


Comment

Ten years ago in August 1959, the first
issue of CERN COURIER was published.
It was intended as a ‘house journal’ for
staff members and concerned itself mainly
with conveying news about CERN inside
CERN. A few years later the journal
became also one of the main channels
for informing people outside CERN about
the work of CERN. More recently its
character has evolved further to take in
information on the work of related Labo-
ratories.

During this time the number of copies
distributed each month has grown steadily
(the growth rate over the past three years
has been 12°%./year). 8300 copies are
now printed — 4700 in French, 3600 in
English. This reflects ‘the increase in the
CERN population itself but even more the
increase in the number of people from
outside CERN who have asked to receive
CERN COURIER. The external distribution
is now greater than the internal distribution.

In 1968, a survey of the readership was
carried out to check that the way in
which the journal is developing is in line
with the interests of the majority of
readers. The survey confirmed many

expectations but produced a few surprises.

Taking some of the results from the
external readership: 50°% of the 2800
questionnaires which were sent out were
completed and returned (surveys of this
type might reasonably expect 15% re-
sponse) and 36 % of those who replied
said that they are ‘cover-to-cover’ readers.
In addition, 86°% find the level ‘about
right’ — but then maybe they would not
take CERN COURIER in the first place if
it were not ‘about right’.

The breakdown of the readership into
activities showed that 75°% are graduate
staff in science and engineering. The
division into disciplines revealed 30 %o in
sub-nuclear physics, 9% in accelerator
design or operation, 24 %, in other scien-
tific research, 20% in education. Each
copy has an average of 3.5 readers.

The above figures indicate that, within
the limited field which it covers, CERN
COURIER is meeting the interests of
readers reasonably well. For the future,
the important results from the survey
came from the question where readers
were invited to state preferences. Three
items received a large number of votes.
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One was a request for a bigger issue.
Over the past three years the number of
pages produced has increased by 63 %
and 1969 will see a further increase. But
with a given editorial effort we must be
careful that further quantity does not
become inversely proportional to quality.

The second request was for more ‘com-
ment’. An effort will be made to increase
the ratio of comment to factual reporting
and we hope to introduce more comment,
under various guises, from some of the
senior figures in the field.

By far the highest vote was for ‘more
news from other Laboratories’. This section
has been steadily increasing in importance
but, up to now, it has depended largely
on the Editor's personal awareness of
events in other Laboratories. (It is ap-
propriate to add here a word of apprecia-
tion for the full and immediate response
that has come to every request for
information.) Following the survey, it was
decided to put the ‘News from abroad’
section (now called ‘Around the Labora-
tories’ which sounds less remote) on a
more organized footing. Several Labora-
tories have been contacted in an attempt
to find in each centre at least one person
willing to be a source of information for
CERN COURIER. The following people
have already kindly agreed to help :

Argonne Nationa! Laboratory T.H. Groves
Batavia (National Accelerator Laboratory)
C.W. Larsen
Brookhaven National Laboratory J. Spiro
Cambridge Electron Accelerator
Wm. A. Shurcliff
Cornell (Wilson Synchrotron Laboratory)
K. Berkelman
Dubna (Joint Institute for Nuclear Research)

1. Birukov
Los Alamos Scientific Laboratory

W. Regan
Rutherford Laboratory A.P. Banford
Saclay G. Neyret

(with M. Beurtey and M. Thévenet)
Stanford Linear Accelerator Centre
J. Sanders
TRIUMF Project (Canada) E. Auld
It is hoped to finalize arrangements
with other centres in the near future —
Berkeley, Bonn, Daresbury, DESY, Fras-
cati, ICTP, ITEP, Karlsruhe, Novosibirsk,
Orsay, Princeton, Serpukhov, Stanford
(HEPL), Villigen and Yerevan.

Meanwhile...

..at the synchro-cyclotron

A report on some features of operation, research
and development at the CERN 600 MeV
synchro-cyclotron.

The synchro-cyclotron has proved much
richer in its research potential than was
ever anticipated when it was first construc-
ted. Although its usefulness in the field
of intermediate energy physics (this is
now legally defined in the USA as cover-
ing the range of energy from 100-1000
MeV) was obvious at the time it was
completed in 1957, the growing demand
for use of the machine and the growing
variety of its research programme was
never anticipated. One of the major
reasons for the construction of the ma-
chine was to serve as a model prior to
the more formidable task of constructing
the 28 GeV proton synchrotron. As things
have turned out, it has played as notable
a role in its field as the PS has at higher
energies.

In recent years, programmes of research
in nuclear structure physics and in radio-
chemistry have been added to elementary
particle physics and there has been a
certain amount of work in solid-state
physics and in radio-biology. As a bonus,
the SC has also proved a useful, and
economical, source of particles to test
equipment intended for experimentis at
the PS. During the long 1968 shutdown of
the PS, for example, there were as many
as five PS teams at one time using the
SC to prepare their equipment.

The number of scientists involved in
experiments at the synchro-cyclotron has
risen to 120. Of these, only 25 are CERN
Staff, Fellows or CERN-paid visitors; 95
are based on about 26 Universities and
research centres from throughout Europe.
In 1968 these included Aarhus, Bari,
Braunschweig, Caen, Cambridge, Clermont-
Ferrand, Copenhagen, Darmstadt, ETH
Zurich, Gothenburg, Grenoble, Heidelberg,
Karlsruhe, Lausanne, Louvain, Marburg,
Modena, Orsay, Oslo, Oxford, Pisa, Ruther-

ford, Saclay, Stockholm, Strasbourg,
Studsvik, Toulouse, Trieste, Turin and
Uppsala.

Present operation

Operation of the machine has been
developed to a high fevel of reliability. Out
of the scheduled machine hours in 1968
less than 5% were lost due to break-
downs and in some months less than 1%
were lost.

The machine is operated on a two week
cycle - six days physics; one day technical
development ; six days physics ; one day
maintenance. The next long shutdown is
planned for the Autumn of 1969.

It is usually run to full energy and the
average internal circulating beam is 1 pA
(6 x 10" protons/s). This is produced in
55 pulses per second which can be time-
stretched to give an almost continuous
beam from the machine if required, so
that the duty-cycle can be more than 20%.
The extraction efficiency is inherently
poor (about 5%) nevertheless 3 to 5 x 10"
protons/s can be used on external targets.

(To recall briefly the operating principle
of a synchro-cyclotron with parameters of
the CERN machine in brackets : Protons
are produced at the centre of a circular
magnet (5 m in diameter) which provides
a constant magnetic field (19 kG). They
are accelerated by rf. fields applied
across a gap across a diameter so that
on each turn in the machine (2 x 10°
altogether) they receive two increments
of energy (3 keV per turn). As the energy
increases the protons spiral out onto
larger orbits. To take account of the
increase in mass of the protons as their
velocity approaches that of light (80% of
the velocity of light at 600 MeV) the
frequency of the accelerating fields has
to vary (from 30 to 16.5 MHz). The pro-
tons can be used on internal or external
targets.)

The CERN machine yields —

1. Internally and externally produced pion
beams in the energy range 80 to 300
MeV with maximum pion intensities of
about 10%/s. Special pion beams can
give 10° pions per second over a range
of energies with very narrow energy
spread (the energy spread of the parti-
cles around the selected energy can
be as low as 1%).

2. High purity muon beams down a ‘muon
channel’. Up to 10° muons/s in the
energy range 50 to 200 MeV can be
achieved.

3. An external proton beam of 595 MeV
and intensity from 3 to 5 x 10" pro-
tons/s which is taken through a tunnel
to an underground laboratory for radio-
chemistry work.
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Research programme

In the history of research at the SC there
have been many outstanding achievements
including three important contributions to
weak interaction physics :

— the discovery of the electron decay of
the pion which proved experimentally
an important prediction of the weak
interaction theory

— the first exact measurement of the
decay rate of the positive pion into a
positron, neutrino and neutral pion

— the most accurate measurement of the
capture rate of muons in liquid and
gaseous hydrogen

The first precision measurement of the
magnetiic moment of the muon (recently
carried further in an experiment on the
PS) which extended the range over which
electromagnetic theory is known to hold
good, was also made at the SC.

The current programme can be con-
sidered under several headings and a few
experiments are selected as examples.

1) Nuclear Structure

Several methods of investigating the
structure of nuclei have been used in
experiments on the SC — they include
investigation of nuclear energy levels, of
particle groupings in the nucleus and of
nuclear shape.

Pion beams with precisely determined
energy are used by an Orsay team headed
by R. Meunier, M. Spighel and J.P. Stroot,
for pion scattering measurements on a
range of nuclei. Investigation of pion-
nuclear scattering, as opposed to nucleon-
nuclear scattering provides another view
of nuclear matter. A related investigation
with positive pion beams onto light nuclei
is being carried out by an Oxford team
headed by N. Tanner and J. Domingo. The
beta and gamma rays emitted as the
nuclei return to their normal state after
being excited by the pions are another
way of investigating energy levels.

Several experiments have investigated
particle groupings in the nucleus using
pion beams. The pion is effectively ab-
sorbed by the nucleus and can interact

A doub'e spectrometer used for pion-nuclfeon
experiments at the SC. The spectrometer arm
analyses the scattered particles.

with an individual particle grouping such
as a strongly bound proton and neutron
leading to the ejection of two protons.
Adding the energy of pairs of emerging
protons gives information on the internal
grouping. This particular experiment was
done by a CERN team led by G. Charpak
and C. Zupancic. An analogous experiment
leading to two emerging neutrons was
performed by a team from Trieste under
C. Cernegoi.

