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Measuring electroweak interference

The delicate interference effects of
weak and electromagnetic interac-
tions provide a vital check on current
gauge theory ideas which unify the
electromagnetic and weak forces.

First results on this interference
measured in electron-positron anni-
hilation were presented at last year's
conference in Bonn (see October
1981 issue, page 350). Since then,
new data have been collected by all
experimental groups working at the
PETRA storage ring at DESY. The
statistics are now much improved,
mainly due to the higher event rates
achieved at PETRA. Much of the im-
provement can be attributed to the
mini-beta focusing system (see
July/August issue, page 237) which
tripled the available luminosity.

New electroweak interference re-
sults have now been published by
the JADE and TASSO groups. In ad-
dition, CELLO and Mark-J presented
preliminary new results at the recent
particle physics meeting of the Ger-
man Physical Society at Karlsruhe.
All these results measure the pro-
duction of lepton pairs in electron-
positron annihilation.

Tiny electroweak interference ef-
fects (about 0.01 per cent) have
been seen in atomic physics experi-
ments and at SLAC in polarized elec-
tron scattering. However according
to the currently accepted gauge the-
ory ideas, the strength of the weak
force increases as the square of the
momentum transferred in the inter-
action. The earlier studies involved
only small momentum transfers.
However in electron-positron annihi-
lation the momentum transferred is
the sum of that of the colliding parti-
cles. At PETRA, this attains a signif-
icant fraction of the predicted mass

The large cylindrical drift chamber being
replaced in the coil of the superconducting
magnet of the CELLO experiment at PETRA
in readiness for the next experimental run.

(Photo DESY)
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The JADE detector at the PETRA ring at
DESY, surmounted with concrete slabs of
muon filter.

(Photo E. & P. Hamburg)
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The experimental groups at the PETRA
electron-positron ring are now homing on
the electroweak asymmetries seen in the
production of lepton pairs. This shows
some of the angular distributions which
have been observed.

of the Z°, the neutral carrier of the
weak interaction.

Although these special asymme-
tries are discernable, total particle
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can be confidently excluded. The re-

sults are giving a preview of the elec-

group particle  collision asymmetry theory tron-positron  annihilation results

pairs energy (per cent) (per from higher energy machines, not

cent) least at PETRA itself, where asym-

metry effects are expected to be 70

CELLO muons 34.2 — (6.4 + 6.4) —-9.1 per cent bigger at higher available

CELLO taus 34.2 —(10.6 + 5.4) —9.2 collision energies.

JADE muons 33.5 —(11.8 + 38 —7.8
Mark-J muons 34 — (8.4 £ 2.9) —9.5
TASSO muons 34.2 —(16.1 £ 3.2) —9.2
TASSO taus 34.2 — (0.4 = 6.6) —9.1
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Progress on r.f. superconducting cavities

For many years research and devel-
opment has been going on which has
aimed to produce superconducting
cavities for use in radiofrequency
(r.f.) accelerating systems. The aims
of this work are rather obvious. First-
ly, superconducting cavities can
have energy losses some hundred
thousand times less than in the con-
ventional copper wall cavities. Se-
condly, superconducting cavities
can allow higher accelerating field
gradients. Compared to convention-
al cavities where the gradient is
usually close to 1 MV per metre,
superconducting cavities can give
over 3 MV per metre in c.w. mode.

These advantages have attrac-
tions in two areas. For electron-posi-
tron storage rings with high energy
consumption, like LEP for CERN, the
only acceptable way to reach the
peak achievable energies seems to
be via a superconductingr.f. system.
Thus it is unlikely that LEP energies
will climb beyond the Phase | level of
50 GeV without the installation of
superconducting cavities. (Because
of the need to compensate for the
high level of synchrotron radiation at
LEP energies, the r.f. losses in the
accelerating cavities become the
major source of energy consumption
rather than the storage ring mag-
" nets.) Alternatively, for an existing
storage ring of fixed size, such as
PETRA at DESY or PEP at Stanford,
the only way to go to higher energies
is to achieve high accelerating gra-
dients in the r.f. cavities which would
again lead to the use of a supercon-
ducting system.

These interests have become
more prominent recently as electron
storage ring energies have increased
and as a result more resources are
being applied to research and devel-
opment programmes. We concen-
trate here on progress related to
storage rings leaving aside the con-
tributions which have come from
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work on linear accelerators and r.f.
separators.

At Cornell, a test superconducting
cavity was installed in the electron
synchrotron as early as the mid
1970s (see June issue 1976, page
219). lt was an eleven cell ‘muffin tin’
structure which gave encouraging
results but was troubled by such
problems as multipacting and sur-
face contamination. With the recent
proposal to build the CESR Il 50 GeV

A single cell superconducting r.f. cavity at
CERN mounted for insertion into its cryostat.
Note the spherical structure (developed at
Wuppertal) which has eliminated
multipactor, and the line of temperature
mapping resistors on the outside (left). This
mapping device has made it possible for
the first time to identify with precision the
local regions where losses occur. Tests
with such single cells have considerably
advanced the understanding of
superconducting r.f. cavity behaviour.

(Photo CERN 3.12.79)
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A ‘geographical’ map of a single cell array
obtained by temperature monitoring. The
‘mountains’ are regions of increased r.f.
losses (two ridges due to electron loading
and an isolated peak at a region with
strongly increased r.f. loss).

storage ring at Cornell, the work has
been taken up again in earnest. The
muffin tin structure is being retained
and a new test in the existing CESR
storage ring is imminent.

Karlsruhe has also had a long tra-
dition in superconducting r.f. and is

preparing a test installation in the

PETRA storage ring at DESY. A cy-
lindrical cell structure is being used in
which field gradients of 2.5 MV/m
have been reliably achieved in bench
tests at 500 MHz. DESY is building
up a group to work on this topic with
a view to higher energies and lower
energy consumption in PETRA oper-
ation. 500 MHz cavities have also
been adopted by the KEK Laboratory
in Japan whose interest is related to
the TRISTAN storage ring. First re-
sults were reported in the January
1981 issue (page 16) and 6.5 MV/m
has recently been achieved in a sin-
gle cell.

In the context of the LEP project,
CERN started a feasibility study in
1979. The work has been carried out
in association with European Univer-
sities — Geneva, Genoa, Paris and
Wuppertal — and in close contact
with DESY and Karlsruhe. The Wup-
pertal experience was particularly
helpful (they have their own super-
conducting linac project in collabora-
tion with Darmstadt). Within CERN,
expertise has been available in work-
shop techniques (thin sheet metal
work, electron beam welding, braz-
ing, surface treatments, electron mi-
croscopy) and in r.f., cryogenic and
vacuum technologies.

Two factors have been particularly
important. Firstly the adoption of the
spherical design has virtually re-
moved the phenomenon of multi-
pacting (an electron resonance phe-
nomenon in cavities, causing losses
and breakdown). Also the spherical
shapes are easy to machine (spin-
ning from sheet niobium) and to sur-
face treat, which would help to keep
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costs reasonably low in subsequent
mass production.

The second factor has been the
use of a temperature mapping device
which can monitor temperatures lo-
cally all over the cavity. This has
made it possible for the first time to
‘see’ (by identifying the position of a
temperature rise) where losses in the
cavity are taking place. These losses
are due to electron emission or are
poorer quality regions of the cavity
giving r.f. losses which can lead to
breakdown.

The problem of electron emission
has been mastered by helium ion
sputtering at low temperature. With
this source of loss removed, the re-
gion of r.f. loss can be localized and
‘dental surgery’ can be used to clean
up the surfaces in the affected re-
gions (removing iron inclusions,
dust, etc.).

Using these techniques, single cell
performance has increased to give a

A four cell structure being prepared for its
cryostat. First performance was encouraging
and further tests to improve voltage
gradient and the Q-factor are scheduled
soon.

(Photo CERN 311.12.80)

voltage gradient of 6.5 MV/m with a
Q factor of 3 x 109 (which corre-
sponds to losses of about 5 W/m at
a gradient of 3 MV/m). A four cell
structure gave 2.8 MV/m and a Q of
1.7 x 10° on its first test. This per-
formance was not pushed further
since attention has been concen-
trated on thorough understanding of
the phenomena occurring in single
cells. However now that this under-
standing seems to be satisfactory,
attention is returning to multicell
cavities.

In addition, the introduction into
the cavity of all the necessary facili-
ties which will be needed for opera-
tion in a storage ring has been pro-
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gressing well. Tuners, higher order
mode couplers, power input coupl-
ers and cryostat designs have been
tried and are ready for application in
an actual cavity.

The next major step is the installa-
tion of a five cell cavity in PETRA at
DESY, probably at the end of this
year. This cavity, 1.5 m long, will be
amongst the biggest ever tested in
an actual storage ring environment.
There is also interest in having a
superconducting r.f. unit installed in
LEP from the early days of operation
so as to prepare the way for the sub-
sequent conversion to reach higher

energies. In general there is much -

greater optimism than there was a
few years ago that the problems of
superconducting r.f. are understood
and are being mastered.

Polarization specialists (left to right), Klaus
Steffen, Jean Buon and Bryan Montague
at the DESY Workshop.

(Photo DESY)

CERN Courier, May 1982

Polarization Workshop

A Workshop on Polarized Electron
Acceleration and Storage (PEAS)
was held at DESY from 22—27
March, one of a series sponsored by
the International Committee for Sym-
posia on High Energy Spin Physics of
which the Chairman and moving
spirit is Alan Krisch from Michigan.
Topics were concentrated around
polarized electron and positron
beams in electron-positron and elec-
tron-proton storage rings. This was
very appropriate since DESY, the
host Laboratory, has both recent
success with polarized beams in
PETRA and has the HERA electron-
proton project under active study.
Some 45 participants representing
about twenty institutes took part,
about one-third of them coming from
the USA, Canada, Japan and the
USSR. Nearly thirty papers were pre-
sented, about half of them in plenary
sessions, indicating the high level of
interest and activity in the field.
After the traditional introductions
and welcome by V. Soergel, Director
of DESY, and Gus Voss, Chairman
of the Organizing Committee, the
Workshop took off with a lively re-
view of physics with polarized elec-
tron and positron beams by Richard
Taylor of SLAC. Describing his reac-
tion to giving this talk as ‘rather like
an atheist being asked to say grace
at dinner’, he nevertheless showed
that interesting results had been ob-
tained in the past with polarized

beams and would no doubt continue
to be obtained in the future.

The main subjects were divided
into four groups, each under the
guidance of a convener. Polarization
measurements and results, depolar-
izers and other related topics were
taken care of by Roy Schwitters (Har-
vard), beam-Beam depolarization by
Ernest Courant (Brookhaven), single-
beam depolarization, resonances
and correction procedures by Jean
Buon (Orsay) and spin manipulation
with rotators and ‘Siberian Snakes’
by Klaus Steffen (DESY). Each con-
vener gave an introductory review of
his field in plenary sessions on the
first day, in order to provide starting
points for the subsequent working
group activities.

In view of the number of papers
and discussions, parallel sessions
were inevitable, much to the regret
of many participants. Although a val-
iant effort was made by the conven-
ers to minimize the overlap of pre-
sentations and discussions, it was
not possible to follow all topics in
detail. A brief review of progress and
plans was therefore given by each
convener every morning. The last
day opened with detailed summaries
by the conveners of the results of
their working groups followed by a
panel discussion of these results in
the closing session.

