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LEP dominates LP-HEP

CERN's LEP electron-positron col-
lider was the star of this year’s ma-
jor physics meeting — the Joint In-
ternational Lepton-Photon Sympo-
sium and Europhysics Conference
on High Energy Physics (LP-HEP) —
held in Geneva from 25 July —

1 August.

All major results so far from LEP,
and there are plenty of them, are in
accord with the Standard Model of
physics — a dual picture with the el-
ectroweak unification of the elec-
tromagnetic and weak nuclear
forces on one hand coupled with
the quantum chromodynamics
(QCD,) field theory of inter-quark
forces on the other.

Summarizing the meeting, CERN
Director General Carlo Rubbia
pointed out the need to probe this
picture in as much detail as pos-
sible. Far from being a closed
book, the Standard Model covers a
lot of uncharted territory, with the
long-awaited sixth ("top’) quark and
the neutrino sector still being ‘terra
incognita’, while the spontaneous
symmetry breaking (‘Higgs') me-
chanism at the heart of the elec-
troweak unification, and the details
of QCD dynamics, are still far from
clear.

LEP apart, the meeting reflected
the continuing reluctance of the
neutrino to give up all its secrets.
The long-standing difficulty of pin-
ning down the delicate violation of
combined particle/antiparticle
left/right switching (CP) symmetry,
known for more than a quarter of a
century but still not understood,
was also a talking point. For both
neutrino and CP-violation physics,
insights from new areas are eagerly
awaited.

With CP violation effects so far
confined to the neutral kaon sector,
Rubbia pointed out the need for ad-
ditional CP violation investigations
using B mesons (carrying the fifth
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‘beauty’) quark, and the contribu-
tions which could be made with the
next generation of proton colliders.

In their keynote talks on the final
day, Rubbia and neutrino summariz-
er Rudolf M6ssbauer surmised that
the lower energy region, relying on
reactors and the Sun, would supply
the bulk of new neutrino informa-
tion. Mdssbauer also looked for-
ward to the advent of cryogenic
detectors to open up new neutrino
fields of study.

Janet Carter of Cambridge and Opal — Preci-
sion tests of the Standard Model with LEP.

Closing the meeting, Sheldon
Glashow of Harvard highlighted the
changing face of physics. For a
century, researchers had been used
to a steady stream of surprises to
keep them on their toes and stimu-
late thinking. According to Gla-
show, the last major particle phy-
sics surprise dates back to 1977,
with the discovery of the fifth
quark through the upsilon particie
at Fermilab.

The proposed big proton collid-
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Thomas Hebbeker of Aachen and L3 — QCD
studies with LEP

i

ers — LHC at CERN.and the US Su-
perconducting Supercollider (SSC)
— will surely reach beyond the
Standard Model, declared Glashow,
but until then the task is to exploit
and test the existing picture.
Nowhere is this happening better
than at LEP. The four big experi-
ments — Aleph, Delphi, L3 and Opal
— at CERN'’s big ring were deftly
treated at the meeting, with parallel
session speakers using their own
results as pointers but being careful

4

to summarize results from all
around the ring.

For the subsequent plenaries,
the LEP presentations featured a
speaker from each of the four ex-
periments — Janet Carter of Cam-
bridge and Opal (Precision tests of
the Standard Model), Thomas Heb-
beker of Aachen and L3 (QCD
studies), Michel Davier of Orsay
and Aleph (Searches for new parti-
cles), and Patrick Roudeau of Orsay
and Delphi (Heavy flavour physics).

The presented LEP data included
more than a million hadronic Z de-
cays seen by the four experiments
combined. Janet Carter opened the
plenary sessions, setting the tone
with a mass of precision data on
the Z resonance, together with di-
rectional effects in lepton pair pro-
duction, tau spin oriegntation,
charged hadron production in gen-
eral and B meson production in
particular all supporting the Stan-
dard Model and sharpening knowl-
edge of specific parameters.

The consistency of this informa-
tion, combined with precision
measurements from other experi-
ments, provides powerful limits on
the top quark, now confidently pre-
dicted to live somewhere between
120 and 160 GeV.

One suggestion of a non-stan-
dard effect had come recently from
Aleph, where the level of electron-
positron annihilations into two tau
leptons accompanied by a pair of
charged particles was significantly
higher than the analogous channels
with two muons and with two elec-
trons.

In a parallel session, Sau-Lan Wu
of Aleph revealed that the latest
data do not continue this trend,
which moreover is not seen by Al-
eph and Opal at LEP, nor by the
Mark Il detector at Stanford’s SLC
Linear Collider (S. Wagner).

Another non-standard hint had
come from L3 (Juan Alcaraz) in the
parallels, where high energy pho-
tons accompanying an electron-po-
sitron pair invited an explanation.
Standard Model theorists were un-
convinced.

Speaking on LEP QCD results,
Hebbeker pointed out the advan-
tages of LEP for QCD measure-
ments — high energy, high precision
and relative freedom from hadronic
masking (fragmentation) effects.
The coupling strength of quark in-
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Rudolf Méssbauer — 15 major neutrino ques-
tions still to be answered.

teractions (alpha-s) is measured in
both Z hadronic decays and in the
production of collimated. ‘jets’ of
hadrons. Comparison of the pro-
duction rates of particles containing
heavy and light quarks shows that
alpha-s is independent of quark fla-
vour, while the variation of jet pro-
duction shows how alpha-s is ‘run-
ning’ with energy.

The experiments are beginning
to probe many detailed hadronic ef-
fects, including the production of
hyperons, etc. The average number
of charged hadrons produced is
just above 20. Initial surveys indi-
cate that hadron jets arising from
gluons are softer and broader than
those from quarks.

With no new particles yet to re-
port from LEP, Michel Davier con-
centrated on the Higgs sector,
where LEP is at last beginning to
shed some light on this obscure,
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but highly important, mechanism.
Whatever it might be, and there is
precious little indication, LEP exper-
iments have now ruled out a lot of
lower energy territory, and the
Higgs must be heavier than 57
GeV. 'The Higgs hunt is now on in
earnest,” affirmed Davier.

When the top quark is finally
seen (all the smart money is on the
CDF experiment at Fermilab’s pro-
ton-antiproton collider) it might
clarify the Higgs, but several speak-
ers emphasized that this was not
necessarily the case.

Guido Altarelli had updated a
new parametrization method to
analyse detailed behaviour and help
correlate Standard Model and non-
SM effects. This sort of evidence,
according to Davier, needs to be
monitored closely. On the evidence
so far, Rubbia did not rule out a
Higgs sighting at LEP after its ener-

gy upgrade. Also preoccupied with
Higgs were John Ellis of CERN and
Graham Ross of Oxford, investigat-
ing possible Higgs dynamics in
talks on the Status of the Electro-
weak Sector and Beyond the Stan-
dard Model respectively.

Looking at heavy quark produc-
tion at LEP, Roudeau showed how
b quarks are a powerful probe of
directional effects (forward-back-
ward asymmetry), although ac-
count has to be taken of B particle
mixing. Charmed particles too are
also a good source of Standard
Model information and are begin-
ning to be studied, while the para-
meters of B mesons and tau lep-
tons now benefit from LEP data.

Guido Martinelli of Rome des-
cribed the status of QCD, showing
how precision is improving and
how more and more processes are
becoming amenable to calculation.
In this difficult work, approxima-
tions are always attractive, but
Martinelli remarked that perhaps
only the unseen sixth quark is hea-
vy enough to use this approxima-
tion confidently.

Neutrino sessions can always be
counted on for controversy. With
reports of 17 keV neutrinos from
several experiments (John Simp-
son, Guelph) in conflict with a
range of null results, the neutrino
sector was in relative disarray.

Speaking on cosmology and par-
ticle physics, M. Turner of Fermilab
was also worried about the 17 keV
neutrino. ‘It fits nothing, so if it ex-
ists it has to be important,’ he re-
marked. Neutrino summarizer
Mo&ssbauer called for careful neutri-
no experimentation in a sector so
vital to physics progress. Remarka-
bly little is known about such an
important particle, he admitted, dis-
playing a list of no less than 15
major neutrino questions still await-
ing an answer.



Merging
conferences

This year’s big physics meeting
in Geneva was, as its convoluted
name suggests, a one-off merger
between two traditional series of
biennial international conferences
on high energy physics — the
Lepton-Photon Symposium spon-
sored by the International Union
of Pure and Applied Physics (IU-
PAP), and the Europhysics meet-
ing organized by the European
Physical Society.

These meetings take place in
odd-numbered years, with the

- Lepton-Photon event preferring a
venue associated with an elec-
tron machine. With LEP now
marking CERN’s debut as an elec-
tron Laboratory, this year’s merg-
er in Geneva was particularly apt.

Even-numbered years see the
traditional IUPAP ‘Rochester’
meetings, whose worldwide ve-
nues aim to reflect the growing
geographical spread of high ener-
gy physics activity (Singapore in
1990, Munich in 1988, Berkeley
in 1986, Leipzig in 1984, Paris in
1982.) Next year’s event had ori-
ginally been scheduled for Mos-
cow, but Geneva IUPAP Particles
and Fields Commission Chairman
T. Fujii announced that Moscow
had backed down, and the 1992
meeting would instead be held in
Dallas, Texas, from 5-12 August.

In 1993, the Lepton-Photon
and Europhysics events once
more go their separate ways, in
Cornell (US) and Marseille
respectively.

In the coming year, the IUPAP
commission will review the rota-
tion of venues for the Rochester
and Lepton-Photon series, includ-
ing the definitions of the world
regions on which the rotations
are based.

During the Joint International Lepton-Photon
Symposium and Europhysics Conference on
High Energy Physics in Geneva in July, di-
stinguished lItalian theorist Nicola Cabibbo
(left), who is President of the Istituto Nazio-
nale di Fisica Nucleare, was awarded this
year’s High Energy and Particle Physics

Prize of the European Physical Society in re-
cognition of his many outstanding contribu-
tions to the subject. July. The prize was first
awarded in 1989, when the recipient was
Georges Charpak of CERN. Right is European
Physical Society President Maurice Jacob.

Prominent among them is the so-
lar neutrino puzzle, where the flux
of particles coming from the sun is
considerably less than the ex-
pected value. New experiments —
Gallex in the Italian Gran Sasso
Laboratory and SAGE in the USSR
— use gallium to get a more typical
picture of the particles emerging
from the deep solar interior, but it
is still too early for these new
studies to contribute. Barry Barish,
summarizing non-accelerator exper-
iments, looked forward to a first
crop of gallium solar neutrino data
next year.

Another outstanding neutrino
question is neutrino masses. Mdss-
bauer thought the improvement ex-
pected from traditional measure-
ments is now limited, and that neu-
trino oscillations — cyclic variations
in neutrino type — would be more
sensitive.

With mixing well known and fair-
ly accurately measured in the quark
sector, it is interesting to speculate
on what physics would look like if
neutrinos behave in a similar way.

Rubbia pointed out that the big
passive experiments needed to
look at neutrino effects would also
be well suited to search for signs
of proton decay, where the longest
lifetime from minimal grand unifica-
tion schemes has long been ruled
out, but where other schemes
could still allow a tiny hole for ba-
sic nuclear instability.

A relatively new feature of the
neutrino sector is limitations on
neutrino parameters from cosmolo-
gy — reflecting the important role
these particles play in basic phy-
sics. Graham Ross showed how
the 17 keV neutrino candidate is
tightly constrained by cosmology.
Turner, in his cosmology talk, des-
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cribed how nucleosynthesis follow-
ing the Big Bang excludes the tau
neutrino mass from the range be-
tween 0.5 and 25 MeV. With the
ARGUS experiment at DESY indi-
cating it to be lighter than 35 MeV
anyway, the tau neutrino does not
have a lot of room left.

CP-violation can be accommo-
dated in, but not explained by, the
Standard Model. Two major high
precision experiments, one (NA31)
at CERN and the other (E731) at
Fermilab, have for several years
been patiently accumulating and
analysing data on the decay of neu-
tral kaons into pairs of charged and
neutral pions.

Over the years, batches of data

from these two experiments have
come in with different values for a
parameter related to the ‘ratio of
ratios’ — the relative decay rates of
long- and short-lived neutral kaons
into neutral and charged pion pairs.
Now each with samples of more
than two million neutral kaon de-
cays, the experiments do not ne-
cessarily disagree, but the agree-
ment could be better, making any
precise interpretation difficult.

A fresh CP violation feature was
a preliminary result from the CP
LEAR experiment at CERN's low
energy antiproton ring, where evi-
dence has been seen for different
decay properties of particle and an-
tiparticle.

In the plenary session, J.-M. Ger-
ard of Louvain looked hard at the
framework of CP violation, where
the limited room for CP violation
appears to hinge on limitations on
quark transitions, and on empirical
isospin selection rules long known
but still not understood.

Looking to the future, with plans
for complementary particle physics
machines to attack the high energy
and high precision frontiers, Carlo
Rubbia was optimistic. ‘Nature has
put the answer to many questions
within our reach,’ he concluded.

By Gordon Fraser

Computing in

The increasingly important role
played by computing and comput-
ers in high energy physics is dis-
played in the ‘Computing in High
Energy Physics’ series of confer-
ences, bringing together experts in
different aspects of computing -
physicists, computer scientists,
and vendors.

The meetings have been held ev-
ery one or two years since 1980
when the series was initiated in Bo-
logna, and are traditionally organ-
ized under the initiative of the local
organizing committee. For the re-
cent conference in Tsukuba, Japan,
the local organizing committee was
chaired by Shinkichi Shibata of the
Japanese KEK Laboratory with an
international advisory committee
through the LISTSERV electronic
conference system.

