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(5 nsec/point) can be generated. Standard function
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Why Custom Waveforms?

A signal source should simulate a “real world” waveform. In
the past, only sine waves, square waves, ramps or pulses
were available for high speed applications. But using these

limited waveforms, how could cir-
cuits be tested under actual condi-
tions? Such as testing a threshold
detector by varying the amplitude of
a single pulse out of a hundred? Or
a phase detector by varying the
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sand? Or test an equipment setup
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Good news for particle accelerators.

EEV, a world leader in high energy switching
thyratrons, has now developed a single cathode
multi-gap tube that operates as a bi-directional switch.

Now you can double the power delivered to
kicker magnets without substantial rebuilding costs.

This new tube, the CX1671, is a plug-in
replacement for the CX1171. Its unique hollow anode
design was originally developed by EEV to switch
the severe inverse voltages occuring in pulsed gas
discharge lasers.

When operating at an anode voltage-of 80kV, it
has proved capable of switching 2500 amps of
reverse current in a 2 microsecond pulse, without any
degradation in-performance after 10 million pulses.

For further information on this state-of-the-art
thyratron, contact EEV today.

UK:

EEV, Waterhouse Lane, Chelmsford, Essex CM1 2QU, England. Tel: (0245) 493493. Telex: 99103. Fax: (0245) 353472.
USA:

EEV Inc, 4 Westchester Plaza, Elmsford, NY 10523, Tel: (914) 592 6050. Telex: 6818096. Fax: (914) 682 8922.
CANADA:
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Uppsala spells hope

In the last few years, the particle
physics community has experi-
enced something of a backlash.
Indications of effects beyond its
Standard Model - the electroweak
synthesis plus the quantum chro-
modynamics (QCD) picture of quark
interactions - have disappeared

on closer scrutiny, while the ex-
pected sixth ("top’) quark is still
-missing. In addition, the proton
does not appear to decay, at least
not within 1032 years, ruling out
the simplest ‘grand unified” models
encompassing both the electro-
weak and the quark interaction
sectors.

However at the European Physi-
cal Society’s International High
Energy Physics Conference in Upp-
sala, Sweden, from 25 June to
1 July, the message was one of
hope. There are excellent pros-
pects of unravelling good physics
with the impressive range of accel-
erators and storage rings planned
or under construction. This tran-
sition to a new energy range was
reflected in the plenary talks, in-
cluding many status reports on
new projects.

The 600 physicists who came
to Sweden'’s oldest university,
founded 510 years ago, heard the
first results from the new Japanese
TRISTAN electron-positron collider.
With the machine running at 25
GeV per beam, the VENUS, AMY
and TOPAZ experiments compare
the production levels of hadrons
and of muons. Their results so far
are compatible with what was seen
at slightly lower energies in the
PETRA ring at the German DESY
Laboratory several years ago and
as yet show no signs of the top
quark.

Key ingredients in the Standard
Model are of course the W and Z
bosons carrying the weak nuclear
force. Uppsala marked the end of
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the monopoly of the UA1 and UA2
experiments at the CERN proton-
antiproton collider for W and Z
physics with the first W and Z
candidate events from the CDF
detector at the Fermilab Tevatron.
Although presented as candidates,
plenary speaker Pierre Darriulat of
CERN and the UA2 experiment
was convinced enough to invite

the CDF team to join the W/Z club.

With CERN’s new ACOL Anti-
proton Collector coming into oper-
ation to boost the antiproton sup-
ply, exciting competition is fore-
seen between Europe and the US.

In his summary, Guido Altarelli
pointed out that two of the big
physics discoveries of the past
year were in other fields but never-
theless have important implications
for high energy physics - the dis-
covery of the new high tempera-
ture superconductors and the ob-
servation of the 1987 supernova.

One of the pioneers of the new
boom in ceramic superconductors
- Georg Bednorz of IBM Zurich -

Abdus Salam (front row, right) leads the
notetakers at a plenary session of the recent
EPS International High Energy Physics
Conference, held in Uppsala, Sweden.

reviewed the present status of this
research. It is not yet clear whether
these materials will be suitable for
making superconducting magnets.
Dave Jackson, reviewing the status
of the US SSC Superconducting
Supercollider project, did not con-
sider them significant at the pre-
sent stage of the SSC design.

In his talk on particle physics
and cosmology, John Ellis of CERN
presented the emerging view on
the supernova physics. He also
stressed the importance of the
"dark matter’ problem - gravita-
tional indications that much of the
material of the universe is electro-
magnetically invisible. Many pro-
posed solutions imply the exist-
ence of new particles, and inge-
nious new detectors are being
designed.

Terence Sloan reviewed quark
interactions deep inside hadrons,
and the measured structure func-
tions describing the quark content
of nucleons and other particles.
Recent results from the European
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Muon Collaboration.on spin-
dependent structure functions
show that an expected condition
(Ellis-Jaffe sum rule) does not
work.

The "superstring revolution’
which has activated many theore-
tical physicists and mathematicians
in recent years has now entered
a consolidation phase. Although
the hope for a unique theory has
more or less evaporated, super-
string advocate Michael Green was
still optimistic as the enormous
technical effort worldwide is being
rewarded by a deeper under-
standing of the subtle mathematical
issues involved.

Even if contact with experiment
is difficult, the mere possibility of
incorporating quantum gravity and
the Standard Model into a common
framework is itself a triumph for
string theory.

In another theoretical plenary
talk, Ludvig Faddeev of Leningrad
reported on attempts to quantize
theories containing mathematical
anomalies. Although the physical
properties of such systems remain
to be determined, Faddeev empha-
sized that anomalies are not as
disastrous as was once thought.

The tradition of the EPS High
Energy Physics Conferences is for
intense parallel sessions during
the first days, providing a mass
of information and Uppsala was
no exception.

In the session of physics beyond
the Standard Model, the UA1 and
UAZ2 collaborations presented new
and updated bounds on particles
as yet unseen but implied by the-
oretical ideas such as supersym-
metry and quark compositeness.
According to UA1, the top
quark now has to be heavier than
44 GeV.

Limits from 'beam dump’ exper-

- iments on light short-lived electron-
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positron excitations do not support
the intriguing signal seen at the
Darmstadt GSI Laboratory, how-
ever a low energy positron scat-
tering experiment in Stockholm
does show an unusual peak in the
same region as the GSI effect,
supporting also an Oak Ridge
study.

There was considerable theore-
tical discussion on the "'new phys-
ics’ potential of the new machines.

In the session covering jet phys-
ics, Henry Suter of CERN presented
recent results from the NA10 ex-
periment at CERN on the produc-
tion of muon pairs by different
beams of hadrons (see July/Au-
gust issue, page 17), where the
angular distribution has an unex-
pected variation with transverse
momentum. Preliminary results on
hadron jets from the CDF experi-
ment at the Fermilab Tevatron
were presented by A. Garfinkel of
Purdue. The produced jets extend
out to 150 GeV transverse mom-
entum.

Another embarrassment for the
Standard Model - production of
pairs of like sign muons in neutrino
interactions - is evaporating, with
results from the CCFR group at
Fermilab (see also June issue, page
18).

A large part of the session on
"soft’ hadronic interactions was
devoted to a comparison of the
multiparticle production seen in
fixed target experiments and at
the CERN Collider. Effects such as
the (KNO) scaling violation or the
development of strong forward-
backward correlations were con-
firmed, and with improved accu-
racy.

New developments of ‘fragmen-
tation” models describing the for-
mation of hadrons from quarks
were presented and discussed,
and it seemed as if the predictions

From Uppsala
to Hamburg

Many of the results presented
at the European Physical So-
ciety’s International High En-
ergy Physics Conference in
Uppsala, Sweden, in June
were underlined or further
elaborated at the International
Symposium on Lepton-Pho-
ton Interactions at High Ener-
gy in Hamburg a month later.
A report of the Hamburg
meeting will feature in our
October issue.

of the various models are gradually
converging.

Measurements from the CERN
Collider on the detailed behaviour
of forward elastic scattering show
that the ratio of the real to the
imaginary parts of the amplitude
is higher than expected from extra-
polation from lower energies. If
this proves correct, it means a
rapid increase in reaction rates
above 1 TeV.

The session on lepton properties
included an interesting talk by
M. Roos (Helsinki) who discussed
the ways of extracting information
on the neutrino mass from this
year’s supernova information. An
upper limit of around 20 eV or
even less can be extracted, and
there are arguments which pull the
limit down even further. However
Roos emphasized that given our
limited understanding of what hap-
penned in the supernova, these
results should be used with care
and laboratory experiments are as
useful as ever.

Alvaro de Ruijula of CERN also
discussed the neutrino implications
of the supernova, and speculated
on the possibility that it banged



Beauty without charm

New physics result announced
at the International Symposium
on Lepton and Photon Inter-
actions at High Energy held in
Hamburg from 27-31 July was
the evidence from the ARGUS
experiment at the DORIS elec-
tron-positron collider of the Ger-
man DESY Laboratory (also in
Hamburg) for the decay of B
mesons (carrying the beauty
quantum number) without pro-
ducing particles carrying the
charm quantum number.

The highly unstable B mesons
prefer to decay into charmed
particles (also unstable) but less
frequently they should decay
directly into particles carrying
everyday (‘up’ and ‘down’)
quarks. ARGUS looked for B
decays into two-body states
disintegrating in turn into a pro-
ton and an antiproton together
with one or two pions, and
found them at the level of a few
in ten thousand.

Together with recent results
from the same experiment on
the ‘mixing’ of electrically neutral
B mesons, this information helps
fill in the gaps in the (Kobayashi-
Maskawa) matrix describing the
transitions between the different
types of quark, and hinting at
where the long-awaited sixth
(‘top’) quark might be found.

In his review talk at the Ham-
burg meeting, W. Schmidt-
Parzefall of the ARGUS group
gave the majority view of a top
quark heavier than 50 GeV. The
meson composed of this quark
and its antiquark should thus
be heavier than about 100 GeV,
with implications for electron-
positron colliders starting oper-
ations (TRISTAN, Japan), about
to start operations (SLC, Stan-
ford), and soon to start opera-
tions (LEP, CERN).

A full report on the Hamburg
meeting will appear in our Octo-
ber issue.

twice, rather than once.

Despite reports earlier this year
on the observation of neutrinoless
double beta decay accompanied
by the emission of new particles
(majorons), the results presented
at Uppsala gave no support. Like-
wise a hint of special 'second-class
currents’ in certain tau decays re-
ported by the HRS group at the
Stanford linac (see April issue,
page 10) was ruled out by several
groups.

4

A newcomer topic was high
energy nuclear collisions. Five
groups presented their results from
data taken at CERN only seven
months earlier. The great hope is
to see the long-awaited quark-
gluon plasma, when quarks break -
loose from their habitual nucleon
environments. The dimuon signals
reported by the NA38 collaboration
hint at the suppression of the pro-
duction of J/psi particles, as pre-
dicted for the plasma. Since all

experiments also took data with
protons, an effort is being made
to sort out collective effects.

With new precision data on deep
inelastic scattering probing the
deep interior of the struck nu-
cleons, the ratio of the longitudinal
to transverse production rates
measured at Stanford in certain
kinematic regions (momentum
transfer less than 10 GeV?) is larg-
er than the theoretical predictions.
Elsewhere this ratio and the proton
structure function behave as ex-
pected.

The session on the weak decays
of quarks included the now famous
result from the ARGUS experiment
at DESY on particle mixing in the
neutral B meson system. The high
level of mixing seen places a res-
triction on the top quark mass.
With three families of two quarks,
the top quark has to be heavier
than about 45 GeV.

The great message from the
conference was the possibility of
a second Copernican revolution.
We are not at the centre of the
universe and not even made of the
most abundant form of matter in it.

While there were no spectacular
new discoveries presented at this
Conference, there was an impres-
sive amount of solid experimental
and theoretical work reported.
Promising developments in exper-
imental techniques were discussed
such as high power acceleration
devices — the free electron laser
(1.8 GW, 8.6 mm), the relativistic
klystron and the wake-field trans-
former (8 MeV/m). In the session
on detector developments it was
shown that energy in the TeV
range can be measured with a pre-
cision of one per cent using calo-
rimetric methods and that two-
dimensional position measure-
ments in the micron range can be
made, promising for the future.
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The atmosphere in Uppsala was
full of enthusiasm when we now
enter the era of post-W/Z physics.
Maybe some of the hopes will have
materialized by the time of the
1989 EPS conference in Madrid.

Reported by Lars Bergstrém
and Sven Kullander.

Reinhold Riickl (left) and Roberto Peccei at
the HEP 87 club.

(Photos UNT Bild Uppsala)

Pushing hard on the accelerator

The quest for new techniques to
drive future generations of particle
accelerators has been pushed hard
.in recent years, efforts having been
highlighted by workshops in Eu-
rope, organized by the European
Committee for Future Accelerators,
and in the US.

The latest ECFA Workshop on
New Developments in Particle Ac-
celeration Techniques, held at
Orsay from 29 June to 4 July,
showed how the initial frantic
search for innovation is now ma-
turing.

After Michel Davier, Head of the
host Laboratoire de I'Accélérateur
Linéaire at Orsay, opened the
meeting by recalling some import-
ant milestones in accelerator his-
tory, business began with a series
of invited talks. Chris Llewellyn-
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Smith reviewed the physics moti-
vations for higher energies, under-
lining the rich rewards expected
when constituent particles collide

.at energies around 1 TeV (1000

GeV). Major areas of new acceler-
ator activity were described by

H. Henke, S. Aronson, J.-L. Bobin,
R. Palmer, J. Seeman and J. Shep-
pard, while Carlo Rubbia looked

at the choices ahead (see page
11).

After this general survey, the
mornings were given over to sym-
posium-style talks on new devel-
opments, with the afternoons re-
served for working groups in paral-
lel sessions. The final day saw
summaries from these working
groups, together with a round-
table discussion chaired by Kjell

- Johnsen.

After all the thought, discussion
and experimental work of recent
years, a certain confidence and
consensus viewpoint is now
emerging. The so-called ‘semi-
conventional linac’ is a clear favou-
rite for the next generation of elec-
tron-positron colliders, while the
more exotic techniques using plas-
mas, laser switching, wake fields,
crystals, etc., have not yet pro-
duced a definitive candidate, and
are thought to be relevant to a
subsequent generation of ma-
chines.

The semi-conventional linac work
centres on the CLIC (CERN Linear
Collider) and SC (Stanford Collider)
schemes. These are both based
on classical room temperature
copper accelerating structures
operating at high frequencies to



optimize energy consumption. (The
arrival of the new high temperature
superconductors could change the

optimal choice of operating condi-

tions.)

The CLIC scheme currently fore-
sees 1 TeV colliding electron and
positron beams, operating at
29 GHz with a 5.8 kHz repetition
rate and a collision luminosity of
1032 cm~2 s ~1, while the corre-
sponding SC figures are 0.5 TeV,
17 GHz and 200 Hz for about the
same luminosity.

Parameters have tended to con-
verge recently, and there is general
agreement on limitations such as
30 GHz being the highest frequen-
‘cy at which instabilities due to
wake fields can be overcome. The

“fundamental differences are in the
repetition frequencies, reflecting
different ideas on efficiency and
momentum spread and the large
emittance ratio for the ribbon-like
beam preferred by Stanford.

These studies have stimulated
worldwide work on the design of

power sources. The CERN design
prefers a superconducting drive
linac as power source while Stan-
ford has several candidates under
study. This vigorous development
of gyrotrons, relativistic klystrons,
lasertrons, etc., could lead to other
valuable spinoffs. The lasertron
and photocathode work is being
pushed particularly in Japan, the
US and France. Electron gun devel-
opment is getting close to fulfilling
the needs of the semi-conventional
linacs.