A primary concern of the Schwit-
ters working group was the prob'em
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of measuring the polarization of
stored electron and positron beams
athigh energy. The argon laser polar-
imeter has proved successful at
SPEAR and PETRA and it was con-
forting to see it confirmed as emi-
nently suitable for the higher energy
ranges of LEP and HERA. With
a standard 80 W (peak) cavity-
dumped laser the polarization in LEP

could be measured to 1 per centin a,

minute or less. For HERA with 210
bunches the laser would run contin-
‘uously at 5 W. Bremsstrahlung and
synchrotron radiation background
should present no problem because
of the high energy of the Compton
back-scattered photons. For this
study Roy Schwitters nominated M.
Preger (Frascati) ‘Hero of the Work-
shop’ for staying up until four in the
morning working out Compton
cross-sections with a pocket calcu-
lator! Alternative polarimeters were
considered but, at least up to LEP
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energies, the Compton scattering
method is preferred.

With all the problems of obtaining
polarized beams it may seem strange
that depolarizers could be of interest.
However, as Ju. Shatunov (Novosi-
birsk) reminded, the controlled use
of an artificially-induced spin reson-
ance has provided high-precision
measurements of several particle
masses in VEPP-2M. They plan to
measure the gyromagnetic anomaly
(g-2) of the electron and the positron
to about 10® in VEPP-4 by this
means.

What is fascinating for high energy
rings is the possibility of adiabatic
spin reversal of one of the beams
(electrons or positrons) by means of
a pulsed depolarizer-like device. The
principle has been demonstrated ex-
perimentally in VEPP-2M and first
estimates indicate that it might be
feasible in LEP. Electroweak theory
predicts suppression of weak inter-

Participants at the recent Polarization
Workshop held at DESY.

g A

actions with fully polarized electron-
positron beams in the normal (zero-
helicity) state; spin reversal of one
species should double the weak in-
teraction cross-section. Much more
study will, however, be necessary to
establish the feasibility of this con-
trolled spin-flipping technique.

Polarized protons in HERA seem
feasible but need further physics jus-
tification. New ideas are required to
make internal polarimeters for pro-
tons, since the Compton cross-sec-
tions are around a million times
smaller than for electrons. Alterna-
tive polarization methods for elec-
trons were also discussed.

The depolarization of colliding el-
ectron-positron beams by the strong
and non-linear forces of the beam-
beam interaction has been a subject
of much concern since the early ex-
periments on SPEAR. It was there-
fore encouraging for Courant’s
working group that a few weeks pre-
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viously PETRA had sustained polar-
ized beams around the 80 per cent
level with no loss of polarization in
collision and with a respectable lumi-
nosity of 3 x 10%° per cm?2 per s.

Animportant feature of the PETRA
experience is that polarization can be
maintained with colliding beams up
to levels of current where the beam
begins to blow up vertically, after
which depolarization sets in progres-
sively with increasing beam current
and beam size. This demonstrates
experimentally the correlation be-
tween spin and orbit behaviour pre-
dicted theoretically by A. Kondraten-
ko (Novosibirsk).

It appears likely that some of this
depolarizing effect is due to the pure-
ly linear part of the interaction caus-
ing a “spin mismatch’, and that some
degree of correction might be feasi-
ble. There was considerable discus-
sion around the possibility of apply-
ing ‘spin transparency’ conditions,
proposed by K. Steffen, to the inter-
action point in order to reduce the
linear effect. Non-linear resonances
were discussed and although there is
little new to report, a better under-
standing of the theoretical work from
Novosibirsk was obtained.

The Buon working group ad-
dressed a number of problems con-
nected with ring imperfections and
intrinsic properties of storage rings.
Most of the depolarizing effects are
related to a quantity introduced by
the Novosibirsk group which has
been the subject of much debate. In
recent times it has been called the
‘spin chromaticity’ or the ‘spin dis-
persion’ which do not adequately
describe its nature. The Workshop
provided the occasion for clarifying
definitions and Kondratenko’s pro-
posal of ‘spin-orbit coupling func-
tion’ was accepted as precise, if
cumbersome, terminology.

Electron storage rings above
10 GeV require special correction
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schemes for orbit errors and vertical
dispersion in order to suppress har-
monics near the spin precession fre-
quency. Encouraging progress on
both experimental and theoretical
fronts has been made. The theory
and simulation of the correction pro-
cedure, which raised the polarization
level in PETRA from 20 to 80 per
cent, was described by R. Schmidt
(DESY). Proton machines were not
forgotten and E. Grorud (Saclay) re-
ported on the correction method at
SATURNE which permitted the suc-
cessive crossing of seven spin re-
sonances (some with complete adia-
batic spin reversal) with an overall
reduction of polarization from 80 to
74 per cent.

Error-correction procedures are
now well advanced and have re-
sulted in a new technical jargon —

‘spin matching’ to achieve ‘spin-

transparency’ as mentioned above.
Spin-matching constraints on orbit
parameters proposed by A. Chao
(SLAC) and K. Yokoya (KEK) have
been extended by Steffen and by S.
Holmes (Columbia). They are now
ten in number (referred to by Chao as
‘the ten commandments’) but ap-
pear to be quite feasible if applied
only to the harmonics near the spin
frequency. A new proposal by Yo-
koya applies similar principles to the
correction of spin resonances driven
by betatron oscillations and shows
great promise.

This working group also consi-
dered the increased energy spread of
the beam at higher energies, which
gives rise to synchrotron satellite re-
sonances. More studies are required
but at present it appears that special
measures may be necessary above
50 to 60 GeV, such as Siberian
Snakes or dipole-octupole wigglers
to reduce the tails of the energy dis-
tribution.

The Steffen working group exam-
ined the requirements of spin match-

ing for rotators and Siberian Snakes.
Rotators are required to turn the di-
rection of polarization parallel to the
beam at the interaction points, in
order to provide longitudinal polari-
zation at the detector and to restore
it to the original direction on the other
side. Siberian Snakes are similar but
reverse the direction of the polariza-
tion vector; their purpose is to make
the spin frequency essentially inde-
pendent of energy, thus removing
many resonance problems.

Both devices introduce substantial
vertical bending and require careful
spin matching to avoid depolariza-
tion effects, especially in the pre-
sence of the quantized synchrotron
radiation. This seems to be perfectly
feasible but imposes extra con-
straints in the rotator sections.

An interesting proposal by Kon-
dratenko of combining rotators with
polarizing wigglers could enhance
the overall polarization of a storage
ring whilst reducing the space re-
quired for the rotator. The practical
implications of this will require de-
tailed study. ‘

The overall impression of the
Workshop was one of a considera-
bly improved understanding of spin
resonance effects and the possibili-
ties for their correction. The vital in-
terest in polarized electrons for elec-
tron-positron projects has no doubt
had an influence on the increased
participation in these studies. For el-
ectron-positron storage rings, earlier
pessimism on the feasibility of polar-
ized beams at higher energies was
no encouragement for their imple-
mentation but the recent develop-
ments should redress that situation.
Some problems remain to be solved
and many details have to be worked
out but the outlook for polarized elec-
tron and positron beams is definitely
healthy.

(We are grateful to Bryan Monta-
gue for this report.)
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Laser-Driven Accelerators

With the latest series of high energy
projects (ISABELLE 400 GeV pro-
ton-proton storage rings, UNK 5 TeV
fixed target proton synchrotron and
LEP 50— 130 GeV electron-positron
storage ring), many people believe
that we are seeing the final genera-
tion of conventional machines. This
is not because the acceleration or
beam storage mechanisms involved
have reached some technical limit
(on the contrary they seem capable
of extension to cope with still in-
creasing energies) but because we
are running into the limits of what
Burt Richter calls ‘fiscal feasibility’
due to the size of the machines. Con-
struction and operating costs would
become extremely difficult to con-
front.

This realization has provoked con-
cern about appropriate research and
development on novel acceleration
techniques. A HEPAP sub-commit-
tee in the USA, chaired by Maury
Tigner, issued a ‘call to arms’ in
1980 to ensure sufficient attention
for such long-range accelerator re-
search even in hard financial times. In
Europe, ECFA is taking up the same
theme in organizing a Conference in
Oxford in September of this year (see
page 151).

From the physics side a similar
plea has come from Abdus Salam
(see ‘A message from gauge theo-
ries’, Octoberissue 1981, page 347)
since he was worried that the energy
regime for interesting physics is
moving beyond what can be experi-
mentally investigated. Salam in par-
ticular mentioned the extremely high
voltage gradients available in laser
beams as one of the possible routes
to a new high energy regime. The
power densities and strong electric
fields in laser beams have led to spe-
culation over many years as to their
application in accelerating particles
to high energies.

In order to give more direction to
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this ared of research in the USA, a
Workshop on ‘Laser Acceleration of
Particles’ was held at Los Alamos
from 18—23 February bringing to-
gether some sixty physicists and en-
gineers with expertise in the fields of
accelerators and of lasers.

Several devices for using laser
fields have been proposed and they
can be classified in three broad cate-
gories — ‘far-field" accelerators
(such as the principle of inverse free
electronlasers), ‘media’ accelerators
(which, for example, use the inverse
Cherenkov effect or laser-controlled
plasma waves), and ‘near-field" ac-
celerators (using a loaded guiding
structure such as cavities or grat-
ings). These different approaches
come from the fact that a particle
cannot be accelerated by the absorp-
tion of single photons (because of
momentum conservation) and thus
some other element has to inter-
vene.

In the ‘far-field’ type a particle
moves in the same direction as alight
wave and slightly slower. It expe-
riences a transverse field which is
almost cancelled by the magnetic
field in the opposite direction. If,
however, the particle orbit can be
modulated, for example, by static
undulator magnets, the magnetic
field transforms transverse into lon-
gitudinal energy and the particle will
be continuously accelerated (or de-
celerated if in the opposite phase).
This is the inverse of the free electron
laser mechanism.

This type (and related ‘two-wave’
accelerators) were discussed at the
Workshop and it seemed clear that
they are not appropriate for very high
energies. They involve substantial
deviations from straight-line motion
which becomes increasingly difficult
at high energies and the rate of accel-
eration falls. They could, however,
cope with energies of a few GeV and
handle very high (kiloamp) currents.

The above limitation does not ap-
ply in the ‘media’ type of laser accel-
erator where accelerating fields are
created by polarizing media. An ex-
ample is the inverse Cherenkov ef-
fect where experiments have already
been carried out at Stanford (re-
ported by R. Pantell). They operate
by having laser light cross a beam of
electrons in a gas cell at the Cheren-
kov angle. Electrical breakdown in
the gas is believed to limit the peak
accelerating field to several hundred
MV/m and accelerators of up to 50
GeV were discussed. Multiple scat-
tering and radiation in the gas may be
a problem when aiming for high ener-
gies.

Another accelerating mechanism
relies on the ‘ponderomotive’ force
produced by laser beams in a plasma
(the type of force associated with
radiation pressure) producing mov-
ing bunches of electrons. The collec-
tive electrostatic field of the elec-
trons is then used to accelerate par-
ticles. In the ‘ponderomotive snow-
plow’ proposed by W. Willis, high
energy protons are injected into the
electron bunch which is known to
travel in a short wave packet of laser

‘light traversing a plasma. T. Tajima

and A. Dawson emphasize the accel-
eration of electrons picked up from
the high energy side of the thermal
tail in the plasma, and accelerated
across the bunch. Computer simula-
tions of these effects were pre-
sented by Tajima and D. Sullivan and
an experiment using a powerful CO,
laser was described by C. Joshi, in
which acceleration of more than 1
MV was observed in good agree-
ment with the simulations.

