VOLUME 28 SEPTEMBER 1988



The World's

Biggest Calorimeters...

ALEPH LEP/CERN,
Europe

AMY KEK, Japan

CLEO CESR/Cornell, USA

E665 FNAL, USA

Use

The World's

£ ELTROMAGNE T
TIME EXPANSION CHAMBER
HAMBER!

New FASTBUS Instruments including the 1885F ADC,
2724 24-input preamp and LIFT™ Software Tools

L3 LEP/CERN, Europe

Large calorimeters need economic,
high performance ADC's.

LeCroy has been supplying our Series
1880 FASTBUS ADC's to fixed target
and colliding beam experiments for
over three years.Many particle physics
experiments in Japan, Europe and the
United States have instrumented or are
installing our cost effective systems.
These ADC's are part of LeCroy's
evolving family of FASTBUS data
acquisition electronics for research.

Call or write today for a complete
FASTBUS Product Summary.

700 Chestnut Ridge Road, Chestnut Ridge, NY, 10977-6499 USA Tel: (914) 578-6013
Route du Nant-d'Avril 101, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 82 33 55

The Series 1880F ADC's feature:

e High Density: 96 chan/#1FASTBUS
¢ Wide Dynamic Range: to 15 bits
 High Sensitivity: 50 fC/count

e Short Conversion Time: 265 psec
e Model 2724 pre-amp compatible

e Fast Readout: 40 megabytes/sec

e Multiple Event Buffer: 8 events

e On-board Calibration: to + 1.5%

e Fast Clear: < 600 nsec

e Trigger Outputs: 24 current sums
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New and Authoritative Titles!

Collider Physics

Vernon D. Barger, University of Wisconsin-Madison and Roger J.N. Phillips, Rutherford Appelton Laboratory,
England

N Frontiers In Physics Serics (Volume No. 71)

Geared to the physics of colliders, surveys major developments in theoretical and experimental
particle physics, showing how to make practical calculations and gain insight into frontier areas.
(05876/Hardbound/1988)

Models of the Nucleon: From Quarks to Soliton
Rajat K. Bhaduri, McMaster University, Canada

Lecture Notes and Supplements in Physics Series (Volume No. 22)

Presents structure of the nucleon, with models developed in the context of the baryon structure, and
explains connections between models (their link to basic theory is traced when possible).
(15673/Hardbound/1988)

Modern Elementary Particle Physics

Gordon L. Kane, University of Michigan

Describes forces governing interactions of elementary particles. The Standard Model described in a
modern form as a gauge theory of interactions of quarks and leptons. (11749/Hardbound/1988)

The Early Universe

Edward W. Kolb and Michael S. Turner, The University of Chicago

Frontiers In Physics Series (Volume No. 69)

Presents modern ideas in particle physics as they relate to cosmology, and includes forefront topics
like primordial nucleosynthesis, baryogenesis, phase transitions and inflation, dark matter and galaxy

formation, and relics such as axions, neutrinos, and monopoles. (11603/Hardbound/1989)

The Early Universe: Reprints

Edward W. Kolb and Michael S. Turner, The University of Chicago

Frontiers In Physics Series (Volume No. 70)

Gives detailed treatment to subjects not covered in The Early Universe, such as observational
cosmology. Provides a bridge between the basic knowledge of particle physics and the uses and
applications of particle physics for the study of the early universe. (11604/Hardbound/1988)

Statistical Field Theory

Giorgio Paristi, /! Universita di Roma "Tor Vergata”

Frontiers In Physics Series (Volume No. 66)

A research level book on the subjects of statistical mechanics, field theory, and critical
phenomena. Written by one of the decpest thinkers in the area, the leit-motiv of the book is
functional integration and its application to different areas of physics. (15985/Hardbound/1988)

Field Theory: A Modern Primer, 2nd Edition

Pierre Ramond, University of Florida

Frontiers In Physics Series (Volume No. 74)

Methods of quantum field theory, includes finite temperature field theory using path integral
techniques, and discusses anomalies using both perturbative and integral techniques.
(15772/Hardbound/1989)

Introduction to Ultrahigh Energy Cosmic Ray Physics

Pierre V. Sokolsky, University of Utah

Frontiers In Physics Series (Volume No. 76)

Introduces techniques in ultrahigh energy cosmic rays, and provides recent results

including data from new detectors operating within the last five years. (17634/Hardbound/1 989)

Computational Plasma Physics:
With Applications to Fusion and Astrophysics

Toshiki Tajima, University of Texas-Austin

Frontiers In Physics Series (Volume No. 72)

Uses latest computational techniques to solve complex problems in modern nonlinear

physics, particularly for plasma physics, including Finite Differencing, Spectral Techniques,
Fast Fourier Transform, Implicit Differencing, and Particle Simulation. (16411/Hardbound/1989)
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Energy not the only frontier

Erich Vogt: $ 11 million for the KAON
project

In the major world areas active in
high energy physics, proposals
have been prepared for new ma-
chines to manufacture intense

beams of strongly interacting parti-
cles (hadrons) to complement the
physics coming in from the high
energy frontier. An information
session (chaired by George lgo of
UCLA) on these plans for intense
hadron facilities was included in the
Third International Conference on
the Intersections between Particle
and Nuclear Physics, held in Rock-
port, Maine, in May.

Erich Vogt, director of the Cana-
dian TRIUMF Laboratory in Van-
couver, explained the main features
of the 100 microamp 30 GeV
KAON Factory (April 1986 issue,
page 20) and summarized its cur-
rent status. Recent developments
suggest that the project may be
approved soon. As well as a $90
million commitment from the pro-
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vincial government of British Co-
lumbia, the federal government has
joined in exploring foreign participa-
tion, and there appears to be sub-
stantial potential for such support.

According to Vogt, the next
step is for the government of Ca-
nada to give approval in principle,
possibly contingent on sub-
sequently negotiating a portion of
the construction funds from
abroad. With $11 million for proto-
typing studies approved, coupled
with authority to formally negotiate
foreign contributions, the KAON
project looks in good shape.

Gerry Garvey, the director of
LAMPF, focused on Los Alamos
plans for a 25 microamp 60 GeV
Advanced Hadron Facility (AHF},
pointing out the advantages of the
higher 60 GeV energy. With no
slack in the present level of US nu-
clear physics funding, this project
has to wait in the queue, with de-
sign efforts being vigorously
pushed. Garvey stressed the coo-
perative nature of this work, with
many areas being jointly re-
searched and prototyped by a
LAMPF/TRIUMF collaboration. He
also said that the technical prob-
lems of constructing an intense ha-
dron facility are sufficiently chal-
lenging that design studies and
prototyping could take up much of
the time before funding could be
considered. He looked forward to
the benefits of increased research
and development funding for both
the AHF and the KAON projects.

Bob Adair covered Brookhaven’s
impressive physics achievements
with a 30 GeV proton beam. The
1.5 GeV booster ring now under
construction and scheduled for
completion by mid-1991 would in-
crease beam intensity to 4 mi-
croamps (8 microamps pulsed). An
additional stretcher ring could furth-
er increase both intensity and duty

factor. Operationally, kaon physics
at Brookhaven still feasible if the
proposed RHIC heavy ion collider
goes ahead, since RHIC filling
would only take a few hours per
day, leaving lots of time for kaon
physics with the existing facility. A
more ambitious proposal foresees’
additional rings to push beam in-
tensities still higher.

Ewart Blackmore from TRIUMF
described the proposed exper-
imental facilities for the different
projects, and emphasized the po-
tential impact of a users’ group on
the final outcome. He also summar-
ized many of the problems to be
solved, such as handling the beam
power in the production target re-
gion. {To join the Intense Hadron
Facility Users’ Group, write to Mi-
chael LaBrooy at TRIUMF, 4004
Wesbrook Mall, Vancouver, B.C.,
VB6T2A3 Canada).

A number of groups outside
North America have also developed
proposals for intense hadron facili-
ties, all aiming to provide 100 mi-
croamp proton beams at 30 GeV.
It is hoped their supporters will
also join the IHF Users’ Group. A
European Hadron Facility proposal
has been under development for
the past few years by a large inter-
national group with major support
from ltaly and West Germany
(July/August 1986 issue, page
13}).

In the USSR the Institute of Nu-
clear Research team just complet-
ing the Moscow Meson Factory (a
600 MeV proton linac) propose to
use it as the injector for a kaon fac-
tory. This project is approved and
construction should begin around
1993.

In Japan the Institute for Nuclear
Study of the University of Tokyo
and the KEK Laboratory are design-
ing a multi-stage Japanese Hadron
Facility, to be located at KEK



At the Rockport (Maine) particle-nuclear phy-
sics ‘Intersections’ meetings, Hans Bethe
spoke on stellar collapse at a special even-
ing session.

{July/August 1987 issue, page 5).

Another recent initiative has
been the formation by the Inter-
national Union of Pure and Applied
Physics (IUPAP) of an International
Committee on High Intensity Accel-
erators, under the chairmanship of
Herman Feshbach (MIT). This com-
mittee, which had its first meeting
at MIT this spring, will attempt to
coordinate national efforts in this
field, a major topic at the moment
of course being the considerable
worldwide interest in intense ha-
dron facilities.

Intersecting particles and nuclei

Given the job of summarizing
the recent Conference on the
Intersections between Particle
and Nuclear Physics, held in
mid-May at Rockport, Maine,
Robert Jaffe of MIT likened
the meeting to a Maine shore
dinner — ‘a vast quantity of
food, mostly crustacean,
which is guaranteed to be
more than you could possibly
digest’. After an array of phy-
sics hors d’oceuvres and appe-
tizers, Jaffe’s main course
selection was a discussion of
the quark model in the light of
known data such as magnetic
moments, and the new data
on the spin structure of the
proton {June issue, page 9).
Dessert was astrophysics.
These ‘Intersection’ confer-
ences have been held every
two years, first at Steamboat
Springs, Colorado (1984),
then at Lake Louise in the Ca-
nadian Rockies (1986). Their
purpose has been to provide

a new forum for interactions
between particle physicists
and nuclear physicists and to
focus on new physics in the 1
GeV to 100 GeV regime. Ini-
tially aimed at a North Ameri-
can audience, the meetings
have also become more inter-
national, reflecting the world-
wide research effort.

The astrophysics ‘dessert’
included a good slice of su-
pernova, with Hans Bethe ad-
ding a special contribution on
stellar collapse« One long-
standing astrophysics enigma
has been the 'solar neutrino
puzzle® — the measured level
of neutrinos from the sun is
only a fraction of the ex-
pected signal. However Wil-
liam Marciano hinted that the
abundance of neutrinos in
Davis’ Brookhaven experi-
ments had leaped up, during
the latest run, to roughly the
predicted value (see below).

Munich

An apparently increased solar neu-
trino level was one of the highlights
of the 24th International Confer-
ence on High Energy Physics, held
in Munich from 4-10 August.
Other Munich talking points con-
centrated on new negative results.
After a relatively high decay rate
for ‘charmless’ decays of beauty
mesons from the ARGUS team at
the DORIS electron-positron collid-
er at the German DESY Laboratory
in Hamburg (September 1987 is-
sue, page 4), the CLEO team at
Cornell’s CESR collider cannot cor-

roborate. However some charmless
B decay is needed to support con-
ventional physics ideas ('the Stan-
dard Model’).

A dearth of muon-like atmos-
pheric neutrinos reported from the
Japanese Kamioka underground ex-
periment (May issue, page 25) is
now not confirmed by the Frejus
detector in France, while all experi-
ments looking for "oscillations’ of
synthetic neutrinos from accelera-
tors or nuclear reactors now draw
a blank. At Munich, neutrino phy-
sics was suddenly well behaved.

A full report on the Munich
meeting will feature in the October
issue.

CERN Courier, September 1988
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Collision physics going west

“The centroid of proton-antiproton
physics is moving west across the
Atlantic,” concluded Luigi Di Leila of
CERN in his summary talk at the
Topical Workshop on Proton-Anti-
proton Collider Physics, held at Fer-
milab in June.

Previous meetings in this series
had been dominated by results
from CERN's big proton-antiproton
collider, dating back to 1981. How-
ever last year saw the first physics
run at Fermilab’s collider, and al-
though the number of collisions in
the big CDF detector was only
about one thirtieth of the score so
far at CERN, the increased collision
energy at Fermilab of 1.8 TeV
{1800 GeV, compared to the rou-
tine 630 GeV at CERN}) is already
paying dividends.

With its revamped Antiproton
Accumulator Complex poised to
boost the antiproton supply for the
forthcoming and subsequent collid-
er runs, and with major upgrade
programmes for the big detectors
{largely complete for UA2 and still
in the pipeline for UA 1}, CERN still
has major contributions to add to
its 'spectacular pioneer achieve-
ments in this field, but Fermilab
and the CDF team now hold the
higher energy trump card.

At the Fermilab workshop, Kiyo-
shi Yasuoka (Tsukuba) and James
Proudfoot (Argonne) described CDF
results on the W and Z particles,
the weak nuclear force’s charged
and neutral carriers respectively, di-
scovered at CERN in 1983. The
mass of the W is measured at
around 80 GeV, in line with the va-
lues measured by UA1 and UA2 at
CERN, and the W production rate
increases at the higher Fermilab en-
ergy, again broadly in line with ex-
pectations. However refined
measurements of the increased
production rate could be used to
help probe the detailed quark/gluon

4

structure of the proton (and anti-
proton).

While the CDF fix on the W
mass will be improved and a simi-
lar measurement made for the Z,
the figures from UA1 and UAZ2,

when compared to results from ex-

periments using neutrino beams,
have now reached a level where
they can probe the detailed (radia-
tive) corrections to the underlying
‘electroweak’ model. Anthony
Weidberg of CERN showed how
the results gave an upper limit for
the mass of the unseen but ex-
pected sixth ('top’) quark at about
250 GeV, or even down to 180
GeV with some "optimistic’ as-
sumptions.

For the future, increased sensi-
tivity will come from precision Z
mass measurements from the big
new electron-positron colliders
now gearing up — SLC at Stanford
and LEP at CERN.

Other important indicators of fu-
ture physics power came from Ar-
thur Garfinkel (Purdue) and James
Patrick (Fermilab), who showed ini-
tial CDF results on the production
of tight clusters of particles (‘jets’),
probing the interactions of
quark/gluon constituents deep in-
side the colliding protons and anti-
protons. The Fermilab jets are pro-
duced more readily than at CERN,
as expected, and transverse mom-
enta extend out to about 250 GeV,
reflecting the increased violence of
the collisions. The angular distribu-
tions of the jets are also in accord-
ance with theory.

Bradley Hubbard of Berkeley
sketched the potential usefulness
of the CDF jet data in measuring
“fragmentation’ - the physics term
for the way released quarks and
gluons materialize as hadrons.