In the more exotic domain, there
is a flourishing worldwide pro-
gramme. The DESY Wakefield
Transformer Accelerator is a well-
advanced proof-of-principle experi-
ment, achieving a gain of 50 keV
for a 20 keV electron beam — a
gradient of 2 MeV/m. Another
such experiment at UCLA has de-
monstrated a 1 GeV/m gradient
using plasma beat waves. Ideas
such as the "Wakeatron’ and the
Plasma Wakefield Accelerator are
being investigated at Argonne.

Guy Coignet of LAPP (Annecy) — chairman
of the recent Workshop on New
Developments in Particle Acceleration
Techniques held at Orsay.

Plasmas are also very promising
for final focus lenses. Another
possibility is the SPL Switched
Pulse Linac, where effort concen-
trates on developing switches trig-
gered by 10 ps laser pulses. Sev-
eral Laboratories are working on
photodiodes, high pressure gas
switches and solid-state switches,
all good contenders for fruitful
applications. CERN is also looking
at the accelerating structure for an
SPL.

This work is underpinned by
theoretical studies exploring para-
meter interdependence, scaling,
multi-bunch operation and final
focusing. The problems of disrup-
tion and beamstrahlung are now
rather well understood, though
detailed computer studies are nec-
essary for evaluating specific
cases. A preliminary layout for a
chromatically corrected final focus
system was presented by A. Chao.

The Orsay meeting underlined
how all the efforts of recent years

Participants at the Orsay workshop saw
how the search for innovative acceleration
techniques is now maturing.
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are now paying dividends, prom-
ising a bright future for several
generations of future particle accel-
erators.

(The meeting was jointly organ-
ized by ECFA, the CERN Accelera-

tor School, The French Institut
National de Physique Nucléaire et
de Physique des Particules, the
Institut de Recherche Fondamentale
of the French Commissariat a
I'Energie Atomique, and the Euro-

pean Physical Society. It was also
sponsored by Thomson-CSF, Al-
sthom and the Compagnie Générale
d’Electricité.)

From Philip Bryant

CERN prepares for the future

While the biannual sessions of
-CERN Council, bringing together
representatives from all fourteen
Member States, tend to be preoc-
cupied with matters of the mo-
ment, this was not the case at the
June session when the broad
sweep of the Laboratory’s ongoing
research programme was under
discussion. This was first reflected
in the four-year forward look of
Director General Herwig Schopper,
extending beyond the initial phase
of LEP construction.

Two new activities appear —
the completion of LEP to its
designed beam energy of about
100 GeV and the start of a signi-
ficant research and development
programme on accelerator and
detector technologies.

LEP is optimized for operation
at 100 GeV per beam but the initial

“construction phase only allows
about half this energy. Now that
the technology of superconducting
radiofrequency cavities has been
mastered, more energy without
excessive power consumption can
be envisaged. The plan is to install

A five-cell superconducting cavity being
prepared for mounting in its cryostat. These

cavities will play an important role in CERN’s

LEP electron-positron collider.
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four such cavities for the start-up
of LEP so as to gain operational
experience as soon as possible.

If all goes well, starting from the
summer of 1991 a further 28 cav-
ities will be installed. These 32
cavities operating alone will sustain
a beam energy of 56 GeV (with
field gradients of 7 MeV per
metre), or will take the energy to
67 GeV when operated in conjunc-

tion with the copper cavities. An
additional 32 cavities could be
introduced in the summer of 1992
and the simultaneous operation of
all the cavities would then take the
peak energy to 77 GeV. The final
stage would be the replacement
of the 128 copper cavities with
superconducting cavities, when
the energy would move to around
92 GeV (comfortably beyond the
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83 GeV level necessary for the
production of pairs of W particles).
Since one of the techniques used
in the production of these cavities
involves coating the inside surfaces
with superconducting niobium, the
possibility of substituting one of
the newly discovered high temper-
ature superconductors will be in-
vestigated.

The urgency of research and
development on accelerator and
detector technologies has been
stressed by the Long Range Plan-
ning Committee led by Carlo Rub-
bia. For CERN to take appropriate
decisions about its future direction
the know-how of European scien-
tists in these two areas needs to
be taken a stage further. Work on
high field superconducting mag-
nets, on high energy colliding elec-
tron-positron linacs, and other
novel acceleration techniques is
to be pursued.

The high field magnet is required
in the scheme to install a Large
Hadron Collider, LHC, in the LEP
tunnel. Work has already started,
in collaboration with other Euro-
pean Laboratories and industry,
trying two approaches — one uses
niobium-titanium conductor cooled
to 2 K; the other uses niobium-tin
conductor. Progress with the high
temperature superconductors is
being watched very closely. Work
on colliding linear accelerators will
begin next year. Work on detector
technologies is starting in the
‘LAA’ project (see box).

The ongoing programme also
firmly intends to sustain the variety
of CERN'’s research. This includes
the unique low energy antiproton
experiments on LEAR, the success-
ful research on the isotope sepa-
rator (ISOLDE 3, coming into action
this year) at the synchro-cyclotron,
the fixed target experiments at the
SPS (at something like the present
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level of activity), the high energy
ion programme and, of course, the
proton-antiproton collider.

Another nuclear beam run (with
sulphur) is scheduled for the end
of this year and there is interest
in moving to heavier nuclei. This
would involve a major upgrade of
the PS linac and a project funded
by interested parties would prob-
ably be necessary. The collider is
guaranteed a rejuvenated pro-
gramme when ACOL steps up the
antiproton supply by a factor of
ten or more (see page 26). This
will ensure competitivity for some
time in the face of the impressive
performance of the new Fermilab
Tevatron Collider. The Tevatron
will eventually take over leadership
in this field and it is intended to
review the CERN work around
1989.

Council unanimously endorsed
the programme document pre-
sented by the Director General. Its
budget estimates envisage the
contributions of the Member States
(with the exceptions of new Mem-
ber States Spain and Portugal,
whose contributions are rising
progressively to their correct lev-
els) staying at their present levels.

Into the next century

The vision of the Long Range
Planning Committee sees CERN's
leadership in particle physics ex-
tending further into the future. Car-
lo Rubbia summarized thinking so
far — the final report will be avail-
able in December.

Experience suggests that ma-
chine energies should be increased
by a factor of about ten beyond
those currently available. Theory
also hints that the 1 TeV range of
colliding constituents should reveal

LAA jamboree

Three days after the June
session of CERN Council,
there was an open presenta-
tion at CERN of the 'LAA’
project to develop new exper-
imental technologies for a
multi-TeV hadron collider
detector. This is a five-year
special programme supported
by Italy under the leadership
of Antonino Zichichi, helped
by an Advisory Committee
(see March issue, page 4). It
is open to participation by
all those interested in the
topic for there is great con-
cern to generate new ideas.
The technologies for study
are — high precision tracking
devices for the central region,
calorimetry, leading particle
detection down the beam
directions, large area devices
for muon detection, and data
acquisition and analysis. The
likely operating conditions of
the collider need to be taken
into account, including a lumi-
nosity of 10°3 or more (giving
lots of secondary particles),
bunch intervals of some
100 ns (requiring high data
handling rates), high mag-
netic fields and high radiation
environments).

significant new physics. The Com-
mittee examined the feasibility of
reaching these energies in two
complimentary machines — a ha-
dron-hadron collider and a lepton-
lepton collider — in the most cost-
effective way.

The tunnel built for LEP would
also accommodate a Large Hadron
Collider capable of reaching about
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8 TeV per beam using high field
superconducting magnets. (A
“rough rule of thumb for hadron
colliders is that the constituent
quarks collide carrying a tenth of
the beam energy.) LHC would also
open up proton-electron collisions,
using the LEP beam, and ion-ion
collisions in the PeV (10'2 eV)
range using the PS/SPS injection
system.
Lepton collider energies of about

1 TeV per beam require much
more research and development

12

than the LHC. Nevertheless there

is increasing optimism about the
feasibility of such a machine and

a scheme involving LEP-type super-
conducting radiofrequency cavities
in a drive linac, with power trans-
formed to the main linac to give
field gradients of some 100 MV
per metre, is under study (see page
7).

Rubbia maintained that the nec-
essary R and D should be pushed.
This is also true for detector tech-
nologies since present detectors

could not cope with the output of
the LHC with its exceptionally high
luminosity of 5 x 1033, This is be-
ing tackled in the LAA project.

Review Committee

Though not formally presented
at the Council session, another

preliminary report was presented

to the CERN Member States by
the CERN Review Committee, set
up by Council in 1986 on the ini-
tiative of the UK government, to
investigate how CERN operates.
The Committee is chaired by Ana-
tole Abragam and includes seven
eminent Europeans from science
and industry.

The report underlines the scien-
tific and cultural success of the
Laboratory and seeks ways of
ensuring CERN’s continuing pres-
tige and creativity. There are a
series of recommendations con-
cerning the management of the
Laboratory and its personnel and
financial resources. These are to
be studied in collaboration with
CERN management over the com-
ing months to assess their detailed
implications. The aim is to present
the final report in December.

A model of a high field superconducting
magnet as proposed for the Large Hadron
Collider which could be built in the LEP
tunnel. Note the two-in-one configuration

— a single yoke accommodates the vacuum
pipes of the counter-rotating proton beams.
This brings cost savings in cryostats and
cryogenics. Work on the construction of
prototypes of such magnets has started.

(Photo CERN X423.6.87)
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Major Titles in Contemporary Physics

from harwood academic publishers

From one of the world’s leading
theoretical physicists — a textbook
prepared especially for a Western

audience

PARTICLE PHYSICS:
THE QUEST FOR THE
SUBSTANCE OF SUBSTANCE

By L. B. Okun, Institute of Theoretical and
Experimental Physics, USSR
Translated from the Russian by V. |. Kisin

Volume 2 in the Concepts in Contemporary
Physics series

"Very few gifted theoretical physicists are also
great expositors; rare indeed are those with
equal mastery of the intuitive underpinnings of a
theory and its formal structure, and scarcest of
all are those in whom erudition lives in harmony
with imagination. The Soviet theorist L. B. Okun
is all of these, as this short but lucid monograph
demonstrates. He has produced a handy
guidebook for those newly arrived in the arcane
land of fundamental particles and fields,
whether they be students contemplating
immigration or tourists from other
subdisciplines...Okun has a remarkable knack
for finding the vivid image that can illuminate a
murky concept...His treatment is tight and
leaves few loose ends; not many writers on this
subject offer the reader a physical feeling for
the Cabbibo angle. The book contains a useful
appendix on natural units as well as an
excellent glossary and an ample bibliography"
~Physics Today

"Those who will find it most useful are students
following a course in quantum field theory and
particle physics...The English translation by V. I.
Kisin is excellent" —~Contemporary Physics

Contents: Particles and Principles « Gravitation
and Electrodynamics « The Strong Interaction -
The Weak Interaction . The Electroweak Theory «
Prospects for Unification « Appendices: On
Systems of Physical Units, Glossary,
Bibliography - Subject Index

1985 237 pp
hardcover 3-7186-0228-8 $44.00
softcover 3-7186-0229-6 $12.00

"Polyakov is one of the top
physicists with ties to mathematics
in the world today".

- Ken Wilson, Cornell University

GAUGE FIELDS AND STRINGS

by A. M. Polyakov,
L.D. Landau Institute for Theoretical Physics,
USSR

Volume 3 in the Concepts in Contemporary
Physics series

"Polyakov is one of the most imaginative and
stimulating mathematical/theoretical physicists
active today. His contributions have informed
particle physics, statistical physics and
mathematical physics, and they have seeded a
remarkable collaboration between physics and
mathematics that is still flourishing. This is
widely recognized and appreciated, as is seen
from the recent Heineman prize awarded to
Polyakov [from the American Physical Society]"
— Roman Jackiw, Massachusetts Institute of
Technology, USA

Contents: Asymptotic Freedom and
Renormalization Group » Strong Coupling
Expansion « Instantons in Abelian Systems *
Quark Confinement, Superfluidity, Elasticity,
Criteria and Analogies « Topology of Gauge
Fields and Related Problems - Analogies
Between Gauge and Chiral Fields. Loop
Dynamics - Large N Expansion -+ Quantum
Strings and Random Surfaces + Attempt of
Synthesis

July 1987 312 pp.
hardcover 3-7186-0392-6 $48.00

Order these books through STBS
P.O. Box 197
London , WC2E 9PX, UK
or: P.O. 786 Cooper Station,
New York, NY 10276, USA



harwood academic publishers present:

The latest in R&D from three important volumes in the Accelerator and Storage Rings series

Order before November 1, 1987 and save 20% !

THE OPTICS OF CHARGED
PARTICLE BEAMS

David C. Carey
Fermi National Accelerator
Laboratory, Batavia, lll, USA

This volume provides a much needed
overview of the progress made during the
last 20 years in the bending and focusing
of charged particie beams.

Contents: Introduction
Motion and Transfer Matrices ¢
Applications to Magnets + Quadrupole
Systems * Systems with Dispersion + The
Beam Ellipse * Second Order Equations *
Second Order Magnets + Second Order
Systems + Periodic Systems and Beam
Matching « Polarization ¢ Disturbances -
Index

» Equations of

1987 298 pp.
hardcover 3-7186-0350-0 $75.00
SAS member price: $45.00"
Special discounted price of $60.00 if
ordered before November 1, 1987

THEORY OF LINEAR RESONANCE
ACCELERATORS

I. M. Kapchinskiy
Institute for Theoretical and
Experimental Physics, Moscow,

USSR
Reflecting the gain in scientific and
technical importance of linear

accelerators, this volume explores recent
data and ideas that have expanded and
refined accelerator theory.

Contents: Introduction » Acceleration and
Phase Stability of Charged Particles -*
Focusing on Charged Particle Beams -+
The Effect of Space Charge on the
Focusing of Continuous Beams *
Collective Processes in Linear
Accelerators » References

1985 411 pp
hardcover 3-7186-0233-4 $180.00
‘SAS member price: $90.00"
Special discounted price of $144.00 if
ordered before November 1, 1987

PARTICLE ACCELERATORS AND
THEIR USES

Waldemar Scharf
Institute of Radioelectronics, Warsaw
Technical University, Poland

The most comprehensive work published
to date on the construction and
applications of major accelerator types.

Contents: ACCELERATOR DESIGN:
Introduction - Linear Accelerators -«
Cyclotrons and Synchrocyclotrons
Betatrons » Synchrotrons * Microtrons and
Recirculating Electron Accelerators *
Collective and Laser Accelerators -«
Storage Rings ¢ APPLICATIONS OF
ACCELERATORS: In Scientific Research -
In Medicine and Radiobiology * In Industry
and Engineering ¢+ Supplement -
References « Glossary + Index

1986 1050 pp.
hardcover 3-7186-0034-X $195.00
SAS member price: $99.00*
Special discounted price of $156.00 if
ordered before November 1, 1987

Order these titles through STBS

P.O. Box 197, London WC2E 9PX, UK OR: P.O. Box 786 Cooper Station, New York, NY 10276, USA
*The Science and Arts Society price, available only to individuals. For details of SAS, please write to STBS.

~ résolution < 0,025 %
® Entrées extérieures pour arrét des programmes et
verrouillage de programmation au clavier

e Introduction des programmes par clavier capacitif

‘® Dimensions 96 x 96 x 200 mm

mess.unp ®
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HERAIding HERA

On Wednesday 19 August, the
machine cutting the tunnel for the
HERA electron-proton collider at
the German DESY Laboratory in
Hamburg arrived back at the South
Hall, where it set out on its 6.3
kilometre circuit 27 months ago.

Behind the tunnelling machine,
concrete finishing is going up fast,
while further back installation is
well underway, with large numbers
of magnets already in place for the
30 GeV electron ring. Both the
proton and electron injection lines
from the neighbouring PETRA ring
into HERA have been tested (the
proton line with positrons pending
the arrival of protons).

Having worked exclusively with
electron beams throughout its 28-
year history, the DESY Laboratory
is having to add a proton plant.
The radiofrequency quadrupoles
(built by Frankfurt) to give the pro-
tons their first impulse have per-
formed well (see June issue,
page 1), but the new proton linac
has been delayed. Beamline equip-
ment to take protons from the
linac to the synchrotron, supplied
by Canada, has arrived.

