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Cover photograph: Top view of the UA2 detector at the proton-antipro-
ton Collider during dismantling, showing the bottom half of the calorimet-

er. The upgraded apparatus will have a new vertex detector fitted into
the central hollow volume, and new end-caps in the segments (top and
bottom) along the beam direction (Photo CERN X619.2.86 by Francois

Julliard).
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LEP physics

Construction of the 27 km LEP
electron-positron Collider at CERN
pushes relentlessly forward. Less
evident, but just as vital, is the
work for the four big detectors
which will be ready to intercept
LEP’s first colliding beams towards
the end of 1988 (see May issue,
page 1). Despite these day-to-day
“reoccupations of construction
and preparation, the ultimate aim
of this mammoth project is to do
new physics.

The possibilities for opening up
new areas of physics for explora-
tion and measurement were spelled
out in detail before the project was
accepted by CERN Council in 1981.
However in the meantime the W
and Z particles, the carriers of the
weak nuclear force, were discov-
ered at CERN in 1983, providing
dramatic confirmation of electro-
weak unification.

At CERN and elsewhere, evi-
dence continues to accumulate in
favour of the Quantum Chromody-
namics (QCD) picture of inter-quark
forces. Together, electroweak uni-

cation and QCD are the twin pil-
lars of the ‘Standard Model" of
today’s physics.

Electron-positron collisions at
presently available machines at
the German DESY Laboratory in
Hamburg and at Stanford in the
US have revealed no sign of the
long-awaited sixth ‘top’ quark, the
big missing link in the Standard
Model. However some clues are
provided by the UA1 experiment
which benefits from the higher
energies at CERN’s proton-antipro-
ton Collider.

Meanwhile theorists have con-
tinued their efforts to extend the
Standard Model. No evidence for
any of these new ideas, some of
them very appealing, has been
found, but they will stand or fall
by what is found at LEP.
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Gunther Wolf, then chairman of
the LEP Experiments Committee,

suggested to John Ellis and Rober-

to Peccei, the two theorists on the
Committee, that the time was ripe
for a further survey of the physics
possible with the new machine.
Five main areas were identified,
and working groups were set up
containing experimenters from

the four LEP collaborations and
theorists.

The five areas are — precision
studies around the Z (the carrier
of the electrically neutral part of
the weak nuclear force); so-called
‘toponium’ consisting of a top
quark bound to its antiquark;
searches for new particles; high
energy LEP running beyond the
foreseen initial level of around
50 GeV per beam; and QCD and
heavy quark physics.

Called 'Physics at LEP’, the find-
ings of the working groups have
now been published in two weighty
tomes which should serve as a
useful handbook for the exper-
imentalists once the data starts to
roll in.

Another breakthrough for the LEP
electron-positron Collider at CERN.

Z physics

The working group commis-
sioned to look at physics around
the Z came to number of definite
conclusions:

— the mass and width of the Z
peak should be easily measura-
ble at LEP;

— the use of polarized (spin
oriented) beams is seen as a
‘natural’ requirement;

— inferring the number of types
of neutrino should be easy;

— any new heavy particles (fer-
mions) coming from additional
quark families should have
detectable effects;

— the elusive Higgs boson (the
source of mass in the electro-
weak theory) might remain so
if the particle is heavier than
about 50 GeV;

— the delicate forward-backward
asymmetries in this sector
should give important precision
measurements.

(Photo CERN 612.3.86)



Toponium

The study of the bound states
of top quarks and their antiquarks
is seen as an ideal laboratory for
the Standard Model, but a lot de-
pends on just where the states are
going to be found. If they fall right
on top of the Z near 93 GeV then
a lot of work will be required to
unravel them.

If the toponium ground state
turns out to be lighter than the Z
(as UA1 hints), current estimates
of LEP performance indicate that

it should be possible to find several
higher states in experiments taking

a few months.

If toponium is heavy, it becomes
more difficult to manufacture and
its physics becomes correspond-
ingly more difficult.

Toponium physics is seen as
complementary to Z physics, pro-
viding incisive tests of many cur-
rent theoretical ideas.

New patrticles

In their efforts to unify all the
forces in Nature and to correlate
their very different strengths, the-
orists have conjectured many dif-
ferent new particles.

The working group entrusted
with looking at the implications for
LEP of these new particles
stressed the importance in their
view of the ‘Mass Problem’ — the
origin of mass in the electroweak
sector through the ‘Higgs mechan-
ism’. Their report provides exper-
imenters with a comprehensive
listing of many of the predicted
properties of the Higgs and related
particles and how they might be
picked out from the LEP data, if
they weigh less than about
100 GeV.

2

Higher energies

The task of the fourth working
group was to look into the physics
implications of running LEP beyond
the initially planned level of about
50 GeV per beam.

‘In the course of this study’, their
report states, ‘it became evident
to us that the physics potential of
running LEP Il (i.e. higher energies)
is considerable, of a level compar-
able, if not greater, to that of the
initial stage of LEP’.

As well as opening up the pos-
sibility of producing new particles
(as looked into by the third work-
ing group), higher energies could
also find evidence for any deeper
substructure of matter inside the
quarks and leptons, considered as
pointlike and indivisible in the
Standard Model. The discovery of
a new layer of matter would in
itself make LEP a turning point in
the history of physics.

In addition, higher energies

After an epic journey from the Soviet Union
by ship, barge and lorry, one of the modules
for the magnet of the DELPHI| experiment

at LEP finally arrives at CERN.

(Photo CERN 108.4.86)

would explore new areas of the
Standard Model, where there are
still many unmeasured parameters.

In conclusion, the group reiter-
ates ‘it is of interest to push the
beam energy to the maximum
possible value'.

The importance of higher ener-
gies at LEP has stimulated a work-
shop on this physics to be held in
Aachen from 29 September to
1 October. (Further information
from Workshop LEP 200, Ill. Phy-
sikalisches Institut RWTH Aachen,
Physikzentrum, Sommerfeld-
strasse, D-5100 Aachen, West
Germany.)

QCD and heavy quark physics

The fifth working group under-
lined the importance of electron-
positron annihilation as a window
on quark dynamics, pointing out
the successes obtained at existing
(lower energy) electron machines.

The expected physics around
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the Z peak and the high expected
Z yield of several million a year
(compared with the hundred or so
found in several years at the CERN
proton-antiproton Collider) open
up detailed QCD studies.

This group also covered photon-
photon collisions, where photon
messenger particles interact with

ch other rather than an electron
or positron target, providing an
additional physics window.

As well as probing for the top
quark, LEP would open up the
spectroscopy of the fifth (beauty)
quark, of which only the surface
has been scratched so far.

This could provide a further
batch of particles which have un-
usual properties under the com-
bined CP operation (switching par-
ticle to antiparticle and left to
right). CP violation, currently re-
stricted to the neutral kaons, is
not well understood. ‘It will not
surprise many of us if CP violation
becomes the Achilles heel of the
Standard Model’, the group con-

lydes. ‘LEP experiments are cer-
«inly well equipped to take aim
at that!’.

When the data starts to roll in,
the pronouncements of the ‘Phy-
sics at LEP’ study may reflect more
our current ignorance than enlight-
enment. But that is why LEP is
being built — to explore the
unknown.

Inside the pressure vessel of one of
Brookhaven'’s twin Van de Graaff machines
which now provide heavy ions ready for
acceleration in the Alternating Gradient
Synchrotron.
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Around the Laboratories

Heavy ions

CERN's venerable Linac 1,

. which normally provides 50
GeV protons, accelerated in
april a beam of oxygen 6+ ions
to MeV (12.5 MeV/nucleon),
the injection energy required
for CERN’s heavy ion research
programme later this year.
Meanwhile Brookhaven takes
another step towards its long
term project of a relativistic
heavy ion collider (RHIC). In
April, oxygen ions from the
Tandem Van der Graaff were
transferred to the AGS, Alter-

nating Gradient Synchrotron,
the first time this venerable
26-year old machine had seen
anything other than proton
beams. The heavy ion pro-
gramme will be helped by the
advent of a Booster at the
AGS (enabling, amongst other
things, fully stripped ion spe-
cies beyond sulphur to be in-
jected into the AGS) for which
construction has been autho-
rized (see January/February
issue, page 21). A prototype
magnet for the Booster is now
under test.
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Cross-section of a prototype
superconducting dipole magnet for the
Relativistic Heavy lon Collider (RHIC) being
proposed for Brookhaven.
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BROOKHAVEN
RHIC rarin” to go

With heavy ions now available in
the Alternating Gradient Synchro-
tron (AGS — see box, page 3),
Brookhaven's dream of a Relativ-
istic Heavy lon Collider (RHIC) takes
a step nearer to reality. RHIC would
open up new physics horizons and
would handily fill the tunnel left
from the abandoned Isabelle/CBA
collider project.

A RHIC milestone was recently
achieved with the successful test
of a prototype superconducting
dipole. The magnet was conserva-
tively designed for a collider oper-
ating with heavy ions having
atomic masses up to 200 at ener-
gies up to 100 GeV per nucleon
per beam.

For heavy ion operation over the
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energy range from below injection
to 100 GeV per nucleon, a large
aperture is required, but the re-
quired central field in the existing
tunnel is a relatively modest 3.4 T.
For superconducting magnets with
this central field, a single layer coil
is sufficient. The dipole field needs
to be uniform to a few parts in

10 000; this is achieved by the
use of spacers between turns in
the moulded coil. An iron yoke
provides both field enhancement
and a method of ‘collaring’ or
clamping the coil. The saturation
sextupole introduced by close
proximity of the iron is removed
with the same correction coils
which cancel the natural chroma-
ticity of the lattice and correct the
magnetization of the superconduc-
tor. (These correctors will be out-
side of the dipole field.) The mag-
net is curved to the 250 m radius
of the existing tunnel to further
reduce cost, since a curved magnet

uses less horizontal aperture.

The prototype 4.5 m dipole was
built and tested to verify these
design concepts. The first quench
of the magnet, 3.6 T, was above
the required operating field of
3.4 T. With a little training, the
magnet reached 4.5 T, allowing
for a reasonable safety margin that
should eliminate the need for train-
ing prior to magnet installation.
The allowed multipoles were small,
as designed, and the unallowed
terms were within the estimates
developed from previous experi-
ence.

This test follows the excellent
performance of three engineering
models built to study collaring
ideas and to provide an opportun-
ity for industrial involvement.
Brown, Boveri et Cie (BBC) assem-
bled the magnets with coils made
by Fermilab, using some parts and
tooling developed for HERA mag-
nets at DESY, Hamburg. These
engineering models have both
magnetic and non-magnetic collars.
All three exhibited little or no train-
ing. The one with iron collars gave
the desired safety margin which
led to establishing the criteria for
the prototype model. The fourth
and last magnet in this series will
be tested shortly.

Plans are being made for the
construction of full-length (9 m)
dipoles at Brookhaven and at
Brown, Boveri et Cie, again using
some of the tooling built for HERA.
The coil design has been slightly
altered from that of the 4.5 m mag-
net in order to make use of cable
developed for the outer coil of
Superconducting Supercollider
magnets. The longer magnets will
be used to check reproducibility
of field shape, quench propagation,
cryogenic design, alignment and
related items. After individual test-
ing, these long magnets will be



assembled for a test of a full cell
of four magnets.

The plan for RHIC as a whole
was recently reviewed by a tech-
nical committee headed by Bill
Willis of CERN. The review was
timed to coincide with the final
preparation of an updated propo-
sal. The report of the committee
was extremely favourable, sum-
marizing the level of preparation
by stating: ‘The RHIC project is
now technically ready to proceed
to construction.’

Hot little bangs

What might happen when two
heavy nuclei, such as uranium,
smash together at energies as high
as those now used by particle phy-
sicists — of the order of 100 GeV
per nucleon?

