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Yerevan Conference

The Seventh International Conference on High
Energy Accelerators was held at Yerevan in
Soviet Armenia from 27 August to 2 September.
The article reviews some of the topics discussed
at the Conference.

At the end of August some 180 accelerator
specialists from Europe, North America and
Japan struggled through Moscow to join
200 of their Soviet colleagues (represent-
ing altogether 85 research centres) at
Yerevan for the Seventh International Con-
ference on High Energy Accelerators
sponsored by the International Union of
Pure and Applied Physics (IUPAP), the
USSR State Committee for the Use of
Atomic Energy, and the USSR Academy of
Sciences. The Conference was held in the
mountain resort of Tsakhkadzor, at a
height of 1500 m about 50 km from Yere-
van city, where participants were able to
enjoy the facilities of the State Sports
Centre. This provided a lovely setting with
richly wooded mountain slopes and with
wonderful sunny weather every day of the
Conference. The accommodation provided
was spartan but leisure hours were well
catered for. Excursions and concerts gave
the participants a good taste of the ancient
Armenian culture.

Throughout the Conference and &uring
the subsequent visits to Laboratories in
Moscow, Leningrad, Dubna, Serpukhov,

Kharkov and Novosibirsk, the Soviet scien-
tists displayed their usual very warm hos-
pitality and socially the Conference was a
great success.

Changes in two years

It is interesting to begin by comparing the
situation in the accelerator world in Sep-
tember 1969 with that in September 1967
when the last Conference in this series
was held at Cambridge, USA. Since Cam-
bridge, several important machines have
come into operation — the Serpukhov
76 GeV proton synchrotron, the Cornell
10 GeV electron synchrotron, the Yerevan
6 GeV electron synchrotron, the Gatchina
1 GeV synchro-cyclotron, the ADONE
1.5 GeV electron-positron storage rings.
Construction work has advanced on the
28 GeV proton-proton Intersecting Storage
Rings at CERN, on the 3.5 GeV electron-
positron storage ring at Novosibirsk on the
800 MeV proton linear accelerator at Los
Alamos and on the Canadian cyclotron
TRIUMF. And, of particular importance,
construction of the 200 GeV proton syn-
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chrotron at Batavia has started at a very
fast rate.

To putalongside these encouraging deve-
lopments, we should mention the demise
of some projects such as the 40 GeV
proton synchrotron in Japan and the
Intense Neutron Generator (ING) in Canada.
{Incidentally, a decision from the Canadian
government concerning participation in
Batavia is believed to be imminent) But
some projects must always fall by the
wayside and probably of more significance
has been a general belt-tightening in the
USA and in Europe which has restricted
operation and development of existing
machines. (There does not seem to be an
equivalent squeeze in the Soviet Union at
present and Labcoratories such as Dubna,
Novosibirsk and Serpukhov do not seem
to be short of resources.}

In the USA, Batavia has had its full
construction budget of § 240 million ‘au-
thorized'. These funds remain to be ‘appro-
priated’ and $ 96 million has been request-
ed for fiscal year July 1969 to July 1970 —
the decision is expected in November. But
Batavia is receiving special treatment in

an attempt to keep the construction pro-
gramme cn schedule so that the machine
will be in operation at 200 GeV in 1972.
Other Laboratories, in the context of an
overall climate of restraint on pure scien-
ce budgets in the USA, are, in generzl,
being held dollar for dollar with their budg-
ets of the previous fiscal year, which, in
effect, means a reduction in money. Ob-
viously, new projects, improvement pro-
grammes and developments in accelerator
operation will find it very difficult to flour-
ish in these circumstances.

If the situation continues, the bitter deci-
sion as to whether to close down some of
the machines operating in the USA, such
as the 3 GeV fast-cycling synchrotron at
Princeton, so as to continue to develop
the bigger centres, will have to be con-
fronted. Another exception to the general
picture of restraint is the Electron Ring
Accelerator work at Berkeley (of which
more later) which is being looked on with
a very favourable eye.

In Europe, as CERN COURIER readers
hardly need to be reminded, the 300 GeV
project has continued to dominate the

Inside the ring tunne! of ARUS, the 6 GeV
efectron synchrotron at the Yerevan Physics
institute - the host Laboratory for the Conference,
The injected beam comes in from the right on
the photograph. In the ring itself can be seen
one of the magnets in between two of the large
r.f. cavities.

{Phota Yerevan)

scene since the last Conference. In the
wake of indecision on this huge project
has come indecision in individual Euro-
pean countries as to the best course to
follow in the coming years. Added to this,
financial problems in several countries
have come hoeme particularly hard in budg-
ets for pure science. The axe is swinging
over the head of Nimrod, the 7 GeV proton
synchrotron at Rutherford UK, and a severe
cutback on science in France, following
devaluation, will hit Saclay. (Saclay have
just released the design study for their 23
to 45 GeV proton synchrotron proposal,
but there is little point in describing it in
the present situaticn.)

All this has obviously had an inhibiting
effect on the European accelerator com-
munity and the contribution from Europe
at the Yerevan Conference was probably
weaker than ever before in a Conference
in this series. Counting papers is not a
reliable way of estimating contribution to
a Conference but it is some measure of
what has been said above to point out that
less than 20 % of the papers given in the
plenary sessicns came from Europe. This

258



is not because of a deterioration in the
quality of European accelerator physics
but because, for the past two vears, it has
been largely a question of ‘stand and wait’
to know in which direction effort can best
bhe applied. The sad thing is that, when
others are making progress, to stand still
is to move backwards. When the hesita-
tions introduced by the delay on the
300 GeV decision are removed, Europe
should be in a better position to define its
priorities.

Things of interest

Another revealing comparison with the
situation in 1967 is to look at the topics
which generated most interest then and
now. At Cambridge the two key topics
were :
1. Space charge effects
2. Boosters.
At Yerevan these were replaced by:
1. Electron ring accelerators
2. Superconductivity.

At the Cambridge Conference the start
of improvement programmes to increase
the intensity of existing accelerators and
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the start of new high iniensity machines
brought a lot of emphasis to space charge
problems which become more severe as
the beam intensity goes up. A lot of effort
has gone into the understanding and solu-
tion of these problems over the past two
years, and CERN, which has particular
interast because of its PS Improvement
programme and the ISR, has been promi-
nent in this work — as was recognized in
a major review paper ‘Some high current
effects in accelerators’ by E. Courant
(Brookhaven}.

At Cambridge, boosiers (the interme-
diate accelerator between the linear accel-
erator and the wmain synchrotron ring,
which ‘boost’ the injection energy info the
main ring and thus make higher intensities
possible) were a comparatively new pheno-
menon. At that time, it was very much a
case of ‘to each his booster. A wide
variety of solufions to the problem came
from the various interested Laboratories
and there was considerable controversy
as to the best solution. In an excellent
review paper, ‘Features of boosters for
super high energy proton synchrotrons’

A section of the 3.5 GeV efectron-positron storage
ring, VEPP 3, at Novosibirsk. Note that the ring

is suspended from the roof of the tunnei building.
Construction of VEPP 3 is virtuatly complete and
experiments are planned for the near future.

{Pholc Novosibirsk)

W. Hardt from CERN dotted the ‘i's cross-
ed the ‘t's and virtually put the full stop
o the work of the past two years. It is now
generally agreed that the fast-cycling syn-
chrotron booster has emerged on top
for wvery high energy machines over
slow-cycling bhoosters, accumulator sche-
mes and multiple booster ring schemes, in
potential, in cost and in reduced complexity.
All the major ‘'next generation’ accelerator
designs — the 200 GeV in the USA, the
300 GeV in Europe and the 1000 GeV from
the Radio Technical Institute in the USSR
— are in agreement, in broad outline, on
booster design.

In the two Yerevan ‘topics of interest’,
we sheuld first balance our mention of the
important work of CERN regarding space-
charge and boosters by saying that here
CERN is an interested bystander, with no
contributed papers at all. There is, how-
ever, some work in Europe on these topics
-~ Karlsruhe and Munich are beginning
research pregrammes on electron ring
accelerators, and Rutherford is particu-
larly prominent in the research on the
application of superconductivity to accel-
erators.

Electron ring
accelerators

The first topic, electron ring accelerators
or collective ion acceleration, has been
covered in CERN COURIER in vol. 8, page
28 and vol. 9, page 40 and for an under-
standing of what follows we must, to save
space, ask readers to refer back to these
previous articles. It drew some twenty
papers, which reveals what a Pandora’s
Box the single paper from Dubna, tucked
at the back of a session in Cambridge, has
opened.

The work at Dubna (reviewed by V.P.
Sarantsev in a paper ‘Accelerator with
electron rings’} where a large effort involv-
ing a hundred people is being mounted,
continues to take first place. Their papers
at the Yerevan Conference clearly reveal-
ed that, at least as far as the ‘expansion
acceleration’ stage, electron ring acceler-
ators work. In February and March of this
year they formed electron rings, fed them
with nitrogen for a length of time which
produces triply ionized positive nitrogen
ions sitting in the electron rings, extracted



these electron rings holding the ions from
the ‘compressor’ in which they are formed,
and aceelerated them by the expansion
method in a decreasing magnetic field to
give nitrogen ion energies of over 60 MeV.

The presence of the triply charged
nitrogen ions in the rings and their energy
was confirmed by having them hit a ring
of cerium where the ions take part in a
reaction at an energy just below 60 MeV
producing radioactivity. They covered the
bottom half of the cerium ring with a thin
aluminium feil and detected no radioacti-
vity from this bottom half.

Dubna alse crossed an integer reson-
ance (which can cause particle beams to
‘blow up’ and be lost) without losing ihe
electren rings, though the ring minor dia-
meter was increased by a factor of two or
three.

This vital ability to confront resonances
has also been confirmed at Berkeley in the
very shott time that they have had to play
with  ‘Compressor IlI' (described by
D. Keefe in a paper on ‘ERA development
at Berkeley’). They have built a pulsed coil
so that the integer resonance could be
crossed quickly if necessary, but it proved
possible to approach it very slowly without
losing the ring. This is an extremely en-
couraging indication of the ring stability.

Berkeley brought Compressor [l into
operation at the beginning of August. In
two weeks of running time, the unstable
performance of the Astron injector of elec-
trons resulied in only a few hours of usefut
operation. These few hours served how-
ever to produce electron rings again, to
compress them, to load them with hydro-
gen ions, and to power the coils producing
the magnetic fields in the compresser in
such a way that the rings could be moved
about (over a few centimetres) along their
axis. In the coming months the extraction
of rings from the compressor and their
expansion acceleration along a tapered
solenoid field about 1T m long will ke
studied.

A high curreni electron source, capable
of energies between 2 and 4 MeV and
currents greater than 500 A, is being built
to replace the Astron as the injector into
the compressor. It will operate at 1 to 10
Hz with pulses 35 ns long and high staki-
lity. This injector will be ready for 15 March
1970. At the beginning of October, work

will start on a tunnel io receive the injector
and ©on a buiiding for the compressor.

Superconductivity

We are still in the early days of demon-
strating the use of superconductivity in the
acceleration of particles but progress over
the past fwo years has been very fast.
This applies both to superconducting
cavities for linear accelerators, and to
superconducting pulsed magnets for syn-
chrotron rings. ’

The most important work on supercon-
ducting cavities is being done at the High
Energy Physics Laboratory, Stanford, and
we will concentrate on their latest results
while recording that there are also
research programmes at lllinois, Karlsruhe,
Dubna, Rutherford and Brookhaven, HEPL
have a specific project well under way -
to build a superconducting electron linear
accelerator 150 m long for an energy of
2 GeV or above. (The project was des-
cribed in CERN CCURIER vol. 8, page 239).

E. Chambers began his status report
by saying that all the major problems are
now solved. The r.f. control problems
associated with beam loading were
accounted for earlier this year when a
1.5 MeV superconducting lead prototype
operated successfully and continucusly for
a period of six weeks. It was only shut
down after extensive measurements of the
beam characteristics (average currents up
to 140 pA were accelerated) showed that
the design aims of 2 momentum resolution
of about * 10 at beam currents of
100 pA, could be met.

Excellent results continue to be obtain-
ed with niobium cavities reaching Qs of
10" and field gradients of 27 MeV/m. (To
achieve 2 GeV and c.w. operation of the
accelerator under construction requires
gradients of only about 13 MeV/m and
Qs of 10'%) The preduction of nicbium
cavities to the necessary standard appears
to be completely solved by a special treat-
ment involving cooking the niokium for
many hours at 2000 °C in a large furnace,
allowing it to cool and etching off about
i0 microns of surface material. This gives
excellent surface characteristics without
requiring niobium of extreme purity.

The tunnel for the accelerator has been
built and a ‘return loop’ by means of which

the beam can be sent through the accel-
erator again is contemplaied. By mid-1870
it is hoped that the first section of the
accelerator for an energy of about 30 MeV
will be ready and that the whole acceler-
ator will be completed by the end of
1971.