At CERN, the refigured UA2 de-
tector took its first data sample
last year. Luciano Mandelli (Milan)

Luigi Di Lella — proton-antiproton physics
moving west.

covered the results and although
the statistics are yet meagre {only
five percent of the total collisions
collected since 1981), good elec-
tron and missing energy signatures
are promised for subsequent runs.
Another useful UA2 result was
presented by Vanina Ruhlmann of
Saclay, who showed how the cou-
pling strength of quark-gluon
forces can be extracted from pro-
ton-antiproton collisions producing
a W particle and a jet of hadrons.
This is a cleaner method, sidestep-
ping many of the problems inherent

.in the previous technique of com-

paring the production of two and
three hadron jets.

John Dowell outlined the now
comprehensive information com-
pited by UA1 over the years on the
global features of proton-antiproton
collisions at these high energies,
with a high production rate of ha-
dron jets, lots of secondary parti-
cles, and increasing transverse
momentum. The behaviour seen at
higher collision energies by CDF
{reported by Adam Para of Fermi-
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The Fermilab CDF detector, now beginning
to make its mark on proton-antiproton phy-
Sics.

lab) appears to follow the same
trends, although results are still
very preliminary.

The E735 experiment was set
up at the Fermilab collider to look
for signs of the long-awaited
quark-gluon plasma at these higher
collision energies. Frank Turkot of
Fermilab could not report any plas-
ma news, but the measurements of
hadron production complement
nicely those of UA1 and of CDF.

Jean-Pierre Mendiburu (Collége
de France) compared the produc-
tion rates measured at UA1 of the
carriers of all inter-particle forces —
photons (electromagnetism),
gluons (inter-quark force}, and W
and Z particles (weak nuclear force)
— an impressive picture of physics.
More photon production informa-
tion came from UAZ2 (Flavio Cos-
tantini, Pisa), while Robert Blair (Ar-
gonne) showed the first CDF sig-
nals of photon production.

Peter Schlein from the UAS8 ex-
periment at CERN showed how
high transverse energy hadron jets
can accompany forward protons.
This "diffractive’ scattering gives an
insight into the mechanism of elas-
tic scattering, where particles
‘bounce’ off each other, showing
that 'soft” {low energy) gluons ap-
pear to play a role.

The combined information ga-
thered by the UAT and UA2 exper-
iments at CERN can probe the
possible number of different types
of neutrinos. Thomas Muiller of
CERN showed how there is not
much room for more than the three
types now known, although pre-
cise results await a mass fix on the
sixth ("top’) quark.

Keith Ellis (Fermilab) reported on
new calculations for the production
of heavy quarks. Because of gluon
uncertainties, the input for the fifth
(‘beauty’ or 'bottom’ 'b’) quark is
less certain than that for the top
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quark. ‘In physics, as in life, things
are better at the top than at the
bottom,” he remarked. Using these
calculations, Nick Ellis (Birmingham)
reported that the UA1 b signal is in
accord with expectations.

One surprise result to come out
of the CERN collider has been the
unusual behaviour of proton-anti-
proton elastic scattering measured
by the UA4 experiment {Janua-
ry/February issue, page 32). This
has serious implications for the
way protons and antiprotons
bounce off each other at the higher
Fermilab energies. Robert Cahn of
Berkeley suspected that there
might be more surprises here than
in the production levels of Z parti-
cles.

For the moment, the Fermilab
experiments are only just beginning
to get to grips with elastic scatter-
ing. Jay Orear (Cornell) presented
results from the special E7 10
study, showing that the exponen-
tial falloff in transverse momentum
is sharper — "the proton is still get-
ting bigger with energy.’ Initial elas-
tic results from the CDF detector
(Guido Tonelli, Pisa) gave a similar
behaviour.

In a summary talk 'Prospects for_.

Future Discoveries at Hadron-CGl-
liders’, Haim Harari (Weizmann In-
stitute) drew heavily from an autho-
ritative article in the Chicago Tri-
bune. In addition to Di Lella’s sum-
mary of the Workshop, Carlo Rub-
bia painted an impressive picture of
CERN's plans for the future, making
maximum use of the tunnel built for
the LEP electron-positron collider.

by Gordon Fraser

Protons for
antiprotons?

For the forthcoming collider
runs at CERN and at Fermilab,
the push is for more proton-
antiproton collisions to boost
their accumulated stocks of
data by several factors of ten.
(So far the big CERN experi-
ments have about 900 'in-
verse nanobarns’ under their
belts while the initial Fermilab
run netted about 30. How-
ever the higher Fermilab colli-
sion energy provides in-
creased production rates.)

The big hope is the ex-
pected but so-far unseen
sixth (‘top’) quark, whose
mass is now ruled out below
about 41 GeV, but which
should be lighter than about
180 GeV. Wagers and count-
er-wagers have been made
about CDF’s chances of
reaching the top soon.

To further push the colli-
sion rate, Fermilab has
launched an upgrade boat

_(MarctTiSsUe, page 4), and ini-

tial work will soon get under-
way (see page 16). Still high-
er proton-antiproton collision
rates become increasingly dif-
ficult, and long term plans
now include provision for
more powerful magnets to
contain a still higher energy
beam in the existing tunnel,
and a proton-proton collider
option.
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First beams in LEP

On 12 July, an 18 GeV beam
of positrons was injected into
and successfully steered
round 2.5 kilometres of the
first complete octant of
CERN'’s new LEP electron-po-
sitron collider. The beam
glided through with the main
LEP bending and focusing
magnets at their nominal set-
tings, without the help of the
available orbit correctors. In
addition, the positrons, sup-
plied by the LPI LEP Pre-Injec-
tor at 500 MeV, were sub-
sequently boosted in energy
by the PS and SPS synchro-
trons, interleaved with their
normal supply of protons,
with no interruption to SPS
fixed target running. Mean-
while the remainder of the
26.7 kilometre ring is being
fitted out and the four big ex-
periments installed in line with
the schedule for first colliding
beams next summer.

The extraction line for LEP positrons running
above the ring of CERN’s SPS synchrotron.

%

Modern accelerators in ancient Rome

For the first time, the achievements
and hopes of the broad European
accelerator community were
brought together in a European Par-
ticle Accelerator Conference, held
in Rome in June. Ranging from the
vast machines at CERN to the small
medical accelerators operating in
thousands of hospitals, the pro-
gramme underlined how modern
civilization has benefited from the
ability to handle charged particle
beams.

Although accelerators used in
practical applications must outnum-
ber those used in particle physics
by a hundred to one, the particle
physics machines remain the front
line. Another striking feature
emerging from the Conference was
the impact of recent accelerator
technologies, developed for high
energy physics, on machines used
in other fields.

It is only a few years since tech-
niques such as beam cooling
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The scene in the Aula Magna of the Univer-
sita la Sapienza where the opening and clos-
ing sessions of the Rome Accelerator Con-
ference were held.
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(based on ideas from CERN and
Novosibirsk), radiofrequency qua-
drupoles (a Soviet idea but where
most of the practical work was
done at Los Alamos), pulsed super-
conducting magnets (Fermilab pion-
eering with the Tevatron), and su-
perconducting radiofrequency cavi-
ties (developed at CERN, DESY
{Germany), KEK (Japan)} and Cor-
nell) were regarded as exotica.
With amazing rapidity, these tech-
niques have been absorbed in pro-
jects of all sizes as if they were
standard, well-established tools for
handling beams.

Rome underlined the present
strength of the European accelera-
tor community, with its reputation
for thoroughness in the analysis of
the accelerator physics and in the
subsequent accelerator engineer-
ing. This meticulousness has
sometimes met criticism as being
initially costly. However experience
over the years has shown how this
careful approach pays off, making
for easier operation and facilitating
subsequent upgrades.

to follow. K. Myznikov conveyed
the new impetus at UNK in the So-
viet Union; industry is now produc-
ing good superconducting cable
and a hundred superconducting
magnets should be constructed by
the end of next year.

The front line

Regular readers of the CERN Cou-
rier have been able to follow the
detailed progress of the LEP elec-
tron-positron collider at CERN and
the HERA electron-proton collider
at DESY in Hamburg. At Rome,
Emilio Picasso (LEP) and Gus Voss
(HERA) gave status reports. Burt
Richter described the arduous com-
missioning of the SL.C Stanford Li-
near Collider.

Developments at Tristan at KEK
in Japan were covered by Y. Kimu-
ra; the machine is currently operat-
ing at 28 GeV per beam and 16 su-
perconducting cavities (prototypes
have given 10 MV/m) are being ad-
ded, with a further batch of sixteen
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Factories — kaon, hadron and
beauty

The proposed ‘kaon factories’ of
yesteryear — proton machines of
over 30 GeV and very high intensi-
ty to vield healthy fluxes of sec-
ondary particles — are now general-
ly called hadron factories to em-
phasize their broad physics base
with a range of particle beams.
There are projects under dis-
cussion in North America, Japan,
the USSR and Europe. Front-runner
at the moment seems to be the
TRIUMF Laboratory in Canada (see
page 1).

The Paul Scherrer Laboratory
(SIN) in Switzerland had been in-
volved in the hadron factory work
in Europe but attention has turned
to an electron-positron collider as a

Carlo Rubbia (left) and Giorgio Brianti —
pushing for construction of the Large Hadron
Collider in the LEP tunnel at CERN. Rubbia
chaired the Committee which recommended
this project to the CERN Council. Brianti
leads the technical work on the project at
CERN and gave the LHC talk at the Rome
Conference.

prolific source of beauty particles.
A double ring scheme is envisaged
(July/August 1987 issue, page
21), and there are also ideas at
Cornell (adding a ring to CESR).
DESY, SLAC and KEK have also
looked at what they could do with
additions to their existing ma-
chines.

An approach with a vision of the
longer term future has come from
Italy with the ARES proposal. Z
mass energies would be reached
by electron and positron supercon-
ducting recirculating linacs (the CE-
BAF concept but with higher ener-
gy). In preparing for the project, a
number of the issues confronting
an electron-positron collider of en-
ergies beyond LEP would be stu-
died. Eventually the ARES ma-
chines could serve as injectors for
such a collider. R and D money is
expected in the next five-year plan
in Italy.

lons and neutrons

A plethora of ion accelerators of
low, medium and high energy is in



A talian Minister. for the Coordination of
Scientific and Technological Research
Antonio Ruberti — proud of CERN.

or coming into action. The low en-
ergy machines’ scale and complexi-
ty can be tackled in individual uni-
versities; the newcomers are stor-
age rings (like ASTRID at Aarhus or
TSR in Heidelberg, see page 17)
and all have electron cooling to im-
prove beam quality. The smooth
operation of electron cooling in
CERN’s LEAR Low Energy Antipro-
ton Ring last year was a great sti-
mulus to these projects.

In the medium energy range, we
reported on the Indiana machine
(July issue, page 13) and the next
year should see other machines
coming on-line in Uppsala and To-
kyo. Major upgrades are underway
or contemplated at GSI Darmstadt
with the addition of a synchrotron
and storage ring to the linac, at Sa-
turne where the MIMAS accumula-
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Italian Minister for the Coordi-
nation of Scientific and Tech-
nological Research Antonio
Ruberti opened the Rome Ac-
celerator Conference with
some stirring words for the
scientific and political future
of Europe:

‘We have witnessed an ex-
traordinary time of scientific
unification of Europe. The role
of CERN in this process, im-
portant not only scientifically
but also politically, has been
decisive, placing it amongst
the most significant initiatives
in European cooperation...
The record of CERN provides
an appropriate response to
those (fortunately not very
many) who indulge in criti-
cism of the Organization. It is
suprising that they do not
take account of the very high
quality of CERN's perfor-
mance, the great scientific va-

lue of its work, and its im-
portant political significance
for Europe... Italy is proud of
these achievements and of
Italy’s cooperation.

The spirit of Geneva has
been an example for the
whole of Europe. New initia-
tives have developed in
DESY, Grenoble, Rutherford,
Trieste, and Gran Sasso... In
the field of physics, coopera-
tion between scientists from
different European nations
has become the norm and an
essential condition for suc-
cess... Europe’s vitality in this
sector is driving physics to-
wards horizons that go
beyond Europe...The Italian
government will steer political
initiatives which favour
science and the growth of the
European scientific and social
community.’

tor ring is in action, and at Berkeley
where the replacement of the Be-
vatron as part of the Bevalac pro-
ject is proposed.

At high energy, while awaiting
the advent of RHIC at Brookhaven,
CERN has unique ion beam abilities.
Following the oxygen and sulphur
runs of the past two years, there is
a proposal to accelerate lead ions.
This would be a three year project
requiring replacement of a linac and
improvements to the Booster vacu-
um. For the long-term future, the
possibility of ion acceleration in a
Large Hadron Coliider in the LEP
tunnel is really moving to Big Bang
energies.

Accelerators have taken over
from reactors as the most intense
sources of neutrons. Argonne did
much of the pioneering work in this

area, followed particularly by Los
‘Alamos, KEK and the Rutherford
Appleton Laboratory in the UK
which presently has the ISIS ad-
vanced neutron facility. Designed
to accelerate proton beams to 800
MeV at 50 Hz with a beam intensi-
ty of 2.6 103, ISIS already pro-
vides 100 times the neutron fluxes
of reactors at the high energy end
of the spectrum. Future possible
developments include an 800 MeV
linac to push for higher intensities,
conversion of the synchrotron to a
storage ring, and the addition of
another target zone for neutron
production.

The electron and positron stor-
age rings used as the world’s most
powerful sources of electromagnet-
ic radiation were not as heavily re-
presented at the Conference as one
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Wolfgang Schnell speaking about linear col-
lider studies in Europe at the closing session
of the Conference. He has proposed one of
the most promising schemes for achieving
electron-positron collisions beyond LEP en-
ergies.

might have anticipated. This may
be because the community is de-
veloping its own independent chan-
nels of communication. J.L. La-
clare’'s review emphasized the Eu-
ropean Synchrotron Radiation Facil-
ity to come into operation in Gre-
noble in 1993.

The newest machines are built
around insertion devices (undula-
tors and wigglers) of which there
are some 35 now working in the
world and another 11 under con-
struction. For example, the ESRF
will have 32 straight sections, 29
of them destined for insertion de-
vices.

There is great interest in Europe,
the US and Japan in commercial
synchrotrons, or compact synchro-
trons (codename COSY) for mass
production of circuits with line di-
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mensions of less than 0.4 microns
using X-ray lithography. In ten
years this market could require
over 150 such machines each with
an annual revenue of over $500
million. A COSY is scheduled to be
in operation in Japan within the
next six months.

Industrial and medical applications

K. Bethge listed some of the other
industrial applications of accelera-
tors, where the optical, chemical
and semiconductor industries pre-
dominate. Machines with energies
up to 400 keV for ion implantation
are now available commercially and
higher energy machines are under
development. As with all accelera-
tors destined for an industrial or
medical environment, they have to
be simple to operate, reliable and
cheap.