A good variation on this scheme
was described by Tajima in which
the beat waves created by two near-
by laser wavelengths are used in-
stead of the short wave packet. The
snowplough effect is most efficient
when the wavelength of the beats is
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matched to the wavelength of the
plasma waves. Joshi showed results
of an experiment in which a carbon
dioxide laser was run at two frequen-
cies to create the beat wave and the
presence of the plasma wave was
verified by Thompson scattering of
laser light. Sullivan showed a movie
of a simulation of that mechanism in
which accelerating gradients of 50
GV/m were developed. The physics
of these processes is interesting but
it obviously remains to be demon-
strated that plasmas can be suffi-
ciently well controlled.

The ‘near-field’ type of laser accel-
erator can be typified by acceleration
using the longitudinal field asso-
ciated with evanescent waves near a
grating. A simple wave would have
accelerating gradients falling to-
wards zero as the velocity ap-
proaches that of light but a substan-
tial accelerating field could be re-
tained between two gratings a frac-
tion of a wavelength apart or by a

single-grating illuminated by compo-
site laser waves. R. Palmer put for-
ward this latter possibility which
might result in accelerating gradients
of 1 GeV/m. However the acceler-
ated currents are likely to be small
(perhaps only 10* particles per
bunch) compared to the convention-
al linac.

The similarity between a grating
and a linac was explored. This led to
consideration of an optimum wave-
length — longer wavelengths allow
higher currents but the breakdown
fields associated with longer pulse-
lengths is lower. M. Tigner worked
out that the optimum may lie in the 1
to 10 mm region. Suitable high pow-
er lasers have not been developed in
this region but this could change with
the advent of, for example, the free
electron laser. '

The working groups urged that the
limits on accelerationin gas in grating
structures be measured as a function
of wavelength and that further exper-

iments on accelerating gradients in
plasmas be carried out. The Work-
shop summary was presented by J.
Lawson and the proceedings will ap-
pear in about six months.

There are some topics of basic
physics concerning the interactions
of laser fields with particles, plasmas
and materidls which clearly need
further study and the road to realizing
the great potential of laser accelera-
tors is sure to be a hard one. Nev-
ertheless emerging from the Work-
shop was a recognition of the great
potential which exists and the identi-
fication of laser-driven accelerators
as a specific field for investigation
and systematic development. These
matters, among others, will be re-
viewed in the ECFA Conference on
novel particle acceleration techni-
ques at Oxford in September.

(We are grateful to John Lawson,
Andy Sessler and Bill Willis for pro-
viding us with information from
which this article is drawn.)

50 years of positrons

This year marks the 50th anniversary
of one of the major landmarks of
modern physics — the discovery of
the positron, the antimatter counter-
part of the electron. This provided
the first evidence for antimatter, and
it was also unprecedented for the
existence of a new particle to have
been predicted by theory. The posi-
tron and the concepts behind it were
to radically change our picture of Na-
ture. It led to the rapid advancement
of our understanding, culminating
some fifteen years later with the for-
mulation of quantum electrodynam-
ics as we now know it.
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In addition, the past half century
has seen positrons develop from a
curiosity into one of the major tools
— in electron-positron colliders —
for today’s particle physics research.
If the list of proposed new high ener-
gy projects is anything to go by, they
will continue to be exploited for a
long time to come.

(Oddly enough, this year is also the
fiftieth anniversary of another major
milestone in particle physics — the
discovery of the neutron. This we
shall be returning to later this year.
But it is clear that in view of these
two major advances, 1932 could

Sketch of the first positron event, seen by
Carl Anderson in 1932 in his cloud chamber
exposed to a magnetic field of 15 kilogauss.
A 63 MeV cosmic ray positron entered the
chamber from below, lost energy in the
central lead plate, and emerged again in

the top half of the chamber. The difference
in track curvature between the two halves
of the chamber showed that the particle
was definitely moving upwards.
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Paul Dirac, whose theory of the electron
set the scene for the discovery of the
positron 50 years ago.

well be cited as the dawn of particle
physics.)

It was on 2 August 1932 that Carl
Anderson, working at California In-
stitute of Technology, saw a cosmic
ray event in his detector that he
dared to propose as being due to a
positively charged electron. In fact
this was not the first time that any-
one had seen such effects — tanta-
lizing hints of positive electrons had
been glimpsed up to seven years
before by Skobeltzyn, Rochester,
Feather, Meitner, the Joliot-Curies,
Millikan and others, including Ander-
son himself. Although positive elec-
tron tracks had probably been en-
countered, nobody had ever identi-
fied one as such.

On the theoretical side, the posi-
tron story unfolded largely through
the genius of Paul Dirac. Not content
with his beautiful new formulation of
non-relativistic quantum mechanics,
Dirac had begun to grapple with the
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challenge of electrodynamics and
special relativity. In 1928 he pub-
lished the electron equation which
now bears his name.

As well as reproducing all that had
gone before, the new equation had
something else. It appeared to say
that electrons could have negative,
as well as positive kinetic energy.
Dirac argued that this ‘sea’ of nega-
tive energy electrons is normally full
except for occasional unoccupied
states, or 'holes’. In an electromag-
netic field, such a hole would act as
though it has opposite electric
charge to a normal electron. At first,
Dirac proposed that these positive
charges were the protons of atomic
nuclei, much heavier than the elec-
trons. However this appeared to
bother him, as the symmetry of the
theory suggested strongly that the
two solutions of the equation should
have the same mass.

When the proton dropped out of
the running, Dirac in 1931 boldly
postulated the existence of an as yet
unseen ‘antielectron’. Because of its
affinity for ordinary electrons, this
would be difficult to find in ordinary
matter, but could perhaps be pro-
duced in interactions involving hard
gamma rays. The stage was set for
Anderson’s discovery.

For some time Anderson thought
that he had been seeing positive
electrons, but had no proof. The vital
ingredient in his new experiment was
a lead plate, slightly more than a cen-
timetre thick, mounted across his
cloud chamber. This was subjected
to a magnetic field of 15 kilogauss.
Cosmic ray particles passing through
the metal plate would lose energy,
leaving the plate in a tighter curve
than they went in. This gave the
direction of motion of a charged par-
ticle in the magnetic field. Previously
it had not been clear whether elec-
tron-type tracks were due to an ordi-
nary electron going one way or a

positive electron moving in the re-
verse direction.

After painstaking work, Anderson
found an event which he proposed
as a ‘positron’ candidate (the name
was Anderson’s own contraction for
‘positive electron’). This was a bold
move since the positively charged
track involved Wwas due to a stray
cosmic particle which in fact had en-
tered the chamber from below!

This was indeed a courageous
step to take at the time, as although
the particle had been predicted by
Dirac, this theoretical work was not
yetuniversally known and many con-
temporary authorities did not sub-
scribe to these ideas anyway.

Soon Anderson had obtained
many more positron tracks, and sup-
porting evidence came from P.M.S.
Blackett and G.P. Occhialini working
with their newly-developed Geiger
counter-triggered cloud chamber,
who showed that the positron was
indeed the Dirac antielectron.

Antimatter had been discovered,
but physics had to wait until 1955,
with the sighting of the antiproton
(also predicted by Dirac) at the Ber-
keley Bevatron, for a glimpse of
another antiparticle.
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Around the Laboratories

CERN
All routes to
Intersection 8

The high luminosities and elevated
collision energies available at the
CERN Intersecting Storage Rings
(ISR) provide good conditions for
studying the behaviour of the rare
high transverse momentum reac-
tions in which the quark constituents
of colliding hadrons come into close
contact.

While higher collision energies are
now available from the SPS proton
antiproton collider (270 GeV on 270
GeV compared with the ISR's 31
GeV on 31 GeV), the luminosities are
as yet low (some 10?7 cm? s7') by
ISR standards (in the 103" range).
This means that the ISR still pro-
vides a good hunting ground for rare
events.

With this in mind, a big physics
programme is under way at ISR Inter-
section 8, which is fitted with a uni-
que superconducting ‘low-beta’ in-
sertion to squeeze the beams and
achieve luminosities several times
higher than those available in other
intersections (see March 1981 issue,
page 59).

At the heart of the new detectors
is the 300 ton Axial Field Magnet
(AFM) of the Brookhaven / Cam-
bridge / CERN / Copenhagen / Lund /
Queen Mary College / Pennsylvania /
Rutherford / Tel-Aviv group, with an
inner cylindrical arrangement of drift
chambers supplemented by ura-
nium-scintillator hadron calorimetry
and a large array of Cherenkov
counters (aerogel, high pressure and
low pressure freon).

The previous tenant was a liquid
argon calorimeter set-up (Athens /
Brookhaven / CERN) which blazed a
trail for this kind of detector and car-
ried out some commendable phy-
sics, including the first systematic
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study of the single photons arising
from quark-gluon interactions. For a
while the liquid argon and AFM con-
figurations took data together, but
now the liquid argon units have been
removed, and their place taken by an
additional uranium-scintillator ha-
dron calorimeter wall.

In the current ISR run, jets of parti-
cles can be intercepted on three
sides in the uranium and the recoil
particles picked up in the Cherenkov
counters on the fourth side. In a few
months, the Cherenkov array wiill
also be removed, making way for a
fourth uranium wall. This will provide
good conditions for triggering on
high total transverse energy to scan
for signs of jet production, which
seems to be fuzzy at lower trans-
verse energies.

New drift chambers have been in-
stalled in the very forward regions,
beyond the superconducting di-
poles, to measure high momentum

An unusual ‘exploded’ view of the detectors
at Intersection 8 of the CERN Intersecting
Storage Rings. On the right, the
superconducting magnets of the ‘low-beta’
insertion are just visible. On the left, a wall

- of uranium-scintillator hadron calorimeter

stands ready to be moved into position.
Another wall of uranium calorimeter is seen
near the roof. Centre, half of the inner
cylinder of drift chambers has been drawn
back.

(Photo CERN 306.1.82)

protons associated with central par-
ticles. They will be used to search for
new hadrons such as bound gluon
states (‘glueballs’).

With the pioneer liquid argon calo-
rimeters now gone, the spirit of sin-
gle photon physics carries on at In-
tersection 8 with a new study by an
Athens / Bonn / Brookhaven / CERN
/ Moscow / Novosibirsk group using
two arrays of 600 sodium iodide
blocks with vacuum photodiode
readout mounted inside the main
uranium calorimeter. Data samples
have been taken with the first ‘crys-
tal wall’ mounted inside the newest
slab of uranium calorimeter. Another
array will be installed later this year
with the fourth wall of uranium.

More information on single photon
production comes from a hexa-
gonal uranium-scintillator insertion
mounted inside the forward cone of
the magnet, 1.7 m away from the
intersection point along the beam.
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One of the new arrays of sodium iodide
blocks for measurements on single photons,
mounted on one of the inside walls of the
uranium hadron calorimeter of the
experiment at Intersection 8 of the CERN
Intersecting Storage Rings.

(Photo CERN 449.2.82)

This versatile range of detectors is
efficiently exploited by employing
CERN-designed microprogrammable

processors for complex trigger
decisions and event filtering.
Two ‘ESOP’ processors reconstruct
tracks on-line and select particles
satisfying various kinematic require-
ments, or matching localized energy
deposited in the calorimeter. In paral-
lel, a very fast analogue computer
analyses the calorimeter signals and
is programmed to select events
based on particle type and on the
level and topology of the energy de-
posited. Different parallel triggers,
each with a typical selectivity at the
10% level, provide data for several
effectively independent studies.