8

high energy physics

The sessions began with John
Thresher (CERN) who raised var-
ious guestions on the computing
environment of the 1990s - the
major factors being evolution of
computing environments due to
appearance of high-performance
microprocessor-based worksta-
tions and world-wide large collabo-
rations for experiments at the plan-
ned big hadron colliders (SSC/LHC).
K. Amako (KEK), M. Delfino (Barcel-
ona,CERN), D. Notz (DESY), and
T.Nash (Fermilab) reported on the
current status of HEP computing in
their respective laboratories, each
facing the transition from main-
frame-based centralized computing
to a distributed or collective com-
puting environment with various
types of machine — mainframe, su-
percomputer, computer farm, and

workstations, linked by networks.
The transition appears to be coher-
ent.

David Williams (CERN) asked ‘Is
the role of the mainframe termi-
nated ?’, anticipating a rundown of
the mainframe emphasis in the next
five years. But he is still worried
about performance of the distri-
buted system in data I/O and soft-
ware and operational stability with-
out the mainframe.

L.R. Cormell (SSCL) reported on
the recent installation of the com-
puter facilities at the US Supercon-
ducting Supercollider (SSC) Labora-
tory, where a ‘farm’ has been in-
stalled for batch jobs and interac-
tive front-end workstations for
physics/detector simulation of SSC
experiments. There is no main-
frame-like system.
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A feature of this year’s Computing in High
Energy Physics Conference in Tsukuba, Ja-
pan, was a panel discussion chaired by Ter-
ry Schalk (UCIPP) on the worldwide comput-
ing environment, featuring ten in-person pa-
nelists plus Harald Johnstad from the Texas
SSC Laboratory on the TV screen a video
conferencing link.

BIANE-ES eI E IS~

Architecture

Many presentations looked at the
problem of architecture. There has
been considerable progress in spe-
cial-purpose chips for the require-
ments of SSC/LHC experiments (R.
Bock — CERN). Data acquisition is
also architecture-related in large
and complicated time-critical sys-
tems (P. Le Du — Saclay). Real time
processing for event filtering in the
second or third level trigger is a
field for which various modern
technologies are applicable. At
higher levels, neural networks are
beginning to be used as part of
trigger systems (M. Campbell — Mi-
chigan). Trigger simulation to sepa-
rate signals from background ev-
ents in the Fermilab CDF experi-
ment promises well for the applica-
tion of neural net triggering.
Although high energy physics
has traditionally used scalar com-
puter systems, there is now some
effort to utilize more complex archi-
tectures such as vector supercom-
puters and massively parallel sys-
tems. Y.lwasaki (Tsukuba) des-

10

cribed recent progress for a special
computer system for lattice gauge
simulation. Several large projects
of this kind are underway in Japan,
the US, and Europe.

Software engineering

Software engineering is the biggest
challenge facing high energy phy-
sics today. The most significant
factors are the number of people
who contribute to the software,
the fact that they work in many dif-
ferent institutions around the world
and that few of them are trained in
computer science or programming.
These factors would make most
programming experts give up be-
fore they start. For some time,
there was a belief that the engi-
neering problem was simply one of
choosing the right design tools.
Some groups adopted Structured
Analysis/Structured Design
(SA/SD) in the hope that they
would be able to generate correct
and maintainable code without do-
ing any extra work. In many cases,
they were disappointed and drop-
ped the idea.

K. Hashimoto (Fujitsu) and J.
Knobloch (CERN) looked at recent
software engineering experience in
the business world and HEP,
respectively. In general, Hashimoto
suggested, large scale software
developments should be broken up
into small independent elements as
much as possible to reduce cou-
pling overhead. Software product-
ivity is inversely proportional to the
size of these elements. J. Knobloch
talked on the 'Reality of software
engineering in HEP’, where there
are sceptics. Some recent ad-
vanced tools are fulfilling HEP re-
quirements, but it is not yet stan-
dard practice everywhere.

Database management is one
aspect of software engineering to
deal with large volumes of data, in-
cluding calibration, run conditions,
and analysis parameters. The data-
base must be maintained and up-
dated automatically, advocated
L.M. Barone (Rome).

In the near future new ap-
proaches such as object-oriented
or extensible databases may make
it easier to add relationships among
data elements as the understanding
of the database improves. As
groups begin to look at the ex-
pected needs of the SSC/LHC ex-
periments there are likely to be dra-
matic changes in data manage-
ment.

R.Grossman (lllinois) explained
ideas of database computing for fu-
ture HEP data analysis, using built-
in database functions without a
need for FORTRAN programming,
or FORTRAN can be mixed with a
query language such as SQL.

D. Shirkov (Dubna) introduced
computer algebra and recent tech-
niques such as REDUCE, MACSY-
MA, MAPLE, Mathematica, and
Scratchpad, used to calculate ob-
servables to compare with exper-
imental results. This provides a
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bridge between physics and ma-
thematics as well as between ex-
periment and theory.

UNIX operating system

The conference perhaps marked
the emergence of UNIX as a part of
the high energy physics vocabula-
ry. Even those who hoped, or be-
lieved, that UNIX would disappear
now agree that it will continue to
be important.

This results from the use of
UNIX on virtually every major
workstation and computer server.
With the rapid evolution of com-
puting technology, vendors have
had to adopt a (nearly) standard
portable operating system to avoid
significant delays in bringing new
products to market. This will con-
tinue in the foreseeable future.

The proliferation of workstations
presents a new set of management
challenges. The systems need to
be updated and maintained on a
regular basis, and the community is
only beginning to address these is-
sues.

While UNIX will have an import-
ant role in HEP, the VMS and VM
systems are still used by a majority
of the community. At most labor-
atories, these systems are satu-
rated while the UNIX workstations
are idle much of the time. Physi-
cists like productive systems, and
the situation will evolve only slowly
unless the UNIX environment can
provide the same productivity. Ef-
forts to make the UNIX environ-
ment more familiar to the VM or
VMS users may help but more like-
ly new, high-level interfaces will
change the way physicists work
with their computers.

J.N. Butler (Fermilab) described
the impact of UNIX for HEP and
prospects for the future. Undesira-
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F. Etienne (Marseille) spoke on graphics in
the network environment. .

ble UNIX features include inade-
quate security, system manage-
ment tools, resource management,
and tape support, and nowhere to
go for problems with commands
and features. HEP will adapt and
learn to love it, he said, by devel-
oping suitable environments and
using a language physicists can
understand, such as PAW.

L. Robertson (CERN) described a
"shift” project at CERN which aims
to build a scalable heterogeneous
integrated facility with CPU server,
tape servers, disk servers and Cray
connected by ULTRANET HUB.
This includes functions such as a
disk pool, tape-disk copy sched-
uler, portable UNIX tape control
system, and batch system. The pi-
lot project started last year.

On the other hand, C. Eades re-
ported on the Berkeley central
UNIX facility, stressing that the
central facility must play an import-
ant role as a centre of expertise,
training and information. The man-
agement service for workstations

is also a function of the central fa-
cilities, but does not need to pro-
vide CPU for individuals.

User interface/graphics

One of the keys to enhanced physi-
cist productivity is the user inter-
face. Improvement is due largely to
the ease with which the interfaces
and visualization systems can be
developed.

Many computer systems now
have interface builders or visualiza-
tion systems, facilitating the crea-
tion of applications by letting the
user define an interface graphically
rather than by writing code. Exam-
ples are NeXT’s Interface Builder,
UIMX and TeleUSE for X Window
and SuperCard for the Macintosh.

The Application Visualization
System (AVS) from Stardent has
been used to develop powerful vi-
sualization programs. Many of the
interface building programs are as-
sociated with Object Oriented Pro-
gramming systems (OOPs).

Paul Kunz (SLAC) reviewed var-
ious analysis tools — LUND,
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GEANT, PAW, KAL, Cheetah,
CABS, LUND++, Gismo, Reason,
pointing out that although many
tools are highly developed, their in-
tegration with each other remains
poor. The use of C or an object-
oriented language may lead to a re-
volution in physics analysis tools.

Graphics is also an important
user interface, particularly in a net-
work environment. F. Etienne (Mar-
seille) talked on graphics for net-
works and graphical user inter-
faces. For a standard for graphics,
the X Window system with MOTIF
is a good compromise to optimize
manpower resources for building
and maintaining distributed gra-
phics applications on a very wide
range of hardware.

Networking

Networking has become more im-
portant as the size and geographi-
cal extent of collaborations has in-
creased and has become vital to
the success of most experiments
and even much theoretical work.
On the basis of L3 experience, R.
Mount (Caltech) stated that the net-
work is a lifeline of high energy
physics.

F. Fluckiger (CERN) and W. Lid-
insky (FNAL) reviewed the current
status of networking in Europe and
the US respectively and its future
prospects. In the last few years,
the speed of network links has in-
creased significantly. In 1987, the
typical link operated at 9.6 kbps.
Today, the principal links operate
at 1.5 or 2 Mbps within the US and
Europe, with a 1.5 Mbps link be-
tween the US and CERN. Other in-
ternational lines typically operate at
64 kbps.

Even so, many local and wide
area networks are approaching sa-
turation, with workstations doing
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local data analysis and with data
samples becoming larger

At the same time new capabili-
ties are being added. An example
is video conferencing. Speaking
from Texas, G. Chartrand (SSC)
described video-teleconferencing in
the US and recent developments
using a teleconference system in-
stalled for the conference.

Current technology permits con-
ferencing over links operating at
128 kbps using video compression
and decompression units (CODEC)
to provide quasi-full-motion video.
Industry and research groups are
now working on ways to include
video into the same packets that
now transmit data. When these
systems are operational, video
conferencing and multi-media mes-
sages will be as ubiquitous'as elec-
tronic mail is today.

V. Schegelsky (Leningrad) spoke on comput-
ing for high energy physics in the USSR.
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International collaboration

The last day of the conference
featured a panel discussion on col-
laboration for the unified environ-
ment of the computing in HEP. The
ten panellists in situ were joined by
H. Johnstad (SSC) and L. Price (Ar-
gonne) via video conferencing links
from the SSC and Fermilab,
respectively.

The meeting contributed signifi-
cantly to ongoing world-wide colla-
boration. The next CHEP meeting
will be in Annecy, France, from 21-
26 September 1992, organized by
Annecy and CERN.

From Yoshiyuki Watase (KEK)
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Around the Laboratories

CERN
Widening horizons

At its June meeting, CERN
Council, the governing body of
the Organization, voted to ac-
cord Observer status to the So-
viet Union and to Israel, who
join Turkey and Yugoslavia as
states able to send delegations
to Council meetings and to re-
ceive official documents.

Observer status can be used
as a springboard to increased in-
volvement in CERN, a good ex-
ample being Poland, long an Ob-
server State, but which recently
became CERN’s 16th Member
State.

CERN/USSR
Closer collaboration

The decision of CERN Council to
grant Observer status to the Soviet
Union is a new milestone in a long
history of collaboration between
European and Soviet particle physi-
cists which bodes well for the con-
tinued success of their research
programmes.

CERN/USSR collaboration dates
back to the early 1960s, when the
world front-line machines were the
10 GeV Synchrophasotron at the
Joint Institute for Nuclear Research,
Dubna, near Moscow, CERN’s 26
GeV Proton Synchrotron, and the
30 GeV Alternating Gradient Syn-
chrotron at Brookhaven in the US.

The next important step was
when the Soviet Union decided to
build a 76 GeV proton machine, to
become the world’s highest energy
particle accelerator, at a new Insti-
tute of High Energy Physics at Ser-
pukhov, near Moscow.
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With Poland becoming CERN’s 16th Mem-
ber State, the Polish flag is symbolically
hoisted outside the Laboratory’s main en-
trance.

(Photo CERN H1 30-6-91/13A)
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Under an agreement between
CERN and the Soviet State Com-
mittee for Atomic Energy, signed in
July 1967, CERN provided special
equipment for the new accelerator
(a fast beam extraction system and
a radiofrequency separator), in re-
turn for which scientists from CERN
and its Member States could parti-
cipate in the Serpukhov exper-
imental programme.

This was the first example of a
physics mutual aid approach often
called these days the '"HERA Mod-
el’, underlining the major inter-
national contributions to the elec-
tron-proton collider now being
commissioned at the German DESY
Laboratory in Hamburg.

The 1967 agreement led to a
series of joint European — USSR
physics studies at both the Serpuk-
hov and CERN machines, which
continue to this day, while the Del-
phi and L3 experiments at CERN's

LEP electron-positron collider in-
clude strong Soviet contingents.

Subsequent protocols, dated
1975 and 1983, extended the
CERN-USSR collaboration frame-
work, and 1988 discussions
looked specifically at mutual aid for
major new projects — the proposed
LHC proton-proton collider at
CERN, the UNK proton machine un-
der construction at Serpukhov and
the VLEPP electron-positron linear
collider proposed for Serpukhov
with specialist assistance from the
Novosibirsk Institute of Nuclear
Physics.

In Moscow in May, CERN Direc-
tor General Carlo Rubbia and Soviet
Minister of Atomic Power and In-
dustry V.F. Konovalov signed a
new General Cooperation Agree-
ment. This initially covers three
items: USSR contributions to the
project to increase the LEP energy
and for the upgrading of external
beams at CERN's SPS synchrotron;
CERN contributions to the UNK
control system and to its beam
diagnostics; and a collaboration
framework for the research and de-
velopment programme for LHC de-
tectors. A fourth protocol, yet to
be finalized, would cover major
USSR participation in LHC con-
struction.

Soviet equipment earmarked for
the LEP energy upgrade includes
distribution transformers, high
pressure helium storage, cryogenic
transfer lines and power converter
transformers. Initial shipments ar-
rive this year. Likewise the first
CERN high technology for the UNK
control system should make its
appearance at Serpukhov this year.