There is great demand from in-
dustry for backscattering analysis
(for example, using 2 MeV alpha
particles from a Van de Graaff) to
determine element distribution. Re-
lated work is nuclear reaction ana-
lysis and charged particle activation
analysis to look for carbon content
and location in semiconductors.

The chemical, petrochemical,
coatings and adhesives, plastics
and rubber industries are using el-
ectron beam irradiation in food pre-
servation, strengthening of rubbers
and plastics, water disinfection,
etc.

(Mirroring these applications, a
first European Conference on Ac-
celerators in Applied Research and
Technology is to be held in Frank-
furt in September of next year.)

The interest in using accelerators
for therapy dates back to the
1930s and present developments
were reviewed by Y. Jongen.
There are now thousands of radio-

frequency linacs in hospitals for
cancer radiotherapy and several
centres have been exploiting the
particular advantages of neutrons,
pions, ions and protons. lons and
protons hold the most promise as
their energy deposition can destroy
a tumour with minimum damage to
surrounding healthy tissue.

Their application has been
boosted by recent advances in pre-
cision tumour location (for example
by nuclear magnetic resonance).
The machines for ions and protons
are, however, comparatively ex-
pensive and R and D is needed to
bring costs down before the ma-
chines become widespread.

One important project is the cy-
clotron EULIMA (EUropean Light
lon Medical Accelerator), where the
European Communities have just
made funds available for a detailed
two-year study. Twelve European
countries are involved and a Work-
shop will be held in Nice in No-
vember. Another important project
is the small proton synchrotron be-
ing built at Loma Linda University
Medical Center in the USA with
help from Fermilab.

Preparing for the future

For the front line of particle physics
at the start of the next century,
Giorgio Brianti described the Large
Hadron Collider project for CERN, a
proton-proton collider of 8 TeV per
beam using 10 T two-in-one mag-
nets in the tunnel built for the LEP
electron-positron collider. As well
as using much existing infra-
structure, it would allow a variety
of particte collision possibilities,
and shoots for very high luminosity
(1033 and above). The machine de-
sign is being well honed and the re-
cent success of an industrially-pro-
duced superconducting magnet
{above 9 T, June issue page 13)
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has been encouraging. The impact
on LEP operation of building LHC in
“the same tunnel has been studied,
showing that LHC could be in-
stalled in lengthy shutdowns during
two years while still allowing phy-
sics at LEP.

For a subsequent generation,
Antonino Zichichi spoke on a 2 x
100 TeV collider, Eloisatron. This
enabled John Peoples to introduce
the US Superconducting Super Col-
lider project (SSC) as ‘a modest
proposal’. This two-ring 20 TeV
per beam scheme is awaiting final
site selection early next year and
the authorization of construction
funds. $100 million is currently
available and will be used particu-
larly to solve the problems of con-
structing good quality long super-
conducting magnets.

~For electron linear colliders to
take energies beyond LEP, Wolf-
gang Schnell was also able to re-
port ‘progress towards reality’,
though the challenges of input
beam quality, power sources and
final focus still need work ; Burt
Richter pitched it as at least four
years before a design could be put
on the table. The problems are be-
ing attacked at Stanford and CERN
as well as in Japan and the Soviet
Union.

Since about half the cost of such
machines is likely to be absorbed
by the power sources there was
special interest in the talk of Matt
Allen on radiofrequency power
sources, based on the pioneering
development of klystrons at Stan-
ford. In a collaboration with Liver-
more and Berkeley, 80 MW of
peak power has been obtained
from an X-band cavity in 30 ns
pulses. Peak power is related to
pulse length and hundreds of MW
could be available from a single
klystron at the frequencies required

- for linear colliders.
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There were various reports on
superconducting r.f. cavities, also
an important part of some of the
collider schemes like CLIC at CERN.
The technology of solid niobium
cavities seems thoroughly mas-
tered. D. Proch maintained that 7
MV per m could now be guaran-
teed from such cavities (5 MV is
required for LEP). Niobium coated
copper cavities could do the trick
less expensively, and during the
Conference C. Benvenuti an-
nounced that at CERN a coated
cavity had reached LEP parameters.
However the reliability of such cavi-
ties remains to be proven.

A shining hope is that the newly
discovered high temperature super-
conductors could be used to coat
copper cavities. O. Fischer warned
that it is very early for such specu-
lations since the basic parameters
of the materials are still being
sorted out, but recognized the very
great potential.

Carlo Rubbia ('Future physics at
accelerators’) underlined why these
big machines are being put forward
and what they could go on to dis- |
cover.

Nice to be in Nice

The European series of accelerator
conferences was launched to pro-
vide a forum for the large and pow-
erful community of accelerator phy-
sicists and engineers in the "old
continent’. A similar meeting has
been held in North America for
many years where understandably
the emphasis is on progress in the
US. The International series moves
between continents and includes
Europe only once a decade; this
series attracts high-level participa-
tion and does not provide a plat-
form for the hundreds of younger
European specialists.

This was rectified in Rome.

There were about 700 participants,
predominantly from Europe but
with stimulating contingents from
the US and USSR, presenting some
850 papers. The second European
Accelerator Conference will be held
in Nice in 1990.

by Brian Sduthworth

Antonino Zichichi has done wonders for the
cause of particle physics in Italy and heads
the LAA project at CERN to develop detec-
tors for the next generation of accelerators.
He spoke at the Conference about the Elois-
atron project for physics even beyond LHC
energies.
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"ICFA at Rome

The International Committee for Fu-
ture Accelerators (ICFA) held its
17th meeting in Rome in June in
conjunction with the European Par-
ticle Accelerator Conference, and
heard reports from the Chairmen of
its four specialist panels. Following
the success of earlier workshops
and of the 1987 Instrumentation
School (proceedings now published
by World Scientific, Singapore, see
page 39), ICFA approved plans for
future workshops and schools.
Further information from the appro-
priate Panel Chairmen (see box).
Both the Instrumentation Bulletin
and the Beam Dynamics Newsletter
are now firmly established, thanks
to support from DESY and the Uni-
versity of Siegen, and Instrumenta-
tion Bulletin advertising income
now covers its printing costs. Pre-

parations are well advanced for a
Review of Detector Properties {ana-
logous to the Review of Particle
Properties), edited by H. Leutz
(CERN) and R. Kenney (Berkeley). It
will be published in Nuclear Instru-
ments and Methods with financial
support from CERN and Berkeley,
and also as a small booklet.

The Committee agreed that the
name of the Panel on Supercon-
ducting Magnets and Cryogenics
could be changed to Superconduc-
tivity and Cryogenics so that it
could also cover work on super-
conducting r.f. cavities. This panel
is also working on an 'ICFA Stan-
dard for Superconducting Wire and
Cable for Accelerator Magnets’
with the aim of reaching agreement
by the time of the International
High Energy Accelerator Confer-
ence to be held in Japan in August
1989. A draft version of the stan-

dard is available from the Panel
Chairman, H. Hirabayashi, KEK, Ja-
pan, tel. 298-64.11.71, telex 365
2534 KEK HO J, telefax 0081-298-
64.40.51.

Following the earlier seminars
held at KEK in 1984 and Brookhav-
en in 1987, ICFA unanimously de-
cided to accept an invitation from
the USSR State Committee for
Atomic Energy to hold the next
‘Seminar on Future Perspectives in
High Energy Physics’ at Serpukhov
in Spring or Autumn 1990. The
next ICFA meeting will be held in
Beijing in August 1989 at the invi-
tation of the Institute of High Ener-
gy Physics and of the Academia
Sinica.

ICFA — International Committee for Future
Accelerators at its previous meeting in
Brookhaven in October 1987.

{Photo Brookhaven)

Forthcoming ICFA
Schools and
Workshops

Instrumentation Panel (Chairman
T. Ekelof, EP Division CERN
Telex 419000 CER CH, tel.
(022) 83 59 46 or (022) 83 59
22 Fax 022 83 37 68 bitnet
EKE.VT at GEN})

SECOND ICFA SCHOOL ON IN-
STRUMENTATION, 12 — 23
June 1989, ICTP Trieste.

Beam Dynamics Panel (Chairman
E. Keil, LEP Division CERN Telex
419000 CER CH, Tel. (022) 83
34 26 Fax 022 83 02 21, Bitnet
Keil at CERNVM )

FIRST ICFA SCHOOL ON BEAM
DYNAMICS, Beam Dynamics
and Engineering of Synchrotron,
Radiation Sources, 1990 ICTP
Trieste.

THIRD BEAM DYNAMICS
WORKSHOP, Beam-Beam Ef-
fects in Circular Colliders, 29

May — 3 June 1989, Institute of
Nuclear Physics, Novosibirsk.
FOURTH BEAM DYNAMICS

WORKSHOP, Short Bunch Col-
lective Effects (topic to be con-
firmed), 1990 KEK Japan.

New Accelerator Schemes Panel
(Chairman R. Palmer, Brookhav-
en and SLAC. At BNL: Tel. 516-
282-2842, Telex 6852516, Fax
516-282-3000, At SLAC Tel.
415-926-2190, Telex 910 373
1162 Bitnet Palmer at SLACVNM)
ICFA WORKSHOP, 10 TeV e*e™
Collider Design, May 1990
(place to be decided).
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Around the Laboratories

Experiment 710 at the Fermilab Tevatron
proton-antiproton collider finds that the pro-
ton is still getting bigger at these higher col-
lision energies (1800 GeV, see page 4).
E710’s ‘Roman pots’ (below) are embedded
in the Tevatron ring, and the Fermilab Main
Ring (conventional magnets) passes above,

FERMILAB
Linac Upgrade

The Fermilab linear accelerator (Li-
nac) was conceived 20 years ago,
produced its first 200 MeV beam
of protons on November 30, 1970,
and has run without major interrup-
tion since.

However its responsibilities have
steadily increased as greater de-
mands have been placed on it by
the added complexity of the down-
stream chain of accelerators and by
the increased load of the Neutron
Therapy Facility.

The major improvements during
the last 17 years have been the
conversion from proton to negative
hydrogen ion acceleration, a new
control system, and replacement of
the radiofrequency control and
monitoring system. Despite its
achieving 98.7 % reliability in 1987,
the technological advances of the
last 17 years could improve the Ii-
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nac’s performance to the benefit of
all downstream systems.

It is now planned to replace the
last four Linac tanks’ with seven
new accelerating modules operat-
ing at a higher frequency and high-
er accelerating fields so as to
boost output from 200 to 400
MeV. The r.f. power to drive the
new modules will be supplied by
high power 805 MHz klystrons.

The higher energy will reduce
the tune spread due to beam
space-charge forces at injection in
the downstream Booster accelera-
tor thereby improving the ratio of
the total number of particles in the
accelerator to the normalized trans-
verse emittance. At 400 MeV this
ratio should be increased by 75%
compared to the ratio at 200 MeV.

Today's linacs use radiofrequen-
cy quadrupoles (RFQs) to capture,
bunch, focus, and accelerate the
beam from the ion source. This is
the region where beam space-
charge forces are most severe, es-
pecially for negative hydrogen ions.
Substituting a 2 MeV RFQ for Fer-
milab’s 750 keV traditional Cock-
croft-Walton preaccelerator will re-
duce emittance growth, while re-
placing the present first tank with a
new structure to go from 2 to 10
MeV would have further benefits.
This improved low energy behav-
iour would be transmitted through
the Linac to 400 MeV and benefit
the Booster.

R&D work for both the low-ener-
gy and the high-energy Linac im-
provements were started in 1987.
The full programme aims to bring a
brighter Linac beam at twice the
energy, promising another 20 years
of exceptional operation. This is
the first step in the Fermilab Accel-
erator Upgrade (March issue, page
4) to provide more proton-antipro-
ton collisions and more intense
beams for fixed-target operations.

Quarks
and astrophysics

The two frontiers of physics — the
very big and the very small — are
increasingly working in harmony.
The increased understanding of the
behaviour of the quark constituents
of protons and neutrons has led to
new insights into stellar evolution
and behaviour, while astronomy
provides quark physicists with va-
luable new scenarios to test their
ideas. Mirroring this trend, the Fer-
milab .Astrophysics Group spon-
sored a workshop on the role of
quark field theory {quantum chro-
modynamics — QCD) in astrophy-
sics from 29 April to 1 May.

The small, informal meeting
brought together particle physi-
cists, astronomers, experimental-
ists, and astrophysicists interested
in sharing recent theoretical ad-
vances in QCD itself, in the lattice
gauge technique for making quark
calculations, in models of transi-
tions between quarks and particles,
and in the manufacture of light
nuclei in the aftermath of the Big
Bang (primordial nucleosynthesis).

The transition between quarks
and particles {hadrons) can be stu-
died in dense matter (neutron stars
and supernovae) and at high tem-
peratures. From a lattice gauge the-
ory perspective, there are many
things that can be calculated and
astrophysicists can help the parti-
cle physicists understand what
types of calculations are needed to
gain insights into these transitions.

A lot of attention was given to
primordial nucleosynthesis, a valua-
ble window into the early Universe.
Several groups have been trying to
calculate how composite particles
(hadrons) crystallized out as the ini-
tial smooth quark/gluon soup
cooled. Other sessions focussed
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* On 20 August, a bunch of 3 x 10°

7 GeV electrons was stored in the elec-
tron ring of DESY’'s HERA electron-proton
collider in Hamburg.

on neutron stars and conjectured
on the observational signatures of
quark stars, the equations needed
to make calculations, the expected
masses, etc.

There was also discussion on
more exotic phenomena from cos-
mic rays, such as the signals from
Cygnus X-3 and Hercules X-1.
Ultra high energy cosmic rays could
provide hints on quark-hadron
transitions.

HEIDELBERG
Cooler storage ring in
operation

The first of the heavy ion cooler
storage rings, the Heidelberg TSR
(Test Storage Ring) entered its
commissioning phase after con-
struction lasting only just over two
and a half years. Built in coopera-
tion with GSI Darmstadt and
groups from Heidelberg, Giessen
and Marburg, the low energy 55 m
TSR ring at the MP-Tandem Post-
accelerator combination of Heidel-
berg’'s Max Pianck Institute is able
to store ions up to about 30
MeV/nucleon for a charge to mass
ratio of 0.5, and is specially de-
signed to investigate many still
open questions of electron cooling
for ions as heavy as iodine.

The simultaneous availability of
fully or partially stripped heavy ions
together with a cold intense elec-
tron bath (1 A typically) of adjusta-
ble relative energy will provide
unique possibilities for atomic and
plasma physics as well as for high
resolution experiments in nuclear
physics. In addition TSR allows a
completely new class of studies of
the interaction of electrons and las-
er photons with heavy ions in all
possible charge states.
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Laser and electron cooling are
expected to compress beam be-
haviour to such an extent that new
collective phenomena could be
seen, possibly even leading to the
crystallization of ion beams.