This impressive array of apparatus
could soon go on to produce some
interesting new physics results at the
ISR, now into its second decade of
operation.
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‘Classical’ jet patterns seen at the CERN
Intersecting Storage Rings using high
transverse momentum single particle
triggers.
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Classic jets

Searches for particle jets continue.
Experiments are looking for well de-
fined sprays of secondary particles
by collecting all the transverse mo-
mentum of the particles produced in
high energy collisions (see previous
story).

Meanwhile ‘classical’ jet studies at
the CERN Intersecting Storage Rings
continue to look at the momentum
flow in selected rare events in which
single large transverse momentum
particles act as triggers. Although
such events should represent only a
small fraction of total jet production,
they have a particularly clean signa-
ture and can be used to study as-
pects of jet physics.

These single particle triggers col-
lected at the ISR appear to drive a
well defined momentum flow. A typi-
calresultis shown here (top diagram)
inan event sample from the Annecy /
CERN / Collége de France / Dort-
mund / Heidelberg / Warsaw group
using the Split Field Magnet detec-
tor. It comes from about a thousand
single particle triggers (with trans-
verse momentum greater than
4 GeV on the trigger side together
with a recoiling particle greater than
2 GeV on the ‘away’ side). The trig-
ger particles themselves have been
removed, and the result clearly
shows the clustering of the accom-
panying particles. These effects are
interpreted as being due to gluons
exchanged between pairs of quarks
in the colliding protons, and the sub-
sequent ‘hadronization’ of the de-
flected quarks.

The bottom figure shows a similar
sample, this time with non-opposite
single particle triggers (momentum
above 2 GeV) and accompanying
particles which together appear to
carry no ‘flavour’ (charge, strange-
ness, etc.). This jet patternis thought
to arise from a different class of inter-

CERN Courier, May 1982

action in which a gluon is exchanged
between a quark of one proton and a
gluon accompanying the other pro-
ton. One jet is thus due to the hadron-
ization of a quark and the other to the
hadronization of a gluon. Such inter-
actions involve the celebrated ‘three
gluon vertex’ in which three field par-
ticles meet at a single space-time
point. Such interactions are thought
to be very characteristic of the gauge
theory describing the underlying
quark/gluon interactions.

More detailed results on the
momentum and quantum number
structure of these jets and compari-
son with theoretical calculations are
expected soon.

KEK
First photons from
factory

The ‘Photon Factory’ (synchrotron
radiation research facility) being built
at the KEK Laboratory in Japan had a
successful first series of tests in Feb-
ruary and March.

The Factory consists of a 2.5 GeV
electron linac (of total length 450 m)
and a storage ring (50 m x 70 m
oval). Construction started in April
1978 and the first quarter of the linac
was completed in July 1981 giving
500 MeV beam in the first test. Injec-
tion into the storage ring started on 8
February this year and the linac was
able to supply a 2.2 GeV beam of 55
mA two days later.

The first turn was observed on 18
February and more than 10 turns
were obtained on 27 February. More
stable coasting beam with a lifetime
of 120 ps was obtained without r.f.
on 5 March and r.f. acceleration was
applied on the same day. Beam accu-
mulation reached 5 mA at 1.57 GeV
on 9 March and 6.2 mA at 2.5 GeV
two days later.

Maximum beam accumulation was

tried on 18 March and more than 100
mA at 1.68 GeV was obtained, when
the increase per pulse of injected
beam was 20 mA /pulse. At present,
the vacuum of the storage ring is
about 10°® torr without beam and
1078 with beam. This is mainly due to
the fact that baking of the vacuum
system has mot been done and cool-
ing water and distributed pumps are
still off. Four beamlines are already
provided for experiments, which will
start soon.

ORSAY

Prototype LEP

pre-injector

From the very beginning of the LEP
electron-positron collider project, ef-
ficient performance of the electron
gun and the buncher which form the
front-end of the LEP pre-injector has
always been regarded as a priority.
The two major reasons for this are
that the relatively short stored-beam
lifetimes of several hours necessitate
short LEP filling time (of the order of
20 minutes) and that allowance must
be made for the complexity of the
LEP injection system which will tend
to reduce the overall efficiency of
particle transmission.

Since the positron beam is pro-
duced from the impact of the elec-
trons on the converter target, its in-
tensity is directly proportional to the
intensity of the electron beam, but it
is also affected by the quality of the
bunching. A high gun current and an
efficient buncher are therefore es-
sential to obtain an electron beam of
the required density and intensity.
Another factor is the emittance of
the electron beam which determines
the size of the spot on the convert-
er.

/' Computer simulation of the dy-
‘namics of an intense beam from the
gun cathode to its exit from the
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buncher is not easy, and the results
should, in any case, be treated with a
degree of caution. In the absence of
any reliable experimental results, it
was decided to complement the con-
siderable amount of work being un-
dertaken in this field, notably at Or-
say, by constructing an experimental
linac front-end compatible with the
LEP Project, in Phase 1 at least. In
addition, it would be an invaluable
early source of information on ma-
chine performance, permitting im-
provements to be planned for a later
phase of the project. The experimen-
tal equipment would therefore re-
quire a complete set of monitoring
devices to precisely assess the initial
conditions of electron acceleration.

The pre-injector research pro-
gramme was included in the original
Orsay / CERN collaboration agree-
ment which was drawn up in May
1979. After tendering, the contract
for the design and construction of
the 100 kV 20 A triode gun and the
20 to 30 MeV buncher was awarded
to the Compagnie Générale de Radio-
logie (CGR), while Orsay takes re-
sponsibility for the r.f. power source,
for the monitoring equipment, for on-
site installation of the experimental
assembly and for the measure-
ments. Installation has now been
completed and acceptance tests for
the various parts of the equipment
are being carried out.

The gun cathode is made of po-
rous tungsten with incorporated ox-
ides and is heated indirectly, while
thé grid is made of molybdenum. The
cathode, the grid and their asso-
ciated circuits (the filament heating
circuit and the modulator respective-
ly) are operated at a constant maxi-
mum voltage of 100 kV. Except
when the short current pulses are
being applied, the grid is maintained
at a'constant potential in relation to
the cathode, which has the effect of
blocking cathode emission. The av-
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erage flow of current from the ca-
thode and of the pulses crossing the
anode aperture can be measured
using a cylindrical electrode.

The specification for the gun and
the modulator stipulated that the cur-
rent pulses should have widths vari-
able from 3 to 18 nanoseconds using
4 shapers (3to 6 ns, 6to 10ns, 10
to 14 nsand 14 to 18 ns). For80kV,
the  maximum peak  current
guaranteed by the manufacturer is

The prototype LEP pre-injector now being
tested at Orsay.

(Photo Orsay)

10 A, as compared to the current
predicted for 90 to 100 kV of the
order of 20 A. To date, however,
peak currents at the anode exit of
14.5, 17 and 20 A have been ob-
tained for 80, 90 and 100 kV respec-
tively. One of the major problems so
far encountered has been the va-
cuum conditioning of the gun.

The CGR MeV type buncher con-
tains the following components: a
pre-bunching assembly consisting of
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Computer displays from an optical readout
Cherenkov ring imaging detector developed
for a Fermilab experiment, showing the
rings produced by a single particle (right)
and by ten events.

a thin cavity with a constant field of
2.6 MV/m followed by a drift space,
and a periodic structure operating in
stationary waves in 2 /3 mode and
consisting of cavities whose height
is proportional to the average veloc-
ity of the bunches. One in each group
of three cells has a zero field strength
and does not contribute to the accel-
eration process. Given that the mini-
mum cell height must be compatible
with the correct r.f. frequency, these
cells have been reduced to their sim-
plest form so as to keep the bunching
section as short as possible. Sol-
enoids located around the cavity
assembly provide magnetic focusing
of 2.5 kG.

During preliminary tests, a short
pulse of 15 A at the buncher exit was
measured for a pulse of 20 A at the
gun exit. For a transmitted beam of
8 A, the phase extension measured
at mid-height was 12°, a value which
agrees relatively closely with the si-
mulated results where the range was
estimated to be between 10° and
20° depending upon operating con-
ditions.

Once preliminary tests have been
completed, it is hoped that the new
equipment will go into routine ser-
vice as a vital source of information
on pre-injection for the LEP Project.
But in view of the 24 MeV already
obtained, it can be said that the first
steps towards LEP energies have al-
ready been achieved!
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FERMILAB
Striking it RICH

The Ring Imaging Cherenkov (RICH)
technique is rapidly gaining ground
(see March issue, page 49). Another
example of its application is ORCID
— Optical Readout Cherenkov Imag-
ing Detector — which has been
tested in the Meson Area at Fermi-
lab.

This detector, developed by Barry
Robinson at the University of Penn-
sylvania, uses two spherical mirrors
to focus and reduce Cherenkov light
produced in 1 m of heavy gas at
atmospheric pressure to sharp rings
whose radius depends on the Cher-
enkov angle and whose position de-
pends on the angle of the particle
emitting the light. Thus, light from
several secondary particles in an in-
teraction can be associated with the
particles emitting it with little ambi-
guity.

The rings are detected with a
40 mm diameter micro-channel plate
image intensifier. Further intensifica-
tion of the image is done by an
18 mm image intensifier. Finally, the
intensified spot of light from each
photoelectron produced at the first
image intensifier falls on a photo-
electric array. Each of the 80 000
useful sites on the device is read out
and discriminated.

Tests so far have shown an aver-
age of about 10 photoelectrons per
particle with a dispersion of about 5
per cent of the 47 mr limiting Cheren-
kov angle. Since each photoelectron
represents an essentially indepen-
dent measurement of the Cherenkov
angle, this angle is known to less
than 1 mr. This resolution should al-
low pion/kaon separation between
the pion Cherenkov counter thresh-
old at this index of refraction, about 4
GeV, and where kaons approach the
limiting angle, at about 35 GeV.

Further tests and calibration are
continuing. It is expected that the
detector will be available for a major
part of an experiment to study high
transverse momentum hadronic in-
teractions, carried out by an Ar-
gonne / Fermilab / Lehigh / Pennsyl-
vania / Rice / Wisconsin group.

STANFORD
Five times X

As well as delving into finance and
funding, SLAC Director Pief Panof-
sky in his traditional annual ‘State of
SLAC’ address explained how this
year is a kind of multiple anniversary
for the Laboratory.

‘We are planning for what | like to
call the “'Five times X'’ anniversary
celebration on 14-15 August. Many
of the events associated with linear
electron accelerator history at Stan-
ford and at SLAC occurred in multi-
ples of five-year intervals. For exam-
ple the first significant date in this
history is 1947 (35 years ago,
X =7), when the first electron beam
ever accelerated by a linear accelera-
tor was produced under the inspired
leadership of Bill Hansen. This was
the original Mark | accelerator, and
its first successful operation resulted
in perhaps the briefest Status Report
ever submitted to a government
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sponsoring agency (the Office of
Naval Research): the entire content
of the report was ""We have acceler-
ated electrons."”’

There followed the development
of the Mark Il and Mark Il accelera-
tors at what are now the Hansen
Laboratories of Physics on the Stan-
ford campus, and the success of
these machines led to tentative plan-
ning for a Very Big Machine of this
kind. In April 1957 (25 years ago, X
= b), this resulted in the submission
to several federal government agen-
cies of a “"Proposal for a Two-Mile
Electron Accelerator’”. The ma-
chine was known locally as “’Project
M, or ““The Monster’’, and the pro-
posal was the first formal step taken
that eventually led to the creation of
SLAC.

Five years later, in April 1962
(20 years ago, X =4), a contract for
the construction of SLAC was signed
between Stanford University and
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what was then the Atomic Energy
Commission. This was followed a
few months later by the formal
ground-breaking ceremonies on the
present SLAC site.