Tumning to superconducting magnets for
use in a synchrotron ring we will again
concentrate on the work of one Labora-
tory, Rutherford (reported by J.D. Lawson},
while recording that simiiar work is under
way at other centres such as Brookhaven,
Berkeley, and RTI.

The important contribution of Rutherford
was brought out in the story on the Brook-
haven Summer Study Ilast year {CERN
COURIER, vol. 8, page 186). They have
attacked the problem of producing an
intrinsically stable superconducting magnet
which will have low a.c. losses (so that it
can be used in the pulsed operation of a
synchrotron) while remaining a financialily
attractive alternative to conventional mag-
nets. Following theoretical studies, the
approach has been to use very fine fila-
ments of superconductor embedded in a
normal metal and to twist the composite
conductor. A three-part composite con-
ductor has now been produced in experi-
mental quantities to include also a high
resistance metal. This conductor has fine
filaments of niobium-titanium iwisted to
the required pitch, separated from the
copper matrix by a resistive barrier. These
manceuvres have been dictated by the
basic theory of composites which is now
quite well understood. The largest coils
tested so far have contained 2 to 3 kgm
of conductor {typically a 80 kG solenoid of
9 cm bore). Their performance has been
in very good agreement with expectation
reaching ‘short sample’ characteristics
under a.¢. conditions pulsing at a rate of
up to once per two seconds.

Many guestions remain to be answered.
Nevertheless, it looks as if supercon-
ductivity will be the iechnique to take the
synchrotron to its highest attainable
energy, the higher fields giving a machine
of tolerable radius. A good pilof experi-
ment would be to replace an existing
synchrotron magnet ring by a supercon-
ducting ring and a preliminary study of
this possibility has been made for the
7 GeV Nimrod at Rutherford.
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Accelerators

A large part of the Conference was, of
course, given over to progress reports on
the operation or the construction of the
major accelerators and storage rings. We
will record here some of the general infor-
mation from these reports which has not
been covered in CERN COURIER in recent
months.

Serpukhov

Several papers described the performance,
utilization and development of the 76 GeV
proton synchrotron, the highest energy
accelerator in the world, at the Institute of
High Energy Physics, Serpukhov. The
major review was by AA. Naumov, ‘Status
report of the Serpukhov accelerator’,

Since it was commissioned in October
1967, the performance of the accelerator
has been steadily improved. It has reached
a peak intensity of 1.5 x 10" protons per
pulse and operates regularly at 1.2 x 102
The remarkable performance of the
100 MeV linear injector coniinues — with-
out any of the clever coupling structures,
which are being built into the new genera-
- tion of linacs, it has produced a 15 ps
pulse of 120 mA. It is-usually operated at
current levels of 50 to 60 mA for single
turn injection. With the vacuum chamber
dimensions in the main ring of 20 x 11.5
cm?, it is probable that the accelerator
intensity could be considerably increased
using mutti-turn injection though this has
not been attempted yet. Scmething like
6 x 10" should ke quite feasible.

Two beam-lines for negatively charged
particles are in operation (calied channel
2 and channel 4) and a neutral particle
beam-line. These can be operated simul-
taneously on a flat top of 1.5 ms. With an
accelerated beam of 70 GeV, channel 2,
(feeding three experiments) gives particles
in the momentum range 40 to 60 GeV/c
with 7 x 10° to 10* particles per pulse.
Channel 4 (feeding five experiments) gives
particles in the momentum range 25 to
40 GeV/c with 106 particles per pulse.

The ejection systems for the machine
are now at an advanced stage of design
with model magnets being built and tested.
The slow ejection system will use the 923
resonance and have three septaofincreas-
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ing thickness (beginning with one 0.5 mm
thick). The ejection efficiency is designed
tc be over 90°9,. The two fast ejection
channels, one of which is being provided
by CERBN in the context of the CERN-
Serpukhov collaboration, have been fina-
lized and preparations are under way for
the installation of the rather complex
system of magnets. A prototype septum
magnet has been made. One of the fast
ejected beams will feed the hydrogen
bubble chamber, Mirabelle, being con-
structed at Saclay for use at Serpukhov.
The building to receive the chamber is
almost complete.

Stanford {SLAC)

Progress on the 20 GeV electron linear
accelerator at Stanford was reported by
R.B. Neal. 79 % of all operating time now
goes to particle physics. The electron
beam can be accelerated to a peak energy
of 21.5 GeV (it is intended 1o increase the
power of the klystrons to take this to
25 GeV) and the average beam pov(rer is
500 kW; the equivalent figures for the
positron beam are 13.5 GeV and 7 kW.

The phenomenon of beam break-up
which initially limited the beam current to
15 to 18 mA has been overcome by opti-
mizing the focusing and by de-tuning the
mode which was causing the break-up.
Currents of 65 mA can now be achieved,
well above the initial geal of 50 mA, and
it may be possible o push it as high as
80mA. Beam loading effects in the accel-
erator became troublesome as the inten-
sity was increased but by timing the differ-
ent sectors appropriately the fall off of
accelerating field in one sector can be
compensated by the rising field in its
neighbour.

Any combination of electron and posi-
tron pulses can now be obtained — when
positron pulses are required the electron
beam is allowed to collide with a fixed
whee| target to produce positrons for
further acceleration; when electron pulses
are required the beam is simply steered
arcund this target.

Another new device is a beam chopper
which can cut out a single bunch of parti-
cles from the beam. Since the bunches
are spaced only 350 ps apart this ability
to eliminate a bunch is useful for time-of-
flight measurements.

Cornell

B.D. McDaniel reported on the operation
of the 10 GeV electron synchrotron at
Cornell University. This machine was built
in 27/2 years at a cost of § 12 million,
beginning operation at 10 GeV in March
1968. In November 1967, the experimental
programme began and by now involves
45 physicists with a laboratory operating
staff of another 45 people. The beam
intensity is about 3 x 10" electrons per
pulse at 60 Hz (2 x 10" electrons per
second).

No trouble has been experienced from
the novel vacuum system — there is no
vacuum enclosure within the poles of the
magnet, the vacuum being sealed on the
magnets themselves. There has, however,
been trouble with multipactoring in the
r.f. system and a new r.f. cavity is being
installed to give some reserve and to make
it possible to go to higher energy. The aim
is to reach 15 GeV — this is well within
the capability of the magnet ring which
with its [arge radius of 100 m operates at
only 3.3 kG for 10 GeV. An ejected beam
for 25 GeV electrons is being prepared
for operation by the end of this year.

Los Alamos

A paper on the ‘Design and construction
status of the Los Alamos Meson Physics
Facility’ was given by L. Rosen. The 800
MeV proton linear accelerator, LAMPF, was
described in CERN COURIER vol. 8, page
132. It is designed for high proton beam
intensity — an average current of 1 mA —
and will also be capable of accelerating
100 pA of negative ions and 0.1 pA of
polarized ions. Three Cockcroft-Walton
high voltage sets are to be instailed for
the three types of operation.

Construction of the buildings is well
advanced. The trench to take the acceler-
ator, 850 m long, has been dug out and
the beam channel completed. The injector
building and the laboratory and office
accommodation is nearing completion.

The first four tanks of the linear acceler-
ator are to be of the Alvarez type but with
post-coupled structure. (A slide of such a
tank was shown at the Conference). The
remaining tanks are to be of the wave-
guide type incorporating the new idea of
a side-coupled structure. 300, of the



radio-frequency power goes into the beam
in this structure. The electron model
where these ideas are being tested is
working excellently.

Of the total cost of the project, $55 mil-
lien, $33 million has been appropriated
and about $27 miliion of this has been
committed in contracts. So far the project
is going to schedule aiming for completion
in mid-1872 but LAMPF awaits with bated
breath the announcement of the budget
appropriations for the current fiscal year.

Batavia

The rapid progress in the construction of
the 200 GeV proton synchrotron at Batavia
has been underlined many times in CERN
COURIER. When the construction time-
scale of five years (the machine to be
completed in mid-1972) was announced at
the Cambridge Conference, it was gener-
ally regarded as very optimistic, to put it
mildly. But the speed with which things
have gone so far give no evidence that
this date will not ke met.

R. Wilson, Director of the Laboratory,
gave an exotic saper at the Yerevan Con-

ference called ‘Future options at the
National Accelerator Laboratory’. He listed
several possibilities for future expansion.
Twao of them are firm intentions and should
be mentioned here. After the accelerator
has come into operation it is intended, as
first priority, to double the facilities for the
experimental utilization of the machine by
duplicating the present provision of target
areas, etc. (see CERN COURIER vol. 9,
page 173}, or by bringing out a second
ejected proton beam. The second intention
is to increase the maximum energy to
400 GeV one or two years after obtaining
a 200 GeV beam. This is an important
statement for it means that, if things con-
tinue to go well at Batavia, the USA will
be at 400 GeV before Europe has its first
300 GeV beam.

Further possibilities, which are much
more remote, are to increase the intensity
to 10 protons per second (there would
he capacity for this but at considerable
expense); to add storage rings (see CERN
COURIER vol. 8, page 313); to install a
ring of superconducting magnets in the
space available over the initial main ring;

An aerial view of the Serpukhov Laboratory which
houses the highest energy acceleralor in the
world - a 76 GeV protan synchrotron. Part of the
ring tunnel can be distinguished together with
the huge experimental hailt which spans a section
of the acceleralor.

{Photo APN)

to build a three mile diameter supercon-
ducting ring (5000 GeV) just squeezed onto
the Labkoratory site. {One of the problems
with Professor Wilson is that he is a rather
difficult man to catch because he does not
stand still for long enough).

Professor Wilson said however, that his
personal hope was that the next leap in
energy would involve a world-wide colla-
boration on, an accelerator in the 1000's
of GeV range. He here echoed the remarks
of Academician A.L. Mints from the Radio
Technical Institute, Moscow, who gave a
long paper on the ‘Design of a 1000 GeV
proton synchrotron’ (developing in severatl
stages to 5000 GeV). These ideals have
been in the air before without developing
very far. Nevertheless, it is understood that
both Soviet and American scientists are
to make preliminary approaches to their
governments on this topic.

Yerevan

During the Conference all the participants
took the opportunity to visit the host La-
boratory — the Institute of Physics at
Yerevan (directed by A.l. Alikhanian who
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was also Chairman of the Conference
Organizing Committee). The Institute's
6 GeV electron synchrotron, ARUS, first
reached its design energy on 25 QOctober
1967. The beam current has now been
improved to 12 mA and when a beam
chopper is added in the linear injector it
is expected to increase this to 20 mA —
10" electrons per pulse at a repetition
frequency of 47.5 Hz. These figures are
comparable with the other major electron
synchrotrons.

The accelerator has a radius of 35 m
and the magnetic field rises from 66 G at
injection to a peak of 8 kG at full energy.
RF accelerating power, which has a maxi-
mum of 520 kW, is applied in 24 cavities
distributed arcund the ring. The wave-
length of the accelerating field is 2.25 m
which was selected on the basis of the
cost per unit of high freguency power.
Although the power losses in the 2 m
range are higher than, for example, in the
50 cm range, the total cost of power at
Yerevan proved to be lower. The vacuum
vessel is of corrogated stainless steel
2 mm thick with epoxy strips to prevent
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eddy currenis. |is internal dimensions are
120 mm wide by 42 mm high. The operat-
ing pressure maintained by titanium and
turbo-molecular high speed pumps is 107¢
torr. Electrons are fed to the ring from a
50 MeV linear injector (three tanks each
six metres long) which provides a maxi-
mum current of 200 mA for single turn
injection.

There are two stations where gamma
beam channels emerge from internal tar-
gets into the South Experimental Hall
which has an area of 1800 m? (a diamond
crystal is now being installed to produce
a polarized monoenergetic gamma beam).
There are plans to install an ejected elec-
tron beam bui this has not yet started.

The experimental programme has taken
some time to get off the ground but sever-
al major experiments are now installed or
are being installed. A heavy liquid bubble
chamber with a volume of 300 litres, buiit
at the Institute, has taken some pictures
and is to be used in association with a
50 cm wide gap spark chamber to look at
the photoproduction and decay of neutral
kacns. A huge wide angle pair speciro-

Construction progress on the Booster for the
200 GeV accelerator at Balavia. The fast-cycling
Booster is scheduled to produce 8 GeV beams
by the middle of 1971. lts building will be
completed by 2 April 1970.

meter is at an advanced stage of assembly
and a large spark chamber array is plan-
ned for the observation of the decays of the
vector mesons (rho, omega and phi) into
lepton pairs (muons and electrons). This
set up will alsc examine the properiies of
the pseudo-polar mesons {the neutral pion,
eta and xi) and measure the lifetimes of
the eta and xi using the Primakov effect.

Storage Rings

Here we concentrate on the information
from Novosibirsk and CERN. A new stor-
age ring proposal from Stanford (SLAC) is
described on page 273 of this issue.