Nobody knows for sure what
will happen, but there is no short-
age of opinions on what might
happen. These ideas, and the tech-
nigues for investigating them, were
the subject of ‘Quark Matter 86",
the fifth International Conference
on Ultra-Relativistic Nucleus-
Nucleus Collisions, held from
13—17 April in Asilomar, California.
Organized by Berkeley, the meeting
brought together some 160 physi-
cists from the nuclear physics and
particle physics subcultures.

Although there is precious little
data on these collisions other than
a handful of cosmic ray events,
this has not deterred theoretical
speculation. The consensus con-
clusion is that if enough energy is
pumped into a nucleus, normally
considered as a loosely bound col-
lection of protons and neutrons,
it will eventually transform into a
completely new state: the protons
and neutrons will lose their sepa-
rate identity and fuse together into
the quark-gluon plasma or ‘quag-

6

ma’. The whole Universe could
have been in such a state a few
microseconds after the initial Big
Bang, and quagma may still exist,
for example in the cores of neutron
stars.

Even if synthetic quagma can be
produced, it will not live long, ex-
ploding in some 10723 seconds
into several thousand (for uranium
on uranium) particles, which will
carry information to the waiting
detectors about the highly transient
initial state. Expected signatures
include an overabundance of
strange particles and flashes con-
taining several hundred photons,
as well as fluctuations in particle
density (‘hot spots’). Searching
for these effects in the copious
debris may not be easy.

Late in its career, the CERN Inter-
secting Storage Rings were used
to study the collisions of high ener-
gy alpha particles (helium nuclei),
but these are too light to provide
quagma. However Brookhaven is
preparing to accelerate ions up to
sulphur in the Alternating Gradient
Synchrotron with energies up to
about 15 GeV per nucleon, while
CERN has scheduled the accelera-
tion of oxygen ions to 225 GeV
per nucleon.

Whether or not these initial
studies see any signs of quagma,
there is a strong case for pushing
on to the ultimate conditions pro-
vided by the Relativistic Heavy lon
Collider, RHIC, being pushed by
Brookhaven for its still vacant
tunnel built for the Isabelle-CBA
project (see page 5).

A RHIC workshop will be held
at Brookhaven in about a year, and
is expected to get to grips with
designing experiments for the RHIC
project. (Those interested should
contact T. Ludlam at Brookhaven.)

From Mike Albrow

LOS ALAMOS
Proton milestone

In December, the Proton Storage
Ring at the Los Alamos Meson
Physics Facility (LAMPF) passed

a major milestone when it operated
at up to 30 microamps average
beam current to service the exper-
imental programme at the Labora-
tory’s Neutron Scattering Center.

The Proton Storage Ring is a
major addition to LAMPF’s existing
high current proton linear acceler-
ator, accumulating large numbers
of protons from the linac and deliv-
ering them to the neutron generat-
ing target in intense short pulses.

Operation at 30 microamps was
achieved by accumulating 1.5 x
103 protons per pulse in the stor-
age ring at a repetition rate of
12 pulses per second. Circulating
beam current losses were esti-
mated to be less than two per cent
on the basis of beam lifetime
measurements at reduced repeti-
tion rate and long storage times.
Losses at extraction are at a com-
parable level.

The present achievement demon-
strates performance at 30 per cent
of the design goal (at 12 Hz) and
has been accomplished early in
the commissioning cycle. Commis-
sioning work at the Neutron Scat-
tering Center will continue when
beam resumes after a six-month
shutdown. Major goals for the next
phase are to increase current, de-
crease beam losses, and achieve
stable use for the neutron scatter-
ing program.

Experiments in powder diffrac-
tion, chemical spectroscopy, and
condensed matter physics are
underway with some publishable
results expected from present
data-taking.
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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 PMT'’s. Thus, the S1723 occupies a small

the low junction capacitance and high fraction of the space, and costs about half
shunt resistance needed for high speed as much when used with today’s solid
response and low noise. The UV response state amplifiers.
is particularly suitable for use with BGO Applications include scintillation detec-
and other scintillation crystals. A sensitive tion in the fields of high energy physics,
area greater than 100mm? is provided in medical diagnostics and industrial instru-
a very compact package. mentation. Hamamatsu engineers will
This new detector is less than 3mm modify the S1723 or other detectors to
thick compared with 60mm or more for meet your needs.

Call or write for product bulletin and prices.

HAMAMATSU

HAMAMATSU CORPORATION « 360 FOOTHILL ROAD, P. 0. BOX 6910, BRIDGEWATER, NJ 08807 « PHONE: 201/231-0960
© 1986 Hamamatsu International Offices in Major Countries of Europe and Asia.
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DO YOUR HOMEWORK

Did you know that we’re the foremost producer of superconducting wire in the
world? That our quality standards are every bit as tough as yours? And, that we’ve
pioneered a number of significant breakthroughs? We have. And, that’s why we think;
The more you know, the more likely you’ll go to Oxford.

OXFORD

Oxford Superconducting Technology

600 Milik Street, Carteret, New Jersey 07008, Telephone (201) 541-1300
Twx (710) 998-0492, Telex 844 142, Fax (201) 541-7769

Examples of our
production range:

Quality from Germany!

The fug Elektronik GmbH develops and manufactures low Qi
and high-voltage power supplies for any appliance.

Stability and ripple:
0,01 %

fw - power supplies do always offer
something more o
e.g. digital display of the output values s
display for regulation state
programming: analog, digital or IEC-bus
pole reversal switch for high-voltage
power supplies
19" rack-adapter for all supplies
without reconstruction

HCN 7E-6500
0-6,5 kV, max. 1 mA
Price: DM 1470,—

MCN 350-125
0-125V,0-25 A

Standard supplies can be Price: DM 3330,—

supplied at short term!

HCN 140-3500
0-3500V, 0-40 mA
Price: DM 4040,—

Prices:
free German border,
packing included

Demand our catalogue:

| ug Elektronik GmbH, Florianstr. 2, D-8200 Rosenheim/BRD. Telefon 08031/81093, Telex 5 25 712

CERN Courier, June 1986



STANFORD
Collider pushes
forward

Work on the new Stanford Linear

Collider (SLC) is on schedule for

first machine tests at the end of
e year.

Construction of the North damp-
ing ring (to improve the quality of
the initial beam prior to final accel-
eration down the linac) is essen-
tially complete and the ring has
been in operation. The now rebuilt
South damping ring has also han-
dled beam.

The electron extraction system
(to produce the positrons) has
been installed ready for testing.
The positron return line is in place
and under vacuum. Once the posi-
tron target is complete, the ‘three-
ring circus’ of the two damping
rings and the positron source will
be put through its paces.

Production of 50-megawatt klys-

ons is on schedule, and some
130 of these new klystrons have
been installed in the main linac
gallery and are running routinely.
Fabrication of all alternating gra-
dient magnets for the arcs is com-
plete, and the magnets are being
installed.

The arc tunnels have been com-
plete for some months and instal-
lation of the mechanical and elec-
trical utilities in the tunnels is near-
ing completion.

There have been delays in the
construction work for the Collider
Experimental Hall, but completion
is imminent ready to receive the
Mark Il detector, rebuilt after action
in the SPEAR and PEP rings for a

Schematic diagram of the SLC Stanford
Linear Collider, scheduled for first tests
towards the end of the year.
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third lease of life at a Stanford
electron-positron collider.

Work towards the Stanford Linac
Detector (SLD) also pushes steadily
forward, where problems that had
been besetting the Cherenkov Ring
Imaging Detector (CRID) or Ring
Imaging CHerenkov (RICH), de-
pending on which side of the At-
lantic the physicists work, have
been sorted out and the way now
seems to be clear towards good
particle identification.

>

Laboratory Director Volker Soergel, flanked
by project leaders Gus Voss (right) and
Bjorn Wiik, pose in front of the tunnelling
machine after its arrival at the West Hall

of the HERA electron-proton Collider being
built at DESY. Research Director Paul S6ding
(extreme right) shuns the camera, preferring
to take a closer look at the machinery which
had traversed 1530 metres of Hamburg
underground.

DESY
HERA progress

At the German DESY Laboratory
in Hamburg, construction of the
HERA electron-proton Collider con-
tinues to progress according to
schedule. A quarter of the 6.3 km
ring tunnel has been built: on

13 February the tunnelling machine
emerged into the West Hall after
setting out from the South Hall last
summer. The machine is now cut-
ting the second quadrant. Also
complete now is the hall for the
proton linac. 50 MeV particles will
be fed from the linac to the proton
ring through an 80 metre-long
beamline using magnets ordered
by the Canadian TRIUMF Labora-
tory in Vancouver. Linac equipment
should be ready for shipment to-
wards the end of the year.

The completed hall to house the proton
linac which will feed HERA.
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VACUUM VALVES 86
W manufactures and supplies the largest range
of Vacuum Valves world-wide. In 23 years of the company’s existence,

over 100000 valves have been produced.
All of them are high quality products.

Request our new catalogue Vacuum Valves 86.
Within more than 300 pages you will find
detailed information about our extended

valve programme.

VAT Aktiengesellschaft
CH-9469 Haag/Switzerland
Phone: 085/70161
Telex: 855 162
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@ 19" cabinets and boxes — from steel,
aluminium and plastic — also available with
IP 55
@® 19" chassis
@ 19"circulating blower insters
_ @ 19"subracks acc. to
/' DIN 41494, part 5
P — for sub-drawers and eurocards
— with a lot of accessories
@ bench cases wall
cabinets — desk consoles
and subracks —
plug-in units \"
acc. to \
DIN 41494,
part 5
@ cases for
switchboard in-
struments acc. to
DIN 43700 from
plastic and sheet
steel also for 19"-
plug-in system

e

® Please ask for
our union catalogue

Elektromechanik GmbH
Holunderweg 5 - Postfach 1223
D-5568 Daun - Tel. (06592) 3065
Telex: apra d 4729314

Your reliable partner for
electrotechnical insulation problems

@ Glass Fabric Epoxy Laminates
G-10,G-11,FR-4

@ Glass Mat Epoxy Laminates
@ Glass Mat Polyester Laminates

@ Cotton Fabric Phenolic
Laminates

@® Hard Paper Phenolic Laminates

® Moulded Parts of Epoxy Casting
Resin

and machined parts made
of abovementioned
materials.

ISOLA The Swiss Insulating Works Ltd.
CH-4226 Breitenbach /Switzerland
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A weekend between two weeks of physics
in the latest ‘Moriond’ meetings in the
French Alps was devoted to future colliders.
CERN Director General Herwig Schopper
(left) gave the introductory talk. Right is
Moriond organizer Jean Tran Thanh Van

of Orsay.

(Photo P. Franzini)

WORKSHOP
Collider sandwich

Sandwiched between two conse-
cutive weeks of physics sessions
at the latest ‘Rencontre de Mo-
riond’” in March at Les Arcs in the
rench Alps was a weekend de-
.oted to future colliders, arranged
so that participants from both
halves of the Moriond programme
could attend. In addition, several
people came from the US just for
the weekend presentations.

The programme was arranged
by Laboratory Directors Herwig
Schopper of CERN and Leon Led-
erman of Fermilab (the latter unfor-
tunately could not attend due to
Congressional hearings in Wash-
ington).

In his introductory talk, Schopper
described the status of discussions
on international cooperation on
future machines, and tried to peer
through the present financial fog

.10 see what might happen some
2ars hence.

Don Edwards covered the latest
ideas for the US Superconducting
Supercollider (SSC) which had been
submitted to the Department of
Energy with a view to recommend-
ing its inclusion in the US budget
for 1988.

Roy Schwitters turned to the
problems of making detectors
work at the high collision rates
needed to get at very rare high
energy processes. However he felt
there was no reason to be pessi-
mistic, with the limitations being
in terms of money and manpower
rather than technological break-
throughs.

