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The changing face of electronics. A thick film hybrid circuit (below)
designed at Munich’s Max Planck Institute on a board also equipped
with normal discrete components. It is part of the Fastbus-based digi-
tizer designed at CERN for the Time Projection Chamber of the ALEPH
experiment at CERN’s new LEP electron-positron collider. For more
electronics developments, see page 29. (CERN Photo X217.9.87 by
Gilbert Cachin)
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The DT-10 Data Tester for V. 24/RS232C
Interfaces, automatically sets itself to the
right parameters (bit rate, code, parity
etc.), it has no problems with printers or
terminals. This and menu driven opera-
tion using softkeys make it fast. The large
display gives you comprehensive results
and battery operation makes field work
easy. * 50 to 20000 bit/s * Async/
Sync/HDLC * Tristate display * BERT/
BLERT % Timing and Distortion
Measurements * Monitoring % DTE/
DCE Simulation * Echo % Dump % Pol-
ling % Storage of Results and 8 Setups.
Try the DT-10 yourself.
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Pulse Height Distribution with 57Co (direct detection)
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Now, for the first time, high energy
resolution from PIN silicon photodiodes
used as nuclear counters

The new S1723 silicon photodiode provides
the low junction capacitance and low
dark current needed for high speed response
and low noise. The UV response is par-
ticularly suitable for use with BGO and other
scintillation crystals. A sensitive area
greater than 100mm?2 is provided in a very
compact package.

This new detector is less than 3mm
thick compared with 60mm or more for

PMT’s. When used with solid-state amplifiers,
the S1723 occupies less space at about
half the cost of PMT's.

Large-area PIN silicon photodiodes with
sensitive areas of 10 x 10mm, 10 x 20mm,
3.4 x 30mm and larger are also available.

Applications for these Hamamatsu photo-
diodes include scintillation detection in the
fields of high energy physics, medical
diagnostics and industrial instrumentation.

For Application Information CALL 800-524-0504. In New Jersey Call 201-231-0960

HAMAMATSU

HAMAMATSU CORPORATION « 360 FOOTHILL ROAD, P. O. BOX 6910, BRIDGEWATER, NJ 08807 * PHONE: 201/231-0960
UNITED KINGDOM: Hakuto International (UK) Ltd. (phone: 0992- 769090) * FRANCE: Hamamatsu Photonics France (phone: 46 55 47 58)

ITALY: Hesa S. P. A. (phone: [02] 34.92.679)  W. GERMANY:
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Photonics D d GmbH (phone: 08152-375-0)

SWEDEN, NORWAY, FINLAND, DENMARK: Lambda Eleclromcs AB (phone: 08-620610) ® JAPAN Hamamatsu Photonics K.K.
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Pinpointing particles

The Conference on Position-Sen-
sitive Detectors held at London’s
University College from 7-11 Sep-
tember highlighted the importance
and the growing applications of
these precision devices in many
branches of science, underlining
once again the high spinoff poten-
tial for techniques developed inside
particle physics.

One particularly fast growing
applications field is Positron Emis-
sion Tomography — PET — where
position sensitive detectors are
used to pick up the characteristic
gamma rays of positron annihila-
tion. PET scanners are already
being used in hospitals particularly
to find and study tumours, but
their importance in visualizing and
measuring the action of drugs is
just being realized, according to
Terry Jones from the Medical Re-
search Council’s Cyclotron Unit at
the Hammersmith Hospital in Lon-
don. Over 80 % of. the drugs used
in the UK can be labelled with suit-
able tracers. With PET it will be
possible to trace any of these
drugs to wherever they go in the
body. It should even be possible
to develop ‘magic bullet” drugs
which doctors can check in ad-
vance on a PET-scanner to make
sure they will go only to the parts
that need them, with no side-ef-
fects anywhere else. The confer-
ence was shown some particularly
clear pictures of a living thyroid
gland, taken by using a positron-
emitting iodine tracer with a scan-
ner built by Alan Jeavons of Oxford
University.

There was a lively debate at the
conference between exponents of
the established PET techniques,
taken over from nuclear physics,
and those who wish to use newer
particle physics developments.
The old guard seem to be holding
their ground. They use very dense
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crystal scintillators which send out
a flash of light when they are hit
by a gamma ray. This light is con-
verted into an electrical signal by
photomultiplier tubes. Until recently
the tubes have been large and
crude, giving a very blurred picture,
but that problem is being solved
by ‘multianode’ tubes being devel-
oped by large electronics manufac-
turers such as Hamamatsu in Japan
or Philips in Holland and in France.
Georges Charpak from CERN is
the leader of the rival faction, re-
placing the photomultiplier tubes
with a very precise multiwire pro-
portional chamber (MWPC) using
fine high voltage sense wires
stretched through a special gas
mixture. When incoming radiation
releases a few electrons in the gas
they cause an ‘avalanche’ break-
down, like a tiny spark but very
localized near a wire, and this gives
a pulse of charge ten thousand
times bigger than the initial bunch
of electrons. The disadvantage of
MWPCs at present is that they
detect a smaller fraction of the
arriving gamma rays than a photo-
multiplier array, so a patient would
need a larger dose of radioactive
tracer. But new scintillating crystals

Positron Emission Tomography (PET)
apparatus at Geneva Cantonal Hospital,
showing the diametrically opposed
detectors to pick up the gamma rays
emerging from positron annihilations.

are being found which match better
the light-converting gases used in
the chambers.

The newest application of PET
came from the chemical engineers,
tracing particles inside a ‘fluidized
bed’ — like those used in recent
coal-fired power stations or in in-
dustrial chemical reactors. Frag-
ments of coal, for instance, move
around freely in a bed of inert ma-
terial such as sand which behaves
like a liquid because the grains are
spaced out by the strong flow of
air through a perforated plate un-
derneath. No one had ever been
able to follow actual particles in
such a bed, but C. R. Bemrose of
Birmingham showed a video film
of computer images from a PET
scanner showing all the details of
the path of a particle deep inside
the fluidized sand, moving in loops
with the flow of material or occa-
sionally getting stuck in a corner
where the flow was less active.
He used a multiwire proportional
chamber scanner, built with the
assistance of the Rutherford Apple-
ton Laboratory.

High precision is more important
to the engineers than a low dose
of radiation, so multiwire propor-
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tional chambers are the natural
choice. They are also being used
to follow the motion of oil inside
jet engines.

Astronomers want to look at
distant objects with every available
wavelength of light, not just the
visible, and they want to know
two things about every photon of
light they detect; where did it
come from, and what was its ener-
gy? For example, at the focus of
an X-ray telescope on an orbiting
satellite they need a position-sen-
sitive detector connected to a
computer which can build up mul-
tiple superimposed images of the
object in view, each image corre-
sponding to a small range of X-ray
energies.

A relative of the multiwire pro-
portional chamber — called a ‘pa-
rallel plate avalanche chamber’ —
is being used for this, as reported
by John Lapington of the Mullard
Space Science Laboratory of Uni-
versity College, London. Another
related device, used by particle
physicists as well as astrophysi-
cists, is the ‘gas scintillation pro-
portional detector’ (GSPD) which
picks up the light given out when
radiation is detected in a gas-filled
chamber. A GSPD can give a pre-
cise image for every individual
ultra-violet photon that hits it. But
much more sensitive devices are
now being developed, using arrays
of tiny composite crystal detectors
at extremely low temperatures.
Damian Twerenbold of the Euro-
pean Space Agency described
superconducting junctions which
send out an electrical pulse propor-
tional to the energy of the X-ray
which hits them, and a competing
instrument called a bolometer
which actually measures minute
changes in the temperature of crys-
tals due to the heating effects of
single X-rays.
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Everyday electronic circuits ex-
ploit the movement of electrons
through crystals of silicon. But it
is possible to make very pure sili-
con which can be completely ‘de-
pleted’, with all movable free elec-
trons removed. Radiation frees
bound electrons from the silicon
atoms (ionizing them), giving a
detectable signal. This principle is
used in TV cameras containing
charge-coupled-devices (CCDs).
CCDs and other silicon detectors
are used by particle physicists,
especially in experiments to mea-
sure the lifetimes of unstable par-
ticles containing the heavy quarks.
Such particles only travel a few
microns before they decay, but
that is just the scale for the pat-
terns on a silicon chip.

There were a number of presen-
tations of a super-CCD, a ‘random-
access pixel device’ in which the
position and amount of charge of
each radiation hit will be read out
within a few millionths of a second,

Silicon strip detector made by Micron
Semiconductor (UK) showing the fine wire
connections to alternate strips. Used to
study the decay of unstable particles, it
has a strip spacing of 50 microns.

rather than waiting many thou-
sandths of a second (a very long
time in electronics) for a TV-style
scan through all the thousands of
separate sensing points. Sherwood
Parker of Berkeley reported on his
detailed design which will be laid
down on silicon in the next few
months. If it works it will be of
interest to many more users than
just the particle physicists.
Multiwire proportional chambers

_or scintillators with photomulti-
_pliers are proving very useful for

neutron diffraction. The ISIS pulsed :
neutron source at the Rutherford
Appleton Laboratory provides
beams and detectors for a variety
of users, including groups devel-
oping the new high temperature
superconductors. Slow neutrons
do not interact directly with a de-
tector. They have to be captured
in an atomic nucleus, such as li-
thium, which breaks up to release
charged particles that are detected
by scintillation or ionization in the



detector. P. L. Davidson from ISIS
described a lithium-loaded glass
scintillator which sends out its sig-
nals down lots of separate optical
fibres to sets of photomultipliers.
Muscle is one of the most mys-
terious of biological materials, com-
posed of regular layers of overlap-
ping fibres. A. R. Faruqgi of the UK
Medical Research Council’s Cam-
bridge Laboratory has watched
moving muscle simultaneously with
a CCD to image the contraction,
and with a multiwire chamber to
image the changing pattern of
X-ray dots, showing the changes
in the molecular structure of the
fibre layers. Such modern X-ray
studies require both sophisticated
detection techniques and intense
beams of synchrotron radiation,
provided by electron storage rings.
Charpak developed his multiwire
proportional chambers into another
kind of gas-filled detector, the drift
chamber, which has proved ex-
tremely useful in particle physics.
The exact position at which radi-

ation interacts with the gas deter-
mines how long it takes for the
electrons to drift through a uniform
electrical field before arriving at
the fine wire where they are de-
tected. Fabio Sauli from CERN told
the conference about drift cham-
bers being developed for the large
electron-positron (LEP) machine
which will run at CERN in 1989.