Novosibirsk.

Several papers at the Conference came
from the Institute of Nuclear Physics at
Novosibirsk covering the performance of
the 600 MeV electron-positron storage ring
VEPP 2, the construction of the 3.5 GeV
electron-posiiron storage ring VEPP 3 and
the plans for the 25 GeV proton-antipro-
ton storage ring VAPP 4 {see CERN COU-
RIER vol. 7, page 88, and vol. 8, page 288.)
There was also a general review paper by
G.l. Budker, Director of the Institute, on
‘Accelerators and Colliding Beams’.

Immediately after the Conference, many
of the participants visited Novosibirsk and
were able to amplify their information
during thorough, open talks on all aspecis
of the Institute’s work, and were able 1o
see the very impressive machines. It is a
measure of the high reputation of the
Institute that the Novosibirsk tour was the
most popular of thase which were organiz-
ed following the Conference.

Research at the Institute is concentrated
on acceleraior and storage ring techniques
{absorbing about 50 9/, of the total effort),
on plasma physics and on the production
of accelerators in the few MeV range for
use in industry. Storage ring work began
in 1962 with the construction of VEPP I,
an electron ring of 160 MeV which came
into operation in 1965 and was used mainly
for beam studies. This has been replaced
by VEPP 2, a 700 MeV electron-positron
ring coming into operation in 1966, which
is again used for beam studies but also
for particle physics. It contributed to the
important measurements on vector me-



sons carried out in 1967 (see CERN COU-
RIER vol. 8, page 245).

A major reconstruction of VEPP 2 to
improve its capacity for particle physics
experiments took place in 1968 and it
came back into service in May of this year
with modifications to the r.f. system (allow-
ing for the use of the first and third har-
monic to concentrate the particles into a
shorter bunch) and an ion pump vacuum
system which uses the magnetic field
applied in the storage rings for the ion
pumps. Electron and positron currents of
upto 60 mA are stored during an injection
time of about an hour and experiments are
then possible for about four hours. The
initial luminosity is 10%2 cm ~2 h ~".

Construction of VEPP 3, an electron-
positron storage ring for 3.5 GeV began in
1967 and the ring itself is now complete.
Just before the Conference, a proton beam
was circuiated in the ring for one turn.

VEPP 3 consists of two half-ring magnet
sections of radius 8 m, each having eight
magnet units joined by two 12 m straight
sections. Each unit incorporates a hending,
defocusing, bending and focusing length.
These magnets are cut from solid {rather
than being taminated) in the Insiitute’'s
own workshdop and are designed to oper-
ate with a maximum field of 168 kG. They
are suspended from the ceiling of the
tunnel in which they are installed, which
is a rare sight in accelerator construction.

The vacuum chamber cross-section in
8 x 2.9 cm (varying a little around the ring)
and is pumped by distributed ion pumps
as in VEPP 2. The chamber is of stainless
steel and can be baked out in situ by pass-
ing current through the walls (it is pre-
baked before installation for 30 hours at
800° C). Pressures of 2 x 107 torr have
been achieved and it is intended to reach
107" in the straight sections.

There are two r.f. cavities which will
initially operate at an average power of
150 kW giving beams with a peak energy
of 2 GeV. More power will be provided
later to go to 3.5 GeV. The r.f. will operate
on the first and the nineteenth harmonics
(4.03 and 76.57 MHz). When positrons are
infected {at an energy of 250 MeV), the
r.f. will operate on the 19th harmonic so
that particles will circulate in 19 bunches.
When the 1st harmonic is switched on the

particles will settle in one bunch and the
19th harmonic will then be brought back
to concentrate the particles into one bunch
with 18 r.f. ‘buckets’ empty. The energy of
the positrons will be increased to 500 MeV
before electrons are injected and then the
two beams together will be taken into the
GeV region.

The injector system is also unique. i
begins with a transformer type, high voli-
age, high current accelerator as developed
at the Institute for use in industry. This
provides 3 MeV electron beams of 3 A
which are fed intc an ironless synchro-
tron of 1 m radius. The electrons are there
accelerated betatron fashion to 10 MeV
and then conventional r.f. accelerated to
500 MeV (the-field rising to 17 kG) in 1 ms.
Two channels will lead from this synchro-
tron to the storage ring — one takes the
electron beam direct (inflecting through &
pulsed magnetic field of 130 kG), the other
has a converter to produce the positrons
of 250 MeV energy which will then be
inflected in the opposite direction. It is
intended to store 100 to 150 mA in each
beam with a luminosity of 5x10¥ cm—7h .
The injector system, without the positron
channel, is almost ready for operation.

VAPP 4, the very adveniurous proton-
anti-proton storage ring, is still in a state
of flux concerning many features of its
design (particularly the injector system and
‘electron coocling’ system). However, a mo-
del magnet for the ring has been built.
From one block, poles are cut so that the
magnetic fields are focusing, bending,
defocusing and bending (separated func-
tion lattice} as in VEPP 3. It is intended to
make the magnets in the [nstitute’s work-
shop and to install the fult magnet ring for
VAPP 4 by February 1970. (The ring tunne!
is ready to receive them.) First operation
may be in 1971.

It is now no longer intended to use
VEPP 3 as an element in the operation of
VAPP 4. However, the first experiment
using VEPP 3, to begin before the end of
1969, will be to carry out tests on the idea
of ‘electron cooling’ {described in CERN
COURIER vol. 6, page 219) which is a vital
element of the VAPP 4 design. It involves
running a specially prepared electron
beam along a straight section in conjunc-
tien with a proton beam at the same velo-

city. Over many turns ihe electron beam
steadily takes some of the ‘heat’ (the un-
wanted random motion) from the proton
beam. For the experiment, a 200 MeV
proton beam and a 100 keV electron beam
will be used. VEPP 3 will be used for high
energy physics in 1970.

The visitors tc the Institute at Novosi-
birsk were very impressed by the ingenuity
and the craftsmanship which is everywhere
evident,

CERN

K. Johnsen gave a very neat report on the
progress of the Intersecting Storage Rings
project at CERN. The tunnel to house the
storage rings is almost ‘closed’ (the walls
and roof around the full 1 km circumfer-
ence have been constructed) and about
half the tunnel is ready to receive com-
ponents. All the coils for the main magnets
and more than three guarters of the mag-
net cores have arrived on site. About two
thirds of the magnets are assembled and
measured and many have been installed
(around abcut one quarter of the tunnel in
both rings).

All the major components of the r.f.
system have been delivered and are being
assembled. Seven of the high power units
have been completed and their installation
began in September. Virtually all parts of
the low power system have been designed
and built in pretotype form and a substan-
tial fraction built in final form.

About two-thirds of the vacuum pumps
have arrived and have been tested. Some
vacuum chambers with their pumping sys-
tem are installed in the rings. Pressures a
little below 107 forr are readily obtained
without ‘bake-out’ and, after the first bake-
out in situ a pressure of 2 x 107" was
reached. In October, the first liquid nitro-
gen cooled titanium sublimation pumps
will be moved into the ring for instailation
in an interaction region and it is hoped to
pump down to 107" torr in November.

Among the many devices to observe the
behaviour of the stored beam will be an
unusual beam profile monitor. A ribbon jet
(70 mm x 1 mm) of sodium vapour will be
fired across the vacuum chamber condens-
ing on the opposite wall. The circulating
protons will release electrons from the
sodium atoms and an electric field will
bring these electrons to a fluorescent
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screen. The image of the cross-section of
the proton beam can there be observed by
a sensitive closed circuit TV system. The
accuracy of the device is expected to be
of the order of 1 mm.

Construction of the ISR is on schedule.
The completion date remains as mid-1971.

Some news from other storage ring cen-
tres : At the Cambridge Electron Acceler-
ator, USA, the bypass project (see CERN
COURIER vol. 8, page 289) is almost ready
10 go. The last components of the bypass
are being installed and the positron injec-
tor is undergeing acceptance tests. All the
necessary techniques have been success-
fully tested and beams can be circulated
through the bypass without loss. Electron
currents of up to 30 mA intensity have
been achieved so far at an energy of
3.5 GeV. It is hoped eventually to have
100 mA in each beam. Tests with both
electrons and positrons circulating in the
accelerator are scheduled to start at the
end of this year.

After successful operation with colliding
beams, reported in CERN COURIER vol. 9,
page 171, the 1.5 GeV electron-positron
storage ring Adone at the Frascati Labo-
ratory has been hit by social unrest in Italy
and particle physics experiments have not
progressed,

The 550 MeV electron-positron storage
ring ACO at the Orsay Laboratory in
France, where some of the finest physics
with storage rings to date has been carried
out, has been undergeing some major
changes since the beginning of this year
to make operation for physics easier.

The Conference demonstrated how closely
integrated are the particle physics Labo-
ratories throughout the world. There was
little ‘new’ at the Conference, which took
something from the scientific interest but
which reflects how good communications
now are. [t also reflects the fact that
Conferences on accelerators have foilow-
ed closely on one anothers heels over the
past year (USSR Accelerator Conferencein
Qctober 1968; USA Accelerator Conference
in March 1969). It would help to even
things out if the USA Conference
{(which has become very international)
could alternate years with the International
series.

There was friendly cooperation and
openness in discussion from all partici-
pants to the Conference. The extent of
collaboration between Laboratories is
growing year by year — from necessity in
many cases but with the willing involve-
ment of the physicists — and the CERN-
Serpukhov collaboration was prominent. If
the trends in particle physics continue as
they are now, this collaboration may prove
useful, beyond its immediate purpose, as
a pilot scheme for collaboration on a truly
world-wide scale,
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CERN News

Slow ejection efficiency

The efficiency of slow ejection systems
has become increasingly important at
CERN and at Brookhaven in the context
of the improvement programmes to
increase the accelerated beam intensities
in the proton synchrotrons at both lLabo-
ratories. If high levels of efficiency are not
achieved, the number of particles lost in
the machines will seriously restrict the use
of the slow ejection systems when the
intensity of the accelerated proton beams
is increased tenfold.

In 1968 CERN started detailed studies in
this connection to discover why the theore-
tica! efficiency (about 80 9;) persistently
eluded the PS, despite some important im-
provements made during 1967 which car-
ried the efficiency to around 80 9/,.

The siudies led to further improvements,
which will be examined in more detail
later, giving the excellent result reported
at the end of this article. They also high-
lighted the problem of obtaining accurate
measurements of the beam in a slow ejec-
tion system.

The need is to obtain a direct compari-
son between the number of protons ejected
and the number of protons circulating in
the machine prior to ejection. Three types
of equipment can be used:

a) Beam current transformers {see CERN
COURIER vol. 9, page 67}. These devi-
ces measure the instantaneous intensity
of the beam and can be installed to
monitor either beam in the accelerator
or an ejected beam. However they oper-
ate efficiently only at high beam inten-
sities.

b) Induced activity detectors. These can
take the form of thin metal sheets plac-
ed in the beam which are later remov-
ed and monitored for induced radio-
activity. This measurement is related
to the number of protons which have
passed through the sheets. The method
is only applicable to ejected beams.

c) Loss monitors — 100 air ionization
chambers one on each PS magnet, an
argon chamber carried by the mani-
pulator, beam scanners in front of the
ejection magnets,

To get at the slow ejection efficiency
a round-about way is used involving all
the above methods and measurements on

the internal beam, the fast sjected beam
and the slow ejected beam. There are no
problems in determining the fast ejection
efficiency. Beam current transformers are
used (for the internal beam and the gjec-
ted beam).

With slow ejection however, it is not
possible to use a transformer on the ejec-
ted beam because, with the long spill time,
the beam current is low. An induced
activity detector must therefore be used.
But determination of the number of protons
by measuring the induced activity is not
very accurate because of calibration errors
and errors in the cross-section estimates.
The result is accurate to within only + 90/
which is inadequate for thorough studies.

The present measurement method makes
use of the fact that, whereas the absolute
values of the number of protons, using
induced activity detectors, are not precise,
the relative values are accurate to within
t 19/, This can then be used to compare
the number of protons ejected in both fast
and slow systems. The slow ejection effi-
ciency then emerges as follows:

Over many cycles the ratio of the num-
ber of protons down the slow ejection
channel compared with the number of
protons down the fast ejection channel is
found using induced activity detectors.
Beam current transformers at the same
time give the ratio of the number of accel-
erated protons when fast ejection is used
compared fo the number of accelerated
protons when slow ejection is used. When
the fast ejection efficiency is 100%,
these two ratios multiplied together give
the slow ejection efficiency.

Using this method, the slow ejection
efficiency has been measured as 907 *
3.1 9. This figure has great significance.
First of all it is a ‘world record’ for slow
ejection systems — the result of many
years of study and experiment which have
steadily increased the understanding and
control of these systems. Efficiencies had
consistently, for reasons then unknown,
been falling around 109/, short of what
was expected, and slow ejection was
becoming equated with things ocecult. Now
the mystery has been dispelled and CERN
can face their 10" protons breathing easlier.
A paper by Y. Baconnier, O. Barbalat and
D. Dekkers on the recent work at CERN
was given at the Yerevan Conference.