Soviet contributions to LHC de-
tector development will concen-
trate on vertex detection, tracking,
calorimetry, electron and muon
identification, radiation resistance,
and data acquisition.
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The Cyclotron Centre at Calcutta, India, in
collaboration with the Universities of Jam-
mu, Chandigarh and Jaipur, has developed
and assembled the photon multiplicity detec-
tor for the WA93 heavy ion experiment at
CERN. Signals from the detector’s plastic
scintillation pads are transmitted using
wavelength-shifting optical fibres, and read

CERN
Multiplicity detector
from India

A highly granular pre-shower de-
tector for measuring the number of
photons produced in high energy
heavy ion collisions has been de-
signed and fabricated for the
WA93 experiment at CERN by a
Calcutta/Chandigarh/Darm-
stadt/Jaipur/Jammu collaboration.

The motivation for detailed pho-
ton multiplicity measurements over
a wide solid angle comes when the
large numbers of secondary parti-
cles in collisions of very heavy ions
like lead are expected to produce
only small variations in the ratio of
photons to charged particles. How-
ever collisions producing quark-
gluon plasma — the long-awaited
state of matter where quarks break
loose from their conventional con-
finement in nucleons — may pro-
duce an appreciable excess of pho-
tons.
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out using the image intensifier and CCD ca-
mera system from the UA2 experiment at
CERN'’s proton-antiproton collider. The
plastic scintillator and optical fibres were
supplied by GSI, Darmstadt, Germany. All
fabrication and assembly has been done at
the Calcutta Cyclotron Centre.

The detector consists of a matrix
of 7600 plastic scintillator pads,
each 20 x 20 x 30mm, behind
thick lead converter plates, and
covers the forward hemisphere for
200 GeV/nucleon sulphur on gold
collisions. Light from the pads is
collected and transported by wav-
elength-shifting optical fibres read
out using a 3-stage image intensif-
ier and CCD camera system devel-
oped and used by the UA2 experi-
ment at CERN’s proton-antiproton
collider.

The design, fabrication and as-
sembly of the detector has been
carried out at the Variable Energy
Cyclotron Centre, Calcutta, with
students and faculty from the three

other collaborating Indian institutes.

The detector has recently been
tested at CERN using electron, pion
and muon beams in preparation for
data-taking with a 200 GeV/nu-
cleon sulphur beam in October. For
heavier ions, a much larger detec-
tor, covering some 20 sq m, is
planned.

CERN/NOVOSIBIRSK
Electron cooling
Improvements

A collaboration between CERN and
Novosibirsk’s Institute for Nuclear
Physics (INP) has developed im-
proved techniques for electron
cooling in CERN’s LEAR low energy
antiproton ring.

Novosibirsk is the birthplace of
electron cooling. It was there in
1974 that the team of G. Budker
and A. Skrinsky first demonstrated
the technique, using the small NAP-
M storage ring.

Electron cooling, in which an un-
ruly beam is "tamed’ by coming in
contact with an electron beam of
well-defined momentum, was over-
shadowed by Simon van der
Meer’s subsequent invention of
stochastic cooling, which played a
vital role in the big proton-antipro-
ton collider projects at CERN and
Fermilab in the 1980s.

The importance of electron cool-
ing reemerged with the requirement
for ultra-cold beams in low energy
storage rings such as LEAR.
Whereas stochastic cooling works
well for relatively large beams of
rare particles, electron cooling is
very efficient to 'post-freeze’
beams already reasonably cool.
The LEAR electron cooling system
was developed by CERN and KfK
Karlsruhe using equipment taken
over from CERN's early ICE (Initial
Cooling Experiment) project.

In electron cooling, the acceler-
ated electrons are picked up by
high voltage collector electrodes,
and the particles flow back to the
cathode via a conductor, forming in
effect a sort of subsidiary storage
ring.

The LEAR collector must operate
with electron beams of several am-
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peres and energies of several tens
of keV. Under these conditions, the
primary electron beam hitting the
collector produces many secondary
particles, which in turn sputter ma-
terial from the walls of the vacuum
chamber and degrade the vacuum.

To suppress these unwanted se-
condaries, the collector systems
use a special arrangement of elect-
ric and magnetic fields . The
original LEAR collector consisted of
a series of elaborate electrodes,
but proved to be unreliable at high
voltages and inefficient for routine
operation at LEAR. CERN invited
the Novosibirsk electron cooling
pioneers to design, build and test a
new unit. This was entrusted to
INP’s new Centre of Applied Phy-
sics and Technology at Lipetsk
CAPT INP (January/February 1989,
page 23). The collaboration was
headed by J.Bosser (CERN) and
|.Meshkov (CAPT INP).

After more than a year of hard
work and frequent exchanges be-
tween CERN arid CAPT INP spe-

cialists, the new collector has re-
cently been installed and tested in
the LEAR electron cooler. The de-
vice consists of a Faraday cup with
a suppressor (repeller) electrode at
the entrance. It is connected to the
main cooler via a vacuum valve to
allow repairs without disturbing the
main LEAR vacuum. Another im-
portant constraint was the need to
keep the existing power supplies.

First results are in accord with
the original CERN specifications,
with a tenfold improvement in col-
lection efficiency which is now
99.95 %. Tests are continuing.

The CERN/CAPT INP collabora-
tion is continuing to investigate re-
placing the present source for the
LEAR electron cooling with a new
variable current gun.

Schematic of the new electron cooling col-
lector for CERN’s LEAR Low Energy Antipro-
ton Ring, developed by a collaboration be-
tween CERN and Novosibirsk's Institute for
Nuclear Physics.
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GRAN SASSO
Roman lead
for physics
experiments

On June 15 at Oristano (Sardinia) a
formal ceremony marked the start
of an underwater archaeological
campaign sponsored by the Istituto
Nazionale di Fisica Nucleare (INFN)
to recover the load of a Roman
freighter (navis oneraria) which
sank off Sardinia carrying an excep-
tionally large load of lead.

INFN’s interest in obtaining part
of this lead comes from the metal’s
particularly high value as a shielding
material in delicate experiments,
such as the interactions of solar
neutrinos, or rare decay processes.
These studies require strong sup-
pression of background counts
from charged cosmic rays, neu-
trons and gamma rays.

The charged cosmic ray back-
ground is greatly reduced deep un-
derground. In the Laboratori Na-
zionali del Gran Sasso, under 1400
metres of rock, the intensity of
charged cosmic rays is reduced by
about 106 compared to the sur-
face signal.

Neutrons are also considerably
reduced, but less effectively since
they are only partly produced by
cosmic rays, some being generated
by spontaneous fission in the
rocks. In the Gran Sasso Laborato-
ry the radioactivity of the rocks is
rather low and therefore the fluxes
of thermal and fast neutrons are
three to four orders of magnitude
smaller than in any low background
laboratory on the surface.

But underground gamma ray
background is similar to that on the
surface, due to the radioactivity of
surrounding rocks or construction
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A diver at the wreck of a Roman freighter
which sank off the Sardinian coast some
2,000 years ago carrying a load of lead.
Protected from environmental radiation by
some 30 metres of water, this lead will pro-
vide valuable low-background shielding for
precision physics experiments.

materials. Reduction of gamma
rays, essential for sensitive experi-
ments, can only be accomplished
by shielding the detector with suit-
able materials of high atomic num-
ber and low intrinsic activity.

Its reasonable cost, special me-
chanical properties, low neutron
yield and high atomic number make
lead an ideal material for shielding
gamma rays. While for radiation
protection purposes its intrinsic ra-
dioactivity is negligible, for highly
sensitive low radioactivity experi-
ments residual activity (due to lead-
210 and its daughter nuclides bis-
muth-210 and polonium-210) may
limit its usefulness.

Certified low-radioactivity lead is
mainly produced for the electronics
industry and is far too expensive to
be used in large quantities. An al-
ternative is old lead produced sev-
eral half-lives (22 years) of lead-
210 ago. However such lead is

One of the lead ingots found in a Roman
ship sunk near Sardinia, with the manufac-
turer's mark. This lead turned out to be of
extremely low radioactivity and will be used
for delicate physics experiments at the un-
derground Gran Sasso laboratory.
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rare, since sources like water
pipes, sunken shiploads, or sailing
ship ballast are not frequently
found.

The recent discovery of this Ro-
man wreck loaded with lead has
therefore triggered the interest of
physicists Gianni Fiorentini and Et-
tore Fiorini, who have promoted,
together with archaeologist Do-
natella Salvi, the rescue collabora-

tion between INFN and the Italian
authorities for artistic and historical
heritage.

The agreement foresees financial
support from INFN, use of part of
the lead for researches at the Gran
Sasso laboratory, and the creation
of a database of all recovered ma-
terial for archaeological studies.
Several physicists and archaeolog-
ists are cooperating in the project.

The age of the Roman lead and
the protection afforded by the wa-
ter prevent visible contamination
not only from lead-210 but also
possibly of other long-lived natural-
ly-produced radioactivity. For more
than two thousand years the ship
has lain on the sea bed at a depth
of about 30 m, well shielded
against environmental neutrons and
radioactive remnants of the Cher-
nobyl accident.

A sizable amount of this lead
has been analysed by a Milan
group, who have carried out
measurements of X-ray fluor-
escence and diffraction, neutron
activation and alpha, X-ray and
gamma ray spectroscopy. Alpha,
X-ray and gamma ray spectrosco-
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The core components

in electromagnetic calorimeters,

more than 21,000 Cerenkov counters from Schott.

(Photo: CERN)

SCHOTT GLASWERKE
Geschaftsbereich Optik
Verkauf Optisches Glas
Postfach 2480, W-6500 Mainz
Telefon 06131/66-0
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In experiments searching for the structure of matter the
energy and direction of photons and electrons, generated
for example in the annihilation of energetic electrons and
positrons, have to be measured with high resolution.

To do this, more than 21.000 Cerenkov glass blocks
made by SCHOTT are in use. These lead silicate glasses,
such as SF 3, SF5 and SF57, are successfully employed
in the*large universal detectors: OPAL and DELPHI

(at CERN) and JADE (at DESY).

The extreme properties inherent in glasses from SCHOTT
make possible the precision — which is beyond imagina-
tion — required for these experiments:

High density of glass — short radiation length.

- High internal transmittance in the Cerenkov radiation
wavelength range.

High refractive index — low detection limit for fast
particles.

7 High radiation resistance - long service life.

HED-1, the newly-developed scintillation glass from
SCHOTT, is another important medium of detection for
high energy particles in nuclear physics. As compared
with lead silicate glasses, its luminous efficiency is
substantially higher, while energy decomposition is also
higher.

Special glasses from SCHOTT contribute toward maxi-
mum performance results in all fields of science and
research.
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Powered Crates

NIM-Crates
CAMAC Crates

to CERN-Spec. 099q,
linear regulated.

To CERN-Spec. 199,
linear regulated.

To CERN-Spec. 336,
switch mode regulated.

FASTBUS-Crates

to CERN-Spec. F6852,
switch-mode regulated.
Wes-Crate Power
Supplies are distinguished
by low noise and ripple.

Electromagnetically
shielded.

VMEbus-Crates

to CERN-Spec. V-422.
We also now make Crates
to the new CERN-Spec.
V430 with =5, 2V, -2V,
+15V on an third Jaux
connector between J1
and J2.

3 SET R ETRE TR R
A \
RETFEREEE FEPIFFEEIE R A ARE AR Klﬂ!!ﬂ&*

CUSTOM Design
Example:

VME FADC-Crate

11 u high, 725 mm deep
with IEC-Interface

for H1 DESY, Hamburg.

Every CERN-Spec.
so far as given rice
to a CERN-approved
Crate from

Lides-Crotes

Wes-Crates GmbH Telefon 0461/77 4177 (new)
Pattburger Bogen 33 Telefax 0461/77 41 41 (new)
D-2398 Harrislee/Flensburg ~ Teletex 461309 =Kristen
Germany Telex 17 461309

ROTA MAG 2000
débitmétre

électromagnétique %

O version compacte

O choix digitale de la plage de mesure
O Indication locale

O sécurité intrinséque

Demandez la documentation

ZIMMERLI MESSTECHNIK AG

Schlossgasse 10 4125 Riehen
[ 061-675454

Telex 965 135 Telefax 061/67 3562

mmm  Softway mm

HTH S.A. - Rue Louis de Savoie, 56 - 1110 Morges
Tel. (021) 803 23 33 - Fax (021) 803 23 40
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Intégration PC-UNIX:

pour bureautique, gestion, communications, etc...

LOCUS "PC-Interface pour DOS": intégr. DOS-UNIX, disque/s du
PC sur machine/s UNIX, accés fichiers UNIX, acceés serveurs NFS,
impress. sur imprim. UNIX depuis appli. DOS, transfert de fichiers par
commandes DOS, émul. ANSI; tous usages, RS232 et TCP/IP, pour
UNIX PC et autres; nouvelle vers. 4.0 compat. AADU IBM6000.

LOCUS '"PC-Interface pour Macintosh™: intégr. Mac.-UNIX,
volumes disques du Mac. sur machine/s UNIX, impress. depuis Mac.
sur imprim. UNIX, depuis UNIX sur imprim. Mac., émul. ANSI; liaison
Ehernet ou Appletalk, pour UNIX PC et autres.

JSB MultiView DeskTop: émul. ANSI sous MS-Windows 3.0, rapide,
8 bits, couleurs, claviers configurables, support imprimantes, multi-
sessions; pour RS232 et réseaux TCP/IP.

X11 pour DOS: eXceed, serveurs compat. X114, pour VGA, 8514A
(jusqu’a 1280x1024), TIGAZ2; pour tous réseaux TCP/IP.

X11 pour MS-Windows: eXceed/W, serveur compat. X11.4 pour MS-
Windows 3.0; pour tous réseaux TCP/IP.

System V Rel. 4 pour PC

SVR4 INTERACTIVE pour tous PC (ISA/EISA) et PS2 (MCA), avec
TCP/IP, NFS, X11 (Super-VGA), OpenLook, MOTIF, etc...

SVR4 "Complete System" FS 6’765.--
SVRA4 "Starter Kit" (seulement o.s. et network) FS 3'135.--
SVR4 "Graphics + Devt. Kit' (X11, outils de devt.) FS 4'345.--
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Comparison of the residual low energy ra-
dioactivity in modern and Roman lead.