In some of them the electrons drift
two metres before they reach the
wire. This allows a very large de-
tection volume to be covered by

a relatively small (and affordable)
number of channels of electronics.
He also showed pictures of his
own compact drift chamber where

the track of an ionizing particle can

be localized to about twenty mi-
crons, comparable with the preci-
sion of many silicon detectors.
The drift idea has now been

picked up by scientists building
both silicon detectors and detec-
tors filled with liquids. In every
application it gives improved posi-
tion resolution and a considerable

reduction in the amount of elec-
tronics required. As well as the
particle physics possibilities, the
conference heard from
H. J. P. Kuykens of Delft how a
silicon drift chamber might be used
to improve the resolution of PET
scanners. Liquid drift chambers
have good position resolution over
a large volume, with a much denser
detecting medium than a gas. This
is important in detecting neutrinos,
which need tons of detector to
give a reasonable signal. Liquids
also suffer less degradation from
intense radiation so they can be
used instead of other high-density
detectors close to the beam-pipe
of an accelerator or storage ring.
G. Giorginis and J. Engler from
Karlsruhe reported successful ex-
periments on drifting electrons in
a cold liquid (liquid argon) or in
room temperature organic liquids.
Of the 275 scientists attending
the meeting, about 40 per cent
were particle physicists, although
about 90 per cent of the detectors
discussed were developed origi-
nally for particle and nuclear phys-
ics experiments.

By David J. Miller

The compact drift chamber (its size can be
judged by the large centimetre squares on
the graph paper) developed by Fabio Sauli
and his group at CERN. With more than
60 sense wires, this detector attains
twenty-micron precision, comparable to
solid state detectors.

(Photo CERN X567.1.87)
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A matter of quarks

Quarks are understood to interact
through the ‘colour’ force, carried
by gluons. Under normal conditions
these quarks are confined — frozen
together in ‘colourless’ states such
as protons, neutrons and other
strongly interacting particles. How-
ever if the quarks are compressed
tightly together and/or are ‘heated’
by increasing their energy, they
should eventually break loose from
their colour bonds to form a new
kind of matter — the so-called
quark-gluon plasma. Although QGP
has not yet been synthesized in
the Laboratory, it was most likely
the stuff of the Universe 1075 se-
cond after the Big Bang. Thus the
search for this ‘new’ matter is at-
tracting a growing number of phy-
sicists, theorists and experimenters
from both the particle physics and
nuclear physics fields.

Theorists confidently predict
QGP formation in the collisions of
heavy nuclei at energies available
from present machines, so that a
glimpse of these post-Big Bang

CERN
From oxygen
to sulphur

For several weeks during
September and October, the
CERN accelerators handled
sulphur 32 ions, with the SPS
synchrotron boosting them
to 200 GeV per nucleon. This
set up a new world beam
energy record of 6400 GeV
(6.4 TeV), doubling the figure
set at CERN last year with
oxygen 16 ions. With inter-
esting clues emerging from
the 1986 data, the first re-
sults from the sulphur beams
are eagerly awaited.
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conditions might come soon and
relatively cheaply.

With this in mind, the 1987
Quark Matter Conference, held
from 24-28 August at Schloss
Nordkirchen, near Dortmund, West
Germany, focused on the first re-
sults obtained last year with nu-
clear beams in experiments at
CERN and Brookhaven. CERN pro-
vided higher energies (oxygen
nuclei at 60 and 200 GeV per nu-
cleon) while Brookhaven offered
heavier nuclei (silicon at 14.5 GeV
per nucleon).

At CERN, four major detectors
collected data from the oxygen
run last year — the WA 80 ‘Plastic
Ball’ study, the NA34/2 HELIOS
detector, the NA35 streamer
chamber experiment, and the
NA38 muon pair spectrometer
(see December 1985 issue,
page 429). This year’s run at CERN
used the heavier sulphur nuclei to
increase the energy densities, and
two more major experiments joined
the fray — the NA36 Time Projec-
tion Chamber and the WAS85 group
using the Omega spectrometer. In
both runs, smaller experiments
using special targets ran in parallel.
Complementary results came from
two Brookhaven studies (Experi-
ments 802 and 814 — see April
issue, page 18).

The first workshop on quark
matter physics was held in Biele-
feld in 1982. Since then periodic
meetings have reflected the in-
creasing enthusiasm and confi-
dence in this new physics venture,
but this year was the first time that
experimental results were available.

It is not yet possible to say if
the quark-gluon plasma has been
synthesized under laboratory con-
ditions. Maybe the Brookhaven
energy is too low and perhaps the
CERN nuclei are too small. Yet
there are two intriguing clues. The

Quark Matter announcement from Reinhard
Stock, chairman of the organizing committee
at the August meeting at Schloss
Nordkirchen, near Dortmund.

NA38 team reported a suppression
of the J/psi resonance in the di-
muon spectra from oxygen-uranium
collisions producing large trans-
verse energy, while Brookhaven
saw five times as many charged
pions as kaons. Both these effects
had been predicted as indicators
of QGP.

Results from the other CERN
experiments’ 1986 oxygen run can
be explained by conventional ordi-
nary nuclear effects. However the
‘stopping power” of the incoming
nuclei under these conditions is
found to be as high as had been
hoped, so that a lot of energy (a
few GeV) can be compressed in-
side a nucleon-like volume. This
is just what is needed to make
QGP, and experimenters are look-
ing forward eagerly to the final
analysis of this year’s sulphur run.

As well as looking at initial re-
sults, the Schloss Nordkirchen
meeting looked forward to future
projects. Brookhaven has its RHIC
Relativistic Heavy lon Collider plans
well advanced, while at CERN at-
tention is turning to the possibility
of a dedicated pre-injector provid-
ing lead nuclei. US prospects were
described by D. Hendrie (Depart-
ment of Energy), and Pierre Darriu-
lat covered the CERN side.
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Good news for particle accelerators.

EEV, a world leader in high energy switching
thyratrons, has now developed a single cathode o
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. Subsidiary of the

CANADA: Gzr;i:a\ailectlrcic 960
EEV Canada Ltd, 67 Westmore Drive, Rexdale, Ontario M9V 3Y6. Tel: (416) 745 9494 Telex: 06 989363. Fax: (416) 745 0618. of Er;gl;/npd
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The meeting, organized by
R. Santo (Munster), H. Satz (Biele-
feld / Brookhaven), H. J. Specht
(Heidelberg) and R. Stock (Frank-
furt, chairman), brought together
about 250 physicists. The next
conference in the series will be
held next September on the US
East Coast.

E. Feinberg (Lebedev Institute, Moscow)
sings the praises of the hydrodynamical
approach to Quark Matter Conference
organizing committee member Hans Specht
of Heidelberg

(Photos M. Jacob)

Energy not the only frontier et o o -

CERN trump card.

(Photo CERN X180.8.87)

While the push for big new ma- — - ‘ . -
chines to explore high energy fron- ’ ‘
tiers makes the headlines, other
avenues for physics progress are
still being actively explored. To
reflect these efforts, theorists and
experimenters from the experi-
ments committees for CERN’s two
major existing machines — the PS
Proton Synchrotron and the SPS
Super Proton Synchrotron — joined
forces in study groups to look at
long term physics perspectives.
As one experimenter put it, ‘there
are frontiers of high complexity
and high precision as well as high
energy’.

The groups’ findings were aired
at a special joint open meeting of
the two committees at CERN on
31 August and 1 September. Al-
though organized in a CERN con-
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text, the attention was not limited
to existing CERN machines and the
sessions attracted wide interest
from Laboratories further afield
with their own preoccupations for
the future.

Introducing the proceedings,
CERN Director General Herwig
Schopper emphasized CERN's tra-
dition of a rich and varied research
programme catering for a large
user community. Alone, the four
big experiments being built for
CERN’s new LEP electron-positron
collider, scheduled to switch on in
1989, do not continue this tradi-
tion. Schopper also drew attention
to interim recommendations of the
CERN Review Committee chaired
by Anatole Abragam — ‘every ef-
fort should be made to keep this
variety (of programme) ... for main-
tenance of the Laboratory’s pres-
tige and creativity'.

One CERN trump card is the
LEAR low energy antiproton ring.
For some six years, CERN was the
only place in the world where anti-
protons were on tap. Fermilab has
now followed suit, but the US Lab-
oratory has not yet embarked on
a low energy antiproton pro-
gramme, preferring for the mean-
time to concentrate on the high
energy sector.

Lucien Montanet covered the
possibilities for low energy antipro-
tons at CERN in the 1990s. The
continued exploration of fundamen-
tal symmetries was seen as one
major objective, including precision
measurements of antiproton pro-
perties and the study of neutral
kaons to probe deeper into the
mysteries of CP violation (the al-
most but not quite exact symmetry
of particle-antiparticle and left-right
permutation). While the neutral
kaons are still the only offenders,
the effect could be looked for else-
where, for example in lambda ba-

8

The proposed European Hadron Facility —
aiming to put Europe on the high intensity
map.

European Hadron Facility
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ryons and their antiparticles.

Spin can still be the joker in the
particle physics pack, and Monta-
net suggested a systematic attack,
using polarized targets and possi-
bly beams. Elsewhere, the search
for new particle states frequently
provides additional insights into
the underlying forces, and here
LEAR could continue to make im-
portant contributions, whether in
a gently upgraded form, or with a
new superconducting ‘SUPERLEAR’
ring.

Important progress was made
with CERN's Intersecting Storage

Rings machine in the last few
months of its life, using a gas jet
target and a tuned antiproton beam

to home in on states difficult to

isolate using the conventional ap-
proach of colliding electron and
positron beams. This could be
adopted for LEAR.

The idea of using LEAR to supply
trapped antiprotons or even neutral
antimatter remains as fascinating
as ever.

Away from LEAR, lower energy
antiprotons (about 45 GeV instead
of the hundreds of GeV normally
used) could be stored in the SPS
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ring for use with the UA6 gas jet
target equipment to explore higher
energy spectroscopy.