For the protons, the original
DESY electron synchrotron has
been rebuilt as DESY Ill, with 32
additional quadrupoles giving the
old combined function (bending
and focusing) machine more the
appearance of a latter-day sepa-
rated function accelerator.

DESY Il surrounds the new
DESY Il electron machine, impres-
sively commissioned after only
one month of running in. The
original intention was to lower
DESY Il to enable the electron
beams from DESY Il to get out.
However the old machine was built
so solidly that it proved easier and
cheaper to install the two machines
in the same horizontal plane, with
electron beams traversing the pro-
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ton machine, and with the two
vacuum systems delicately inter-
locked!

Conversion work is also needed
to adapt the PETRA ring to handle
40 GeV proton beams, in particular
for the protons to bypass the high-
impedance radiofrequency accel-
erating cavities for electron beams.
Work should start soon. The two

‘new PETRA accelerating cavities

for protons are nearing completion
in Canada.

All orders for the superconduct-
ing magnets for HERA's proton
ring have been placed with Euro-
pean industry. While reliable large-
scale production of these vital units
has yet to be demonstrated, hopes
are high after successful tests of
prototype 9-metre dipoles from
DESY and BBC in Germany, qua-
drupoles (developed at Saclay) and
correction coils from the Nether-
lands, hinting that protons could
eventually be taken above the 820
GeV HERA design level.

To supply the proton ring and
magnet testbed with liquid helium
meant building the largest refriger-

The tunnel leading from the PETRA ring
down to the HERA Main Ring at DESY.

ation plant in Europe. Sulzer has
been awarded a supplementary
contract to oversee the running of
this complicated technology.

HERA's electrons require 30
GeV of energy. Most of this will
be supplied by copper radiofre-
quency units taken from the
PETRA ring. The hope is that the
additional energy will be supplied
by the twin four-cell 500 MHz su-
perconducting niobium units devel-
oped in intense R and D during the
past few years and which have
proved so successful in bench
tests.

Initial beam tests of the super-
conducting cavities in PETRA en-
countered unforeseen problems
but this should be mastered for
further beam tests later this year.

In the meantime installation has
begun of the klystron equipment
taken over from PETRA to drive
the copper radiofrequency accel-
erating units for the electron
beams. HERA will handle polarized
(spin-oriented) electrons and mak-
ing their appearance are the first
rotator magnets to change the
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Right, the new DESY Il synchrotron, and
left, the original DESY synchrotron, rebuilt
to supply protons for the HERA
electron-protons collider being built at

the DESY Laboratory in Hamburg. The
DESY Il electron beam exits through the
proton machine.

polarization direction of the elec-
trons before and after each colli-
sion point.

Experiments

To exploit HERA's unique collid-
ing electron and proton beams,
(the plan is also to run with posi-
trons and protons), the two big
detectors - ZEUS and H1 - are
pushing ahead at top speed to be
ready for the first collisions in
1990. With almost 1000 GeV of
proton energy slamming into a 30
GeV electron, the detectors are
highly asymmetrical. This, together
with the bunching of HERA's
beams, posed special problems
for the detector designers. Precise
analysis of the produced hadrons
(strongly interacting particles) will
be needed, especially for the inter-
esting interactions producing neu-
trinos. These will fly out unde-
tected other than through detailed
measurement of energy balance.

ZEUS uses a ‘compensated’
calorimeter design with interleaved
sheets of depleted uranium and
scintillator to give accurate energy
measurement of electrons and
hadrons, while H1 prefers liquid
argon as the sensitive medium
with iron plates as absorber. Some
detailed work has gone into the
development of optimal calorimeter
configurations.

In addition to these two new
HERA experiments, the ARGUS
detector will continue to study
electron-positron collisions in
DESY's DORIS Il ring, although
DORIS operations are temporar-
ily halted during the machine re-
building.

ARGUS hit the headlines earlier

Klystrons installed for HERA.
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this year with the observation of
the ‘mixing’ of electrically-neutral
B mesons (see June issue, page
16). At the Symposium on Lepton-
Photon Interactions at High Ener-
gies in Hamburg in July, the AR-
GUS collaboration reported evi-
dence for the expectedly very rare
decays of B mesons without the
production of particles carrying
the charm quantum number (see
page 4).

More light

Electron machines produce in-
tense beams of synchrotron radi-
ation. This loss of electromagnetic
energy is a curse for high energy
electron beams but a blessing for
scientists looking for a probe of

matter structure.

At DESY, the DORIS ring runs
for 30 per cent of its time with
electron beams for the HASYLAB
synchrotron radiation centre, while
additional beam time comes from
'parasitic’ running during high ener-
gy physics studies with colliding
electron and positron beams, pro-
viding particularly interesting beam
conditions.

Each year, HASYLAB caters for
some 500 scientists from 100
institutes. For the future, more
synchrotron radiation might be
available if a decision goes through
to build a new bypass around the
second DORIS collision region (pre-
viously used by the Crystal Ball
experiment). This will contain six
‘undulators’, increasing both the
quantity and quality of the available
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PROMISES
KEPT

By delivering the total number of very
high power klystrons ordered by
CERN, Thomson-CSF confirms once
again its position as a world leader in
the development and production of
professional electron tubes.

In order to satisfy the ever-escalating
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beams. Three wiggler magnets are
already installed at DORIS and a
new hall for high energy X-rays
has been opened.

Although DESY manpower is
almost completely taken up by the
ambitious HERA project, farsighted
efforts continue towards the devel-
opment of new accelerating tech-
nigues for the full-scale machines
of tomorrow. The DESY wakefield
scheme has provided promising
initial results (see page 7). A real-
istic proposal could emerge if these
results can be scaled up appro-
priately.

With no immediate parallel any-
where, DESY's main HERA effort
can look forward to many years
of profitable exploitation in the
1990s to build up a comprehensive
picture of the interactions of
quarks with electrons and with
positrons under all electron/posi-
tron spin possibilities.

As well as providing unique
physics conditions, HERA has also
blazed a new trail in international
collaboration. ltaly, France, the

Netherlands and Canada are sup-
plying components, while the US
and Israel are contributing to the
technological developments, and
Poland and China, together with

the UK, are supplying valuable

A view of the experimental floor at the
HASYLAB synchrotron radiation laboratory
at DESY.

(Photos DESY)

manpower. With international in-
volvement in big new projects
being increasingly stressed, this
HERA experience is especially
useful.

By Gordon Fraser

Brookhaven — going for gold

In September, the Brookhaven
National Laboratory is celebrating
its fortieth anniversary. It moves
into middle age serving a larger
user community than ever before
and with research programmes
and facility developments which
should guarantee several more
decades of front-line work.
Though the emphasis for the
future has moved off particle phy-
sics, there are still some 350 phy-
sicists involved in particle physics
experiments at the AGS Alternating
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Gradient Synchrotron, including
some unique topics. The search
for unusual kaon decays is a prime
example and four detection sys-
tems are pushing the limits further
out. During the past year, two of
them (kaon to pion, muon, electron
and kaon to muon, electron)
passed previous best limits, reach-
ing 10~% and over the next year
should be entering the interesting
physics range of 1070 or better.
The tantalizing situation with the
results from two experiments

searching for neutrino oscillations
remains unresolved. Both see an
excess of electrons, implying that
the muon-neutrino is converting
to electron-neutrino, but further
analysis of other possible sources
may whittle away the electron
counts. To settle the question de-
finitively, a two-detector experi-
ment may well be needed so that
any variation of electron counts
with distance from the neutrino
source could be studied.
Experiments using polarized (spin
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Superconducting magnet under test at
Brookhaven for the proposed RHIC
Relativistic Heavy lon Collider. The dipoles
operate at the comparatively low field of
3.5T. Four have been built, three by industry
in Germany under the Brookhaven/DESY
collaboration on magnets. Tests so far

have exceeded design field by over 30 per
cent, with good field quality.

oriented) protons have a promising
future at the Laboratory. It has
proved easier than anticipated to
get healthy beam intensities
through depolarizing resonances

in the acceleration cycle. Polarized
sources are being improved con-
siderably, and the advent of the
Booster will enable accumulation
of polarized beams before injection
into the main ring. Adding these
factors together indicates the pos-
sibility of colliding polarized proton
beams in the proposed RHIC col-
lider (of which more later) with a
luminosity as high as 1032 and an
energy of 350 GeV.

The newcomer to the pro-
gramme at the AGS is the series
of experiments with light ion
beams drawn from the nearby tan-
dem. These began last October
with oxygen-8 and silicon-14
beams at energies up to 15 GeV
per nucleon and 5 x 108 acceler-
ated ions per pulse for oxygen.

20

lons with mass up to sulphur are
available. There are thirteen ap-
proved experiments (three with
very large detector arrays) and a
user community of over 300. Ob-
viously a major priority is the
search for quark-gluon plasma.

At first sight conditions are not
as favourable as at the higher ion
energies available at CERN but it
is possible that high energy densi-
ties in colliding nuclei at the AGS
could be achieved because of less
transparency as the nuclei come
together.

Preparing for the ion collider

These ion experiments are the
overture for the major proposed
development at the Laboratory.
The goal is a Relativistic Heavy lon
Collider, RHIC, to collide ions up
to gold at energies of 100 GeV
per nucleon.

The construction of the Booster
synchrotron at the AGS will open
up the required range of ions. The

v At the second workshop at Berkeley in
May on detectors for the proposed
Brookhaven RHIC collider - left to right,
Chris Fabjan (CERN), David Lissauer
(Brookhaven), Dennis Kovar (Argonne).

énd
DRgSHOP
’ERL?’ENTS ,
:TEgTORS |
RHIC
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Brookhaven present (above) and future
(below). Research with ion beams, following
the link with the tandem, is a new feature
of the programme at the AGS Alternating
Gradient Synchrotron. It is a step towards
an envisaged larger scheme when the
Booster (constructed approved) and the
RHIC Relativistic Heavy lon Collider
(proposed) would open up a new region

of nuclear physics research.

Booster will also benefit the parti-
cle physics programme giving high-
er intensities than the present usual
operating level of 1.2 x 10'3. The
machine has reached 1.9 and 5
will be feasible with the Booster.
The AGS itself will obviously have
a major revamp to cope with the
ion beams and higher proton beam
intensities. There are then concep-
tual design studies for a 'stretcher’
ring to take the intensity into the
100 microamp range beloved of
kaon factories.

It is hoped that RHIC construc-
tion can start seriously at the end
of next year with a view to com-
pletion in 1993. Since the funding
comes out of the US nuclear phy-
sics pocket, the rhythm of the pro-
ject may be influenced by progress
on the other new US physics facil-
ity — electron beams at CEBAF.

In fiscal year 1988 dollars, RHIC

is costed at 230 million for the
machine plus 100 million for detec-
tors.

Much of the infrastructure for
the machine is already in place
since it will be installed in the tun-
nel of the late-lamented CBA. The
refrigeration system for the RHIC
superconducting magnets is also
there. Work on the magnets is in
good shape; four full-sized dipoles
have been built (three in industry)
and tests so far have given peak
fields well in excess of the modest
design field of 3.5 T with good
field quality. Two further dipoles
and two quadrupoles will be tested
soon.

A second RHIC Detector Work-
shop was held in Berkeley in May,
attracting over a hundred scien-
tists. The first round of experi-
ments will use four of the six inter-
section regions; the call for propo-
sals is scheduled next year. Detec-
tor configurations have to confront
the special features of high energy
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ion collisions, particularly the high
charged particle multiplicities. The
total collision energy is the same
as at the SSC (some 40 TeV) but
is carried away by thousands of
comparatively low energy parti-
cles: calorimeters of comparatively
modest scale can give the required
efficiency. Nevertheless some de-
tectors should be able to use the
full RHIC luminosity to distinguish
rare events, such as the predicted
absence of the J/psi resonance in
radiation from a quark-gluon plas-
ma. Detector R and D projects
have been identified for compact
calorimetry, particle tracking in
high multiplicity environments and
picking out leptons from the ha-
dron soup.

Another cause for celebration
at Brookhaven in the fall will be
the dedication of Phase Il of the
National Synchrotron Light Source.
To cope with a user community

which has rocketed to nearly 900
there is more experimental floor
area, more offices and labs, and
almost double (up to 80) the num-
ber of light ports with wigglers
and undulators on the ultraviolet
and X-ray rings. A station for an-
giography has been added. About
10 per cent of the beamlines are
used by industry.

The Laboratory is playing a lead-
ing role in a particular industrial
application — the development of
a compact synchrotron for X-ray
lithography. Similar work is under-
way in Japan, Germany and the
UK. The semiconductor industry
could probably use over a hundred
of these machines capable of high
density computer chip manufacture
at the 0.25 micron level. Three
workshops have brought industry
and accelerator specialists together
and the aim is to have a machine
in operation by mid-1990.
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Phase Ill at the Light Source is,
of course, already under consider-
ation. Its main element would be
a new injector linac (to avoid the
pain experienced at many synchro-
tron radiation centres due to beam
injection below operating energy)
for positrons (to avoid positive ion
trapping problems).

The Light Source has also be-
come the base for a newly-created
‘Centre for Accelerator Physics’,
headed jointly by Bob Palmer and
Claudio Pellegrini. Its purpose is
research and education in acceler-
ator physics which underlies so
much of the work in almost all
Departments at the Laboratory.
To give the Centre some teeth, a
very low emittance 50 MeV elec-
tron linac is being built incorporat-
ing a laser-driven photocathode
gun. The laser will also feed pico-
second pulses to the output end
of the linac for experiments.

New acceleration techniques to
be studied include a ‘laser linac’
(with the linac and laser beams in
a fine structure etched in silicon),
a switched power microlasertron,
and an inverse Cherenkov acceler-
ator. Laser light scattered back-
wards from the electron beam
should give intense 5 keV X-radi-
ation of very low emittance for
applications in solid state physics
and medicine. Free electron lasers
for radiation in the micron wave-
length region are another subject
for study.

Several of these topics are
brand-new in the physics of accel-
erators, disproving the adage that
no new ideas can come after the
age of 40!

By Brian Southworth
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Around the

KEK
Good TRISTAN
performance

The TRISTAN electron-positron
collider at the Japanese KEK Lab-
oratory which came into operation
towards the end of last year (see
January/February issue, page 1)
has continued to make good pro-
gress.

The big TOPAZ detector was
used for the first time in May, so
that the collider was working with
its full complement of experiments
(TOPAZ, VENUS, AMY and SHIP).
Improvements in the main ring
vacuum, upgrading injection energy
from 7 to 7.5 GeV and some fine
tuning paid rapid dividends in ma-
chine performance. Maximum lumi-
nosity climbed to 0.8 x 103! cm™
s™1, already eighty per cent of the
design value. Also with the im-
proved vacuum, beam lifetime is
lengthening, so that by June the
daily catch of electron-positron

Laboratories

collisions was ten times what it
was earlier in the year. The TRIS-
TAN team is particularly proud of
having accomplished this in six
months, or three months of actual
machine operation.

The big VENUS, TOPAZ and
AMY detectors intercepted inte-
grated luminosities of 691, 509
and 672 nb~! respectively at 25
GeV beam energy. The improved
collision rates mean that TOPAZ
has reached nearly the same score
as the other two, despite having
entered the ring only in Round 3.

For the subsequent run, the
beam energy was notched up from
25 to 26 GeV. The rapid extraction
of initial physics results from this
data impressed many people at
the international summer confer-
ences (see page 1).

Takayuki Sumiyoshi poses for the fish-eye
lens in front of the lead glass array for the
VENUS detector at the KEK Japanese
National Laboratory’s TRISTAN
electron-positron collider. VENUS, like its
TOPAZ and AMY counterparts elsewhere
in the TRISTAN ring, has amassed a good

score of electron-positron annihilation into
hadrons (strongly interacting particles).