Counts / keV h
w
T

Roman lead

100

200

Moderm lead

Energy (keV)

py was also carried out for com-
parison on samples of modern
lead, on specially-produced low ra-
dioactivity lead and on a sample of
lead about 500 years old.

The intrinsic radioactivity of the
Roman lead was found to be ex-
tremely low, showing its potential
usefulness in low activity experi-
ments on rare decays and in low
level gamma spectroscopy.

The wreck is located near ‘Mal
di ventre’ island off the south-west
coast of Sardinia, where strong
winds and small protruding rocks
have made this area of sea noto-
rious. The lead ingots lie on a flat,
sand-covered sea bottom over an
area 36 x 12 metres, delimited by
the position of the anchors: one
iron anchor lies on the prow, and
three lead anchors on the stern,
with two symmetrically arranged
lead counterbalances. The size of
the ship and the large quantity of
lead ingot cargo indicates an oner-
aria magna adapted for carrying
heavy loads of metals — the keel is
reinforced by iron nails more than
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70 cm long.

The estimated 1500 ingots each
weigh about 33 kg (about 100 Ro-
man pounds). Their shape and
weight dates them to the first half
of the first century BC, which ties
in with accompanying pottery and
the names of the ingot manufactur-
ers, familiar from previous discov-
eries. The most frequent name is
that of the Pontilieni family ( Socie-
tas of Caius and Marcus, sons of
Marcus), a family of the Fabia tribe
active in the middle of the first cen-
tury BC. Other ingots bear the mark
of Caius Hispalius of the Menenia
tribe.

The Spanish mining activity of
these families of Italian origin is
well known. On the other hand the
discoveries of a considerable num-
ber of ingots in the Mediterranean
sea demonstrate that such metals
were widely spread. Lead was
used in large quantities for a variety
of purposes such as water pipes,
anchors, net sinkers and lead
clamps used in the construction of
stone buildings. The large quantity

of this metal found as a part of the
shipload near Mal di Ventre island
proves that specific ships were
used to carry ingots to markets.

Identification of the source of
this consignment is of considerable
archaeological interest. In principle,
it should be possible by comparing
trace elements and lead isotope ra-
tios of the ingots with ore from
possible source regions, mainly on
Sardinia itself and in southern
Spain. Although these regions are
geologically rather similar they may
be geochemically differentiated. In
addition, it would be interesting to
see if all the ingots have a similar
composition and therefore derive
from a single ore deposit.

Thus, after an interval of two
thousand years, the products of
the once flourishing Roman metal-
lurgical industry and the Pontilieni
multinational concern are again in
demand!

By Alessandro Pascolini

BROOKHAVEN

RHIC magnets: indus-
trial procurement and
first system tests

Brookhaven’s Relativistic Heavy lon
Collider (RHIC) project is now near-
ing the end of its first full year of
construction — a year in which the
major emphasis has been on
groundwork for industrial produc-
tion of the machine’s supercon-
ducting magnets.

About three-quarters of the
1600 superconducting magnets for
RHIC are expected to be produced
in industry, using designs devel-
oped and tested at Brookhaven.
These include all of the dipole, qua-
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<« A half-cell of the RHIC magnet lattice.
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Commercial studies of these de-
signs have found the technology
well suited for transfer to industry,
and an Industrial Technology Orien-
tation session held in October
1990 was attended by about 80
participants representing 34 inter-
ested industrial firms. A request for
proposals for commercial manufac-
ture of the arc dipoles, the largest
RHIC magnets, is in the final stages
of preparation, with bids on the
other magnet types soon to follow.

In the meantime, the first tests
of an interconnected Full Cell sys-
tem were begun last November
and have now been successfully
completed. These tests have
shown that the RHIC magnets,
which had performed according to
expectations when tested individu-
ally, also show no surprises when
operated as a system.

After a major R&D effort, proto-
type tests were first carried out on
each type of magnets for the arcs
of the machine — the dipoles and
quadrupoles are the largest compo-
nents, for bending and focusing the
beams; the sextupole magnets and
corrector coils eliminate unwanted
field components and fine-tune the
particle orbits.

Within the 12 arcs of the two
RHIC rings the magnets are ar-
ranged in a lattice, with a basic cell
repeated 12 times in each arc,
each cell consisting of two dipoles
and two quadrupole-sextupole-cor-
rector packages.

The first Full Cell tests aimed to
validate the design of the electrical
and mechanical interconnections
and to operate the Full Cell as a
system and monitor its thermal and
electrical performance.

During the tests the Full Cell was
taken through several cooldowns

HELIUM RETURN~

BELLOWS —/ /

HELIUM RETURN
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and was electrically ramped
through 375 power cycles, taking
the dipoles from 580 to 5000 am-
peres at a ramp rate of 80 amperes
per second, corresponding to the
acceleration cycle of the collider. A
current of 5000 amperes in the di-
pole magnets corresponds to the
top design energy (100 GeV/nu-
cleon for gold beams), with a field
of 3.45 Tesla.

In addition the Full Cell was sub-
jected to 26 quench tests, with the
current in the dipoles and quadru-
poles increased until some portion
of the conductor ceased being su-
perconducting. This current sets
the upper limit for magnet opera-
tion. As expected, all quenches oc-
curred in the dipole magnets — the
first at 6168 amperes, well above
the operating value for the ma-
chine. Subsequent quenches occur-
red above 7000 amperes, a full
40% above the operating value.

Readings taken during cool-
down, power and quench cycles,
and warmup showed that the
forces on the magnets are well
within expectations, showing no
evidence of creep in the coil struc-
tures after many power cycles.

g-2 revisited

An experiment at Brookhaven's Al-
ternating Gradient Synchrotron
(AGS) to measure the anomalous
magnetic moment (g-2) of the
muon with new precision (April
1989, page 7) has completed
winding the first of its four 14-
metre diameter superconducting
coils.

This is a major initial milestone
in an effort to improve by a factor
of 20 on an already remarkable
CERN measurement of muon mag-
netism 15 years ago.
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Winding the first of four 14 metre-diameter
superconducting coils for an experiment at
Brookhaven to measure the magnetism of
the muon with unprecedented precision.

The extra precision will uncover
the tiny effect due to vacuum fluc-
tuations of the W and Z particles,
carriers of the weak force. The
anomalous muon magnetism due
to various vacuum fluctuations is
only 0.1%, and was measured at
CERN to 7 parts per million (ppm).
The W and Z particles contribute
about 2 ppm, and the Brookhaven
goal is to get down to 1/3 ppm.

The W and Z contributions are
predicted by the electroweak unifi-
cation of electromagnetism and the
weak nuclear force, and the new
experiment will probe the delicate
interaction between the weak
force, carried by W and Z particles,
and electromagnetism, carried by
the photon.

When a muon is born in the de-
cay of a pion, its spin points along
its direction of motion, itself a sig-
nificant piece of physics (the weak
force is very careful about direc-
tion). Going through a magnetic

field, the muon’s path is bent, and
the spin direction follows almost,
but not quite. There is a tiny differ-
ence (proportional to g-2) between
the spin direction and the muon’s
trajectory after passing through the
magnetic field, seen as a rotation
(precession) of the spin direction
around the direction of motion.

The Brookhaven experiment will
set out to measure 50 billion
muons. These eventually decay
into electrons, which point in the
direction of the parent muon spin.
The 3 GeV time-dilated muons will
have an average lifetime of 64 mi-
croseconds (approximately 2/3 de-
cay during this time) and the ex-
periment will collect decay elec-
trons over one millisecond for each
pulse of muons.

The experiment will look for the
decreased muon signal following
the 64-microsecond lifetime, mo-
dulated by the cyclic precession of
the muon spin around the muon
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Engineering Manager

(Synchrotron Group)
OXFORD GOOD PACKAGE + CAR

Part of Oxford Instruments Limited, the Synchrotron Group has
designed and manufactured Helios, a sophisticated superconducting
x-ray source for use as a production tool in the lithographic processing of
microchips. Helios 1 has recently been installed by IBM in the USA, and
Helios 2 is now being built.

Recent re-organisation has resulted in the need for an Engineering
Manager to assume control of the Dipole department. Dipoles are
superconducting magnets which produce x-rays by synchrotron
radiation, and are amongst the most advanced of their kind. Key tasks
of the position include: leadership of a 12 strong team, customer liaison,
responsibility for design and commissioning, setting targets and
observing financial controls.

Candidates require a good honours degree, together with extensive
man/project management experience in a high-technology
environment. A good working knowledge of one or more of the
following is desirable: cryogenics, applied superconductivity, vacuum,
stress analysis, pressure vessel design, manufacturing technology.

Oxford Instruments Synchrotron Group offer an exceptional benefits
package, including an excellent salary, performance related bonus,
share participation, BUPA and a company car. For further information
please contact our consultant, Lionel Eras, or send/fax your CVto him at:

Human Resource Services (UK)
58 Windmill Road, HAMPTON HILL, Middlesex TW12 1QU
Tel: 081 941-2686 (24 hrs) Fax: 081 941-1176

PRODUCTION MODULES e THERMAL EXPANSION . e

MACHINE DESIGN

HILMAN ROLLERS
SYSTEMS

From 1 to 1000 Tons or More

Hilman Systems
operate in horizon-
tal, vertical plane,
inverted or trunion
mount, semi-
precise bearings,
as a slide,
submerged in
water, indoors,
outdoors, dirty
environment or
corrosive atmosphere.
If you have a heavy
application, let our systems
analysts help you solve it efficiently
and at low cost.

HILMAN  SYSTEMS DIvISION

e . 2604 Atlantic Avenue
e | Wall,N.J. 07719 U.S.A.

FAX (908) 223-8072

WAUKESHA-Kreiskolben-Pumpen

\

diND3 TTIWI331LS e« ¥34SNVAL INIYYIN o SINVID AJLNYD

ROLLERS (908) 449-9296
ROLLERS . .
INTERNATIONAL Telex: 283782 Hilm UR

S1dv) 310 o

fiir hohe Hygieneanforderungen

und schonende Férderung von Lebensmittel-  Generalvertretung in der Schweiz
produkten (auch mit Frucht- und Fleisch-
stiicken, Nusskernen etc.).

Bevorzugter Einsatz in Molkereien, Obst-,
Gemiise-, Fleischverarbeitung, Biotechnik,
Kosmetik, Pharmazeutik und der Herstel-
lung von Getranken, Siiss- und Backwaren.

Fachberatung - Service- Ersatzteilhaltung

Missionsstrasse 22, CH-4003 Basel
Tel. 061/2 61 98 00, Fax 061/2 61 25 47
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Results from a previous experiment at CERN,
showing the slowly decreasing electron sig-
nal as the parent muons decay, modulated
by the characteristic wave pattern due to
the spin direction precessing round the
muons’ trajectory.

Time

in  microseconds
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trajectory, which takes about 4 mi-
croseconds. It is this modulation
period which must be measured
very precisely, to 1.3 picosecond.

This sensitivity will be achieved
by refinements on the CERN experi-
ment, and taking advantage of a
more effective muon gun — the
AGS/Booster combination. One re-
finement is the use of a continuous
14-metre-diameter superconduct-
ing magnet as the muon storage
ring, ensuring a more uniform mag-
netic field. The CERN ring used 40
discrete magnets and the field was
known to 1 ppm over the 44-metre
circumference storage region. The
Brookhaven experiment will need
to know the field to 0.1 ppm.

Other refinements include using
superconducting coils (less cycling
and heat) and a trolley carrying
NMR probes to measure the field
inside the storage ring without
needing to turn the field off.

The muons, from pion decay,
will follow an external beamline,
from where they will be magneti-
cally kicked into the storage ring.
At CERN, pions were fed into the
muon storage ring, where some
decayed to give trapped muons.
Muon injection improves the collec-
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tion efficiency by a factor of seven.
The new experiment plans to run
in late 1993. Targets include com-
pletion of three more coils by late
fall, construction of the magnet and
powering it next fall, and an exten-
sive period of shimming to obtain a
magnetic field uniform to 1 ppm
and known to 0.1 ppm. Brookhav-
en and the Japanese KEK Laborato-
ry are responsible for the magnet.
Other systems include a super-
conducting inflector magnet being
built at KEK, the NMR system being
built at Heidelberg and Yale, elec-
trostatic quadrupoles (Brookhaven
and Boston), a kicker (Brookhaven),
the detector system (Boston and
Yale), and the beamline (Brookhav-
en). Los Alamos contributed track-
ing studies on muon injection. The
Soviet Novosibirsk Laboratory is
contributing to the beamline and
doing an important companion ex-
periment to compare the produc-
tion rates of hadrons and muons in
electron-positron collisions.

From Gerry Bunce

DESY
ARGUS looks at the
tau neutrino

As well as contributing important
results on B mesons (particles
carrying the fifth — 'beauty’ —
quark), the ARGUS detector at
DESY’s DORIS Il electron-positron
storage ring also specializes in the
third generation of weakly interact-
ing particles (leptons), with data on
about half a million examples of el-
ectron-positron collisions produc-
ing pairs of tau particles.

Associated with the tau is the
tau neutrino, and while the elec-
tron- and muon-type neutrinos
have been shown to behave as ex-
pected, it is important to check out
the third neutrino type as well.

The mass of the tau is particular-
ly important — neutrino masses are
interesting for cosmologists be-
cause of the 'dark matter’ (cosmo-
logical missing mass) problem.
Neutrinos are widely expected to
have no mass, but on the other
hand the existence of a small mass
opens up the possibility of ‘oscilla-
tions’, with neutrinos cyclically
switching their electron, muon and
tau allegiance.

Measuring a zero value gives ex-
perimenters a hard job — normally
they have to rely on limits, current-
ly single figure electronvolts for the
electron neutrino mass and 250
keV for that of the muon neutrino.

ARGUS has used two techniques
to measure the tau neutrino mass —
analysis of the energy spectrum of
tau decays, where the end point is
sensitive to the mass of the ac-
companying tau neutrino; and
measurements of the mass spec-
trum of tau decays into many parti-
cles.