F. Bradamante enthusiastically
extolled the virtues of the pro-
posed European Hadron Facility
(EHF — see July/August 1986 is-
sue, page 13). This high intensity
{microamp) 30 GeV proton machine
could bring the requisite physics
power to bear on a wide range of
questions. Bradamante underlined
the need for physics research with
high intensity beams of kaons,
neutrinos, etc. While the US and
Japan have well-developed plans
in this area, ‘Europe has nothing’
he emphasized. A ‘green field” ver-
sion of EHF has been costed at
867 million deutschmarks, less if
it exploited some existing Labora-
tory infrastructure.

CERN's traditional staple diet
has been protons from the PS.
However the advent of the LEP
electron-positron collider called for
a sophisticated supply of electrons
and positrons. Mike Albrow
pointed out the potential of the
new EPA electron-positron accu-
mulator for physics.

Additional flexibility could also
come from the SPS, and Harry
Atherton outlined what additional
beams, not necessarily at the high-
est possible energies, could do.

John Garvey and Guido Altarelli
looked at proton-antiproton collid-
ing beam physics with the in-
creased antiproton levels from
CERN’s new ACOL Antiproton Col-
lector. While Fermilab’s Tevatron
has walked off with the energy
prize, CERN’s additional antipro-
tons, together with the major up-
grades for the big UA1 and UA2
detectors, could pay dividends and
keep the CERN collider in the phys-
ics front line for several years more
yet.

The implications of spectroscopy
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for strong interaction physics were
looked into by Frank Close, who
wanted to know where the ‘glue’
is. Gluons are understood to carry
the forces between quarks, but so
far there has been little indication
of particles with constituent gluons
instead of, or as well as, quarks.
Close outlined a possible strategy
to search for all the missing states,
and concluded with comparative
ratings of different schemes for
spectroscopy progress.

Hans-Jirgen Pirner took up the
question of lepton physics, with
implications mainly for the SPS,
pointing out that the lepton sector
of today’s Standard Model of par-
ticle physics is the least well
known. Neutrino parameters in
particular are difficult to pin down,
and a high intensity beam would
be useful.

The search for unusual decays
is an area where research invest-
ment could provide good value for
money. A. Buras (theory) and
C. Guyot (experimental setups)
provided an interesting counter-
point of theoretical ideas and ex-
perimental scenarios. Searches
could be mounted for decays for-
bidden according to conventional
ideas, while the study of rare de-
cays test special physics areas.
CP violation again came under
close examination, where new
examples could be looked for.

Finally G. London and R. Stock
looked at what had been learned
from the brief but highly successful
runs last year at CERN using high
energy beams of oxygen nuclei.
(These promising results were
covered in detail at the recent
‘Quark Matter’ conference at
Schloss Nordkirchen near Dort-
mund in West Germany — see re-
port on page 5). This year’s run
used sulphur nuclei, twice as hea-
vy, while for the future the exper-

imenters rub their hands at the
thought of what beams of lead
nuclei could do.

Not all of the ideas mentioned
at the meeting will see the light of
day, but it is clear that there is a
lot of work to do away from high
energy frontiers. The continued
exploration of CP violation, still
poorly understood 23 years after
its discovery, the ongoing search
for new particle states, and preci-
sion measurements of known
phenomena were recurring themes
in many of the presentations.

Frank Close — looking for glue.
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Physics 87

87 seems an auspicious cycle for
physics. This year has seen the
first neutrino observation of a su-
pernova and the development of
a new class of superconductors
which carry large currents at rela-
tively high temperatures. It is also
the centennial of several major
events in the history of physics
which have shaped our present
understanding of the universe.

In 1687, Edmond Halley as Se-
cretary of the Royal Society in Lon-
don wrote to Isaac Newton in Cam-
bridge to confirm that the latter’s
Philosophiae Naturalis Principia
Mathematica was finally ready for
publication.

In view of the Royal Society's
lack of funds at the time, Halley
had undertaken to publish the book
at his own expense.

‘Honoured Sr, | have at length
brought your Book to an end, and
hope it will please you. The last
errata came just in time to be in-
serted. | will present from you the
books you desire to the R. Society,
Mr Boyle, Mr Pagit, Mr Flamsteed
and if there be any elce in town
that you design to gratifie that
way; and | have sent you to be-
stow on your friends in the Univer-
sity 20 Copies, which | entreat you
to accept.’

Two hundred years later, in Clev-
eland, Ohio, Albert Michelson and
Edward Morley failed to detect any
effect on the velocity of light due
to the movement of its source, a
puzzling null result which had to
wait 18 years for an explanation
by Einstein’s revolutionary Special
Theory of Relativity.

Also in 1887, Heinrich Hertz,
then working in Karlsruhe, was
especially busy discovering the
electromagnetic radiation sug-
gested twenty years earlier by
Maxwell’s equations. Not content
with this single breakthrough, he
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The title page of Newton'’s Principia,
published 300 years ago.
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saw for the first time the photoel-
ectric effect. For the explanation
of this initial example of light
waves behaving like particles, the
world also had to wait until 1905
and the genius of Einstein.

Three centuries after the publi-

cation of Newton’s masterpiece,
Stephen Hawking and Werner Is-
rael assembled a group of the
world’s foremost researchers in
cosmology, relativity and particle
physics for a commemorative
meeting ‘300 years of Gravitation’
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UK postage stamp commemorating this
year's tercentenary of the publication of
Isaac Newton's ‘Principia’.

1887

Sic ISA44C NEWTON (1692-1727)

in Cambridge earlier this year. In
addition, Trinity College, Newton'’s
home from 1661 to 1696, organ-
ized its own tribute, as did the
Royal Society.

The papers presented at the
Gravity 300 meeting have been
published as a commemorative
volume*. Introducing the subject,
Stephen Hawking claimed New-
ton’s Principia to be ‘probably the
most important single work ever
published in the physical sciences’,
and went on to explain how New-
ton was motivated by Halley to
make clear how the elliptical orbits
of the planets were due to an in-
verse square type force directed
towards the sun, a result Newton
had in fact worked out some years
earlier but had not published.

In the Principia, Newton intro-
duced the ideas of absolute time
and absolute space, controversial
concepts which nevertheless held
fast until the advent of Einsteinian
relativity more than two centuries
later. In the book, Newton did not
introduce his idea of ‘fluxions” —

a form of differential calculus he
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developed to handle forces varying
in magnitude and direction — pre-
ferring the historically acceptable
geometrical approach, and leaving
the door to calculus open for
Leibniz.

In the preface to the first edition
of Principal, Newton remarked ‘|
wish we could derive the rest of
the phenomena of Nature by the
same kind of reasoning for me-
chanical principles, for | am induced
by many reasons to suspect that
they may all depend on certain
forces’. This hope has not been
fulfilled, but, as Stephen Weinberg
concludes in the book, ‘we are
working on it, very much in the
Newtonian tradition: the formula-
tion of increasingly comprehensive
quantitative laws. From this high
viewpoint, all that has happened
since 1687 is a gloss on the
Principia’.

The 1987a supernova came as
a fitting monument to the tercen-
tenary, underlining the importance
of the classical theory and at the
same time pointing to the future.
Gravitation reflects both the sedate
beauty of a classical theory and
the turmoil of modern research,
as exemplified by the contributions
to the book.

Upsetting the ether

The Michelson-Morley experi-
ment was one of the big upsets
of physics, undermining the con-
siderable confidence that had built
up in the ideas of the day and set-
ting the scene for modern physics
and the special theory of relativity
almost twenty years later.

When the two American exper-
imenters planned their epic study,
electromagnetic radiation such as
light was believed to travel through
some invisible ‘ether’ that filled all

space. If so, radiation from a mov-
ing body should travel faster than
radiation from a static source. To
test this idea, Michelson and Mor-
ley built a superbly tuned instru-
ment designed to compare the
velocity of light moving in the same
direction as the Earth with the vel-
ocity perpendicular to the Earth’s
motion.

After repeated attempts, they
found no such evidence for the
long-awaited ether. According to
their precision experiment, the vel-
ocity of light looked to be
independent of the velocity of its
source. Working independently,
Hendrik Lorentz in the Netherlands
and George Fitzgerald in Ireland
concluded that the paths travelled
by the two perpendicular light
beams had to depend on velocity.
This empirical result was eventually
set in context by Einstein, who
showed that Newton's absolute
benchmarks of space and time
were only valid for everyday
phenomena, and had to be re-
thought on the grander scale.

In 1907, Michelson became the.
first American to receive a Nobel
Prize for scientific achievement,
but to his death in 1931 remained
a staunch opponent of quantum
physics and relativity.

In Cleveland, Ohio, where the
experiment took place, thirteen of
the city’s cultural and educational
institutions joined in a city-wide
six-month celebration entitled
‘Light, Space and Time’, encom-
passing the sciences, arts and hu-
manities. Case Western Reserve
University, where Michelson and
Morley were based, played a lead-
ing role, with major symposia on

* 300 years of Gravitation, edited by
Stephen Hawking and Werner Israel,
published by Cambridge University Press.
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physics history and modern per-
spectives held during October.

Hertzian waves

A pupil of Helmholtz, Heinrich
Hertz made his initial mark on phy-
sics by justifying Maxwell’'s equa-
tions on theoretical grounds. With
so much evidence building up to
support the idea of electromagnetic
radiation, he turned his attention
to its detection. Using the appar-
atus still on view at the Deutsches
Museum in Munich, he found that
sparks across a gap in a rectangu-
lar wire frame could produce
sparks in a similar but unconnected
circuit. The distance between the
transmitting and receiving circuits
was gradually increased from 1.5

14

metres to right across the room.

After this initial discovery, Hertz
went on to demonstrate that the
radiation could be reflected and
refracted like all other waves.

His patient investigations also
found that illumination somehow
facilitated sparking across a gap
in a secondary coil. After carefully
adjusting the gap so that no spark
was seen in the dark, the spark
came back when the lights were
on. This was the first evidence for
the photoelectric effect — the pro-
duction of ions by light.

To commemorate Hertz’ historic
advances, the University of Karls-
ruhe is organizing a series of lec-
tures culminating in a centenary
ceremony on 5 December. A spe-
cial exhibition will be held early
next year. Other Hertz events have

been organized in Hamburg, his
birthplace, and at the Hertz Insti-
tute in Berlin.

G. F.

The apparatus used by Heinrich Hertz at
Karlsruhe in 1887 to discover
electromagnetic waves.