Investigations of pi-mesic and mu-mesic
X-rays have been a very fruitful source
of information on nuclear radii and related
topics. A CERN-Heidelberg-Karlsruhe team
led by G. Backenstoss and H. Daniel have
achieved important results using this
method including some of the best availa-
ble data on nuclear charge radii. Negative
muons and pions can be captured by a
nucleus in a similar way to electrons and
can cascade through a series of orbits
(energy levels) close to (and passing
through) the nucleus emitting X-rays as
they move to lower energy orbits, whose
energies can be measured. (The new
lithium-drifted germanium deteciors make



Part of ISOLDE — Isotops Separator On-Line.
At the control desk the proton beam from the
SC can be monitored and the performance of
the target and separator controlled. The ion
beam containing the isotopes enters through the
wall and is analysed in the magnet. One of the
analysed beams can then be transportad to the
detectors — the jons are transmitted w.th close
to 100 % efficiency. At the end of the pipe, on
the right, is a tape system for collecting the
isotopes (the tape spool containers can be
distinguished). The isotopes become embeddad
in the tape and detectors can be brought to

the tape for measurements (an electron detector,
above, and a gamma detector, below, can be

brought into position). A system is being
developed to make it possible to switch the jon
beam to three users. This will increase the
number of experiments wh'ch can be performed
simultaneously with ISOLDE.

CERNI/P| 315.10.68

very precise measurements possible.) A
variety of nuclei have been studied.

A related development is the study of
the excitation of nuclear energy levels
and of muon capture on excited nuclei.
Experiments in this field have been
performed by teams from Darmstadt and
Louvain.

2) Radio-chemistry
This research received a great boost with
the coming into operation of ISOLDE —
Isotope Separator On-Line (described fully
in CERN COURIER vol. 7, page 23). The
ISOLDE collaboration involves scientists
from Aarhus, Braunschweig, Copenhagen,
CERN, Gothenburg, Heidelberg, Orsay,
Oslo, Stockholm, Strasbourg and Studsvik.
An ejected proton beam from the SC is
taken to an underground laboratory (which
serves to shield the high radiation levels)
and directed onto a target which can be
one of a variety of elements. The isotopes
of the element which are produced can be
rapidly separated and measured using a
sequence of techniques ‘on-line’. This has
enabled very short-lived isotopes to be
identified and measured; ISOLDE has

made it possible to investigate isotopes
with life-times measured in seconds rather
than minutes.

Since ISOLDE came into operation
towards the end of 1967 isotopes of radon,
mercury, xenon, antimony, tin, cadmium,
krypton and argon have been produced
and measured and seventeen isotopes
have been observed for the first time.
These experiments are exploring new
areas of the map of nuclides giving more
information on nuclear decay properties.

3) Elementary particle physics
The beams available from the SC are
suitable for the experiments on pion and
muon interactions as can be seen from
the examples of research at the SC cited
at the beginning of this section.

Present work includes a remeasurement
of pion-nucleon cross-sections in the
energy range corresponding to the produc-
tion of the N* (3/2) resonance. This investi-
gation was started by a Modena-Bari team
headed by P. Waloschek. A Cambridge-
Rutherford team headed by D. Bugg is
taking advantage of the high quality beams
now available at the SC to make a very

thorough survey of this region. Another
facet of pion-nucleon interactions is
radiative capture and charge exchange of
negative pions on protons. This is being
examined by a CERN-Lausanne team.

Studies of pion production with 600
MeV protons on various nuclei is relevant
to elementary particle physics and to
nuclear structure. CERN-Geneva and
CERN-Grenoble teams have contributed
to these studi€s which have also provided
useful information for the design of beams
from the SC.

The need for improvement

For several years (see, for example, CERN
COURIER vol. 6, page 30) a lot of thought
and practical investigation has been given
to the possibility of improving the per-
formance of the synchro-cyclotron by
producing more intense beams. This has
the double purpose of meeting the increas-
ing demand for use of the machine and
of extending the scope of its research.

A recent investigation has indicated that
over the next two or three years, requests
for machine time will rise by about 20 %o.
Higher beam intensity will make it possible
to shorten the time involved in an experi-
ment or to extend beam-sharing. It will
also make possible a wide variety of
experiments which are not feasible with
the existing beam intensity (in a report
entitled ‘Physicists Comments on the SC
Improvement Programme’ some twenty
team leaders have indicated research
topics they could undertake given higher
beam intensities). An improved SC will
ensure that European physicists continue
to have a first-rate machine available for
physics at intermediate energy, particularly
in the early 1970s.

This last point can be appreciated by
looking at the facilities which will be
available in the world in a few years time.

In North America :

The synchro-cyclotron at Columbia (CERN
COURIER vol. 8, page 313) is being
improved to have a 5 to 50 pA internal
beam at 600 MeV coming into operation
about 1970. Other synchro-cyclotrons at
Berkeley and SREL will still be in opera-
tion and improvement programmes are
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being discussed. (The Carnegie and
Chicago machines are likely to close
down.) A sector-focused cyclotron at In-
diana will have 10-100 uA internal current
at 80-230 MeV. The novel sector-focused
cyclotron TRIUMF in Canada (CERN
COURIER vol. 8, page 136) accelerating
negative hydrogen ions to yield pion in-
tensities up to 10%s is expected to be
in operation in 1974. Linear machines for
220-440 MeV electrons at MIT and the
mighty LAMPF at Los Alamos with 800
MeV proton beams will also contribute to
physics at intermediate energy.

In the Soviet Union :

A 1000 MeV synchro-cyclotron at Gatchina,
South of Leningrad, came into operation
in November 1967 and the very successful
680 MeV synchro-cyclotron at Dubna is
likely to have a series of improvements
carried out by 1973.

In Western Europe :

Linear accelerators for electrons and
positrons in operation at Saclay (140-600
MeV) and Frascati (450 MeV) will be used
for pion and muon production. The 520
MeV sector-focused cyclotron at Zurich
is scheduled to come into operation in
1973, rising to full intensity (100 uA) and
utilization in 1975.

It can be seen that, especially through
to the time when the Zurich machine is
in operation, the European potential would
be weak without development of the
CERN S8C to extend its productive life.

The aim of the SC improvement pro-
gramme is to increase the internal beam
intensity from 1 to 10 A and to improve
the efficiency of beam extraction. This

efficiency is important not only to produce
higher beam intensities for certain experi-
ments but also to reduce the radiation
problems in the machine which will be
aggravated by the higher beam current.
In fact, because of the radiation problem,
it is not reasonable to plan for currents
higher than 10 pA.

The Improvement Programme

.

Item | is to replace the existing cold
cathode Penning-type ion source by a
hot-cathode hooded-arc source. The exist-
ing type feeds a plasma into the centre
of the machine from which protons can
be captured and accelerated. It suffers
from the disadvantage of low efficiency
and also results in a proton beam of poor
quality which is the major cause of the
low extraction efficiencies. The new type
of source projects like a very thin pillar
(about 6 mm in diameter) into the centre
of the machine and protons emerge from
a thin slit on the median plane. The beam
quality from such a source is greatly
improved and extraction efficiencies of up
to 50 % may be possible.

Adoption of the new source involves
modifications to the Dee structure at the
centre of the machine (CERN COURIER
vol. 6, page 32). The protons need to
experience higher accelerating fields than
at present at the centre of the machine
so that their first orbit takes them away
from the source. The voltage applied to
the Dee at the beginning of the cycle
will be increased from the present 5 kV
to about 30 kV.

Considerable development work at
CERN has gone into perfecting this new
type of source including a lot of progress

A diagram of the new type of ion source
(hot-cathode, hooded-arc) which will be installed
on the SC. This source will result in the
acceleration of a beam of much better quality
with which much higher extract/on efficiencies
will be possible.

in filament design to produce filaments
with sufficiently long life-times. At the
same time a small (15 MeV) synchro-
cyclotron, known as the ‘central region
model’, has been built and operated. It
has served to investigate the complex
beam behaviour in the eleciric and ma-
gnetic fields at the centre of a synchro-
cyclotron where it is known that most
beam loss occurs.

In itself the new Source will not result
in much higher intensity per pulse, though,
as mentioned above, it will produce a bet-
ter beam and higher extraction efficiency.
The increase in intensity per second will
come from an increase in repetition rate
of the machine from 55 Hz up to 600 Hz.
This requires the installation of a new
r.f. system.

The present rf. system is based on
the use of a mechanical Vvibrating
capacitor — a huge tuning fork vibrates
at 55 Hz (the repetition rate of the ma-
chine) and varying the distance between
the prongs achieves the desired frequency
modulation (from 30 MHz to 16.6 MHz) of
the voltage applied to the Dee. Each
‘prong’ is 2m broad, 55 cm long, separated
by a gap of 9 cm with a vibration ampli-
tude of 2 to 5 cm. These figures are near
to the limit of what is technologicaily
possible with such a system. The tuning
fork method cannot be used for repetition
rates as high as 600 Hz.

A system based on the use of a
mechanical rotating condenser has there-
fore been studied at CERN. The rotating
condenser is not without its technological
problems and several 1/5 scale models
have been built to fix parameters and to
test mechanical and electrical features
of the design. Calculations on the ex-
pected frequency swing and field strength
have been checked. A model is being
constructed on a test bed at CERN to
examine electrical and mechanical stresses.

The new r.f. system will be manufactured
by AEG-Telefunken (Federal Republic of
Germany) at a cost of just under 5 Million
Swiss Francs.

It is intended to install the new equip-
ment at the synchro-cyclotron early in
1971. The machine will then be able to
continue to play a major part in physics
at intermediate energy for many years to
come.



CERN News

At the PS

Linac beam monitoring

Since 1 November, the linac has been
equipped with an on-line system to observe
the energy spread in the 50 MeV beam
fed to the proton synchrotron. The PS
can accept particles within a spread of
about * 150 keV and it is obviously
desirable to maximize the beam current
lying within this energy spread.