Latest version of the 40 TeV (40 000 GeV)
proposed US Superconducting Supercollider,
SSC.
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Whosseenwmome
THE MOST SUPERCONNATING

or v
: . ,000 square foot facility allows us to produce up
to 315,000 pounds per year.
If your need is high volume superconducting wire and cable, we can
meet your production and specification requirements.
That’s why Oxford is in a class by itself.

DO YOUR HOMEWORK
AND YOU'LLGOTO OXFORRD

Oxford Superconducting Technology

600 Milik Street, Carteret, New Jersey 07008,
Telephone (201) 541-1300 Twx (710) 998-0492, Telex 844 142, Fax (201) 541-7769

ADELL Roulements & aiguilles aux applications multiples.

La précision suisse dans la fabrication des roulements.
Exécutions spéciales de roulements pour applications spécifiques.

SKB Fabrique de roulements - Route de Soleure 66-68 - 2504 Bienne - Tél. 032/4120 31 - Télex: 34169 skb ch

CERN Courier, June 1986




lon source assembly of the Zurich

experiment at the Swiss Institute for Nuclear

Research (SIN) which finds no evidence for
a (electron-type) neutrino mass, in
contradiction with the findings of a study
at Moscow'’s Institute for Theoretical and
Experimental Physics (ITEP).

Tom Himel and Bob Palmer went
over the research going on in the
US for electron-positron linear col-
liders. Earlier efforts to find new
acceleration techniques seem to
have faltered with the growing
realization that most approaches
gave collision rates too small for
useful physics. Growing emphasis

~was now being placed on improv-
ing power sources and efficiencies,
and a new US linac testbed is soon
expected to get the go-ahead.

On the European side, Ugo
Amaldi dealt with ideas for future
colliders, both for hadrons and for
electrons on positrons.

SIN/ZURICH

New neutrino mass
limits

The neutrino was discovered in
the 1920s when it was realized
that not all the energy released in
nuclear beta decay was being
picked up — the forerunner of the
'missing mass’ technique of today.
Direct evidence for the neutrino
was not seen until 1953.

In the early days it was widely
believed that the neutrino would
be massless. Although they inter-
act only feebly with matter, neutri-
nos are omnipresent in the Uni-
verse and any evidence for a non-
zero mass has important implica-
tions for cosmology as well as for
particle physics.

For several years, an experiment
at the Institute for Theoretical and
Experimental Physics (ITEP, Mos-
cow) has been reporting limits for
the mass of the electron-type neu-
trino, the latest range being be-
tween 20 and 45 electron volts.
This is now being challenged by
a University of Zurich team work-
ing at the Swiss Institute for Nu-
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clear Research (SIN) at Villigen.

Just as the missing mass due
to the neutrino was originally dis-
covered in nuclear beta decay,
experiments are returning to beta
decay in an effort to pin down the
neutrino mass.

The ITEP experiment looks at
the beta decay of tritium (hydrogen
3) bound in large organic (valine)
molecules. The final result involves
complicated calculations to esti-
mate molecular effects and the
experiment’s conclusions have
been criticized (see November
1985 issue, page 380).

The Zurich study uses tritium
ions implanted into carbon cleaned
in a hydrogen gas discharge to
remove weakly bound surface tri-
tium. Initially, the carbon was eva-
porated onto aluminium foils, but
a later method used an assembly
of aluminium discs and an implan-
tation technique which shielded
the collector from the hot filament

producing the initial ionization. This
also avoided having to handle deli-
cate ion-implanted foils.

The response of the toroidal
field magnetic spectrometer was
the subject of a detailed analysis.
Before calculating the results, this
response had to be compounded
with the energy lost by electrons
in leaving the source, and allo-
wance made for final state effects.

The latest data come from four
runs with three sources, totalling
27 days of measurement. After
careful analysis, the resulting upper
limit for the mass of the neutrino
is 18 electron volts.

The experimenters conclude —
‘"We find no indication of a nonzero
mass for the electron antineutrino,
which is in strong contradiction
with the results of the ITEP experi-
ment. We see no possible source
of error in our experiment large
enough to account for this discre-
pancy’.
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ONET?

The OPAL and DELPHI end-cap
calorimeters at CERN require lead-glass
arrays to be read out in full axial fields up
to 1.2 tesla. Not a task for conventional
PMTs. So, building on our experience in
vacuum photo
diodes, we
developed a
family of Vacuum
Photo Triodes to
do the job. In174",
2" and 3" sizes,
and with low
capacitance to
minimize contribution to preamplifier
‘noise. With gains =10 at 1 T axial. Even at
20° from axial, gains still high enough to
lift the signal well clear of preamplifier
noise. We’re prepared to discuss versions
for fields up to 70° from axial.

3 Inch VPT

T 1T 1.1 T 1.1 L T

0 0.5T 1.0T
Axial magnetic field

Electronic
components
and materials

PHILIPS

o~

A timely solution to a new prablei
HEP instrumentation — and one
extra benefit at zero field: the
tion statistics of the VPT dyno«
better than those of a conventional
at high light levels this can result in E
energy resolution. Using our 3" VPT,
the RAL/OPAL
collaboration has
achieved normal-
ized energy
resolutions of
5%/+E for elec-
trons of above
0.5GeV energy
at 1T axial field.
If your experi-
ment involves high magnetic fields, VPTs
may be the answer. For further details
contact:

Rotation of VPT in
0.4 tesla axial field

—_
o

Relative output (%)
o

Ll

10 20
Angle (degrees)

Philips Electronic Components and
Materials Division, 5600 MD Eindhoven,
The Netherlands. Telex 35000 nljeveo.

We’ve set the standard for over 20 years.
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The Direct Link
from the Macintosh™
to VMEbus crates

Available from:

Crozet
01170 Gex, France
(50)41.00.89

The system was developed by CERN, Geneva, Switzerland.
CERN accepts no responsibility for the quality, design or
performance of these equipment.
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Thin Film Components
for demanding application
in Laser-Optics.

REMAX - Mirrors for High Power Lasers
REPOL - Thin Film Polarizers for Lasers
REPART - Beam Splitters
REPASS - Long- and Shortpass Edge Filters
REMIN - Antireflection Coatings
OPTISA - Manufactures following

Your Requirements.

OPTISA Ltd
Gewerbehofstrasse 11
\ CH-2503 Biel, Switzerland

\.
Tel. 032 238623 W
Telex 349623 opti ch ™\ N

For optical
interior inspections...

boroscopes,
fiberscopes.

Ask for details.

Partout ou I'ceil
ne peut accéder...

endoscopes flexibles a fibres
de verre,
endoscopes rigides.

Demandez notre documentation.

=) TECHNOKONTROLL AG

A 8049 Ziirich, Imbisbihistr.144 Telefon 0156 56 33
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Accelerators
at school

Latest subject covered by the
CERN Accelerator School was ‘Ap-
plied Geodesy of Particle Acceler-
ators’, which attracted an impres-
sive number of outside participants
to CERN for a week in April.

Since the forerunners of today’s
particle accelerators were demon-
strated over 50 years ago, the
positioning of accelerator compo-
nents has progressed from the
laboratory bench-top to tunnels
tens of kilometres long. Despite
this phenomenal growth in size,
sub-millimetre accuracy is still
required.

Even with new aids such as sa-
tellite-based positioning and two-
wavelength laser measurement,
ensuring such precision for big
machines with thousands of sep-
arate components has posed spe-
cial problems. In its inimitable way,
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The course on geodesy for particle
accelerators, arranged by the CERN
Accelerator School, attracted an impressive
number of participants from outside. Left
to right, Helmut Moritz of Graz Technical
University, Austria, and Claude Boucher
and Henri-Marcel Dufour of the French
National Geographical Institute.

(Photo CERN 248.4.86)

Jean Gervaise
retires

High energy accelerators only
function well if someone has
taken the trouble to put them
in the right place and ensure
that all their thousands of
components are precisely
positioned. Thus on his retire-
ment in April, numerous tri-
butes were paid to Jean Ger-
vaise, a member of CERN’s
brilliant survey and alignment
team from the days of the
construction of the Proton
Synchrotron in the 1950s.
Under his leadership, the
group has always been at
the forefront of technology
and has developed new ver-
sions of several instruments
which have gone on to be
used in other fields. In his
meticulous work he retained
the human touch and could
regale his listeners with apo-
cryphal stories about Roman
villas and toilet doors.

CERN has made its own special
mark on the technology of geodesy
over the years.

The school also coincided with
the retirement of Jean Gervaise,
doyen of the CERN Applied Geod-
esy/Survey group.

The next session of the CERN
Accelerator School is a basic
course on General Accelerator
Physics from 15—26 September
at Aarhus, Denmark, and will lead
on to a more advanced course in
about a year. More information
from Mrs. S. von Wartburg, CERN
Accelerator School, LEP Division,
CERN, 1211 Geneva 23, Switzer-
land.

Jean Gervaise — a remarkable professional
reputation.
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The new, smart look
Placette!

| After 3 years of renovation work,
.. Placette has been given

» a complete face lift.

New ideas in a new

setting!

B} GENEVA'S TOP DEPARTMENT
STORE

HEINZ HEIMANN-UNICOM S.A.

Le grand magasin des idées neuves
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DETECTORS
Alternatives

The quest to find the ‘perfect’ de-
tector continues. Current preoccu-
pations include the correlation be-
tween measured energy deposition
due to electrons and due to ha-
drons, and the use of alternative
active media such as silicon or
room temperature liquids rather
than the traditional scintillators or
liquid argon.

Using a calorimeter consisting
of alternate layers of inert material
and active detectors, the response
due to electrons is often larger
than that due to hadrons. This is
because of the energy ‘lost’ in
invisible low energy nuclear reac-
tions.

To bring the hadron and electron
responses back into line requires
either artificially weighting the two
types of signal or else finding some
way of boosting the measured

_~ hadronic energy. One idea on the
market is to use uranium plates,
so that the energy released by
induced fission could compensate
for the lost energy.

This idea has worked, but the
results seem to depend on the
running conditions. For example
the team developing the SLD de-
tector at Stanford decided to reject
uranium in favour of conventional
lead plates (see January/February
issue, page 21).

To try and understand better
what happens, a CERN / INFN Fras-
cati / Milan / McGill / Tel Aviv
team recently looked at the behav-
iour of electromagnetic showers
in their new silicon calorimeter (see
September 1985 issue, page 285)
using both uranium and tungsten
absorbers.

The detected energy with uran-
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ium absorber is found to be about
11 per cent higher than with tung-
sten, and many other shower char-
acteristics were investigated, hint-
ing at additional insights into the
complicated energy loss mechan-
isms.

At CERN, a Bari / Brussels /
CERN / London (Birkbeck and Uni-
versity Colleges) / Rome / Turin
team carried out tests using
135—350 GeV beams with iron
and uranium absorbers, using scin-
tillator as the active detecting me-
dium. With iron, the hadron energy
signal is depressed, but with uran-
ium, the hadron signal became
higher than for electrons, showing
an ‘overcompensation’. A mixed
configuration of iron and uranium
gave a better performance.

Other studies investigate the use
of warm liquids as the active de-
tectors, so as to avoid the cryoge-

nics required to handle liquid argon.

An unusual ‘exploded’ view of the detector
used several years ago at Intersection 8

of the CERN Intersecting Storage Rings,
showing (left) a wall of uranium-scintillator
hadron calorimeter. This experiment
pioneered the use of several new detector
techniques.

(Photo CERN 306.1.82)

The UA1 collaboration at the CERN
proton-antiproton Collider is look-
ing at uranium and room tempera-
ture liquids for its planned detector
upgrade (see November 1985
issue, page 384).

UA1 recently tested a prototype
electromagnetic calorimeter con-
sisting of twenty 10 cm? boxes,
each 3 mm thick, filled with TMP
(Tetra-methyl-pentane) and sepa-
rated by 4 mm uranium plates.
The energy resolution for 5 GeV
electrons was measured at 9.5 per
cent, in agreement with expecta-
tions, and the use of 2 mm uran-
ium plates, as planned for the final
calorimeter, will improve this by a
factor of 1.4.