(Photo Deutsches Museum)
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Around the Laboratories

36 sites in 25 states are under consideration
for the proposed 84 kilometre US SSC
Superconducting Supercollider ring to handle
20 TeV proton beams.

SUPERCOLLIDER
Site proposals

In response to the 1 April invitation
for site proposals for the proposed
US Superconducting Supercollider
(SSC), the Department of Energy
(DOE) received 43 proposals from
25 states by the deadline of

14.00 hrs on 2 September. About
26 000 separate items (volumes,
attachments, appendices, and
maps), and 13 tons of proposals
were processed and distributed.

On 18 September, the DOE com-
pleted screening and forwarded
36 proposals to the SSC Site Se-
lection Committee of the National
Academy of Sciences and the Na-
tional Academy of Engineering.
These sites in 25 states met all of
the DOE’s basic qualification cri-
teria — the land, located entirely in
the US, should be made available
at no cost to the federal govern-
ment, and should accommodate
the proposed layout of the project.
Certain minimum utilities are re-
quired, and of course no known
unacceptable environmental effects
should result.

In the Academy committees’
evaluation, primary emphasis will
be placed on technical criteria —
geology and tunnelling, regional
resources, environment, setting,
regional conditions, and the avail-
ability of utilities. Cost consider-
ations are also significant. The
committees’ report to the DOE will
include the unranked list of the
best qualified sites, but the size of
the short list has not been prede-
termined.

Additional geological and envi-
ronmental information may be re-
quested of finalists and confirma-
tory investigations will be con-
ducted by DOE. Detailed staff ana-
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Geographic Locations for
Proposed SSC Sites

lyses and environmental informa-
tion will be presented to the DOE
Site Selection Energy System Ac-
quisition Advisory Board (ESAAB)
as input into the decision process.
Based on the Academy commit-
tees’ evaluation, this additional
information, the ESAAB findings,
and other input as appropriate, the
Secretary may designate the pre-
ferred site as early as July 1988.
Preparation of an Environmental
Impact Statement (EIS) for the SSC
has begun, in accordance with the
National Environmental Policy Act

process. This will include an oppor-

tunity for public comment, prepa-
ration of a Final EIS and a Record
of Decision (ROD). Environmental
impacts of constructing and oper-
ating the SSC, including those re-
lating to public health and safety
will be addressed in the EIS. The
issuance of the ROD based on the
final EIS will be the last step of the

site selection process.

In January 1989, the Secretary
of Energy will announce the final
site selection following completion
of the National Environmental Pol-
icy Act process. Preliminary and
Final Safety Analyses will be pre-
pared during the design and con-
struction phases of the project.

FERMILAB
Fixed target run
begins

Fermilab began a 800 GeV fixed
target physics run this summer
with almost a full complement of
16 experiments and 15 beamlines.
(The only exception was a new
polarized beam which will be com-
missioned at the end of the current
running period.)
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During the previous 800 GeV
fixed target run, experiments were
serviced by existing beamlines
upgraded to transport 800 GeV
beam as none of the major new
Tevatron facilities were ready.

Two highlights of this present
run are the increased efficiency of
the Tevatron and the commission-
ing and data taking of three big
fixed target beamlines and detec-
tors in the new Muon, Wideband,
and Meson West Areas.

During the first nine weeks of
running, the accelerator surpassed
the peak intensity record from the
previous run, reaching more than
1.7 x 103 protons per pulse.
Compared with the start-up of the
previous run, twice as many pro-
tons per week have been acceler-
ated this time, with the highest
accumulated weekly proton inten-
sity reaching 1.06 x 10", In addi-
tion, a record 127 hours of beam
was reached during one week.

One of the three new beams
leads to the Muon Experimental
Hall and Experiment 665, studying
muon interactions at energies of
up to 750 GeV in a variety of tar-
gets, looking at the hadrons recoil-
ing from violent muon collisions
in hydrogen and heavy nuclei, and
measuring the quark content (struc-
ture functions) of these targets. It
involves a collaboration Argonne,
California (San Diego), Fermilab,
Freiburg, Harvard, lllinois (Chicago),
Poland, Maryland, MIT, the Max
Planck Institute (Munich), Washing-
ton, Wuppertal and Yale.

The second new major experi-
ment is E687 in the Wideband
Beam, looking at the photoproduc-
tion of charm and beauty, especial-
ly photo-excited states containing

Experiment 687 in the Tevatron Wideband
Beam looking at the photoproduction of
states containing heavy quarks includes a
large Italian contingent.
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The beamlines fanning out from Fermilab’s
Tevatron ring.
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Fermilab Experiment 665 studies muon
interactions at up to 750 GeV and among
other things will measure the quark content
of different nuclear targets.

(Photos Fermilab)

charmed quarks, charmed D me-
sons and lambda-C baryons, J/psi
and psi prime, and heavier states
containing bottom quarks. The
collaboration includes Colorado,
Fermilab, lllinois, INFN Frascati and
Milan, the University of Milan,
Northwestern and Notre Dame.
The third new experiment is
E706 in the Meson West Beamline,
studying the giuon content of ha-
drons by analyzing the direct pho-
tons from collisions of pions,
kaons, and protons with a variety
of targets. It uses a very large li-
quid argon calorimeter. Housed in
the same experimental hall and
running simultaneously is experi-
ment E672, whose special interest
is the particles produced in asso-
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ciation with J/psi and high mass
muon pairs. E706 involves phys-
icists from Delhi, Fermilab, Michi-
gan State, Minnesota, North-
eastern, Pennsylvania State, Pitts-
burg, Rajasthan and Rochester,
while E672 covers Arizona, Cali-
fornia Institute of Technology, Fer-
milab, Florida State, George Ma-
son, lllinois at Chicago, Indiana,
Serpukhov, Maryland, Michigan
and Rutgers.

With the upgraded beamlines
and detectors and with the three
new large experiments, Fermilab’s
investment in the Tevatron is up
and running and users are already
reaping the rewards with lots of
data at high energy. After the inau-
gural physics run of the Tevatron

proton-antiproton collider (see May
issue, page 18), the full fixed-target
programme got underway with
physicists optimistic of new re-
sults. It is scheduled to run until
the middle of December, when the
big CDF detector will take over for
five months of proton-antiproton
collisions.

CERN
Crash programme
for LEP

To push work on the LEP electron-
positron collider forward as quickly
as possible, the installation team
has embarked on a crash pro-
gramme to fit out the first 2.8 ki-
lometre octant of the 27 kilometre
ring. The aim is to have the neces-
sary equipment for beam handling
and control in position and working
so that a positron beam from the
SPS can be injected into this sector
of the LEP ring next July, slamming
into a beam dump at the far end.

This challenging goal will provide
valuable working experience of
major LEP components and enable
subsequent installation work in the
remainder of the ring to be opti-
mized.

As the crash programme was
getting under way in September,
the SPS Super ‘Proton’ Synchro-
tron pointed the way by accelerat-
ing its first beam of positrons to
12 GeV, the highest positron ener-
gy possible with the existing SPS
radiofrequency accelerating sys-
tem. New radiofrequency equip-
ment will soon be added to take
the SPS positrons (and electrons)
up to 20 GeV ready for injection
into the LEP main ring.

LEP’s electrons and positrons
are supplied at 500 MeV by the
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A First magnets and equipment for the LEP
electron-positron collider installed in the
27 kilometre tunnel.

(Photo CERN 257.9.87)

V Transporting equipment for the LEP ring
by the tunnel monorail.

(Photo CERN 256.9.87)
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new LPI LEP Pre-Injector (see Sep-
tember issue, page 33) and taken

on to 3.5 GeV by the PS ‘Proton’

Synchrotron.

Meanwhile the initial trickle of
completed LEP components is
building up to a steady flow, and
the sophisticated installation tech-
niques (see July/August issue,

page 1) are getting into their stride.

Civil engineering work on the
remainder of the tunnel nears com-
pletion. All the signs are that the
first LEP beams are less than
two years away and on schedule.

Neutral kaons

Until 1964, CP symmetry was sa-
crosanct — physics was unchanged
whenever particles and antiparti-
cles and left and right were inter-
changed simultaneously. Then a
historic experiment at Brookhaven
by J. W. Cronin and V. L. Fitch
took a closer look at neutral kaons.
These come in two varieties — a
short-lived kind which likes to de-
cay into two pions, and a long-
lived one preferring to go to three
pions. The Brookhaven experiment
found that about one long-lived
kaon in every five hundred man-
aged to decay into two pions, re-
vealing the neutral kaons” scant
regard for CP, and physicists have
searched hard ever since for further
clues to this mystery.

Five years ago, a CERN / Dort-
mund/Edinburgh /Mainz / Orsay /
Pisa /Siegen collaboration began
building an imaginative detector
to compare the decays of long-
lived and short-lived kaons into
electrically charged or neutral pairs
of pions.

The idea was to record the two-
pion decays of both kinds of kaons
in the same detector simultaneous-

. ly. Long-lived kaons travel further

before disintegrating than do their
short-lived counterparts. So while
the experiment produces its long-
lived kaons from the incident

high energy beam at a target

250 metres upstream of the detec-
tors, the target producing short-
lived kaons is closer to the detec-
tors and mounted on rails inside
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The 110 metre vacuum chamber of the
CERN / Dortmund / Edinburgh / Mainz /
Orsay / Pisa / Siegen experiment studying
neutral kaons.

(Photo CERN 288.6.84)

a 110 metre-long vacuum chamber.
In this way the experiment is able
to watch the ‘arrival’ of the short-
lived kaons.

Preliminary results emerging from
the analysis of the painstakingly
amassed data — two hundred thou-
sand decays of long-lived kaons
into neutral pion pairs, and a million
into charged pion pairs, together
with three million short-lived kaon
decays — show something very
interesting.

The relative decay rates of the
long- and short-lived kaons into
neutral and into charged pion pairs
are not the same — the difference
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being a few per cent. This prelim-
inary result, if confirmed, would
rule out certain candidate mechan-
isms for CP violation, the most
important single advance for this
kind of physics in the 24 years
since Fitch and Cronin’s experi-
ment.

A spinoff from this precision
study is the first sighting of short-
lived kaons decaying into pairs of
photons. With the neutral pion
pairs copiously produced by these
kaons themselves giving lots of
photons, the direct decay into pho-
ton pairs was always masked.