/
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STANFORD
Spot check

Construction of the new Stanford
Linear Collider (SLC) was com-
pleted formally in March when
beams of electrons and positrons
were brought simultaneously to
the interaction point. Since then
commissioning work has pushed
ahead to prepare the machine for
its initial physics research effort.

The commissioning of this com-
plex novel machine has gone fairly
well, but there have been some
problems. One difficulty was the
behaviour of the electron beam as
it passed through the bending mag-
nets in the north arc of the machine
on its way to the final focus and
the interaction point, preventing it
from being focused down to the
few micron spot required for phy-
sics research.

"This problem has now been
solved, and in mid-July the electron
beam was observed at the inter-
-action point with a radius of about
5 microns (about one-fifth the
thickness of a human hair). The
eventual goal is half a micron, but
5 microns was the initial objective
and is perfectly adequate for phy-
sics.

With the electron beam in good
shape, emphasis turns to the posi-
trons. The experience gained with
the electrons in the north arc
should simplify getting the positron
beam through the south arc and
final focus.

After the first electron-positron
collisions with small spot beams
have been obtained, the SLC will
be shut down for a few months
to install the large Mark Il detector
at the interaction point. Physics
research at the SLC should start
around December.
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CERN
The quest for more
antiprotons

One of the greatest achievements
in accelerator technology is the
production of sufficiently intense
antiproton beams to do fruitful
colliding beam experiments. It be-
came possible by the invention of
stochastic cooling to control anti-
proton beams and led to the his-
toric discovery at CERN in 1983
of the W and Z carriers of the
weak force.

The antiproton source at CERN
first came into action in 1981. For

It was a close thing, but it was just possible
to squeeze the new Antiproton Collector
ring around the Antiproton Accumulator
without building a new hall. This new
antiproton supply, ACOL, is designed to
improve CERN’s antiproton levels tenfold.

(Photo CERN X202.5.87)

the following five years, CERN's
unique intense antiproton beams
were exploited for experiments at
energies of several hundred GeV
in the SPS Super Proton Synchro-
tron, converted to a proton-anti-
proton Collider, and in the LEAR
Low Energy Antiproton Ring pre-
dominantly for atomic and nuclear
physics experiments (attracting a
new community of some three
hundred physicists to CERN).
Fermilab has now joined the
antiproton ranks with an antiproton
source excelling CERN’s original
one in available beam intensity and
a potential for physics at energies
heading for 1000 GeV per beam
in the superconducting magnet
ring of the Tevatron. CERN cannot
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approach these energies but com-
petitive antiproton physics is still
possible if beam intensities can
be pushed higher than those at
Fermilab.

The goal at the Tevatron is to
achieve a colliding beam luminosity
of at least 10%° per cm? per s.
Performance to date has exceeded
1029, (The Collider at CERN started
in 1981 with a luminosity of 5 x
10%7 and climbed to a peak perfor-
mance of 3.6 x 10%° in 1984.)
Meanwhile CERN hopes to capital-
ize on its considerable experience
by going for higher luminosity —
ten times more than before thanks
to an improvement programme
including ACOL, the project to
boost tenfold the performance of
the antiproton source. It includes
a rebuilt target station, the new
AC antiproton collector and the
refurbished antiproton accumulator,
AA.

In the original CERN system,
protons were accelerated to 26
GeV in the Proton Synchrotron,
having been specially concentrated
into five bunches, each 40 ns long.
They were then fired at a target
where they produced a spray of
particles including antiprotons.
Lenses sifted out antiprotons of
around 3.5 GeV and guided them
into the AA antiproton accumula-
tor, where stochastic cooling sys-
tems treated the beam so that its
intensity could be built up and the
beam could be stored for many
hours. From 1.3 x 103 protons
on the target at each pulse some
6 x 108 antiprotons were collected
and about 10" antiprotons were
accumulated daily for the beams.

The PS has now been modified
(new radiofrequency manoeuvres)
to concentrate the protons into
five bunches only 25 ns long; it is
hoped to have 2 x 10'2 onto the
antiproton production target. The
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target will initially be a passive
iridium wire, 3 mm in diameter and
about 55 mm long, followed by a

lithium lens to focus the emerging

antiprotons into the injection beam-
line. The antiprotons pass through
a lithium rod (where the low atomic
number avoids significant particle
scattering) at the same time as a
pulsed current of 420 kA. The
magnetic field associated with the
current acts as a linear focusing
lens.

This type of lens, based on pre-
vious versions at Novosibirsk and
Fermilab, has survived many mil-
lions of pulses in laboratory condi-
tions while being pulsed at 450
kA but has not yet been exposed
regularly in a beam. In case of diffi-
culties, a more conventional lens,
like the magnetic horn previously
used at the AA but with a larger
aperture and higher current-carry-
ing capacity, is being held in re-
serve. A variety of target and lens
configurations could be used.

In June Portuguese President Mario Soares
(left) visited CERN. He is seen here with
CERN Director General Herwig Schopper.

(Photo CERN 427.6.87)

The antiprotons are injected into
a newly built ring - the antiproton
collector, AC. This has been
squeezed around the existing AA
and largely relieves the AA of its
preliminary task of precooling the
injected beam, which obviously
has a wide momentum spread,
before transferring the newly in-
jected particles to the store of low
momentum spread antiprotons
being built up ready for the exper-
iments. In fact the AA was a two-
in-one machine with its vacuum
vessel, 70 cm wide, capable of
being divided into two regions by
a movable shutter. The outer re-
gion received the injected, un-
cooled beam and preliminary cool-
ing was done before lowering the
shutter and moving the particles
to the main body of the chamber
where the intense beam was accu-
mulated.

The AC takes the injected beam
and smooths out the five bunch
structure. It precools in momentum
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and in horizontal and vertical
planes using stochastic cooling.
This takes about 2 s and there is
still about 300 ms to rebunch and
transfer to the AA ring before the
next burst of antiprotons arrives.
The AA has also been refurbished
to be able to take beams ten times
more intense. Some pre-cooling
for the injected beam is still avail-
able and the cooling systems for
the accumulated beam have been
improved.

To make best use of the more
intense beams the PS and SPS
have joined in a general facelift
carried out a five-month shutdown
of the CERN machines in the first
half of this year. The PS was taken
apart and fitted with a new vacuum
chamber (a pre-LEP manoeuvre to
cope with radiation from the com-
ing electron beams), and ‘figure-
of-eight’ loops were added to the
magnets so that the field configu-
ration can be adjusted in a more
refined way at high fields. This
addition will increase the ability of
the PS to handle high antiproton
fluxes. When the PS switched on
at the beginning of June, protons
were accelerated within one hour
of first injection despite the months
of upheaval.

The SPS was successfully tested
in 1986 with six bunches of parti-
cles per beam, making maximum
use of the antiprotons while oper-
ating in the collider mode. To keep
luminosity high (and the back-
ground rate seen by the experi-
ments low) in these conditions,
the beams need to be separated
at the crossing points where exper-
iments are not installed. Electro-
static separators are installed to
deflect the beams in the horizontal
plane, and have operated satisfac-
torily.

Both the big collider experiments,
UA1 and UA2, have undergone
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major upgrades to profit from the
extra antiprotons (see November
1985 issue, page 384). Also the
physicists who are interested in
lower energy antiprotons at the
LEAR ring have prepared for a se-
cond generation of experiments
using much higher antiproton fluxes
(see December 1986 issue, page
9).

The construction of the Antipro-
ton Collector and all the modifica-
tions to the existing machines were
accomplished very rapidly. The
AC ring has been successfully
tested with protons prior to full
ACOL operation. The antiproton
programme should be reaping full

‘benefit in 1988.

(In August, the new AC ring hand-
led its first beams of antiprotons.
The antiproton levels from the new
source were high, promising well
for the future.)

Clark Lindsey (lowa State, left) and Ramsey
Harcourt (Reed College) with apparatus for
the Experiment 735 designed to search for
new kinds of hadronic matter at the
Fermilab Tevatron proton-antiproton
collider.

(Photo Fermilab)

FERMILAB
‘Small’ collider
experiments

Though frequently overlooked due
to the understandable attention
given to their larger and better-
known brethren, three ‘small’ ex-
periments have been installed in
the Tevatron tunnel. Although
these experiments are small in
comparison to the two large gen-
eral-purpose Tevatron collider de-
tectors, some are nevertheless
comparable in size to fixed-target
experiments. All three are aimed
at specific areas of physics not
covered fully (or at all) by the large
detectors. In addition, they gener-
ally do not require high collision
rates, at least initially, and thus
can produce results from initial
Collider runs.

The three experiments are —
E-710 looking at total cross-sec-
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A conventional photograph of a holographic
image from the Tohoku Bubble Chamber

at Fermilab. The high resolution chamber,
1.1 metres in diameter and 1.4 metres in
depth, is filled with a freon mixture. The
photo shows a hologram of the entire
chamber with the large circle being the
front window and the small circle the rear

tions (reaction rates) and elastic
scattering at the EO point in the
ring, E-713 searching for highly
ionizing particles at DO, and E-735
searching for signs of quark-gluon
plasma at CO.

(In addition, the smallest-angle
silicon strip detectors of the mighty
CDF detector are located in the
tunnel outside the BO Hall. For
many purposes, including impact
on the accelerator, this can be
considered as another small Col-
lider experiment.)

All three experiments are in Te-
vatron locations used primarily for
other purposes, and this has af-
fected their design. CO is the home
of the Main Ring and Tevatron
abort systems; DO contains extrac-
tion septa when the fixed-target
program is running, and is being
prepared for installation of the DO
detector; EO is used for transfer
of both protons and antiprotons
from the Main Ring to the Teva-
tron.

Experiment 710 will measure
proton-antiproton total cross-sec-
tions and elastic scattering over
the collision energy range from
300 to 2000 GeV. The apparatus
is capable of observing very small
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window. The bright flare on the right is the
reference laser beam. The neutrino beam
will enter from the left. The chamber
achieves high resolution — 35-50 microns
— despite its large volume. The picture
was taken during a test run with cosmic
rays prior to embarking on the fixed target
physics programme.

scattering angles, allowing
measurements into the Coulomb
scattering region. It uses scintilla-
tion counters and drift chambers
around the interaction point, as
well as detectors placed close to
the circulating beams inside ‘Ro-
man Pots’ on either side of the
interaction point.

The goal of E-713 is a search
for highly ionizing particles such
as magnetic monopoles. There are
thin arrays of glass detectors in-
side the vacuum pipe and plastic
detectors (CR-39 and Lexan) out-
side, covering a large fraction of
the total solid angle. Etching these
detectors after exposure to colli-
sions shows up particle tracks,
and their ionization can be meas-
ured.

Experiment 735 is a search for
a quark-gluon phase where these
matter constituents would become
liberated from their usual nucleon
confinement. It uses a central
tracking chamber almost surround-
ing the interaction point, and a
magnetic spectrometer off to one
side.

All three experiments are now
analysing data taken during the
1987 Collider run.

CERN/ORSAY
Fruitful
collaboration

Preparations for CERN’s new LEP
electron-positron collider gather
momentum. A short ceremony at
CERN on 7 July marked the formal
inauguration of CERN's new LEP
Injector Linacs (LIL) and the end
of the special collaboration be-
tween CERN and the French Labo-
ratoire de I’ Accélérateur Linéaire
(LAL) at Orsay established some
five years ago to bring LIL into
being.

The LEP Pre-Injector (LPI) con-
sists of the two LIL linacs and the
EPA Electron-Positron Accumula-
tor. Positrons are created when a
200 MeV high current electron
beam in the upstream linac strikes
a target, and the positrons, to-
gether with electrons, are taken
to 600 MeV in the downstream
linac. The EPA ring acts as a buffer
between the fast cycling (100 Hz)
linacs and the slow cycling (0.8 Hz)
‘Proton’ Synchrotron downstream.
This takes the particles from 600
MeV to 3.5 GeV, ready for injec-
tion into the SPS synchrotron.
There the beams move up in ener-
gy from 3.5 to 20 GeV before
injection into the LEP Main Ring.

LPI supplied its first electron
beams last year to the PS, and this
year attention turned to positrons.
An initial LIL positron beam ap-
peared in March, accumulation in
EPA was tested in April, and in
June the PS received its first posi-
trons. In July, a positron beam
was transferred to the SPS through
the line normally used for protons.

The CERN/LAL collaboration
brought together the expertise of
a dedicated linac team and the

33



(Above) David Warner (left) explains the
LEP Injector Linac to Franco Bonaudi.

(Below) The superconducting electron
accelerator at Darmstadt. On the right is
the preacceleration and injection beamline
into the 10 MeV injector together with the

know-how and resources of one
of the world’s largest scientific
laboratories. Responsibility for the
design and manufacture of the
myriad of LIL components was
split between the two Laborato-
ries. Much work was contracted
to industry but the special require-
ments and exacting specifications
meant that the Laboratories re-
tained special responsibilities.

A notable example was the fabri-
cation of the 2500 cells of the
linac accelerating sections to rig-
orous specifications, calling for
detailed design, choice of mater-
ials, and machining accurate to a
few microns.

This intimate collaboration is
something of a new departure in
accelerator physics, where colla-
boration normally means delegating
total responsibility for a component
or task within an overall project
to one or more research centres.
For LIL, both CERN and LAL were
involved in everything, and on an
equal footing. ‘It may have been
complicated, but we've shown it
works,” said a member of the
team.

DARMSTADT
Superconducting
radiofrequency
accelerator
milestone

In May, the superconducting radio-
frequency electron accelerator pre-
sently under construction at the
Nuclear Physics Institute of the
Technische Hochschule Darmstadt
passed a major milestone when it
produced its first accelerated elec-
tron beam by operating two 3 GHz
multicell cavities (a 25 cm 5 cell
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liquid helium transfer line extending through
the wall into the injector cryostat. After
the beam has passed through the 40 MeV
linac in the middle it is recirculated twice
magnetically through the two beamlines at
the left.

(Photo Darmstadt)
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Unexplained — five examples of an isolated
muon with a broad production of hadrons
as seen by the JADE detector in high energy
electron-positron annihilations in the PETRA
ring at DESY, Hamburg. At the International
Lepton-Photon Symposium at Hamburg at
the end of July, the VENUS detector at

~ TRISTAN reported preliminary evidence

for these events. A report of the meeting
will appear in our October issue.

and a 100 cm 20-cell cavity) in a
phase-locked mode. This success
was reached after simultaneous
electronic tuning of the high-Q
accelerating cavities, very sensitive
to mechanical vibrations.

The 130 MeV accelerator, de-
signed mainly for nuclear physics
research, has been planned and
installed by a Wuppertal/Tech-
nische Hochschule Darmstadt col-
laboration after a successful test
of a homemade superconducting
linear accelerator with a five cell
prototype cavity (see October
1982 issue, page 326). It consists
of a 10 MeV injector (housing a
five-cell capture section and two
20-cell niobium metal accelerating
structures) and the 40 MeV main
linear accelerator (with 8 more 20-
cell structures). The electron beam
is then recirculated twice isochro-
nously back into the main linac
yielding electron energies of 90
MeV and 130 MeV, respectively.
The anticipated cw current of the
beam is more than 20 microamps.

The accelerating cavities devel-
oped at Wuppertal and manufac-
tured at Interatom, Bensberg,

W. Germany, are of the now
standard spherical design. They
are operated at a frequency of
2997 MHz and a temperature of

2 K. Quality (Q) factors and accel-
erating fields are around some 10°
and 5 MV/m respectively.

So far the electron gun, the 250
keV preaccelerator, chopper and
prebuncher and the superconduct-
ing injector linac have been in oper-
ation, although much more equip-
ment has been installed.

After the successful first accel-
eration tests more tests are sched-
uled in which the second 20-cell
structure in the injector and two
more 20-cell structures of the main
linac will be added and operated
in a phase-locked mode. Experi-
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ence with the first beam recircula-
tion through the main supercon-
ducting linac will soon be gained.

DESY
Peephole?

In 1984, all available space at the
PETRA electron-positron collider
at the German DESY Laboratory
was crammed with extra radiofre-
guency power in a bid to push
the collision energy as high as pos-
sible.