The SLAC linac achieved its design
energy of 20 GeV in January 1967
(15 years ago, X = 3). First full oper-
ation of the linac, with a beam
through the full two miles, had been
achieved during the latter part of
1966. Shortly afterwards the first
important physics results began to
come out of the early SLAC experi-
mental programme.

1972 was also a red-letter year in
SLAC's history, for this was the year
that the SPEAR storage ring first be-
gan operating. That was 10 years
ago (X=2). It is worth noting that
many particle physicists consider
SPEAR to be the most successful
single physics tool that has ever
been built. (I tend to agreel)

So 1982 is indeed a multiple anniv-

ersary of all these events that have
made history in the annals of particle
physics. If the SLC project is author-
ized for construction in Fiscal Year
1984 as we now hope, then it may
well begin operating in 1986. Per-
haps its first major discovery will
occur in 1987, so that our interval of
five years between great events can
be maintained !’

Aerial view of the SLAC site, perhaps soon

to look even more complicated if the

proposed linear collider project (SLC) is
given the go-ahead.

(Photo SLAC)
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People and things

On people

Sharing the prestigious Wolf Prize
for Physics are Freeman Dyson,
Gerard 't Hooft and Viktor Weiss-
kopf, an illustrious trio whose work
spans three generations of modern
physical theory, and quantum field
theory in particular. Together their
contributions range from Weiss-
kopf's early activity in the 1930s,
through Dyson’s major role in the
formulation of modern quantum
electrodynamics, to ‘t Hooft’s key
developments which led to the
revival of field theory in our current
understanding of particle behav-
iour. The prize was presented at
the Israeli Knesset in March.

Fermilab Director Leon Lederman
has been chosen by the American
Academy of Achievement as a
‘Giant of Accomplishment’ from
the US’ great fields of endeavour
and will receive the Academy’s
‘Golden Plate Award’ during the

2 1st annual Salute to Excellence
weekend to be held in New Orleans
from 24—26 June.

The Academy is a non-profit
organization dedicated to the inspi-
ration of youth through annual tri-
butes to outstanding achievements
in science, the arts, commerce,
sport, entertainment and public
service. Previous recipients of the
Golden Plate Award include writer
Isaac Asimov, gene-splicing pio-
neer Herbert Boyer, Sheldon Gla-
show, Linus Pauling, Jonas Salk,
Glenn Seaborg, Edward Teller and
Sam Ting from the field of science,
together with Olivia de Havilland,
Clint Eastwood, Ray Charles, Henry
Fonda, Helen Hayes and James
Stewart from the world of enter-
tainment, and many other celebri-
ties.
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Meetings

The 1982 Summer Workshop on
Proton Decay Experiments will be
held from 7—11 June at Argonne
National Laboratory. Its purpose

is to bring together experimenters
and theorists with an active inter-
est in the next generation of proton
decay experiments. Further infor-
mation from David Ayres, High
Energy Physics Division, Building
362, Argonne National Laboratory,
9700 South Cass Avenue, Ar-
gonne, lllinois 60439, USA.

A Workshop will be held at Los
Alamos from 19—22 July to dis-
cuss the LAMPF Il project for a
rapid cycling 16 GeV synchrotron
providing 103 protons per pulse.
It would provide a wide range of
secondary beams and would cover
a wide physics programme. The
goal of the Workshop is to discuss

Spanish Minister of Industry and Energy
Ignacio Bayon Marine (left) was among the
party of Spanish officials which visited
CERN earlier this year and informed CERN
Director General Herwig Schopper (right)
that Spain once more wishes to become

a CERN Member State. Spain was a member
of CERN from 1961 to 1968.

(Photo CERN 289.2.82)

both the accelerator and the phy-
sics programme to prepare the
way for a formal proposal later
this year. Those interested in at-
tending should contact Alice Hor-
pedahl, Mail Stop H831, Los Ala-
mos National Laboratory, Los Ala-
mos, New Mexico 87545 USA.

The challenge of attaining ultra
high energies

This is the title of a meeting to
review limitations and possibilities
in particle acceleration to ultra high
energies, organized jointly by ECFA
and the Rutherford Laboratory. It
will be held at New College, Ox-
ford, UK, from 27—30 September.
Existing accelerator techniques
are approaching limits set by size
and cost. The meeting will examine
these limits and look for other ap-
proaches offering the promise of
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The CERN Auditorium was packed on
24—25 March to hear first presentations
of candidate experiments for the LEP
electron-positron collider.

(Photo CERN 327.3.82)

attaining energies far beyond the
present horizon.

The topics for discussion will
include the use of high electric
fields generated in plasmas, exter-
nal fields in short wave r.f. linacs,
and laser illuminated gratings.

Speakers will include Abdus
Salam, John Lawson, Gus Voss,
Andy Sessler, Maury Tigner, Clau-
dio Pellegrini and James Bjorken.
The aim is to interest people in
the challenge of overcoming the
formidable technological barriers
between energies attainable with
present acceleration methods and
the vast unexplored territory to-
wards 100 TeV.

Attendance is by invitation, as
numbers are limited. Applications
and requests for further information
should be sent (by 25 June) to lan
Corbett, Rutherford Appleton Labo-
ratory, Chilton, Didcot, OX11 OQX,
UK.
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Wynn Evans

The death of Wynn Evans and his
wife Kathleen in a car accident on
13 March has shocked his many
friends. His research activities
started with cosmic ray work in
the late 1940s and over the years
he made many significant contri-
butions to cloud chamber and bub-
ble chamber techniques. Indeed

his great strength lay in the tech-
nical aspects of particle physics
and his ability to see how to con-
struct apparatus that could be both
elegant and reliable. When the

28 GeV Proton Synchrotron started
at CERN he was responsible for
the construction and installation

of the 1.5 metre British hydrogen
bubble chamber. For many years
he ran the Film Analysis group at
Liverpool and was recently in-
volved in the preparations for holo-
graphic systems. He was also an

Gtinter Wolf of DESY, Chairman of the
CERN LEP Experiments Committee.

(Photo DESY)

outstanding teacher. He will be
sorely missed by his colleagues.

Touschek legacy

A moving tribute to the life and
work of the late Bruno Touschek
has been prepared by Edoardo
Amaldi and published as a CERN
‘Yellow Report’ entitled “The Bruno
Touschek Legacy’ (number CERN
81—19). It includes an account of
his pioneering work in the early
1960s on electron-positron stor-
age rings which led to the con-
struction of the first operating ring,
ADA, at Frascati.

TRISTAN and ISOLDE

In our story on the first operation
at Brookhaven's High Flux Beam
Reactor of the TRISTAN on-line
isotope separator (December 1981

CERN Courier, May 1982



The Senate of the City of Hamburg recently
presented the Hamburg Parliament with a
development plan for the Bahrenfeld region
which included the tunnel for the proposed
HERA electron-proton collider. North
German TV took the opportunity to
interview Wolfram Schétt of the DESY
Directorate.

(Photo DESY)
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issue, page 450), how silly of us
to overlook that TRISTAN is the
natural partner to any ISOLDE.
According to the legend of chival-
ry, Tristan, a prince of ancient Bri-
tain, became involved in a tragic
romance with the Irish princess
Iseult. Through the ages, the saga
has been thre inspiration for numer-
ous poems, and is now of course
immortalized in Wagner’s music
which uses the more Germanic
name, Isolde. In addition, the
Brookhaven TRISTAN (a dubious
acronym for Terrific Reactor Irra-
diation System To Analyse Nuclei)
first went into operation at a reac-
tor at Ames Laboratory, lowa, way
back in 1966, just before the com-
missioning of the ISOLDE on-line
isotope separator at the CERN 600
MeV synchro-cyclotron.

Theoretician P. Fayet of Paris explaining

the implications of supersymmetries at the
recent German Physical Society meeting

at Karlsruhe. Behind him is Hans Joos of
DESY. The meeting also heard a report on
the measurements of electroweak
asymmetries at the PETRA electron-positron
ring at DESY (see page 135).

(Photo E. & P. Hamburg)
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SCIENCE AND ENGINEERING RESEARCH COUNCIL
RUTHERFORD APPLETON LABORATORY

High Energy Experimental Physicists

There are vacancies for Research Associates to
work with experimental groups in high energy
physics. Groups from the Rutherford Appleton
Laboratory are working on experiments at CERN,
DESY and SLAC. :

Candidates should in general be less than 28
years old. Appointments are made for 3 years,
with possible extensions of up to 2 years. RAs
are based either at the accelerator laboratory
where their experiment is conducted, or at RAL
depending on the requirements of the experi-
ment. We have in addition home-based program-
mes on development of detectors, microproces-
sor systems, etc. Most experiments include UK
university personnel with whom particularly close
collaborations are maintained.

Please write for an application form to:

Recruitment Office, R20

Rutherford Appleton Laboratory
Chilton, Didcot, Oxfordshire 0X11 0QX
ENGLAND.

ELECTRONICS
ENGINEER

A unique opportunity exists in High Energy Phy-
sics & Geology for an individual w/a BSEE & a
minimum of 4 yrs. related experience. Must have
knowledge of analog & digital circuits, computer
operated systems & PC board design. NIM,
CAMAC & PDP 11 or VAX experience helpful.
Responsibilities involve computer interfacing &
designing & testing of analog & digital circuitry
& systems.

Qualified candidates reply in confidence w/salary
history to:

L4

Supervisof of Employment
Position No. 82 109

CALTECH

Pasadena, CA. 91125
Equal Opportunity
Employer M/F/H

TRIUMF

MESON RESEARCH FACILITY
University of Alberta

Simon Fraser University
University of Victoria

University of British Columbia

Competition No. 320-022

CONTROL SYSTEM ENGINEER

TRIUMF has a position available for a Control System Engineer. The TRIUMF accelerator control system comprises a number of
mini and micro computers interfaced to the accelerator using the IEEE 583 CAMAC standard. The system controls high current
and high voltage power supplies, stepping motors, a large and complex vacuum system, and a 2 MW RF transmitter. The Control
System Engineer will assume responsibility for the maintenance and improvement of all aspects of the existing system, as well as
the specification, design and implementation of new subsystems. An ability to identify developing system problems, and to recom-
mend and coordinate corrective procedures is required. The successful candidate should have at least five years’ experience in the
design and application of digital and analogue electronics to process control and data acquisition systems. The position will be at a

senior level and the salary will be commensurate with experience.

Please reply in writing, outlining qualifications and experience to:

TRIUMF Personnel (Competition No. 320)
c/o Employee Relations Department
University of British Columbia

No. 100 - 6253 N.W. Marine Drive,
Vancouver, B.C. V6T 2A7

Applications will be accepted within one month from the date of this issue. We offer equal employment opportunities to qualified

male and female applicants.

