integration

® Selected-region 1/0O

Tomorrow’s Electronic

Set-Up Convenience

® | carn and Test Modes

® Arbitrary Energy-Scale
Calibration

® |nteractive Controls

Dynamic Data Processing

® Smoothing

® Stripping/Summing

e Normalization

I/0 Functions

® Plotter (with alphanumeric
labels)

® Teletype

® Parallel or Line Printer

R | racor Northern

TRACOR EUROPA B.V. - SCHIPHOL-AIRPORT-AMSTERDAM, Building 112A (The Netherlands) - Tel.: 020-1516 02
BENILEC S.A. - 1202 GENEVA, 18, rue Hoffmann (Switzerland) - Tel.: (022) 332320/29 - Telex: 28 268 « Belec»



NOW ANY LABORATORY
CAN AFFORD TO MAKE ITS
OWN LIQUID HELIUM

CTi’'s new Model 1204 Helium Liquefier/
Refrigerator was designed especially
for the laboratory with a growing re-
quirement for liquid helium or continu-
ous cooling of superconducting mag-
nets. It answers the need of research
centers that have always wanted a
reliable in-house supply of liquid he-
lium, but felt that helium liquefiers were
too expensive.

The Model 1204 is a “compact” ver-
sion of the CTi Model 1400 Helium
Liquefier/Refrigerator, widely used
throughout the world in university, in-
dustrial and government laboratories. It
is areliable and inexpensive system
that can provide up to 5 liters per hour
of liquid helium or 15 watts of refrigera-
tion at 4.5°K without liquid nitrogen pre-
cooling. Its optional, integral purifier
and gas collection system allows reuse
of helium gas recovered from experi-
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ments. The Model 1204 is capable of
both intermittent service and continu-
ous, around-the-clock duty without
operator attendance.

And ... its costis low (less than many
scientific instruments commonly found
in the laboratory).

FEATURES

[ Hands-off, semiautomatic operation
[INo foundation required (The Model
1204 can be moved easily) [] Simple to
install and operate [[] Proven design,
standard components [] Quiet, vibra-
tion-free [] Liquefies directly into any
storage or experimental dewar []
Simple, preventive maintenance twice
ayear (The user can do it) (] Parts and
service available worldwide [] Built and
guaranteed by the world’s leading man-
ufacturer of helium liquefiers

A companion system, the new Model
1220 Helium Refrigerator, is available
to provide 75 watts of continuous-duty,
closed-cycle cooling at 20°K for hydro-
gen recondensing, target cooling, and
cryopumping application.

Write or call CTi today for complete
technical and price data on the new
economical helium liquefier/refrigerator
that any laboratory can afford. And ask
about CTi’s complete line of closed-
cycle refrigerators, liquid nitrogen gen-
erators, dewars, and other cryogenic
accessories.
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