A full electromagnetic and ha-
dronic calorimeter prototype is
under construction with 2 mm
uranium plates in the electromag-
netic sections and 5 mm plates in
the hadronic. TMP has the advan-
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Beam profile monitor developed by a
CERN/LAPP (Annecy) group based on a
high gain dynode.

tage of a higher boiling point than
the more usual TMS (122C com-
pared with 26.5C) and is therefore
much safer to handle.

Meanwhile a group at the Karls-
ruhe Kernforschungszentrum has
successfully operated a calorimeter
module consisting of 400 kg steel
plates immersed in 35 litres of
TMS. It has been tested in an elec-
tron beam at the DESY Laboratory

_in Hamburg, and the results are in

‘ine with expectations. Despite the
small electronic signal in a molecu-
lar liquid, even smaller than in liquid
argon, satisfactory results have
been obtained. Encouraged by
these results, the group is confi-
dent that warm liquid chambers
can form part of large detectors,
and the use of carbon iron shows
that even magnet yokes could be
instrumented in this way.

For the L3 experiment at LEP, a
uranium-gas sampling calorimeter
is being developed. Prototypes
consisting of proportional cham-
bers interleaved with 4.5 mm
plates of depleted uranium ab-
sorber and using several gas mix-
tures have been tested in beams
at Moscow's Institute for Theore-
tical and Experimental Physics
(9 GeV proton synchrotron) and
at CERN. The response to pions
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(but not to electrons) depends very
much on the hydrogen content of
the gas.

Beam profile monitor

A CERN/LAPP (Annecy) group has
developed a new type of beam
profile monitor based on a high
gain dynode developed in associa-
tion with Hamamatsu Photonics.
This has already demonstrated its
capabilities as a position sensitive
photomultiplier (see July/August
1983 issue, page 226).

A prototype beam monitor used
13 stages of double layer grid
dynodes 10 cm in diameter. A
50 micron aluminium foil placed in
front of the first dynode released
secondary electrons when trav-
ersed by the beam. After multipli-
cation by the dynode system, the
collected secondary electrons hit
an array of 20 anode cells, 3 mm
wide and 1 mm apart.

Using a weak axial magnetic
field of about 400 gauss, the nat-
ural spread of the secondary elec-
trons was contained within two
adjacent anode cells, in line with
the performance shown by position
sensitive photomultipliers of the

same type. Better definition was
obtained by handling the centroid
of the collected signal.

More studies of background are
required, but the instrument’s de-
signers are confident that its high
vacuum compatibility, resistance
to radiation and ability to handle
both low and high energy high
intensity fields make it worthy of
further attention.

CERN Review
Group named

Earlier this year a special
CERN Council meeting voted
for the formation of a Review
Group to look at the way
CERN runs (see Apiril issue,
page 25). The members of
the Group are: Anatole Abra-
gam (Chairman) of the Collége
de France in Paris and for a
long time a director of the
French Atomic Energy Com-
mission,; Miguel Boyer, one-
time Spanish Economics Min-
ister and now President of
the Banco Exterior de Espa-
fia,; Carlo de Benedetti, Ma-
naging Director of Olivetti in
Italy; Brian Fender, Vice-
Chancellor of Keele Universi-
ty, UK, and one-time Director
of the Institut Laue-Langevin
in Grenoble,; Wolfgang Paul
of Bonn University, formerly
Director of the DESY Labora-
tory in Hamburg, Haakon
Sandvold, Director General
of Ardal of Sunndal Verk
A/S, Norway, and Jean Vo-
doz, President of Swiss engi-
neering concern AMYSA SA
of Yverdon. The Group is
expected to report to the
CERN Council by June 1987.
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CAMBRIDGE PHYSICS TITLES ==

Spinors and Space-Time,
Volume 2

Spinor and Twistor Methods in Space-Time Geometry
ROGER PENROSE and WOLFGANG RINDLER

The second volume of this work introduces the theory of twistors,

and studies in detail how the theory of twistors and 2-spinors can be

applied to the study of space-time. This volume may be read as an

independent work by those already acquainted with 2-spinor

methods.

A review of Volume 1:

“...very likely to become a classic.”

Cambridge Monographs on Mathematical Physics
501 pp. 1986 0521 25267 9 %£45.00 net

Semi-Classical Methods for

Nucleus - Nucleus Scattering
D.M. BRINK

Semi-classical methods for analysing results and making predictions
in heavy ion collisions were studied in the early days of quantum
mechanics. Their application to heavy ion collisions has led to new
advances and the aim of this book is to present a unified treatment
of the various lines of development.
Cambridge Monographs on Mathematical Pbysics

220 pp. 1986 0521 23940 0 £25.00 net

From SU(3) to Gravity

Festschrift in honor of Yuval Ne’eman
Edited by ERROL GOTSMAN and GERALD TAUBER

This collection of specially written essays and articles celebrates
the sixtieth birthday of Professor Yuval Ne’eman. It pays tribute to
him by reporting and reflecting on the recent developments in the
many areas of modern physics to which he has contributed.
457pp. 1986 052130784 8 %£40.00 net

Nature

Now in paperback

Supermanifolds
BRYCE S. DEWITT

This book presents a detailed exposition of the modern theory of
supermanifolds.
“Supermanifolds is destined to become the standard work for all
serious study of super-symmetric theories of physics” Nature
Cambridge Monographs on Mathematical Physics

316 pp. 1986 0521 31176 4 Paperback £12.95 net

Detectors for Particle Radiation
K. KLEINKNECHT

This book describes the physical principles used in devices for the
detection of charged particles and gamma radiation, and the
construction and performance of particle detectors. The text is
well-illustrated with examples from the many fields in which these
devices are employed.

206 pp. 1986 0521 304245 %£25.00 net

Statistics for Nuclear and

Particle Physicists
L. LYONS

Written by a non-statistician for non-statisticians, this book
emphasises the practical approach to those problems in statistics
which arise regularly in data analysis situations in nuclear and high
energy physics experiments. Many of the techniques discussed are
of relevance to physicists in other branches of the subject, as well as
to data analysts. 226 pp. 1986 0521 25540 6 £25.00 net

For details of these and other Cambridge physics titles please
contact Sally Seed.

Cambridge University Press
The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU, England

Audio testing
user-friendly NFA-1 with over
30 measurement modes will
make all kinds of testing con-
siderably easier for you.
Versatility:

With the NFA-1 you can meas-
ure up to 60 kHz (200 kHz) well
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One instrument for a whole range
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Three views of the production and decay
of a charmed particle by an experiment at
CERN using charge-coupled devices (CCDs)
to pinpoint the particles emerging from
230 GeV pion-nucleus collisions. (For
details, see text.)

RUTHERFORD
APPLETON
CCDs for charm

An article in our May issue
(page 3) described the in-
creasing use of semiconduc-
tor image processing tech-
niques in particle physics.
One aspect of this work is
the use of Charge Coupled
Devices (CCDs), on-chip am-
plifiers consisting of arrays
of cascading capacitors.

Five years ago, a Rutherford Apple-
ton Laboratory group started to
apply imaging CCDs for precise
tracking of high energy particles.
The aim was to detect the decays
of the short-lived charm particles
produced in high energy collisions.
This work has come to fruition in
an experiment at CERN by the
~ACCMOR collaboration (Amster-
dam/Bristol/CERN/Cracow/Mu-
nich/Rutherford).

In the first charm decay to be
found (there are now many),
230 GeV pions collide with nuclei
in a 2 mm-thick copper target. The
tracks of the outgoing particles
are reconstructed by computer
(A). A distorted scale is used for
visual clarity ; the real tracks are
all in a very small forward cone.
Also shown are the CCD hits used
in the track fitting (circles) and
unused background hits due to out-
of-time beam tracks (crosses).
Apart from the production vertex,
a clear decay vertex is made up
of tracks 1, 2 and 5 and possibly
3, which looks compatible with
both vertices. The beauty of CCDs
is that they measure space points
(being pixel-based devices) and so

CERN Courier, June 1986
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1hr zukinftiges

Arbeltsgeblet
unser Kundenlabor fur
Beschichtungsanlagen
organisiert und koordiniert
unter anderem auch die
internationalen Einsatze
unserer speziell ausgebilde-
ten Service-Ingenieure.

Ihre Aufgaben

e Inbetriebnahme von neuen
Beschichtungsaniagen bei
unseren Kunden

e Wartungs- und Reparatur-
dienst im weltweiten
Einsatz

e Technische Beratung unse-
rer Kunden vor Ort und im
Stammbhaus Balzers

Ihre Ausbildung

e Abgeschlossenes HTL-Stu-
dium in einer der Fachrich-
tungen Elektro-, Feinwerk-
oder System- und Regel-
technik

® Gute englische Sprach-
kenntnisse und eventuell
weitere Fremdsprachen

e Erwinscht, jedoch nicht
Bedingung, sind praktische
Erfahrungen als Service-
Ingenieur

Ihre personiichen

Stérken

© Eigeninitiative und
Selbstandigkeit

e Improvisationstalent sowie
Flexibilitat

e Freude an einer intensiven
Reisetatigkeit

uUnser Angehot
Selbstverstandlich bilden
wir Sie auf lhrem neuen
Arbeitsgebiet umfassend
aus, bieten Ihnen eine viel-
seitige Aufgabenstellung
und grosszligig ausgebaute
Sozialleistungen.
Wenn Sie dariiber mehr
erfahren mochten, wird
Ihnen unser Herr Fritz
Bossard, Personalabteilung,
gerne einen Termin fur thre
erste Reise nach Balzers
geben. Seine Telefon-
nummer (Direktwahl):
075/44227.
Wir freuen uns auf ein
Gesprach mit lhnen.

(see also p. 28)
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Entwicklungs-
physiker

1hr zukinftiges

Arbheltsgeblet
unser rasch expandierende
Bereich Dinnschicht-Elek-
tronik produziert fur die
Halbleiter-Industrie hoch-
wertige Chrom-Masken, die
in qualitativer Hinsicht per-
manent weiterentwickelt
werden.

lhre Aufgaben

e Entwicklung neuer
Schichtsysteme fiir Chrom-
blanks

e Entwicklung von Masken-
blanks fir die IC-Technolo-
gie von morgen

e Mitwirkung bei der Verfah-
rensverbesserung, der
Blanks-Verarbeitung und bei
der Prozessoptimierung
unserer Beschichtungs-
anlagen

lhre Aushildung

® Abgeschlossenes Hoch-
schulstudium der Richtung
Physik oder verwandter
Disziplinen

e Erfahrungen in der Halblei-
ter- oder Dinnschicht-
Technologie sind
erwiinscht, aber nicht
Bedingung

o Englische Sprachkenntnisse

thre personilichen

Stérken

o Ideenreichtum und Innova-
tionsfreudigkeit

® Sinn flr das Teamwork
innerhalb einer Entwick-
lungsgruppe

® Verantwortungsbewusst-
sein und Selbstandigkeit

unser Angebot
Nach einer griindlichen Ein-
flhrung in Ihr zuklnftiges
Arbeitsgebiet wartet auf Sie
eine nicht-alitagliche Auf-
gabe, die Ihre beruflichen
Ambitionen ebenso vielsei-
tig wie befriedigend fordern
wird.
FUr detailliertere Fragen
steht Ihnen unser Herr Fritz
Bossard, Personalabteilung,
unter der Telefonnummer
(Direktwahl) 075/ 44227
gerne und jederzeit zur
Verfliigung.

unser Unternehmen: Konsequentes

Qualitatsdenken, Pioniergeist und eine aufge-
schlossene Flihrungspolitik pragen das Leit-

bild eines Unternehmens, das sich heute mit
weltweit Gber 3000 Mitarbeitern in den Berei-
chen Vakuumtechnik und Diinne Schichten

auf einem ebenso erfolgreichen wie zielsiche-

ren Kurs in die HIGH-TECH-Zukunft befindet.