The beam is measured first as it passes
through a beam current transformer (BM
46), it then passes through a triplet,
bending magnet and slit, which do
momentum selection, and is remeasured
by a beam current transformer (BM 48).
The diagram shows the two measurements
as they appear on an oscilloscope. The
difference in the two signals shows the
number of protons with energies outside
the desired range. It is also easy to see
from these iraces, for example, at what
time during the pulse the beam is poor.
The. linac controls can then be adjusted
to bring the beam to an optimum.

The system has proved very useful. It
enables the linac to be set up much more
easily than previously and also gives the
machine operators a rapid and easily
assimilated picture of how the linac is
performing.

A beam in minutes

On 12 December, a fast ejected proton
beam from the PS was ‘set-up’ through a
complex beam transport system 140 m
long and focused to a 1 mm spot on a
target in a total time of seven minutes.
The beam is usually operated at a
momentum around 20 GeV/c feeding the
south-east area (where the latest neutrino
experiments took place) with a secondary
beam (k11) produced from the target. The
required beam intensity at the target is
10" protons/pulse. From 23 January, the
k11 beam has been supplying kaons to
the 1.2 m heavy liquid chamber.

The beam transfer line from the PS
contains twenty pulsed lenses and bend-
ing magnets (nine quadrupoles, five main
bending magnets, three vertical and three
horizontal correcting magnets}). By pulsing
the magnets there are savings in power,
in cooling water and in magnet sizes. A

glass vacuum tube with a minimum diame-
ter of 34 mm runs through the magnets.

The very short setting up time was due
mainly to good knowledge (from the pre-
vious neutrino run) of the initial parameters
of the beam which emerges from the PS.
This knowledge made it possible to calcu-
late very precisely, in advance, the
required fields for the transport magnets.
The calculated settings proved so accurate
that final manual adjustment when the
beam was directed along the channel (the
beam was monitored, for example, by nine
scintillation screens observed by television
cameras) could be made very easily in
minutes.

The beam was designed and brought
into operation by the puised beam trans-
port group led by B. Langeseth. This
group is currently engaged on the design
of beams for the heavy liquid bubble
chamber, Gargamelle, at CERN, and on
an ejected proton beam-line for Serpukhov
which will supply particles to the hydrogen
bubble chamber, Mirabelle. " Contracts
have already been placed for the com-
ponents of the Serpukhov beam-line. The
beam-line for Gargamelle will be set up
about the end of this year and will use
many of the components currently in use
to feed the 1.2 m heavy liquid chamber.

Highest momentum kaon beam

In January the 2m hydrogen bubble cham-
ber received the highest momentum posi-
tive kaon beam ever produced. The u5
beam in the East Hall was used in a
clever way with two rf. separators to
achieve a kaon momentum of 16 GeV/c.
(The previous record of 12,7 GeV/c was
at the Brookhaven AGS.) Operation at
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A drawing of two typical traces received
from the beam current transformers monitoring
the energy of the linac.

Three-fold symmetry has been restored to the
oil storage tanks supplying the power house.
To cater for the increasing consumption, the
two tanks on the left, (first insta'led in 1956)
have been increased in capacity from 500 m3
to 750 m? and they now match their partner on
the right which was installed in 1963. The
increase in capacity has been achieved by
raising the tanks ten metres ; this has been
done by jacking them up and welding on new,
thicker sections at the basa.

this high momentum has been made
feasible by the successful completion of
the first stage of the PS improvement
programme which enables the PS to be
run at high energy and repetition rate.

The work on the beam was led by P.
Lazeyras, H. Lengeler and F. Grant. It
has already served to take almost 200 000
pictures in a week for a Birmingham, Brus-
sels, CERN, Institut de Physique Nucléaire
(Paris), Saclay'collaboration.

The collaboration is extending its stu-
dy of resonance production in quasi two-
body interactions to higher energies. The
purpose is to discriminate between several
theoretical predictions (including, for
example predictions based on the Regge
pole model}. The cross-section of some
interactions seems to be virtually indepen-
dent of energy while others fall off with
increasing energy. On the latest pictures
it should therefore be easier to separate
different kinds of interaction.

The principles of r.f. separation were
explained in CERN COURIER vol. 7, page
125 and vol. 7, page 252. Using two
cavities in the normal mode of operation
one type of particles can be separated
from two others only in certain small
momentum ranges. Using three cavities
the range can be wide and almost continu-
ous, but, for momenta near 16 GeV/c,
although protons and positive pions are
well filtered out, a fairly high background
of positive muons remains in a positive
kaon beam. Going back to two cavities
and slightly defocusing the pions and
protons (using a larger beam stop to
collect them) it was found that a clean
kaon beam could be achieved, with a
proton contamination of less than 4 %.
There are about ten kaons per picture.
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Part of the equipment for the boson missing-
mass spectrometer experiment. On the left is
the smalf{ horizontal cylinder, 30 cm long, which
contains the target liquid hydrogen. It is cooled
by liquid helium ; the refrigeration equipment is
above the target. Two of the digitized wide-gap
wire chambers are positioned close to the
target. Note a few constructional details : The
horizontal bars at the top of the chambers
contain the magnetostrictive wires ; small
isolating transformers make it possible to tap
signals from the wire planes some of which

are at 60 kV. Thin rods can be seen protruding
horizontally at the centre of the chambers ;
these carry air-filled mylar boxes (beam-killers)

Going up

The very successful missing mass spec-
trometer experiment is extending its
search for negative bosons up to masses
of 45 GeV with its detection equipment
newly installed on a high momentum pion
beam in the East experimental hall.

The story so far: In 1964 a team led
by B. Maglic first applied the missing-
mass spectrometer technigue to look for
non-strange, charged bosons. Within about
two and a half years seven new particles
were found. It was shown that the squares
of boson masses seem to lie neatly on
a straight line. (See CERN COURIER vol.
7, page 31.) In addition, the splitting of the
A2 particle into two peaks which seem
to have identical characteristics apart
from a difference in mass — 1278 MeV
and 1318 MeV — was demonstrated.

The missing-mass group (at that time a
Bern, CERN, Geneva collaboration) deci-
ded to continue the experiment looking
for particles of higher mass (the highest
mass particle from the first experiment
was the U particle with mass 2383 MeV).
They changed the detection equipment
and the experimental method and carried
out a preliminary run in the South experi-
mental hall last year. (CERN COURIER
vol. 7, page 219.) This run served to test
the equipment and method and also
reproduced the A2 splitting.

The equipment and the method worked
well and the experiment has now moved
to a higher momentum pion beam available
in the East hall. Bern has left the collabo-
ration and Munich (Sektion Physik) has
joined. The team leader is W. Kienzle.

The interaction under investigation is
a -+ p—p + XT

where X~ represents a heavy boson.
Measuring the momentum of the incoming
pion and identifying the recoil proton and
measuring its momentum makes it pos-
sible to calculate the ‘missing mass’ of
the recoil proton which is the mass of
the boson. The missing-mass spectrum
consists of a smooth background with
peaks at those values corresponding to
a boson mass.

A pion beam (p5) of precisely selected
momentum, drawn from the slow ejected
proton beam (e5), is directed onto a

which receive direct beam particles so that
these particles do not cause sparks.

Sparks can be seen in the chambers. Several
are detected simultaneously and the detection
efficiency is very high (in the photograph, each
gap sees each particle trajectory — there is no
case where a gap misses a particle). The sparks
follow the particle trajectories, which is a
feature of wide-gap chambers ; less wire planes
are thus needed to give full information.

In the picture, two triggers are super-imposed
and any interested reader may amuse himself
tracing the sparks back to two vert'ces quite
cleanly determined in the target, plus one beam
track (paralle! to the target cylinder).
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The graph illustrates the regularity of the
squares of the boson masses 8, A2,R,S,T,U,
which were covered in the missing-mass
spectrometer experiment (region _@). The mass
squared is plotted along the x-axis and the
peak number on the y-axis. Region @ is now
being investigated by the boson spectromster
up to a mass squared value of about 16 GeVz.
Region which extends to a mass-squared
value of about 64 GeV? could be covered later at
Serpukhov in collaboration with Soviet scientists.
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hydrogen target (a new type of helium
cooled target developed in the group of
L. Mazzone is being used and is working
perfectly). The resulting recoil proton in
the forward direction is detected and its
momentum measured by an array of digiti-
zed wide-gap wire chambers and a large
bending magnet. The chambers imme-
diately following the target also detect
the decay products of the boson. The
resolution of the detection system is
+ 10 MeV.

Setting the momentum of the incoming
pion beam effectively enables the detec-

tion system to search a certain mass
range. For example, the experiment is
currently using a pion beam of momentum
9 GeV/c and this can yield any missing
mass in the range 2.4 to 2.9 GeV. As the
experiment proceeds the incoming pion
momentum will be increased as high as
15 GeV/c so as to sweep the missing
mass range up to 4.5 GeV boson mass.
Higher values are not possible at the
CERN proton synchrotron but the experi-
ment may be continued later as a CERN-
Serpukhov collaboration at the 76 GeV
machine in the Soviet Union.



Conferences at CERN

A major conference was held at CERN on
14-17 January. Entitled ‘Topical Con-
ference on Weak Interactions’ it was
attended by 150 scientists from other
Laboratories in addition to CERN scien-
tists. It is hoped to present a report on
the conference in the next issue.

Just prior to the weak interaction con-
ference on 13-14 January, a ‘Neutrino
Meeting’ was held bringing together physi-
cists involved in neutrino experiments,

‘ INJECTION

‘ TRANSITION

R.F.
PERTURBATION

FAST EJECTION
(2 bunches)

TARGET 1
TARGET 8

including over 40 physicists from outside
CERN. Recent results from research at
accelerators and on cosmic and solar
neutrinos were discussed and the future
plans of several Laboratories were de-
scribed. Three topics from the meeting
(the coming into operation of a 7 foot
bubbile chamber at Brookhaven and the
plans of Serpukhov and Batavia) are
covered on pages 12-14. A description of
the large hydrogen chamber at Argonne,
which will be used for neutrino experi-
ments, will appear in the next issue.