J
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DIELECTRIC

TRANSMISSION of VERY HIGH POWER
at RADIO FREQUENCIES

® DESIGN ® TEST
® MANUFACTURE @ INSTALLATION

RECTANGULAR
WAVEGUIDE
. P AND

COAXIAL
COMPONENTS
O WAVEGUIE - WR650 - WR2300
O COAX - %" - 14"
RIGID AND WELDED FLEXIBLE WAVEGUIDE -  TUNERS

HYBRIDS LOADS SWITCHES PHASE SHIFTERS
UNIQUE DISCONNECT DEVICES (BREAKAWAY SECTIONS)
DRY GAS PRESSURATION EQUIPMENT FILTERS

DIELECTRIC COMMUNICATIONS

A UNIT OF GENERAL SIGNAL
TOWER HILL ROAD
RAYMOND, MAINE 04071, U.S.A.
TEL (207)655-4555 TWX 710-229-6890

ESTABLISHED
IN 1954

UNIVERSITY
OF
OXFORD

Temporary lectureship
in high energy physics

Applications are invited for a five year appoint-
ment from 1 October 1982 on the University Lec-
turer Scale (E 6070 to £ 13 735 - according to
age). The post will involve demonstrating in the
teaching laboratories, lecturing and research.
High energy physics research in the Department
involves experiments on TASSO at DESY, the
EMC, EHS and BEBC neutrino experiments at
CERN, and non-accelerator projects including stu-
dies of proton decay and solar neutrinos. Appli-
cations together with the mames of two referees
should be sent to:

Professor D.H. Perkins, FRS
Department of Nuclear Physics
Keble Road

Oxford OX1 3RH

United Kingdom

by Monday 17 May 1982. Applicants should ask
referees to write direct to the above address.

most of the following areas:
1. Design of low noise analogue signal processing circuits;

Applications will be accepted until May 30, 1982.

Please reply in writing, outlining qualifications and experience to:

-

ELECTRONICS DESIGN ENGINEER

The TRIUMF Electronics Group has an immediate opening for a senior electronics design engineer with training and experience in

2. Design of digital circuitry using TTL, CMOS and ECL integrated circuits;

3. Design of hardware and software for distributed data acquisition systems for experimental assemblies and facility control utili-
zing PDP11 and Nova mini computers and micro bit-slice processors;

4. Familiarity with the IEEE standard 583 (CAMAC) and/or other digital data bus system;

5. A knowledge of the physical processors employed in detectors and transducers used in accelerator installations.

The successful applicant will join the group responsible for the design and development of facility control and experimental data

acquisition systems at TRIUMF, and accelerator based nuclear research facility operated as a joint venture by the above universi-

ties. The applicant should be accredited or be capable of accreditation as a professional engineer in British Columbia. This is a

senior position carrying an initial annual salary in the $35,000 to $40,000 range, depending upon education and experience.

TRIUMF

MESON RESEARCH FACILITY
University of Alberta

Simon Fraser University
University of Victoria

University of British Columbia

Competition No. 323

TRIUMF Personnel (Competition No. 323)
c/o Employee Relations Department
University of British Columbia

No. 100 - 6253 N.W. Marine Drive,
Vancouver, B.C. V6T 2A7
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N W.W, FISCHER ing.

CH - 1143 Apples

Téléphone 021/77 37 11
Télex 24 259 fisch - ch
Switzerland

50 OHM MULTICOAXIAL CONNECTOR

FISCHER electric connectors with
self-locking satisfy the most exacting
requirements of modern technolo-
gies, such as nuclear research,
atomic energy, space research, etc.
Their main characteristics are:
— robust construction and
high precision
— dependable operation, self-locking
— simple keying
— simple and trouble-free mounting
— reliable positioning on different
elements guaranteed by two
half-shell shaped metallic guides
— high quality insulation,
normally of P.T.F.E.
— pressure tight and high vacuum
sealed designs
— sealed models resistant to
radiation up to 108 Rad. and
temperatures from
— 60 to +150°C
— construction with ceramic
insulating material resistant to
radiation and to high temperatures
— special connectors for
thermocouples

FISCHER connectors with self-
locking can now be supplied in 8
different sizes and come in a very
wide range:
— coaxial connectors for

high frequencies
— coaxial connectors for

high voltages
— multiple connectors
— multiple connectors for

high voltages
— compound connectors:

high frequency and low voltage
— connectors for thermocouples
— connectors for Camac-Modules

Certain connectors for thermo-
couples can be supplied with con-
tacts of special materials, e.g.
chromel, alumel, iron, constantan,

Tt
copper, etc. : ke ; .
Residual leakage: Connectors with CERAMIC insulating
Rapid and reliable construction of <10-9 m bar. I. sec.-1 material resistant to radiation and to

special connectors. high temperatures



Measure weak light
fromindeterminate sources
with new hemispherical PMT’s

HEMISPHERICAL PMT's—
1/2" to 20" D.

These PMT's provide good
quantum efficiency, with
timing characteristics and
light acceptance significantly
greater than 211 solid angle.
The cost/cathode area is
very economical,
approximately $0.50 per cm?
on large tubes.

We suggest that you test
these new photomultiplier
tubes for measuring
Cerenkov radiation, for
scintillation detection and
other applications.

ANGLE (Degrees)
[

IS
sk o
o

Hgs
W74
N

LIGHT ACCEPTABILITY OF R1391X
~— .« measured .-----o calculated

CALL OR WRITE FOR LITERATURE

HAMAMATSU

HAMAMATSU CORPORATION « 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE:(201) 469-6640
International Offices in Major Countries of Europe and Asia.
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Quelles que soient vos conditions de
travail, Caoutchouc Maag vous pro-
pose exactement ce qu’il vous

Articles de protec-
tion de la téte,

des voies respi-

ratoires, des

yeux, de l'ouie,

des pieds, des
mains, etc.,
contre le froid ou le
chaud, le vent, la pluie
et les intempéries.

5
F
8
Z
2
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Le fondeur dans la chaleur
infernale du haut-fourneau
comme le spéléologue dans
la nuit noire de sa grotte
humide et froide sont bien
protégés par des vétements
de Caoutchouc Maag.

faut pour que vous ne soyez pas
exposé sans défense aux «éléments-:
de quoi vous protéger de la téte aux
pieds par des vétements, des chaus-
sures et des accessoires appropriés.

Sa gamme comprend cE:s
articles de protection des voies respira-
toires, de I'ouie et des yeux, ainsi que
du corps, des pieds et des mains
contre le froid et I'humidité jusqua
-30 °C ou contre la chaleur jusqua
+1600 °C et contre toute sorte d’in-
fluences extérieures.

Caoutchouc Maag se fait fort de
résoudre vos problémes de pro-
tection du travail.

CaoutchoucMaag

Caoutchouc et matieres plastiques
Eléments d’étanchéité Technique de
transmission Oléohydraulique
Graissage central Protection du travail

Caoutchouc Maag SA, CH-1024 Ecublens, (021) 35 74 64 — Dubendorf — Berne-Wabern — Bile — St-Gall-Neudorf
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A “SUPERKLYSTRON" DELIVERING OVER 1 MEGAWA'I' T

For CERN's Large Electron-Positron
(LEP) accelerator project, sources of
very high RF power operating at fre-
quencies near 350 GHz are required,
and they must be capable of conti-
nuous wave (CW) operation. For this
task, the leading candidate is the klys-
tron, because of its capability for gene-
rating high levels of output power at
microwave frequencies, its high effi-
ciency and large gain, and a structure
allowin% effective cooling to safely dis-
sipate large amounts  of residual
energy, when necessary.

As one of the world's acknowledged
leaders in klystron design, develop-
ment and monufac’ruring,%HOMSON-
CSF's Electron Tube Division was in an
excellent position to develop the one-
megawatt tubes necessary for the LEP.
Nevertheless, a number of formidable
technological problems had to be
overcome in developing a klystron of
this size and with the desired
performances.

One of the major considerations was a
capability for tube operation in the
horizontal position, inside an under-
ground tunnel of relatively small dia-
meter. Because internal alignment of
the different stacked tube parts must be
highly precise, it is essential to ensure
structural rigidity when the klystron is
rotated to the horizontal for transpor-
tation and for operation, despite consi-
derable dilation in the latter case. This
problem was solved ot THOMSON-
CSF by the design of a special support
structure, mated to the tube.

In addition, an entirely new facility was
built to manufacture the tube andto be
able to test finished models under rea-
listic operating conditions, including a
double-vacuum oven six meters high
and two meters in diameter and a
120 kV/20 A power supply.

Efficiency

Over the past several years,
THOMSON-CSF engineers have writ-
ten a number of large-signal computer
programs for klystron analysis an
design, in order to determine the

CW NEAR 350 MHz

values of the different parameters that
would yield the highest dc-to-RF electri-
cal efficiency. It ﬁas been possible to
show and amply demonstrate that the
lower the perveance (cathode current
divided by the 3/2 power of the
cathode voltage) the higher the effi-
ciency, and that the number, position
and resonant frequency of the different
cavities are all of extreme importance.
With a perveance of 0.6 to 0.7 X
10-°A.V¥2 | an operational efficiency
of 65 to 70 % should be obtainable.

RF Output Window

The output window is in fact the most
critical element of atube at such power
levels. Although the dielectric losses
are never large, the temperature gra-
dients can become uncomfortably
strong. For example, an externally
cooled circular Al,0;5 window on the
1 MW klystron would exhibit a tempe-
rature difference between the center
and the edge of nearly 100 °C. To over-
come this problem, a special water
coolin'_g' circuit has been designed for
the THOMSON-CSF tube, igenfiﬁed
as the TH 2089.

The RF output window must also be
protected against possible multi-
pactoring.

A special transition in the TH 2089
enables matching the coaxial line from
the final resonant cavity to WR 2300
rectangular waveguide, to which the
accelerating structures will be
connected.

Cooling

In a klystron, the collector dissipates the
residual kinetic energy remaining in the
electron beam after 1t exits the interac-
tion zone, but it must, in fact, be capo-
ble of dissipating the full beam power,
not only for reasons of security but also
in the case of a reduction of RF power
into the load. Moreover, the distribu-
tion of the power dissipated in the col-
lector is not uniform, the power density
being at a maximum where the beam
edge impacts the copper collector.

Thanks to the use of THOMSON-CSF's
advanced Hypervapotron®circulating-
water coolin s]sfems, ower densities
of up to 500 W/em? at tﬁis point can be
dissipated without risk. The Hyperva-
potron techndlogy, including deep but
narrow grooves on the collector's
outer surface, at right angles to the
water flow, makes possible%ighly effi-
cient cooling without any danger of
calefaction and with water-flow veloci-
ties not exceeding 2 m/s. The inherent
cooling capacity exceeds 1 200 W/cm?
of collector inner surface area.

Performance Results Obtained

Development of the TH 2089 *“Super-
klystron™ is now well advanced. Exten-
sive testing of the development model
tube has already demonstrated a CW
output power of over 1 megawatt at a
typical cathode voltage of 85kV —

clear evidence of the aptness of the
THOMSON-CSF design.

i
[ A
L g ™1

|

/' THOMSON-CSF

COMPONENTS

THOMSON-CSF b1vision TUBES ELECTRONIQUES

38 RUE VAUTHIER / BP 305 / 92102 BOULOGNE-BILLANCOURT CEDEX / FRANCE / TEL.: (33.1) 604 8175

UsA GERMANY ITALY SWEDEN

THOMSON-CSF THOMSON-CSF THOMSON-CSF THOMSON-CSF

COMPONENTS CORPORATION  BAUELEMENTE GmbH COMPONENTI KOMPONENTER

RUTHERFORD NJ (201) 438-2300  MUNCHEN (89) 75.10.84 ROMA (6) 638.14.58 & ELEKTRONROR AB

BRAZIL UNITED KINGDOM SPAIN STOCKHOLM (§) 22.58.15 ~
THOMSON-CSF THOMSON-CSF THOMSON-CSF JAPAN 5
COMPONENTES DO COMPONENTS AND COMPONENTES THOMSON-CSF N
BRASIL Ltda MATERIALS Ltd Y TUBOS SA. JAPAN KK. S
SAO-PAULO (11) 542.47.22 BASINGSTOKE (256) 29.155  MADRID (1) 419.88.42  TOKYO (3] 264.63.46
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. BRUSSELS

Our 21 sets of

regulated power supplies
work on a 24 hours basis
to supply most of the parts
of the cyclotron of
Louvain-la-neuve.