Physiker oder
ELing. ETH

1hr zukunftiges

Arbeitsgebiet
Im DUnnschichtbereich
«Prozessanlagen Optik/
Mikroelektronik» ist ein
engagiertes Spezialisten-
team flr das moderne,
marktorientierte Produkt-
management verantwort-
lich.

lhre Aufgaben

e Eingehende Analysen der
Marktbedurfnisse und die
sorgfaltige Umsetzung in
Pflichtenhefte sowie in
Marketing-Strategien

e Projektkoordination in
enger Zusammenarbeit mit
Entwicklung und Fertigung

® Fundierte technische Bera-
tung einer anspruchsvollen
Kundschaft als auch unserer
Verkaufsingenieure

Ihre Aushbildung

e Abgeschlossenes Studium
als Physiker oder Elektroin-
genieur

e Erfahrung in der industriel-
len Halbleiterfertigung oder
im Management von High-
Tech-Produkten

e Gute Sprachkenntnisse d/e/
eventuell f

lhre persoénlichen

Stéirken

® Ein hohes Mass an Koopera-
tionsbereitschaft

e Durchsetzungsvermégen
und Entscheidungs-
freudigkeit

e Dynamischer Arbeitsstil

unser Angebot
Diese Position mit den ent-
sprechenden Kompetenzen
bietet einem initiativen Be-
werber eine faszinierende
Aufgabe im Gebiet der mo-
dernsten Hochtechnologie.
Weitere Informationen tber
unsere zeitgemassen
Anstellungsbedingungen,
Sozialleistungen sowie Uber
Ihre neue Tatigkeit gibt
Ihnen gerne unser Herr Fritz
Bossard, Personalabteilung,
unter der Telefonnummer
(Direktwahl) 075/44227.
Wir freuen uns auf Ihren
Anruf.

Entwickiungs-
ingenieur

1hr zukinftiges

Arbeitsgebiet
Innerhalb unserer Entwick-
lung befasst sich eine
Gruppe mit Robotern und
Handlingsystemen fur
Vakuumbeschichtungsan-
lagen und Reinraume.

Ihre Aufgaben

e Recherchen in der Literatur
und auf dem Markt mit
anschliessender Know how-
Erarbeitung fur unsere
Systeme

® Konzeption und konstruk-
tive Bearbeitung von neuen
Handlingsystemen

® Betreuung der Entwick-
lungsprojekte vom Prototy-
penbau bis zur Serienreife

lhre Ausbildung

e Abgeschlossenes Studium
an der ETH oder an einer HTL
der Fachrichtungen Maschi-
nenbau bzw. Feinwerk-
technik

e Grundlagenkenntnisse im
Gebiet der Automatisation

e Erwinscht sind ebenfalls
Englischkenntnisse

lhre persénlichen

Stéirken

o Zielorientierte Arbeits-
methodik

o Einsatzfreude und
Selbstandigkeit

e Kreativer Innovationsgeist

unser Angehot
Verbunden mit einer echten
Herausforderung an lhre
beruflichen Fahigkeiten bie-
ten wir Ihnen fortschritt-
lichste Anstellungsbedin-
gungen und ein ausge-
zeichnetes Betriebsklima.
Wenn Sie sich also fur diese
Position interessieren, wird
unser Herr Fritz Bossard,
Personalabteilung, gerne
einen ersten Gesprachster-
min mit Ihnen vereinbaren.
Seine Telefonnummer
(Direktwahl): 075/44227.
Wir freuen uns auf Ihren
Anruf.

Entwicklungs-
ingenievur

1hr zukunftiges

Arbeitsgebiet
Ein kleines, gut eingespiel-
tes Mitarbeiterteam betreut
die technologische Ent-
wicklung von Elektronen-
strahl-Verdampfungs-
quellen flr unsere
Beschichtungsanlagen.

lhre Aufgaben

e Technologische Verbesse-
rung bestehender Systeme

e Grundlagenentwicklung im
gesamten Bereich der Elek-
tronenstrahl-Quellen

® Planung von Entwicklungs-
auftragen, Lancierung von
Prototypen, Labortests und
deren Auswertung

lhre Ausbildung

® Abgeschlossenes HTL-Stu-
dium der Richtung Fein-
werk- oder Elektrotechnik

& Erwiinscht, aber nicht
Bedingung, sind praktische
Erfahrungen in den Berei-
chen Hochvakuumtechnik
oder Plasmaphysik

Ihre persdniichen

Stéarken

® Ein ausgepragtes Verstand-
nis flir physikalische Zusam-
menhange und Phanomene
im Gebiet der Plasmaphysik

e Die Fahigkeit, technische
Probleme ganzheitlich zu
betrachten und dement-
sprechend unkonventionell
Zu losen

uUnser Angebot
Wir bieten Ihnen mit dieser
Position nicht nur eine aus-
sergewOhnliche Aufgaben-
stellung an, sondern auch
Uberdurchschnittliche So-
Zialleistungen und ein kol-
legiales Abteilungsklima.
Uber alles Weitere wiirden
wir gerne mit thnen per-
sonlich reden. Rufen Sie
doch einmal unseren Herrn
Fritz Bossard, Personalab-
teilung, kurz an. Seine Tele-
fonnummer (Direktwahi):
075/44227. Er wird mit
Ihnen einen ersten Termin
vereinbaren.

BALZERS

Balzers Aktiengesellschaft
FL-9496 Balzers
Flrstentum Liechtenstein
Tel. (075) 44111
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one can get further information by
rotating the viewing direction about
the beam axis, where one sees (B)
that track 3 indeed comes from

the primary vertex.

The clearest visualisation (C) is
to look face-on at the CCDs along
the beam. Virtually all the back-
ground hits disappear and the
went topology becomes obvious.
Note that this reveals two addition-
al tracks (broken lines) from the
primary vertex, which were not
found by the reconstruction pro-
gram as they eluded the rest of
the spectrometer.

The decay tracks 1, 2 and 5 are
identified by Cherenkov hodo-
scopes and the magnetic spec-
trometer to be a 18.80 GeV nega-
tive pion, a 22.35 GeV positive
kaon and a 43.22 GeV negative
pion respectively. This corresponds
to an effective mass of 1869
+6 MeV, a negative D meson,
decaying with a lifetime of 5.48 x
10~ 13,

Note that CCD1 reconstructs
8 hits within 0.04 mm?, a density
of 200 hits/mm?Z2. Such accurate
detectors placed so close to the
interaction point provide a ‘vertex
microscope’ of unprecedented
precision. It is hoped, using data
already on tape, to determine also
the lifetimes of the shorter lived
charm particles.

A much larger CCD vertex micro-
scope, containing 200 rather than
just two detectors is being pre-
pared by RAL and Brunel University
for a study of multi-vertex events
in the SLD spectrometer for the
new Stanford Linear Collider. The
Z° particles produced at this ma-
chine should provide a particularly
rich source of new physics via the
decays of all kinds of short-lived
particles — heavier quark flavours
beyond charm, tau leptons, and
possible new states. The special
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low noise CCDs used are produced
by the GEC Company of England.

COMPUTERS
On the right track

Particle physics experiments rely
heavily on wire chambers to pick
up the tracks of their particles.
Easier said than done. One of the
major tasks in any experiment is
to convert the ‘hits’ from the wire
chambers into the actual tracks of
the particles, however over the
years a variety of computer pro-
grams have been developed to
help in this mammoth task.

Becoming available now are the
new breed of ‘vector’ supercom-
puters which offer dramatic in-
creases in processing power over
traditional sequential machines.

In a conventional computer, in-
structions are executed one by
one, with each single instruction
dealing at most with a single data
operation (e.g. an addition). Multi-
ple data stream machines allow a
number of identical data operations
on different data. Even more power
is obtained by ‘pipelining’ in vector
computers with segmented pro-
cessing units. This gives a produc-
tion line approach: once the vector
pipeline is fully operational, the
time to complete a task is only the
time needed to carry out one
sub-task.

There had been a widespread
conviction that track reconstruction
programs would not convert easily
for vector processing. However a
feasibility study at Florida State
University (one of the new US Su-
percomputer Centres) showed
otherwise, using as guinea-pig the
E711 fixed target experiment re-
cently run at Fermilab.

Two generations of track recon-
struction software were developed.
The first generation consisted of
two separate algorithms, imple-
mented on a VAX-11/780, which
are numerical in nature, that is they
do local point-to-point searches
and require algebraic calculations.
These two algorithms are com-
pletely different and serve to cross-
check the efficiency of the track
finding. Both algorithms give the
same results, at a rate of 1.6 CPU
s per event.

The second generation of soft-
ware was developed for a CYBER
205, is non-numerical in nature,
and uses the vector features of
the CYBER 205 to improve the
processing speed. An algorithm
for global track finding uses bit
patterns rather than local point
searches. All the numerical calcu-
lations are done just once, prior
to the analysis, which later finds
all the possible tracks in one
sweep.

With this algorithm a fully recon-
structed event takes approximately
7.7 msec, 200 times faster than
the code developed for the VAX-
11/780. Since the scalar (conven-
tional processing) mode of the
CYBER 205 is no more than
20 times faster than that of the
VAX-11/780, vectorization speeds
things up tenfold.

This method of non-numerical
calculations has several advan-
tages: :

— the CPU time consumption does
not depend on the number of
particles, while in scalar numer-
ical methods the time consump-
tion increases dramatically when
there are more particles to
handle;

— code development, maintenance
and understanding is simplified,
since vectorized logic is easier
to debug due to the highly
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Produkt-
manager
.|

Das Arbeitsgebiet
In unserem schnell wach-
senden Marktbereich
«DUnnschicht-Metallurgie»
ist ein kleines Spezialisten-
team fir das Produktmana-
gement unserer neuen Ver-
schieissschutz-Schichten
sowie der entsprechenden
Prozessanlagen verant-
wortlich.

Ihre zukinftigen

Aufgaben

e Marktforschung, Konkur-
renzanalysen und Erschlies-
sung neuer Marktsegmente

e Ausarbeiten von Facharti-
keln, Referaten, techni-
schen Verkaufsunteriagen,
Prospekttexten und Pflich-
tenheften fur Anlagen sowie
flr die Schutzschichten

o Kompetente Unterstiitzung
des Aussendienstes

lhre Ausbildung

e Abgeschlossenes Hoch-
schulstudium der Richtung
Maschinenbau, Produk-
tionstechnik oder Physik

® Industrie-Erfahrung von
etwa drei Jahren ist
erwinscht

e Sprachen: deutsch und eng-
lisch (ev. franzdsisch)

Ihre persdnlichen

Starken

e Weitblick in Marketing-
fragen

e Entscheidungsfreude und
Selbstandigkeit

e Dynamischer sowie koope-
rativer Arbeitsstil

unser Angebot
Diese Aufgabe, die auch
gelegentliche Geschaftsrei-
sen in Europa, den USA und
den Fernen Osten bedingt,
bietet einem initiativen
Produktmanager eine viel-
seitige Herausforderung an
sein berufliches Kénnen.
Fur weitere Fragen steht
lhnen unsere Frau Margrit
Ritter, Personalabteilung,
unter der Telefonnummer
(Direktwahl) 075744303
gerne jederzeit zur Verfu-
gung.
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Projekt-
ingenieur
—

Das Arbeitsgebiet
Zu den Hauptaufgaben einer
unserer Sonderabteilungen
gehdren Planung und Reali-
sation von schllsselfertigen
Produktionslinien sowie
weitere damit verbundene
Aktivitaten wie Technolo-
gietransfer und organisato-
rische Betreuung der Pro-
jekte wahrend verschiede-
ner Phasen.