On the morning of Sunday, 31 August, fire
broke out in the middle of the outer tunnel
in the scuth-east PS area, which houses
the k 11 low-momenium separated pion
beam and the neutrino beam which will
feed the heavy-liquid bubble chamber
Gargamelle. The neuirino beam was being
tested,

it took the CERN firemen over two hours
to put out the blaze, and the photograph
gives some idea of the damage.
Fortunately, no-one was infured. However,
a whole series of cables were burned out
and the pulsed magnets, the vacuum
system and the beam control system were
damaged by the infense heaf and falling
white-hot debris. Some of the synthetic
mastic sealing of the building was
destroyed.

Every effort is being made o have the k11
beam operaling again as soon as possible
after the annual PS shutdown. With more
than 1/2 million photographs already
taken, the k 11 experiment was scheduled
to run for a few weeks before the
shutdown.

An investigation is under way to see how
safety conditions can be improved before
Gargamelle comes intc operation. The
accident should not affect the schedule
for other experimenis.

‘Early in Septémber, a presstre of 8 x107'°
torr was achieved in a pilot section (16 m
long) of the ISR vacuum system. This is
the first section in the ISR tunnel which
has been baked so far. Five ‘bake-outs’ al
different temperatures and of different
duration have been carried out (150 -

300 °C, 4 - 20 hours). The main purpose,
apart from testing the bake-out equipment,
was lo find the best bake-out procedure.
Before each new bake-cut the chamber
was exposed to atmosphere.

An average pressure of 107° torr has been
specified for the ISR, but pressures of
107'° torr or better could be achieved in
uncomplicated sections like this pilot
section. The average pressure in the
completed rings will be determined by
those sections where something goes
wrong (such as poor pump performance,
contamination or leaks).

Up to 17 September, out of a length of
near 2000 m of vacuum system, 180 m

were installed and 60 m are under vacuum.

The instaliation is proceeding at a rate of
about 40 m per week.

CERN/P! 168.9.60




CERN/PI 20.9.69

Modifications
to r.f. system

Among the major factors leading to the
much improved performance of the slow
ejection system at the proton synchrotron
have been two modifications to the r.f.
system. They have concerned techniques
to remove the bunch structure from the
accelerated beam. The first technique has
involved the installation of remote control
equipment which allows the amplitude of
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the accelerating voltage in the r.f. cavities
to be modulated between 10 and 100 % of
its peak value, and if necessary reduced
to zero. The second technigue concerns
the tuning of individual cavilies (or at pre-
sent four groups cf cavities) to different
frequencies during the part of the cycle
when the acceleraling voltage on the
cavities is equal to zero.

Acceleration in a synchrotron involves
the formation of the orbiting proton beam
into bunches (20 in the case of the CERN
PS). For most uses of the accelerated

A prototype r.f. cavity for the 800 MeV
Booster; four cavities of this type will be
installed (one in each of the four sfacked
rings). The cavities will operate over the
frequency range 2.8 toc 8.5 MHz with ferrite
core tuning (a section of the cores is
visible in the upper part of the cavity).
Because of the space restrictions when
the cavities are stacked cne on top of
another with only 36 cm between the mid-
planes, the funing /s done by passing a
current (up to about 700 A) through a
spiral around the cores.

in the left foreground is the r.f. amplitier.
The ferrite is kept at Jow temperature by an
air conditioning system via the tube which
can be seen perpendicular to the cavity.
Tests are scheduled for completion at the
end of 1969 and the final versions of the
cavitiss should be ready for 1971,

A photograph faken at the beginning of
September during the instfallation of the
crane-bridge in Experimental Hall | 1 of
the Intersecting Storage Rings. This Hall
covers one of the two interaction regions
(from the eight where beam collisions can
take place in the iISR) where extensive
provision in terms of space for the
installation of experimental equipment is
being made from the sfart.

The crane-bridge, manufactured by Cerelii-
Tantani of Milan, will be the longest in use
at CERN with the exception of that in the
new West Experimental Hall (Hall E 1)
described in CERN COURIER vol. 8,

page 102. It will be capable of operation
at continuously variable speed using d.c.
current motors powered by a Ward-
Leonard supply.

fts main characteristics are : total weight
about 100 tons; maximum weight lifted :
40 tons; width ; 47.6 m; maximum height
of fiff : 12.5 m; lifting speed : 6 m/min
ioaded; speed of bridge : up fo 40 m/min.

beam (particularly for slow ejection) this
bunch structure must be reduced as far as
possible when the required energy has
heen reached. The structure is reduced
by changing the stable phase associated
with a change in the frequency of the
voltage applied in the r.f. cavities.

This method has some drawbacks: since
the fuli r.f. accelerating voltage is present
on the cavities during the falling part of
the frequency programme, resonances are
excited causing an r.f. structure to appear
in the proton beam. Alse, during that part



of the cycle when the protons pass
through the fixed minimum frequency of
278 MHz, they tend io re-bunch at the
sixth harmonic of the revoluticn frequency.
Finally, the method does net reduce suffi-
cigntly the r.f. structure.

Since the beginning of 1969, it has been
possible to use variations in the voltage
applied te the r.f. cavities for debunching
the beam. From the beginning of May, a
method of operation has been introduced
in which this voitage is reduced to zero
and this has given a distinct improvement
in the quality of the debunched beam.

However, the circulating beam as it
passes through the cavities excites them
at their resonant frequency (2.24 MHz}.
Since each cavity responds at this fre-
quency, the beam-cavity interaction re-in-
troduces structure in the beam {mainly at
the fifth harmonic of the revolution fre-
quency).

The ideal solution would be to short-cir-
cuit the fifteen accelerating gaps when the
voltage on the cavities is reduced to zero.
This method is being examined fer the
new accelerating system which is schedul-
ed to be instalied on the PS in 1972. In
the meantime, a different method has been
used for the existing system since the
beginning of August. It consists of tuning
the cavities differently when the voltage is
reduced to zero. The fifteen rf. cavities
are divided into four groups which can be
tuned separately to different frequencies
in such a way that their effects become
random. The result of these modifications
can be seen on the photographs. The
significant improvement in beam quality
is such that they are already applied in
normal machine operation while further
tests are being carried out.

1.

The top three graphs show accelerator
operating conditions as they were until the end
of 1968 : a) the magnetic field variation during
the cycle, b) the Huctuation in the r.i.
frequency (between 2.78 and 9.54 MHz) at
constant amplitude, ¢) the stable phase
variation. During the time between TA and
BT2, the particies are subjected to the
pre-transition phase, which has a debunching
eifect upon them, The bottom two graphs are
recent madifications : d) the amplitude
modulfation fncorporated at the beginning of
1869, e) the tuning of r.f. cavities to different
frequencies incorporated in August.

2. Osciffoscope traces of the beam observed
al the end of a cycle by a scintillator placed
in an external beam. The top trace was laken
prior to the improvements in August and still
shows bunch structure in the beam. In the
fower trace taken after the improvements, the
bunch structure is no fonger apparent.

3. Oscilloscope fraces on the same scale
{50 mVidivision) of the proton beam observed
by a wide band detection efecirade in the
magnet ring : a) the debunched bheam with
(b} and (c) from Figure 1 applicable, b) the
beam after r.f. amplitude modulation is applied
c) the beam afier the cavity tuning has been
set to different frequencies.
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Around the Laboratories

RUTHERFORD

Successful tests on target
technique

The new bubble chamber target technigue
has been successfully applied in the
1.5 m hydrogen bubble chamber at the
Rutherford Laboratory. The technique in-
volves the installation of a hydrogen target
within a larger chamber occntaining a
hydrcgen neon mixture. Such a system
takes advantage of the merits of both the
hydrogen and of the heavy liquid bubble
chamber.

The Rutherford installation has a per-
spex ‘hag’ containing hydrogen running
the length of the 1.5 m chamber whilst the
main volume is filled with a hydrogen neon
mixture.

The target bag has been developed and
constructed in the Track Chambers Divi-
sion at CERN on the basis of experience
gained with similar devices for the DESY
chamber and the CERN 1 m moedel.

The bag has plane walls parallel
to the main chamber windows as can bhe
seen in the photograph. It is constructed
of perspex 2 mm thick and is 30 cm high
by 4 cm deep. When the pressure system
of the chamber is operated, the expansicn
is transmitted also to the hydrogen in the
bag due to the movement of the perspex
walls. Since the expansion needed is about
1%, the movement of each wall needs to
be only about 0.2 mm.

Thus the two liquids are simultaneously
sensitive, i.e. charged particle tracks can
be produced both inside and cutside the
bag. The bag is designed so thatthe optics
are reasonably good.

The incoming beam is fired into the bag
and particle interactions occur on free pro-
tons of the hydrogen (or also on neu-
trons if the bag is filled with deuterium).
This preserves the advantages of a hydro-
gen chamber — simple production kine-
matics which can be used to identify the
event and give the momenta and angles of
missing neutrals or reduce the errors on
these quantities if the neutrals convert to
charged particles and are thus observed.
Secondary particles pass into the hydrogen
neon mixture, the perspex wall having no
effect on them, and the advantage of the
heavy liquid bubble chamber then comes
into play — the mixture has a shorter
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‘radiation length’ than pure hydrogen (par-
ticles travel shorter distances before con-
verting tc other particles which is often
necessary for their complete identification).
With this short radiation length the effi-
ciency for converting gamma rays arising
from neutral pions or neutral sigma par-
ticles produced in the initial interaction is
similar to that of & heavy liquid chamber.
It is also easier to identify electrons be-
cause of their characteristic tracks as
they rapidly loose energy. (It is worth
remarking that such a system will be of
great advantage in the new generation of
large chambers where, at high energies,
efficient detection of gammas wili be
essential.)

The first test run has shown that the
Rutherford system, by far the biggest of its
type yet to be assembled, works well and
will be an excellent instrument for physics.

The run used a 50 molar per cent neon
conceniration in the mixture, which gives
a radiation length of abeout 756 cm, and had
good sensitivity conditions in both liquids.
Ii is probable that higher neon concentra-
tions could be used. {Previous tests at
DESY have shown that, with deuterium in

1. A view inside the 1.5 m hydrogen bubble
chamber at the Rutherford Laboralory showing
the perspex bag, which conta’ns the target
hydrogen, instafied. It runs the length of the
chamber with plane walis paralle! to the chamber
windows.

the target, 2 93 molar per cent neon con-
centration can be used corresponding to a
radiation length of about 30 ¢cm.) There was
some trouble with a perspex fixing pin and
with ice forming on the perspex and spoil-
ing the optics. These are the kinds of ige-
thing troubles to be expected and will be
cleared,

The work has been a collaboration bet-
ween Rutherford — C. Fischer, P. Williams
and the bubble chamber operations group
under M. Snowden — and CERN — H.
Wenninger and H. Leutz (the proposer of
this new technigue ... see GERN COUR-
IER vol. 7 page 112) and F. Schmeissner.

Two experiments are preparing to use
the system. One is a study of the beta
decay of the lambda which will fake ad-
vantage of the hydrogen neon mixture’s
efficiency in detecting electrons. A Ruther-
ford, CERN, University College Lendon
group will use a 1035 MeV negative pion
beam to produce polarized lambda par-
ticles through the reaction

x + p—=> A® -+ K°
The production kinematics will make possi-
ble a complete analysis of the subsequent
decay of the lambda into proton, electron




2. A photograph taken during the first test runs.
The hydrogen and the hydrogen neon mixlure
outside the perspex bag are simultanecusly
sensitive and lracks appear in both fiquids. There
is negligible track distortion in going from inside
to outside the target.

{Photos Rutherford}

and anti-neutrino, and a study of all the
angular correlations involved.

The second experiment, proposed by an
Oxford group, will use deuterium in the
target bag and use the mixture to spot the
two neutral pions from the reaction

atd — pp ® a”

at a momentum of about 2.3 GeV/c. In this
case it is only necessary tc measure the
angles of the gamma rays from the neutral
pions as they convert to electron-positron
pairs in the mixture. The detection efficien-
cy for all four gammas is estimated to be
around 20 %e.

When the technical development period
is over, it is intended to open the facility
to European groups at large and perhaps
all appropriate European experiments,
which can benefit from the particular attri-
butes of the system, will be carried out at
Rutherford.

STANFORD (SLAC)

Storage ring re-think

Since 1966, the Stanford Linear Acceler-
ator Laboratory have had a proposal for a

3 GeV clectron-positron storage ring (see
CERN CCURIER vol. 8, page 288) on the
table with no sign of any construction
money. In view of the fact that DESY
received autharization to build storage
rings with very similar parameters, which
would probably be in operation sooner, the
SLAC team began a major re-think of their
preposal in January of this year.