DESY
TRIUMF for HERA

Canada is making important con-
tributions to the construction of
the electron-proton collider HERA
in Hamburg. Components worth
nearly 9 million Canadian dollars
are provided for the preacceleration
of protons, according to an agree-
ment just signed between the Ger-
man DESY Laboratory and the
Institute of Particle Physics (IPP)
of Canada.

Atomic Energy of Canada Limited
(AECL) will provide the 50 MHz
radiofrequency acceleration system
for protons of both the modified
PETRA ring and the superconduct-
ing HERA proton ring.

The 80 metre beam transport
system between the new Linac llI
(for negative hydrogen ions) and
the 300 metre circumference pro-
ton synchrotron DESY Il was de-
signed and built by the Canadian
TRIUMF Laboratory in Vancouver,
and has already been delivered to
DESY. It consists of 2 dipole mag-
nets, 15 quadrupoles (plus 3 spare
units) and 7 double steering di-
poles, including mechanical sup-
ports and adjustment devices.

In addition, most parts of the
vacuum system (flanges, bellows
etc.) have been supplied. They are
now being welded to vacuum pipes
at DESY and will be installed soon.
Also the full beam diagnostic sys-
tem has been built by TRIUMF.

Linac Il will provide negative
hydrogen ions at 50 MeV, which
reach the synchrotron through the
TRIUMF transport line. In a special
bypass provided by the Institute
of Physics | of the University of
Hamburg consisting of four kicker
magnets and an electron-stripping
foil, the negative hydrogen ions
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A Beamline equipment (left) provided by
the Canadian TRIUMF Laboratory to link
DESY'’s Linac lll with the DESY Il proton
synchrotron (centre), being shown by
DESY-TRIUMF collaboration coordinator
Lutz Crigee (left). On the right is the
operational DESY Il electron/positron
synchrotron.
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WV The glory that was HERAKLES. With the
6.3 km tunnel excavated for the
electron-proton collider at the DESY
Laboratory in Hamburg, the HERAKLES
tunnelling machine is dismantled. In the
foreground is the pump and some of the
stones it managed to push out,
suspended in a clay-mud mixture.

will be converted into protons and
guided into a synchrotron orbit.

" Injection (with the kicker mag-
nets on) takes place during 30 mi-
croseconds, corresponding to ten
revolutions in the synchrotron. The
bypass kickers are then turned off
and the circulating protons, conve-
niently bunched, are accelerated
to 7 GeV and injected into the
2.3 km long PETRA ring. In PETRA
the protons will be further acceler-

~ated to 40 GeV and sent to the

superconducting HERA proton ring,
where they will finally reach

820 GeV. The proton beam will
collide head-on with the 30 GeV
electron (or positron) beam of the
HERA electron ring in two interac-
tion regions — Halls North and
South. These will be the homes

of the H1 and ZEUS experiments
respectively.

While installation work in the
HERA tunnel forges ahead, the big
superconducting magnet test hall
at DESY has started operation,
cooling down one of the nine-
metre prototype magnets already
available. These magnets were
designed, developed and wound at
DESY and provided with cryostats
by Brown Boveri of Mannheim.

In November the first industrially
produced magnet is expected to
arrive from the ltalian Ansaldo-LMI-
Zanon consortium. The Italian Isti-
tuto Nazionale di Fisica Nucleare
is providing half of HERA's 420
dipoles, while the second half will
be produced by Brown Boveri ac-
cording to the same design.

BEIJING
Chinese positrons

Recent landmark in the develop-
ment work for the new Beijing
Electron-Positron Collider (BEPC)
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was- the production of the first
positron beam in China. BEPC is
designed to take electron and posi-
tron beams to between 2.2 and
2.8 GeV in a storage ring fed by

a linac supplying 1.4 GeV beams.

The input end of the linac has
now produced 99 MeV positrons
using eight accelerating stations
powered by four klystrons. The
first five stations take an electron
beam to 150 MeV to bombard a
positron production target, and
the final three stations take care
of the positively charged beam.
Without the production target, the
electron beam alone can be taken
to 250 MeV.

The other design goals for the
positron source have been at-
tained. The positron production
rate is 2 per cent of the electron
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yield per GeV, the beam current
(2.5 mA) has exceeded the 1.5
mA design figure, and the beam
radius is good at less than 2.5 mm.

Meanwhile wire stringing for the
main drift chamber of the BES mag-
netic detector was completed in
the summer. BES will be installed
at one of the BEPC interaction re-
gions. As well as the main drift
chamber, it will consist of a central
drift chamber, a system of time-
of-flight counters, an electromag-
netic shower counter, muon iden-
tifier and conventional magnet (see
June issue, page D).

The BES main drift chamber de-
signed for better than 200 micron
precision, consists of ten concen-
tric cylindrical layers with an inner
radius of 155 mm, outer radius
1150 mm and active length 2200

Assembly of the main drift chamber for
the BES detector to be installed at the
BEPC electron-positron collider now under
construction at Beijing.

mm. Each layer will measure ener-
gy loss to help with particle identi-
fication. A government aerospace
factory in Guizhou, in the south-
west of the country, supplied the
frame of the chamber and stringing
of the total of 19 380 wires (2808
sense wires) began in January.

GANIL
Channelling heavy
lons

A fast charged particle entering
disordered matter (a gas, liquid or
amorphous solid) is slowed down
by a random succession of colli-
sions. But when the projectile is
injected into a single crystal, in a
direction close to that of a crystal
axis, its penetration is no longer
random but is channelled by atomic
rows or planes that behave like
safety barriers on a highway, keep-
ing the projectiles on course and
preventing them from penetrating
atomic nuclei in the target.

This channelling phenomenon
has been known for more than 20
years for electrons and light ions
but has not hitherto been explored
with highly charged heavy ions.

To do so, the right beams had to
be available and it had to be pos-
sible to align beams and crystals

to a few thousandths of a degree.

GANIL, the French heavy ion
machine at Caen, has the right
conditions for generating heavy
ion beams with their electrons
eliminated, i.e. either fully stripped
or almost so, and with good emit-
tance (low angular dispersion). The
highly charged ions such as xenon
result from stripping electrons with

The Institute of High Energy Physics in
Beijing attracted some 5000 curious visitors
when its doors were open to the public for
two days this summer.
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a thin foil. They then have to be
sorted so that the desired charge
state can be conveyed to the crys-
talline sample. This is done by the
specially designed magnetic spec-
trometer LISE (Lignes d’lons Super
Epluchés).

Physicists from Bordeaux, Lyon,

Paris, Caen and Strasbourg recently

exploited the high quality of sec-
ondary ion beams of Xe®** (xenon
atoms stripped of all electrons),
Xe®3* (atoms with only one elec-
tron, termed ‘hydrogen-like’) or
Xe%2* (‘helium-like’ atoms) to study
how they are channelled in silicon
monocrystals. They were able to
show that the channelled ions were
much less likely than unchannelled
ions to capture an electron. For
channelled ions, the usual collision
method of capture cannot occur
and only radiative capture (the in-
verse of the photoelectric effect)
can take place. With still more
refined measurements based on
coincident X-ray emission it should
be possible to demonstrate the
effect of the spacing of atoms
aligned in rows on all these
phenomena and thus acquire a
better grasp of the basic mechan-
isms underlying channelling.

ELECTRONICS
Surface mount
technology gains a
foothold

Traditionally, printed circuits with
leaded components and hybrid
circuits have been the backbone
of electronic circuit construction
for high energy physics. More re-
cently semi-custom and custom
integrated circuit designs have
become more widespread, while
SMT (surface mount technology)
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A Fermilab amplifier shaper discriminator
board using surface mount technology.

is increasingly being used by elec-
tronics design engineers as another
option.

A surface mount circuit differs
from a conventional leaded com-
ponent board in that components
are attached to the substrate with-
out the aid of holes or feed-through
mechanical hardware. Generally,
the components are miniaturized
and attached to both sides of the
substrate.

The hybrid circuits used for many
years in a wide variety of applica-
tions usually use surface mount
circuits assembled on alumina sub-
strates and with screened and fired
resistors, while surface mount cir-
cuits prefer FR-4 substrates with
chip resistors.

Many industries are implementing
surface mount technology designs
to improve their products. Com-
pared to leaded printed wire
boards, surface mount circuits are
generally 40% to 60 % smaller,
perform better due to their lower

inductance and capacitance, and
can be less expensive, depending
on choice of components.

In most cases surface mount
does not compete with custom or
semi-custom IC designs because
these designs aim for extreme size
reduction. The advantage of sur-
face mount is primarily lower cost
for lower quantity production runs
and shorter turnround time for
construction of prototype and pro-
duction quantities.

While hybrids and surface mount
circuits have about the same circuit
density, the latter have a couple
of advantages. Considerably larger
circuits can be fabricated in surface
mount because the substrate ma-
terial is not as fragile as with hy-
brids. Circuits can be prototyped
considerably faster. Also, a circuit
can be prototyped in-house with
surface mount on FR-4 and then
later fabricated on alumina sub-
strate.

To understand the advantages
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and problems associated with this
technology, engineers and scien-
tists at physics laboratories have
been exploring a variety of appli-
cations, driven mainly by a need
for more compact electronics for
large experiments.

Surface mount is not expensive.
For a modest outlay and in a small
space, prototype surface mount
circuits can be assembled and sur-
face mount and hybrid circuits re-
paired, as is done in CERN's Re-
search Divisions.

At CERN, most applications con-
centrate on thick film hybrids —
recent examples include FASTBUS
cable segment drivers, and pream-
plifiers and shaping arrays for the
central detectors being built for
the LEP electron-positron collider.
At Fermilab, both analog and digital
surface mount circuit boards rang-
ing from thumbnail to album size
have been designed and installed.
Examples include several different
detector preamplifier boards, a
FADC differential line receiver,
memories, a front-end input latch
and readout shift register board,
and multichannel ASD (amplifier
shaper discriminator) boards.

When ASDs were manufactured,
they were the largest known sur-
face mount board. Assembly was
a challenge because of the boards’
size and density. However auto-
mated equipment rose to the chal-
lenge.