Using the first method in 1986
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Mass spectrum of tau decay into five pions,
as measured by the ARGUS group at
DESY’s DORIS-II electron-positron collider.
The curve is the prediction for a massless
tau neutrino. From this data, the neutrino
has to weigh less than 35 MeV.
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with a sample of taus producing
three pions, ARGUS initially ob-
tained a 70 MeV limit on the tau
neutrino mass.

Decays of taus into five pions
are especially good for tau neutrino
information —‘the mass spectrum
from only a few events can already
produce significant results. Enlarg-
ing 1987’s 12-event sample of
these decays to 20 shows that the
mass spectrum extends right out
to the tau mass, so that the most
probable tau neutrino mass is zero.
Including known uncertainties in
the mass of the five pions, the up-
per limit of the neutrino mass is 35
MeV, in accord with the value de-
duced from the 1987 data and the
most sensitive bound on the tau
neutrino mass yet established.

Using Gell-Mann’s "see-saw’
model, which says the ratio of the
neutrino masses goes as the
square of the masses of the corre-
sponding leptons, this tau neutrino
limit implies a 3 eV limit on the el-
ectron neutrino mass, where the
best experimental limit is some
9eV.
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As a weakly interacting particle,
the neutrino is very sensitive to di-
rection. Like its electron and muon
counterparts, the helicity (spin di-
rection) of the tau neutrino is ex-
pected to be —1 (a left-handed par-
ticle, with its spin pointing against
the direction of motion). This was

demonstrated last year by ARGUS
in the decay of taus into the a
(1260 MeV) particle, produced in a
well-defined (spin/parity) state and
subsequently decaying into pions
through strong interactions, which
conserve parity (left/right invar-
iance).

Using 1937 decays of negative-
ly-charged and 1950 of positively-
charged taus, ARGUS has meas-
ured for the first time the helicity of
the tau neutrino and antineutrino.
As expected, they are —1 (left-
handed) and +1 (right-handed)
respectively, underlining the validity
of the current picture of particle
physics.

Linear accelerator pioneer Rolf Widerée (left)
in the HERA electron-proton collider tunnel,
DESY, Hamburg, with HERA electron ring
chief Gus Voss. In July the HERA electron
ring was recommissioned, reaching 30.3
GeV with the help of superconducting radio-
frequency cavities.

(Photo P. Waloschek)
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Originally built to search for neutron-antineu-
tron oscillations, the solar neutron telescope
at the Japanese Mount Norikura Cosmic Ray
laboratory saw clear evidence for neutrons
accompanying a strong solar flare on 4
June.

JAPAN
Solar neutron sighting

In June, Japanese scientists saw
clear signs of solar neutrons from a
large solar flare. As these particles
arrive at the Earth’s surface rela-
tively unperturbed by magnetic
fields, they could provide especially
clear insights into solar mechan-
isms.

Evidence for solar neutrons has
been rare, although a report from
scientists using the neutron moni-
tor at the Jungfraujoch mountain
station in Switzerland, published in
1987, was underlined by gamma-
ray spectrometer data from the So-
lar Max spacecraft.

On 4 June this year, clean solar
neutron events were picked up by
the three detectors of the Mount
Norikura (2770m) cosmic ray labo-
ratory, by the Nagoya University
36 sq m scintillator array, and by
the Riken 12 sq m neutron moni-
tor. These were in coincidence
with solar flare X-ray and radio sig-
nals. The energy of the particles
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Annihilation of antiprotons in liquid helium,
as measured by a Tokyo group, showing
clearly a component where lifetimes are
measured in many nanoseconds.
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was greater than 390 MeV. After
the initial flare, several more pulses
of particles were seen, but with dif-
ferent properties.

KEK
Catching antiprotons

When negatively charged hadrons
(strongly interacting particles) are
brought to rest, they can briefly
form exotic atoms, with the nega-
tive hadron ‘orbiting” close to the
target nucleus, before being swal-
lowed up by nuclear effects.

A few years ago, an experiment
at the PS proton synchrotron at the
Japanese KEK Laboratory found
that negative kaons could be held
in liquid helium for about ten nano-
seconds. Following this up, a group
from Tokyo University and Institute
for Nuclear Study working at KEK
have found that antiprotons can

survive in this way for a relatively
long time (many microseconds).

This abnormal at-rest stability of
negative hadrons in liquid helium
had been explained by the forma-
tion of metastable exotic atoms,
with the negative hadron accom-
panying an electron around the he-
lium nucleus. However unlike pions
and kaons, antiprotons are them-
selves stable, and provide a good
test particle.

The KEK experiment took care to
remove fake events, the timing of
the "delayed events’ with respect
to the incident particle beam and
their energy deposition being care-
fully monitored.

The results clearly show the
prompt absorption of antiprotons,
but in addition, about 3.6 per cent
of the particles survive for a much
longer time in liquid helium. In liquid
nitrogen, where comparable exotic
atoms are more difficult to form,
no delayed annihilation was seen.

An immediate question is to look
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what happens in gaseous helium,
and the Tokyo group, together
with researchers from CERN and
Munich’s Technical University, are
planning an experiment at CERN's
LEAR Low Energy Antiproton Ring.
Other experiments at LEAR (Sep-
tember 1989, page 24) have used
Penning traps and complementary
cooling techniques to store antipro-
tons, the record being 60 days.

CEBAF
Superconducting
injector reaches
design energy

On 11 June the superconducting
injector at the Continuous Electron
Beam Accelerator Facility (CEBAF)
accelerated an electron beam to 45
MeV — design injection energy for
the 4 GeV superconducting accel-
erator under construction in New-
port News, Virginia.
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Earlier, a partial injector configu-
ration had reached 5 MeV using
the injector’s initial two-supercon-
ducting-cavity quarter-cryomodule
to begin CEBAF’s Front End Test
(FET) of permanently installed com-
ponents. In April, with 1 1/4 cryo-
modules, the FET reached 25 MeV
(June, page 10). The injector’s se-
cond full cryomodule was installed
in May. The 20 MeV (nominal)
cryomodules are identical to those
being prepared for the main CEBAF
accelerator.

Supplying FET liquid helium is
CEBAF’s central refrigeration plant,
which is in commissioning and had
operated for some 2100 hours for
the test when 45 MeV was
reached.

Physics
monitor

The superconducting injector at the Contin-
uous Electron Beam Accelerator Facility (CE-
BAF) has accelerated electrons to 45 MeV —
design injection energy for the 4 GeV super-
conducting accelerator under construction in
Newport News, Virginia.

GUT feeling

CERN's LEP electron-positron col-
lider is going full blast, with each of
the four big experiments — Aleph,
Delphi, L3 and Opal — now able to
see thousands of Z particles (the
electrically neutral carrier of the
weak nuclear force) in a day.

For the moment, these physics
results line up solidly behind the
"Standard Model’, the twin picture
of the electroweak unification of el-
ectromagnetism and the weak nu-
clear force on one hand, and the
field theory of quark dynamics on
the other.

Unfortunately as a physics theo-
ry the Standard Model is transpar-
ent, being riddled with unresolved
questions. But its very solidity now
means that physicists can use it as
a springboard in their quest for the
deeper theory which will finally an-
swer these questions.

The main trouble with the Stan-
dard Model is its lack of predictive
power — too many things have to
be measured in experiments, and
the values put into the theory by
hand.

A classic example came in 1989
with initial results from Stanford’s
SLC Linear Collider and from LEP.
These showed that there is room
for only three kinds of lepton
(weakly interacting particle). In the
Standard Model each lepton - elec-
tron, muon and tau — is paired with
its respective neutrino and two
kinds of quark, but there is no limit
on the number of allowed leptons.
What did this evidence for a closed
scenario of six leptons and six
quarks tell physicists?

As well as not explaining its
own spectrum of particles, the
Standard Model cannot account for
the mysterious charge-parity (CP —
combined particle/antiparticle and
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La Silice, code Corning
7940, est un dioxyde
de silicium amorphe
et synthétique de trés
grande pureté. Cette
Silice transparente as-
socie un bas coeffi-
cient de dilatation
thermique avec de re-
marquables propriétés
optiques. Elle est pro-
posée en différentes
qualités pour des ap-
plications telles que
Optiques pour Laser de
haute énergie, ou Opti-
que instrumentale.

Fused Silica, Corning code 7940, is a
syntheticamorphous silicon dioxide of ex-
tremely high purity. This colorless, Silica glass

100% TRANSMISSION
TRANSMITTANCE

WAVELENCGTH

1AM LONGUEUR D'OND]

NOS PIECES MAITRESSES

Les caractéristiques
de la Silice Synthéti-
que de Corning sont:

« Trés haute transmis-
sion jusque dans
I’U.V. profond
(T>85% a180 nm),

« Haute homogénéité
d’indice,

« Bas coefficient de di-
latation thermique,

e Forte résistance
aux rayonnements
laser.

SILICE

USED SILICA

Corning’s synthetic Fused Silica offers:

« Extremely high transmittance in the deep

combines avery low ther- U.V.: > 85 %, at 180 nm.

mal expansion coefficient
with excellent optical qualities

and number of optical grades for
different applications such as high
energy Laser Optics orinstrumental Optics.

« High refractive index homogeneity
« Low coefficient of thermal expansion i

« High resistance to laser damage

.-CORNING
' FRANCE CORNING
imﬁtmumm:‘mm

Corning France - Division Optique - 44, avenue de Valvins - 77210 AVON-FONTAINEBLEAU - Tél.: 16

(1) 60.72.50.00 - Fax: 60.72.18.30

10.002 e

We provide easily built-in
safety in Know-how.
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.Vacuum-impregnated toroidal
components (circular in all three
dimensions) made of glass
fibre/epoxy for

Tokamak FTU
insulation for E.N.E.A.
Frascati (and Ansaldo)

Part 1: For accelerator ring with 4
straight-through ring electrodes.

Part 2: Coil vee ring manufactured by
FW process.

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

CH-4234 Zullwil SO
Telephone 061/80 06 01

Telefax 061/80 06 04
Telex 963 182
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GENEVE, SUISSE
GENEVA, SWITZERLAND

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Laboratoire Européen pour la Physique des Particules
European Laboratory for Particle Physics

Employment opportunities are now available for:

-ENGINEERS
. TECHNICIANS
. APPLIED SCIENTISTS

To work in the fields of:
computer software and hardware;
telecommunications; electronics; opto-
electronics; cryogenics; mechanics;
superconducting cavities and magnets;
electricity, detector construction; data
acquisition; radio protection; material
studies and surface physics.

These vacancies are open to:
young applicants from CERN member
states (Austria, Belgium, Denmark, Finland, France,

Germany, Greece, Italy, Netherlands, Norway,
Poland, Portugal, Spain, Sweden, Switzerland,
United Kingdom) who want to work in an

international environment at the
forefront of technology.

Candidates should be proficient in one of the CERN official languages (English and French).

leave and joining expenses.

Besides the chance to be involved in a major scientific venture, CERN offers attractive
employment conditions including a comprehensive social security package, favourable

Please apply to our Employment Enquiry Office, quoting "Eng-91", tel.(022)7672735,
telefax.(022)7828307, CERN, 1211 Geneva 23, Switzerland.

Five Year Fellowship in Theory

(With expectation of promotion to senior staff)

Division has a position available for a theorist with several

years experience beyond the Ph.D. The appointment will be
as Divisional Fellow, which is for a term of five years with the expecta-
tion of promotion to Senior Scientist upon successful review. This posi-
tion is for a person of outstanding promise, creative ability and potential
for leadership. Candidates with a research record in the following
fields are especially encouraged to apply: nuclei and nuclear matter
under extreme conditions, nuclear astrophysics, nuclear collision
dynamics, nuclear structure, nuclear chromodynamics, quantum many-
body and field theory, fundamental symmetries and electroweak inter-
actions in nuclei. An additional appointment is anticipated in the near
future in connection with the growth of the research interests of the
Division. Current experimental initiatives include nuclei at high spin
and temperature (Gammasphere), ultra-relativistic nuclear collisions
(RHIG, SPS), and neutrino astrophysics (SNO). Current theoretical
research is focused on the theory of dense matter, nuclear astrophysics,
nuclear collision dynamics and quantum chaos.

/ ! \ he LAWRENCE BERKELEY LABORATORY Nuclear Science

Applicants are requested to submit a curriculum vitae, list of publica-
tions, statement of research interests and accomplishments, and names
of at least three references as early as possible and before the closing
date of December 1, 1991 to:

Dr. Norman K. Glendenning, Chair, Search Committee, ¢/o0 Employ-
ment Office, MS 90-1042, Job #A6691, Lawrence Berkeley Laboratory,
One Cyclotron Road, Berkeley, CA 94720, USA. The Lawrence Berke-
ley Laboratory is an equal opportunity/affirmative action employer.

LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
U.S. Department of Energy
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Postdoctoral Positions
Experimental Particle Physics
University of California, Santa Barbara

We anticipate one or more positions in Experimental Particle
Physics starting in the 1991-1992 academic year. These positions
would be primarily for research with the CLEO collaboration, where
we have recently made a commitmentto develop hardware suitable
for close-in precision tracking, or with the SLD collaboration.
Limited involvement with the NA31 collaboration at CERN, or in
small experiments and detector development at Santa Barbara, is
possible. Applicants should have a doctoral degree with emphasis
on experimental particle physics, and experience in both hardware
development and data analysis.