The aim has been to cut the cost seve-
rely by accepting lower performance figu-
res for initial operation {with ability to
climb higher later} while still retaining
much of the physics poteniial. After sur-
veying existing designs they have put for-
ward & new proposal called SPEAR (Stan-
ford Positron-Electron Asymmetric Rings).
The name brings out a distinctive feature
of the design — there are two asymmetric
rings (each slightly pear-shaped) intersect-
ing horizontally at an angle of 105" as
shown in the diagram.

The decision to separate the two rings,
as opposed to the initial single ring propo-
sal, has foilowed the experience of storage
rings such as ADONE where considerable
difficulties were met in trying to cope with

both beams at once in one ring. Separat-
ing the rings simplifies injection {no trou-
ble from an intense stored beam affecting
the other beam as it is injected) and the
tuning of each beam (the beams can be
monitored and controlled separately), At
the same time, separating the rings did
not push the cost up. The large horizontal
crossing angle has some advantages. It
does not sequire the complex quadrupcle
and sepium arrangements of a vertical
crossing design and is a benefit (giving
a finite velocity to the centre of mass of
the colliding beams} in some physics
experiments.

Some main design parameters for Stage
1 are : Peak energy of each beam 2 GeV;
intensity ai peak energy 0.5 A; luminosity
at peak energy 10% cm™2 s7'. At 2 GeV the
machine will be above threshold for pair-
production of all the long-lived mesons
and baryons and of most of the meson and
baryon resonances. If the physics proves
interesting, a Stage Il could be implement-
ed taking the peak energy to 3 GeV with
a beam intensity of 1 A per beam and a
luminosity of 3 x 10% cm™2 g7,
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To save money in the construction of
buildings, the storage rings will be posi-
tioned at the ocutput end of the 20 GeV
electron linac. The magnets are of con-
ventional iype and are designed to operate
upto 3 GeV. One rf. station per ring will
initially supply 60 kW to combat energy
loss due to synchrotron radiation. The
vacuum chamber is of corrugated alumi-
nium and will probably be pumped by ion
pumps. Components will be pre-assembled
in modufes along a 30 ft girder before
installation in the rings; alignment and
connections of power etc. will be simple.

The Cengressional Joint Committee on
Atomic Energy and the Atomic Energy
Commission have encouraged the Stan-
ford team to carry out a research and
development precgramme on the new stor-
age rings design. The cost estimate for
Stage 1 has come down to § 9 million,
less than half the cost of the initial propo-
sal. It is hoped that construction money
will be available from July 1970 so that the
rings could be in operation at 2 GeV by
mid-1972.

BERKELEY
HAPPE project

Plans are complete for the first flight of a
new small superconducting magnet gon-
dola (SSCM}. The project has emerged
from Alvarez’'s High-Altitude Particle Phy-
sics Experiments (HAPPE) group at the
Space Sciences Laboratory and the Law-
rence Radiation Laboratory of the Univer-
sity of California in Berkeley. The equip-
ment, which is now in the final stages of
consiruction and assembly, will be carried
to about 120000 ft by & 20000000 ft°
helium-fitled polyethylene balloon for the
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tirst series of experiments which will be a
survey of the cosmic ray energy spectrum
and composition in the region from 10 to
100 GeV per nucleon.

The heart of the gondola is the super-
conducting magnet, which is not really
‘'smzall’, except in comparison to its big
brother, the enormous 4 500 Ib supercon-
ducting magnet, 1 m in diameter by 2 m
fong, that has alsc been completed by the
group. The small magnet is expected not
onlty to provide vajuable physics in itself,
but also to provide experience of the
techniques required to fly the large mag-
net.

The SSCM gondola is essentially a cos-
mic ray spectrometer. Two optical spark
chambers abeve the magnet determine the
incident direction of a particle entering the
telescope. The particle is then deflected
in the magnetic field and its exit trajectory
is determined by two lower optical spark
chambers. The amount of bending in the
magnetic field deiermines the rigidity (mo-
mentum/charge Z), and the Z? of the par-
ticle is determined by pulse-height meas-
uremenis in cesium iodide scintillators.

First experiments with the SSCM gon-
dola will concentrate on determining the
energy spectrum of particles which have
charge Z of 3 or above. High resolution
measurements of the primary proton and
helium spectra and a search for anti-helium
will alse be made.

The recent success of the rotating-neu-
tron-star thecry of pulsars, particularly as
formutated by T. Gold of Cornell University,
have greatly accentuated the need for
accurate measuresments of the varicus
chemical constituents of high energy cos-
mic rays. Comparisons of the observed
composition of neutron stars with that

Layout of the two rings in SPEAR, the new
efectron-positron storage rings proposal at the
Stanford Linear Accelerator Centre. The crossed
rectangles represent bending magnets; the solid
squares quadrupoles; RF the radio-frequency
accelerating cavities; K kicker magnets; § septum
magnets; D delectors; the solid circles vacuum
pLUmps.

theoretically predicted could give impor-
tant support to the speculation that pulsars
are the major source of cosmic rays.

Observing particle interactions

The SSCM may be regarded as a beam
survey using high-energy protons in the
cosmic rays as incident beam particles
for the study of interactions of high energy
particles. Once thesfirst flights have been
successfully accomplished, the HAPPE
group will be flying the large supercon-
ducting magnet with a hydrogen target in
order to study proion-proton interactions
between 100 and 1000 GeV incident
energy.

In order to measure these very high
momentum particles in the magnetic field
which can be produced, development is
proceeding with tandem emulsion - spark
chamber detector systems., Nuclear emul-
sions have a spatial resolution approxima-
tely 100 times better than the best optical
spark chambers and when this is used
in combination with a refined time resolu-
ticn device like a spark chamber, the
emulsion need be searched only in the
small area of interest for a track of the
proper angular inclination. This simplifies
enormously the problem of scanning a
meter-square emulsion for the retevant
tracks. These techniques will make it
possible to determine momenta in the
region beyond 1000 GeV.

Active development is also proceeding
on a thin high-resolution liquid Geiger
counter array with electronic read-out.
This detector works on the principle that
electron mobilities in liquid argon are
sufficiently high for ionization electrons
to follow a particle track, exactly as they
do in a conventional spark chamber. Since
the liquid densities are so much greater
than gas, only a very thin layer of liquid is
required; thus, the chamber is capable of
high transverse resolution. It is hoped that
such a chamber could operate with collec-
tor wire spacings in the region of 50 mi-
crons, yielding a moderately high-resolu-
tion detector with e'ecironic read-out sui-
table for operation in magnet fields.

Spark chambers and charge
determination system

A particle with incident rigidity of 100 GeV
will be deflected only about 2.5 mitliradians



A cross-section of the cosmic ray spectrometer
(SSCM) which will take its first bafioon fiight

inn October. The superconducting magnet is
indicated with ifts hetium supply Dewar. Optical
spark chambers positioned above and befow the
magnet will record the particie trajectary which
will be bent in the magnetic field.

and to detect deflections of this order, a
set of high-resolution optical spark cham-
bers is used. For 3SCM, spark chamber
plates have been made by bonding alumi-
nium foil to large thin sheets of Styrofoam.
The plates are assembled between 1 cm
thick optical glass windows, the assem-
bties forming modules of four gaps each.
The incident trajeciory is then determined
by the sparks in two such modules - eight
sparks give the particle direction. Similarly,
the exit direction is determined by eight
sparks. Spark averaging then determines
the angular deflectien to within about 2 mr.

In order to determine the momentum
and not merely the rigidity, the particle
charge must be measured. This can
be done by measuring thelight output from
a scintillator, which is proportional to the
square of the particle charge. Unfortuna-
tely, for high iight levels (such as would be
produced by particles with charge of 20 or
above) conventional plastic scintillators
saturate. CsI(Na) is a scintillator whose
saturation properties are better than con-
ventional plastic scintillator, and it is used
in the spectrometer for this reason.

Development is in progress on a non-
saturating Cherenkov counter. Light result-
ing from the Cherenkov effect ought to be
free of the saturation effects exhibited by
the scintiilation process, remaining propor-
tional to Z? even for very high Z, but there
is difficulty with the extreme directional
property of the Cherenkov light. Te cir-
cumvent these directional effects the
radiator is doped with a wave shifter,
which should isotropize the light as well
as reducing the frequency. Prototype
detectors of this type are now being tested
at the Bevatron in a joint effort with physi-
cists from the Manned Spacecraft Center.

Five channels of ‘down-link’ telemetry
information and 32 ‘up-link’ commands are
provided for data acquisition and gondola
control. Thus the experimenter can exa-
mine the data during the flight and, if
necessary, change the operating state of
the cosmic ray telescope.

The superconducting magnets

The design of superconducting magnets
for balloon or spacecraft use is radically
different from the design of conventional
superconducting magnets - very careful

attention has to be paid to the ‘weight
budget’.

The small superconducting magnet is
a single-coil design, wound with 13000
turns of copper-stabilized niobium-titanium
wire, The main parameters are :

Configuration : Single coil with access
available to both faces for instrumentation.

Coil dimensions : 24 inch,outside diame-
ter by 12 inch inside diameter by 2.5 inch
thick.

Maximum field in bore : 41 kG.

Current density : 2.4 x 10* A/cm?

Conductor : 0.73 mm Nb-Ti strand clad

with 0.18 mm thick Cu; 210 [%,

Maximum current : 110 A_

Weight of coil and Dewar assembly:

350 Ib.

The magnet has been tested to its flight
current many times and has successfully
sustained over fifteen intentional transi-
tions from superconducting to normal con-
ducting conditions without damage.

The targe HAPPE magnet is a very dif-
ferent design, wound as two separate coils,
each of a complex saddle shape; it gives
a highly uniform transverse field and a
very large acceptance bore. Iis weight,
however, requires that it be flown using
Mylar halloons, which are considerably
more expensive than polyethylene.

The main parameters are :

Configuration : Saddle-shaped split coils
with 1 m diameter clear access.

Central field : 9.7 kG.

Conductor : 19 strand cable with three
0.51 mm diameter strands of Nb-Ti.
Current : 800 A.

Weight of coils and Dewar : 4500 Ib.

Flight operations

Under the present schedule the first
flight series of the small superconducting
magnet and gondola will start in October.
On each flight the gondela will be laun-
ched from the High Altitude Particle Phy-
sics Experimental Faculty at Chico, Cali-
fornia, and will ascend to an zltitude of
120 000 feet, where about 4 g/cm?® of resi-
dual atmosphere lies above the gondola.
The prevailing winds at this altitude will
drift the gondola slowly over the continen-
tal United States for a total flight duration
of about 20 hours. During this time a tele-
metry receiving aircraft will track the bal-
loon. Telemetry deceding eqguipment
aboard the aircraft will provide a ‘quick
look’ at the physics data and the equip-
ment performance. At the conclusion of
the flight the balloon will be vented downto
approximately 40000 feet and the gondola
will be let down on parachutes when it
is over a desirable recovery location.

The short exposure time available with
balloon-borne instruments is a rather
severe limitation, and as a result, consid-
erable planning and design arebeingdone
by the group to include superconducting
magnet cosmic-ray telescopes in future
satellite programmes. The NASA Apollo
Applications Program will be capable of
carrying heavy payloads, with astronauts
available for repair and servicing, and
would provide a relatively frequent resup-
ply schedule. Such a space-station facility
would be able to conduct thorough experi-
ments oh proton interactions as well as
observing the composition and energy
spectrum of the incident flux of cosmic
rays.
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Professor Bogolyubov
B60th birthday

The distinguished Scviet theoretical physi-
cist Nicolaj Nicolaevich Bogelyubov cele-
hrated his sixtieth birthday cn 21 August.
For the past forty six years (his first work
was at the age of 141}, he has devoted
himself to research, developing new trends
in theoretical physics and founding a large
school for mathematicians and physicists.

Bogolyubov was born in 1909 in Nizhnij-
Novgorod (now Gorkij). In 1823, he joined
a seminar under N.M. Krylov and by 1924
had written his first scientific paper. A
year later, he siarted his post-graduate
course in the Department of Mathematical
Physics of the Ukrainian Academy of
Science. In 1928, he submitted his thesis
and became a scientific member of the
Ukrainian Academy. In 1930, the Presidium
of the USSR Academy of Science confer-
red on him the degree of Doctor of Mathe-
matics.