As experiments and accelerators
grow in complexity and size, the
need for smaller, improved circuits
will continue to drive future elec-
tronic designs. While it is certainly
true that custom ICs and hybrid
circuits will play important roles,
surface mount has taken a foothold
in particle physics and can be ex-
pected to take on added signifi-
cance in the future.
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SACLAY
PERCOLA in action

Developed by the Institute of Fun-
damental Research of the French
Commissariat a I’énergie atomique
(CEA) in collaboration with the Ele-
mentary Particle Electronics and
Computer Department at the
Centre d’études nucléaires in Sa-
clay, where it was built, the new
Percola computer is a dedicated
device for performing lengthy nu-
merical simulations in statistical
mechanics for disordered systems
of the percolation type.

" The percolation concept allows
systems composed of large num-
bers of possibly interconnected
objects to be described statistical-
ly. In such a system the number
of objects and interconnections
govern whether communication
over long distances is feasible or
not. Between the two categories,
there is a precise transition thresh-
old, termed the percolation thresh-
old. The project that the computer
is engaged on at present is in-
tended to improve by one order

The Percola computer, the brainchild of H.
J. Herrmann. The design, assembly and
programming of the machine are the work
of J.-M. Normand (right), who worked as
project leader with M. Hajjar (left), who is
writing his thesis.

of magnitude the true values of
critical indices characteristic of the
behaviour of electrical conductivity
at the percolation threshold in a
system of random resistors.

The building of the machine be-
gan in January 1985 and it has
been in service since May of this
year. It is 10 per cent faster than
the Cray XMP supercomputer, for
at least one class of problems with
the same 64 bit floating point pre-
cision, for the modest overall cost
of less than a million French francs
(170 000 dollars).

Although best suited to one par-
ticular algorithm, the Percola has
all the characteristics of a com-
pletely programmable 64-bit float-
ing point computer, and has a po-
tential for future use on other prob-
lems. Its architecture is of the pipe-
line type with internal parallel oper-
ation resulting from the fact that
its component parts are independ-
ent. It can operate either in scalar
or in pipeline modes, and its top
calculation speed in pipeline mode
is 25 Megaflops.

By J.-M. Normand
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People and things

On people

Walter Hoogland, Director of the
Dutch national NIKHEF Laboratory
in Amsterdam, becomes Chairman
of the European Committee for
Future Accelerators (ECFA) from

1 January 1988, succeeding Jean
Sacton of Brussels.

During his term of office, unex-
pectedly prolonged last year, Jean
Sacton has consolidated ECFA as
a forum for all sections of the Euro-
pean particle physics community
and has done a great deal to en-
sure that the European voice is
heard on the world stage.

A retirement milestone was passed
earlier this year by Gordon Mun-
day. After playing a vital role in
coordinating the beams supplied
by CERN’s Proton Synchrotron
(PS) with the vagaries of physics
requirements, he went on to be-
come Leader of the PS Division
from 1973 to 1981, overseeing
the evolution of the PS from a pro-
ton accelerator in its own right to
a beam factory for other machines.
In recent years he has put in much
unstinting work as Chairman of
CERN'’s Staff Policy Group and as
Deputy to Technical Director
Giorgio Brianti.

Moves at Fermilab

William A. Bardeen has become
Head of Fermilab’s Theoretical
Physics Department, succeeding
Chris Quigg who recently moved
to the Central Design Group of the
proposed US Superconducting
Super Collider (SSC) as Deputy
Director for Operations.

Jeffrey Appel becomes the Head
~of Fermilab’s Computing Depart-
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ment, succeeding Hugh Montgom-
ery who moves to the Research
Facilities Department and becomes
spokesman of experiment E665

in the Tevatron muon beam. Jack
Pfister continues as Associate
Head of the Computing Depart-
ment, with primary responsibility
for central computing.

Retiring ECFA Chairman Jean Sacton of
Brussels (left), seen here with CERN’s LEP
Project Director Emilio Picasso.

(Photo CERN 274.12.85)

VW The 1987 JINR-CERN School of Physics,

held at Varna, Bulgaria, in September was
the tenth in the series organized by the
Joint Institute for Nuclear Research (JINR,
Dubna, USSR) and CERN. Seen here, left
to right, at the School are CERN Director
General Herwig Schopper, P. K. Markov of
Bulgaria’s Institute of Nuclear Energy and
Nuclear Research, and Ch. Christov,
Academician of the Bulgarian Academy of
Sciences.
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SCIENTISTS/
ENGINEERS/
COMPUTER

PROFESSIONALS

Brookhaven National Laboratory, one of the nation’s
leading R & D facilities, has a number of challenging
opportunities within our National Synchrotron Light
Source Department. The NSLS provides synchrotron
radiation to a large multi-disciplinary user commu-
nity. In order to provide the next generation of solid
state devices, the XLS Program has been initiated
to supply the synchrotron radiation of 10 A wave-
length peak to serve as a source for X-ray micro-
lithography. Two additional storage rings, one with
room temperature dipoles, the other with supercon-
ducting dipoles, plus a full-energy injector linear ac-
celerator are contemplated. These synchrotrons are
designed to serve as models for future machines to
be built by U.S. industry. The following are brief de-
scriptions of available positions:

Accelerator Physicists

Accelerator Physicists with experience in the de-
sign, construction and operation of particle acceler-
ators, in particular electron storage rings for high
energy physics experiments or synchrotron radia-
tion production. Individuals are expected to have
capacity for independent work and for coordinating
teamwork.

Electrical Engineers

Requires BS/MS in electrical engineering with a min-
imum of 5 years’ design and development experi-
ence. Numerous positions exist requiring knowledge
in one of the following areas: high power radiofre-
quency systems, analogue and digital feedback
circuitry, computer control systems, or highly regu-
lated dc power sources.

Mechanical Engineers

Requires MS in mechanical engineering or equiva-
lent with 5 years’ experience. Candidate should
have sound knowledge of engineering principles, ex-
perience in mechanical design, heat transfer and
CAD helpful. Responsibilities will include design/
construction/operation of mechanical components
and systems for the NSLS storage rings and beam
lines.

Programmer Analysts

Requires MS or Ph.D. with experience in UNIX™, “C",
Ethernet TCP/IP network communications. Experi-
ence with real-time control and data acquisition
very desirable. Will work on an “accelerator expert
emulator” control system for the XLS which can au-
tomatically operate and troubleshoot the injector
and synchrotron with minimal human intervention.

Brookhaven is located on a campus-like 5,000-acre
site on eastern Long Island, New York. Our compre-
hensive benefits package includes medical, dental
and retirement plans, relocation allowances, and 24
days’ annual vacation. If you would like to be consid-
ered for one of these exciting opportunities, please
forward your resume, responding to AD #NSLS,
including salary history and requirements, to:

Nancy L. Sobrito, Brookhaven National Laboratory,
Associated Universities, Inc., Personnel-Bldg. 185,
Upton, NY 11973, U.S.A.

Equal Opportunity Employer m/f.

UNIX™ AT&T Bell Laboratories

|) n | BROOKHAVEN
NATIONAL LABORATORY

(l [l l ASSOCIATED UNIVERSITIES INC.

Research
Scientists

Continuous Electron Beam
Accelerator Facility (CEBAF)

Located in Newport News, Virginia, CEBAF will be a 4 GeV
high-intensity, continuous wave electron accelerator utilizing
superconducting RF technology. Its scientific goal is to study
the structure of the nuclear many-body system, its quark sub-
structure, andthe strongand electroweak interactions govern-
ing the behavior of this fundamental form of matter.

Arange of full-time positionsis open in the Research Division for
scientists who can contribute both to the development of
state-of-the-art tools for a new generation of physics experiments
and to the long range scientific effort. Significant areas of
research during the construction phase will include design of
high resolution and large acceptance spectrometers, design of
instrumentation for experimental equipment and halls, and
development of the physics program.

Applicants should submit a curriculum vitae, a list of publi-
cations, and three professional references to: Employment
Manager, CEBAF, 12070 Jefferson Avenue, Newport News,
VA 23606.

nEryAr
[ =1~ _ | n

An equal opportunity employer M/F/H/V

APS

7-GeV Advanced Photon Source

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. We seek a number of talented R&D scientists .

* PHYSICISTS
¢ Accelerator design & construction

¢ insertion device design
¢ synchrotron beamline design
* x-ray optics.

* MECHANICAL ENGINEERS

* high vacuum systems
® accelerator and storage ring design

¢ ELECTRICAL ENGINEERS
¢ RF power supplies and magnet design
* accelerator computer control systems

¢ CIVILENGINEERS
* design/construction of research laboratory and
accelerator facilities

¢ MANAGEMENT/PROJECT ENGINEERS

* Management systems

¢ Quality control
Candidates both experienced and entry-level should submit
resume, detailing relevant experience to:

\ONA
’1 ¢

“ Mr.R.A. Johns, Appointment Officer
K BoxD-APS-88
Argonne National Laboratory
9700S. Cass Avenue
Argonne, lllinois 60439

Equal opportunity employer

—
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Participants at the ‘Interactions and
Structures in Nuclei’” meeting held at the
University of Sussex, UK, in September to
mark the 65th birthday of Denys Wilkinson.

From 7-9 September distin-
guished physicists from many
parts of the world assembled
at the University of Sussex in
the UK to honour Sir Denys Wil-
kinson on his 65th birthday.
The stimulating and enjoyable
meeting also coincided with his
retirement as Vice-Chancellor
of the University or, as he put
it, his ‘'emergence from retire-
ment’ from physics! (In fact his
contributions to nuclear physics
have continued unabated during
his 11 vice-chancellorian years.)
The programme reflected his
broad interests over 40 years
in many aspects of nuclear and
particle physics, astrophysics
and cosmology, and there was
also frequent mention of his
expertise in the field of bird nav-
igation. The talks covered nu-
clear models (J. P. Elliott), heavy
ion radioactivity (G. A. Jones),
electromagnetic properties of
nuclei (A. Arima, A. Richter),

Interactions and Structures in Nuclei

mesonic and quark effects (M.
Rho, A. Faessler), weak interac-
tions (J. Deutsch, E. Warburton,
F. Boehm), elementary particles,
cosmology and astrophysics

(T. Kibble, J. Barrow, M. Gold-
haber, W. Fowler), experimental
developments (E.W. Vogt, G.
Charpak) and symmetries (E.
Henley). After-dinner talks in a
lighter vein were given by Fay
Ajzenberg-Selove on Denys
Wilkinson’s involvement with

the light nuclei and by Ken Allen-

and Dave Alburger on his con-
tributions to physics in Cam-
bridge, Oxford and Brookhaven.