Ihre zukinftigen

Avfgaben

e Vorbereitung von Vertragen
mit internen und externen
Stellen sowie die Mitwir-
kung bei Vertragsab-
schlussen

e Koordination zwischen
internen und externen Lie-
feranten wahrend der Rea-
lisationsphase; Uberwa-
chung an Ort der Installa-
tionsarbeiten, der Inbe-
triebnahme sowie des Tech-
nologietransfers

® Kostenerfassung, Rentabili-
tatsberechnungen und Sta-
tistik

thre Aushildung

e Abgeschlossenes techni-
sches Hochschulstudium

® Sprachen: deutsch und eng-
lisch in Wort und Schrift

e Wenn méglich praktische
Erfahrung im Projektmana-
gement

thre persdnlichen

Stéirken

e Uberdurchschnittlicher Ein-
satzwillen

e Dynamik und sichere Ent-
scheidungsfahigkeit

® Ausgesprochen gutes Orga-
nisationstalent

unser Angehot
Diese Top-Position mit den
adaquaten Kompetenzen
wird Ihnen in beruflicher
und persénlicher Hinsicht
ungewshnliche Perspekti-
ven erdffnen.
Zur.Abkldrung weiterer Fra-
gen wurden wir mit lhnen
gerne einen ersten Ge-
sprachstermin festsetzen.
Daflr stent lhnen unser Herr
Fritz Bossard, Personalab-
teilung, gerne zur Verfi-
gung. Seine Telefonnummer
(Direktwahl): 075/44227.
Wir freuen uns auf Ihren
Anruf.

unser Unternehmen: Konseguentes
Qualitatsdenken, Pioniergeist und eine aufge-
schlossene Fuhrungspolitik pragen das Leit-

bild eines Unternehmens, das sich heute mit
weltweit Uber 3000 Mitarbeitern in den Berei-
chen Vakuumtechnik und Diinne Schichten

auf einem ebenso erfolgreichen wie zielsiche-

ren Kurs in die HIGH-TECH-Zukunft befindet.

Produkt-
ingenieur

Das Arbeitsgebiet
Im Rahmen unseres moder-
nen Marketingkonzeptes
befasst sich ein Stab jinge-
rer Ingenieure mit der
marktgerechten Produkt-
betreuung von Partialdruck-
Messgeraten der neuen Ge-
nerationen.

Ihre zukinftigen

Aufgaben

e Systematisch geplante und
kontrollierte Einfuhrung
neuer Produkte auf dem
Markt

e Preisberechnungen, Erar-
beiten von Preislisten und
Offerten

e Beratung und Ausbildung
von Kunden sowie Aussen-
dienstleuten

o Mitwirkung bei Ausstellun-
gen, Seminarien und Publi-
kationen

Ihre Ausbhildung

e Abgeschlossenes HTL-Stu-
dium der Fachrichtung
Elektronik, Elektro- oder
Verfahrenstechnik

e Kenntnisse der Vakuum-
messtechnik sind von
Vorteil

e Englische Sprachkenntnisse

Ihre persoénlichen

Stéirken

® Ausgesprochenes Interesse
am Produktmanagement

® Initiative und Selbstandig-
keit

e Dynamischer Arbeitsstil

Unser Angebot
Zusammen mit einer echten
Herausforderung an Ihre
beruflichen Ambitionen bie-
ten wir Ihnen zeitgemasse
Anstellungsbedingungen
und ein ausgezeichnetes
Betriebsklima.
Wenn Sie sich fir diese
Position interessieren, wird
unser Herr Fritz Bossard,
Personalabteilung, gerne
ein erstes Gesprach mit
lhnen arrangieren. Seine
Telefonnummer (Direkt-
wahl) 075/ 44227. - Wir
freuen uns auf Ihren Anruf.

verkaufs-
mitarbeiter

Das Arbeitsgebiet
Innerhalb unserer Sparte
Dunne Schichten betreut
eine junge, dynamische
Mannschaft den Verkauf und
das Marketing der entspre-
chenden Produkte fur die
optische Industrie.

Ihre zukiUnftigen

Aufgaben

o Technische Beratung der
Kunden aus aller Welt

® Auftragsabklarungen und
-abwicklung

® Erschliessen neuer Markte

o Mitarbeit bei der Marktfor-
schung, Planung, Budgetie-
rung und Produktgestal-
tung

thre Aushildung

e Abgeschlossene technische
Berufslehre

e Oder eine kaufmannische
Ausbildung mit praktischer
Erfahrung in einem techni-
schen Bereich

e Sprachen: deutsch, englisch
und italienisch

lhre persénlichen

Stérken

e Verkaufs- und Organisa-
tionstalent

e Eigeninitiative, verbunden
mit einem flexiblen Arbeits-
stil

o Sinn flr Teamwork

unser Angebot
Mit dieser anspruchsvollen
Position bieten wir lhnen
nicht nur ein selbstdandiges
Arbeitsgebiet und Verant-
wortung, sondern auch
attraktive Anstellungsbe-
dingungen und ein sehr
gutes Betriebsklima.
Weitere Informationen Uber
Ihre neue Tatigkeit und tber
unsere aufgeschiossene
Personalpolitik gibt Ihnen
gerne unsere Frau Margrit
Ritter, Personalabteilung,
unter der Telefonnummer
(Direktwahl) 075/ 443 03.

Software-
Ingenieur
|

Daus Arheitsgebiet
unsere Abteilung «Soft-
ware-Entwicklung» unter-
sucht die Einsatzmoglich-
keiten der BALZERS-Quadru-
pol-Massenspektrometer in
der analytischen Messtech-
nik, bearbeitet entspre-
chende Kundenauftrage
und verbessert die beste-
henden Standardsysteme.

Ihre zukunftigen

Aufgaben

e Problemanalyse, Erarbei-
tung von Pflichtenheften
sowie Programmentwurfen

e Systemtests, Inbetriebnah-
men (zum Teil auch bei
unseren Kunden) und War-
tung

thre Aushildung

e Abgeschlossenes Studium
der Fachrichtung Elektro-
technik oder Informatik

e Erfahrung in der Pro-
grammagestaltung

e Gute Englischkenntnisse

Ihre persénlichen

Starken

® Interesse fur numerische
Mathematik und Statistik

o Kooperative Arbeitseinstel-
lung

e Einsatzfreude und Verant-
wortungsbewusstsein

Unser Angebot
Wir bieten Ihnen einen
modern eingerichteten Ar-
beitsplatz mit den neuesten
Software-Entwicklungsin-
strumenten. Selbstver-
standlich fuhren wir Sie
systematisch in lhr Arbeits-
gebiet ein und garantieren
Uberdies grossziigige An-
stellungsbedingungen.
Mehr dariber kann Ihnen
unser Herr Fritz Bossard,
Personalabteilung, unter
der Telefonnummer (Direkt-
wahl) 075/ 44227 mitteilen.
Wir freuen uns auf ein erstes
Gesprach mit Ihnen.

BALZERS

Balzers Aktiengesellschaft
FL-9496 Balzers
Flrstentum Liechtenstein

Tel. (075) 44111

CERN Courier, June 1986



The unexplained U* signal at 3.1 GeV seen
by the CERN hyperon beam collaboration.

Il

2700 3105

3600

organized nature of the calcu-

lations;

- unusual patterns of hits and
noise can easily be recognized
and removed.

The technique should be even
more valuable for experiments at
colliding beam machines, which
have to handle very high numbers
of produced particles.

Other candidate programs for
vectorization are under study at
Florida State, including the GEANT
simulation/tracking package from
CERN used by three of the experi-
ments for the LEP electron-positron
Collider.

CERN
-J for unconventional

In these days of quark/gluon phys-
ics and jet spectroscopy, ‘bump
hunting” — the practice of looking
for new particle resonances — is
less fashionable than it used to

be. However from time to time
new bumps are found which have
important implications.

One of the unique features of
the SPS when it came into opera-
tion in 1976 was its beam of high
energy hyperons — heavy particles
related to nucleons but carrying
the strangeness quantum number
— and used by several experi-
ments involving Bristol/Geneva
/Heidelberg/Lausanne/London
/Orsay/Rutherford/Strasbourg
teams.

Over the years, these collabora-
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tions amassed a wealth of infor-
mation which cleaned up our
understanding of hyperon behav-
iour, particularly their weak (beta)
decay (see December 1983 issue,
page 419). Another highlight was
the discovery of the A* baryon
carrying both the strangeness and
charm quantum numbers (see
March 1983 issue, page 54).

This A* signal was seen at
2.46 GeV in interactions producing
a lambda and a negative kaon,
accompanied by two positive
pions. To check that it was not
due to something else, the colla-
boration analysed all events under
different assumptions for the final
state particles.

When the kaon mass was re-
placed by that of the antiproton,
a prominent peak at 3.1 GeV was
seen, and the events making up
this signal had no overlap with
those giving the A* with the nega-
tive kaon assignment. Looking at
production of a lambda and an
antiproton together with up to
three charged pions, the team
found other peaks at 3.1 GeV,
showing that whatever it is exists
in three charge states — positive,
neutral and negative. The widths
of the signals are compatible with
the resolution of the apparatus.

The lifetime of the state, called
U, was found to be less than 2 x
10~'2s. Its mass is compatible
with the famous J/psi ‘charmon-
ium’ state consisting of a bound
charm quark-antiquark pair. How-
ever the quantum numbers of the
U are incompatible with charmon-
ium, or with anything else!

People
and things

On people

On his retirement from the Univer-
sity of Tokyo at the end of March,
Yoshio Yamaguchi also stepped
down as director of Tokyo's Insti-
tute for Nuclear Study and moved
to Tokai University. One of the
first Japanese theoreticians to visit
CERN many years ago, Yamaguchi
is one of the leading figures in Ja-
panese involvement in international
physics. He is a member of the
International Committee for Future
Accelerators (ICFA), and in October
will begin a one-year stint as Pre-
sident of the Physical Society of
Japan. His place as Tokyo’s INS
Director is taken by T. Yamazaki
from Tokyo’s Meson Science Lab-
oratory.

Among the new Fellows recently
elected to the prestigious Royal
Society in the UK are John Dowell
of Birmingham, a member of
CERN's Scientific Policy Committee
and of the UA 1 experiment, and

E. W. (’Bill’) Mitchell, currently
Chairman of the UK Science and
Engineering Research Council.

Bob Watt recently retired from
SLAC at Stanford after a career
spanning some twenty years. On
arrival, he was commissioned with
overseeing the move of the Law-
rence Radiation Lab’s 72 inch bub-
ble chamber, which managed to
grow by 10 inches in the process.
Shortly afterwards he became head
of the Bubble Chamber Operations
Group at Stanford. He was widely
regarded for his ability to nurse
sick machines to full health.
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Twenty years ago

The theory of general relativ-
ity was fifty years old. Sites
for the proposed next gener-
ation of accelerators were
under study. CERN Director
General Bernard Gregory was
visiting a 300 GeV site at El
Escorial in Spain, and Greece
put forward a site near
Athens. On the other side of
the Atlantic, the list of pro-
posals for the US 200 GeV
machine had narrowed to
six, including Weston
(Batavia) near Chicago.
Amongst the rejected sites
was South Barrington, also
near Chicago, where an ob-
jection was that the influx of
scientists would ‘disturb the
moral fibre of the communi-
ty’”.

Electrons were accelerated
to 10 GeV in the two-mile
linac at Stanford. The Swiss
government authorized con-
struction of a 500 MeV cyclo-
tron at Villigen near Zurich,
which became the SIN Labo-
ratory. The CERN PS linac
accelerated a 100 mA current
for the first time following
installation of a duoplasma-
tron source.