Watching the proton beam, from injection
through to targetting at high energy, with
an ‘ionization beam scanner’ (IBS) in the
CERN synchrotron. The scanner is
believed to be the first working device

to view the size and position of a proton
beam in a strong focusing machine.
(Similar devices, using different operating
principles, have already operated on the
Zero Gradient 'Synchrotron at Argonne
where the spatial resolution requirements
are less stringent.)

The beam is scanned every 5 ms (there
is a 5 ms interval between each trace
recorded on the oscilloscope) and the
limits of the scan correspond to the sides
of the vacuum chamber (beginning on
the left at the outside wall of the chamber
scanning about 15 cm across the
chamber to the inside wall).

Notice the effects on the beam of the
various machine operations indicated.

The position of the hump indicates
where the beam is travelling in lhe
vacuum chamber, its area corresponds
to the beam intensity, and its width to
the width of the beam.

The jonization beam scanner operates
by taking a signal from the electrons
liberated when the proton beam jonizes
the residual gas in the vacuum chamber.
The number of electrons produced in this
way is proportional to the intensity of
the proton beam passing through the
scanner and, of course, the position
where the electrons are produced is the
position at which the proton beam passes.

Using electric and magnetic fields
these electrons are brought to a
collector where they give a signal which
is amplified and passed to recording
devices. The collector is held at earth
potential and the electric field is varied
in such a way that the earth equipotential
(around which the electrons spiral to
reach the collector) moves across the
vacuum chamber. In this way, electrons
produced at different positions across
the vacuum chamber can be picked out
separately (to an accuracy of 1 to 2 mm).

The jonization beam scanner was
developed at CERN particularly by
C.D. Johnson and L. Thorndahl.




The nerve centre of the proton synchrotron
is the Main Control Room (MCR) situated
on the first floor in the South Experimental
Hall. It is a low, dimly-lit room (so that
oscilloscope traces can be easily ob-
served) in which the atmosphere is often
tense (especially when there is a machine
breakdown !). Here the operators engage
in a constant battle against beam blow-up,
resonances and other phenomena which
threaten the life of the beam.

The aims are to squeeze as many pro-
tons as possible from the machine and
to make maximum use of them — an
equally difficult task. The skill of the ma-
chine operators in achieving these aims
contributes significantly to the quality of
the experimental results.

What follows is a short guided tour of
the MCR. Some of the control panels are
shown in the photographs; altogether
there are nearly 30 oscilloscopes, 12
closed-circuit television screens, and more
than a thousand pilot lamps. The units
are grouped as follows :

Main desk (photo 4)
Ps : radiation protection. Control of access-
points to the ring. Safety circuits for
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controlling access to secondary and
ejected beam areas.

concentration of essential operation
information. The lower section carries
the means of communication (tele-
phones, intercom, loudspeaker) with
the satellite control centres — linac
control room, magnet power supply
control room, experimenters, etc...

On the left are a group of thirty warn-
ing indicators — hydrogen alarms,
five dials showing the linac beam
intensity at various points. The next
panel shows the number of protons
per pulse, the radial position of the
beam in the vacuum vessel. Below
is a screen which can display one
of many measurements made by the
control computer (IBM 1800).

On the next panel there are monitors
of the magnet cycle, three dials show-
ing any fluctuation in the mains
supply, and a general programming
keyboard to control the sequence of
operation according to the way in
which the protons are to be used.
The next panel records on tape the
linac intensity, the number of protons

Control

accelerated per pulse and the mains
voltage measured at various points.

T: display on a screen of machine data
collected by the computer (these
data are also printed out by the
teletype below).

Linac, Injection, Magnet Settings (photo 1)

A : linac control — the panel in the
corner presents information from beam
observation stations and has an oscil-
loscope permanently displaying radial
and vertical positions of the beam.

B : injection control — magnet correction
and lens adjustment for injection, and
measurements provided by beam cur-
rent transformers. On the right, an
oscilloscope shows a longitudinal
cross-section of the proton bunches.

C : programming and measurement of the
currents in the PS magnets ; dipoles,
quadrupoles, sextupoles, correcting
coils, etc...).

Safety, Beam Measurement (photo 2)

P2 : safety system for the access doors to
the ring and emergency beam-off
devices (small synoptic diagram).

D : measurements on accelerated beam -
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observation stations, mean radiai
position, timing related to the r.f.
frequency.

Ejection (photo 3)

H:

control and measurement of ejection
(magnet supplies, timing, etc...). The
position of the ejected beam can be
observed on the screen in the third
panel from the left.

Beam Losses, Beam Transport (photo 5)

J:

K:

system for detecting beam losses in
the ring.
ejected beam controls with facilities

for closed circuit TV observation of
the beam position on scintillation
screens at various points along the
beam-lines.

other ejected beam monitors ; meas-
urement of ejection efficiency. On the
right are radiation level indicators for
the East Hall.

Miscellaneous Equipment (photo 6)

S:

general operation monitors (above the
telephone). At the top is a display of
the number of protons accelerated
per pulse.

QE:
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conirols for the full-aperture kicker.
signal from the beam scanner (IBS).
system for obtaining digital data
(SEN). Some fifty parameters or their
average over a certain number of
cycles can be printed out.

Internal Targets ; Beam Utilization
(photo 7)

F:

monitoring beam utilization on internal
targets (positioning of targets for each
cycle, measurement of position, con-
trol of beam spill).

central programming system for all
uses of the beam — targets, ejection,
etc...

Hidden Panels

P1 : transistorized logic circuits for the PS

Q:

and ejection safety systems.

systems under development for
measuring the beam intensity and for
feeding this data to the IBM 1800.
controls for fast kicker 97.

timing system. Distribution of pulses
related to the main magnetic field and
the rotation speed in the main magnet
power supply. Timing measurements.
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Around the Laboratories

Brookhaven
7 foot model

The first operation of a hydrogen bubble
chamber in a neutrino beam will take
place soon at the Brookhaven Alternating
Gradient Synchrotron. The bubble cham-
ber is known as the 7 foot model and
despite its imposing size earns the modest
title of ‘model’ because it was initially
intended to test various features of a
proposed 14 foot chamber.

As far back at 1964, large volume hydro-
gen chambers were designed at Brook-
haven but no funds were made available
for construction of anything on the scale
of the large European bubble chamber
being built for CERN (see CERN COURIER
vol. 7, page 143). It was decided in 1966
to start the 7 foot chamber for research
and development testing of new concepts
involved in the new generation of cham-
bers such as the use of wide angle
fish-eye window optics, superconducting
magnets and plastic components in
expansion systems. It was later decided,
since finance for a larger chamber had
still not appeared over the horizon, to
use the model in a neutrino experiment
while at the same time continuing the
technical research.

A cross-section of the model can be
seen in the figure the scale being set by
the 7 foot (213.5 cm) internal diameter of
the chamber vessel. The design has much
in common with that of the large European
chamber. The vesse! has a total volume
of 9400 litres and is constructed of stain-
less steel. The inner surface is covered
with ‘Scotchlite’ retro-directive coating.
Three camera ports are located on top of
the chamber, each camera looking through
three spherical windows which serve to
contain the liquid hydrogen, to provide
thermal radiation shielding and to seal the
vacuum tank. The light sources to illumi-
nate the bubbles are located close to the
lenses so that the Scotchlite efficiently
returns light to the cameras and the
bubbles appear as dark spots on a bright
background (bright-field illumination).

The expansion system is located at the
bottom of the chamber and involves several
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novel ideas such as the use of a glass-
fibre reinforced plastic for the 42 inch
(107 cm) diameter expansion piston. The
piston moves about 10 cm in 25 ms to
give a 1% expansion. It is driven by a
fast response hydraulic unit which will
allow multiple pulsing during a single
accelerator pulse (see CERN COURIER
vol. 8, page 312). For the neutrino experi-
ment, the full beam intensity will be used
to produce each burst of neutrinos to the
chamber and multiple pulsing will there-
fore not be used.

A cross-section drawing of the 7 foot hydrogen
bubble chamber. Note that the superconducting
magnet coils are not sketched in on this drawing.
They sit in the helium dewar above and below
the position of the beam windows. The common
vacuum tank for the chamber and the helium
dewar is 8.2 m in diameter and 5.5 m high,
serving also as a protective enclosure

in case of component failure.

Aerial photograph, taken in November 1968, of the
equipment being installed for the neutrino
experiment at the Brookhaven AGS using the 7
foot hydrogen bubble chamber. The small map
indicates :

Superconducting magnet

A vital feature of the new chambers is
the use of superconducting magnets to
produce the magnetic fields. In the model
a composite superconductor is used, with
six niobium-titanium filaments embedded
in a ribbon of high conductivity copper,
to give a field of 30 kG at the centre of
the chamber. The r#bbon is 5 cm wide and
2 mm thick and will carry a current of
6000 A. There is no iron yoke, which has
given greater flexibility in the design and
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1. Direction of protons in the accelerator

2. Direction of the fast ejected proton beam

3. Concrete shielding house for magnetic finger
focusing device and target

4. Power supply houses

5. Large gantry crane used for installing shielding

6. 72 000 ton iron shielding 38 m long

7. Large hydrogen and deuterium dewars

8. Hydraulic power supply trailer for chamber
expansion system

9. Building for helium equipment needed for
superconducting magnet

10. Vacuum pump trailers

11. Control trailer

12. Building housing 7 foot bubble chamber.

(Photos Brookhaven)
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has reduced the cost. Liquid helium from
a 240 W helium refrigerator-liquifier will
maintain the superconductor at a tempera-
ture of about 4.8° K. Further parameters
of the coils are as follows :

Number of double pancakes

in two coil halves 16
Total number of layers 32
Number of turns per layer 45
Ampere turns 8.64 x 10°
Maximum central field 30 kG
Maximum field at coil 40 kG

Distance between top and botiom

half 34 cm
Coil inside diameter 244 cm
Coil outside diameter 280 cm
Total length of conductor 12.2 km
Total weight of coils 14 515 kg

The coils were powered to 3500 A in
May 1968 and following this first test
several changes have been incorporated
to ensure that full power can now be
achieved.