One of the first internal target
experiments will be the "proof of
principle’ test of the polarization of
a stored proton beam by spin
dependent interaction with a polar-
ized hydrogen target, crucial for
plans to polarize antiprotons at
CERN’s LEAR low energy antipro-
ton ring.

TSR’'s twenty quadrupole lenses
in five families give a very flexible
selection of tunes and dispersion
settings. Small dispersion and large
apertures permit ‘'multi-chargestate
operation’, changing the charge-
state of accumulated ions in either
the electron bath or internal tar-
gets.

The ring was completely assem-
bled by mid-May, and the first test
run stored a beam of 73 MeV car-
bon 12 (6+) ions with a lifetime of
4.5 s. Subsequent finetuning and

TSR, the new 55m Test Storage Ring for
Heavy lons at Heidelberg’'s Tandem-
Postaccelerator Combination.

improvements in the (as yet un-
baked) vacuum chamber to reach
10" mbar improved the lifetime to
1 minute, promising beam lifetimes
of some thousand seconds when
the chamber is baked and pres-
sures below 10°1" mbar are
reached as planned. The TSR will
be available for experiments late
this year after installation of the el-
ectron cooler.

DESY
HERA progress*

Work is well underway for the two
big experiments, ZEUS and H1, for
the HERA electron-proton collider
being constructed at the German
DESY Laboratory in Hamburg. With
first data-taking scheduled for mid-
1990, construction of the huge de-
tectors began in 1986.

At the beginning of July, installa-
tion of the 2200 ton external iron
structure for ZEUS, from the Brem-
er Vulkan shipyard, was completed
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The 2200 ton external iron structure of the
ZEUS experiment takes shape at the HERA
electron-proton collider being built at the
German DESY Laboratory in Hamburg.

in HERA’s South Hall. This iron will
serve as a muon filter as well as a
“tail catcher’ for jets intercepted in
the main ZEUS calorimeter. Instru-
mented with aluminium streamer
tubes, the iron will shield the 1.7
tesla field of the inner supercon-
ducting solenoid, but is fitted with
additional coils to bend muon
tracks and supply valuable addi-
tional information.

For the HERA machine itself, ser-
ies production of the 246 super-
conducting quadrupoles for the
proton ring has begun, supplied by
Alsthom (France) and Noell (West
Germany). In the meantime fin-
ishing touches are being put to the
electron ring.

In the drive to develop supercon-
ducting radiofrequency cavities for
the electron ring, explosion-bonded
2.5 mm plates of copper and nio-
bium were used for a new design,
easier to handle and safer to run.
The prototype unit reached an ac-
celerating gradient of 7 MV/m in
its first cooldown after helium pro-
cessing to 9 MV/m. Cooling is
through a few helium pipes elec-
tron-beam welded around the cavi-
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ty body, rather than through a Ii-
quid helium bath. One advantage is
that helium pressure changes do
not affect the resonator. The devel-
opment work is in collaboration
with Interatom.

Final assembly at Saclay of the Transition
Radiation Detector built for the DO experi-
ment at Fermilab’s Tevatron proton-antipro-
ton collider.

SACLAY
Transition radiation
detector for Fermilab

A Transition Radiation Detector
{TRD) has been built by the High
Energy Physics Department of the
French Saclay Laboratory for the
DO experiment being put together
at Fermilab for the Tevatron pro-
ton-antiproton collider

Transition radiation, in the form
of X-rays, is produced when a par-
ticle travelling close to the speed of
light passes through two materials
with different electrical characteris-
tics (dielectric constants). To ob-
tain enough X-rays, several
hundred foils are needed, each sep-
arated by a light gas, and the pro-
duced X-ray photons are picked up
in proportional counters filled with
a heavy gas (usually xenon).

Such detectors can distinguish
electrons from pions below 150
GeV and in a restricted volume,
and are well suited to electron
identification at colliding beam ex-
periments.
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Prototype construction at Saclay
and tests in a b GeV beam at the
CERN PS proton synchrotron al-
lowed both an optimal choice of
parameters for the final version,
and the refinement of the elec-
tron/pion discrimination.

The DO TRD consists of con-
centric cylinders. First is a radiator
of 390 18-micron polypropylene
sheets with 150 micron separation
in nitrogen. Then comes a two-
stage xenon/methane (9:1) filled
drift chamber detector — in the first
stage electrons drift 1.5 cm radial-
ly, while the second, separated by
a 2 mm grid of 70-micron wires,
acts as amplifier, using 256 drift
cells each 8 mm square and 185
cm long. A 20 micron aluminized
mylar double window separates
the radiator from the chamber and
acts as cathode.

Using measurements of the total
energy deposited by a particle in
the xenon chambers together with
the energy spread along the parti-
cle trajectory, the prototype tests
achieved a rejection factor of 70
for b GeV pions with 90 per cent
efficient electron detection.

In June, the complete assembly
was set up in the PS test beam and
initial results confirm the behaviour
seen with the prototype. Next year
the TRD unit will be shipped to Fer-
milab for installation in the central
tracker of the DO experiment.

Students and lecturers at the superconduc-
tivity in particle accelerators course in Ham-
burg in June, organized by the CERN Accel-
erator School and the DESY Laboratory.

(Photo S. Turner)
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Physics monitor

Supérconducted tour

Superconductivity —~ the dramatic
drop in electrical resistance in cer-
tain materials at very low tempera-
tures — has grown rapidly in impor-
tance over the past two or three
decades to become a key technol-
ogy for high energy particle accel-
erators.

Physics detectors have long re-
lied on superconductivity and for
many years it has been recognized
that multi-TeV (thousands of GeV)
proton colliders need supercon-
ducting magnets. More recently,
superconductivity has come of age
for the radiofrequency accelerating
cavities for electron machines. In
step with these applications, the
size and sophistication of liquid he-
lium refrigeration plants has also in-
creased, as has the need for
trained personnel.

It was in this setting that a
hundred students and 15 lecturers
met in Hamburg in June for a
week's course on superconductivi-

ty in particle accelerators, organ-
ized by the CERN Accelerator
School and the nearby DESY Labo-
ratory.

‘Conventional’ superconductivity
is now a mature field and Peter
Schmuser (DESY) used the recent
results from CERN'’s prototype di-
pole for the proposed LHC proton
collider in the LEP tunnel (June is-
sue, page 13} to illustrate the state
of the art and how well theory and
numerical calculations can guide
the designer working close to the
performance limits of materials.

The beautiful temperature maps
of the internal surfaces of r.f. cavi-
ties shown by Helmut Piel (Wup-
pertal) demonstrated the level of
refinement being reached for diag-
nostics. Herbert Lengeler of CERN
described the equally sophisticated
design of cavities and couplers.

Mid-way through the course, a
visit to the DESY Laboratory, scene
of construction and installation
work for the HERA electron-proton
collider, provided a chance to view
practical examples and admire large
scale cryogenic engineering.
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The final day of the course was
given over to the ever-warmer new
superconductors. While the steady
rise in the temperatures at which
these materials go superconducting
elicited the remark that soon all he-
lium liquifiers could be discarded in
favour of air-conditioners, summar-
izer Peter Komarek (KfK Karlsruhe)
preferred to be prudent. Even with
optimistic assumptions about the
development of the new materials,
the potential gains for electrical en-
gineering were not large, he
claimed, although the easier availa-
bility of liquid nitrogen compared to
liquid helium would favour applica-
tions in more remote areas.

Low temperatures —
hot topic

Neutrino mass measurements,
next-generation double beta experi-
ments, solar neutrino detection,
searches for magnetic monopoles
and the challenge of discovering
-what most of the Universe is made
of (dark matter), not to mention ax-
ions (cosmic and solar), supersym-
metric neutral particles and cosmic
neutrinos. All this physics could
use cryogenic techniques.

Thus the second European
Workshop on Low Temperature
Devices for the Detection of Low
Energy Neutrinos and Dark Matter,
held at LAPP (Annecy) in May, cov-
ered an active and promising field.

P. de Bernardis, G. Fritz and K.H.
Gundilach, described how astro-
nomers have been using cryogenic
devices for years to detect very
low energy photons, such as the
microwave background radiation.
Small bolometers and supercon-
ducting tunneling junctions (STJ)
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Low temperature detectors at work. Energy
spectra of alpha particles from an implanted
source of radium-228 in radioactive equili-
brium with its daughters, obtained by the
Milan group with a germanium bolometer at
44 millikelvin. The first alpha decay implants
the radium daughter nucleus in the crystal.
Above, the initial satellite peaks are broad-
ened by nuclear recoil energy. Two weeks
later, most of the implanted nuclei have de-
cayed and the 1% energy resolution of the
bolometer is seen.
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have already proved useful, but the
problem for ‘astro-particle’ experi-
ments is to produce larger detec-
tors with similar sensitivity. Other
techniques have been proposed —
superheated superconducting gran-
ules (SSG), superfluid helium, su-
perconducting wires, films, strips,
ceramics, powders,...

Another low temperature ances-
tor is the germanium double beta
detector technique (D.O. Caldwell},
giving high sensitivity and energy
resolution for rare low energy ev-
ents. Such devices have provided
interesting limits on dark matter
candidates (Dirac neutrinos, cos-
mions, solar axions) and may still
probe further, although new detec-
tors are required for a full study of
the dark matter problem.

Two kinds of low temperature
detectors have produced useful re-
sults: induction loops for monopole
detection (discussed by J. Incande-
la) and low temperature electro-
magnetic cavitjes for cosmic axion
searches (presented by P. Sikivie
and S. de Panfilis). Both techniques
can potentially provide larger de-
tectors in the near future and give
results of cosmological relevance,
although background problems
may become rather severe for any
monopole search based on the de-
tection of a few flux quanta. Calori-
metric techniques (bolometers,
STJ, SSG,...) are more diversified
and require further development. In
general, cryogenic particle physics
detectors are still at the level of
feasibility studies, but interesting
results have emerged as the num-
ber of groups involved and the de-
velopment effort increase.

'Bolometers’ are cold crystal ca-
lorimeters with a small resistive
thermometer ('thermistor’) to de-
tect the temperature increase due
to heat released by ionization, pho-
toelectric effect, nuclear recoil, etc.
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Energy spectra from X-rays measured at the
Swiss Paul Scherrer Institute (formerly SIN)
with a Sn/Sn0O/Sn tunneling junction irra-
diated at 400 mK. The dotted line corre-
sponds to the best resolution obtained with
silicon detectors cooled in liquid nitrogen.
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The energy resolution is such that
a large increase in mass can be
compensated by a small decrease
in temperature.

Traditional bolometers used to
be very small (a few 103 mm?).
However at Annecy the Milan
group described how a 0.2 cm3
germanium bolometer operating at
44 millikelvin was irradiated with
alpha particles of a few MeV, giv-
ing energy resolution in the 50 keV
range {about 1%). This may be the
first step towards a new genera-
tion of double beta decay detec-
tors, where background rejection
would be improved through a bet-
ter energy resolution.

Focusing mainly on dark matter
detection (smaller energy de-
position), B. Sadoulet presented re-
cent results from strong effort on
bolometers and ballistic phonon
detectors at Berkeley and Stanford,
while S. Read acted as spokesman

for the UK Dark Matter Collabora-
tion. Ballistic phonon detectors de-
veloped by the Garching group
have given encouraging results us-
ing thin phosphor-doped silicon
wafers using STJ readout. M. Lin-
droos reported new developments
by the Aarhus/CERN/Gote-
borg/New York/Verrieres collabo-
ration on micromechanics for bo-
lometer fabrication, and S. Vitale
and A. Rijllart presented results
from Genova (ruthenium oxide ther-
mistor) and CERN (study of bolo-
metric signals).

STJ depends on quasiparticle (or
hole) tunneling across the potential
barrier of an insulating layer be-
tween two superconductors. As
discussed by D. Twerenbold, for
suitably prepared junctions the res-
ponse does not depend on the site
of the interaction (superconductor
or insulator). The key advantage of
STJ over semiconductor devices is
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the lower excitation energy of
charge carriers. The superconduct-
ing energy gap lies in the range
1023 to 106 eV, and effective ex-
citation energies of a few millielec-
tronvolts have already been
achieved. Thus STJ may be well
suited for electron neutrino mass
measurements, where energy reso-
lution below 1 eV is required (F.
Cardone). STJ have also been sug-
gested for ballistic phonon device
readout. Larger junctions may lead
to unwanted phenomena, but new
solutions are being studied.

S. King summarized work at the
US Naval Research Laboratory
{(Washington DC). Besides the
study of the basic properties of
STJ, granular CERMET films made
of 3 to 12 nm NbN (nitride) parti-
cles in an insulating matrix are be-
ing considered. They are poor bo-
lometers, but may be good vortex
flow detectors. The comparatively
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high operating temperature (6 to
6.5 K for NbN), obviates the need
for sophisticated cryogenics.

SSG are tiny spheres of type |
superconducting material (pure me-
tals) embedded in a dielectric {pa-
raffin, epoxy or varnish). In a mag-
netic field they become super-
heated and can undergo a fast
phase transition under a thermal
deposit of energy. This may be the
best technique for large cryogenic
detectors, but several problems
must be overcome. Recent irradia-
tion tests {Garching/Paris/Mu-
nich/Vancouver/Annecy) have con-
firmed the principle, but the ex-
pected sensitivity and energy reso-
lution is insufficient for full size de-
tectors (except possibly for mono-
pole searches).

A new version of SSG, based
on "amplification by thermal micro-
avalanche’, with latent heat am-
plifying response and improving li-

Irradiation curve at 600 mK obtained at
LAPP (Annecy) for collection of 10 to 25 mi-
cron superconducting granules made with a
tin-antimony alloy . The dashed line shows
the number of granules changing state with
increasing magnetic field in the absence of
irradiation. The full line is obtained when the
applied field is set for 5 minutes to a fixed
value {about 250 Gauss} before being further
increased. In this interval, many granules flip
due to the 6 keV gamma ray source im-
planted in the detector. The 'missing’ gran-
ule transition signals were detected individu-
ally in real time with conventional electronics
during the irradiation period. Smaller gran-
ules are expected to show a much higher
sensitivity.

nearity, is being investigated. Pro-
gress in fast electronics for SSG
readout was reported for both con-
ventional amplifiers (R. Bruere-Daw-
son) and superconducting SQUID
devices (M. Le Gros). Large scale
production of micron granules is vi-
tal and a programme using high fre-
quency ultrasonic devices is under-
way with French manufacturers
(EXTRAMET).