Interested candidates should send a letter of application, statement of
research interests, vita, and list of publications to:

Professor Harry N. Nelson

Department of Physics

University of California

Santa Barbara, CA 93106-9530

Bitnet: HNN@SBHEP

Decnet: 45181::HNN

Internet: HNN@SBHEP.PHYSICS.UCSB.EDU

and arrange to have at least three letters of recommendation sent to the
same address. Applications should be received by September 15, 1991;
laterapplications will be considered if a position is still open. Proof of U.S.
citizenship or eligibility for U.S. employment will be required prior to
employment (Immigration Reform and Control Act of 1986). Weencourage
applications from minority candidates, and from women. The University
of California is: An Equal Opportunity/Affirmative Action Employer.
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The Standard Model includes six leptons —
the electron, the muon and the tau, each
with its associated neutrino — and six quarks
— ‘up’, 'down’, 'strange’, ‘charm’, ‘bottom’
and the long-awaited ‘top’.
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left/right reversal) symmetry viola-
tion known for more than 25 years
in the decays of neutral kaons.

CP violation can be accommo-
dated, but not explained, by a ma-
trix of the various inter-quark cou-
plings. As this (Cabibbo/Kobaya-
shi/Maskawa) matrix has simple
symmetry properties, not all the
inter-quark couplings need to be
known, and some uninformed pre-
dictions are possible. For CP viola-
tion to happen, at least six types of
quark are needed, but more than
six are not ruled out.

In the 1970s, when the Standard
Model first started looking good,
ambitious theorists looked for a
wider 'Grand Unified Theory’
(GUT). In the same way that the el-
ectroweak picture synthesized el-
ectromagnetism and the weak nu-
clear force, so GUT would encom-
pass both electroweak and quark
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effects, and hopefully pointing to
the origins of the quark-lepton
spectrum and CP violation.

One encouraging early GUT pre-
diction was for the vital mixing pa-
rameter ("Weinberg angle’) linking
the two electrically neutral carrier
particles of the electroweak picture
— the photon of electromagnetism
and the Z of the weak force. The
Standard Model cannot predict this
mixing angle.

Another GUT prediction was
that the proton has to be slightly
unstable, with a lifetime of some
1032 years. With the proton, like
the electron, previously considered
absolutely stable, physicists had to
backtrack, but with the age of the
Universe ‘only’ about 1070 years,
there is plenty of room for proton
instability on this scale!

A wave of proton decay
searches got underway, but with

no positive sightings yet reported,
the simplest GUT theory, proposed
by Howard Georgi and Sheldon
Glashow in 1974, has had to be
abandoned. With many more ela-
borate GUT theories still on the
market, experiments with higher
sensitivity test for still longer pro-
ton lifetimes.

Another early GUT result, devel-
oped by a rolling collaboration at
CERN'’s Theory Division, gave inter-
esting interrelations between the
quark and lepton masses, and sug-
gested strongly that there was
room only for six types of quark.

GUT dynamics would have ruled
the first tiny fraction (1039) of a
second of the Universe after the
Big Bang, until it cooled to the
stage where the quark and elec-
troweak sectors separated out.

Looking at the implications of
these dynamics for the early histo-
ry of the Universe, astrophysicists
calculated the amount of helium
formed a few minutes after the Big
Bang. This limited the number of
lepton types to four (and thus eight
quarks), a limit subsequently im-
proved with better helium abun-
dance data.

High energy experiments allow
physicists to look back towards
this GUT era. Confident measure-
ments of the coupling strength of
inter-quark forces in the energy
range opened up by LEP (April,
page 3) give a first tiny lever arm
pointing back towards the GUT lim-
it around 10'416 GeV. These first
extrapolations suggest that if elec-
troweak and quark effects are to
merge smoothly together, some
new physics, such as "supersym-
metry’, will have to make an
appearance.

In the meantime the precision of
Standard Model results improves
steadily. Sooner or later the strain
will begin to tell.
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Deutsches Elektronen-Synchrotron

DESY is the largest and most modern research laboratory for elementary particle
physics and synchrotron radiation studies in Germany. For our computer center we
are looking for :

young physicists, mathematicians or computer scientists,

who want to contribute new ideas and concepts to help us meet the increasing
demands on the computer center in the era of experiments at the hadron-electron

. collider HERA. We offer several post-doc positions for work in the following areas:

» developments and implementation of a consistent electronic mail
environment on the various computer systems, including an addressing scheme
based on personal names ;

» development and implementation of a consistent method for sending printer output
from any computer systems to any printer at DESY ;

* development and maintenance of experiment specific software in close
cooperation with both the experimental groups located at DESY and with the
corresponding computer center groups at other high energy physics laboratories ;

» setup of an automated network operation center for the DESY specific LAN and
WAN connections on TCP/IP, DECnet, X.25 and SNA ;

* development and implementation of a concept for the simultaneous usage of
magnetic tapes and cartridges by several users (staging) and the transfer of large
data volumes to workstation clusters ;

* setup of a workstation computing environment for quasi real time reconstruction of
large data volumes in close connection to our IBM/MVS 9000/720 mainframe ;

- development of a logistic method for the migration of a large number of cartridges
from the ACS (Automated Cartridge System).

As an integral part of the work in any of these fields, we expect you to write user
documentation in English. :

A sound knowledge of one of the operating systems MVS, VMS or Unix is required,
as well as the willingness to learn to work with the other systems. Experience with the
operating system (HEP-)VM, distributed computing and networking is desirable. We
expect the capability to work in a team and a good knowledge of English.

Physicists, mathematicians and computer scientists who are under 32 years of age
and have just finished their Ph.D. may apply for these positions. The contracts are
limited to three years with a salary according to the principles of the German civil
services (lla MTV Angestellte).

Written applications including a résumé and three references should be sent to the
secretariat of the - Z - Bereich :

Deutsches Elektronen-Synchrotron DESY, Notkestrasse 85,
W - 2000 Hamburg 50, Germany. Tel. +49-40-8998-3370.
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People and things

EUROPEAN
SOUTHERN
OBSERVATORY
Looking deep into
space

The European Southern Observato-
ry’s New Technology Telescope
(NTT) at La Silla, Chile, looking
deep into an ‘'empty’ part of the
sky, has found it filled with many
faint and remote galaxies. The limit
images are at least 2.5 times faint-
er than any previously obtained by
optical telescope, the signal being
equivalent to the glow of a ciga-
rette seen from the distance of the
Moon!

ESO’s NTT instrument produced
its first images in 1989. Pictures
are recorded by a CCD camera,
with mirror shape and alignment
under computer control. Air turbu-
lence around the instrument is min-
imized by active thermal control,
while precision pointing and track-
ing virtually eliminates smearing.

Having found this new rich pat-
tern, the next step is to study the
colours of these faint objects for an
indication of their age. Spectral
measurements will give their wave-
length shifts a measure of their
velocity and distance.

Established in 1962, ESO, like
CERN, pools resources from Mem-
ber States to provide a comprehen-
sive international research pro-
gramme. In the 1970s, many ESO
staff used CERN as a base pending
completion of the headquarters
building in Garching, near Munich.
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 On people

Giuseppe Fidecaro 65

Emilio Picasso of CERN, Director of
the LEP Project during its entire
construction phase, Leader of what
became Experimental Physics Divi-
sion from 1972-77, and who also
played a major role in the famous
precision g-2 experiment, received
this year’s Prix Mondial Nessim Ha-
bif of Geneva University.

Chairman of CERN Finance Commit-
tee Arnfinn Graue of Bergen has
been awarded the Order of St. Olaf
Commander for his contributions to
science in Norway.

Recently passing a career mile-
stone at CERN was Giuseppe Fide-
caro, whose characteristically care-
ful and imaginative work spans al-
most the whole epoch of modern
particle physics, with its evolving
techniques and interests.

This year’s JINR-CERN School of Physics
was held in Alushta, Crimea, from 5-6 May.
The twelfth in a series of joint schools
organized by CERN and JINR, the Joint Insti-
tute for Nuclear Research at Dubna, near
Moscow, it attracted more than 100 physi-
cists from 15 countries. Its aim was to
teach aspects of high energy physics, espe-
cially theory, to young experimentalists.

(Photo Yu. Tumanov)




The Faculty of Physics and Astronomy of the University of Amsterdam invites applications for
the position of

professor of experimental high
energy physics {/m

for 38 hours a week CC 8498

This position is available in the High Energy Physics Department which is part of the National Institute
for Nuclear and High Energy Physics (NIKHEF), section H, located in Amsterdam. The scientific
programme is presently concentrated around experiments (DELPHI, L3) at the e+e- colliding beam
facility LEP of CERN (Geneva) and around an experiment (ZEUS) at the ep colliding beam facility
HERA of the DESY laboratory (Hamburg). In addition, a programme of instrumentation R&D and
exploratory physics studies, aimed at experimentation at the CERN Large Hadron Collider, has recently
been started.

The appointee will play a leading role in both The professor will be employed at the Faculty of
shaping and implementing the scientific programme  Physics and Astronomy of the University of
of the institute. In this context, a broad vision on Amsterdam, on a fully tenured basis.
the future of the field, in particular in connection
with LHC, is required. Remuneration according to salary scale A for
~ Professors equivalent to grade 16 (Dutch Civil
The person to be appointed will have: Servant Code).
¢ a thorough knowledge of the field and large
experience in high energy physics research and In case the professor to be appointed does not
related techniques demonstrated by publications  speak Dutch, she/he should have a reasonable
and scientific lectures command of the language within two years.

e experienced in and willingness to contribute to
the teaching of physics at an academic level
¢ managerial and organisational ability.

Your application quoting vacancy number and including curriculum vitae, a list of publications and
references should be sent to the University of Amsterdam, the Chairman of the Advisory Committee,
Prof. dr. J.J. Engelen, NIKHEF-H, P.O. Box 41882, 1009 DB Amsterdam, The Netherlands, not later
than 4 weeks after the appearance of this notice.

Should you like to recommend possible candidates, please contact the above-mentioned Chairman of
the Advisory Committee.

In order to achieve a more balanced staff makeup, the University
of Amsterdam wants to hire more women. To this end, a special
selection procedure will be used for positions in which women
are underrepresented. Information on the selection procedure
N~ can be obtained from the Personnel Department, telephone

I E F 020 - 525 2028.

/\ NATIONAAL INSTITUUT VOOR KERNFYSICA EN HOGE-ENERGIEFYSICA x
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After studies at Rome, his first
published work, with Edoardo
Amaldi in 1950, on muon scatter-
ing gained rapid recognition. A
brief period in the US introduced
him to new techniques, and return-
ing to Europe, he joined the Cervin-
ia-Testa Grigia cosmic ray laborato-
ry, where he met Maria Cervasi
(subsequently Maria Fidecaro), and
went on to become Vice-Director
of the Laboratory.

With the establishment of CERN
on the horizon in 1954, he went to
Liverpool, looking at the results of
pion capture, one of the first exper-
iments to use lead-glass. Coming
to Geneva in 1956, he helped in-
troduce new experimental tech-
niques and played a leading role in
early experiments at the Synchro-
Cyclotron, notably the observation
of the electron decay of the pion,
making weak interaction physics
eminently respectable, a position
from which it has never looked
back.

Subsequent.major contributions
included classic work on polariza-
tion in pion-nucleon scattering, and
a search for neutron-antineutron
oscillations motivated by predic-
tions of Grand Unified Theories.

Away from physics, he played a
vital role as coordinator of the
USSR-CERN collaboration for ten
years. With a firm eye on the fu-
ture he now helps organize B-phy-
sics interest for studies at CERN’s
proposed LHC proton-proton collid-
er, where his enthusiasm matches,
and sometimes exceeds, that of re-
searchers many years his junior!

At a meeting ‘The Universe’ at the Espace
européen des Sciences et des Arts, Stras-
bourg, in July, Abdus Salam (left) spoke on
Chirality and the Origin of Life, and Andre
Linde on cosmic inflation.
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Hard at work at the official inauguration of
the ISA (Institute for Synchrotron Radiation),
Aarhus, Denmark, earlier this year are (left
to right) — J. Rostrup-Nielsen, Research Di-
rector of major synchrotron radiation users
Haldor Topsoe A/S, CERN Director General
Carlo Rubbia, ESRF (European Synchrotron
Radlation Facility) Director Ruprecht Haensel
and ISA Director Erik Uggerhoj. ISA uses the
ASTRID electron/ion storage ring, modelled
on CERN’s LEAR low energy antiproton ring
(July/August 1990, page 16).




v In May the first International A.D. Sakha-
rov Conference on Physics took place in
Moscow'’s Lebedev Institute, covering a
wide range of topics, especially those in
which the late Andrei Dimitrievitch took a
special interest — plasma physics, quarks,
gravitation, cosmology, baryogenesis, etc.
J.A. Wheeler proposes a toast to Sakha-
rov’s widow Elena Bonner (standing). Join-
ing the applause (left to right) are Tatiana Fa-
bergé, V. Man'ko and H. Ito.

(Photo A. Martin)

Reinhard Budde

Also passing a career milestone
this summer was Reinhard Budde,
one of CERN's earliest staff mem-
bers, appointed by Lew Kowarski.
After a spell at Columbia under
Jack Steinberger to learn the art of
bubble chambers, he returned to
CERN to construct and exploit the
early CERN 10cm and 30cm hy-
drogen bubble chambers. From this
he went on to become one of
CERN'’s key experts on film hand-
ling, helping to develop and run the
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v On 20 June French Minister of Research
v and Technology Hubert Curien inaugu-
rated the new ‘Refuge des cosmiques’ in the
French Alps, where much early cosmic ray
research took place in the late 40s and early
50s. Oblivious to the view are Louis Le-
prince-Ringuet (left) who directed the early
cosmic ray research there, and Jacques Du-
pin of CERN.

sophisticated scanning and meas-
uring systems needed to process
the many millions of physics photo-
graphs churned out by several gen-
erations of successively larger and
more sophisticated bubble cham-
bers.

He has played another pivotal
role in the research programme,
having served as Secretary of three
generations of CERN Experiments
Committees — first for track cham-
bers, then for the SPS, and most
recently for LEP.

Away from physics, he is a lover
of fine taste, being both an accom-
plished musician and oenologist.

Klaus Goebel retires

Klaus Goebel retired from CERN at
the end of June after 35 years.