The layout of the neutrino beam-line
the bubble chamber and associated equip-
ment is shown in the photograph. Cool-
down of the chamber is scheduled to start
this month (January) followed by operation
of the magnet as soon as tracks have
been photographed.

The neutrino experiment will use deute-
rium in the bubble chamber. It is intended
to take one million pictures and about
2000 events are anticipated with the
present AGS intensity of 2 x 10'? protons
per pulse and an improved three element
magnetic ‘finger’ focusing device which
will aim the neutrino parent particles at
the chamber. It is hoped to take several
hundred thousand pictures prior to a five

month shutdown of the AGS which is
scheduled to start in June.

In addition to their primary purpose
of contributing important new information
to the understanding of the weak interac-
tion (see CERN COURIER vol. 6, page 211)
these pictures will be of interest to the
bubble chamber specialist since they will
reveal what accuracy in the measurement
of track positions can be achieved when
photographing through long distances of
liquid hydrogen. With the advent of higher
energy machines measurement accuracy
becomes still more important and the
results from Brookhaven are therefore
awaited with considerable interest.

Batavia
Neutrino plans

Plans for neutrino experiments at the
National Accelerator Laboratory with the
USA 200 GeV accelerator took shape at
the 1968 Aspen Summer Study on the
experimental programme for the new ma-
chine. The general consensus was that
a neutrino programme should be based on
a hydrogen bubble chamber of about
100 m® volume. Toward this goal, in May
1968, the National Accelerator Laboratory
and Brookhaven National Laboratory had
agreed to collaborate in the construction
of a 25 foot hydrogen bubble chamber.
BNL will be responsible for the detailed
design and construction of the chamber
while the parameters which affect its
research capabilities are to be agreed
upon by both laboratories. The site plan,
the design, construction and assembly of
beams, buildings and on-site utilities
necessary for operation of the chamber,
will be the responsibility of NAL.

By the end of 1969 it is intended to
produce a conceptual design of the bubble
chamber (but not detailed design draw-
ings). The present thinking' envisages a
chamber of 105000 litres volume, 72 000
litres being seen by three cameras. Six
cameras in all would be installed and
two groups of three could for example be
operated separately, one group for neutrino
pictures and the other group for charged
particle pictures if the chamber were
operated in a double pulsed mode. A
superconducting magnet would produce
a field of 40 kG in the useful volume.

Money for the conceptual design of
the chamber is presently being requested.
If funds for construction are obtained in
July 1970, detailed design could start with
a view to completing construction by the
end of 1973. By that time it is expected
that the accelerator will reach its full
design intensity of 5 X 10" protons
per pulse. A tentative cost estimate for
the chamber is § 17 M, including § 4 M
for deuterium to fill the chamber.

Design concepts of the NAL neutrino
beam facility are being studied ; it is not
intended to freeze the design for the
neutrino beam-line itself until September
1970. The beam-line as conceived at
present is 2'/2 km long, including focusing
elements for the neutrino parents (x and
K mesons) and a shield of 600 m of earth
to filter the neutrinos. Such a long shield
will cause a considerable drop in the
intensity of the neutrino beam below about
4 GeV neutrino energy, but using earth
may save several million dollars compared
with a shorter (denser) iron shield.

The various elements of the neutrino
facility are being designed with hailf an
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eye to economical adjustment for opera-
tion with a 400-500 GeV beam later.

Physics experiments will begin at NAL
in July 1972 when a 200 GeV proton beam
will be available in the first experimental
area. Soon after, neutrino physics could
begin in the neutrino area with counter —
spark chamber experiments, before the
25 foot hydrogen chamber comes into
operation at the end of 1973.

Late news : President Johnson’s budget
for the fiscal year beginning 1 July 1969
includes a sum of § 102 Million for the
National Accelerator Laboratory the
full amount requested for the construction
of the 200 GeV machine in the coming year.

Serpukhov
Neutrino plans

A series of neutrino experiments are also
being prepared for the highest energy
accelerator currently in operation — the
76 GeV proton synchrotron at Serpukhov,
USSR. Both a large spark chamber array
and a heavy liquid bubble chamber are
planned.

A gallery 360 m long and 24 m wide is
being constructed between the huge ex-
perimental hall which spans the machine
and the position where two bubble cham-
bers will sit, a hydrogen chamber ‘Mira-
belle’ being constructed in France and a
heavy liquid chamber ‘SKAT’ being con-
structed in the Soviet Union. For the
neutrino experiments the gallery will ac-
commodate the ejected proton beam,
target, focusing horn, decay length for
the neutrino parents and 50 m of iron
shielding as the neutrino filter. A spark
chamber array will preceed the heavy

liquid bubble chamber which will be
located 200 m from the target.

It is intended to use SKAT filled with
freon for the neutrino experiments. The
chamber dimensions are 4.5 x 1.5 x 1.1 m®.
It is intended to take a million pictures in
the neutrino run, hoping for neutrino events
at the rate of 6000 per day, with the
intensity of the accelerator at 10'® protons
per pulse.

The experiments will be concerned
particulary with a search for the interme-
diate boson (up to 4 GeV in the SKAT,
6 GeV with the spark chambers), total
cross-section measurements (up to 20 GeV
in SKAT, 50 GeV with the spark chambers)
and elastic cross-section measurements
(up to 10 GeV in SKAT, 20 GeV with the
spark chambers).

Heidelberg
New acceleration
scheme

A new method for accelerating heavy ions
has emerged from work (particularly at
the Max Planck Institute Heidelberg, and
Freiburg University, with valuable contri-
butions from CISE, Karlsruhe and Dubna)
led by G. Hortig. It uses the variation in
the average charge carried by a heavy
ion depending upon the density of the
material it traverses, and involves passing
the heavy ions backwards and forwards
through the same system increasing their
energy at each passage. The cost of such
an accelerator could be comparatively
cheap and it may be capable of acceler-
ating, for example, uranium ions up to 3
GeV. A talk on the new method was given
by Hortig at the 1st National USSR

A simplified representation of the proposed

heavy ion accelerator.

1. is the injection point

2. are the magnetic mirrors which send the ions
repeatedly through the tandem accelerator

3. are the solids which strip the ions to carry
high charge during their acceleration stage in
the tandem (note that the precise position of
the solids would not be as drawn)

4. is the gas at the high voltage terminal which
results in lower charge for the deceleration
stage in the tandem.

Accelerator Conference in Moscow on
8-17 October 1968.

The basic ideas of the proposed ac-
celerator are quite simple and will be
described here but the problems involved
in retaining a focused ion beam while
passing it repeatedly through solid and
gas strippers are by no means simple.
However, this problem has been investi-
gated intensively and it has been found
that effects such as multiple scattering
can be countered by suitable design of
the ion optics. Achromatic lens systems,
involving magnetic mirrors and many
quadrupole focusing doublets, have been
worked out. As explained below, the whole
process is statistical and Monte Carlo
programmes are used to study scattering
and charge exchange.

The principle of operation depends upon
the following phenomenon : As ions pass
through matter they lose and pick up
electrons and it was found by N.O. Lassen
in 1949 that the average charge carried
by a heavy ion depends upon the density
of the matter it traverses. For example,
the average equilibrium charge on a
uranium ion in solids is about twice as
high as it is in gases. (‘Equilibrium’ here
refers to the fact that it takes a certain
thickness of matter to reach a stable
average value - it is not necessary that
these equilibrium values be reached for
the accelerator to operate.) In addition,
the average charge depends upon the ion
velocity and the actual charges carried
are distributed in a very narrow range
around the average value.

These facts can be used to accelerate
heavy ions from one end to the other of
a tandem accelerator using solid and gas
strippers as shown schematically in the
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An artist’s impression of the 68 MeV proton
linear accelerator of the John H. Williams
Laboratory, University of Minnesota. The
accelerator closed down this month after
contributing to nuclear physics research for
fourteen years.

(Photo Minnesota)

diagram. At earth potential the ion beam
passes through a solid and emerges with
a high average charge, q solid, and is
accelerated to the central high negative
voltage terminal, which has a voltage V,
gaining energy eV(_q- solid). The beam
then passes through a gas and the average
charge falls to (g gas). In the second
stage of the tandem it is then decelerated
losing energy eV(-a gas). The total gain in
energy is then
eV(g solid — g gas)

This gain in energy is limited to about
20 MeV and, to reach the energies of
several GeV which are required for
research, the cycle has obviously to be
repeated many times. To construct a series
of tandems in line is not practicable and
therefore two magnetic mirrors, to send
the beam back through the same tandem,
are needed — one on each side as shown
in the diagram.

These magnetic mirrors and the beam
focusing system have to be ‘achromatic’
because they will be dealing with ions
having a charge distribution, and there-
fore energy distribution, around an average
value. They also have to cope with a
range from injection to full energy — they
will be d.c. operated. Just as an achro-
matic optical lens brings to the same
point light which staris from the same
point regardless of its wavelength, so
achromatic magnetic lenses bring to the
same point particles starting from the
same point regardless of their energy.
With achromatic ion optics it will be
possible to retain the ion beam despite
the charge and energy distribution. (A
further focusing effect can be gained in
the charge changing processes.)