In a hectic few months which
left their mark on the Laboratory’'s

electricity bill, PETRA’s collision
energy went above the 45 GeV
design figure, eventually attaining
almost 47 GeV (see January/Fe-
bruary 1984 issue, page 16).

The experiments eagerly scanned
for the onset of new behaviour
resulting from heavy particles, such
as the sixth (‘top’) quark. However
47 GeV was not high enough to
reach the top, so that the sixth
quark had to await higher collision
energies. The waiting continues.

But the Mark J detector at
PETRA did see something else.
Looking at produced hadrons ac-
companied by penetrating muons,
Mark J found seven high collision
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energy examples of a broad spread
of hadron energy accompanied by
a very isolated muon.

Based on what was seen at low-
er collision energies, only about
one such event was expected.
Picking up eight was suspiciously
interesting, but at the time none
of the other three PETRA experi-
ments had anything to report.

The PETRA machine was not
able to remain in this high energy
region for long, and the matter
remained closed for a while. Then
the JADE collaboration presented
a new analysis of the high energy
data, concentrating on the search
for isolated muons or electrons.
Five examples were found of an
isolated muon accompanied by a

broad hadron signal, consistent
with the Mark J findings. No such
effect was seen with electrons.

The CELLO group found only
one example of an isolated muon
accompanying a broad spread of
hadrons, consistent with what they
saw at lower collision energies.
The group concluded that the data
‘do not support the observations
of the Mark J and JADE collabora-
tions of an excess of muon events
of this type’.

At a meeting in Santa Monica
earlier this year, physicists looked
at the possibilities of quarks and
leptons heavier than those already
known (or, in the case of the "top’
quark, firmly anticipated). Any such
particles would have immediate

consequences for the cosy inter-

- pretation of modern particle phys-
“ics in terms of just three ‘families’,

each containing two (known)
quarks and a lepton.

Harald Fritzsch admitted that the
interpretation of the Mark J and
JADE signals was ‘unclear’. He
hinted that PETRA could have been
falling just short of an important
new threshold, so that experiments
had ‘just a short look through the
peehole before the slide came
down’.

The new TRISTAN electron-
positron collider at the Japanese
KEK Laboratory should certainly
enlarge any such peephole.

Physics monitor

Hadron spectroscopy
1987

With much particle physics re-
search using particle beams to
probe the behaviour of the quark
constituents deep inside nucleons
and other strongly interacting par-
ticles (hadrons), it is easy to over-
look the progress being made
through hadron spectroscopy —
the search for and classification
of rare particles — and the way it
has increased our understanding
of quark physics.

One way of remedying this was
to attend the stimulating and en-
couraging Hadron 87 meeting held
earlier this year at the Japanese
KEK Laboratory, where Jonathan
Rosner from Chicago’s Enrico Fer-
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mi Institute gave the concluding
talk.

‘Questions that were asked as
long as twenty or more years ago
are actually being answered,” he
observed, thanks to the patient
efforts of experimentalists and
theorists. We need to be more
bold in sharing these pleasures
with students, for the study of
new spectroscopies... builds on
the old’.

A comparison of the 1974 and
1987 classifications of mesons

. (composed of a quark and an anti-

quark) underlined the progress
made in recent years. Many con-
ventional spectroscopy labels (ra-
dial and angular momentum exci-
tations — as in atomic physics)
are needed, while candidates have
been found for a variety of exotic
states.

Jon Rosner — answering questions from
twenty or more years ago.
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Complementing the particle spec-
tra are the results on proton-anti-
proton annihilation at rest from the
ASTERIX experiment at CERN’s
LEAR Low Energy Antiproton Ring.

‘Glueballs’ are particles built up
of gluons (the transmitters of the
inter-quark force) rather than
quarks. A good test of a glueball
candidate is to see if it can be
formed in photon-photon collisions
( a by-product of electron-positron
annihilation) as glueballs do not
carry electric charge. Rosner reeled
off a list of glueball possibilities —
‘the iota 1460 ( a ‘good candi-
date’), many scalar particles (spin
zero, positive parity), all reson-
ances above 1 GeV (apart from
the fo prime 1525) seen in final
states of a neutral kaon pair and
a pion or a pion and an eta (be-
cause of the photon-photon crite-
rion), the theta/fa 1720 (interesting
for its possible links with the ‘Pom-
eron’ mediating elastic scattering)
etc. Some states, such as the eta
prime 958, could have a small
gluonic component.

Baryon (three quark) states
abound, but Rosner covered also
the Skyrme model, used with some
success in the analysis of meson-
baryon scattering, providing an
alternative approach to quark mod-
els, with similar though not identi-
cal results. New experiments could
shed further light.

Other variations of hadronic mat-
ter are the 'hybrid’ states contain-
ing gluons in addition to quarks,
and exotic states with configura-
tions other than the habitual quark-
antiquark (meson) and three quark
(baryon) forms.

Rosner also looked at the possi-
bility of hadron ‘molecules’, where
the allowable stable configurations
of complicated structures is a chal-
lenge for lattice gauge theories.

Spectroscopy has certainly blos-
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somed for heavy quarks beyond
strangeness, unknown before
1974. The physics of ‘charmo-
nium’ (bound pairs of charm quarks
and antiquarks) is now a subject
of special study. While not yet as
well explored as the charm quark,
the b quark provides another spec-
troscopy dimension. The mixing

of B mesons (containing b quarks)
gives an indication of where the
sixth ("top’) quark might be found
one day.

As well as the top quark, Rosner
included in possible future spec-
troscopies a variety of theoretically
admissible quarks and leptons.

He concluded that hadron spec-
troscopy has a bright future, with
results possible from machines
existing, entering service, shortly
to enter service, or still on the
drawing board.

Electronic postcards

Over 200 specialists gathered at
Asilomar State Beach in California
earlier this year for a Conference
on Computing in High Energy
Physics.

The organizers decided to re-
strict presentations to topics often
talked about in corridors but rarely
covered in open session. The
theme was thus "the computing
environment’ and all but two re-
view talks dealt with software
issues. There were 35 speakers
during the 4% days of presenta-
tions, with another 30 topics cov-
ered during the 3 hour poster ses-
sion. In addition, lively panel dis-
cussions were held in the evenings.

A highly topical area was com-
puter networking. Reports from
Hugh Montgomery (Fermilab) on
the US perspective and Brian Car-
penter (CERN) on the European

scene showed that the long sought
goal of network unification and
standardization is still many years
away. Meanwhile the various ad
hoc networks (BITNET/EARN,
DECNets, X.25 based networks,
etc.) continue to grow and be
heavily used by the particle physics
community.

Another area of growing interest
is the use of supercomputers. Al-
though these machines have suc-
cessfully handled lattice gauge cal-
culations and some aspects of
accelerator modeling, they have
yet to make their mark across the
experimental scene. There were
two very different illustrations of
recent progress. Kenichi Miura (Fu-
jitsu) showed one method to vec-
torize particle generation in the
Stanford (SLAC) EGS simulation
package, with significant benefits
(although his lead brick geometry
was very simple), while David Le-
vinthal, taking another approach,
achieved high levels of vectoriza-
tion in track finding code for his
Fermilab experiment.

The most colourful part of the
conference was the graphics ses-
sion. 3-D colour event displays
from the UA1 experiment at the
CERN collider were presented by
Jean-Pierre Vialle (LAPP-Annecy)
while Ralph Nelson (SLAC) pre-
sented 3-D colour showers from
the EGS simulation program. How-
ever it was clear that particle phys-
ics is only beginning to learn how
to exploit the latest 3-D colour
graphics terminals and worksta-
tions.

Three sessions covered various
aspects of program development
and management and the comput-
ing environment for physics analy-
sis. New words such as PAW,
IDA, GEP, TANAGRA, ADAMO,
and SASD were explained. With
interactive computing readily avail-
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Time out at the Conference on Computing
in High Energy Physics at Asilomar State
Beach, California, earlier this year - (left to
right) Dennis Judd (Florida A and M), David
Pellett (UC Davis), Rene Brun (back to cam-
era, CERN) and Tony Hey (Southampton).

able, be it on personal computers,
workstations, or mainframes, new
techniques have led to rapid pro-
gress in program development and
physics analysis.

A no-nonsense talk by John
Manzo of Digital Equipment Corp.

on 'Managing Large Scale Projects’

explored sources of complexity in
large projects and showed some
simple remedies. One needs to
understand the causes of the com-
plexity in order to manage them,
otherwise one will get managed
by them.

No particle physics computing
conference would be complete
without a discussion of FORTRAN.
Michael Metcalf (CERN) reviewed
the status of the FORTRAN 8X
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standard, while Jim Russell (SLAC)
pointed out the advantages of oth-
er languages. Some groups have
tried to get around some of FOR-
TRAN'’s deficiencies by using a
FORTRAN preprocessor and Tony
Johnston (Boston) reviewed experi-
ence.

With an audience of computer
types, the conference naturally
made heavy use of computers.
From the submission of abstracts
for contributed papers to the dis-
tribution of the final programme,
nearly 90 per cent of the confer-
ence mail went via the BITNET/
EARN network. Conference chair-
men Paul Kunz of SLAC and Terry
Schalk of Santa Cruz reported that
the network saved them lots of

time and contributed greatly to the
meeting’s success.

Thanks to the loan of a micro-
VAX by Digital Equipment Corpo-
ration and the Jnet software by
Joiner Associates, there was a
BITNET computer node on the
conference grounds. Every partici-
pant was given an account and
150 sent or received electronic
mail. The four terminals were con-
stantly in use from early in the
morning until late at night, except
during the sessions, of course. In
spite of having to queue, the par-
ticipants managed to send or re-
ceive over 2000 messages, while
the telephones remained largely
idle. However it is suspected that
some of the outgoing mail might
have been of a new electronic
postcard form "...weather is fine...
wish you were here...".

Participants enjoyed a pre-con-
ference reception sponsored by
Digital Equipment Corporation and
a conference banquet at the
Monterey Bay Aquarium sponsored
by IBM.

From Paul Kunz

Low-dose ionizing
radiation —

is it harmful

to health?

A conference on the health effects
of low-dose ionizing radiation
organized in London earlier this
year by the British Nuclear Energy
Society brought together epidemi-
ologists who have been investigat-
ing the mortality of workers from
the nuclear industry in an attempt
to put low-level radiation risk esti-
mates on a scientific basis.
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INELTEC Halle 202 Wandel & Goltermann
Stand 231

Electronic Measurement Technology

The handy, rapid, battery-powered
DA-15 can handle all your data network
service problems. It’s strong on analysis
and simulation, e.g. 64 kbps BERT/
Our DA_1 5 BLERT. All common async, sync and
HDLC/SDLC procedures. Also has
DVM/level meter/ohmmeter facilities

data analyser, teSter plus thresholds and alarm criteria so that

it can troubleshoot the analog or a.c. line
: side of modems. Nonvolatile 64 kbyte
and SI m u Iator memory for programs, data and setups.
- - gﬂenus and softkeys for easy operation.
erial and parallel printer interface.
el I m I nates prObIems' The DA-15 will solveI all y(|>ur service
problems. It’s indispensible.
Operatesto 72 kbps. - . oo
3000 Bern 25, Tel. 31-42 66 44, tix. 912350 wgch
I would like:

[ A free DA-15 brochure
[ A data test set product guide

Company

SHEEL oo

Telephone NO. ..o E7399K

42 CERN Courier, September 1987



Death rates from cancers in excess of those
expected on the basis of mortality in
England and Wales, in relation to cumulative
radiation exposure, according to V. Beral

et al, Brit. Med. J., 291, 440 (1985). Bars
represent 95 % confidence intervals for
excess death rate (10 mSv = 1 rem).

Fuels. Both studies were carried
out by groups from the Department

1000- of Epidemiology at the London
School of Hygiene and Tropical
1 Medicine.
1 Several papers were presented
1 r describing the efforts taken to
a A eliminate bias and the problems
2 500- associated with re-estimating dose
> ] from archived film dosimeters and
o . records. It was emphasized that
o ) T 1 the total radiation exposure in-
~ 1 volved would be expected to result
9 i T in insufficient radiation-caused
o4 0 deaths to quantitatively prove or
£ ] ’ disprove current risk estimates.
8 ¢ Both studies show there to be no
° 1 significant difference in death rate
0 T o between workers with or without
A o
8 j ¢ a radiation record and that the
X -5004 death rates of nuclear workers are
w - significantly below those of the
1 - general population when standard-
1 - ized for age and sex distribution.
4 Death due to cancer was even
) found to be less frequent amongst
t radiation workers than other em-
-1000 v ployees in the UKAEA during the

Ty 1
120 10 160 180 first 10 years of service.

There appeared to be only a
very weak correlation between
cancer mortality and level of radi-
ation exposure, which in the
UKAEA study led to a risk estimate

0 20 4 6 8 100
Cumuative whole body exposure (mSv)

Current risk estimates of radi- preted as showing a negative risk of 12.5 deaths per year per million
ation health effects as recom- of leukaemia from low levels of persons per 10 mSv* but with an
mended by the International Com- radiation to claiming that natural uncertainty (95 % confidence limit)
mission on Radiological Protection terrestrial gamma radiation is mak-  of about + 40 deaths. The best
(ICRP) are based on extrapolations  ing a significant contribution to fit to the Sellafield data gave a
from effects observed at high-dose childhood leukaemia. Between negative correlation of -6 + 17
levels, principally among survivors these extremes the main weight deaths per year per million persons
of the atomic bombs and of per- of the conference rested on ana- per 10 mSv. These estimates need
sons who have undergone radi- lyses of the causes of death to be compared to the ICRP lifetime
ation therapy. Controversy rages among 39 500 persons employed risk estimate of 100 deaths per
over the applicability of such esti- by the United Kingdom Atomic 108 persons and per 10 mSv. This
mates to long-term exposure to Energy Authority (UKAEA) be- lifetime risk was interpreted as
low-levels of radiation. tween 1946 and 1979, and an being averaged over 25 years,

Papers were presented covering  equivalent study of 14 300 em-

a spectrum of \{lewp0|nts ranging ployees.from the fuel—element re- “The Sievert (Sv) 15 the S.1. anit of radiation
from the assertion that atomic processing plant at Sellafield, cur- dose (10 mSv = 1 rem). The current annual
bomb survival data can be inter- rently operated by British Nuclear dose limit for radiation workers is 50 mSv.
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IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY
(University of London)

PHYSICIST PROGRAMMER

There is a vacancy for a Physicist Programmer with the
Particle Physics Group at Imperial College. The primary
task concerns data acquisition for the ALEPH Inner Track-
ing Chamber which has recently been constructed at
Imperial. This involves the use of FASTBUS and powerful
microprocessor based on the Motorola 68020. In addi-
tion the successful candidate will be responsible for inte-
grating this chamber readout into the overall ALEPH data
acquisition which is based on FASTBUS and clustered
VAX's. Other projects involve CAMAC and PDP 11 based
systems. A PhD in Particle Physics and/or experience in
real time systems is desirable, however enthusiasm to
learn and exploit the latest techniques in this area is the
most important requirement.

The post will be three years in the firstinstance and salary
willbeintherange £ 10 698-£ 16 218 per annum (includ-
ing London Allowance).

Applications with C V and the names and addresses of at
least two referees should be sent to

Dr. P.J. Dornan
High Energy Physics Group
The Blackett Laboratory
Imperial College
Prince Consort Road
London SW7 2BZ. England.

DIRECTOR

7-GeV Advanced Photon Source

Construction Project

Argonne National Laboratory plans to construct a 7-GeV
Advanced Photon Source, a high-brilliance synchrotron x-ray
facility strongly endorsed by national research advisory groups
and favorably reviewed by the Department of Energy. Precon-
struction R&D and the conceptual design are at an advanced
stage, and construction funding is scheduled to begin in October
1988. Current plans indicate a total project cost of about $400
million with an expected completion date in 1994.