30

Moves at Los Alamos

Donald Hagerman becomes new
Medium Energy Physics Division
Leader at Los Alamos (US) National
Laboratory, succeeding Louis
Rosen as manager of the Los Ala-
mos Meson Physics Facility
(LAMPF) organizational unit. Hag-
erman, along with Rosen and Dar-
ragh Nagle, was a member of the
original LAMPF design team. This

< Los Alamos line-up : (left to right) John
Browne, the Laboratory’s Associate Director
for Research, Louis Rosen, who stepped
down as Director of the Meson Physics
Facility (LAMPF) last year (see
January/February issue, page 31); new
LAMPF Director Gerald Garvey,; and Don
Hagerman who takes over from Rosen as
Division Leader for Medium Energy Physics.

(Photo Los Alamos)

move follows Gerald Garvey’s ap-
pointment as LAMPF Director, also
succeeding Rosen, an assignment
which also moves LAMPF scientific
policy development into the Central
Laboratory’s Directorate.

Meanwhile Darragh Nagle leaves
the post of Medium Energy Physics
Research Group Leader to devote
all his efforts to the Cygnus X3
experiment. This incorporates two _
of the LAMPF neutrino detector
cosmic ray shields into a wide area
array to measure extensive air
showers from the X-ray pulsar.
Nagle’s successor is Hywel White
from Brookhaven.

Over the last few winters more and more
geese have been wintering over at Fermilab
to enjoy the relatively mild Chicago
Januaries. This year the population reached
more than ten thousand. The open water
from cooling ponds at Fermilab and other
nearby developments may be a factor in
their choice.

-

T
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SCINTILLATORS

POI_'VAR s A gi@light outp excellent transmission and fast speed are the
" p' . ilfeatures of our plastic scintillators. We manufacture all sizes

to cuSmMers specifications. Rods, sheets, blocks and light guides

Via Trieste 10/12 P.O. Box 111 with p@lished or coated surfaces will be manufactured within close

tolerares.

00040-POMEZIA (Roma) Lithiuni-glass-scintillators are available in special shapes and sizes

Tel. 06/912 1061 Telex 611227 PLVI from Bowders for HPLC and flow cells, discs for neutron measure-
ments etc. Various types from low background to very high effic-
jency are available.

Product line

Cast lic sh b block inti ZINSS

ast acrylic sheets, bars, blocks, scintillators, ANALYTIC wo Lta.

Unit D9, Depot Road, Maidenhead, Berks, SL6 1BG,

light guides
United Kingdom, Telephone 0628 24570

Whio 15 e superconpucTivg

EER?

‘ eginning, wi N an inquisitive company. A company with the
dnve to shape superconducuag technology. Our innovative approach has resulted
in our creating new products such as: Force-flow Niobium Tin, high current,
fine filament Niobium Titanium, and mixed matrix superconductors.

If your application requires a conductor with extraordinary design, dimension
or performance qualities, our engineering staff will design one to your
specifications. And that’s why, we think, the more you know the more hkely

" DOYOUR HOMEWORK
AND YOULLGOTO (XFORD

Oxford Superconducting Technology

600 Milik Street, Carteret, New Jersey 07008,
Telephone (201) 541-1300 Twx (710) 998-0492, Telex 844 142, Fax (201) 541-7769
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FOR SALE

THE UAD
LEAD-IRON
CALORIMETER

Active area 1 m (height). 4 m (width). Sandwich
type with scintillators and BBQ readout. Lead part
approx. 30 radiation lengths (15 cm), iron part
approx. 3 interaction lengths (50 cm). Support
allowing operation at different angles to the verti-

cal. Well calibrated.

EP division, CERN, tel. CERN ext. 2381.

Offers should be addressed to

Dr John Rushbrooke
Cavendish Laboratory
Madingley Road

GB - Cambridge CB3 OHE
Tel. (223) 3372 41

For technical information contact Dr Chris Booth,

CERN ACCELERATOR SCHOOL

The Institute of Physics, University of Aarhus, with the support of

The University of Aarhus
The Danish CERN Committee
The Danish Ministry of Education
will jointly organize a basic course on

General Accelerator Physics

15-26 SEPTEMBER 1986
at the Scanticon Conference Centre, Aarhus, Denmark

Lectures:
Historical Introduction and Present- Introduction to Intra-Beam Scattering
Day Accelerators Cooling Concepts
Emittance and Liouville’s Theorem Review of Advanced Topics for Next Course
Basic Course on Accelerator Optics
Transverse Beam Dynamics Seminars:
Lon; dinal B Dynamics . .
gn.tu inal Beam Dy ! Particle Production
Insertions RF Systems
ics in Linear Structures
Dynamics in Lineal RFQ

Introduction to Coherent Instabilities
Synchrotron Radiation

Injection and Extraction

Radiation Damping

Space-Charge Dominated Beam Transport
Image and Space-Charge Forces

Computer Programs for Accelerators
Modern Trends in Cyclotrons

Future Accelerators

Inertial Fusion with Accelerators

Neutralization Problems Visit:
Diagnostics Institute of Physics
Beam Transfer Lines University of Aarhus

Luminosity Measurement and Calculation

Further details and application forms can be obtained from the CERN Accelerator School,
c/0 Mrs. S. von Wartburg, LEP Division, CERN, 1211 Geneva 23, Tel. (022) 83.26.23.
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De multiples débouchés:
Tourisme, Hotellerie, Salons,
Relations publiques,
Transports, etc.

® Aideau wss\\i\\“‘f\s
placement Cexes 8%
® Initiation & s Ve

' 90 et

I'informatique oot a0 -
o Stages pratiques &
durant la scolarité

o Transfert entre nos
23 écoles et stages
internationaux en cours

ECOLE INTERNATIONALE
TUNON

ADS PUBLICITE

== >

Bon d’information Veuillez me faire parvenir:
[ votre documentation compléte ] me communiguer
par téléphone les dates des conférences d’informations
et des opérations portes ouvertes. 0
Nom: Prénom: ©
Rue, No Age:

NPA, localité: No tél:

23 ECOLES DANS LE MONDE: PARIS - BORDEAUX - CAEN - LILLE - LYON - MARSEILLE
MONTPELLIER - NANCY - NANTES - REIMS - STRASBOURG - TOULOUSE - TOURS - ARNHEM - BARCELONE

BRUXELLES - FRANCFORT - GENEVE - LA HAYE - LONDRES - MADRID - MONACO - ORLANDO

A VENDRE
VAX 780

L'Université de Genéve (Dpt. de physique nuclé-
aire) met en vente un VAX 780

avec:

FPA («floating point accelerator»)
4 Mega-bytes de mémoire

2 MASSBUS «adapters»

2 TU78 bandes magnétiques
1600/6250 bpi (780 Kbytes/sec)

1 RPO7 disque Winchester
(516 Mbytes)

2 RMO3 disques amovibles
(67 Mbytes)

1 UNIBUS «adaptery»
(avec cabinet extension)

2 DZ11 (16 entrées/sorties
asynchrones RS$232)

Priére d’envoyer vos offres a:

Pierre CRISTIN

CERN div. EP

1211 Genéve 23

Tél. (022) 832 334
Télex: 419000 CER CH
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Synchrotron radiation

at Trieste

The fast developing field of syn-
chrotron radiation has its origins
in the mastery of storage rings in
high energy physics and is a prime
example of spinoff from pure
science.

Intense electromagnetic radiation
streams off when beams of high
energy electrons are bent or shak-

1. This synchrotron radiation was
once an annoying waste of energy
in particle storage rings, but now
the wheel has turned full circle,
with dedicated machines supplying
this radiation for a wide range of
science.

The astonishing growth rate in
this field was highlighted at an
" International Conference on Syn-
chrotron Radiation, held at the
International Centre for Theoretical
Physics (ICTP), Trieste, Italy from
7—11 April.

The Conference was appropriate-
ly sited since the construction of
a 1.5 to 2 GeV ‘third generation’
synchrotron radiation source has
been approved for Trieste. In addi-
<on, the precise venue of ICTP
.ustrated the extension of the
interests of the Centre into fields
considered to be of more imme-
diate practical use (see panel).

The emphasis was on the lower
energy storage rings, up to 2 GeV,
for research using radiation in the
vacuum ultraviolet (VUV) rather
than the higher energy rings, up
to 6 GeV, for research using hard
X-rays like the European Synchro-
tron Radiation Facility, ESRF, to
be built at Grenoble and its pro-
posed American equivalent which
would probably be built at Ar-
gonne. Thus the stars of the Con-
ference were the Trieste machine
presented by Sergio Tazzari and
the Lawrence Berkeley Laboratory
equivalent presented by Max Cor-
nacchia. The Berkeley proposal is
in the US President’s budget from
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Fiscal Year 1987 but has yet to
pass through Congress. There are
similar machines in gestation else-
where, such as BESSY |l for the
Laboratory in Berlin.

It is clear that the maximum
amount of flexibility must be built

into the designs of the new gener-

ation of machines because there
is no single figure of merit for ma-
chine operation — the definition
of ideal conditions varies through-
out the user community and the
users have to be involved in the
machine design decisions. Also
there is not enough experience
with the operation of undulators
(around which the third generation
machines are constructed) to fix
parameters too rigidly. A lot of
work is going into developing ma-
chine magnet lattices with abilities
beyond the best presently available
(the lattice of the late Rena Chas-
man and Ken Green which made
the VUV ring at the Brookhaven
National Synchrotron Light Source
the brightest in the world).

Good beam monitoring and con-
trol become more important be-
cause the low emittance machines

The ‘multi-undulator’ being installed on the
SPEAR ring at Stanford. Undulators crowd
the emerging flux of radiation into particular
spectral lines providing the highest possible
radiation intensities.

(Photo Brad Youngman, SSRL)

will be sensitive to operate. This
means also that, though injection
of the beam at the storage ring
operating energy is still probably
preferable, the control systems
could handle injection at lower
energies and acceleration to oper-
ating energies. It is clear, however,
that the injection of positrons
rather than electrons will give long-
er lifetimes and more stable beams
by avoiding the problems due to
ion trapping. When positive ions,
liberated by any mechanism, are
pulled into the negative region of
an orbiting electron beam they can
cause havoc with beam stability.
This phenomenon, which is still
not well understood or predictable,
has caused trouble at many ma-
chines and positron injection would
circumvent it.

One of the machines which suf-
fered from the disruptive effects
of ion-trapping during its commis-
sioning phase was the Aladdin ring
at Wisconsin which has been under
sentence of death for the past
year. The latest news is that beam
currents as high as 200 mA have
been stored and, now that this
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GSI Darmstadt

is a national accelerator center for nuclear
research. The existing heavy ion linac will be
complemented by a synchrotron and a storage
ring in the coming years. GSI seeks an

ELECTRICAL
ENGINEER
OR PHYSICIST

(Kz. 60400-16)

for the development of beam probes, pre- and
poweramplifiers with GHz bandwidth (stochastic
cooling system).

The applicant should have excellent study results
in theoretical fields and should consent to
become familiar with particle dynamics in storage
rings.

Informal contacts to Dr.-Ing. D. Bdhne,
06151-359411 or written application to

tel.

Gesellschaft

fir Schwerionenforschung MIBH
Personalabteilung

Planckstr. 1

D - 6100 Darmstadt, BR Deutschland

RESEARCH SCIENTISTS
EXPERIMENTAL HIGH
ENERGY PHYSICS

Supercomputer Computations
Research Institute
Florida State University

The Supercomputer Computations Research Insti-
tute of the Florida State University is seeking qua-
lified candidates for 2 full time permanent research
positions in experimental high energy physics. Pre-
ference will be given to scientists with strong soft-
ware orientation willing to investigate the use of
vector computers in the analysis of high energy
physics data. Hardware experience is desired. Suc-
cessful candidates will be involved in the ALEPH
(LEP) or DO (Fermilab) collider experiments. Appli-
cants should submit a curriculum vitae, list of publi-
cations and arrange for three letters of recommen-
dation to be sent to

Dr. Joseph Lannutti

Director

Supercomputer Computations
Research Institute

Florida State University
Tallahassee, Florida 32306-4052
U.S.A.