The output of the accelerator would be

continuous and operation involves no
pulsed , components. The high volitage
system and all the magnets would be d.c.
operated.

Work on this new idea has so far been
rather scattered and the time is ripe for
it to be concentrated in one place. It is
estimated that about three years further
development, involving an investment of
less than 2 Miilion DM, would be needed
before embarking on construction of an ac-
celerator at a cost of around 20 Million DM.

Minnesota
Close down of PLA

The 68 MeV proton linear accelerator of
the John H. Williams Laboratory at the
University of Minnesota, USA, has been
closed down in January after fourteen
yvears of operation. For many years it was
an almost unique research accelerator
(the only equivalent one being the 50 MeV
PLA at the Rutherford Laboratory — which
is also due to be closed down in six
months time) but this type of machine has
now been superseded by the sector-
focused cyclotron which can do more
efficiently the research for which thelinear
accelerator was designed.

Machine design and performance

Following the successful operation of a 32
MeV proton linear accelerator at Berkeley
in 1948, based on a new design by L.
Alvarez, it seemed possible that much
higher energies could be obtained from
linear machines by using several of the
Alvarez-type accelerator cavities in series.
J.H. Williams at the University of Minne-
sota was then searching for much higher

energies than he could obtain with his 4
MeV Van de Graaff to extend his nuclear
physics research. He gained the support
of the US Atomic Energy Commission and
the State of Minnesota for the construc-
tion of a proton linear accelerator to reach
an energy of around 60 MeV.

Design work began in July 1949 and
actual construction in 1951. There were
several design features, some of which
are now standard practice on the linear
infjectors of large synchrotrons, which
were confronted for the first time with the
Minnesota machine. One was the choice
of ‘injection’ energy —the energy at which
protons are fed into the first resonant
cavity. Alvarez had used a horizontal Van
de Graaff giving 4 MeV, one reason for
this high injection energy being that the
particles had to pass through thin alumini-
um foils which would cause excessive
scattering of lower energy particles. A
foil covered the aperture in each drift
tube to establish the required focusing
fields along the accelerator.

By the time the Williams design was
taking shape, tungsten grids were pre-
ferred to foils and lower injection energy
was acceptable. (Note that the newer
proton linear accelerators on the synchro-
trons use neither foils nor grids. Their
focusing function has been taken over by
magnetic quadrupole lenses mounted
inside the drift tubes. Quadrupole lenses
were developed in 1952). 500 keV was
chosen as the injection energy being high
enough to avoid trouble with the design
of the drift tubes at the low-energy end of
the machine, and low enough to avoid a
pressurized enclosure for the injector
which had been a servicing problem on
the Alvarez machine.
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Design of the 6 GeV Bevatron was under
way at the same time and Williams settled
for the 10 MeV Bevatron injector energy
as the first stage of the Minnesota ma-
chine. (The Bevatron injection energy has
since been raised to 20 MeV.) A joint
design resulted and components were
manufactured in duplicate for both ma-
chines. (The same drifi-tube design was
later adopted for the first stage of the
CERN PS injector and at Rutherford. A
more recent, human link with CERN was
when R.P. Featherstone, who led machine
operation at Minnesota, worked at the PS
a year ago. He is now at Batavia.)

The cavity in the Alvarez machine was
12 m long and two' more of them were
obtained from the same manufacturer to
act as stage two and three of the Minne-
sota machine. Thus the linear accelerator
was a three cavity device with energies
of 10 MeV, 40 MeV and 68 MeV at the end
of successive stages.

The three cavity design required perfect
synchronization between the accelerating
fields in the separate cavities. It was
decided to drive each one from a power
amplifier and in turn to drive the three
power amplifiers from a common source.
Selection of the amplifier valves was very
difficult at that time — the Alvarez ma-
chine had a high failure rate with
100 valves and the idea of multiplying this
to perhaps 250 was not a happy one. The
specification was peak output power 4 MW
at 20255 MHz with a pulse length of
300 pus and a repetition rate of 60 Hz.
Collins Radio Corporation proposed a sys-
tem based on their experience with 50
kW ‘resnatrons’ used for jamming radar
during the war. After many modifications
these proved very successful and one
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resnatron operated at about 600 kW for
over 12000 hours.

Proton beams were accelerated for the
first time to 10 MeV in 1954 and to 40
and 68 MeV in 1955. Research using the
machine began as soon as 10 MeV beams
were available. Since then the accelerator
has operated on a 160 hour schedule and
in recent years the percentage of sched-
uled hours lost due to breakdown has
been about 12%. Most of the experimental
work has been carried out at 40 MeV
with smaller amounts at 68 and 10 MeV.

It was not possible to make major im-
provements (such as replacing the grids
by quadrupoles to greatly increase the
intensity of the accelerated beam — as
was done in the first cavity of the CERN
injector) but a variety of smaller improve-
ments were carried out. The most interest-
ing was the addition of a polarized proton
source in 1960 ; an improved version came
into service in 1966 delivering about 107
protons/s at 40 MeV with 55% polarization.

Research programme

The major research achievements were
the series of precision proton-proton scat-
tering experiments from 10 to 68 MeV led
by L.H. Johnston; the extensive elastic
scattering cross-section and polarization
studies principally by J.H. Williams, N.M.
Hintz, R.M. Eisberg, G.W. Greenlees ; and
the inelastic scattering and one- and two-
particie transfer work led by N.M. Hintz.

Shortly after a 10 MeV beam was
obtained, Williams and his students began
a programme of elastic proton-nucleus
scattering using a multi-plate camera
originally built at Los Alamos by Williams
and others. This led to extensive research

Construction work on the 800 MeV proton linear
accelerator is in full swing at the Los Alamos
Laboratory. In the photograph, the Injector and
201.25 MHz Sector Building is taking shape. The
850 m long accelerator will point towards the
Sangre de Cristo mountain range in the
background.

(Photo Los Alamos)

on the optical model which continued to
the last days of the machine.

Williams recognized in the mid 40’s
that nucleons in the energy range up to
68 MeV had a de Brogtlie wavelength such
that elastic scattering angular distributions
would be very sensitive to nuclear size
and shape. The first major survey work
on elastic scattering at 9.8 MeV was by
Hintz. Its analysis py A.E. Glassgold and
others showed clearly, for the first time,
that elastic scattering data of moderate
precision could not determine the radius
and depth of the optical potential sepa-
rately, but only fixed some product such
as VR". Later, more accurate studies (one
of the early surveys of elastic scattering
on separated isotopic targets) and polari-
zation studies, followed by an extensive
series of scattering experiments and by
the reformulated optical model analysis,
established the Williams Laboratory as a
major contributor to the study of nuclear
matter and potential distributions.

Many of the most accurate elastic scat-
tering and polarization studies yet done in
the 10 - 40 MeV range have been com-
pleted in the last two years and are in
press or are being analyzed. A major
conclusion of the reformulated optical
model is that the elastic and polarization
data determine only the r.m.s. radius of
the nuclear matter distribution, and not
V, R and a (diffuseness), separately. The
work shows unambiguous evidence for a
neutron skin on the nucleon surface of
approximately 0.7 f for heavy nuclei.

Also during the first years of machine
operation, Johnston began a programme of
precision p-p scattering measurements at
10, 40 and 68 MeV and at various energies
in between. The objective was to obtain
p-p data of an accuracy previously only
attained at much lower Van de Graaff
energies (approximately * 1% absolute)
and far better than that usual for energies
above 100 MeV (approximately 10 %o). The
work of Johnston and his collaborators
remains the definitive work in this energy
range and is included in every major new
analysis of the nucleon-nucleon data.

The nuclear reaction and nuclear spec-
troscopy work of greatest importance
were those on total proton reaction cross-
sections where attenuation techniques
were first developed and from which



evidence emerged for imaginary potential
radii larger than real radii, and those on
inelastic scattering and two-neutron pickup
reactions.

An important new line of work began in
1962 on (p, t) reactions. This was the
first systematic work relating two-neutron
pickup amplitudes to nuclear structure and
illustrating the power of the reaction to
determine two-neutron correlations (or
configuration mixing) in nuclear wave
functions.

J.H. Williams died in 1966 after more
than thirty years of teaching and research
at the University. He had been a source
of inspiration throughout the construction
of the machine and the development of the
research programme. The Laboratory was
renamed after him — the John H. Williams
Laboratory of Nuclear Physics. Perhaps
one of the finest tributes to the machine
that he built and the nature of the Labo-
ratory that grew around it, is to note that
29 research students gained their Ph.Ds
on the basis of work performed on the
accelerator in the years 1954 to 1968.

Los Alamos
LAMPF construction

With the release by the Bureau of the
Budget, last October, of $26 Million for
construction, the LAMPF project (Los
Alamos Meson Physics Facility) has moved
into top gear. (For detail of the design
of the 800 MeV proton linear accelerator
see CERN COURIER vol. 8, page 132)
$33 Miltion has been released so far which
is more than half the cost estimate
prepared in 1964 ($55 Miltion). Despite the
many novel features of the project this
cost estimate is still valid and the con-
struction team still hold to the completion
date of mid-1972.

The Equipment Test Laboratory has
been completed, the building for the 750
keV injector is well under way and con-
tracts for a Laboratory and Office building
and for the 850 m long beam channel
have been placed.

Construction of the waveguide section
of the accelerator (using the new concept
of side-coupled cavities) has started with
the award of the contract for the copper
forgings of the first fifth of the section.

4™ International
Exhibition
of
Industrial
Electronics

Basel
4-8 March 1969

440 exhibitors showing
Industrial Electronics of
700 manufacturers from
17 countries

Display of production-line
manufacture of electronic
components

Opening hours 9 a.m.—6 p.m.

Information and catalogues:
Secretary INEL

CH-4000 Basel/Switzerland
Telephone 061.323850
Telex 62685 fairs ch
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What’s new
1n the

new OIDAC
generation
of multichannel
analyzers?