100W to 500kW;to #1.107°
some since 1975.

tel (02)5204576
rue doct De Meersman, 37, B1070 Bruxelles

160

Economy in
materials handling

@ Turn key operated installations

@ Custom built components

® Engineering and consultancy
service

® Planning and simulations

@ Manufacturing

@ Installation of standard or
special materials handling
equipment

La représentation générale en Suisse pour

@unkermotoren

Moteurs a courant alternatif
Moteurs a courant continu avec aimant permanent
Moteurs de positionnement

a combiner avec
réducteurs a engrenages, réducteurs épicycloidaux
ou réducteurs a vis sans fin

couples de 10 a 2400 Ncm
Partiellement du stock

1023 b AN

ANTRIEBSELEMENTE AG CH-8055 ZURICH
Birmensdorferstr.470 Tel.01/353850 Telex 813437 tzco
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Centronic nuclear
radiation detectors

As a major European nuclear component
‘manufacturer, our detectors cover almost every
application, including control of reactor start up,
running and shutdown as well as uses in health
physics, research and development, geological
surveying, mineral prospecting and material
analysis.

Our extensive stock or custom built production
capability includes: .

ION CHAMBERS (Gamma, Fission and Neutron)
FISSION'CHAMBERS (Pulse Mode)
REACTOR DETECTOR SETS
MAGNOX, AGR, CANDU, PWR
HELIUM 3 COUNTERS
X-RAY PROPORTIONAL COUNTERS
SPHERICAL REM
REM/N COUNTERS
REM/ION COUNTERS
BF; NEUTRON COUNTERS
BORON 10 ISOTOPE
GEIGER TUBES — Glass Organic, Glass Halogen
GEIGER TUBES — Metal Halogen Quenched
PHOTOMULTIPLIER TUBES
PHOTODIODES for SCINTILLATOR INTERFACING
SILICON MICROSTRIPS

Please write or phone for catalogue

CENTRONIC, Centronic House, King Henry’s Drive,
New Addington, Croydon CR9 0BG, England.

Tel: Lodge Hill (0689) 42121/2. Telex: 896474 Centro G
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lm Ungermann-Bass, Inc.

NET/ONE™: premier réseau infor-
matique indépendant de lutilisateur

F

Bisync Terminals

Word Word
Processing Processing
System System

P

TTY Terminals

Mini-

Host
B computer

Net/One Cable

RJE Terminals

— Réseau décentralisé avec jusqu’a 250 nceuds

- Taux de transfert des données: 4 Mbits/s et
10 Mbits/s via cable coaxial 50

- Conversion de protocole, adaptations de vitesse
et de code pour la communication entre diffé-
rents ordinateurs et stations de visualisation

— Avec NET/ONE, vous avez un concept uni de
communication

Faites-vous conseiller

Qualité - continuité - service

Tafernstrasse 15 S ———
CH-5405 Baden-Dattwil Av. Louis Casai 81
Telex 54070 CH-1216 Genéve
I Tel. 056 84 0151 Tél. 022 987877

Partout
ou leeil
ne peut accéder...

endoscopes, périscopes,

rigides et souples, pour l'inspection optique d'emplace-
ments non accessibles aux yeux.
Profitez de notre expérience.

For optical
interior inspections...

boroscopes,
fiberscopes.

| il

Ask for details.
1E TECHNOKONTROLL AG

€
I k’ 8049 Zirich, Imbisbihistr.144 Telefon 0156 56 33
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CAMAC

VIDEO DISPLAY DRIVERS

@ ONLY ONE CAMAC UNIT WIDTH

@ BLACK AND WHITE (VDD 2118) or COLOR VERSION (CDD 2119)
@ FAST WRITING SPEEDS UP TO 1°500°'000 pixels /sec.

@ HIGH RESOLUTION : 512 x 256 pixel DISPLAY IN 8 COLORS

@ 96 UPPER/ LOWER CASE ASC Il CHARACTER SET

| @ LIGHT PEN INTERFACE CONNECTOR

@ 75 Ohm/TTL OUTPUT FOR RASTER SCAN MONITORS

@ 393 k bit DISPLAY MEMORY (COLOR VERSION)

@ FULL VECTOR PLOTTING (AT ANY ANGLE)

COLOR DISPLAY MONITOR

@ HIGH RESOLUTION BLACK MATRIX
COLOR DISPLAY TUBE.
(12" DIAGONAL & 76° DEFLECTION).

@ 8 COLOR DISPLAY.
@® R.G.B. DIRECT DRIVE SYSTEM.

@ SCANNING FREQUENCY :
HOR.
VER.

15.75 KHZ,
50 HZ .

690 dots,
280 lines.

@ RESOLUTION : HOR.
VER.

France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 6872571 - Tix 202553F, F-94 RUNGIS - Germany: SEN ELEKTRONIK
GmbH; Brandstiicken 11; Tel. 041 802046 - TIx 2163705d, D-2000 HAMBURG 53 — DIDAS Digital System; Radspielstrasse 8;
Tel. 089 916710 - Tix 529167d - D-8000 MUNCHEN 81 - Switzerland: SEN ELECTRONIQUE SA; CP 39;
Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 9455103;
Tix 58257ch - CH-8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY — OFFICES THROUGHOUT THE WORLD.

Headquarters:

SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13. ELECTRONIQUE




Now available!
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the 8033 CONCEPT.
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with CAMAC control an‘d LSI-11 power

Now you can realize all the advantages of
a cost-effective, compact LSI-11 micro-
computer system within a standard
CAMAC crate. Utilizing the powerful
LSI-11/23 processor as its central pro-
cessing unit, the 8033 CONCEPT is
composed of three major CAMAC
modules - a crate controller for the LSI-
11, a processor adapter unit, and a
peripheral adapter unit. This modular
system is easily expandable and incorpo-
rates standard off-the-shelf LSI-11 mod-
ules for both stand-alone and distributed
control.

The 8033 offers you a unique 1/O-ad-
dressable crate controller concept where
four registers in the crate controller can
be mapped anywhere in the LSI-11's |/O
page. This concept eliminates address

996m9

restraints on the |/O page and permits
your application software to take full
advantage of the LSI-11/23's speed.

If transfer speed is important to your
application, your 8033 system can also
have all the power of DMA block
transfers as an option. DMA operating
modes include Q-Stop, Q-Repeat, and
Address Scan.

Other 8033 features include: full LSI-11
bus compatibility e four strap-selectable
LSI-11/23 interrupt levels e real-time
clock e support for multiple crates on a
single LSI-11 bus e field selection as
either main or auxiliary crate controller
e software drivers and FORTRAN-call-
able subroutines available and supported
by Kinetic Systems.

* K *
COMING SOON

Look for FASTBUS interface capa-
bility from Kinetic Systems with these
new FASTBUS products now under
development:

e Active Segmént Extender

¢ Segment Display Module

e Register and Scaler Modules

o Test and Data Storage Modules

o Data Filter and Processing Modules

Watch for more information.

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC52 =« 3 ChemindeTavernay * 1218 Geneva, Switzerland = Tel. (022) 984445 » Telex 289622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, lllinois 60441 = Tel. 815838 0005 * TWX 910 638 2831



Two of INCAA’s CAMA

Mini Floppy Module

This comprehensive, 5 width
CAMAC compatible module,
contains a complete floppy
disc system — drive/format-
ter/controller. The format-
ter/controller is basically the
same as for the normal
floppy disc. The disc storage
is 85K bytes nett. A current
of 0.6A, 12V is obtained from
the Dataway for the spindle
motor in addition to the
normal power. Controllers for
8" IBM 3740 format
compatible units are also
available.Single width.

C modules

highlighted:

Dataway Console

This console is basically a
combination of a Dataway
display and 24 bit word
generator with additional
features such as "sense
switch” testing, manual
interrupt, operator’s request
and non-strobed operation
for Dataway inspection.
Physically, the unit is divided
into a controller and a panel.
The advantage is that the
controller occupies only one
Dataway slot and the display
and control elements may be
ergonomically better
arranged i.e. the display
panel and control module
may be in different locations
in the cablinet.

For more information about the complete range of CAMAC modules:

iNCaA

INCAA B.V., Postbus 211, NL-7300 AE APELDOORN, HOLLAND, TEL. 055 - 55 12 62
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COUNT RATES"

Developed forSIN’

Handles high count rates, high amplitude pulses
Retains timing, pulse linearity and tube life

A complete range of fast 2" PMTs for physics and industry i pu?sneogge
PMT number gain total tr tw pulse 2’33{?
of voltage linearity light
stages (V) (ns) (ns) (mA) pulse
PM2242B 6 2x10* 2000 1,6 2,4 350 tw = anode
XP2020 12 2x107 2500 1,5 2,4 250 pulse
XP2230B 12 2x107 2500 1,6 2,7 250 duration
XP2232B 12 2x107 2400 2,0 32 250 FWHM for
High sensitivity bialkali 44 mm diameter cathode ight pulse
* SIN = Schweizerisches Institut fir Nuklearforschung Philips Industries
Electronic Components
Other fast tubes: 3/4” PM1911 3" PM2312 and Material Division
1”7 PM2982 5" XP2041 Eindhoven, The Netherlands

We've set the standard forover 20 years

= S PHILIPS

and Materials




NKT- a qualified
supplier of cables
and equipment for
telecommunication

Telephone Cables and Wires

Optical Fibre Cables ® Optical Communication Systems
Flexible Multicore Cables

Video Transmission Cables

CATYV Cables

NKT is a Danish group of companies experienced in high
quality manufacture of an extensive range of products
serving utility corporations, electronic and electrotechnical
industries, as well as building and construction industry.

An important sector of the group are the cable divisions,
offering products from the finest wires to the heaviest
telecommunication cables and high tension XLPE cables.
A completely integrated production of optical fibre cables
combined with electronic equipment for optical systems
underline our strive to keep up with technology’s latest
landmarks.

NKT

Telecommunication Cables

7, La Cours Vej ® DK 2000 Copenhagen F
Telephone +451871234 e Telex 27121 nkt dk
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of beryllium copper, alloy 165.
For grounding, tuning and shielding applications
and tube cavities in high-frequency equipment.
Large selection — fast delivery.
Special models also available.

SPEZIALIST FUR KONTAKTFEDERN

S. Feuerherdt - Olympische StraBe 12 - 1000 Berlin 19
West Germany = 030/304 9569

PLEASE ASK FOR BROCHURE

A+D PRODUCTS SA
2502 Bienne r. Albert Anker 23

Tél.032 236312/235582 Télex. 34834 ADPRO

CIM Modules

A+ D PRODUCTS manufactures currently CERN
Instrument Modules (CIM)

Please contact us for additional information
We also represent for Switzerland:

Delta Elektronika BY (NL)

Wallis Electronics Ltd (UK)

E/M Electronic Measurements Inc. (USA)

C 2e
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FPC Type 1528

® Single width module operates
as an auxiliary controller

~ FAST PROGRAMMA ,

@ Fast bipolar processor with ;
powerful instructions of 96 bits each

- ® Module-to-module data transfers
at highest possible dataway speed

@ Programs downloaded via the dataway
@ 24-bit data format, 4k memory and 4k FIFO

@ External parallel interface
e.g. for multicrate applications

- @ Bus for optional arithmetic unit 5

Borer Electronics AG

CH -4501 SOLOTHURN/SW#TZERLAND
Tel. 065 - 311131 Telex 34228
Suisse Romande: ~ Tél. 022 -763846

RADIAMETRE PORTATIF

PORTABLE RADIAMETER
DEBITMETRE X ET GAMMA A SEUILS D'ALERTE _

DOSE RATE INDICATOR FOR X AND GAMMA
RADIATIONS WITH ALARM THRESHOLDS.