Devices working below 1 mK
were considered for the first time
as particle detectors. T. Niinikoski
presented limits on galactic dark
matter from coherent phonon scat-
tering and proposed new methods
based on unresolved fluctuations in
solids. G.R. Pickett discussed the

. possible use of superfluid helium-3,

where the quasiparticle energy gap
is around 1077 eV. However high
temperature superconductors
{C.Chaillout) already provide operat-
ing devices. D. Robbes presented
the achievements of the Caen
group in the preparation of dc
SQUIDs using YBaCuO ceramics.
More conventional techniques were
also discussed.

In his summary talk, Klaus Pretzl
asked if a kilogram neutrino detec-
tor could be built in the near future.
Although the immediate answer is
no, the field of low temperature de-
tectors is developing so fast that
unexpected breakthroughs shouid
not be discounted.

The next Workshop will be
organized by the Milan group {con-
tact E. Fiorini or D. Camin) in Como
or Gran Sasso, and is scheduled for
June 1989.

From Luis Gonzalez-Mestres and
Denis Perret-Gallix

CERN Courier, September 1988



10.003 e

3 ’ Components with integrated
high voltage divider electrodes made
of copper for

ENDCAPES LEP-OPAL

Experiment delivered to
University of Heidelberg.

Dry design and impregnated with special
epoxy system in vacuum.

Part 1 - without prints foil

Part 2 with prints foll

Part 3 cross-sectional figure

Please request detailed information.
Mr H. Mauch will be glad to advise you
personally.

We offer a range that is based on

30 years’ experience and know how
through successful collaboration with
field specialists.

Stesalit AG
Kunststoffwerk

We provide easily built-in CH — 4234 Zullwill SO Telefax 061/80 06 04
safety in Know-how. Telephone 061/80 06 01 Telex 963 182

Large dirauits for large jobs.

The alternatives are small.

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

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

We work with any available clad materials and produce single-
sided, double-sided and multilayer layer circuits with plated
through holes in boards up to 36" x 48”".

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

- 245 E. 6th St.
BUCkbee Mears St. Paul, MN 55101

St. Paul 612/228-6400 Telex 29-7080
ALUNITOF BMC INDUSTRIES, INC. FAX 612/228-6572

This 4" x 12’ circuit is among the largest in the
world.

CERN Courier, September 1988 27



Modular FASTBUS power supply
approved to CERN F 6852

8 modules 2,8kW 380V

Available modules +5V  100A
-5,2V 100A
-2V 100A
+15V  25A
-15V 25A

other voltages
and currents
on request

Miillershaum 18

Telex 8515523

Fax 02174/6 31 30

— Hans Wiener GmbH + Co

WIENCER B2 i
— Telefon 02174/2034-36

D-5093 Burscheid 2 (Hilgen)

Elcotron SA 1 rue de la Morache
CH-1260 Nyon | Tél.022/615352

We're the Engineered Valve Specialists. Our built-to-
order valves meet even stringent standards.

You develop the technology for your system. We’'ll provide the
valves to meet the demands of your technology.

—— — =
Tmbattig
Alfred Bittig AG

CH-8400 Winterthur/Switzerland

Phone:
052/25 27 69

Telefax:
052/2502 24

Telex:
896 371 valv ch

28

‘VOTRE PARTENAIRE

63, rue Beatimarchais
F-93104 Montreuil.Cedex
Téléphone (1) 4859.11.80...
Télex CICE 232 613.F

GCE
C.IC.E. SA.
Société de la Branche Céramigues Industrielles de Sa

CERN Courier, September 1988



Accelerator technolo-
gy for fusion

After 12 years of research on the
possibilities of heavy ion beams for
thermonuclear fusion, the recent
4th International Symposium on
Heavy lon Fusion held at GSI,
Darmstadt, reflected the undimin-
ished enthusiasm behind the push
to use accelerator techniques in the
search for new energy sources.
After an early phase of mainly
theoretical work, previous meet-
ings had focussed on ideas such as
HIBALL (Heavy lon Beams and Li-
thium Lead). The latest meeting, at-
tended by about 140 participants
from 12 countries, hinted that
proof of the principle, both in the
field of accelerators and in beam-
plasma interaction, is closer.
Highlights in 'conventional’ tech-
niques were the completion of the
first stage of a heavy ion induction
linac at Berkeley, with demonstra-
tion of pulse compression during
acceleration (D. Keefe, T. Fessend-
en), and a progress report on the
new GSI synchrotron/storage ring
complex scheduled to become
operational next year (D. Bohne, I.
Hoffmann). This high current ma-
chine (consisting of the rapid cy-
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cling SIS synchrotron coupled to
the ESR storage ring) will probe the
dynamics of both space-charge
dominated ion beams and of beam-
plasma interaction, providing input
for many key parameters of a
possible fusion driver accelerator.
Good news from S. Kahalas (US
Department of Energy) was a pre-
viously classified result from
studies of thermonuclear fuel pellet
implosions indirectly driven by X-
rays from an underground nuclear
explosion, confirming the idea that
5 megajoule HIBALL-like pulses
should be sufficient for ignition
(there had been worries that much
more energy might be needed).
Another milestone was the report
from a French-German collabora-

tion (D. Hoffmann} that the stop-

ping power of heavy ions in a plas-
ma is about twice as high as in
cold matter, promising increased
concentrations of energy for pellet
heating.

A significant effort is also under-
way at Moscow'’s Institute for The-
oretical and Experimental Physics.

Finally the fertile imagination of
Carlo Rubbia suggested how ad-
vances in accelerator technology
could pay off in this important
sphere. Powerful (non-Liouvillian)
techniques, analogous to the beam
cooling used so successfully for

physics, could follow from strip-
ping charges from ions injected
from a linac into a compact
HIBALL-type accelerator. The re-
quired flux of 16 eV photons could
be supplied by a free electron las-
er, giving a simpler accelerator sys-

" tem with no unwieldy stacking

rings. .

Another Rubbia brainwave fore-
saw direct conversion of a high
power electron beam into soft X-
rays by an undulator, supplying a
photon beam of hundreds of eV for
focusing on a target.

From Rudolf Bock

BROOKHAVEN
Looking towards
heavy ion physics

July 11-22 were busy days at
Brookhaven with a two-week Sum-
mer Institute on Relativistic Heavy
lon Physics. After an intensive first
week designed to introduce young
physicists to high energy heavy ion
research, The second week was a
workshop on detector technology
for Brookhaven’s proposed Relativ-
istic Heavy lon Collider (RHIC), at-
tended by some 150 physicists.
David Hendrie, Director of Nu-
clear Physics for the US Depart-
ment of Energy, was on hand to
announce that R&D funding will be
available during the coming year to
support generic detector develop-
ment work for heavy ion collider
physics. Summer Institute Chair-
man Thomas Ludlam invited partici-
pants to ‘provide an assessment of
RHIC detector development needs

At the recent International Symposium on
Heavy lon Fusion, Carlo Rubbia (left) with G.
Linhart and symposium organizer Rudolf
Bock.
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and priorities which will both moti-
vate and support proposals for
R&D funding from the user commu-
nity.”

During the Workshop, detector
concepts emerging from previous
RHIC studies were matched against
the unique problems of the RHIC
environment. Topics addressed by
specific working groups were —

- tracking and particle identification
of many secondary particles (S. Na-
gamiya, Columbia);

- electronics for fast, high-density
readout (W. Cleland, Pittsburgh);

- calorimeter response in the many-
particle, collider environment (S.
Aronson, Brookhaven);

- simulation of high energy nuclear
interactions and detector response
(B. Shivakumar, Yale);

- data acquisition (M. Levine,
Brookhaven.

Aspiring heavy jon physicists at Brook-
haven.

CERN Courier, September 1988

In addition a group headed by
N. Lockyer (Pennsylvania) studied
the possibility of a B meson experi-
ment with high luminosity proton
beams at RHIC.

Some conceptual designs for ex-
periments at RHIC are described in
the proceedings of last year’s
Workshop on Experiments and De-
tectors for RHIC held at Berkeley
(copies from RHIC Office, Bldg
1005, Brookhaven National Labora-
tory, Upton, NY 11973). Proceed-
ings of this year's workshop will be
available soon. Proposals for de-
tector R&D can be sent to Dr. Dav-
id Hendrie, US Department of Ener-
gy, ER-23 G-309 GTN, Washing-
ton, 20545.

Brookhaven Director Nick Samios — large
scope for heavy ion collisions.
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People and things

Edoardo Amaldi — President of the Accad-
emia dei Lincei.

On people

Edoardo Amaldi, 80, doyen of ital-
ian physics and one of the prime
movers behind the establishment
of CERN as an international Labora-
tory in the early 1950s, has been
elected President of the prestigious
Italian "Accademia dei Lincei’. He
was previously its Vice-President.

The Fujiwara Prize, one of the most
highly regarded national awards for
pure and applied science in Japan,
has been awarded to Tetsuji Nishi-
kawa, Director General of the KEK
Laboratory, for his distinguished
achievements in the development
of high energy particle accelerators.
As well as his researches on high
intensity linear accelerators and his
promotion of accelerator research
in Japan, he has played a major
role in bringing Japan to the fore-
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front of world high energy physics
through the construction of the
KEK 12 GeV proton synchrotron
and the big TRISTAN electron-posi-
tron collider, and has furthered the
use of machines such as the KEK
Booster and Photon Factory in oth-
er fields of science.

The Japanese Government’s Purple
Ribbon Medal for scientific and ar-
tistic achievement has been
awarded to Yoshio Yamaguchi,
Chairman of the International Com-
mittee for Futuire Accelerators
(ICFA) and Vice President of the In-
ternational Union for Pure and Ap-
plied Physics (IUPAP), for his con-
tributions to particle, nuclear and
cosmic ray physics theory.

Among this year’s recipients of the
US National Medal of Science, the
country’s highest scientific honour
bestowed by the President, were ~
D. Allan Bromley (Yale, particle/nu-
clear physics, tandem accelera-
tors), Paul Chu (Houston, high tem-
perature superconductors), Norman
F. Ramsey (Harvard, basic physics

KEK Director General Tetsuji Nishikawa —
Fujiwara Prize.

A tribute to Heinz Pagels, physicist, au-
thor and Executive director of the New
York Academy of Sciences, who died in a
climbing accident on 24 July, will appear
in the next issue.

Distinguished Soviet theoreticians Dimitry V.
Shirkov (top ) and Victor I. Ogievetsky (be-
low) of the Joint Institute for Nuclear Re-
search, Dubna, near Moscow, recently cele-
brated their 60th birthdays.

CERN Courier, September 1988
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Scintillation Detectors? Now We’re Talking

appearing in some very demanding
applications.

Applications as diverse as ore sorting;
coal face cutting; bunker level control;
and in medicine too.

They all have one thing in common —
exacting standards of precision
measurement.

Standards that only a BDH scintillation
detector can meet.
No wonder we’re so excited.

You already know BDH as a major supplier
of crystals.
But now, we’ve broken new
‘ ‘ ground.
e BDH can offer a new range of truly
‘ sophisticated scintillation detectors.
We’re confident of their appeal.
Because a scintillation detector is '
only as good as the crystal inside it.
Our crystals are produced to the
same high BDH standards of purity
and accuracy.
We can guarantee it.
After all, BDH are unique in the UK,

in Con’[rolling the entire process from BDH Limited, Advanced Materials Division
i ni Contact: BDH Limited, Broom Road, Poole, Dorset BH12 4NN,
raw materlal tO flnlShed CryStaI' England. Tel: (0202) 745520. Fax: (0202) 738299.

You'll find our scintillation detectors Telex: 41186 or 418123 TETRA G.




EUROPEAN SYNCHROTRON RADIATION FACILITY
GRENOBLE FRANCE

The European Synchrotron Radiation Facility is a state-of-the-art Synchrotron Radiation source to be built in Grenoble, France to meet the
needs of the European scientific community for X-rays of high brilliance well into the next century. The accelerator part consists
of:

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

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

— a 400 MeV positron preinjector

The experimental part consists of a huge hall adjacent to the storage ring. A total of 40 X-ray beam lines will be distributed in this hall.
These beam lines will be dedicated to research in a wide range of scientific applications.

The Technical Services are in charge of:

— the supervision of the creation of the buildings and conventional technical infrastructure
— the mechanical engineering of the accelerator components

the creation of the vacuum systems

the geodetical survey of machine and beam lines

we are looking for our
ASSISTANT TO THE HEAD OF TECHNICAL SERVICES

He will be essentially assisting in the field of the creation of Buildings and Technical Infrastructure. The candidate will be in charge
of:

— helping to define ESRF technical needs e

— producing corresponding specifications based on good general knowledge of building and infrastructure

— supervising the Industrial Architect’s work and controlling that ESRF specifications are correctly interpreted and applied

— adapting the general technical infrastructure to the specific needs of each experimental X-ray beam line.

The candidate will be a senior engineer with outstanding results in the creation and operation of building and technical infrastructure
activities for a Research Laboratory. He must demonstrate very good knowledge of infrastructure techniques usual in a Research Facility :
electrical network, fluids generation and distribution, civil engineering, safety regulations. He should have a good experience of
international relations and must be very good at human relations.

The working language at the ESRF is English.

Please send your curriculum vitae and name and address of 3 referees by 26 SEPT. 88 to:
ESRF, Personnel office — Ref. 20/6109,
BP 220, 38043 GRENOBLE CEDEX FRANCE

- UNIVERSITAT

ICARISRUEIE

Am Institut fir Theoretische Physik der Universitat
Karlsruhe {TH) ist eine

Professur (C3)
flir Theoretische Physik

zu besetzen.

Das Forschungsgebiet soll relativistische Quanten-
feldtheorie mit Anwendung auf supersymmetri-
sche Theorien, Gravitationstheorien, Stringtheo-
rien oder Elementarteilchentheorien sein.

Eine angemessene Beteiligung an den Lehrver-
pflichtungen der Fakultdt far Physik wird erwar-
tet.

Bewerbungen mit den Ublichen Unterlagen werden
bis zum 15. Oktober 1988 erbeten an den Dekan
der Fakultat fir Physik,

Universitat Karlsruhe,

Postfach 6980,

7500 Karlsruhe 1.

UNIVERSITY OF OXFORD
ENGLAND
DEPARTMENT OF NUCLEAR PHYSICS
APPOINTMENT OF RESEARCH OFFICER

Applications are invited for the above post from experimental
physicists, preferably with a few years postdoctoral experience
in research, to take part in one of the experimental programmes
of the Particle Physics group. Current activities include prepara-
tion for the DELPHI {LEP) and ZEUS (HERA) experiments, the
SOUDAN Il proton-decay experiment, and the development of
cryogenic detectors.

Participation would be particularly welcomed in one of two new

research projects:

e Solar neutrino detection using an underground heavy-water
Cerenkov detector proposed for Sudbury in Canada.

e Establishment of a programme of experimental particle-acce-
lerator physics including a proposed Free Electron Laser (FEL)
research and applications facility, based on a 10 MV Van de
Graaff accelerator.