Here i1s the

100

C44 pulse

amplitude
coding unit

Z

® 8000-channel resolution

® Differential linearity : 0.75%
® Integral linearity : 0.075%

® Pulse rise time : 0.2 to 8 usec

® Coupling : AC or DC

INTERTECHNIQUE

DEPT Nr.B16 - 78 - PLAISIR - FRANCE
Tel. 951-01-20 Telex INTERTEC 25942 F

Distributors throughout the world and subsidiaries in:

GERMANY UNITED KINGDOM
Deutsche Intertechnique GmbH Intertechnique Ltd.
Postfach 315 5, Victoria Road

D 65 MAINZ PORTSLADE, Sussex
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Here are 2 more

180/181P1

good reasons for

buying your next
high frequency
scope from
Hewlett-Packard

4-channel capability

With the 1804A plug-in you may com-
pare up to four signals simultaneously
Trigger each channel independently, or
<. trigger all from any one. Each channel
. features dc to 50 MHz bandwidth,
20 mV/div sensitivity, 7ns rise time.
Price $975.*

- Differential/DC Offset Amplifier

The 1803A plug-in generates a very
stable, precise dc voltage (four-digit reso-
lution) for comparison with the input
signal. The dc offset feature permits you
to display any part of an expanded input
signal thus allowing an extremely accu-
rate measurement. Interlock controls
prevent unwanted offset changes as sen-
sitivity is changed.
As adifferential amplifier,your unwanted
common-mode signal may be reduced
by a factor of 20,000 to 1, leaving a clear
presentation of the differential signal...
Common-mode signals up to 10 V may
be applied on the most sensitive deflec-
tion range (.001V/div). Price $950.*

Other plug-ins now available: 1801A Dual-Channel Amplifier $ 650,1820A Time
Base $475,* 1821A Time Base and Delay Generator$800*... and there are still
more to come. This plug-in versatility is only one feature of the 50 MHz scopes
from HP. The 180A and 181A both have 8 x10 cm screens with parallax-free
internal graticule. They are lightweight, compact, and quiet. The 181A offers
variable persistence and display storage. Contact your HP sales office for more
information.

* Fob factory

European headquarters: 28 sales and H =

Hewl%tt—Packarccli S.A. service offices HE WLETT bp H PACKARD
Rue du Bois-du-Lan 7 throughout Europe

1217 Meyrin-Geneva

Tel. (022) 4154 00



for each

scaling problem...
...a specific solution

300 SYSTEM

A general purpose modular set of scalers
for nuclear and particle physics containing
a wide range of scalers with and without
visual display ~ 50 — 100 MHz

Al E.C.L. and T.T.L. integrated circuits

SPADAC SYSTEM

A data acquisition system for spark chamber
and hodoscope experiments and for exper-
iments which demand large quantities of
data. All binary counting for efficient real
time computer work. Built-in event rejection
criteria and automatic computer controlled
testing. All T.T.L. integrated circuits.

for all systems...

_|S|EIN

ELECTRONIQUE

... offers an extensive choice of recording,
storage and data transfer equipment.

Representatives throughout Europe
and The United States

31 Av. Ernest-Pictet
1211 GENEVA 13 /Switzerland
Tel. (022) 442940



Weve done
some deep
thinking on
detectors

— 25 mm deep, in fact. We call it the Transverse Field Silicon Detector. It sweeps out in 16nS with
700 volts bias. It has a sub-micron window and is available with areas up to 200 mm?. It gives
resolutions to 5 Kev FWHM for 970 Kev electrons. It can stop 80 Mev protons. 200 Mev alphas or
10 Mev electrons. The Transverse Field Silicon Detector is in regular production at Simtec Ltd
Write or call for a demonstration and buy yourself some deep satisfaction.

[ ]
a SI mtec Itd [ ] 3400 Metropolitan Blvd. East, Montreal 38. Canada

Telephone (505) 728-4527

High Energy and Nuclear Equipment S.A., 2, chemin de Tavernay, Grand-Saconnex,
1218 Geneva, Switzerland - Tel. (022) 3417 07/5
& Castellana Hilton, Madrid - Tel. 257.22.00




V! check these

latest innovations
from LIRS

Staying\abreast of latest technological developments is no easy
task. Particularly in a frontier-probing discipline like nuclear re-
search. Here, instrumentation developers, like the researchers
they serve, are constantly probing the threshold of the state of the
art. And new instrument breakthroughs come rapidly. 7 If you have §
not heard about these latest instrument innovations from LRS, take
just a moment to update your thinking. If you are interested in
detailed technical information, simply check the appropriate boxes . . .
clip page to your card or letterhead . . . and mail back to LRS today.

the newest of the new:
n : :‘:ﬁ ,,,,,, - f’b@_ 0 _ﬁ& =

i
Model 143B . Model 225- 1 Model 1245
GATED DIGITIZER - 8-CHANNEL GATED PULSE STRETCHER
Generates pulse train of 2FOLD FAN-IN | Provides fast efficient pulse
length proportional to Linearly mixes two input - stretching for adapting nano-
amplitude or area of na- signals at rates to 200 second puises for use with

& nosecond input pulse. MHz at each of 8 inputs. MCA. Built-in linear gate. Out-
wmve't Compatible with. all scal- No duty cycle limitations, put proportional to area of in-
& ers. Outputs are direct | put.

coupled current sources
providing a gain of 1.0 .
over dynamic range.
Inputs: Two per channel, | %
direct coupled. Linear
Range: +100 mV to --1.5
volts. Outputs: One per
channel; 1.0 ns rise and
fall time. Gain: Input to
output, 1.0 into 50€.

ssaimes!  Input Full Scale: —1 volt
(Peak Mode); —7.5 voit-
nangseconds or equivaient
% puise area (Area Mode).
Linear Gate: Normally off;
3 ps opening and closing
times. Clock: Crystal con-
e trolled. Dutputs: Fast logic
b outputs: —750 mV; slow
- logic output: +4 volts in-
to 504,

Input Full Scale: —500 mV for
5 ns or equivalent. Linear Gate:
Nermally closed, —600 mV
opens. Full Scale Output: 410
volts into high impedance; +5
volts into 50Q. Output Charac-
teristics: Risetime 100 ns; fall
times, switch selected, time
constants 1 and 3 us. Nonline-
arity: <1% integral.

Ll O]

Model 170
6-CHANNEL GATED LATCH

Six independent latch circuits
store slow logic voltage level in-
dicating coincidence events be-
tween channel input and com-
men pate input. Separate fast
logic outputs permit additional
immediate use of coincidence in-

- formation in logic system.

Inputs: 6 plus common gate; 2
paratieled BNC connectors permit
reuse of gate signal. Buffer Reg-
ister Outputs: O and +4 volts;
duration same as readout strobe;
via rear connector. Fast Logic Out-
puts: One per channel; —16 mA

;- during output; duration internally
- adjustable from 10-1000 ns.

] Model 224 — 100-CHANNEL FAN-OUT

Rack-mounting, line-powered fan-out delivers one hundred simultaneous fast logic pulses

into separate 50 loads. Output duration slaved to input duration or variable, 500 ns to
5 us. Excellent system blanking puise generator.

Model 208

MULTI-MODE TIME-TO-
HEIGHT CONVERTER
Measures. time intervals from
50 ns to 50 s (50 ms optional).
The THREE operating modes of-
fer long-term data storage (Ana-
log Storage Mode), sequential
time measurements (Multiple
Stop Mode), and a prompt read-
out {Normal Mode).

Inputs: Start, Stop, Inhibit, Output
Command; all DC coupled. Time
Ranges: 10, 50 ns to 50 us.. Out-
puts: + 10 volts for analyzers,
= 1 volt into 50 for ADC’s; sep-
arate duration and deadtime con-
trols. Control Outputs: Complemen-
tary, 0 and +4 volts, for routing
signals or tape control,

LRS

Model 520
DUAL 100 MHz
SYSTEM SCALER

Designed for system applica-
tions, this compact AEC module
uses centralized nixie display to
reduce system size and cost.
Counting in binary, with octal
readout (decimal too, if desired),
Model 520 is directly compatible
with magnetic tape units and on-
line computers.

Input: Built in discriminatars;
threshold variable from —.250 to
2.5 volts; 500 impedance. Fast In-
hibit: 3 ns opening and closing
time. Double Pulse Resolution: 10
ns. Capacity: 24 bits (1.7 x 107 in
decimat). Controls: Inhibit/enable,
clear, strobe and threshold.

LeCROY RESEARCH SYSTEMS
C ORPORATI O N
Rte. 303, W. Nyack, N.Y. 10994 .(914) 358-7900

INNOVATORS IN INSTRUMENTATION
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HIDAC
means easy
and reliable
high speed
data
acquisition!

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

The HIDAC system is applicable to spark chambers, hodoscopes,
spectrometers and time-of-flight measurements. The system is kept up
to date with the passage of time by the continual introduction of new
modules to help automate and expand your equipment.

HIDAC now includes the Analogue-to-Digital Converter 954

.

The ADC 954 has been specially
developed for the analysis of
pulse height information as well
as pulse width in time of flight
measurements. By virtue of its
fast input stretcher, it may be
used from the nanosecond range
up to dc levels. Input charge can
be selected in five ranges from
70 to 1400 pC corresponding to
700 mV NIM pulses of 5, 10, 20, 50
and 100 ns. The input stretcher
has a resolution of 5 ps and its
output can be monitored with an
oscilloscope at the slow input.
The slow input accepts pulses
from 400 ns length up to dc le-
vels. All circuitry is dc-coupled
throughout enabling measure-
ments in many other fields to be
also undertaken. Gain is controll-
able over 0 to 1009 and the in-
put impedance is 5 kohms in the
50 mV range and 100 kohms in
the 1 V range. Conversion rate is
100 MHz and conversion gain is
64, 128, 256, 512 or 1024 chan-
nels. The unit is housed in a
double width AEC/NIM module.