During his early years at the Lab-
oratory, he measured isotope con-
centrations in meteorites and used
the Synchrocyclotron to measure
isotope production by protons.
This interest in trace measure-
ments carried over to his work in
CERN'’s Health Physics Group,
which he joined in 1962.

His main contribution to radiation
safety at CERN began in 1971
when he was appointed head of
the Radiation Group to advise on
radiation for the SPS project under
John Adams. With the completion
of the SPS in 1976 he took over
responsibility for radiation safety
for the whole CERN site. Increasing
awareness of radiation risks called
for frequent reviews of procedures,
and for availability of full informa-
tion both inside and outside the
Laboratory.

He has developed widespread
contacts and his contribution to the
field was recognized when in 1988
he became President of the Fach-
verband ftir Strahlenschutz (The
Swiss/German Radiation Protection
Society). His colleagues wish him
an enjoyable and merited retire-
ment.

Brookhaven NSLS reveals structure
of carbon supermolecule

X-ray powder diffraction studies at
the US National Synchrotron Light
Source at Brookhaven have ena-
bled US chemists to unravel the
crystal structure of K3Cgp — one of
the football-shaped ‘buckminster-
fullerene’ supermolecules whose
discovery was announced last
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Rheinisch-Westfalische Technische Hochschule Aachen
In der Mathematisch-Naturwissenschaftlichen Fakultéat sind eine

Universitatsprofessur C4 fiir
Experimentalphysik
(Nachfolge Prof. Faissner)
und eine

Universitatsprofessur C3 fir Theoretische
Physik
(Nachfolge Prof. Zerwas)
zu besetzen.
Zuden Aufgaben gehoren die Vertretung des Fachesin Forschung

und Lehre.
Forschungsschwerpunkte der Stellen sind

Physik der Elementarteilchen
bezw. Theorie derElementarteilchen(Phdnomenologie).

Es wird eine angemessene Beteiligung an der Ausbildung von
Studierenden der Physik und der Ingenieurwissenschaften bezw.
von Studierenden der Physik erwartet.
Einstellungsvoraussetzungen sind Habilitation oder gleichwertige
wissenschaftliche Leistungen sowie padagogische Eignung.
Die Bewerbung von Schwerbehinderten ist erwiinscht.
Bewerberinnen und Bewerber werden gebeten, sich mit den
Ublichen Unterlagen (Lebenslauf, Darstellung des
wissenschaftlichen bezw. beruflichen Werdegangs,
Schriftenverzeichnis) bis zum

15. Oktober 1991
an den Dekan der Mathem.-Naturw. Fakultat RWTH Aachen

Templergraben 64

D - 5100 Aachen

Experimental
Nuclear Physicist

There is an opening for an Experimental
Nuclear Physicist at our Chalk River.
Laboratories. The laboratory seeks to
‘expand its reaction studies group and increase

- cyclotron-based research. The successful candidate will be

expected to collaborate in the activities of the existing group
and assume a leadership role in related experimental research.
The research activities centre around the TASCC accelerator
facilities (a coupled MP Tandem Accelerator and
Superconducting Cyclotron which produces heavy ion beams
from lithium at 50 MeV/u to uranium at 10 MeV/u). Areas of
study at CRL are heavy ion reaction mechanisms, nuclear
structure at high spin, weak interactions and exotic nuclei,
atomic physics, and accelerator mass spectrometry.

Candidates with several years of relevant post-doctoral
research experience will be preferred. In that case,
appointment will be to a position that is directly convertible

to a permanent one after two years of satisfactory service.
More junior candidates would be considered initially for a
Research Associate position. Salary will be commensurate with
experience.

This advertisement is primarily directed to Canadian citizens or
permanent residents, but all qualified candidates are
encouraged to apply. AECL has an active employment equity
program. For consideration, please forward your curriculum
vitae and publication list, quoting File No. CSP-1055, and
arrange for three letters of reference to be sent, all prior to
October 15, 1991, to:

Dr. J.C. Hardy, Director of TASCC, AECL Research,
Chalk River Laboratories, Chalk River, Ontario, Canada K0J 1J0

A AECL

ILL and SLAC, as well as in theory/phenomenology.
At present there are two vacancies, one on the
H1 experiment and one on the ZEUS experiment both
at DESY.

Appointments are made for 3 years, with possible
extensions of up to 2 years. RAs are based at RAL
and at the accelerator laboratory where their
experiment is conducted, depending on the
requirements of the work. Most experiments include
UK university personnel with whom particularly close

. collaborations are maintained.

Individuals interested in either of the above 2
posts, or a possible similar post in the Particle
Physics Department, should request an
application form from Recruitment Office,
Personnel and Training Division, Rutherford
Appleton Laboratory, Science and Engineering
Research Council, Chilton, Didcot, Oxon,
0X11 0QX, England. Tel: (0235) 445435,
quoting reference VN 956.

SERC  Rutherford Appleton Laboratory
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zu wenden. AECL Research
There are vacancies for Research Associates to work POSTDOCTORAL RESEARCH
with groups in the Particle Physics Department. IN
Groups from-the Rutherford Appleton Laboratory are EXPERIMENTAL HIGH ENERGY PHYSICS
working on a variety of experiments at CERN, DESY, DEPARTMENT OF PHYSICS

UNIVERSITY OF CALIFORNIA, RIVERSIDE

The Department of Physics invites application for
Postdoctoral Research positions in experimental high
energy physics. The appointed individual is expected
to participate in the on-going research projects of the
group, which include the e*e- experiment OPAL at
CERN-LEP, themuonexperimentRD5at CERN-SPS,
and the neutrinoexperiment LSND at LANL-LAMPF.
Candidates, who are recent recipients of the Ph. D.
degree, should submit a resume and arrange three
letters of recommendation to be sent to Professor
Benjamin C. Shen, Department of Physics, University
of California, Riverside, CA 92521. The University of
Californiaisan Equal Opportunity, Affirmative Action
Employer.
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year. The material is chemically a
metal and is superconducting up to
19.3K.

These giant (nanometer) mole-
cules are named after architect
Buckminster Fuller, whose geodes-
ic dome for the US Pavilion at the
1967 Montreal Expo greatly im-
pressed the molecules’ future dis-
coverers.

Meetings

In 1992 the International Sympo-
sium on Weak and Electromagnetic
Interactions in Nuclei (WEIN-92)
will be held from 16-22 June at
JINR, Dubna, USSR. Its goal is to
examine the status of the Standard
Model and its applications to low
and medium energy physics. Furth-
er information from the Conference
Secretary, A.A. Osipov, JINR, LNP,
141980 Dubna, Moscow Region,
USSR; telex 911621 dubna su,

fax (7095) 200 22 83,

e-mail osipov at ljap7.jinr.dubna.su

Following the first such workshop,
held in Lyon in March 1990, the
Second International Workshop on
Software Engineering, Artificial In-
telligence and Expert Systems for
High Energy and Nuclear Physics
will be held from 13-18 January in
Agelonde La Londe Les Maures,
Provence, France. Information from
Michele Jouhet, CERN, PPE-ADM,
1211 Geneva 23, Switzerland,

tel (+4122) 767 2123,

fax (+41 22) 767 6555,

e-mail jouhet at cernvm.cern.ch

CERN theorist and President of the European
Physical Society Maurice Jacob with his
daughter Iréne at Geneva airport on her re-
turn from the Cannes Film Festival, where
she won this year’s Best Actress Award for
her intriguing dual role in Krzystof Kieslows-
ki's French-Polish Film ‘Two Lives of Veroni-
que’.
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The XIV International Warsaw Meeting on
Elementary Particle Physics held in Warsaw-
Miedzeszyn from 27-31 May attracted 120
participants, mainly from abroad. Meeting
Organizer and Director of Warsaw's Institute
of Theoretical Physics S. Pokanski (right)
talks with A. Tiemblo, President of the
Spanish Physical Society.

VA

CERN Courier, September 1991


http://Ijap7.jinr.dubna.su

~ Your Source for NIM
‘High Voltage Power Suppli

PrwER

QUIPUTVOLTAGES TO 10 KV BERTAN High Voltage is the world’s leading
QUTPUT CURRENTS TO 3 mA manufacturer of regulated, precision NIM
MODELS FOR ALL DETECTORS high voltage power supplies and MINI BINs.
SPECIAL MWPC VERSIONS The excellent stability and low noise fea-
SINGLE AND DUAL OUTPUT UNITS tured in our power supplies are just two of
REVERSIBLE POLARITY the reasons you should specify Bertan in
LOW RIPPLE AND NOISE your application. Versatility and quality are
SHORY CIRCUIT AND ARC PROTECTED others. And our dependability is backed by
REMOTELY PROGRAMMABLE uncompromising standards and an ex-
AC AND DC BIN POWERED clusive 3 year warranty!

B B & & 2 B 9 8 9 B

Cali us with your high voltage problem. We'll provide the high vollage solution.




Round, round, round, round, ye-ye — ‘Les
Horribles Cernettes’, stars of the CERN Cou-
rier-sponsored entertainment evening for the
recent International Lepton-Photon Sympo-
sium and Europhysics Conference on High
Energy Physics (see page 1).

Laboratory
correspondents

Argonne National Laboratory, USA
M. Derrick

Brookhaven National Laboratory, USA
A. Stevens

CEBAF Laboratory, USA
S. Corneliussen

CERN, Geneva
G. Fraser

Cornell University, USA
D. G. Cassel

DESY Laboratory, Fed. Rep. of Germany
P. Waloschek

Fermi National Accelerator Laboratory,
USA
M. Bodnarczuk
GSI Darmstadt, Fed. Rep. of Germany
G. Siegert
INFN, Italy
A. Pascolini
IHEP, Beijing, China
Qi Nading
JINR Dubna
B. Starchenko

KEK National Laboratory, Japan
S. lwata

Lawrence Berkeley Laboratory, USA
B. Feinberg

Los Alamos National Laboratory, USA
0. B. van Dyck

NIKHEF Laboratory, Netherlands
F. Erné

Novosibirsk Institute, USSR
V. Balakin

Orsay Laboratory, France
Anne-Marie Lutz

PSI Laboratory, Switzerland
J. F. Crawford

Rutherford Appleton Laboratory, UK
Jacky Hutchinson

Saclay Laboratory, France
Elisabeth Locci

IHEP, Serpukhov, USSR
Yu. Ryabov

Stanford Linear Accelerator Center, USA
W. Kirk

Superconducting Super Collider, USA
N. V. Baggett

TRIUMF Laboratory, Canada
M. K. Craddock

The 2nd Symposium on Swift Hea-
vy lons in Matter (SHIM 92) will be
held in Bensheim/Bergstrasse, Ger-
many, from 19-22 May 1992. In-
formation from N. Angert,

GSI Darmstadt, Postfach 110552,

"D-6100 Darmstadt 11. The first

SHIM meeting was held in Caen,
France, in 1989, covering the inter-
action of swift heavy ions with ga-
seous, plasma and condensed mat-
ter.

Gomal University, Dera Ismail Khan,
Pakistan, is organizing an Inter-
national Conference and Workshop
on Quark Matter and Heavy lon
Collisions (QMATHIC) from 13-20
January 1992. Contact Prof. Abdul
Waheed, c/o Dept. of Physics,
Gomal University,

Dera Ismail Khan, Pakistan.

Scientific Europe
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Under the title ‘Scientific Europe’, a
mighty tome of some 500 pages
has been published by the Founda-
tion Scientific Europe describing re-
search and technological achieve-
ments in some twenty European
countries. Articles highlight Euro-

pean collaborative efforts in space
research, molecular biology, nu-
clear technology, robotics, aviation,
supercomputers, etc.

In particle physics, a general in-
troduction by the late Leon Van
Hove traces the rapid ascendancy
of European laboratories in several
pure research areas. Carlo Rubbia
writes on CERN'’s role in the ad-
vances in particle physics in recent
years, Egil Lillestol traces the impli-
cations of ‘science in the big lea-
gue’ and Giorgio Brianti covers the
underlying high technology for ac-
celerators.

Announcing itself as ‘the most
authoritative reference to European
scientific and technical progress’,
the book is being launched under
special terms (see facing page).

LHC News

To get on the mailing list, use
the reply form on the back
page of issue No. 1.

CERN Courier, September 1991



INDIANA UNIVERSITY CYCLOTRON FACILITY
COMPUTER/ELECTRONICS GROUP LEADER

The Indiana University Cyclotron Facility has an opening for a
Computer/Electronics Group Leader to participate in the support of
a dynamic laboratory of international reputation.

The primary responsibility of this position is to supervise the IUCF
Computer/Electronics hardware group. This group presently con-
sists of three professionals and six technicians and is responsible for
the specification, design, and implementation of computer interface
hardware for the accelerator control and data acquisition systems.

This is a continuing full-time position in the IUCF Professional
Ranks whichprovidesexcellentopportunities for professional growth.
The candidate should have at least a BSEE degree, preferably a
MSEE degree, and possess strong skills in the following areas:
CAMAC, PLC, Q-Bus, and VME systems; familiarity with VMS
and UNIX are also desirable.

Send resume and names of three professional references to:

Robert Woodley
Indiana University Cyclotron Facility
2401 Milo B. Sampson Lane
Bloomington, Indiana 47405, USA

Indiana University is an Affirmative Action/Equal Opportunity Employer

ELECTRICAL ENGINEERING POSITION

The High Energy Physics Group at the University of Colorado at
Boulder, in collaboration with a group of regional universities, has an
Electronic Engineer position open intended to start after August 1, 1991.
The position will be designated as a Professional Research Assistant. The
person is expected to participate in the design and construction of high
speed logic analysis of analog signals and high speed digital electronics.
The person is expected also to participate in the integration of a series of
front end analog circuits needed in the readout of drift chambers, such as
preamp/discriminator and time digitizing circuits. These type of projects
are associated with detectors being designed for installation at the Super-
conducting Super Collider being built in Texas. In addition the person will
participate in the design and construction of electronic circuits for detectors
being built for installation at other accelerators. The person should have
some experience with CAD use in the design of large electronic systems,
like CMOS VLSI circuits. The person will also be expected to help with the
electronic needs of a regional collaboration of nine universities supported
by an umbrella grant from the Texas National Research Laboratory
Commission. The person should at least have a bachelors degree in
Electrical Engineering. The salary is expected to be in the $40,000 to
$50,000 range depending on the applicant qualifications.