The appointment will be for three years in the first instance,
renewable for a further two years. Salary will be on the University
lecturer scale (£ 9,865 to £ 20,615). The postholder is normally
expected to undertake a limited amount of teaching.

Applications with a Curriculum Vitae, statement of research
interests, and the names and addresses of two referees should
be sent to:

Mr. A. Jones

General Administrator
Department of Nuclear Physics
Keble Road

Oxford

OX1 3RH

England

to arrive by 17 October 1988.
An Equal Opportunity Employer.
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US Particle Accelerator School 1988 Prizes
for Achievement in Accelerator Physics and
Technology — (left to right) Andrew M.
Sessler, llya M. Kapchinskii and Vladimir A.
Teplyakov.

and service to the US scientific
community), and Jack Steinberger
(CERN, strange particles, neutral
kaons and high energy neutrinos).

The US Particle Accelerator School
1988 Prizes for Achievement in
Accelerator Physics and Technolo-
gy went to Andrew M. Sessler
(Berkeley) for his contributions to
the understanding of particle beam
instabilities, and jointly to llya M.
Kapchinskii (Institute for Theoretical
and Experimental Physics, Mos-
cowy} and Vladimir A. Teplyakov
{Institute for High Energy Physics,
Serpukhov) for their invention of
the radio-frequency quadrupole.

Among the six scientists selected
for the 1988 E.O. Lawrence Memo-
rial Awards for outstanding US
contributions in fields of science
and technology related to atomic
energy is theorist Mary K. Gaillard
of Berkeley.

Gifted Norwegian experimenter Arne Lundby
passed a formal retirement milestone at
CERN this summer. Arriving at the infant
CERN in 1956 from Chicago, he contributed
over the years to a whole series of inge-
nious experiments. Here (right) he prepares
with Jean-Pierre Stroot a pioneer study
using the scale model (rear) of CERN's first
machine, the synchro-cyclotron.

CERN Courier, September 1988

Saclay theorist Claude Itzykson has
been awarded the Prix Robin of the
Societe Francaise de Physique.

CERN career milestone

then he has held senior manage-
ment posts, including a spell as Di-
rectorate member, and from 1981-
87 was Chairman of CERN’s Pen-
sions Board.

Another CERN pioneer, Kes Zilvers-
choon, is formally retiring after a
distinguished career in accelerators
and in administration. Responsible
for installation during the building
of the PS proton synchrotron, he
went on to take the key role as de-
puty to Kjell Johnsen in the legen-
dary smooth construction of the In-
tersecting Storage Rings. Since

Pierre Germain 1922-1988

Pierre Germain died on 16 August.
Born in Brussels in 1922, he joined
CERN in 1955 working on the
construction of the radiofrequency
system for the Proton Synchrotron.
He became Leader of the PS Divi-
sion in 1961 and was appointed
Directorate Member for Technical
Management in 1963.
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—  Physicists and Engineers .

The Superconducting Super Collider (SSC) is a proposed basic research
laboratory designed to advance understanding of the structure of
matter. In the collider’s underground tunnel, 53 miles in circumference,
two beams of protons will be steered in opposite directions by two rings
of superconducting magnets and accelerated to an energy of twenty
trillion electron volts. When the beams collide head-on, enormous
energy will be concentrated in a volume of subnuclear size, revealing
the fundamental particles and forces in detail far beyond the reach of
today’s accelerators. The SSC will require 10,000 superconducting
electromagnets of various geometries. Now under intensive develop-
ment are the 8,000 dipoles, each a 22,000-pound complex structure
two feet in diameter, 55 feet long, cooled by liquid helium. The magnet
development program will require a combination of analytic and
numerical calculations, laboratory experiments, and tests of full-scale
magnets. Congress has appropriated $100 million for FY 1989 for
research and development toward the SSC. A site is to be named early
in 1989. The SSC R&D program is managed for the U.S. Department of
Energy by Universities Research Association, Inc., a consortium of 66
leading research universities.

The SSC Central Design Group (CDG) invites
applications from physicists and engineers
interested in participating in the SSC R&D program.
Appointments at various levels are available
in the following areas:

Accelerator Design

We seek candidates with experience and interest in applications of
analysis to practical accelerator design for several positions, including
computer simulation of beam dynamics, calculation of beam tube
impedances and collective effects, particle tracking simulation, lattice
design, injector design, systems design and integration, and the mod-
eling of magnetic and mechanical properties of superconducting
magnets.

These positions require either a Ph.D. in physics or an engineering
degree with equivalent experience; knowledge of modern computa-
tional methods; and the demonstrated ability to pursue a vigorous, well-
organized research program. Strong verbal, writing, analytical, and
interpersonal skills are desirable. .

Superconducting Magnet Development

We seek candidates who will make significant contributions to the
development of superconducting accelerator magnets. The primary re-
sponsibility to is to test model and full-size prototypes and to analyze
mechanical, electrical, and magnetic measurement data. Some of these
positions require the candidate to work at the Magnet Test Facility at
Fermi National Accelerator Laboratory, with periodic trips to the CDG
at Lawrence Berkeley Laboratory and to Brookhaven National Labora-
tory.

These positions require a Ph.D. in experimental physics, applicable
hardware experience, and experience with data analysis software. Can-
didates should have demonstrated the ability to initiate, plan, and carry
out experiments. Familiarity with computer data acquisition systems is
desirable. Strong verbal, writing, analytical, and interpersonal skills are
desirable.

Initial assignment for these positions will be at the SSC Central Design
Group headquarters in Berkeley, California. URA employees enjoy
competitive salaries and a comprehensive benefits program, including
relocation assistance. Universities Research Association is an equal op-
portunity, affirmative action employer. To learn more about these
outstanding opportunities write:

N . Universities Research Association

SSC Central Design Group

1 Cyclotron Road, 90-4040
Berkeley, CA 94720
Attn: Mr. Douglas Kreitz

Bitnet: Kreitz@LBL
/L Telex: 910-366-2037
Fax: (415) 486-6796

[ ] ! F
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ISTITUTO NAZIONALE DI FISICA
NUCLEARE (I.N.F.N.)

Post-doctoral fellowships for non Italian citizens
in the following research areas:
Theoretical Physics (n. 8)
Experimental Physics (n.10)
Applications are invited for one year fellowships, starting

on September-October 1989.

The successfull applicants may carry on their research
at any of the following laboratories and sections of
I.N.F.N.:

National Laboratories of Frascati {(Rome)

National Laboratories of Legnaro (Padua)

National Southern Laboratories (Catania)

National Gran Sasso Laboratory (L"Aquila)

I.N.F.N. Sections in the universities of: Turin, Milan,
Padua, Genoa, Bologna, Pisa, Rome «La Sapienzay,
Rome I, Naples, Catania, Trieste, Florence, Bari,
Pavia, Perugia, Ferrera, Cagliari, Lecce and National
Institute for Health (Rome).

The annual gross salary is lit. 24,000,000, corresponding
to lit. 1,600,000 net per month, plus travel expenses
from home Institution to I.N.F.N. Section or Laboratory
and return.

Deadline for application is December 31, 1988.

Candidates should submit an application form and state-
ment of their research interests, including three letters of
reference.

For further information and application forms, please
apply to: Fellowship Service - Personnel Office, Istituto
Nazionale di Fisica Nucleare (I.N.F.N.) - Casella Postale 56
- 00044 Frascati (Roma) ltaly.

.
Supercollider _

UNIVERSITAT
ICARISSRUBIE

Am Institut fir Experimentelle Kernphysik der Uni-
versitadt Karlsruhe (TH) ist eine

Professur (C3)
fiir experimentelle
Elementarteilchenphysik

wieder zu besetzen.

Die Stelleninhaberin oder der Stelleninhaber soll
sich an laufenden Hochenergie-Experimenten des
instituts beteiligen. Erwiinscht sind auch Entwic-
klungsarbeiten far kinftige Experimente.

Eine angemessene Beteiligung an den Lehrver-
pflichtungen der Fakultat fiir Physik wird erwar-
tet.

Bewerbungen mit den Ublichen Unterlagen werden
bis zum 15. Oktober 1988 erbeten an den Dekan
der Fakultat fir Physik,

Universitat Karlsruhe,

Postfach 6980,

7500 Karlsruhe 1.
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Physics without frontiers. CERN Director Ge-
neral Herwig Schopper (left} discusses with
Lee Teng-hui, (centre) President of Taiwan,
ways of improving scientific cooperation
between Taiwan and Europe. Right is Presi-
dent of the Taiwan Commission for Scien-
ces Chen Li-an. Below, Schopper, with Sam
Ting (right) and Zhou Guangzhao, President
of the Academy of Sciences of the People’s
Republic of China, on the occasion of the si-
gning of an extension to the agreement co-
vering Chinese participation in experiments
at CERN’s new LEP electron-positron
collider.

4
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Meetings

An International Workshop on High
Transverse Momentum and Higher
Twist Physics is being held at the
College de France, Paris, from 21-
23 September. Further information
from Maurice Benayoun or Jean-
Louis Narjoux, Laboratoire de Phy-
sique Corpusculaire, College de
France, 11 place Marcelin Berthel-
ot, 76231 Paris, Cedex 05, France;
telefax (1) 43 54 69 89, telex
INPNPP 204929F, telephone (1) 43
29 12 11, ext 2014, 2013, 2004,
bitnet narjoux at frcon11, ben-
ayoun at frcpn 11, decnet
CDFVAX::LERUSTE

An international conference entitled
‘Inside the Sun’ will be held in Ver-
sailles, France, from 22-26 May
1989, organized by the Depart-
ment de Physique des Particules El-
ementaires and Service d'Astro-
physique, Saclay, Nice Observato-
ry; Meudon Observatory, and
LPSP, Verrieres le Buisson. Sched-
uled topics include standard solar
models, probing stellar interiors,
probing the solar interior, and
‘beyond the standard model’.
Further information from Jacqueline
Boratav, CEN-Saclay, DPhPE/SEPH,
91191 Gif-sur-Yvette, Cedex,
France.

A Switched Power Acceleration
Workshop is being held from 17-
21 October in Shelter Island, New
York. Further information from R.
Palmer at Brookhaven or SLAC
(see page 14).

At a meeting in Pisa in June to mark the
20th Anniversary of the European Physical
Society (EPS} and the 90th Anniversary of
the Italian Physical Society — (left) G. Bernar-
dini, first EPS President and CERN Research
Director in the early 1960s, with Sir Alec
Merrison, President of CERN Council 1982-
84, both of whom played important roles in
CERN's early research programme.

(Photo M. Jacob)

37



KERNFORSCHUNGSANLAGE JULICH

Wir sind eine von 13 GroBforschungseinrichtungen in der Bundesrepublik
Deutschland mit etwa 4500 Mitarbeitern. Schwerpunkte unserer For-
schungen liegen auf den Gebieten Stoffeigenschaften und Materialfor-
schung ; Grundlagen der Informationstechnik; Gesundheit, Umwelt, Biotech-
nologie; Energieforschung und Energietechnik; Kernfusion und Nukleare
Grundlagenforschung.

Wir suchen fiir unsere PROJEKTLEITUNG COSY eine/n

DIPLOM-INGENIEUR/IN (TH/U)

Fanhnchlung hfreq hnik/Nack
oder

DIPLOM-PHYSIKER/IN sitenden
— Kennziffer 069,88 —
mit Befdhigung zur Leitung einer Arbeitsgruppe

sowie eing/n

DIPLOM-INGENIEUR/IN (FH) ‘

Fachrichtung Hoehfrequenztechnit/Nachrichtentechnik
— Kennziffer 070/88 —

Aufgabengebiet: Mitarbeit am Cooler-Synchrotron COSY Jiilich, das als
Beschleuniger- und Speicherring fiir leichte lonenstrahlen mit seinem Pré-
zisionsstrahi Experimente einer neuen Qualitdt auf dem Gebiet der Mittel-
lenergie~ und Kernphysik ab 1992 ermiglichen wird. Spezifizierung, Pla-
nung, Bau, Erprobung und Inbetriebnahme sowie spéterer Betrigh der
komplexen Hochfrequenz-Anlagen, teilweise in enger Kooperation mit der
Industrie und anderen Forschungseinrichtungen.

Anfard. ' hl Q

; gute theoretische Kenntnisse
und prakusche Erfahrungen auf dem Geblet der Hochfrequenztechnik im
Bereich bei ca. 30 MHz/100 kW sowie Grundkenntnisse auf dem Hichst-
frequenzgebiet bis ca. 5 GHz.

Dle Vergutung und Suzmllmstungen erfolgen nach den Bestimmungen des
) ifvertrages (BAT).

Bitte richten Sie thre ausfiihrliche Bewerbung mit den iiblichen Unterlagen
an die

KERNFORSCHUNGSANLAGE JULICH
Gesellschaft mit beschrinkter Haftung
Personal- und Verwaltungsabteilung

- Personalentwicklung -
Postfach 1913, 5170 Jillich
Telefon 02461/615358

TRIUMF

MESON RESEARCH FACILITY
UNIVERSITY OF BRITISH
COLUMBIA

Postdoctoral and Research
Associate Positions
Intermediate Energy Physics

Postdoctoral and Research Associate positions in experimental
physics are available with University of British Columbia groups at
the TRIUMF 500 MeV cyclotron. Candidates should have expe-
rience in a relevant field of physics and have compled a Ph. D. in
nuclear or particle physics within the past two years. Graduate
students expecting to complete their degrees within the next few
months are also invited to apply.

These appointments can be renewed annually (subject to the
usual budgetary confirmation) up to a maximum period of three
years. Salary will depend on experience, with a minimum of
$ 27,000 per annum.

Curriculum vitae, list of publications and names of three referees
should be forwarded as soon as possible to:

Dr. G. Jones

Department of Physics

University of British Columbia
6224 Agriculture Road

University Campus

Vancouver, B.C. Canada, V6T 2A6

Deadline for applications is November 30, 1988.
The starting date for these positions is January 1, 1989.

In accordance with Canadian immigration requirements, priority
will be given to Canadian citizens and permanent residents of
Canada. This advertisement is valid for a two year period.

PAUL SCHERRER INSTITUT

Computer Specialist/Physicist

The Laboraty for Nuclear and Particle Physics of the Paul Scher-
rer Institute (formerly Swiss Institute for Nuclear Research) has a
vacancy for a computing specialist/physicist, to support expe-
riments conducted by the Laboratory and by visiting universities.
The experimental facilities are equipped with micro-VAX data
acquisition computers, using PDP-11 Starburst front-ends in
Camac , and a standard data acquisition package provided by the
Computing Division. Some experiments use read-out electronics
which includes distributed micro-processors. The support requi-
red is primarily to take the responsibility of ensuring that expe-
rimental groups have all necessary on-line computing tools
implemented.