The HIDAC Data Acquisition Sys-
tem is designed for collection of
all data in experimental high and
low energy nuclear physics. Ma-
ny special units are available for
particular applications, such as
recording of data from spark
chambers, Hodoscope-arrays,
time-of-flight measurements, pul-
se-height information and count-
ing-rates up to 100 MHz. This
equipment was conceived from
the many special units over the
last few years, together with the
latest requirements for ON-LINE
control. Our programme does not
only consist of a single compo-
nent for the system, but we have
a fully integrated range from
spark chambers to interface of
computers. We do not claim to
have developed this system en-
tirely ourselves, but with the help
of our many customers it there-
fore covers most the require-
ments in the field.

On the left one of the modules
is introduced.

Switzerland: P. O. Box, 4500 Solothurn 2

| ELECTRONICS
4’—_% Tel: (065) 4 88 21, Telex 34228
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“pretty good”
radioactivity monitor is like

a‘*“pretty good’’ parachute.
(It might do the job)

A
aamEn o

1055 TRITON

Compromise sometimes seems inappropriate. So we build
a line of radioactivity monitors as good as we can make
them. They're expensive on a dollar basis. But they're
cheap on an anxiety-minimizing basis. If you carry the
responsibility for radioactivity monitoring, you'll appreciate
the confidence that this equipment engenders.

Our TRITON systems monitor gamma radiation, tritium,
argon-41, carbon-14, chlorine-36, fluorine-18, krypton-85,
radon-222, sulfur-35, xenon-133, and xenon-135. They
feature visual and audible alarms, reliable solid-state cir-
cuitry, high accuracy (5% of full scale), reproducibility of
of *2%, high sensitivity, and portability. The advanced
design of the TRITONS also provides primary gamma com-
pensation and insensitivity to cigarette smoke and airborne
dust through the use of an electrostatic precipitator and an
external submicron filter. Note that a calibrator (with
enough tritium gas for 1000 or more calibrations) and a
remote alarm (with both visua! and audible systems) are
also available.

1055 TRITON for portability — The newest TRITON. A
very light (23 Ibs.) battery-operated monitor whose size
belies its sensitivity (50 uc/M3, full scale). Features re-
chargeable nickel-cadmium batteries. The 1055 can be
operated (and its batteries recharged) on standard line
current. Has recorder output. Note: calibrator is available.

755C TRITON for everyday dependability — Dependable
system. suijtable for rack-mounting which accurately moni-
tors airborne tritium or ambient low-level gamma radiation
or the other beta-emitting isotopes listed above. Excep-

tional stability and sensitivity (100 uc/M?3, full scale) alsc
permit analytical applications. Note: calibrator and remote
alarm are available for the 755C.

955 TRITON for exceptional sensitivity—High-sensitivity
system with a greater sensitivity (10 uc/M3, full scale)
than the 755C. It is particularly suitable for monitoring the
Maximum Permissible Concentration of tritium in air. Also
has high sensitivity as a gamma area monitor (0.05 mr/hr
full scale). Ideal when the monitoring of extremely small
amounts of gaseous radioactive contamination is a neces-
sity. Note: calibrator and remote alarm are available.

Radon Scintillation Counting System—This is a complete
low-level radon system comprising a stable, low-background
counter, a fully-transistorized electronic counting instru-
ment, and a collection and transfer unit. This is a perfect
system for measuring radon in air samples, human respira-
tion, leakage from radium sources, and the effluent gases
from water supplies or mines.

Now for more information — Please complete coupon
below. Or call us at (301) 664-8400. Or write Johnston
Laboratories, Inc., 3617 Woodland Avenue, Baltimore, Md.
21215. Please write Dept. 189R.

Dept. 189R. (Or phone: (301) 664-8400)
Johnston Laboratories, Inc.
3617 Woodiand Avenue, Baltimore, Md. 21215

I am interested in the items checked below.
Please: [J call me [J]visit me [ send more information.

{JTRITON 1055 Monitor ] TRITON Calibrator
[ TRITON 755C Monitor [J TRITON Remote alarm
[JTRITON 955 Monitor {3 Radon counting system

My application is:

Title Department

QOrganization

Address

Zip code

<D

-

Phone

area code number

Johnston Laboratories, Inc.

]
]
]
1
1
1
1
i
]
i
1
1
1
1
]
]
]
: Name
[}
]
]
]
1
]
1
1
1
1
1
1
1
]
]
1
]




ORGANIC SCINTILLATORS

* The most widely used general purpose plastic scintillator (NE102A)
* The fastest plastic scintillators (NE111 and NE104)

* The most transparent plastic scintillator (NE110)

* The widest variety of geometries (sheets up to 3 x 2 metres)

* Liquid Scintillators (all types)

# The large anticoincidence shield
illustrated above is 1.7 metres

diameter, 46 cm long and weighs 500 kg.

Meet your specific requirement from an unrivalled range by contacting

@ NUCLEAR ENTERPRISES LTD.,
% Sighthill, Edinburgh 11. (7el. 031-443 4060 Telex. 72333)

Associate Companies:

Nuclear Enterprises GmbH,  Nuclear Enterprises Inc.,
8 Munchen 80, 935 Terminal Way,
Perfallstr 4, San Carlos, California.
Tel : Munchen 443735. Tel: 415-593 1455

Swiss Agents: HIGH ENERGY AND NUCLEAR EQUIPMENT S.A.
2, CHEMIN DE TAVERNAY GRAND-SACONNEX
1218 GENEVA
Tel. (022) 3417 07 /3417 05.
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from SAG...

DATA ACQUISITION
SYSTEMS FOR HIGH
ENERGY PHYSICS
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1148 DIGITAL SPARK CHAMBER SCALER UNIT

@ Switch select any combinatich of scalers
per unit—2/48, 4/24,6/16, 8/12

e High adjacent pulse resolution with digital
pulse center finder
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1148 AS ACCUMULATION SCALER UNIT

® 48, 24 binary bit, 40 MHz scalers-positive
and negative input

® Fully computer controllable-random access

or sequential readout, individual group start
and stop
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1100/1200/1300 SERIES DATA ACQUISITION,
CONTROL AND READOUT INTERFACE UNITS

@ Digital multiplexing, scanning and output
device interfaces ranging from typewriters
to computers
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SCIENCE ACCESSORIES CORPORATION
65 STATION STREET / SOUTHPORT / CONNECTICUT / 06490 / USA / PHONE 203-255-1526
A SUBSIDIARY OF AMPEREX ELECTRONIC CORPORATION
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The first, effective, economic use of Integrated Cir-
cuits in nuclear instrumentation. We have defined a
family of large-scale instruments which are useful
in many classes of experiments involving time-cor-
related events. Designed to complement NIM mod-
ules, these instruments allow you to extend beyond
what you could do before . . . even with enormous
repetitive arrays of modules. The instruments are
self-contained and characterized by a lower cost
per logic function. The family name?

MACROLOGIC

A new complete line of instruments that will enable
you to plan experiments in ways you couldn’t even

consider before. MACROLOGIC instruments are
complete and self-contained, rack mounting, totally
enclosed and shielded, and made with standard, un-
selected 1C’s. MACROLOGIC accepts and delivers
NIM-standard fast logic signals and is conservatively
rated at 50 MHz. The first instrument of this new
family to be unveiled is the ML168 Matrix Coinci-
dencean 8x16 array of 128 two-fold coincidence
circuits. Next . . . a MACROLOGIC Discriminator
and a MACROLOGIC Memory. For more on
MACROLOGIC write or call: EG&G Inc., 40
Congress Street, Salem, Massachusetts 01970.
Phone: 617-745-3200. TWX: 710-347-6741.

NUCLEAR INSTRUMENTATION DIVISION
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We're raising the ante: Most modules of our splendid new
NANOLOGIC 150, 200 MHz, AEC-compatible Counting System
are now available off the shelf. We can ship from stock dis-
criminators, logic units, amplifiers, linear adders, prescalers,
fan-ins, fan-outs, linear gates, gates with stretcher/hold etc,
etc, etc, etc. Just about any logic function in a NIM package
you care to mention. Call our full house and everybody wins.

Observe, by the way, that NANOLOGIC 150 is a completely
new System — not a repackage to meet TID-20893. A new
System. All new. From the grounds up. All DC-coupled; nor-
mal or complementary outputs; output widths variable over a
1000:1 range. Much higher performance and greater oper-
ating flexibility. Care for a couple of examples?

Model 151, a dual, deadtimeless discriminator. Puise inputs
to better than 200 MHz with 50 mV sensitivity and a variabie
threshold, settable to 1% accuracy. Pulse pair resolution is
better than 5 ns. One can switch-select updating, deadtime-

CHRONETICS

FULL HOUSE

less or deadtime modes. Five DC-coupled outputs per section
(two logic pairs and a scaler out); one logic pair can provide
either the complement or the normal output. Output width
continuously variable 5 ns to 5#s with a 3 ns fixed position.
Doesn’t sound like a repackage, does it? It isn't.

Model 152 is to logic units what the 151 is to discriminators.
MAJORITY, AND, OR, ANTI logic functions; all of them in one
module. Coincidence resolving time better than 2 ns FWHM
at 200 MHz. Any input (4 YES, 1 NO) can be switched in or
out independently. Output width continuously variable over a
full 1000:1 dynamic range and normal and/or complementary
outputs. An overlap output is also provided.

We're not standing pat though. More new 150 modules are on
the way. If you need counting/logic with the highest avail-
able performance, stability and quality call or write for tech-
nical literature or a demonstration.

Looking for a winning hand? Play these.

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