We seek an individual to direct construction of this major project.
Responsibilities will include direct managerial leadership for the
APS Project through its detailed engineering design phase,
assembly of a projectteamresponsible for the construction, and
direction of the construction project. The successful candidate
must have the capability to direct a large, complex technical

construction projectand tomeet well-defined schedule and cost
objectives, preferably demonstrated by past accomplishment.
Abackground intechnical design and construction is essential,
but both accelerator design and construction management
experience s preferred. This background will normally include
anadvanced degree in either physics orengineering. The impor-
tance of this project to advancing our national technological
competitivenessandthe magnitude ofthe undertaking make this
a challenging and rewarding position that requires a highly
capable and experienced person.

Candidates should submitaresume by October 1, 1987, detail-
ing relevantexperience, explicitly describing involvement with
construction projects and including the names of at least three
persons who can provide letters of recommendation, to
IR Dr. Alan Schriesheim Director,
c/oR.A. Johns, Appointment Officer
>, Box D-8 PS-31218-88
S Argonne National Laboratory
9700 S. Cass Avenue
Argonne, lllinois 60439

Equal opportunity employer J)

UNIVERSITY
OF
GENEVA

The Department of Nuclear and Particle Physics
has an opening for a position of

RESEARCH ASSOCIATE

(Maitre-assistant)

to join a group active in fixed target experiments
at CERN. The candidate must have a Ph. D. or equi-
valent experience in high energy physics. This is a
non permanent position limited to a maximum of
6 years.

Applications should be sent before October 15,
1987 to

Prof. E. Heer, Director

of Département de physique
nucléaire et corpusculaire
24, quai Ernest-Ansermet
CH-1211 Geneva 4
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UNIVERSITY OF OREGON

Faculty Position

Experimental High Energy Physics

The Department of Physics of the University of Oregon invites
applications for a senior faculty position in experimental High
Energy Physics. The appointment will be at the Associate Pro-
fessor or Professor level, commensurate with the experience of
the candidate. The appointment will begin in September, 1988.
Applicants should have a strong record of research accomplish-
ments with demonstrated leadership qualities to start a new
group in Oregon. Another appointment will be made the following
year. In addition, start up funds will be provided with these posi-
tions.

Applications will be considered as they are received with a clos-
ing date of December 15, 1987. Applicants are requested to
provide a curriculum vitae, a list of publications, and a brief sta-
tement of research interests and plans, and to arrange to have
three letters of recommendation sent to the search committee.
Inquiries, applications, and recommendation letters should be
addressed to

Prof. N. Deshpande

Department of Physics

University of Oregon

Eugene, OR 97403

phone (503) 686-5225

The University of Oregon
is an Equal Opportunity/Affirmative Action Employer.
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which gives 4 deaths per year per
108 persons per 10 mSv, which
is rather less than the upper limit
determined from the epidemiolog-
ical data.

Excess mortality risk due to radi-
ation will not necessarily remain
constant with time after exposure.
The possible mechanisms and
models by which radiation may
either initiate cancer or act as a
catalyst in the chain of events that
lead up to cancer was an important
topic of discussion. Attempts to
assess excess risk of cancer with
a time lag of 15 years after irradia-
tion resulted in an estimate
of 17 + 50 deaths per year per
108 persons per 10 mSv from the
Sellafield data, although it was
pointed out that the analysis would
automatically include the deaths
of persons taken off radiation work
for health reasons which introduces
a bias.

A significant excess mortality
due to prostatic cancer was found
in UKAEA employees with more
than 50 mSv accumulated dose,
but it was also noted that some
of the persons concerned had been
monitored for tritium and other
radionuclide contamination at some
time during their employment. No
statistically significant excess of
specific cancers was found at Sel-
lafield.

Assessments of mortality among
US nuclear industry workers were
also reported, where there have
been more than 600 000 persons
employed dating back to the Man-
hattan project. Seven individual
plants have been studied to date,
where in all cases cancer mortality
was found to be less than, or sim-
ilar to, that expected among com-
parison populations, although unex-

- plained increases in mortality from
different cancers have been found
at different sites. A paper analys-
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ing data from the Rocky Flats plu-
tonium production facility showed
no deaths due to bone cancer but
an unexplained excess of brain
tumours. Detailed analysis of mor-
tality of workers from the Hanford
Plant shows a negative correlation
of all cancer deaths and specifically
of deaths from leukaemia with
level of irradiation although the
upper statistical limit is again many
times the ICRP risk estimate.

A number of studies of cancer
mortality in the populations living
near to nuclear sites were re-
ported. Uneasiness had been pro-
voked by a U.K. television pro-
gramme reporting high childhood
leukaemia incidence around Sella-
field, which resulted in a govern-
mental investigation followed by
an official report. The mass of epi-
demiological data that has been
assessed in case/control studies
near nuclear installations has in-
deed shown a clustering of leu-
kaemia but this does not appear
to correlate with the proximity of
the nuclear centres.

Another possible radiation-
induced health effect of importance
is the exposure of populations to
the radioactivity from natural radon
gas. A particularly interesting study
was based on the fact that the
average radon levels in Denmark
are less than half of those in Swe-
den which might be expected to
result in a significant difference in
lung cancer incidence. Epidemiol-

~ogy studies show that lung cancer

mortality is in fact twice as high

in Denmark than in Sweden and
that death from lung cancer follows
the same pattern as death from
other respiratory diseases
independent of radon level.

The results of all the studies
presented have in common the
aspect that radiation effects appear
insignificant compared to variations

in cancer mortality due to other
causes. Studies will need to be
continued and results pooled to
reduce the statistical uncertainty
and to make sure that any possible
long-term effects are fully investi-
gated.

Even though the upper limit of
risk estimates determined from
the epidemiological studies is sev-
eral times those presently ac-
cepted, the evidence points to-
wards the possibility that low-level
radiation may be harmless to
health or even slightly beneficial.
Whatever the exact conclusion,
the studies experimentally confirm
that radiation risks — at presently
accepted exposure levels — are
very low indeed and any deleter-
ious health effects will be masked
by non-specified confounding fac-
tors. Undue concern with radiation
may therefore be having a negative

~effect on health by tying up limited

resources that could be much more
beneficially used to investigate the
factors that are masking radiation
carcinogenesis.

By A.H. Sullivan,
CERN Radiation Protection Group
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Val Telegdi - ‘worth spending forty years
in physics to have friends like these.’

Festi-val

‘It was worth spending forty
years in physics to have friends
like these,” confessed Val Teleg-
di at the end of the special
meeting organized at CERN in
July to mark his 65th birthday.

Master of Ceremonies Viktor
Weisskopf had set the scene
by recalling both Einstein’s and
Telegdi’s youthful association
with Patent Offices and by run-
ning through a formidable list
of Telegdi attributes, including
scientific integrity, experimental
prowess, polyglotism and a gift
for imitating people.

Bruce Winstein of Chicago
spoke on the violation of CP

symmetry, an area where Teleg-.

di has made significant contri-

Bruce Winstein of Chicago prepares his

coupled pendulum analog of neutral kaon

oscillations.

(Photo CERN 70.7.87)
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butions to physics, and dis-
played some of the subtle be-
haviour of the offending neutral
kaons using an analog system
of two coupled oscillating pen-
dulums. .

Oscillations of another kind
were provided by Louis Michel
of the French Institut des Hautes
Etudes Scientifiques, Bures-sur-
Yvette, who alternated rapidly
between French and English.
His theme was the increasing
importance of mathematical
structures in theoretical physics,
a message spelled out by Dirac
in the early thirties and which
has continued to the present
day.

Murray Gell-Mann claimed
some responsibility for luring
Telegdi away from nuclear phys-
ics and turning his attention
towards the physics potential
of particles like muons. In his
subsequent talk, Gell-Mann
looked at the possible role of
quantum mechanics in the for-
mation of the Universe, heady

-stuff which leads to some very

far-reaching conclusions (see
July/August issue, page 22).

A star-studded Festschrift for
Val Telegdi, edited by Klaus
Winter, is available from Ms.

C. Schilpp at North-Holland
Physics Publishing, PO Box 103,
1000 AC Amsterdam.
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People and things

On people

A. Minten of CERN.becomes Chair-
man of the DESY Scientific Com-
mittee for three years, succeeding
J. Drees of Wuppertal.

Alessandro Ruggiero has joined
the staff of the Accelerator Devel-
opment Department at Brookhaven
National Laboratory as Head of the
Accelerator Physics Division. The
Division will be heavily involved in
the design of new accelerators
and colliders. At present, Brook-
haven has the AGS Booster under
construction and is gearing up for
construction of the Relativistic
Heavy lon Collider (RHIC), which

is anticipated to begin in Fiscal
Year 1989. In addition, the Accel-
erator Physics Division will contri-
bute to the upgrade of the AGS,
which is required by the time the
Booster comes on line.

CERN Courier, September 1987

Tributes from all over West Ger-
many and from further afield
flowed in this summer to mark the
75th birthday of Carl-Friedrich von
Weizsécker, distinguished theore-
tical physicist and social scientist,
and brother of Federal German
President Richard von Weizs&cker.
After initial important contributions
to physics, Carl-Friedrich von Weiz-
sdcker became Departmental Direc-
tor of the Max Planck Institute for
Physics in Géttingen from 1946-
57. After being Professor of Phi-
losophy at Hamburg from 1957-
69, he went on to the directorship
of the Max Planck Institute for so-
cial science in Starnberg. With
research interests extending from
basic physics (fusion, particle pro-
duction) to philosphy, and with his
strong motivation for peace and
disarmament, he has long been an
influential figure in German scien-
tific and cultural circles.

.Leon Lederman, Director of Fermi-

lab, discoverer of the upsilon, and
orator extraordinary, celebrated
his 65th birthday on 15 July. Intro-
duced at a recent meeting as an
ancient physicist, he replied ‘Il am
so ancient | knew the Dead Sea
when it was only sick!’. A longtime
admirer of his style, the CERN
COURIER adds its congratulations
to one of the world’s youngest
ancients, and looks forward ea-
gerly to the publication of his fa-
mous joke book.

Two eminent figures from the glo-
rious years of bubble chamber
physics pass retirement milestones
at CERN this year.

Before coming to CERN in 1961

Alessandro Ruggiero

Leon Lederman - looking back to when the
Dead Sea was only sick?

and being given the responsibility
of looking after CERN bubble cham-
ber groups, Rafael Armenteros
had already made important con-
tributions to strange particle phys-
ics using cosmic rays and had par-
ticipated in the pioneering study
of antiprotons at Berkeley. At
CERN, his low energy antiproton
work provided a rich harvest of
important results. Later he initiated
the classic investigation of the
kaon-nucleon system by the CERN/
Heidelberg / Saclay collaboration,
which went on to provide valuable
insights into particle classification.
His lifelong interest in antiprotons
continues with the ASTERIX ex-
periment at CERN’s LEAR ring.
Yves Goldschmidt-Clermont saw
early progress with pion physics
before becoming one of the first
physicists at CERN, joining in
1953, before the Meyrin site was
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EUROPEAN SYNCHROTRON
RADIATION FACILITY
e, IN GRENOBLE, FRANCE

The ESRF is a state-of-the-art international Synchrotron Radiation source to be built in Greno-

ble, FRANCE, to meet the needs of the European scientific community for X-rays of high

brilliance. The accelerator part consists of:

— an 850 metre circumference storage ring with 32 straight sections to accommodate wiggler
and undulator sources,

— a fast cycling synchrotron used as an injector for the storage ring,

— a 400 MeV positron preinjector.

We invite applications for the following posts:

CHARTERED MECHANICAL ENGINEER (ret. mecH)

with sound experience in finite element computation, static and dynamic modeling, vibrational
analysis of structures, and CAD.

TECHNICAL INFRASTRUCTURE ENGINEER (rer. inrr)

to interface the ESRF machine and beamlines to the building services, to follow up building
construction, to prepare acceptance tests and future operation and maintenance of the infra-
structure. Experience on safety aspects appreciated.

ELECTRONICS ENGINEER Ger. 5

to design the electronic system for beam position monitors and other diagnostics of the ESRF
storage ring and synchrotron, to supervise production and commissioning tests, to maintain
and develop the diagnostics.

ELECTRON/POSITRON LINAC ENGINEER Ref. Linac)

with RF background to follow up construction, to prepare and carry out acceptance tests.
Responsible for later operation and maintenance of the ESRF preinjector.

GROUP LEADER, RADIO FREQUENCY (et. rr)

to finalize the RF system designs for the storage ring and the booster synchrotron with special
attention to cavity design and higher order modes, to follow-up construction and acceptance
tests, to prepare future operation and maintenance.

You must have a good honours degree and preferably several years relevant practical
experience.

Please send a curriculum vitae (with Ref. Code) brief description of your field of interest,
date of availability and names of three referees by 31 October 1987, to:

ESRF

Personnel Office

BP 220

F-38043 GRENOBLE Cedex - FRANCE
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operational. Together with the late
Lew Kowarski, he founded what
was eventually to become the pre-
sent EF division. He oversaw con-
struction of the first track measur-
ing machines at CERN before going
on to bubble chamber experiments
both at CERN and at Serpukhov
studying antiprotons and kaons.
He switched to counter physics
with the Omega spectrometer,
where recently he has been
spokesman of the Athens / Bom-
bay / CERN group investigating
soft photon production using
Omega.

Both physicists are well known
for their kindness to younger col-
leagues, who acknowledge the
debt they owe them.

Barton up the wrong tree

In our report of the Washington
Particle Accelerator Conference
(May issue, page 15) we inadver-
tently mixed up our Brookhaven
Bartons. It was Don, not Mark,
Barton who reported on the Rela-
tivistic Heavy lon Collider (RHIC)
project.

Meetings

The International Conference on
Neutron Scattering (ICNS°88), a
satellite of the Paris International
Conference on Magnetism
(ICM’88), will be held from 12-15
July in Grenoble, France, organized
jointly by the Centre d’Etudes Nu-
cléaires and the Institut Laue-
Langevin, both at Grenoble. Further
information from J. Schweizer,
ICNS’88, Centre d’Etudes Nu-
cléaires, DRF/SPh-MDN, 85 X,
38041 Grenoble Cedex, France.
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This etching showing the combined effort
necessary for the erection of the obelisk
in St. Peters Square in Rome has been
taken as the theme for the first European
Particle Accelerator Conference to be held
in Rome from 7-11 June 1988. The
Conference will cover the whole field, low
and high energy machines, and medical
and industrial accelerators, and is open to
world-wide participation. Students are
particularly encouraged. Further information
is available from S. Tazzari at INFN-LNF
Frascati, PO Box 13, I-00044 Frascati,
Rome, Italy.
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The International Conference on
Mathematical Modelling in Science
and Technology will be held at the
Indian Institute of Technology,
Madras, from 11-14 August 1988.
Applications covered will include
engineering, theoretical physics,
biomedicine, industry, energy, eco-
nomics, etc. Further information
from S.N. Majhi, ICMMST (88),
Department of Mathematics,
Madras 600 036, India.

A workshop on high sensitivity
‘beauty’ physics is being organized
at Fermilab from 11-14 November.
The objectives are to study the
potential of the collider and/or
fixed target environments at Fer-
milab, and to look at the problems
of detector design. The chairper-

i “@ i
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son of the organizing committee
is Jean Slaughter of Yale, c/o Fer-
milab.

The 9th Workshop on Grand Uni-
fication (WOGU) will be held in Aix-
les-Bains (France) from 28-30 April
1988. It is organized jointly by the
Département de Physique des Par-
ticules Elémentaires (DPhPE) of the
Institute of Fundamental Research
(IRF) of the French Atomic Energy
Commission, and the Institute for
Nuclear and Particle Physics
(IN2P3) of the Centre National de
la Recherche Scientifique (CNRS).
Further information from the Chair-
man (R. Barloutaud, tel.