At the end of the conference
Denys Wilkinson discussed
some recent developments in
nuclear physics, particularly the
question as to whether a quark
description for the nucleus is
needed.

From Roger Blin-Stoyle

1988 CERN School of Physics

The 1988 CERN School of Physics
will be organized jointly by the
Nuclear Research Centre ‘Demokri-
tos’, Athens and CERN. Its basic
aim is to teach various aspects of
high energy physics, but especially
theoretical physics, to young ex-
perimental physicists, mainly from
the Member States of CERN.

It will be held in Lefkada, Greece,
from 18 September to 1 October
1988. Further information from
the Organizing Secretary, Miss
S. M. Tracy, CERN School of Phy-
sics, CERN, 1211 Geneva 23,
Switzerland.

Asian superstrings

CERN Courier, November 1987

The first and highly successful
Asia-Pacific Workshop on High
Energy Physics, devoted to Su-
perstrings, Anomalies and Field
Theory, was held in Singapore this
summer and brought together

60 participants from 12 countries.
The opening address was given
by Zhou Guangzhao, President of
the Chinese Academia Sinica. In-
vited pedagogical lectures were
intended to introduce new subjects
from first principles. Talks in this
category were: A. P. Balachandran
(Wess-Zumino Terms and Quan-
tum Symmetries), C. Itzykson (Con-
formal and Modular Invariance in
2-dimensional Field Theory) and

R. Jackiw (Update on Anomalous
Theories). The remaining invited
talks covered research results. The
second Asia-Pacific Workshop,
this time on Collider Physics, is
tentatively scheduled for summer
1989 in the People’s Republic of
China.
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KERNFORSCHUNGSANLAGE JULICH
Fiir das HOCHSTLEISTUNGSRECHENZENTRUM suchen wir den/die

ASSISTENTEN/IN DES WISSENSCHAFTLICHEN RATES

— Kennziffer 122/87 —

Die Grossforschungseinrichtungen DESY, GMO und KFA haben zu Beginn des Jahres ein Hochstleistungs-
rechenzentrum (HLRZ) gegriindet, das in Jillich angesiedelt und mit den jeweils leistungsféahigsten Gross-
rechnern ausgestattet sein wird. Seine Rechnerkapazitdten werden Wissenschaftlern aus Hochschulen,
Forschungsinstituten und Wirtschaft zugénglich sein.

Die Verantwortung fiir das Zentrum und seine wissenschaftliche Ausrichtung wird ein unabhéngiger Wi-
ssenschaftlicher Rat (WR) wahrnehmen, der sich aus Vertretern von Hochschulen, Forschungsinstituten und
Wirtschaft des In- und Auslandes zusammensetzt.

Aufgabengebiet : Der /die Assistent/in dieses Wissenschaftlichen Rates soll vielféltige Aufgaben bei Aufbau
und Betrieb des Zentrums wahrnehmen:

— Unterstiitzung des Vorsitzenden des WR in allen Angelegenheiten des Zentrums,

— Vorbereitung der Entscheidungen des WR,

— wissenschaftliche und administrative Betreuung der Forschungsgruppen,

— Koordination des HLRZ mit KFA, GMO und DESY.

Anforderungen : Promotion in einem mathematisch-naturwissenschaftlichen oder ingenieurwissenschaftli-
chen Fach, Erfahrungen in der computergestiitzten Forschung, breite naturwissenschaftlich/technische
Bildung, Interesse an Aufgaben des wissenschaftlichen Managements.

Arbeitsplatz wird das Sekretariat des WR sein mit Sitz innerhalb der KFA Jilich. Die Vergiitung erfolgt nach
den Bestimmungen des Bundesangestelltentarifvertrages (BAT).

Bitte richten Sie Ihre ausfihrliche Bewerbung mit den tblichen Unterlagen an den

Vorsitzenden des Wissenschaftlichen Rates des HLRZ

Prof. Dr. H. Rollnik c/o .
KERNFORSCHUNGSANLAGE JULICH GmbH

Personal- und Verwaltungsabteilung — Personalentwicklung —
Postfach 1913, 5170 Jiilich

UNIVERSITY OF HOUSTON

RESEARCH
IN ACCELERATOR PHYSICS
(Theory)

Post Doctoral Research Associate

VANDERBILT UNIVERSITY
Director

Free Electron Laser Center
for Biomedical and Materials Research

Vanderbilt University invites applications for the position of Director, Free
Electron Laser Center for Biomedical and Materials Research. The Center
is a broadly based interdisciplinary collaboration including researchers
from physics, molecular biology, the clinical and biomedical sciences, and

An opening exists at the University of Houston for a Post
Doctoral Research Associate. Recent Ph.D’s (0-3 years
or equivalent experience) in high energy, nuclear or plas-
ma physics with strong background in computer usage
are encouraged to apply.

The work will be in nonlinear beam dynamics, beam-
beam interaction in storage rings, high-intensity linacs
and other theoretical problems in accelerator physics.

This person will initially work at the Texas Accelerator
Center (30 miles north of Houston) with other physicists
and engineers from the University of Houston, Texas A &
M University, Rice University and University of Texas,
Austin.

Applicants should send curriculum vitae with names of
three references to:

Sho Ohnuma,

Physics Department,
University of Houston,
University Park,

4800 Calhoun Road,
Houston, TX 77004.

The University of Houston is an Equal Opportunity / Affir-
mative Action Employer.

materials science. The Center is funded for the construction of a broadly
tunable, ultra-short-pulse FEL, and for research on thermal and non-
thermal interactions of laser light with matter.

The Director will be expected to lead the construction, operation and
future development of the free-electron laser; to carry on a vigorous
program of research either in FEL physics / engineering or in the scientific
fields represented in the Center’s program; to develop long-range exter-
nal funding for the operation of the FEL Center; and to fulfill appropriate
academic duties of teaching, supervision of graduate students and uni-
versity service. The appointment is a regular faculty position with rank,
salary and home department all to be determined by the experience and
interest of the successful candidate.

The selection criteria to be applied in evaluating candidates include : over-
all scientific excellence; experience in the construction, operation and
development of free-electron lasers, storage ring radiation sources, large
laser systems, or accelerators; demonstrated ability to attract significant
funding for research; and demonstrated ability to manage major experi-
mental research projects.

The deadline for applications is January 15, 1988; the University desires
to fill the position no later than the fall semester, 1988. Interested per-
sons should send a curriculum vitae, including the names of at least four
references, to:

Professor Norman H.Tolk, Chair

FEL Director Search Committee
Department of Physics and Astronomy
Vanderbilt University, Nashville, TN 37235
(615) 322-6438

Vanderbilt University is an equal opportunity, affirmative action em-
ployer
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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

CERN'’s Open Day in September was a great
success. Among other things, visitors could
ride the monorail for the new LEP
electron-positron collider (left), try their
hand at computing, or be dwarfed by the
magnet assembly for the ALEPH experiment
at LEP.

CERN Courier, November 1987 37



Faculty Positions

Experimental High Energy Physics
Space Physics

Experimental Nuclear Physics

The University of Kansas invites applications for three tenure-track posi-
tions at the Assistant or Associate Professor level in the Department of
Physics and Astronomy. Individuals having strong research interests,
experience, and capabilities in the experimental areas of particle, nuclear,
and space physics are sought.

Two positions are tenable in fall, 1988 and one in fall, 1989. Considera-
tion of applicants will begin on January 15, 1988 and continue until these
positions have been filled.

Requirements are : PhD in physics and demonstrated research achieve-
ment in one of the specified areas. Duties include the conduct and super-
vision of research as well as graduate and undergraduate teaching. The
particle physics group is currently involved in the ARGUS collaboration at
DESY as well as research at Fermilab, and is supported by the NSF. The
space physics program is currently involved in NASA flight projects for
Voyager, Galileo, and Ulysses as well as solar terrestrial research funded
by the NSF. The nuclear physics program is currently involved in heavy-
ion accelerator physics and is funded by the DOE. Salary range is from
$32,0001t0$ 45,000 for the 9-month academic year ; starting salary and
rank depend on qualifications and experience.

Applications should be sent to:
Professor J.P. Davidson,
Chairman
Department of Physics and Astronomy,
University of Kansas,
Lawrence, Kansas, 66045,
and should include a curriculum vitae, a statement of professional plans
and the names of three references.

The University of Kansas is an Affirmative Action/Equal Opportunity
Employer. Applications are encouraged from all qualified people regar-
dless of race, religion, color, sex, disability, veteran status, national ori-
gin, age or ancestry.

DANBRIDGE
DENMARK

QUALITY FROM

If reliability is important to you...

TR

Decade Resistors
Decade Attenuators
Decade Capacitors
Decade Inductor

Component Testers

Automatic CLR Bridges

Non-destructive
High Voltage
Insulation Testers

DANBRIDGE A/S, Denmark, has specialized in high quality
p t test equif t and R-C-L decade boxes since 1949.

(M

Please ask for detailed documentation or call for technical infor-
mation! We are the exclusive Swiss representative/distributor for
DANBRIDGE.

Elektronische Instrumente fir die Mess-, Registrier- und Datentechnik

E3PALEC AC

8965 Berikon, Tel. 067/3387 87, Tx. 828020 erpa ch, Telefax 057/3300 15

opment.

We require a

2

for each of the following posts :

In the Electron Tubes Departments of our ’RF Systems and Components *’ Division we manu-
facture and develop the key components for the advanced equipment to be used in the commu-
nications technology, the medical engineering (radiotherapy) and the power engineering of the next
millennium. In order to meet the high demands of the expanding market for these products, we are
seeking two qualified creative persons who would like to participate in this important devel-

__

RF Engineer or Physicist

is essential. The successful candidate must be

D

Project leader for the development of linear
accelerators for radiotherapy

To a large extent you will be independently res-
ponsible for the:

® calculation
® design and
® testing

associated with the development of the com-
ponents for a new generation of linear acce-
lerators. An important part of this work will be
building up and being in charge of a micrc*wave
laboratory. Assistance is available from specia-
lists in medical engineering and electron tube
technology.

We expect a university education in physics or
electrical engineering (specialised in micro-
wave engineering) with several years experien-
ce in the RF engineering field, preferably with RF
accelerators.