In later years, Bogolyubov was involved
not only in scientific research, which he
continued without interruption, but also
with the organization of science and with
teaching. He held the posts of Head of the
Department of Mathematical Physics at
Kiev State University (1936-1950), Professor
at Moscow State University (1943-1250},
Dean of the Mechanical Mathematics Fa-
culty at Kiev University (1946-1949). Start-
ing in 1949, he directed the Department
of Theoretical Physics at the Mathematical
Institute of the USSR Academy of Sciencs;
he then (1953) directed the Department of
Theoretical Physics at the University of
Moscow, and was Director of the Institute
of Theoretical Physics {from 1967).
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In 1939, Bogolyubov was elected cor-
respending Member of the Ukrainian Aca-
demy of Science, becoming an ‘Effective
Member in 1948. In 1947, he was elected
Corresponding Member of the USSR Aca-
demy of Science, and became a Full Mem-
ber in 1953. In 1956, he was appointed
Director of the Laboratory of Theoretical
Physics at the Joint Institute for Nuclear
Research, Dubna,” and was appointed
Director of Dubna in 1964.

Bogolyuhov's scientific work has cover-
ed a great number of problems in theore-
tical physics. He is one of the founders
{with N.M. Krylov, in 1932) of the theory of
non-linear oscillations. The methods he
devised have had a decisive influence on
the subsequent development cof the statis-
tical theory of irreversible processes.

To solve problems concerning the sta-
tistical mechanics of classical systems,
Bogolyubov proposed methods using dis-
tribution funciions and generating func-
tions., A distribution function system was
used for the analysis of non-equilibrium
processes and led him to a general meth-
cd for the consiruction of kinetic equa-
tions for interacting particle systems on the
basis of the general premises of statisticai
mechanics. The solution of kinetic equa-
tions was based on a generalization of his
asymptotic methods of non-linear mecha-
nics.

This methed proved most effective in
the solution of problems in ferromagne-
tism. He studied the problem of the dege-
neration of non-ideal gases and showed
that a weakly non-ideal Bose gas may
exist in a degenerate state, in which case
it will be superfluid, whereas an ideal gas
doas not possess this property. In this
way, a theoretical model was evolved for

Professor Bogolyubov, Who celebrated his sixtieth
birthday in August, out walking with his grandson.

(Phato Yu. Tumanov)

the phenomenon of superfluidity. Bogo-
lyubov brought out the decisive role of the
interaction of correlated pairs of particles.
He showed that the same type of excita-
tion also occurred in superconductors,
where a decisive part is played by the
interaction of electrons with lattice oscilla-
tions. Overcoming considerable mathema-
tical difficulties, Bogolyubov was able to
construct a consistent microscopic theory
of superfluidity and to show that super-
conductivity may be considered as super-
fluidity of the electron gas.

During the 1950’s, Bogolyubhov produced
a series of papers dealing with gquantum
field theory, building a theory, not by
means of the traditional Hamiltonian for-
malism, but on the basic of explicitly for-
mulated basic physical requirements, the
most impertant of which is the condition
of causality. Bogolyubov's new formulation
of quantum field theory is set out in the
manograph ‘Intreduction to the theory of
quantized fields'. A major landmark in the
development of modern theory was Bogo-
lyubov's work on dispersion relations,
which are now widely used in particle
physics.

The wide range of Bogolyubov's research,
his profound ideas, and the powerful ma-
thematical methods which he has deve-
loped, together with his exceptional ability
as a teacher, have had a considerable
influence on contemporary theoretical
physicists. Pupils of Bogelyubov are car-
rying out research at scientific centres in
many countries. He has heen elected a
Member of the Academy of Science of
Bulgaria, the German Democratic Repu-
blic, Poland and the USA, and Doctor of
Science ‘Honoris Causa’ at a number of
Universities.
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Diagrams of the optical paths in POLLY, the
automalic system for measuring hubbie chamber
fifm at Argonne. Figure 1 shows the optical path
when the system is used in the measuring mode.
Figure 2 shows how, by a series of shutters and
a rotating mirror, the litm under examination js
observed on a screen by the operator.

The photograph /s of the actual hardware of
POLLY with the fid off,

(Photo Argonne}

ARGONNE
POLLY puts its mettle on

The automatic bubble chamber film pro-
cessing system developed at Argonne,
known as POLLY, is now in full flight in its
production version.

Early in 1966, the Argonne bubble cham-
ber experts began to study the problem
of automatic film measurement and, after
looking at developments elsewhere, deci-
ded to produce their own system. They
benefited from the experience of other
systems, such as PEPR and the Spiral
Reader at Berkeley and the HPD at CERN,
and decided to concentrate on a highly
‘interactive’ system — one which would
allow extensive, efficient communication
between the computer which controiled
the system and the operator.

Almost ail of the automatic measuring
systems now in use involve a major effort
in scanning and pre-digitizing of the film
to tell the system where to look. POLLY,
however, can deal with film directly from
the bubble chamber, without prescanning,
at the rate of about 100 events an hour,
with the help of an operator ‘on-line’.
The digitized output from the machine is
fed directly into the geomeirical recon-
struction program in the computer with no
intermediate filtering. (It alsc deals with
pre-geanned film).

POLLY is a CRT flying spot digitizer
which has extensive facilities to enable
the operator to see what is happening and
to help with the scanning and measuring
process whenever this is necessary. The
machine is on-line to an SDS Sigma 7
compuier which does the filtering, track
following, and event recognition and which
alsoc controls the display to the operator
and the interaction facilities. The operator
has two screens to observe — one giving
him a direct optical display of the film
which is being measured and the other
giving him a computer-driven display. He
communicates with the computer by means
of a track ball, an crientation wheel and
a series of buttons which enable him to
feed in a decision in cases of doubt, to
add or delete tracks and to give other
information in exceptional cases.

The computer pregram is written so that
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an event is normally scanned and measur-
ed automatically, while the operater is
given the chance to approve the final
measurement or to make corrections when
the maching is in doubt. During the scann-
ing procedure, particular care is taken fo
err on the side of asking the operator to
intervene too often and thus to avoid miss-
ing valid evenis. Comparisons with ‘hand
scanned’ film show that an event loss of
about 59, does occur. About half of this
is due to the machines inability to find
beam tracks quite as well as the human
eye and causes no physical bias. The
accuracy of the measurement compares
well with that of hand measuring machines.

Hardware for the protoiype version,
POLLY I, began ic come together in 1966
and by March 1967 the machine was fed
with film for the first time. A year later,

POLLY | was in full-scale use and con-
struction of, the production version, POLLY
Il, was already well advanced. Late in
1968, this became operational and POLLY
| has retired.

POLLY Il is now dealing with film from
the Argenne 30 inch hydrogen bubble
chamber in an experiment using antipro-
tons of momentum 2-3 GeV/c. It is being
automatically scanned and measured for
events giving 2, 4, 6, or 8 prongs (emerg-
ing charged particles). It is also being
used with pre-scanned film where scan
infermation is given to the machine ¢n the
fopology and the location of the principal
interaction vertex in one view. The events
being measured are from an experiment
involving negative kaons of momentum
55 GeV/c on deulerium. They have one or
three prengs and a V-zero (two charged

particles coming from a neutral particle)
or a short spectator track may be present.
Whereas the production vertex is handled
automatically by POLLY on all measured
views, the cperator is required to indicate
the V-zero vertex. These events are being
processed at the rate of about 75 an hour,
which is a typical speed for the more
complex type of event.

During 1969, POELY has measured over
100 000 events and about 65000 of them
have been using the system in the scan-
and-measure mode. The program has been
steadily improving in output during this
{ime and recent measuring speeds of
scan-and-measure have been about 8§ 800
events per week of 91 hours of operation.

AIRTECHNIK

Consult —

AIRTECHNIK AG

8153 Rumlang ZH

Metallic Flexible Pipe Assemblies. Metal Seals.
Braided and Sealed Bellows. Duct Joints.
«V» Flange Couplings. Thin Gauge Tubing.
Miniature Indicator Lamps, and Switches.
Miniature Valves — Control Valves.

Santisstrasse 6
Tel. 051 837471
Telex 55204 Airco

See us at the British Exhibition in the Main Hall at CERN
from November 3rd. to 7th. 1969.
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A High-Performance,

Compact
Pulse Generator

(%) FREQUENCY max DELAY Wax WIDTH stax

- 20 20@2 , 10_Jo8

jiA-siz  AsECed) A
b
YERNIER

YLBE TEHERATOR

Available now

Prf: 10 Hz to 20 MHz; 30 MHz, double pulse

Amplitude: — 15 volts to +15 volts

Risetime: Typical, 3 ns; 5 ns max. at full output

Falltime: 5 ns max. at full cutput

Modes: Single pulse, double puise, pulse bursts
(ext. gate), one-shot

PG-11 is quite possibly the best instrument buy in the pulse gen-
erator field. Its performance compares favorably with pulsers of three
times its price and its price is very low and very fair.

It is unusually flexible: repetition rate, width, delay and amplitude are
all continuously and independently variable. A+2V, 10 ns sync pulse
with 5 ns risetime is provided permitting the PG-11 to be used in com-
hination with other PG-11's. The instrument is extremely easy to use
with clearly marked human-engineered controls to facilitate vse by

CHROMNETICS

AMPLITUDE

- Gating: Synchronous or asynchronous
- Trigger: DC to better than 20 MHz

- Delay; 20nsto 10ms

~ Width: 25 nsto 10 ms

Bimensions: 3-1/2"hx8-1/2"wd x 9-1/2" d; 7 Ibs.

students, technicians and other science-teaching applications.

The PG-11 price/performance combination is the result of advanced
proprietary circuitry of sophisticated simplicity. 1t is tharoughly re-
liable, fully guaranteed.

Chronetics’ Model PG-11—a remaikably good pulse generator at any
price. $375.* Available from stock. '

Write or ‘phone for data, a demonstration or both.

*t.0.b. Mt. Vernon, N.¥., domestic

U.S.A.: 500 Nuber Avenue, Mt. Vernon, New York (914) 699-4400 TwX 710 560 0014
Europe: 39 Rue Rothschild, Geneva, Switzerland (022)3181 80 TELEX 22266




électronique | nanosecond
rapide electronies
en standard NIM

NIM L o0 | Standard

7000 Power supply create

7007 Gate-Delay Generator

7008 Stretcher

7009 Triple 2-fold mixer

7010 Triple 2-fold fanout

7011 Discriminator

7012 Single channel analyzer

7013 Fast no dead time discriminator
7014 Gate generator

7015 Time-to- amplitude converter
7016 Dual amplifier

7018 Dual discriminator

7019 Dual 2-fold coincidence veto
7023 4-fold mixer

7024 Octal lingar gate

7020 4-fold coincidence veto

Delay 7021

4-fold fanout 7022
Shaper, cable timed 7027
5-fold coincidence 7028
DC linear gate 7029
Pattern unit 7030

Fast linear gate 7033

Other modules:

Fast preamplifiers
Converters:

Time to height pulse
Time to duration
Duration to amplitude
Time to digit
Analogue to digital

i BETAL LINEAR GETE, 1
i &

TUAE 10 AMBLITUDE )
RGNy ERRER @

SOCIETE D'APPLICATIONS INDUSTRIELLES DE LA PHYSIQUE
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 25387 20 +, adresse télégraphique : Saiphy Malakoff
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New solutions for old problems.

(A JLI presentation)

PARTICLE MULTIPLIER

Spectrometry Components

Particle multiplier {patented)—for pulse counting or
current measurement of electrons, ions, UV or x-ray
photons, and energetic neutral atoms or molecules,
High gain, gain adjustable, stable, guaranteed
reactivateable, non-magnetic, no ion feedback, voltage
controlled, integral resistor chain, small, light, rugged,
bakeable, repairable. Optional modificatiens.

Circle 52
Pulse amplifier

PULSE AMPLIFIER DISCRIMINATOR

diseriminator—for use with photomukti-

plierand electron multipliers in mass spectrometers

and fast counti
3 nsec, output:
Circle 53

POWER SUFPLY

Circle 54

ng systems., Charge sensitive; risetime:
4y (5081), miniaturized, rugged.

High veltage power supply—ultra low noise for operating
photomultipliers, electron multipliers, propartional
counters, and ionizaticn chamkbers. Small, light, 500-
6,100 VDC range, reversible polarity, highly filtered,
neise: < 300 pv RMS, solid state.

PCORTABLE 1065 TRITON

TRITIUM CALIBRATOR

Radioactive Gas Monitors

The three Tritons menitor gamma
radiation, tritium and beta radiogases
ang feature: micron filters,
electrostatic precipitators, gamma
compensation, positive displacement
pumps, and tritium calibration.

1055 Triton—portable, battery-oper-
ated, sensitivity: 50 xc/M?® full scale.
Circle 55

755 € Triton—suitable for rack mount-
ing, sensitivity: 100 uc/M? full scale.
Circle 56 '

955 Triton—exceptional sensitivity:
10 wc/ M? full scale.

Circle 57

Tritiumn calibrator—for low-cost
field calibration of Triton maonitors,
Internal calibration, accurate,
rapid, reproducible.