69 08 45 59) or the Secretariat

(J. Boratav, tel. 69 08 23 50) at
DPhPE/SEPh, CEN-Saclay,

91191 Gif-sur-Yvette Cedex,
France.
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Torsten Gustafson (here opening the CERN
exhibition at Lund, Sweden, in 1985).

Torsten Gustafson 1904-1987

The eminent Swedish theorist
Torsten Gustafson died in May at
the age of 83. After early re-
searches into airfoils and ocean
currents, he turned in the 1930s
to the emerging theory of quantum
electrodynamics, and later to
nuclei. A close friend of Niels Bohr,
and long-time Swedish Prime Min-
ister Tage Erlander, he played a
prominent role in the development
of nuclear and particle physics and
the exploitation of nuclear energy
in Sweden. He was attached to
the University of Lund, becoming
Professor in 1939. A member of
CERN Council from 1953 to 1964,
his signature appears on behalf of
the Swedish Government on the
Convention establishing CERN. He
was on the board of Noridita in
Copenhagen from 1957 to 1970,
including a spell as chairman. He
also had a lifelong interest in birds,
having published papers on bird
flight.

Italo Federico Quercia 1921-1987

Distinguished Italian Physicist Italo
Federico Quercia died in June.
After making his mark in cosmic
ray physics using the most ad-
vanced gas detectors of the time,
he courageously turned his atten-
tion to the realization of a 1100
MeV electron synchrotron and the
foundation of the Frascati National

50

Italo Federico Quercia 1921-1987

Laboratories, despite the difficulties
of those times. The outcome was
of great benefit to his country. He
was Frascati’s Director for two
periods, during the construction

of the pioneer AdA electron-posi-
tron collider, and later when the
ADONE ring began its research
programme. For more than thirty
years he was a major source of
inspiration, urging those who
worked with him to think along
unconventional lines, and motivat-
ing people with his relaxed manner
and incomparable humour. For ten
years he kept the chair of Nuclear
Physics in Catania, and recently
was Professor of Energy Studies
at Rome.

From Giorgio Salvini

Yuri Petrovykh 1947-1987

Yuri Petrovykh, Soviet physicist
from the Institute for High Energy
Physics, Serpukhov, succumbed
to a mortal illness in Moscow on
7 July. After bubble chamber ex-
periments at Serpukhov and CERN,
he joined the preparations for the
DELPHI experiment. In addition,
he took administrative responsibil-
ity for the Serpukhov physicists
working at CERN and acted as link-
man for the CERN-USSR collabo-
ration, strengthening the scientific
ties which transcend political fron-
tiers.

Jim Allaby and Lucien Montanet

Yuri Petrovykh 1947-1987

write: ‘During his long period of
active international collaboration,
Yuri showed his excellent qualities
both as a physicist and as a man.
He had been resident in Geneva
with his family for two years and
indeed only returned to his home
country a few days before his
death. Those who saw his valiant
struggle against his illness were
moved by his strength of character
and determination. The physicists
of both CERN and Serpukhov have
lost a valuable colleague and a
good friend.”

Pierre Amiot

One of CERN'’s early employees,
Pierre Amiot, died in Osaka on 4
May at the age of 61. He was one
of the principal craftsmen involved
in the building of CERN'’s first bub-
ble chambers in the late fifties.

Supercollider detector technology

A Generic Detector Research and
Development Coordinating Office
for the proposed US Superconduct-
ing Supercollider (SSC) has been
set up to focus the national effort.
With M. Gilchriese of Cornell as
interim coordinator, the office will
concentrate on overall technology
issues relevant to SSC experiments
(rather than specific SSC experi-
ments).
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In addition, an International Advi-
sory Committee has been ap-
pointed under the chairmanship of
H. H. Williams of Pennsylvania with
members from Europe and Japan
as well as the US. It met for the
first time earlier this year and con-
sidered two dozen proposals for
generic detector R and D for the
SSC and discussed the appropriate
scope and funding level for this
work in the coming financial year.
More SSC news next month.

Looking for a fifth force

Suggestions that there might be

a difference between the strength
of gravity measured in geophysical
studies and in laboratory experi-
ments have fired speculation about

a possible fifth force in nature (see
April 1986 issue, page 9). New
information should come from a
US team lowering a gravity meter
into a 6700 foot borehole in the
Greenland icecap. Other studies
have tested gravity in mine shafts,
where the results are dependent
on the density of the surrounding
rock. The density of ice is better
known.

Dictionary

Some 4500 entries are included

in a new Dictionary of High Energy
Physics, edited by Ralf Sube

and published by Elsevier, (PO
Box 330, 1000 AH Amsterdam,
or PO Box 1663, Grand Central

Station, New York 10163). The
master listing gives German,
French and Russian equivalents of
English terms, while indexes for
the other three languages greatly
extend the book’s usefulness.

Electronic Mail

The CERN Courier editorial
desk can be contacted
through electronic mail using
the EARN/BITNET communi-
cations network. The Editor’s
address is

COURIER@CERNVM

CRYOGENICS ENGINEER

The Stanford Linear Accelerator Center, one of the
world’s leading physics research centers, located in the
San Francisco Bay area, is seeking a Cryogenics Engineer
to design cryogenic apparatus and systems for supercon-
ducting magnets, particle physics detection systems,
and helium liquefaction systems. The first assignment
will be to act as project engineer for the liquid argon
cryogenics system for the new SLD detector now being
constructed at SLAC. The job includes engineering, su-
pervision of designers, preparation and monitoring of the
budget and schedule, coordination of the installation, and
commissioning.

An MSME or equivalent education and experience is
required. A minimum of two years of experience in the
design of cryogenics apparatus and systems, including
thermodynamic and heat transfer analysis is also requir-
ed. Experience in supervising designers, estimating,
scheduling, budgeting, coordinating the efforts of others,
and familiarity with machine shop practice are desi-
rable.

Send applications to:

Anne Wood (Ref. 5247)

Stanford Linear Accelerator Center
P.O. Box 4349, Bin 11

Stanford, Ca. 94305

Equal opportunity through affirmative action

CRYOGENICS
PROJECT MANAGER

The Stanford Linear Accelerator Center, one of the world’s lea-
ding physics centers, located in the San Francisco Bay area, is
seeking a project manager for the Superconducting Final Focus
System at the Linear Collider. The system includes the super-
conducting quadrupole magnets (now in fabrication at Fermi-
lab) ; cryostats; a large liquid helium facility including compres-
sors, purifiers, refrigerator, and transfer lines; a precise align-
ment system; power supplies; and computer instrumentation
and control.

This project is funded and in the design stage. It requires a
project manager for planning and management of all activities
including design review ; integration of systems with the linear
accelerator and the experiments ; supervision of test programs,
production, coordination of installation, commissioning and
operation ; and preparation and monitoring of budgets and sche-
dules.

An MSME or equivalent education and experience is required,
including several years of experience in cryogenics, preferably
with superconducting magnets. The candidate must have de-
monstrated ability to manage the design, fabrication, installa-
tion, and operation of cryogenic systems.

Send applications to:
Anne Wood (Ref. 6339)
Stanford Linear Accelerator Center
P.0O. Box 4349, Bin 11
Stanford, Ca. 94305

Equal opportunity through affirmative action
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The Institute
of Particle Physics of Canada

Applications are invited for experimental

RESEARCH ASSOCIATE
POSITIONS

With the ZEUS project

ZEUS is a large detector for the electron-proton collider HERA at
DESY, which will begin operating in 1990.

Our responsibilities in ZEUS include building part of the high
precision forward and rear calorimeters and the third level trig-
ger. Successful applicants will be involed in these activities as
well as in the development of software for Monte Carlo studies
of the detector and for analysis of the physics data.

Positions are avaible at McGill University, York University, the
University of Toronto and the University of Manitoba. Appoint-
ments will be for a period of three years with renewal for the
operational phase of ZEUS by mutual agreement.

Please send applications, including Curriculum Vitae, details of
hardware and software experience and the names of three refer-
ences to:

D. G. Stairs, Chairman

The Institute of Particle Physics
Rutherford Physics Building
McGill University

3600 University Street
Montreal, Quebec H3A 2T8
Canada

Applications should be received by November 30, 1987. In
accordance with immigration regulations, preference will be
given to citizens or permanent residents of Canada.

UNIVERSITE DE NEUCHATEL
INSTITUT DE PHYSIQUE

POSTDOCTORAL
RESEARCH ASSOCIATE

The Physics Institute of the University of Neuchatel
has an open position for a postdoctoral research
associate. The holder is expected in a first stage to
play an important role in the installment and the
running of a Xe TPC to search for double beta decay
in the Gotthard underground lab. Later he will par-
ticipate in other experiments in low or medium
energy particle physics.

Candidates should have some background in expe-
rimental particle physics or in on- and off-line com-
puting.

The position is for up to b years. It is available
immediately. Interested candidates should send a
resume and two letters of recommendation to:

Prof. J.-L. Vuilleumier or
Prof. E. Jeannet

Institut de Physique
Rue A.-L. Breguet 1
CH-2000 NEUCHATEL
Switzerland

KENT STATE UNIVERSITY
Department of Physics

FACULTY_ POSITION
Experiment:arll Relativistic
Heavy lons

Applications are invited for a tenure-track faculty position
with the Users Group at Kent State University. The posi-
tion is anticipated to begin in January 1988 or earlier. The
applicant should be a Ph.D. physicist with interest and,
preferably, experience in the field of relativistic heavy-ion
reaction studies.

Research in progress or planned include measurements
at the Bevalac of triple-differential neutron cross sections
as a probe of the nuclear equation of state, nuclear reac-
tion and structure studies at intermediate energies at the
IUCF, TRIUMF, and Bates, and the charge form factor of
the neutron at Bates and CEBAF.

Applications and at least three letters of reference should
be submitted by 15 October 1987 to:

Dr. Stanley Christensen, Chair
Department of Physics

Kent State University

Kent, Ohio 44242

Kent State University
is an Equal Opportunity/Affirmative Action Employer.

Blackett Lahoratory, Imperial College

POSTDOCTORAL
RESEARCH ASSISTANT

Dark Matter Consortium

A joint appointment between the Astrophysics and High Energy
Physics groups is available for work related to the UK Dark
Matter search.

Together with the Rutherford Appleton Laboratory, a consor-
tium of UK Universities is developing an experiment to search for
cold, non-baryonic dark matter in our galaxy. Apart from the
elementary particle interest in supersymmetric particles, e.g.
photinos, such a search may provide the only way of determin-
ing whether the Universe is open or closed. Design work on
particle background and shielding problems for the bolometric
detector array is required. It will mainly involve practical tests on
prototype shielding systems although some cascade calcula-
tions may be performed.

The appointment on the 1A scale is for 2 years in the first in-
stance. Applications, giving names and addresses of two refe-
rees should be sent to:

Dr. J.J. Quenby
Astrophysics Group
Blackett Laboratory, Imperial College
London, SW7 2BZ
(Tel. 01 589 5111 ext. 6651).

Further information can be obtained from the above or
Dr. W.G. Jones, HEP Group, Imperial College.
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sssociated computer experts by

A prominent UNIX™ sof twarehouse experienced in compiler design
announces the new release of:

ACE EXPERT COMPILER FAMILY

A family of (cross-) compilers supporting standard,
commeonly used programming languages, for a range of target architectures,
running on a variety of development systems.

TARGETS:

[ VAXTM, produces code for UNIX Sys-
tem V&el 2, Berkeley 4.1/4.2/4.3 and
Ultrix . .

® NDIX NDS0O ™ compilers are based
on the
ACE EXPERT COMPILERS

® MC68000, MC68010 with IEEE float-
ing point support

® MC68020 with full MC68881 fpu
support

DIFFERENT ENVIRONMENTS

The EXPERT COMPILERS can be used on:
® Any UNIX ng[stem
® VAX-VMS

TOPICS:

@ special version available supporting
CERN CUFOM object format

® enhanced SV.2 object format (COFF)

o conform to world standards (ISO and
X/OPEN)

® support mixed programming language
facility

® thoroughly validated

® generate highly optimised code

® language dependent frontends

® target dependent codegenerators

® portability of source-programs

@ IEEE floating point support

@ over 10000 users all over the world

® professional support from ACE

Trademarks:

*UNIX is a registred trademark of A T & T in the US
and other countries

*VAX, VMS and ULTRIX are registred trademarks of
Digital Equipment Corporation

*NDIX is a registred trademark of Norsk Data

*RM is a registred trademark of Ryan McFarland

*Microfocus Cobol is & registred trademark of Micro-
focus

FRONTEND Languages:
C

@ compatible with System 5.2- and
BSD-C implementations

® additions of non conflicting X3J11
features

PASCAL

. adhex_j_gds to the ISO level 1 standard
® MT+ ™ dynamic string handling

MODULA-2

e conforms to Wirth’s definition “Pro-
gramming in Modula-2", editions 2
and 3.

FORTRAN-77

o conforming to the ANSI standard
X3.9-1978

o officially validated

o the EIA bit manipulation features

COBOL

@ RM-, Microfocus- and Cobol~74-
compatible, switch selectable

@ runs native on all MC680X0 UNIX
based systems

For more information please contact:

ACE Associated Computer Experts bv
Address : Van Eeghenstraat 100
Code/City :1071 GL AMSTERDAM
Country  : The Netherlands
Telephone : +31 20 646416

Telefacs  :+31 20 750389

Telex : 11702 (ace nl)

SCINTILLATORS

light outpuitexcellent transmission and fast speed are the
eatures of our plastic scintillators. We manufacture all |
ustomers specifications. Rods, sheets, blocks and light
swith polished or coated surfaces will be manufactured
withinclose tolerances.
glass-scintillators are available in special shapes and
sizes from powders for HPLC and flow celis, discs for neutron
meastrements etc. Various types from low background to very
high efficiency are available.

ZINSSER
ANALYTIC w Lta.

Howarth Road, Stafferton Way, Maidenhead, Berks. SL6 1AP
Telephone 0628/24570 - Telex 849462 M &K

Large arauits for large jobs.
The alternatives are small.

Large circuits can create more efficient and reliable systems
operation and sometimes make impossible designs reality.

Buckbee-Mears specializes in producing high quality, large
size, close tolerance printed circuit boards. Some applications
include super colliders and other high-energy physics projects.
Our size capabilities and precision are unmatched in the
industry. In fact, we've produced circuits upto 4’ x 12’ —

among the largest in the world.

We work with any available clad materials and produce single-
sided, double-sided and multilayer layer circuits with plated

through holes in boards up to 36" x 48"

If you have an application that requires precisely built large
size circuits, contact us. Put our capabilities to the test.

Challenging Technology for 80 years

Buckbee-Mears

St. Paul

AUNIT OF BMC INDUSTRIES, INC.

1907-1987

245 E. 6th St.

St. Paul, MN 55101
612/228-6400 Telex 29-7080
FAX 612/228-6572

This 4’ x 12’ circuit is among the largest in the
world.
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«  Upto 40 H.V. channels per Crate

= Up to 100 Crates controlled from
a single point

»  Two levels of Voltage and Current
selected by front-panel fast signals

»  Programmable Ramp-up and
Ramp-down variation rates

» High current resolution (100 nA)

Non volatile memory for all the
parameters

Sophisticated protections

Remote control via RS§232C,CAMAC
(mod. C139),VME and G64 bus

Automatic streamer tubes
conditioning control /—‘

IGH VOLTAGE SYSTEM

ECONOMY THROUGH VERSATILITY AND RELIABILITY

Costruziom Apparecchiature Elettroniche Nucleari S.p.A

FAX 396034 TLX 580112 CAEN |

Tel. (0584) 395674/396090
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A POWERFUL TOOL TO DEBUG
FASTBUS SYSTEMS

Crate and Cable Segment Port (front panel switch selectable)

8 Kbyte high-speed Data Memory in DSR (appr. to 80 ns DS/DK response).
Able to be expanded into 32 Kbyte

Serial Output to LONG DISTANCE Coaxial Cable Connection
for Remote Display Box ( STR197/REM )

Timer and Single Step WAIT function for FASTBUS Cycles

2 K o 64-bit History Snoop Memory, organized as a last-in/first-out (LIFO)
Memory to perform a protocol or real time trace of FASTBUS States.
Able to be expanded into 8 K ¢ 64 Bit.