Qualifications required are at least one year’s experience of pro-
gramming for experiments in a reseach laboratory or university
environment, an ability to write refiable software efficiently, and
the flexibility to adapt to the requirements of a research environ-
ment. An academic background in physics or similar discipline
and familiarity with hardware would be advantageous. The posi-
tion is initially for three years.

The Paut Scherrer Institute is a multi-disciplinary Swiss national
research laboratory, and runs a 600 MeV high intensity proton
accelerator. There is close contact with universities and with
other laboratories around the world. The laboratory is situated in
a very pleasant area some 35 kms west of Zurich, with excellent
public transport connections.

Applications including a curriculum vitae should be sent before
October 15, 1988 to PAUL SCHERRER INSTITUTE, Personnel
Division, CH-56303 Wirenlingen/Switzerland (ref. code 1118).

ASSISTANT PROFESSOR
EXPERIMENTAL HIGH
ENERGY PHYSICS

Florida State University

The Physics Department is seeking qualified candi-
dates for a tenure-track faculty position. The exper-
imental group has made major commitments to the
collider programs, D0 (FERMILAB) and ALEPH
(CERN), and the candidate is expected to have
compatible research interests. The research group
has close association with the Supercomputer Com-
putations Research Institute with access to a CY-
BER 205 and ETA-10 supercomputers as well as
a number of VAXes. Applicants should submit a
resume, the names of at least three references and
a statement regarding teaching and future interests
to

Prof. Donald Robson, Chairman
Department of Physics
Florida State University
Tallahassee, Florida 32306-3016
U.S.A.

For further information call (904)6441492

The Florida State University is an Equal Opportu-
nity, Affirmative Action Employer.
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A visitor to CERN in July was ltalian Educa-
tion Minister Gjovanni Galloni {centre} who
saw among other things the progress in the
Italian-funded LAA project for new detector
technologies, headed by Antonino Zichichi
(left), and progress (photo below} at CERN's
LEP electron-positron collider for the L3 ex-
periment headed by Sam Ting (right).

{Photo CERN 0666.7.88)

The XlII International Conference on
the Few Body Problem in Physics
will be held in Vancouver from 2-8
July 1989. Further information
from the Conference Organizer,
Harold W. Fearing, TRIUMF, 4004
Wesbrook Mall, Vancouver, BC,
Canada V6T 2A3.

A "Workshop on Thermal Field
Theories and their Applications’ to
be held in Cleveland, Ohio, from 3-
5 October will also include a spe-
cial session on the statistical me-
chanics of strings. Further informa-
tion from the Organizing Committee
Chairman, K.L. Kowalski, Physics
Dept., Case Western Reserve Uni-
versity, Cleveland, Ohio 44106,
BITNET: KOWALSKI at CWRU.

Books

As the proceedings of the first
ICFA School on Instrumentation
held at Trieste in June 1987, 'In-
strumentation in Elementary Parti-
cle Physics’, edited by C.W. Fabjan
(CERN) and J.E. Pilcher (Chicago)
and published by World Scientific,
Singapore, is a useful introduction
to modern detector techniques, an
important area of physics where
textbooks are thin on the ground.

(Following the success of the
1987 school, the second school is
scheduled for Trieste’s Inter-
national Centre for Theoretical Phy-
sics from 12-23 June, 1989. Furth-
er information from C. Fabjan at
CERN or J. Pilcher at the Enrico
Fermi Institute, Chicago.)

In paralle! with installation of LEP machine
components in the 27 km tunnel, the four
LEP experiments are taking shape in their
underground caverns. At L3, a contingent
poses in front of the vast ‘door’ of the expe-
riment’s magnet.
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IMPORTANT ANNOUNCEMENT

World Scientific is pleased to announce that due to expansion plans, we have opened a new

office in London to serve the European Market.

Please send orders to

World Scientific Publishing Co Pte Ltd
P O Box 379, London N12 7JS

ENGLAND
Tel: (01)446-2461 Fax: (01)446-3356-

The office will serve editorial functions from 1 July and marketing/customer services from

23 September 1988.

John Wiley and Sons Ltd. has ceased to be our agent w.e.f. 23 September 1988.
We take this opportunity to thank John Wiley & Sons for being our sole distributor in Europe since 1982,

IMPORTANT TITLES

PERSPECTIVES IN STRING THEORY

Proceedings of the Niels Bohr Institute/Nordita Meeting
Copenhagen, Denmark 12-16 Oct 1987
edited by P Di Vecchia (Nordita) & J L Petersen (Niels Bohr Institute)

This volume of proceedings contains papers on the most recent advances in
different aspects of String Theories, contributed by those who are at present
actively engaged in this field of research.

Readership: High energy physicists, astrophysicists and cosmologists.

524 pp Jun. 1988 50-526-6(US$76)H/C 50-534-7 (**US$48)S/C

INSTRUMENTATION IN ELEMENTARY PARTICLE PHYSICS
Proceedings of the ICFA School on Instrumentation
ICTP, Trieste, Italy

edited by C W Fabjan (CERN, Geneva) & J E Pilcher (Univ. of Chicago)

This didactic introduction of Modern Concepts in Particle Detection provides
an excellent opportunity for established researchers in particle physics to re-
fresh their knowledge, or for students to become acquainted with current
techniques. There are no equivalent text books existing.

Readership: Researchers in particle physics and electrical engineers.

540 pp Jun 1988 50-585-1(US$74)H/C 50-637-8(**US$35)S/C

World Scientific Lecture Notes in Physics — Vol. 25

THE PHYSICS OF MASSIVE NEUTRINOS

by B Kayser (Nat’l Sci. Foundation) with F Gibrat-Debu (CEN-Saclay) &

F Perrier (Stanford Linear Accelerator Center)

This book explains the physics and phenomenology of massive neutrinos.
This volume requires of the reader only a knowledge of gquantum
mechanics and of very elementary quantum field theory.
Readership: Particle physicists and nuclear physicists.
180 pp Sep. 88 50-661-0(US$42)H/C 50-662-9(US$22)S/C
EXPERIMENTS, DETECTORS, AND EXPERIMENTAL AREAS
FOR THE SUPERCOLLIDER
Proceedings of the Workshop

Berkeley, California,USA

edited by R Donaldson & M G D Gilchriese (LBL)
This volume presents the findings of the workshop in four broad groups:
physics and experiments at large Py, physics and experiments at intermediate
P, physics and experiments at low Pp, and physics and experiments related
to “exotic” particle searches or interactions.

Readership: High energy physicists and nuclear physicists.

936 pp Apr. 1988 50-473-1(US$89H/C

7-17 July 1987

Advanced Series in Mathematical Physics — Vol. 8
INTRODUCTION TO STRING FIELD THEQRY
by W Siegel (SUNY, Stony Brook)

This volume covers the latest findings on string field theory.

Readership: High energy physicists, mathematical physicists and
mathematicians.

256 pp Oct. 1988 50-731-5(US$24)H/C 50-732-3(US$16)S/C

June 1987 .

VARIATIONAL CALCULATIONS IN QUANTUM FIELD
THEORY

Proceedings of the Workshop on Variational Calculations in
Quantum Field Theory .

Wangerooge, West Germany 1—4 September 1987
edited by L Polley (Oldenburg) & D E L Pottinger (/BM, UK)

This workshop brought together for the first time the leading researchers in
this field in order to review its current state-of-art as well as to identify profit-
able directions for future research in the possiblility of obtaining accurate
qualitative and quantitative information on the structure of quantum field
theories using non-perturbative continuum and lattice variational techniques.
Readership: High energy and nuclear physicists, condensed matter physicists,
mathematical physicsists.
316 pp Jul. 1988 50-500-2(US$55)H/C 50-501-0(**US$35)8/C
FIRST EUROPEAN PARTICLE ACCELERATOR CONFERENCE
(EPAC 88) — In 2 Volumes

Rome, Italy 7—11 June 1988
edited by S Tazzari NFN, LNF-Frascati, Rome) & K Huebner (CERN)

This conference provide a comprehensive overview of Research, technology
and applitations in the field of accelerators. The proceedings will include
papers from the whole field of accelerators, including low-and high-energy ma-
chines, medical and industrial accelerators.

Readership: High energy physicists and accelerator physicists.

1600 pp (approx.) Dec 1988 50-642-4(US378 Vol. 1)(US$52 Vol. 2) H/C
50-643-2(**US$47 Vol. 1) (**US$49 Vol. 2) S/C

Advanced Series in Mathematical Physics — Vol. 3

KAC-MOODY AND VIRASORO ALGEBRAS

A Reprint Volume for Physicists

edited by P Goddard (Cambridge) & D Olive (Imperial College)

This volume reviews the subject of Kac-Moody and Virasoro Algebras. It
serves as a reference book for physicists with commentary notes, review
articles and also original works by experts in the field.

Readership: Mathematical and high energy physicists.

604 pp Jun. 1988 50-419-7(US$78)H/C 50-420-0(**US$37)S/C

UNDULATOR MAGNETS FOR SYNCHROTRON RADIATION
AND FREE ELECTRON LASERS
Symposium in the Adriatico Conference Series
Trieste, Italy

edited by L Fonda (Tvieste, Italy)

In this conference, the latest developments in this critical area with particular
emphasis on the construction and measurement techniques and on the analysis
of the emitted spectra were discussed. The problems related to high magnetic
field as well as to field quality are also theoretically and experimentally
treated.

Readership: Physicists and engineers.
300 pp(approx.) Nov. 1988

25% discount to orders from developing countries.
**Soft cover oditions of procesdings and advanced serles for all
developi: only, Prices are subject to change without notice.

23-26 June 1987

50-709-9(US$58)H/C

For information, please contact:

P
\\ World Scientific
. AN INTERNATIONAL PUBLISHER

RE/CC-809

= PO Box 379, London N12 7JS
ENGLAND Telefax: (01) 4463356 Tel: (01) 4462461

= 687 Hartwell Street, Teaneck, NJ 07666, USA
Toll-free: 1-800-227-7562 Telefax: (201) 837-8859 Tel: (201) 837-8858

» Farrer Road, P O Box 128, SINGAPORE 9128 Cable “COSPUB”
Telex: RS 28561 WSPC Telefax: 2737298 Tel: 2786188



John R. Schrieffer (right, UC Santa Barbara —
‘High-temperature superconductors’} and
Maurice Jacob (CERN — 'How to find evi-
dence for the quark-gluon plasma’) were
keynote speakers at the annual meeting of
the Norwegian Physical Society in Oslo in
June.

(Photo Geir Holm, Oslo)

1aid

‘Frontiers of Particle Beams’, edited
by M. Month and S. Turner and
published by Springer-Verlag, is the
proceedings of the course organ-
ized by the Joint US-CERN School
on Particle Accelerators held at
South Padre Island, Texas, in Octo-
ber 1986. A central theme of the
internal physics of beams is sup-
plemented by material on recent
projects and ideas.

‘Experiments, Detectors and Exper-
imental Areas for the Supercollider’
is the title of the Proceedings of
the Workshop held at Berkeley
from 7 — 17 July 1987. Edited by
Rene Donaldson and M.G.D. Gilch-
riese and Published by World
Scientific Publishing Company, Sin-
gapore, this detailed volume pre-
sents the potential experimental
programme at the proposed US
SSC Superconducting Supercollid-
er. The workshop findings are ca-
tegorized into two broad groups:
the evaluation of physics signa-
tures and the resultant require-
ments for detectors parameters;
and the presentation of conceptual
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designs of first generation experi-
ments to allow comparison among
the competing designs.

‘A Passion for Science’, published
by Oxford University Press and edi-
ted by Lewis Wolpert and Alison
Richards is a series of fascinating
interviews with famous scientists
{including Abdus Salam, Martin
Rees, Francis Crick, Dorothy Hodg-
kin) exploring the frequently igno-
red human and personal side of
their work.

The summer/fall 1984 edition of
‘Los Alamos Science’ published by
Los Alamos National Laboratory
was an imaginative attempt to put
across the current state of particle
physics and has been on the CERN
Courier’s office bookshelf ever sin-
ce. Equally impressed was Cam-
bridge University Press, which has
now published the updated volume
as 'Particle Physics — A Los Ala-
mos Primer’, edited by Necia Grant
Cooper and Geoffrey B. West. Four
years down the line, it is still a
good read.

VMEbus

VMEbus in Research is the ti-
tle of an international confer-
ence and exhibition to be held
at ETH Zurichon the 11, 12
and 13 October, sponsored
by CERN, the Paul Scherrer In-
stitute (formerly SIN) Switzer-
land, IFIP — International
Federation for Information
Processing, ECA — European
CAMAC Association,

VITA — VMEbus International
Trade Association, and SAP —
Swiss Automation Pool. Cov-
ering hardware, software and
systems aspects as well as
developments in the applica-
ble standards, it is open to all
interested in the design and
use of equipment based on
the VMEbus specifications in
all types of research. Two
days will be of a strong tech-
nical and scientific interest,
with one day for VMEbus
manufacturers to present their
latest design concepts. Infor-
mation on registration may be
obtained from VITA Europe
(address below) or from any
member of the organizing
committee — A. Bolsinger
(PSI-SIN), C. Eck (CERN),

M. Hugelshofer (SAP), Z. Hunor
(VITA), D. Jones (ECA),

C. Parkman (CERN),

W. Schoeps (SIN) In parallel
with the conference, and at
the same location, VITA will
hold a two day exhibition on
12 and 13 October. Compa-
nies wishing to participate
should contact VITA Europe,
PO Box 192, 5300 AD Zalt-
bommel, Netherlands.
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L'UNIVERSITE DE GENEVE

La Faculté des sciences ouvre une inscription pour
un poste de

MAITRE D’'ENSEIGNEMENT
ET DE RECHERCHE

au Département de physique théorique

By

Charge: Il s’agit d'un poste a charge compléte,
comprenant I'enseignement (environ deux heures
hebdomadaires) et recherche en physique théori-
que et mathématigue (mécaniqgue statistique, dyna-
mique classique et quantique, théorie des champs).
T&ches organisatrices.

Titre exigé: doctorat ou titre jugé équivalent.

Entrée en fonction: 1% octobre 1989 ou date a
convenir,

Les dossiers de candidatures doivent étre adressés
avant le 15 octobre 1988 au Directeur du Départe-
ment de physique théorique, 24, quai Ernest-An-

sermet, CH-1211 Genéve 4, auprés duquel desren- .

seignements complémentaires peuvent étre obte-
nus sur le cahier des charges et les conditions.

UNIVERSITAT
ICARISSRUY B E

Am Institut fiir Theoretische Kernphysik der Uni-
versitdt Karlsruhe (TH) ist eine

Professur (C4)

fur Theoretische Physik
(Nachfolge G. Hohler)

voraussichtlich zum WS 1989/90 wieder zu beset-
zen.