Circle 58

Remote alarm—audible and visual
remote alarm for use with Tritons.
Circle 59

BETA-LOGIC

Age Dating and Tracer Analysis

Beta-Logic analyzer—a multichannel
gas counting system for ultra- sensitive,
low background, simultaneous analysis
of carbon-14, tritium, radon, and beta
radiogases by the internal gas counting
method. Designed to supplement
scintillation counting methods.
Efficiency: 80%, reproducibility: 0.1%,
anticoincidence/ coincidence circuitry,
Geiger or proportional operation.

Circle &0

___________________________________ - |
Write Dept. 206 B :
Please: O phone O visit [0 send information. :
Circle numbers here 52 53 {
54 55 56 57 58 59 GO 681 }
|
Name :
Title Dept. :
Organization I
I
Address t
street city I
Phone |
state Zip code !

. 7 | .

Johnston Laboratories, Inc. Tppy | | meoreove
3 Industry Lane, Cockeysville, Md, 21030 E
___________________________________________ -

Swiss Agents :

Radon System

This system is for low- [evel analysis
of radon in sampies from air, human
respiration, mine or water supply
effluent gases, Low background:

< 0.1 cpm, high efficiency: 5'cpm/ pCi
radon, high sensitivity: 10-" curies/fL.
Circle 61

RADON ANALYZER

HIGH ENERGY AND NUCLEAR EQUIPMENT
2, CHEMIN DE TAVERNAY
1218 GENEVA

Johnston Laboratories, Inc.,
3 Industry Lane, Cockeysville, Md. 21030

S.A

GRAND-SACONNEX
Tel. (022) 3417 07 /34 17 05.
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Scalers, Controllers and Display

E

it Scalers

. 9003 Microscaler

: Four 16 bit 25MHz scalers

¢ Can be connected as two 32
- bit scalers

o 9008 Miniscaler

“: Two 16 bit 30MHz scalers,
4 with indication of overflow
4. and least significant bits

7070 Counting Register
Single 24 bit 15Hz scaler

. 7039 Preset Counting

¢ Register

1: Preset countdown 16 bit
1 10MHz scaler

Microscaler 9003

Gl
I

1966

NUCLEAR
ENTERPRISES
LIMITED

Controllers

Manual Dataway Controller 7024

7024 Manual Dataway
Controller

Enables modules to be tested
and systems 1o be evaluated

7022 Dataway ControIIeI:
Controller for Honeywell DDP
514 and 416 computers

7048 Data Controller
Controller for PDP8 computer

7025 Dataway Controller
Programmed controller for
non-computer controtled system

Display

7011 Display Driver
Designed to contro! oscilloscope
display

9006 Display Controller
Decimal display system
incorporating binary to BCD
conversion

9007 Decimal Display
Display for scalegs addressed by
9006

Display Driver 7011

cAaMaALC the new modular data handling system for
computer-aided measurement and control is being rapidly
expanded. It conforms with ESONE Standard EUR 4100,

can operate with all computers and is compatible with NIMS
modules such as the Nuclear Enterprises International Series.
Full details of the units listed above and complete range

are available on request. (Bulletin No. 44)

Bath Road, Beenham, Reading. England Telephone: 07-3521 2121 Cables: Devisctope, Woolhampton Telex: 84475
Sighthill, Edinburgh 11, Scotland Telephone: 031-443 4060 Cables: Nuclear, Edinburgh Telex: 72333
Germany: Nuclear Enterprises GmbH, Perfallstr. 4, 8 Munich 80. Telephone: 44-37-35 Telex: 529938

U.S.A. (West): Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070. Telephone 415-593-1455
U.S8.A. (East): Capintec Inc., 83 East Sandford Blvd., Mt. Vernon, N.Y. 10550. Telephone (914) 664-6600

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A.
— 2, chemin de Tavernay - GRAND-SACONNEX - 71218 GENEVA - Tél. (022) 34 17 07/34 17 05
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Edwards new E180

high resolution partial pressure gauge

1 Partial pressure measurement
2 Total pressure measurement

WI th 3 Leak detection

4 System monitoring
— all in one inexpensive instrument

Scan of gases present in an
Edwards experimental coating
unit during evaporation
Emission: 40 »A
Range: 3 x 108 torr
Pressure. 5 x 1077 torr

Compare these features with those of any other
similar mass spectrometer partial pressure gauge

® Mass range 1 to 105. Push-button
selection of masses 1, 2, 3 and 4.

B Direct reading, linear mass scale.

B Unit mass separation to mass 70.

B Partial pressure measurement to
10-"9 torr.

B Total pressure measurement to
10-"" torr.

B Fast and slow scanning speeds.

B Suppression facility for monitoring
single peaks in detail.

Edwards

B Minimum detectable leak rate for
helium 10-'° torr litre/sec (sys-
tem with 1 litre/sec helium pump-
ing speed).

B Magnet and head bakable in situ.

B Automatically protected, long-life
rhenium filaments.

What about your system? The chances are that the E180 can increase its efficignt
use enormously. Ring extension 311, and we’'ll tell you how. Or write for Publication

No. 13852,

Edwards Instruments Limited A member of the BOC group

Manor Royal, Crawley, Sussex, England
Telephone Crawley 28844 Telex 87123 Edhivac Crawley

&

1367

P2556
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Angst-Pfister

A 4

Natural and synthetic rubber
Plastic materials

Power transmission e!emenfs

Sealing specialists (GACO)

Agents & distributors :

GENEVA
ZURICH
MILANO

OZALID SA ZURICH

Photocopies — Appareils d'éclairage et
dispositif de développement - Papiers
pour photocopies - Installations pour la
photocopie.

Héliographie — Appareils d'éclairage et
machines a développer - Nouveauté:
HELIOMATIC, machine a héliographier
avec VARILUX permettant de faire varier
la puissance d'éclairage - Papiers pour
développements 4 sec et semi-humides.

Bureau-Offset -— Machines-offset et
plaques-offset présensibilisées OZASOL.

Dessins — Machines & dessiner JENNY
et combinaison de dessins - Papiers &
dessin (papiers pour dessins de détails),
listes de piéces, papiers transparents (a
calquer), papier pour croquis,

Installations de reproduction pour hélio-
graphies, impression de plans, photo-
copies, travaux de photographie tech-
nique, réductions, agrandissements, tra-
vaux de développement de microfilms.

depuis 1924
LHOMARGY

a étudié et mis au peint plus de

150 machines d’essais

conformes aux normes francaises ou
étrangéres.

Ces machines équipent les laboratoires,
tant pour la recherche fondamentale
que pour les contréles de qualité des
matiéres premiéres ou des produits finis.

MACHINE

DE TRACTION

R ELECTRONIQUE
Modéle DY. Q8

En 1969, Lhomargy présente une gamme
compléte de machines d’'essais électroniques
pour traction, flexion, adhérence, fluage,
relaxation, sur matériaux en fibres, fils, feduilles,
planches, etc...

B Lhomargy exporte
35 % de sa production dans b0 pays.

B Salle de démonstration permanente,
M Service aprés vente efficace.

B Les plus hautes références.

526

consultez

P ‘
LHOMARGY &
h—d

3, boulevard de Bellevue - 91- Draveil - F
tél.- 921.87.47et921.52.18
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le plus gros
détecteur

coaxial
Ge (L1)

du
monde

the
biggest
Ge (Li)
coaxial
detector

in the world

La S.A.LP. présente également une gamme trés étendue
de détecteurs semi-conducteurs.

A S.ALP. alsa present a2 wide range of semi-canductar detectors.

Structure coaxiale symétrique 1173,2 keV

Volume utile : 120 cm3 ’
Epaisseur compensée : 13 4 14,5 mm
Tension de polarisation : 1300 V [ 1332,5 keV
Capacité : 86 pF % '
Résolution en énergie L : 6,2 keV (50Co 1332 keV) . ¢
Produit Lxh : 68 (h = rapport pic/Compton) ., &
Efficacité relative : 14,4 24 (par rapport & un scintillateur . @
I Na (F1) 3" x 3", placé & 25 cm d’une source de %0Cq) o .
Temps de collection de charges : 80 a 155 ns . . hd
Résolution en temps : 8 ns a 511 keV et 5,4 ns a 1332 keV . **86 2 keV
e }o° '
Symmetrical coaxial structure L °?®
Active volume: 120 cm? . °
Drifted depth: 13 to 14.5 mm .\ o
Bias voltage: 1300 V . S :
Capacitance. 86 pF e .°0~. . ...o° :.
Energy resolution L: 6.2 keV (for ®Ca 1332 kel ssoseses "oe

Product £ x h: 68 (h = peak to Compton ratio)

Relative efficiency.: 14.4 % (compared with a 3" x 3"

[ Na (T7) scintillator set 25 cm far from a $°Co source)
Collection time of charges: 80 to 155 ns

Time resolution: 8 ns on 517 keV and 5.4 ns on 1332 kel

SOCIETE D’APPLICATIONS I[INDUSTRIELLES DE LA PHYSIQUE
38, rue Gabriel Crié, 92-Malakoff, France, téléphone 253 87 20 +, adresse télégraphique : Saiphy Malakoff
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THE GENERAL PURPOSE GATE GENERATOR

The 808 GATE GENERATOR, together with its companion module, the 807 TIMER, solves all timing
and sequencing problems encountered in Nuclear Physics.

TIMER
DIVIDER
S %

START STOP

®_©

GATE
GENERATOR
£ N

START STCP

GENERATOR

(o)—~(a)
10 MHz

ouT

10°

The 808 GATE GENERATOR is a
three decade preset counter driven
by external pulses. Input is under

For timing applications, the 807 ; @
TIMER-DIVIDER provides cristal con- Nt
trolled frequencies from 10 MHz 10-2

control of a START-STOP flip-flop. down to 0,1 Hz. All frequencies are
it can be used for preset time oper- available simultaneously. The divider @
ation if a constant rate pulse train is- chain can be used for scaling down .

fed into its input or for preset count random pulses.

mode when event pulses are used.

O

10-6

107 108
SEN 807
@ Mo ool gy

»

GATE GATE

DELAYED OUT

—

Timing and preset systems assembled from
807-808 modules offer: Large timing range: 0,1 us to 10.000 seconds.

Digital accuracy on all ranges.

Very convenient slaving of several GATE GENERA-

TORS to produce elaborate timing sequences.

Half-micro second recovery time on all ranges.

Single width NIM-modules

N

Representatives throughout Europe and The United States

ELECTRONIQUE 31 Av. Ernest-Pictet - 1211 GENEVA 13/ Switzerland - Tel. (022) 44 29 40
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REGARDER LINTERIEUR D'UN ACCELERATEUR...

C'est regarder l'intérieur de notre société,
C’est une démonstration de la maniére dont
les solutions d’engineering rencontrent les
exigences de la physique. Peu d'usines peuvent
égaler nos réalisations.

Prenez, par exemple, notre tube d’accélération
et notre colonne: c¢’'est une construction dans
laguelle le verre et le métal sont intimement
liés; elle peut &tre en porte-a-faux jusqu’a
24 métres. L'alignement est de la plus haute
qualité. Le tube est sous vide. mais il doit
résister a une pression de 15 atm. a 'extérieur.
Achevée, cette structure supportera des vol-
tages supérieurs a 25 MeV., avec des gradients
allant jusqu’a 30 kV/cm.

Vous admettrez que c'est une performance!

Toutefois, ce n'est encore gu'une partie de
nos possibilités,

La gamme d'équipement scientifique que nous
fabriquons se développe continuellement, ce

e accélérateurs » sources de neutrons ¢ mesure de champ magnétique par RMN

s alimentation de puissance en semi- conducteurs
« aimants d’analyse et de routage = moniteurs de profil
et des installations d'irradiation e fours et cryostiats

qui augmente notre habileté technique et
notre savoir-faire.

Vous pouvez disposer de nos techniques de
fabrication.

Nous avons beaucoup d'années de pratique
dans le domaine de la transmission de puis-
sance, des structures mécaniques, des cir-
cuits de contrdle, de la technologie de l'accé-
lérateur, de la physique nucléaire et des
techniques du vide.

Vous aussi vous pouvez avoir a résoudre un
probléme sortant de [‘ordinaire. Il est bien
possible que nous puissions vous aider...

HIGH VOLTAGE
ENGINEERING
(EUROPA) NV

ANMERSFOORT, HOLLANDE

aimants sur commande

s« chambres & vide, pompes, vannes et plomberie
de faisceau e irradiations 3 facon « étude des méthodes
Méssbauer » chambres 3 diffusion.
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les chambres a fils

en régime proportionnel
ouvrent des horizons nouveaux

CARACTERISTIQUES
Temps mort inférieur
410-6 seconde par fil.
Résolution meilleure

que 100 nanosecondes.
Auto-déclenchement.
Sortfes logiques fil par fil.
Possibilité de coincidences
avec une autre chambre
ou un détecteur.

APPLICATIONS

Détection sélective des particules
en fonction de leur pouvoir d'ionisation.
Basses énergies :

Plan focal de spectrométre.-
Localisation spatiale

de rayons X et de neutrons.
Chromatographie B.

Hautes énergies :

Localisation de fraces.