Synchronous and Asynchronous Sampling up to 12 MHz

Selectable SS-Response, infinite data source/sink, FAST Data source/sink

P
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ﬂulating Materials with High Radiation
Resistance

The Swiss Insulating Works together with CERN
carried out detailed tests about the radiation resis-
tance of numerous high voltage insulating ma-
terials. The results published in the “CERN Publi-
cation 85-02 of the Technical Inspection and Safe-
ty Commission” prove the usability of selected in-
sulation under working conditions with high radia-
tion. Aradiation dose of 5x107 Gy affects only very
little the break down voltage of our conductor in-
sulating tape Grade 366.16 which consists of sami-
capor, glass fabric and silicone resin. Our high volt-
age insulating material for motors and other elec-
trical apparatus behaves similarly good: Samica-
therm consisting of samicapaper, glass fabric and
epoxyresin withstands a dose of 1x108 Gy and re-
tains at the same time 50% of its original flexural
strength.

Your reliable partner
for electrotechnical insulation problems

Our manufacturing programme includes also
VarnishesandResinsforthe manufacture of electri-
cal machines and for the electronic equipments
with excellent dielectric and protective properties.

ISOLA

We also obtained excellent results with our Lami-
nates Epoxy Glass Cloth VETRONITE G-10 and
VETRONITE G-11 as well as with Epoxy Glass Mat
DELMAT. Radiation Doses of 107 Gy for example
lead not to a substantial loss of the mechanical
properties.

The chambers in VETRONITE G-10 are manufactured and
machined by Swiss Insulating Works.

Your specialist in base materials for printed

circuit boards ’

® Base material for FR-4

® Multilayer

® Multiwire ®

® Base material for CC-4 Additive Process ®

® Flexible Copper Clad Laminates with modified
epoxy adhesive (a Sheldahl product)

©® Base materials for microelectronics

( ® Trade Mark of PCKTechnology)

The Swiss Insulating Works Ltd
CH-4226 Breitenbach/Switzerland
Tel. 061/80 2121 Telex 62479
Fax 061/80 20 78
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On the initiative and under the auspices of the Federal Ministry for Research and Technology

DORNIER

DORNIER SYSTEM GMBH
P.O. Box 1360

D-7990 Friedrichshafen 1
Telephone: (0 75 45) 81
Telex: 734 209-0 do d

Contact person at the stand
and in the enterprise:

H. Sturmer

Tel. (0 75 45) 8-30 24

Program of supplies and services
Development and manufacturing of complete
systems

Material technology :

— Surface physics - Powder metallurgy

— Surface and thin film analytics - Coating
technology

— Ceramics development

Nuclear technology:

— Reliability analyses - Process development

— Process safety engineering

Hydrogen technology :

— High-temperature - Electrolysis

Energy technology :

— Systems technology - Thermodynamics -
Aerodynamics

— Thermal analysis Cryotechnology - 3D Navier

— Stokes equation solution which is precise with
respect to time

Manufacture :

— Manufacture of complex mech./electron. systems

— Fibre composite components, E.B. welding

— Simulation and manipulation systems

— Structures for highly dynamic motions

— Complex strength calculation - Gas
ultra-centrifuge

Further activities :

— Electronics - Environmental technology

— Information and communications technology

Transport technology - Space technology

Products exhibited:

Niobium cavity - CFK technology

Electronic components - Coating technology,
surface analysis

elektronik mainz

ELTEC Elektronik GmbH
Galileo-Galilei-Strasse 11
Postfach 65

D-6500 Mainz 42

Telephone: (06131) 5063 15
Telex: (17) 61 31955
Telefax: (061 31) 50 63 44

Contact person at the stand
and in the enterprise:

Claus D. Watrin

Production line :

— VMEbus compatible board level products

— UNIX and 0S9 workstations with ETHERNET

— Networked GKS workstations

— Image processing systems

— Industrial and laboratory control systems

— Software development tools

— Networking software (TCP/IP, DECnet for VME
machines)

Products exhibited :

— VMEbus compatible 32 bit UNIX engine for
laboratory control

— Graphics and image processing tools for the
VMEbus

Ui

F.u.G. Elektronik GmbH
Florianstrasse 2

D-8200 Rosenheim
Telephone: (080 31) 8 1093
Telex: 525712

Contact persons at the stand:
G. Giebichenstein, E. Fritz
F. Weber

Contact persons in the enterprise:
G. Giebichenstein, E. Fritz, Rosenheim
F. Weber, Zurich

General representative (CH):
Elektronik-Ingenieurbiiro
Fritz Weber, Dipl.-Ing. ETH
Grossplatzstr. 24

CH-8122 Pfaffhausen-Zirich
Telephone: (01) 8 25 18 44
Telex: 58 524

Production line:

General purpose DC power supplies from 7 W to
35 kW, more than 200 standard types
High-voltage DC power supplies up to 150 kV
High-current DC power supplies up to 10000 A
All power supplies are possible with
|IEEE-Bus-Interface.

Special power supplies for:

— supra conductive magnets

— capacitor charging

— photo-multipliers

— micro-wave tubes

— ion sources

Power supplies to customer’s specifications

Products exhibited:

High voltage DC power supplies, various models,
up to 35 kV

Medium-voltage DC power supplies with IEEE-Bus
High-voltage cassettes up to 20 kV

General purpose DC power supplies up to 2,8 kW




‘\ erman

CER

Y

at

On the initiative and under the auspices of the Federal Ministry for Research and Technology

HEINZINGER

HEINZIGER, GmhH
Anton-Jakob-Strasse 4
D-8200 Rosenheim
Telephone: (0 80 31) 44 04-0
Telex: 525 777 hemes d
Telefax: 440 444

Contact persons at the stand
and in the enterprise:

Dipl. Phys, Andreas Hartlauer
Reinhard v. Schréder

Production line:

Development and manufacture of stabilized
DC-power supplies from 3 Watt up to 500 kW for
standard and special

For nuclear research in particular-power supplies
for:

— linear accelerators

— magnet coils

— Quadrupoles

— supra conductors

— electronic lenses

— multipliers

— lasers

— capacitor charging

Laboratory power supplies low and high voltage up
to class 10-6

— HV-Digital-system voltmeter

— HV-isolating tranformers

— HV-connectors and cables up to 300 kV

Products exhibited:
Biopolar power supply
HV power supply
laboratory power supplies
HV-cables and connectors

KROHNE Messtechnik GmbH & Co. KG
Ludwig Krohne-Str. 5

D-4100 Duisburg 1

Telephone: (02 03) 301-0

Telex: 17 203 301 Teletex: 203 301
Telefax: (02 03) 30 1389

Contact persons at the stand:
Jean-Frangois Droux, Jean-Jacques Inhelder

Contact persons at Rheometron AG:
Jean-Francois Droux, Jean-Jacques Inhelder,
Patrick Stoessel

Branch in Switzerland :
RHEOMETRON AG
Schiitzenmattstrasse 43
CH-4003 Basel
Telephone: (061) 2299 11
Telex: 963 452

Telefax: (061) 22 69 14

Production line:

— KROHNE Float-type flow meters

— KROHNE Flow indicators and controllers

— ALTOFLUX Magnetic inductive flow meters

— ALTOSONIC Ultrasonic flow meters

— CORIMASS Massflow meters

— KROHNE Level indicators

— KROHNE Radiometric density measuring systems

Products exhibited:

— KROHNE Float-type flow meters

— ALTOFLUX Magnetic inductive flow meters
— ALTOFLUX Ultrasonic flow meter

— CORIMASS Massflow meter

Mennekes

MENNEKES

Elektrotechnik GmbH & Co. KG
P.O. Box 1364

D-5940 Lennestadt 1

Telephone: (027 23) 411

Telex: 876 917

Telefax: (027 23) 4 12 14
Telegraphic address : Elektromennekes

Contact person in the enterprise:
Uwe Gerloff

Contact persons at the stand:
U. Gerloff/Mennekes
A. Boverat/Feller AG

Agency in Switzerland :
FELLER AG

P.O. Box 8810

Bergstr.

CH-8810 Horgen 1
Telephone: (01) 72 56 565
Telex: 826 926

Contact person in the enterprise :
Mr. Roffler

Production line:

©CEE orm plugs and sockets acc. to
DIN 49462/63/65, VDE 0623, CEE 17, IEC 309-1

and 309-2 ; socket-outlet combination units.
Industrial plugs and sockets according to
international standards ; plugs and sockets for use
in aggressive atmospheres and risk areas (Zone 11
and Zone 2); alternative in light-weight alloy
available.

Products exhibited:

Industrial plugs and sockets according to
international |IEC standards plus sockets in
aggressive atmospheres and explosion risk areas.
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Philips Kommunikations Industrie AG

Buro- und
Informations-
systeme

Philips Kommunikations Industrie AG
Schanzenstrasse 30, Postfach 80 50 04
D-5000 Koin 80

Telephone: (02 21) 677-0

Telex: 887 37 27

Telefax: (02 21) 612951
Telegrammadresse : FUGPKI

Contact person at the stand:
Dieter Koppe, Tel. 677-36 07

Contact person in the enterprise:
Joh. Zimmermann, Tel. 677-22 50

Kommuni-
Kations-
systeme

Production line:

— RF-Cables acc. to DIN-, IEC-Standards,
MIL-Standard, CATV, CCTV-Cables
Camera-, Video-, Audio-Cables
Fibre Optic Cables

— Data Transmission Cables for coaxial and
symmetric application:
Computer Networks
Instrumentation
Process Control
Fibre Optic Connection

— Special Cables for
Pulse generation and transmission
Induction heating
Flame retardent and halogen free applications
— Connectors for Camera-, CATV-Cables
Fibre Optic Cables
— Measurement equipment for cable measurements

Products exhibited:

— various types of cables
— fibre optic components
— measurement equipment

PLANSEE

Metallwerk Plansee GmbH
Siebenbiirgstrasse 23
D-8923 Lechbruck
Telephone: (0 88 62) 86 11
Telex: 597 47 plan d

Contact persons at the stand:
Edgar Bachmann, Ing. Ernst Barwa,
Dr. Rudolf Klemencic, Dr. Erich Kny

Contact person in the enterprise:
Dr. Rudolf Klemencic,
Tel. (0043 56 72) 70 26 64

Production line:
* Composite materials:
— tungsten/copper
— tungsten/silver
— tungsten/carbide/copper
— chromium/copper
— heavy metals (tungsten/nickel/iron/copper
(DENSIMET), machined heavy metal parts as
radiation shields)
— tungsten bonded to copper
— metal ceramics

* Sintered polyimide (SINTIMID)
Shaped parts as material in high gamma-radiation
environment and low temperature use

* Refractory metals:
— molybdenum
— tungsten
— tantalum
— niobium

* Superconducting wires :
— Nbg3 Sn-wires for high magnetic field
application

Products exhibited:
Heavy metals end sintered polyimide

W ang
A

SALZGITTER ELEKTRONIK GMBH
Mikroelektronik Division

Grasweg 2-4

D-2300 Kiel 1

Telephone: (0431) 54 10 21

Telex: 29 22 60

Contact person at the stand
and in the enterprise:

Gerold G. Wiese, Div. Leiter

SALZGITTER ELEKTRONIK GMBH
MIKROELEKTRONIK DIV.

Production line:

Integral, multi-disciplinary solutions

to customer specific problems, applying:
— Thick and thin film hybrid techniques
— SMT )

— Semiconductor technology

— Packaging and device testing

Products exhibited :
e Analogue and digital hybrids in:
— Chip and wire hermetic technology
— Chip and wire encapsulated technology
— Chip and wire Power packages
— Surface Mount on ceramic
@ ASIC devices in DIL and LCCC packages




ENTWICKLUNG
HERSTELLUNG
VERTRIEB
BERATUNG
CAMAC
INTERFACES
DIGITALTECHNIK
ANALOGTECHNIK

;
:

L e |

DR. B. STRUCK

Dr. Bernd Struck
Béackerbarg 6

2000 Tangstedt

Tel. (04 109) 550
Telex: 218 0715 tegs
Telefax: 55 33

Contact persons at the stand:
Dr. Struck, Dr. Meyer, Herr Zahorka

Contact person in the enterprise:
Dr. Struck

Production line:
NIM, CAMAC, FASTBUS, VME, FADC

Products exhibited:
FASTBUS Crate 104-102

Aleph-Eventbuilder 501-CPU
501-MEM
501-1MB-Option

Segment Interconn.  STR 400

Snoop FDM STR 197
ALC STR 402
VME-Crate

VACUUMSCHMELZE

VACUUMSCHMELZE GmbH
Hanau works

Griner Weg 37/Ehrichstr. 5
D-6450 Hanau/Main
Telephone: (061 81) 362-1
Telex: 4 184 863

Telefax: (061 81) 362 645
Teletex: 6181 8201

Contact person at the stand
and in the enterprise:
Klaus-Dieter Mehnert

Tel. 06181/362972

Berlin branch

Rhenaniastr. 9/17

D-1000 Berlin 20

Telephone : (030) 3 320 051
Telex: 182815

Telefax: (030) 3320051 App. 04

Production line:

Inductive components

Soft magnetic cores and parts
Magnetic shiedling

Soft magnetic semi-finished products
Powder composite materials
Amorphous metals

Sub-assemblies and magnet systems

High grade permanent magnet alloys

High field superconductors

Mineral insulated electrical conductors

Thermostat metals

Expansion and glass/ceramic-to-metal sealing alloys
Age hardenable spring materials

Materials for thin film technology

Sensors

Products exhibited :
Products of vital interest in the field of research and
development

Les-Crates
Kristensen

Wes-Crates GmbH

Kristensen GmbH

elektronische Systeme
Pattburger Bogen 33

D-2398 Harrislee

Telephone: (04 61) 75 202/72 494
Teletex: (26 27) 46 13 09 = Kristen

Contact persons at the stand:
Jgrgen L. Kristensen, Kay Peters

Contact person in the enterprise:
Jergen L. Kristensen

Production line:
CAMAC — Crates (acc. to CERN-Spec.)

— Power Supplies, Linear and Switch

Mode
— Dataways and Fan Units

FAST-BUS — Crates (acc. to CERN-Spec.)
— Power Supplies, Switch Mode
— Backplanes and Fan Units

VME — Power Supplies, Custom Design
Crates — Backplanes and Fan Units

Electronic modules and equipment on request
Measuring and control systems. Sensors for

temperature, pressure, Dew Point, CO5. Printed
circuit boards

Products exhibited:

CAMAC-Crate with Switch Power Supply,
Dataway and Fan Unit

FAST-BUS-Crate with Switch Power Supply,
Backplane and Fan Unit

VME-Crate with Custom Design Power
Supply, Backplane and Fan Unit

e wIeNER

Hans Wiener GmbH + Co.
Miillersbaum, 18, Postf. 2220
D-5093 Burscheid 2 (Hilgen)
Telephone: (021 74) 20 34-36
Telex: 85155 23 wiel d

Contact person at the stand
and in the enterprise:
Bernhard Boden

General representative (CH)
Elcotron SA

1, Rue de la Morache

1260 Nyon

Telephone: (022) 615352
Telex: 421565

Production line:

— NIM-crates and CAMAC-crates

— CAMAC-crates, switching power supplies
— Europa type, switching power supplies

Organization of the exhibition: Dipl. Kfm. Wilh. H. Esser, Schubertstr. 9, D-7515 Linkenheim-Hochstetten

— VME type, Multibus Il-type switching power
supplies
— custom designed power supplies

Products exhibited:
— NIM-crate CERN-type N 8053
— CAMAC-crates CERN-type 099.
CERN-type 337
— switching power supplies (Europa
type, Multibus I, custom designed)
— FAST Bus-crate, CERN type F 6852
— FAST Bus-crates, switching power supplies
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