Project leader for the development of high-
power micro-wave transmitter tubes

In cooperation with the Swiss Federal Institute
of Technology in Lausanne we are working on
the development of gyrotrons and gyroklys-
trons for ECRH respectively LHH, that is for
methods of heating plasma for nuclear fu-
sion.

In this connection your duties would be

® |eading a team of specialists for calculation,
design and manufacture,

® participating in experiments and prototype
testing in close cooperation with the scien-
tists of the Swiss Federal Institute of Tech-
nology in Lausanne,

® presentation of our activities and following
the worldwide activities of others at con-
ferences.

We expect a university education in physics or
electrical engineering. Sound knowledge in the
fields of electron beam generation and RF tech-
nology is desirable. The ability to work ina team

prepared to travel frequently within Switzerland
and have a good working knowledge of German
and English.

We offer the advantages of working in a large
multi-national company with good professional
prospects and opportunities.

Location Baden, Switzerland.
For an initial contact or more information please

contact Mr. Liver at the personal department
PN-A or call 056 29 25 28 (ref. no. 233).

_

BBC

BBC Brown Boveri AG
CH-Turgi / Schweiz

BROWN BOVERI

w
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SF'6é HIGH VOLTAGE D.C. GENERATOR"

PERFORMANCE REQUIRED-OBTAINED
1 - Voltage regulation mode

a) Adjustment of output voltage
continuous from 0,2 to 160 kV
— from less than 0,1 to 180 kV
accuracy better than = 100V
— better than = 50 V

b) Response time constant
less than 50 ms for a step
of +16 kV (10%)
— less than 15 ms

¢) Line regulation
better than + 2x10™ for a
+ 10% variation of mains voltage
— better than + 1x10™

d) Voltage ripple less than
100 V peak-to-peak at 50% load
— less than 80 V peak-to-peak-

e) Temperature coefficient
less than 1x10*/C

R .
PASSONI VILLA — less than 1x10%/C

MILANO-ITALIA

2 - Current regulation mode

a) Continuous adjustment of output
current, in three ranges:
1-0to 0, mA, accuracy = 2 wA
—less than + 1,5 pA
2 - 0 to 2 mA, accuracy + 5 pA
— less than + 3 pA

4 -0 to 15 mA, accuracy + 50 pA
— less than + 20 pA

d) Current stability
Drift less than = 1x10* after 8 h
from 10% to 100% of nominal current
— less than + 0,5x10°

* 39 UNITS ORDERED BY CERN FOR LEP EXPERIMENT

IMPULSE ‘GENERATORS e D.C. STATIC GENERATORS
TEST TRANSFORMERS e RESONANT TEST SYSTEMS
STANDARD CAPACITORS e DIVIDERS, SHUNTS AND MEASURING EQUIPMENT
BUSHINGS UP TO 1200 kV e CAPACITIVE VOLTAGE TRANSFORMERS
POWER FACTOR CAPACITORS e GRADING CAPACITORS
CAPACITORS FOR SPECIAL APPLICATIONS

PASSONI & VILLA
EXPERTS IN HIGH VOLTAGE

V.le Suzzani, 229 - 20162 Milano (Italy)
Tel. (02) 6421451 (r.a.) - 6473821 (r.a.)
Telex 330420 PASVIL I - Telefax (02) 6423422 - Telegr. PASVILLA MILANO



CRYSTAL BALLS?

XP3462!

The unique answer to crystal ball t, = 3ns, anode pulse rise time for delta-function light pulse
requirements. Developed for KfK's Re = 10% for 57Coand 3" x 3" Nal (TI) scintillator

neutrino experiment, G =10%at1500V

the XP3462 offers a combination of rise Pulse linearity within 2% up to 100 mA.

time and energy resolution unequalled

by other 3" PMTs. Plastic ball photo courtesy of LBL/GSI

We've set the standard for over 20 years

Philips Electronic Components and Materials Division, 5600 MD Eindhoven, The Netherlands. Telex 35000 phtc nl
Inthe U.S.A.: Amperex Electronics Corporation, Hicksville NY 11802, (516) 931-6200

priips]  Electronic
% components

and materials
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Sales and Service Companies

Addresses Telephone Telex
Belgium/Luxembourg Balzers, Excelsiorlaan 7, B-1930 Zaventem (02) 7204838 25145
BRD Balzers Hochvakuum GmbH, Siemensstrasse 11, D-6200 Wiesbaden-Nordenstadt (06122) 7060 4182531
France Balzers S.A., 47, rue d’Arthelon, F-92130 Meudon (1)45347544 260864
Great Britain Balzers High Vacuum Limited, Northbridge Road, Berkhamsted/Herts, HP4 1EN (04427) 2181 82209
Italia Balzers S.p.A., Tecnica dell’Alto Vuoto, Via Favretto 13, 1-20146 Milano (02) 4229241 332242
Nederland Balzers, Savannahweg 49, NL-3542 AW Utrecht (030) 442545 47 389
Osterreich Balzers Hochvakuum Ges.m.b.H., Bischof-Faber-Platz 14, A-1180 Wien (0222) 472366 114676
Sverige/Danmark Nordiska Balzers AB, Lilla Verkstadsgaten 2, Box 10272, S-434 01 Kungsbacka (0300) 14045 21229
Schweiz/Suisse Balzers Hochvakuum AG, Stampfenbachstrasse 48, Postfach 186, CH-8035 Zirich (01) 3633266 52278
U.S.A. & Canada Balzers, 8 Sagamore Park Road, Hudson, NH 03051 (603) 889-6888 7102287431
Representatives
Argentina ARO S.A., Casilla de Correo 4890, 1000 Buenos Aires 33-3572 17268
Australia C. Berney & Co, Pty. Ltd., Balzers High Vacuum Equipment, 276153 72330
8th Floor, 159 Kent Street, Sydney, N.S.W. 2000
Brasil Micronal S.A., Rua Jodo Rodrigues Machado, 25, Santo Amaro, 241-301 1123817
04707 Séo Paulo-SP
Chile Bermat S.A., Lota 2250, Casilla 9781, Correo 1, Santiago de Chile 2318877 340341
Colombia Arotec Colombiana S.A., Carrera 15 No. 38-23, Apartado Aéreo 050862 (P.O.Box), Bogota D.E. 2455970 42142
Espafia REGO Y Cia S.A., San Romualdo 26, E-28037 Madrid (01) 2045340 23140
Hellas Dr. C.J. Vamvacas, P.O. Box 3115, GR-10210 Athens 6723405 214290
India Toshniwal Bros. (HYD) Pvt. Ltd., 4th Floor, Moghul Court, Deccan Towers Basheerbagh, 237114 155-6618
Hyderabad 500 001
Israel Eastronics Ltd., 11 Rozanis Street, P.O. Box 39 300, Tel Aviv 61392 475151 33-638
Japan Hakuto Co. Ltd., Balzers Division, P.O. Box 25, Tokyo Central 100-91 3412611 22912
Mexico Maquinaria y Accesorios S.A., Cincinnati 81—402, 03720 Mexico-DF 5635656 017-74 217
Norge Instruments & Systems AS, P.O. Box 53, Leirdal, N-1008 Oslo 10 (02) 320085 77660
Peru Ing. Erich Brammertz S.C.R.L., Avenida José Pardo 182, Oficina 905, 458178 25739
Apartado 180, PE-18-017 3 Miraflores
Portugal Cassel, Industrias Electrénicas e Mecéanicas, S.A.R.L., Apartado 1100, P-1002 Lisboa Codex 97 6551 12702
Republic of Korea Keehwa Enterprise Corp., 44-27 Yeowido-Dong, Yeongdungpo-Ku, 783-7396/8 28183
P.0.Box 8719, Seoul
Rep. of South Africa Balzers Division, Labotec (Pty.) Ltd., 51 D Richard Road, Industria North, (673) 4140 9-45117
P.O.Box 43161, Industria 2042
Singapore Balzers Representative Office, 200 Cantonment Road, Unit 06-06 Southpoint, Singapore 0208 2255236 42744
Suomi Instrumentarium Elektroniikka, P.O. Box 64, SF-02631 Espoo 63 5281 124426
Taiwan Heli-Ocean International Co, Ltd., Balzers Optical and Components Division, (02) 709-1193 25939
Rm. 3, 13th Floor, No. 432, Section 1, Keelung Road, Taipei
Ever-Island Corporation, Balzers Electronics Division, 3F.—3, No. 171, Section 2 (02) 7712214 13343
Chan An E. Road, Taipei
Venezuela Secotec S.A., Apartado 3452, Caracas 1010-A 5730270 21652

Product lines

Components for the production, mea-
surement, and regulation of medium,
high and ultra high vacuum

Rotary vane vacuum, roots vacuum, oil diffu-
sion, turbomolecular sublimation, and cryo
pumps; line construction elements, feed-
throughs, and valves with standard KF, ISO,
and CF flanges; total and partial pressure mea-
surement and regulation instruments, vacuum
monitors, leak detection devices

Mass spectrometer systems
for the analysis of gases, liquides and solids as
well as for process monitoring

Plants for vacuum metallurgy

Melting and casting plants; precision casting
plants; heat treatment plants, inductively heat-
ed; heat treatment furnaces, resistance heated
with metal and graphite elements; special
plants

Vacuum systems for thin film technology
Evaporation and sputtering systems for optical
coatings, for microelectronics and semicon-
ductor technology, for metal coating plastic,
for surface treatments; evaporation materials,
evaporation sources, and sputtering targets

Thin film products

Laser coatings and components, infrared coat-
ings, interference filters, antireflection coat-
ings, color filters and color separation filters,
components for light-heat separation, elec-
trically conductive transparent coatings, repli-
cated optics, etc.

Ophthalmic lens coatings

Coated substrates for the production of chrome
masks and hybrid circuits; resistor chips

Wear-resistant and corrosion-proof decorative
coatings
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Preparation systems and accessories for
electron microscopy

Evaporation and sputtering systems, freeze-
etching and ion etching systems, auxiliary
equipment and laboratory utensils

Special systems — Special processes —
Large scale experimental systems for
physics

Space simulation chambers, automatic leak
detection devices, components for accelera-
tion and storage rings, separation nozzle test
systems for isotope separation systems, etc.

Project engineering

Design, planning, and construction of com-
plete turn-key production sites for manufactur-
ing thin film products and vacuum compo-
nents, with full production and quality guaran-
tees
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