Please send your resume and at least three letters of recommendation to:
Prof. Uriel Nauenberg, Campus Box 390, Physics Department, University
of Colorado, Boulder, CO 80309.

The University of Colorado at Boulder has a strong institutional commit-
ment to the principle of diversity. We are particularly interested in
receiving applications from a broad spectrum of people including women,
ethnic minorities and disabled individuals.

Order your
copy of
Scientific Europe
today and save

£15.00

—— . ——— ——— — — —— - —— —— —— — — — w— — —

Please send me ... copies of SCIENTIFIC EUROPE at the special
introductory period price of just £47.50 plus p & p* per copy - a saving

of £15 (24%) off the normal price of £62.50. (Note! - this special offer is available
only on orders received before 30. September 1991).

kI)

lease add for postage and packing per copy: £5.50
Delivery by surface mail in Europe or overseas
Allow 2-3 weeks for delivery in UK & Europe

4-6 weeks for delivery in all other countries

For CERN Staff & Users
Discount price: £35.00 per copy
(including postage & handling).

Name

Private address

Postcode

Tick one/Delete as appropriate:
[ enclose a cheque/moncy order/international bankers draft
payable to FOUNDATION SCIENTIFIC EUROPE
Please invoice me/my organisation for £_
Please debit my Mastercard/Visa/American Express/Diners Club/Eurocard

Name of Cardholder

1 . .

CardNo: | | RN

Valid from to

Signature

ORDER BY TELEPHONE: Call (+)31-43-212060 and ask for the
Europe Book Department. (Credit card holders only)
ORDER BY FAX: Fax a copy of your order to (+)31-43-216124

FOUNDATION SCIENTIFIC EUROPE
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Superconducting Super
Collider Laboratory

The SSC Laboratory, a major research and development
center, will support 2,000 staff members; the SSC
Laboratory provides extraordinary career opportunities
in frontier science and technology.

Career and term positions are available at all levels.

Electrical
Accelerator Research Engineers
* RF Power * Detector * Power Systems
¢ Vacuum Systems Development  * Magnet
* Cryogenics e Experimental * RF o
* Design Facilities * Analog/Digital
¢ Instrumentation  * Physics hardware

and Controls Research experience

« BSEE, MSEE
Magnet Visiting Mechanical
Development Scientist Engineers
¢ Test SC Magnets  * Positions * Cryogenics

* Production
* Process control
* BSME, MSME

Available in
all divisions

* Magnet Design
¢ Instrumentation

and Controls

Send letter indicating position desired,
resume and three references to:
SSC Laboratory

MS-2050/CC
2550 Beckleymeade Ave., Suite 125
Dallas, TX 75237

An Equal Opportunity/Affirmative Action Employer

The following professionals are particularly sought at this time.

Experimental High Energy Physicists

Participate in research and development for the SSC detector components,
design of the related experimental facilities to support of the SSC
experimental program, and ongoing HEP research.

Qualifications: Ph.D. in experimental particle physics. Experience with
large detector systems preferred.

Computational Physicist/Engineer

Perform magnetic field computations in support of the SSC magnet design
and construction program.

Qualifications: An advanced degree in Physics, Electrical or Mechanical
engineering; experience with the commonly available computer codes for
magnetic field calculations. Experience with FORTRAN (preferably in a
scientific computing environment) and with UNIX and VMS.

Collider Injector Physicists and Engineers

Take part in the accelerator design, and specification and implementation
of the engineering systems.

Qualifications: Degree in Physics or Engineering; equivalent experience
with modern computational methods; significant experience in accelerator
construction and operation desirable; ability to work within a team and to
interact with and communicate with other technical groups.

Magnet Test Physicist

Participate in the SSC superconducting magnet test program at FNAL,
BNL, and SSCL.

Qualifications: Ph.D. in experimental physics (particle physics preferred).
Experience with hardware and software; ability to plan and carry out
testing programs.

T AT
WG T AWEITNAUER TRADING
SRE v

WEITNAUER TRADING COMPANY
DIPLOMATIC SUPPLY DIVISION
PETERSGASSE 36 - 38
4001 BASLE/SWITZERLAND
TEL. 061/ 266 44 44
TELEX 962 194 WTC CH
FAX. 061/ 26177 71

SHOW ROOM

COMPANY &
IDIPLOMATIC SUPPLY DIVISION §

YOU WILL FIND A WIDE RANGE OF QUALITY PRODUCTS
AT MOST COMPETITIVE PRICES.

WEITNAUER TRADING COMPANY

16, CHEMIN VOIE - CREUSE
1202 GENEVA/ SWITZERLAND
TEL. 022/ 7332524
FAX. 022/ 740 05 90

USA advertisements in CERN COURIER

Format A4 Monthly publication

All advertisements are published in both English and French edi-

tions. Second language versions accepted without extra
charge.
Advertising Rates (US Dollars)
Insertions Full Half Half Quarter
(7% x 107%) (7% x 5%) (3% x 10%) (3% x 5%)
1 1625 960 960 561
3 1558 905 905 520
5 1500 855 855 485
10 1420 790 790 450
Color Rates
Each additional color $ 1000
Half page color $ 1500

Covers 2 and 3 $ 1200 (per color)
Cover 4 (back) $ 1300 (per color)

These prices include no entitlement to special placing.

Publication date 1st of month of cover date
Closing date for
positive films and copy 1st of month preceding cover
date

The cost of making films and of
translation for advertisements are
charged in addition ($ 150 US).
Advertisements cancelled after
1st of month preceding cover
date will be invoiced.

Screen (offset) 160

These rates are effective for the year 1991.

Inquiries for USA and Japan:

Yvette M. Perez, Gordon and Breach Science Publishers,
Frankford Arsenal, Bldg 110, 5301 Tacony Street, Box 330,
Philadelphia, PA 19137

Tel.: + 1 (215) 5637 7262 Fax: + 1 (215) 537 0711

Inquiries for Europe please see page Ill.
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Realtime.

Looking for a reliable VXI vendor, but unsure of new
players and their ability to deliver?

Need experienced leadership in data acquisition, but
find yourself configuring systems with instruments
from a variety of vendors?

Want high speed...realtime performance...and
flexibility, but ALSO a system solution that can start
small and grow as your needs change?

Call Kinetic Systems. We've offered award-winning,
proven performance in data acquisition and control
systems based on international IEEE standards for more
than 20 years. NOW we offer one of the most
extensive VXI product lines in the industry --
everything you need to configure data acquisition
and control systems.

So contact us today. Why ‘mix and match’ your
instrumentation when there is a one-stop-shop that
can meet your demanding VXI needs...both large
AND small?

=

Real world.

Results.

®  Analog & digital 1/O...register-based for higher
speeds

®  Signal conditioning...for RTDs, thermo couples,
and strain gages

®m  Counters...to 100 MHz

®m Transient recorders..to 100 MHz, with 16
megasamples of storage

B Monitors and controllers...for  pressure
scanners, MIL-STD-1553B, and ARINC-429

A g Kinetic Systems
A [nternational

3 chemin Taverna y ® 1218 Geneva, Switzerland
[41](22) 798 44 45 ®m FAX: [41](22)798 05 25

11 Maryknoll Dr. ® Lockport, IL 60441 USA ® (815) 838 0005

Definitive Leadership in Data Acquisition.
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Ask for details!

® 6,5V up to 150000V
® 0,3mA up to 4000 A
® 7W up to 100000W

777 /////////////

AIP Wild AG, Ringstr. 5, 8603 SChwerzenbaCh / Tel 01/8250101
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While everyone’s sleeping,
RIMACOR alone backups your data -
Then you too can recharge your batteries.
RIMACOR’s white cercle means an

end to your sleepless nights.

I

8, route des Avouillons
CH-1196 Gland (VD)
Phone 022/64 47 47/48/49
Fax 022/648 127

Telex 419 654 erb ch

-

Dielsdorferstrasse 9

8173 Neerach (ZH)
Phone 01/858 06 58/59/61
Fax 01/858 08 25

RIMACOR

412 OFFICIAL REPRESENTATIVE
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CERN COURIER

A unique advertising medium
for scientific
and technical equipment

CERN COURIER is the internationally recognized
news magazine of high energy physics. Distributed
to all the major Laboratories of the world active in
this dynamic field of fundamental research, it is
compulsive reading for scientists, engineers, ad-
ministrators, information media and buyers. Writ-
ten in simple language and published simul-
taneously in English and French it has become the
natural communication medium for particle physi-
cists in Europe, the USA, the Soviet Union, Ja-
pan—everywhere where the fundamental nature
of matter is studied.

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos
and Stanford in the USA, Darmstadt, DESY and
Karlsruhe in Germany, Orsay and Saclay in France,
Frascatiin Italy, Rutherford in the U. K., PSlin Swit-
zerland, Serpukhov, Dubna and Novosibirsk in the
USSR, KEK in Japan, TRIUMF in Canada and Beijing
in China.

The annual expenditure on high energy physics in
Europe is about 1600 million Swiss francs. The
expenditure in the USA is about $ 800 million.
There is also considerable expenditure in the Soviet
Union.

CERN COURIER is the way into all high energy
physics research Laboratories. If you have a market
in this field, there is no surer way to make your
products known than by advertising in CERN
COURIER.

All enquiries to:

Europe Rest of the world
Advertising Manager Yvette M. Perez

Micheline Falciola Gordon and Breach Science Publishers
CERN COURIER Frankford Arsenal, Bidg 110

CERN 5301 Tacony Street, Box 330
CH-1211 GENEVA 23 PHILADELPHIA, 19137

Tel. (022) 767 41 03 Tel.: +1 (215) 537 72 62

Telex 419 000 CER Fax: +1 (215) 537 07 11

Telefax (022) 782 19 06

Advertisements in CERN COURIER

Format A4 Monthly publication
All advertisements are published in both English and French edi-

tions. Second language versions accepted without extra
charge.
Cost per insertion (Swiss Francs)
Space Actual size (mm)
(page) width by height ' 1 ) ] 3' ) 5 10
Insertion insertions | insertions | insertions
' 185 x 265 1980 1900 1830 1730
1 185 x 130 )
/2 90 x 265 1170 1100 1040 960
/a4 90 x 130 690 630 590 550
These prices include no entitlement to special placing.

Supplement for:

— one additional colour 1500 SwF

— Covers:

Covers 2 and 3 (one colour) 2000 SwF

Cover 4 (one colour) 2500 SwF

Publication date 1st of month of cover date

Closing date for

positive films and copy 1st of month preceding cover
date

Screen

These rates are effective for the year 1991.

Inquiries for Europe:

Micheline FALCIOLA / CERN COURIER — CERN

CH-1211 Geneva 23 Switzerland

Telephone: 022/767 41 03 Telex 419 000 CER CH
Telefax 022/78219 06

Inquiries for the rest of the world: please see page lll.

The cost of making films and of
translation for advertisements are
charged in addition.

(offset) 60 or 54 Swiss (150 English)
Advertisements cancelled after
1st of month preceding cover
date will be invoiced.

‘ POUR LA RECHERCHE NUCLEAIRE
\/

ORGANISATION EUROPEENNE

EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

MOVING?

Please remember to let us know
in good time. All notices of
change of address must be
accompanied by old and new
addresses. (Include label from
magazine wrapper.)

Any enquiries regarding subscriptions
should be addressed to:

Monika WILSON
CERN COURIER/CERN
1211 Geneva 23 Switzerland
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~ 8 1T'S NOT JUST A
QUESTION OF KNOWING WHAT YOU NEED,
IT’S KNOWING WHERE TO FIND IT, Panfsh js. Sl

sinkers. Snelled hooks. When a fisherman needs one, the first place he
looks is In his tackle box. ® After more than 30 years of supplying photonic
components, scientists and engineers have come to think of Hamamatsu as
a kind of photonics tackle box. Because we have over 150 different PMTs
to fit all your applications. They're available in a wide range of spectral
response levels and configurations. In sizes from 3/8-inch to 20 inches with
six different dynode structures and a variety of photocathode materials.
® We also have a complete line of PMT accessories. ® In the unlikely
event we don't have what you need on the shelf, our technical people can
work with you to modify existing products. Or, custom-design a PMT
to fit special needs. ® You know what you need. Now you know

where to find it. Hamamatsu. . To discuss your PMT
applications, call 1-800-524-0504. g

HAMAMATSU

HAMAMATSU CORPORATION = 360 FOOTHILL ROAD, PO. BOX 6910, BRIDGEWATER, NJ 08807
International Offices in Major Countries of Europe and Asia.
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XP2081
squeezes more resolution out of
your next WLS/SCIFI calorimeter

A complete range of green-extended PMTs Sta b| | |ty
PMT useful |number| luminous stability pulse t
cathode of sensitivity |16h/0.3p A 1-0.1pA | linearity | FWHM . .
dia. stages L| nea”ty
(mm) (RA/ImM) (%) (%) (mA) (ns)

XP1981 15 8 110 15 1.5 80 3 H

XP1901 15 10 110 15 1.5 80 35 Y7Ity

XP2961 23 8 110 2 2 80 2.8

XP2971 | 23 10 110 2 2 80 3 ConS|stency

XP2081 34 10 135 1 1 150 7

XP2201 44 10 120 1 1 150 8

XP3461 | 68 8 140 1 1 200 4 Economy
Philips Components, Building BA,
5600 MD Eindhoven, The Netherlands.
Telex: 35000 phtcnl/nl jeveo. . .
Fax: +31 40 722746. Still setting the standard

PHILIPS
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