G Geiger Muller counter, w
compensated type NE e A‘,
Geiger Muller compensé Nouv y )

Autonomy : 1200 hours

Autonomie : (1200 heures
en fonctlonnement continu)

and Y radiations

M Measurement of dose rate for X

Mesure du débit de dose X ety

I Indicator with audible alarm
Indicateur sonore d‘alerte

Manufactured by... Systéme CEA
Fabriqué par... CEA System
Nardeux Alarm thresholds{O,S -25-10-20m rad/h

Seuils d‘alerte { 50 - 100 - 200 - 500 m rad/h

O nardeux

CERN Courier, May 1982

Siege social: BP 249 - Z.1. La Vallée du Parc - 37602 LOCHES CEDEX
Head-Quarters: Tél. (47) 569.32.32 - Télex: 750 808 F

Agence Commerciale: Z.A. de Courtabeeuf - Av. d’Islande - 91940 LES ULIS
Commercial Branch: Tél. (6) 928.59.46 - Télex: 691 2569 F

RPI 1244
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Made 1n Europe at
half the cost?

® DM16 high performance
dual mode discriminator

@® High rate 65MHz minimum

@ Fast slewing

® Updating/non updating

® Sclectable operating mode
VETO or RETIMED

® Programmable threshold set by
CAMAC or front panel control

@ Wide range variable
output width

® 50ohm LEMO input-
complementary ECL outputs

Since we introduced the Plessey DM16 dual
mode discriminator things are really moving.

It’s not surprising when you learn of the
DM16’s performance and competitive price.

To learn how you can get twice as much
discrimination for your budget ring 0202 675161
ext. 2071. We can also tell you about the Plessey
16 channel Delay Modules and Pattern Units.

Plessey Controls Limited, Sopers Lane, Poole
Dorsct, United Kingdom BH17 7ER.
Telephone: Poole (0202) 675161 Telex: 41272
Sales Manager: Fred Deacon-Smith.

PLESSEY
CONTROLS

Nowonderthe &
Plessey ECL CAMAC
discriminator

1S moving so fast.
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Model 2229
Octal Time-to-Digital
Converter

e Used for time-of-flight

¢ Eliminates ECL/NIM Adapters

e 50 psec Resolution, 11-bits

» Fast Clear 500 nsec, Effective Synchronous
Rate

¢ Full Scale 100, 200, 500 nsec, Switch
Selectable

The Model 2229 is an eight-channel, high perfor-
mance TDC designed for time-of-flight applications. It
employs the ECLine Standard for ECL logic levels
and cabling.

The Standard offers the convenience and economy of
twisted pair ribbon cable. Use of the high impedance
input option greatly simplifies control signal routing,
eliminating the need for fan-out modules for Fast
Clear, Common Start, and Common Stop signals.
The Model 2229 is pin-for-pin compatible with the
growing family of LeCroy ECLine modules.

LeCroy

~ New
Additions

Model 2372
Memory Look Up Unit

e Used for Trigger Processors, Complex Fast
Triggers, and Synchronous Applications

¢ Programmable Dimensionality—selects input
and output word sizes

e High Multiplicity—Up to 16 inputs

e Strobed Input Option—simplifies signal timing

The ECLine MLU is more than just another logic
module. It is the fundamental building block of a Trig-
ger Processor and is useful to generate complex Fast
Triggers in both beam-on-target and synchronous col-
liding beam ‘‘gate-clear-gate’’ applications.

As a memory-based logic unit, it can be CAMAC
loaded to define its logic characteristics. The Model
2732 allows triggers more complex than can be
achieved with conventional trigger logic.

The MLU may also be treated like an element of a
computer program. By applying data words to its in-
put instead of conventional trigger logic signals, the
MLU responds as if it is a subroutine call. The Model
2372 can help put physical parameters like energy,
momentum, mass or rapidity into your trigger.

For more information contact your local LeCroy
representative.

700 S. Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Palo Alto, California, (415) 856-1800; Geneva, Switzerland, (022)
98 97 97; Heidelberg, W. Germany, (06221) 28192; Les Ulis, France (6) 907.38.97; Botley, Oxford, England, (0865) 72 72 75.

Representatives throughout the world.

CERN Courier, May 1982
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We provide easily built-in
safety in Know-how.

Imprimante CIUIM@ a marguerite

avec écriture de précision

Un seul point
d’ajustement
pour le réglage  Contacteur acces-
du chariot sible
/ I'extérieur pour
les principaux
réglages de
linterface

Courroie crantée
en Kevlar,
double fixation
et seulement
un cinquiéme
du poids des
cables métal-

liques com-. \

parables

Un microdrive
unique rend
superflu les cables
meétalligues et les
poulies de renvoi

¢ Electronigue
sur une seule
carte avec

Précision grace a un
entrainement micro-
métrique. Approprié a tous les types de
traitement de textes.

Qualité - continuité - service

Tafernstrasse 15 smu
CH-5405 Baden-Dittwil nn

rabattable

Av. Louis Casai 81
CH-1216 Genéve
Tél. 022 987877

Telex 54070
Tel. 056 84 0151
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Well-founded informations give
you a personal lead in any
project management. Take for
example

construction elements

for specific use in experimental
physics, for panels, pipes,
shaped parts and combination
products.

Please request detailed infor-
mation. Mr H. Mauch will be glad
to advise you personally.

We offer a range that is based
on 25 years’ experience and
know how through successful
collaboration with field specia-
lists.

Stesalit AG
Kunststoffwerk

CH-4249 Zullwil/SO
Telefon 061/80 06 01, Telex 63182 ;

Ckconvnodore

To get full information on:

® FLOPPY DRIVES
PRINTERS
CENTRAL UNITS
LITERATURES
PROGRAMS

VIC - 20

EXTENSION, ETC.

CALL

CORYLUS

29, rue des Gares - 1201 GENEVE

Telephone: 022 /3392 34
3367 25
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A Rapidly Growing Line of
Instrumentation

Fast Pulse

Now Available

Model 4414: 16 Channel Discriminator
® 35 MHz, 1.5 mV min. threshold
e Channel masking

e Veto and test inputs

Model 4415: 16 Channel Discriminator
* 50 MHz, 30 mV min. threshold

e Channel masking

e Veto and test inputs

Model 4416: 16 Channel Discriminator
® 200 MHz, 15 mV min. threshold

¢ Channel masking

¢ Veto and test inputs

Model 4417: 16 Channel Shaper
® 200 MHz, 30 mV min. threshold
e OR output

e Veto and test inputs

Model 4418: 16 Channel
Programmable Delay

¢ 3 Delay ranges: 16, 32, 128 nsec
e 4 bit CAMAC programming

¢ Fanout of 3 per channel

¢ 100 MHz and 30 MHz max.

e Power off memory

Model 4448: 48 Channel Coincidence
Register

® 48 inputs

e Analog sum outputs

e Fast clear

Model 4431: 8 Channel 4-bit
Prescaler

* 140 MHz maximum

e CAMAC and manual operation
¢ OR output

e Test, inhibit, channel masking

The new generation of high energy physics experiments, involving extremely
high counting rates and/or large detector arrays, requires a ‘‘total system”
approach to instrumentation. LeCroy’s new CAMAC 4000 Series of ultra-fast,
high-density programmable instrumentation modules provides the solution to
this requirement by allowing the experimenter to achieve full computer con-
trol of his data acquisition system within a single instrumentation standard.

Model 4432: 32 Channel Latching
Scaler

e 24 bits, 20 MHz

e Sequential or addressed readout
e Several LAM options

Model 2229: Octal ECLine TDC
¢ 8 Channels

¢ Resolution to 50 psec/11-bits
¢ Fast clear to 500 usec

Model 4508: Programmable Logic
Unit

e 2 x 8 inputs/8 outputs

¢ Provides any logic/arithmetic function
* 65 MHz, constant delay

¢ Input pattern readable

Model 4516: 16 Channel Logic Unit
¢ 16 x 3 input AND/OR logic

¢ OR output, veto input

e CAMAC programming, 150 MHz

Model 4564: 16 to 64-fold Logic Unit
® 64 inputs/16 outputs

e 4 x 16,2 x 32,1 x 64 OR outputs
e Several AND combinations

¢ 140 MHz, constant delay

Model 4616: ECL/NIM/ECL Converter
¢ 16 channel NIM module, 150 MHz

e Bi-directional: ECLto NIM/NIMto ECL
e Fanout of three on NIM outputs

81, Avenue Louis Casai, 1216 Cointrin-Geneva, Switzerland, 98 97 97. Offices: USA, (914)
425-2000; Heidelberg, W. Germany, (06221) 28192; Les Ulis, France, (6) 907.38.97; Botley,

Oxford, England, (0865) 72 72 75.

CERN Courier, May 1982

Representatives throughout the world.

Coming Soon

Model 2365: Boolean Box

® 16 i/p, 8 o/p, 100 MHz

e Each output represents any AND/OR
combination of inputs or
complements

e CAMAC programmable and readable

e Battery backup/continuous memory

Model 2372: 64k Memory Look-Up
Unit

¢ 12-in/16-out to 16-in/12-out

¢ 80 nsec maximum delay time

e Pipeline and dc logic modes

¢ Battery'backup/continuous memory

Model 4532: 32 Channel Majority
Logic Unit

* 100 MHz, overlap or latching

e External or internal gate

¢ Analog and cluster option

Model 4504: 4 Channel Flash ADC
¢ 100 MHz, 4 bits plus overflow

¢ Front panel fast data outputs

e External strobe or free running

For details call or write your nearest
LeCroy Sales office.

LeCroy
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I’s

A new generation of high-performance

power tubes.

EIMAC’s 4CW300,000G com-
bines all the desired features
transmitter designers look for:
high peak plate current, low grid
emission, low internal capaci-
tances and low internal induc-
tance. This is the first of a new
generation of high performance
power tubes for LF, HF, VHF and
pulse service.

Laserfab pyrolytic

graphite grids

The control grid and screen
structures of the 4CW300,000G
are precision-cut by a laser
beam. Each element is mono-
lithic and combines extremely
low coefficient of expansion
with low structural inductance.
These features permit the
4CW300,000G to have a very
high transconductance —10°
micromhos—and allow effi-
cient, high-frequency operation.

Rugged mesh filament

The EIMAC mesh filament pro-
vides exceptionally high peak
plate current and permits low
plate voltage operation. This
leads to power supply economy,
making the 4CW300,000G the
economic choice for 300 KW AM
broadcast service or long-pulse
switch service, each of which
demands a reserve of peak
emission.

Improved anode structure
EIMAC’s multi-phase cooling
technique provides high plate
dissipation to extract heat
evenly and quickly from the an-
ode, contributing to long tube
life and operating economy.
EIMAC expertise

EIMAC’s expertise in electron
ballistics pyrolytic grid produc-
tion, thermodynamics and cir-
cuit techniques combine to
bring tomorrow’s tubes for to-

day’s transmitter designs. More
information is available from
Varian EIMAC. Or the nearest
Varian Electron Device Group
sales office.

Electron Device Group

Varian EIMAC

Application Engineering
Department

301 Industrial Way

San Carlos, CA 94070

Telephone: 415:592-1221, ext. 218

Varian AG
Steinhauserstrasse
CH-6300 Zug, Switzerland
Telephone: (042) 23 25 75
Telex: 78 841

varian
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