Gesucht werden Bewerberinnen und Bewerber mit
dem Arbeitsgebiet Phdnomenologische Theorie
der Elementarteilchen. Eine angemessene Beteili-
gung an den Lehraufgaben des Fakultat fir Physik
wird erwartet.

Bewerbungen mit den (blichen Unterlagen werden
bis zum 15. Oktober 1988 erbeten an den Dekan
der Fakultat fir Physik,

Universitat Karlsruhe,

Postfach 6980,

7500 Karlsruhe 1.

MIRC
EMCONDUCTOR) wiGH TECHNOLOGY SUPPLIER OF

SHLICON MIGROSTRIP DETEGTORS

FOR HIGH ENERGY PHYSICS & HEAVY ION PHYSICS

T T

VERTEX DETECTOR o .{

DATA NA14 CERN i 4
imporit Colloge, London ' N

e | _—

| / 4
-
Pl Ry

EXPERIMENT PROVEN e T ey
. MAINTENANCE FREE — -
TECHNOLOGY
Total Depletion with over
voltage operation.
High Retiability & High
Strip Yield.
Sub micron position High
Resolution.
Unbestable two track k
operation. Large number
charge tracks per event.

Micrastri hits 8 Wracks found

CUSTOM AND STANDARD DESIGNS BOTH SINGLE A

AND VARIABLE PITCH DEVICES. VERTEX “]
SINGLE SIDED & DEVELGPMENT DOUBLE SIDED DETECTOR
STRUCYURES. DATA E691

OPTIMUM SIGNAL TO NOISE WITH MNIMISING FERMILAB
MULTIPARTICLE SCATTERING. sty o

CHOICE OF TOTALLY DEPLETED DETECTOR 3500 CHANNEL | :
THICKNESSES:— 200y, 300u, 450y, 5064 IGO%READOUT | "

FROM

BOTH 3 inch and 4 inch SILICON FEATURE:
LARGE ACTIVE DIWENSIONS, 1AAcon-GRAY RADIATICA DAWAGE RESISTANCE, £501 TAGGED PHOTONLAB.
Cowii GURRENT LOW CAACITANGE TO GRODAD AND LOW ‘SUICON MICROSTAW DETECTOR
INTERSTRI CAPACTIANCE, Snsit0fum RESPORSE TMES, STABLE OXIOES EVENTIZL

VATH OPTIONAL CUSTOMOVERGLATE PROTECTION. RUN3ET
DETECTORS SPPLIED FOR: Y, DRIENTATIONS Y1 RTERLOCKING ASSEMBLES. VEWX

Toicn | mcrosRIP DETECTORS

AEADOLT
(cBKED HESoN T

Tevw s puanes) ARE SUPPLIED TO
, PHYSICISTS . . .
L - .. Chip only
I -+ . Assembledon
L Fanout PCB
| e,
VERTEX DETECTOR % i
DATA E653 FERMILAB A I
oo 5 Flexible Preamplifier |
1000 CHANNEL CAPAGITANGE DFVISION. | In with OLST
: Ampiifier Chips.
Micron Semiconductor Ltd Wicron Sesmiconducton
1 my; Bulldings 1 126 Baywood Averue
Churchillindustriat Estate ! ! mmu A
oy e A reacs FERMILATESS) Venes S50 svont ipley . Tet305.390.4%85 Tolex 46717

ARBEIT

Winschen Sie ein neues Leben?

Suchen Sie eine Arbeit im Ausland? Dieses Buch ist was
Sie brauchen.

Hier bekommen Sie alle Auskiinfte und Adressen zu etwa
1000 Unternehmen und Stellenvermittiungen. Wir erlau-
ben uns, Ihnen gleichzeitig das Buch anzubieten, das fir
jeglichen Bewerber einfach eine notwendige Vorausset-
zung ist.

Es enthélt alles ; von der Bewerbung bis zum Anstellungs-
vertrag, Auskunft Uber Arbeitserlaubnis, Visa, Klima,
Lohn- und Wohnverhéltnisse in Europa, den USA, Kana-
da, Westindien, Australien und dem Fernen Osten. Es
gibt Arbeiten wie z.B. Metall, Olindustrie, Gartenbau,
Fahrer, Reiseleiter, Hotel und Restaurant, Aupair, Luxus-
Kreuzfahrten.

Wenn Sie interessiert sind, fragen Sie schriftlich nach
unserer Freibroschire mit weiterer Auskunft, die in
Deutsch und Englisch erscheint. Schreiben Sie an:

[l Freibroschire

[[] Buch «Arbeit im Ausland»
Preis: DM 45 .—

EUROPA BOKFORLAG AB
Box 2014 S-13502 Tyres6 Sweden

N.B. Wir vermitteln keine Arbeiten!

CERN Courier, September 1988




The Right Stuff in VME
FIC 8230

Just three facts:
* In sheer speed nothing gets close.
* Runs OS9™, PSOS™, VRTX™ and CERN VALET-PLUS

Operating Systems including CAMAC, DMA and
Multi-Crates drivers ( OS9 only ).

* Ex-stock from C.E.S.

In the last six month, several major applications in physics
have been equipped with C.E.S, real-time systems, including :

- LEP OPAL experiment and computer conirol network
- HERA H1 experiment

- CERN LEAR experiments

- GSI experiments.

C.E.S. has been able to tailor a complete Data Acquisition solution
from the analog to digital conversion up to the host computer.

For these and our other VME and CAMAC modules, contact us for your nearest distributor.
-]

Headquarters:  CES Geneva, Switzerland Tel: (022) 925 745 Fax: (022) 925 748 Tix: 421 320
. CES.D Germany Tel: (6055) 4023 Fax: (6055) 82210 Tix: 418 4914

CE.Systems. US Inc, USA Tel: (602) 838 2220 Fax: (602) 838 4477
CES Creative Electronic Systems SA 70, Route du Pont-Butin Case Postale 107 CH-1213 Petit-Lancy 1 GENEVA SWITZERLAND

CREATIVE ELECTRONIC SYSTEMS
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Huntington

Vacuum Positioners

LARGEST SELECTION OF
VACUUM POSITIONERS
Huntington offers the vacuum
industry’s largest selection of
bellows-sealed and magneti-
cally coupled positioning de-
vices for ultrahigh-vacuum and
high-vacuum applications.

MULTIMOTION
PERFORMERS

The positioning possibilities
include X-Y-Z precision manipu-
lators; rotary, linear, and an-
gular motion feedthroughs;

and a variety of mounting de-
vices providing tilt, rotary, or
linear motion for any flange-
mounted source.

In addition, Huntington has de-
veloped a range of coaxial and
multimotion feedthroughs and

accessories for gripping, hold-

ing, heating, cooling, and

transferring samples within the -

vacuum environment.

POSITIONING SOLUTIONS
If your positioning problem
cannot be solved by any of the
wide range of devices already
on the shelf at Huntington, tell
us about it. Whether the solu-
tion is an innovative modifica-
tion or an entiraly new concept,
Huntington is ready to help.

For information on several
newly patented positioning
devices and for current prices,
call Huntington today.

Huntington’ Laboratories, Inc. « 1040 LAvenida, Mountain View, CA 94043  (415) 964-3323 - (800) 227-8059
FAX (415) 964-6153 « Telex 592328 « TWX 910 379-6944 « Easylink 62-795443
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Y Only a great past conceives

a greater future.

With technology advancing so
rapidly, just how do you keep up
with the latest developments?

That's when you need the
experience of the specialist with a
proven track record.

And in advanced cable
technology that frontrunner is
always Pielli Special Cables.

Backed by the know-how and
resources of one of the world’s
leading industrial groups, Pirelli
Special Cables are designed to
perform in the most sensitive
applications, in the most
demanding conditions.

In electronics, computing,
telecommunications, nuclear,

industries, defence, and specialized
installations, Pirelli Special Cables
are synonymous with the utmost
safety, security and reliability.
Pirelli Special Cables
available today, to meet the needs
of tomorrow - in the tradition of

all Pivelli Cables.

e

SPECIAL CABLES

Societa Cavi Pirelli spa
Azienda Cavi Speciali
20098 San Giuliano Milanese (Mi)
Via Giovanni XXIIl, 23 - Telephone (02) 9807.1
Telex 321304 - Fax (02) 9807266
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The perfect choice for
- high energy gamma
‘ray detection _

CslI(TI) SCINTILLATION DETECTORS

The addition of newly developed precision manufacturing techniques

to more than thirty years of experience in growing huge, mainly ionic,

single crystals has now enabled HORIBA to establish the technology

for manufacturing the highest quality Csl(TI), ideal for such high energy

physics research as e*e~ colliding experiments and space physics.

HORIBA

The outstanding quality of HORIBA optical crystals for
infrared application has also earned them an excellent
reputation among a broad range of users.

KCt Crystal with AR and moisture-proof
coatings & KRS-5 Ingot and Lens

NaCl Crystals (300 ¢) & As-Grown Ingot

HORIBA, Ltd.
Miyanohigashi, Kisshoin, Minami-ku, Kyoto, Japan
Phone: (81) 75-313-8123 Fax.: (81) 75-321-5725

HORIBA INSTRUMENTS INCORPORATED
Irvine Facility

1021 Duryea Ave., Irving, Calif. 32714, U.S.A.
Phone: (1) 714-250-4811 Fax.: (1) 714-250-0924

HORIBA EUROPE GmbH
Industriestrasse 8, D-6374 Steinbach, West Germany
Phone: (49) 6171-7755 ~ 7758 Fax.: (49) 6171-8044

HORIBA EUROPE Branch Offices

HORIBA SWITZERLAND
1-8, Chemin de la Roche CH-1020 Renens, Switzerland
Phone: (41) 21-36-70-71 Telex: (45) 25354

HORIBA FRANCE

Rue L. et A. Lumiére Technoparc 01630 ST-GENIS-POUILLY, France

Phone: (33) 50-42-27-63 Fax.: (33) 60-42-07-74
HORIBA AUSTRIA

Prinz-Eugen-Strasse 44, A-1040 Wien, Austria

Phone: (43) 222-505-23-80 Fax.: (43) 222-505-23-80-10

HORIBA INSTRUMENTS LIMITED
1 Harrowden Road, Brackmills Northampton, NN4 CEB, England
Phone: (44) 604-765171 Fax.: (44) 604-765175

HORIBA KOREA CO., LTD.
112-6 Sogong-Dong, Choong-ku, Seoul, Korea
Phone: (82) 2-753-7911 ~ 7912 Fax.: (82) 2-756-4972

HORIBA ASIA/PACIFIC

REPRESENTATIVE OFFICE

Parkway Parade #07-03, 80, Marine Parade Road, Singapore, 1544
Phone: (65) 3453030 Fax.: (65) 3452930
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Analyseur de spectre
FSA/S

de ROHDE & SCHWARZ

® Gamme de fréquence 100Hz & 1,8 (2,0) GHz

® Générateur de tracking & étalonnage intégré

® Faible niveau de bruit propre: typique <<-150 dBm
® Plage de mesure sans intermodulation = 100 dB
@ Excursion de fréquence réglable en continu

@ Résolution réglable de 6 Hz & 3 MHz

® Bande passante < 0,6 dB

@ Erreur domplitude <1dB

® Moniteur couleur

SCINTILLATORS} YEIET ...

Technologie

THE
ALTERNATE
CHOICE

for high vacuum gate valves.

Are you in need of reliable

GATE VALVES?

There is a relatively large selection on the market.
But when you ask for reliable, long lasting function at a reaso-
nable price...

A e .
kcustomers specifications. Rods, sheets, blocks and light try C ETEC
vith polished or coated surfaces will be manufactured
ose tolerances.
lass-scintillators are available in specnal shapes and Come on over to Cetec, lets work together.
We, as a team will be nearly unbeatable.

Cali us or one of our representatives for more information.

CH-9468 SAX (Schweiz) Poétfacﬁ 41

ZINSSER
ANALYTIC wio Lta.
Howarth Road, Stafferton Way, Maldenhead Berks. SL6 1AP
Telephone 06 28/24570 - Telex 849462

Tel. 085-75070, Telefax 085-75086
Telex 855194 cetc ch
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VME-Crate and Modules, a perfect whole

STR700 VME-Crate
unconditional modularity, direct access to J2/P2, display for all voltages and currents, fan and power fail disable power supply.

STR721 VSC
VME Scaler/Counter

32 channel rate monitoring, event
counting, interval timing, industrial
monitoring and control, etc.

DL400 VME Interface

Basic interface module for applica-
tion submodules.

DLA4¢1 FADC Submodule
for fast digitizing of analog signals and
sophisticated* pulse-shape  analysis.
(Sampling rate 100MHz; 8bit resolution)

ANT10-B

is a 32 channel input resp. output base
component for industrial application,
on which various input and output func-
tions are placed on 4 submodules.
Submodules:
ANT10-DE

Opto coupler input
(8 isolated channels)
ANT10-DA

Relay output
(8 isolated channels)

ANT10-DAO
Opto coupler output
(8 isolated channels)
ANT10-AA
Analog output

(4 isolated channels)

STR730 FDDP
Fast Digital Data

Processor
Modular, Expandible,
Flexible
VMEDbus card to measure
analog signals with flash

A/D converters. Two on- |

board  digital
processors  enable
preprocessing  of
digitized signals.

fast

STR711

VME-TAXI

provides all high speed
control and data transfer
facilities, which are re-
quired in a multi-crate
VME data acquisition or
industrial control system
by  exploiting  large
bandwidth fiber optical
data links (up to -10km)
and bhigh performance
processors. (68020)

signal |

STR302 CFIVC

VMEbus Coupler

General purpose VME
DMA-controller and high
speed input/ouput register.

ENTWICKLUNG
VERTRIEB
BERATUNG
HERSTELLUNG

DR. B. STRUCK

MORE THAN A GOOD LINK




LEYBOLD offers a wide range of cryorefrigerators for
research and industrial purposes, covering the temperature
range from 4 K to 330 K with closed-cycle helium refrigerators.
These refrigerators are suitable for any application where
liquid refrigerants are undesirable.

Typical applications include:
e Cooling of test specimens in cryostats,
e.g. for high temperature superconductivity research
¢ Shield cooling of superconductive magnets
e Cooling of low-noise amplifiers and detectors
e Hydrogen liquefiers for H, targets

Our product line comprises 1,2 or 3-stage refrigerators with
accessories, complete cryostats and - needless to say -
cryopumps for all high or ultra high vacuum applications with
pumping speeds between 400 I's™" and 60,000 I-s™.

LH

LEYBOLD

Detailed information on request!

LEYBOLD AG
Oerlikonerstrasse 88
CH-8057 Zurich

Tel.: 01/311 57 57

LEYBOLD AG
Bonner Strasse 498
D-5000 Cologne 51
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