The Florida State University is an Equal Opportuni-
ty, Affirmative Action Employer.

RESEARCH ENGINEER/
SENIOR RESEARCH ENGINEER
POSITIONS AVAILABLE

There is an immediate opening for two Research Engineers in a
Nuclear Physics Laboratory. The primary responsibility of these
positions will be the design, construction, testing, and installa-
tion of radiofrequency power and control systems to be used
with the laboratory’s racetrack microtron electron accelerator.
These are University positions.

Responsibilities will include: the development of 50 kW, 2.45
GHz, cw, RF sources; the development of drive systems for the
precise control (from computers) of the strength and phase of
the RF fields in linac structures; the testing and installation of
high power linac structures; and the development of RF instru-
ments for characterizing the intensity, phase, and position of a
cw electron beam.

Minimum qualifications include master’'s degree in Electrical
Engineering; at least five years experience as a radio frequency
engineer. This experience should be in RF measurements and
the instrumentation of accelerator, computer control systems
and the design and testing of high voltage, high current power
supplies.

Salary will be between $37,000 and $42,000 depending upon
experience and qualifications.

For technical information contact: Professor L. S. Cardman,
Nuclear Physics Laboratory, University of lllinois at Urbana-
Champaign, 23 Stadium Drive, Champaign, IL 61820 USA.
(217)-333-4541.

Send resume, including names of at least three individuals who
can be asked for reference to

Mr. Raymond F. Borelli,

Department of Physics,

University of lllinois at Urbana-Champaign,
1110 West Green Street, Urbana,

lllinois 61801 USA. (217)-333-0570.

The University of lllinois is an Affirmative Action/Equal Oppor-
tunity Employer.

e
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SALES ENGINEER
FOR GERMANY

Are you looking to make a change in your career?

As our ideal man, you are an electronic or soft-
ware engineer, or a physicist whose mother
tongue is German. You may be a German national
also, or a Swiss.

You have an outgoing personality and you like to
share your work time between being outdoors
(travel) and seeing people, talk, discuss, suggest,
find solutions and... sell...

You will be called to set yourself up independent-
ly in Germany to serve our existing clientele and
develop new markets in Science and Industry.

After an initial period of training in Geneva, you
will spend another four weeks of training at our
Home Office in the USA.

Salary in Swiss Francs, attractive Company bene-
fits, five weeks vacations annually.

If the above is of interest to you, kindly send us
your C.V. and a brief handwritten letter indicating
your present earnings and your salary preten-
tions. Your application will be treated with the
strictest confidence. Apply to

KINETIC SYSTEMS INTERNATIONAL SA,
3, chemin Taverney,
1218 GENEVA, Switzerland.

_/
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level of performance has been
reached, it is likely that the US
National Science Foundation will
resume funding.

Neither the Trieste nor the Ber-
keley teams have frozen their de-
signs though Trieste intends to
have ideas fixed firmly enough by
the end of the summer to produce
“detailed cost estimate.

These new machines are ‘third
generation’: the light intensities
they aim to achieve will reach
beyond the first generation ma-
chines (drawing radiation parasiti-
cally from the bending magnets of
high energy physics storage rings)
and beyond the second generation
machines designed as ‘dedicated’
synchrotron radiation sources.
They advance in the light fluxes
they can deliver to experiments
by using ‘wigglers’ and ‘undula-
tors’ — new dense periodic mag-
net structures to extend or amplify
the spectrum of radiation which
can be delivered to experiments.

Herman Winick covered experi-
-nce with these devices at the

anford Synchrotron Radiation
Laboratory, which has pioneered
their use, and even managed the
extraordinary feat of explaining the
difference between wigglers and
undulators in less than one hour.
There are two 8-pole wigglers to
serve three experimental stations
each (which is possible because
of the wide emerging beam), a 64-
pole wiggler and a ‘multi-undulator’
on the SPEAR ring and an undula-
tor on the PEP ring. SSRL has been
helped in forefront work on wig-
glers and undulators by the com-
paratively relaxed operating condi-
tions on the SPEAR and PEP rings
— high energies and high emit-
tances. Life will not be easy with
these devices on the newly pro-
posed rings.

Much of the Conference was
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Food for a lifetime

The International Centre for
Theoretical Physics, ICTP, in
Trieste was founded in 1964
under the inspiration of Abdus
Salam who combines a deep
social commitment with his
outstanding ability as a theo-
retical physicist. If CERN can
be described as a centre of
excellence in particle physics,
ICTP can be described as a
centre for the spread of excel-
lence. By now well over 2000
visiting scientists attend the
extended courses and work-
shops at the Centre every year,
coming from some 130 na-
tions, more than 80 per cent
of them being developing
countries.

In the early years the empha-
sis at ICTP was on particle,
nuclear and plasma physics.
Some ten years ago it swung
towards ‘applicable’ physics
to help the transfer of the
science behind many of the
important modern technolog-
ies. Thus topics such as con-

densed matter, energy
sources, laser physics etc.
have since figured prominently
in the programme. Since 1981
CERN has helped in preparing
very popular courses on micro-
processor applications.

The synchrotron radiation
conference was well in line
with this policy since it in-
volves physics close to appli-
cations. During the conference
a ‘North-South Roundtable on
Synchrotron Radiation’, chaired
by J. Danon from Brazil, was
held under the auspices of the
Third World Academy of
Sciences. During a debate on
the extent of ‘self-help’ with
such facilities, Xian Ding-
Chang, Director of the Beijing
Synchrotron Radiation Centre
quoted the proverb ‘Give a
man a fish, feed him for a day.
Teach a man to fish, feed him
for a lifetime’... a proverb
which could be the motto of
ICTP.

devoted to the research at VUV
rings in solid state physics. The
intensity and quality of the syn-
chrotron radiation makes it pos-
sible to extract astonishing detail
about bulk structures and the intri-
cacies of surfaces and interfaces.
(A revealing remark is that ‘God
prepared the solids and the Devil
prepared the surfaces’.) The Con-
ference closed with the latest news
on angiography — diagnostic heart
scans with synchrotron radiation
promoted particularly by E. Ruben-
stein (see July 1985 issue, page
228). Human heart scans are immi-

nent at the Stanford Synchrotron
Radiation Laboratory.

These abilities have come with
the increase in light flux from
synchrotron radiation sources,
compared to the X-ray tubes of
twenty years ago. When the new
facilities discussed at the Confer-
ence come into action, this in-
crease in flux will be of fifteen ord-
ers of magnitude and there is furth-
er increase on the horizon with the
proposal of Claudio Pellegrini to
add a free electron laser by-pass
to synchrotron rings.
by Brian Southworth
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CES presents:

The fastest CAMAC ADC high—speed read—out system

HSM 2170 ALE 2180 HM 2161 SKALL 2158
{ and the one your programmer will enjoy ! ) i Mt b /s ALK CRATE CONTROLLER
Featuring: ' -
—100ns read—out on the ECL bus s
~list, sparse data—scan and histogramming modes K“?‘ M
—data manipulation software in DEC* Fortran-77 sy i
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HSM 2170 16K 16—bit 10Mhgz triple—port memory;
ECL 100ns input port, HM2161 500ns
output port, port mapped directly
onto the ACC?2180 100ns memory.

HM 2161 64K 24-bit 2Mhz dual-port memory,
with list and histogramming modes.

ACC 2180 DEC Ji1 15Mhz CPU, up to 512Kbyte
100ns cache memory, with a direct
window for the HSM2170.

CBA 2136 ETHERNET port for the ACC2180 (1U)
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The MC68000-based CAMAC Auxiliary Crate Controller

SMACC 2150 [ CERN 80363CO )
Featuring:
-MC 68000 12Mhz CPU
—up to 768Kbyte RAM
—up to 896Kbyte EPROM
—dual—-port memory structure
—two RS 232-C I/O ports
—connection to a MACINTOSH* for display
and file—handling. ‘
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At CES, tomorrow’s systems are available NOW

For more information contact us, or your local CES representative:

Creative Blectronic Systems SA
70,route du Pont—Butin Case Postale 107 1213 Petit—-Lancy |  Switzerla

nd
Tel:{022) 92 57 45 Fax(022) 95 57 48 Telex: 421320 CES—CH " GREATIVE ELEGTRONIG SYSTEMS

Germany: CESD Tel:(060)554021 USA/Canada: Bytech/CES Tel: (604) 9804131
Japan: Toyo Corp. Tel:(03)2790771 France: INEL Tel: (13) 9563190
Italy: Silena Tel:(02)7490565

*MACINTOSH is a registered trademark of Apple Computer Co f*DEC is a registered trademark of Digital Equipment Corp.
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intérieur, 39 000 litres de capacité.

Au CERN, 2 Geneve, on accelere des parti-

cules 2 charge électrique jusqua la vitesse

de la lumiere. On ne peut le faire que dans
a des conditions de vide poussé. Les joints

Joints d’étanchéité nor-
malisés ou sur mesure,
en caoutchouc, en ma-
tiere plastique, textiles
ou métalliques, a 'amiante
ou sans amiante, etc. Joints
toriques. Garnitures méca-
niques FLEXIBOX. Bagues
; > d’étanchéité. Joints hydrauli-
- ’ liques et pneumatiques. Garni-
o

tures de presse-étoupe.
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CERN Genéve: BEBC. Grande chambre a bulles européenne. Dimensions du corps de la chambre: 3 m de hauteur, 3,7 m de diamétre

Le plus petit de nos joints
tient au moins 50 ans...
et le plus grand résiste a un
dosage d'irradiation 166666
fois superieur a ce qu'un
étre humain peut supporter.

d'¢étancheite de 7 m de circonférence dont
sont dotées les chambres doivent donc
présenter une précision et une qualité de
surface €leveées. Afin qu'ils puissent résister
2 un dosage d'irradiation 2 haute charge
énergétique représentant 166 666 fois

ce quun étre humain peut supporter,
nous avons congu, chez Maag Technic,

un mélange de caoutchouc tout 2 fait parti-

culier.

Bicen sar nous n"avons pas a résou-
dre des problemes aussi ardus tous les
jours. Parfois, il s'agit «simplement- de
minuscules joints d’étanchéite destinés a
des arroseurs anti-incendie. Quoi quil en
soit, chaque joint doit répondre a des
impératifs plus ou moins grands. Vous en

trouverez chez nous un vaste assortiment.
En plus, vous pouvez compter, sans
aucune contrainte matérielle, sur nos con-
seils fondés sur des années d’expérience
portant sur tout le spectre de la technique.

Maag Technic se fait fort de résoudre
vos problémes de joints d’étanchéiteé.

maagtechnic

CaoutchoucMaag

Caoutchouc et matiéres plastiques
Eléements d’étanchéité Technique de
transmission Oléohydraulique
Pneumatique Graissage central
Protection de travail

Maag Technic SA, CH-1024 Ecublens. (021) 35 74 64 — Dubendorf — Berne-Wabern — Béle — St-Gall-Neudorf
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1821 1821
SM/1 SM/I

> I
E-M 1885NY 4 ¢ o (885N MUON DRIFT
CALORIMETER ADC ADC /.. CHAMBER
1821
SM/1
- MUON DRIFT
- CHAMBER

ER DRIFT |

CHAMBER

LeCROY SYSTEM 1800 COMPONENTS

MODEL FUNCTION

1821 SM/I (Segment Manager/Interface) for programmable Seg-
ment control and interfacing to other Segments and/or host
computers.

1892 Event Buffer Memory with automatic event “accounting”
and management.

1810 CAT (Calibration and Trigger) Utility module for control
distribution, synchronization, calibration and testing of data
acquisition modules.

1882N, | 96-Input ADC Data Acquisition Module with up to 15-bit ef-
1885N }fective dynamic range and down to 50 fClcount sensitivity.

1878, | 96-Input TDC Multi-Hit Time Digitizer with down to

1879 }600 psec (2 nsec/count) resolution.
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