Hodoscope a faible pouvoir d'absorption.

Electronique :

Enregistrement des événements :
résolution > 100 ns

Temps de lecture : environ 20 ps

new possibilities
with multiwire
proportionnal chamber

CHARACTERISTICS

Dead time below 106 second per wire.
Time resolution better

than 100nhanoseconds,

No triggering DC high veltage.

Logical output for each wire.
Possibility of use in coincidence

with other chamber or detector.

APPLICATIONS

Detection selectivity for particles

of different ionizing power.

Low energy physics :

Localisation in focal plan of spectrometer.
Mapping in spatial distribution

of X-rays and neutrons.

B chromatography..

High energy physics :

Localisation of particle trajectories.
Hodoscope with low superficial weight.

Electronics:
Event recording: resolution = 100 ns
Read-out time: about 20 us

SPI.185

SOCIETE D'APPLICATIONS INDUSTRIELLES DE LA PHYSIQUE
38, rue Gabriel Crié, 92, Malakoff, France, télephone 253 87 20 +, adresse télégraphique : Saiphy Malakoff
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And now, a NIM-compatible and practical European Standard for
100MHz + logic systems has been founded with the introduction of
Borer Fast Logic Modules. So highly flexible, these CERN design
based units form the most comprehensive decision-making family of
modules ever to have been offered at such a realistic price. Bonus
advantages of shorter neater inter-module cabling can be gained from
Lemo-equipped models: BNC-equipped models are available too for
existing system compatibility.

Some details of one of these modules are given below and more data
on this, and the rest of the family, will be sent at the drop of a postcard.
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Specifications

Input Impedance 50 ohms 429/,
Reflections 59/, max. below + 1V
109/, max. below £ 10V {tr = 1 ns)
Current, max. cont. 75 mA
Rate Greater than 50 MHz
Output  Impedance Current source, must be terminated, dc
return path 125 ohms max.
Rise time 2.5 ns max.
Linearity Better than 0.25°f, (over range of
4+ 16 mA)
Transmission attenuation 50/, approx. Output limited to 4+ 22 mA
Pedestal Adjustable to zero
Stabilized to better than 4+ 0.5mV over
50 ohms
Signal feed-through 50 mV max., capacitively
differentiated, for an input signal of 10V
and 1ns rise time. Nett charge is zero
Gate Input impedance 50 ohms + 29,

Input level
Signal duration
Opening time
Closing time
Transients

—400 mV to —4 V to open gate

10 ns min. Maximum duration unlimited
3 ns max.
4 ns max.

30 mV max. from base line to worst peak,
nett charge adjustable to zero

}to 909/, of max signal amplitude

Great Britain: 35 High Street, Shoreham-by-Sea
Sussex BN4 5DD

Tel: Shoreham-by-Sea 5262 Telex: 87274
Germany: Verkaufsbiiro Miinchen, Kaiserstrasse 10
8000 Miinchen 23

Tel: 348016

France: Numelec, 2 Petite Place, 78-Versailles
Tel: 951-29-30

ELECTRONICS

Switzerland: P. O. Box, 4500 Solothurn 2
Tel: (065) 4 88 21, Telex 34228

“-CO



N Z-CH

Expand your Universe of
Nuclear Instrumentation

with Hewlett-Packard
... for better solutions

to your measuring problems

1 200 MHz multichannel analyzer
2 Calculator with plotter
3 Computer controlled spectrum analyzer
4 Computer designed for growth
5 Signal analyzer that measures

1 Fact or Fiction?

A 4086 channel analyzer with a 200 MHz
clock rate? That would be just about the
fastest ADC clock rate ever. And it would
mean that you could count more than
30,000 impulses per second over all the
channels,

It's a fact. It's the 54014 Multichannel
Analyzer from hp. This precision instrument
offers you a 12-bit ADC (with 4K
resolution) and memaory expandable from
1024 to 4086 or 8192 channels. Now vou
can get an extremely high digitizing rate in
addition to outstanding linearity and

stability specs, 11O flexibility. and
muftimode operation that hp has already

contributed to nuclear and statistical
analysis work.

Linearity : integral, + 0.1%., differential,
+1% over full range above trigger level,
Stability : baseline and gain are
automatically stabilized 30 times per

second.
IO flexibifity : easy, with hp guick-change

interface cards.
Versatility : Muiti-mode operation includes
pulse height analysis, multichannel! scaling

and sample voltage analysis.
5401A systems are priced from

$11,9580 fob factory

288

; 2 The desk-top calculator

that will plot as it

computes
As the hp 9100A calculator solves a
problem, an X-Y recorder (hp 9125A)
automatically converts the resufts into

easily readable graphs. You at once see
the interrelation of problem variables. You

are only one step from the optimal
solution: modifying the variables and

recording once more.
Fven on its own, the 9100A is unique.
You have log and trig functions at your

fingertips. You soive transcendental
egquations as easily as typing your name.

And you obtain solutions with ten signi-
ficant digits over a 10-98 to 1099 range.

Need to use a given programme repeatediy?
Just record it on a small magnetic card
{up to 196 keystrokes), and slip it into the
S100A. Frogramme changes are made
individually. No need to re-enter the

entire programme.

Care for a demonstration? Your nearest
hp office will be happy to arrange one

for you.
S100A . $4.400 fob factory
91254 82,475 fob factory



N 4-CH

versatility, your costs rise sensibly and

3 Adding on-line
computation ! your
to multiparameter pam{esslyjm a .’ma:ar way. You are spared
the financial surprises that usually
accompany the growth of a computer
system.
Here's the 2116 B8's growth potential:
—The 16-bit, high-speed core memory of

nuclear analysis

8K is expandable to 32K by adding

8K modules.
—From 16 {/0 channels, you can go as
high as 48, with multi-level priority
interrupt for each channel You change
priorities by moving plug-in cards.

—The wide range of peripheral I/0 devices
includes an extended arithmetic unit

and 2-channel, direct memory access.

Software capability is outstanding, with
FORTRAN/ALGOL and BASIC compilers, an
efficient assembler, and executives for data

acquisition, time-sharing and real-time
multi-programming.

From $24,000 fob factory (8K memory,
16 /0 channels). Made in Britain.

Isometric display of Co6? coincidence

spectra
hp brings increased flexibility to single-
and multiparameter analysis, by adding
on-fine computation, This means you
can immediately have meaningful data.
Software programmes were developed for
pulse height and sample voitage analysis,
making these complex systems as easy . .
to use as simple analysers. Keyboard 5 Dredgmg a wealf SIgnal
selection from among many subroutines from a sea of noise —
aflows you to directly fit the system to and measu”’ng it

your experimental requirements, and to
choose optimum resclution and statistical

accuracy. You can even insert your own
FORTRAN or ALGOL subroutines.
The single-parameter 54054 system
consists of a 200 MHz ADC, an hp
computer with 4 K memory (expandable

to & Kj, teletype input, and a variable

persistence display.
The H408A systern operates in multplex
fup to 16 ADC’s) and multi-parameter
modes with up to 4 ADC’s in coincidence.
Three display modes with markers:

isometric {rotate to 20 positions),
contour. and x-y slice. Ask for complete

specifications.
Let the noise be 1000 times stronger
than the buried signal, the 5480A signal
anhalyzer will pick it out. And deliver it to
you as a flicker-free. calibrated display.

4 No financial growing
pains with this
Computer system And when you change experimental
parameters? The unique “running
average’ techrigque enables the 54804
to follow even a slowly varying signal,
selectively de-emphasizing previous %
information with respect to new data. HEWLETT' ﬁf PACKARI)
Furopean headquarters:
Hewlatt-Packard S.A., rue du Bois-du-Lan 7

You can also obtain time and frequency
1217 Meyrin-Geneva, tel. (G22) 41 54 Q0

histagrams, perform multichannel scaling,
and, with a plug-in unit, auto- and cross-
28 salos and service offices
throughout Eurape

correlation.
An analog output permits direct recording
on an X-Y plotter, Digital devices are
easily interfaced with an IfO coupler. For
further analysis of the signal, the data

can be converted inta the freguency
domain with an hp computer.

With true averaging and steady display.
the 5480A adds a new dimension to
research in medicine, hiology, chemistry
and physics. For complete details and

data sheets. give us a call.
hp 5480A: $ 6,950 fob factory

The hp 2116 B computer was designed for
natural growth. As you expand capability,

improve performance, and increase
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Radiation Shielding Windows b

to any design, construction and size can be made of various special ‘glasses. Of particular interest is glass type
RS 520 having very low colour. On account of its high density of 5.2 it is excellently suited for large windows of low
thickness in lead and steel walls.

More Safety by Dry Windows

A highly effective anti-reflection coating insures light transmission equal to that of oil windows. Important advantages:
No leakage - no interruption of work by turbidity of the immersion oil - no change of oil - no attack on glass surfaces,
lead or sealing materials.

Catalogue No. 3200 gives further details and examples of design.

JENA®* GLASWERK SCHOTT & GEN., MAINZ

(West Germany)

We will display : NUCLEX 69 - Stand 3.201



High performance/
low priced varian data
systems computers.

varian data 620/i.
Over 500 installed.

A third generation system computer with an excep-
tional price/performance ratio.

For easy interfacing with your system. Party line
communication. Over 100 basic commands. Directly
addressable memory —4K to 32K words. 16 or 18 hits
with a 1.8 microsecond cycle time.

Multi-level priority interrupts. 9 hardware registers;
6 addressing modes.

Micro EXEC addressing option—handles instruc-
tions at submicrosecond speeds, giving a 10 to 1
speed advantage over stored programs., 102" of
rack space; 67 pounds, including power supply.

Field proven software. Cost: only $13,900 with
ASR33TTY.

varian data 520/i.
New $ 7,500
dual-environment computer.

'EEBLUE RN RE

RSRRRERONIERRLEL N

Dual-environment eliminates the need to save-and-
restore routines each time an interrupt occurs.

Single-instruction transfers control between envir-
onments. For example, between processing and I/O
programs.

Memory expandable from 4K bytes to 32K bytes
with 1.5 microsecond cycle time.

11 interrupt lines; 12 hardware registers. Functions
arithmetically in 8, 18, 24, 32 bit lengths within same
program.

50 basic instructions with over 500 register-to-
register operations, Monolithic integrated circuits.

varian _
data machines

a varian subsidiary
Frankfurter Ring 81

8 Muenchen 13, West Germany
{0811) 35 91 098

SALES OFFICES: United States, Australia, Belgium, Canada, France, Germany, India, Italy, South Africa, Sweden, Switzerland, United Kingdom and lreland.
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Gate problems stop here

The GA100/N

First gate amplifier
module with built-in
power supply to conserve
premium bin power.

Inputs:

Lo In:

Direct-coupled “bridg-
ing” input for NIM-
standard fast logic or
complement logic signals.

Hi-In:

Direct-coupled for
NIM-standard slow data
transmission signals. Also
accepts negative signals
(—4 to —12V).

Outputs:

Fanout:

Two independent
outputs per section.

Levels:
Normal or complement.
i L i (7]

at 250 mA max.

“0"” = sinks up to 200
mA at output

voltage <1 V.

Width:
Approximately
same as input width.

Risetime:
100 nsec (can be changed
to a minimum of 50 nsec).

g

MODEL GAL00/N ‘@
GATE AMPLIFIER

MODEL GD150/N
_ DELAY GATE

HI QUTPUT

ONE SHOT

OVERLOAD WIDTH
g g l}iSEC?
! DELAY OUT

RESET

BLANK IN
HI OUTPUT e
DELAYED

OUTPUTS
JL

NUCLEAR INSTRUMENTATION DIVISION

The GD150/N

Precision delay and gate
functions provided in
one module.

Inputs:

Lo In:

NIM-standard fast

logic signal of width
wider than 2 nsec.

Hi In:

NIM-standard slow

data transmission signals
(43 to 4+12V). Also
accepts negative signals
(—2 to —12V).

One Shot:

One and only one output
per switch activation.
Blank In:

NIM-standard fast logic
signals of width greater
than 5 nsec. Delayed out-
puts are blanked for dura-
tion of blanking input.

Timers (delay and width):
Range:

0.1 usec to 110 psec.
Accuracy:

10 nsec or =5% of setting.
Random jitter:

< 1 part in 10%

Outputs:

Delay:

One normal and

one complement NIM-
standard fast logic output
for duration of delay
interval.

Hi Out:

+2.5 to +10V,
adjustable; for duration
of width interval.

Lo Out:

One “dual” normal and
one “dual” complement;
for duration of width
interval.

Make the most of the gating features of each — or combine them for greater fanout and
more flexibility. For additional information on the solution of your gate problems, contact
EG&G Inc., Nuclear Instrumentation Division, 36 Congress Street, Salem, Massachusetts
01970. Phone (617) 745-3200. Cable: EGGINC-Salem. TWX: 710-347-6741. Telex: 949469.



