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From Winding to Cryostating: 
Your partner for magnet engineering 

Winding of coils by means of a gantry winding machine 

Since 1990 Noell is develop
ing, manufacturing and supplying 
superconducting magnets for the 
LHC particle accelerator in Geneva. 
Several prototypes, with a length of 
10 m, have already been supplied 
and fulfilled the expectations of the 
design in tests performed by CERN. 

Further developments in this 
field include 15m prototypes. At the 
end of 1997 Noell-KRC Energie-
und Umwelttechnik GmbH was able 

to prove its competence in the man
ufacture of complete dipole mag
nets. Presently Noell manufactures 
prototypes of the latest design that 
are precursors of series magnets. 
Parallel to the development of proto
types the production lines for series 
magnets are being prepared. 

Noell itself is designing and 
manufacturing the tools required for 
production, e.g. a nummerically 
controlled winding machine. With 
the winding machine shown espe
cially trained staff is winding coils 
for the LHC. 

In addition to completing 
dipoles for the LHC, Noell is also 

developing magnetic components 
for nuclear fusion experiments, e.g. 
the Joint European Torus, Wendel-
stein 7X and ITER. This is just one 
more reason for you to contact us 
for a meeting. Give us a call. 

Noell-KRC Energie- und 
Umwelttechnik GmbH 
D-97064 Wurzburg 
Germany 
Telephone: +49-931-903-1825 
Telefax: +49-931-903-1062 
E-mail: eysselein.wu@noell.de 
Internet: http://www. noell. de 
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IEEE Computer Society! 
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An exciting new bimonthly publication, Computing in Science and Engineering has 

grown out of a merger of MP's Computers in Physics and IEEE Computational 

Science & Engineering, published by the IEEE Computer Society. This full-color 

magazine continues the best of CIP: your favorite in-depth departments—Scientific 

Programming, Computer Simulations, Computers in Education, and more. To these, 

it adds the best of CS&E's contents: peer-reviewed theme issues on environmental 

modeling, computational cosmology, and other vital topics. 

Computing in Science and Engineering aims to support anç| promote the emerg

ing discipline of computational science and engineering and to foster the use of 

computers and computational techniques in scientific and engineering research 

and education. Every issue will have peer-reviewed theme and feature articles, 

departments, news reports, and editorial comments. Collateral materials such as 

source code will be made available electronically over the Internet. CiSE will 

bridge the disciplines of science, engineering, and mathematics, bringing a fuller 

understanding of both the scientific and the practical aspects of computers and 

computation. 

Computing in Science and Engineering is a joint publication of the American 

Institute of Physics and the IEEE Computer Society. 
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News 

Cosmic mystery 
See CERN Courier on the Web at http://www.cerncourier.com 

Beauty is in the eye 
of the LHC beholder 
The LHCb experiment has been formally 
approved for CERN's LHC collider. Unlike the 
other major LHC detectors (ALICE, ATLAS and 
CMS) which will completely surround their 
respective collision points, LHCb will use a 
large (20 metre) single-arm spectrometer 
along the beam direction on one side of the 
collision point.The diagram shows LHCb in its 
underground area, surrounding the LHC beam 
pipe, with the collision point on the left. 
LHCb's goal is to look for new physics by 
studying in detail the physics of the Standard 
Model's third generation of particles, in partic
ular the "beauty" of "b" quark (May, page 3). 

On 24 September, US Energy Secretary Bill 
Richardson put the finishing touches to the 
installation of the 366th and final 20-ton 
dipole magnet to steer the beams in Fermilab's 
new 150 GeV, 2.25 mile Main Injector Ring. 

Construction work on the Main Injector 
began in 1993 and the new machine should 
begin operation next year, boosting perfor
mance of Fermilab'sTevatron by increasing its 
supply of protons and antiprotons. With higher 
collision rates, the Tevatron, already the 
world's highest-energy particle collider, will be 
able to attack new physics goals. 

The Main Injector replaces Fermilab's origi
nal 400 GeV four-mile Main Ring, closed in 
September 1997 after 25 years of service as 
the hub of the laboratory's particle beam 
system. Many of the Main Ring's components, 
including quadrupole focusing magnets, have 
been taken over for the new Main Injector. 

Built as Fermilab's front-line machine, the 
Main Ring took on a new role in 1983 as the 
injector for the superconducting 800-900 GeV 
Tevatron, which operated as a 
proton-antiproton collider and in fixed target 
mode using proton beams. For the future, the 
Tevatron is a dedicated proton-antiproton 
collider. As well as feeding the Tevatron collider, 
the Main Injector will be able to support its 

own programme of fixed target experiments. 
The Main Ring and the Superconducting 

Tevatron shared the same tunnel.The Main 
Injector is in a new tunnel which is tangential 
to the Tevatron. 

US Energy Secretary Bill Richardson helps 
install the final magnet in Fermilab's Main 
Injector Ring. Making sure all is well is Fermilab 
Director John Peoples (behind) and Main 
Injector Project Manager Steve Holmes (right). 

A recent paper by Glennys Farrar of Rutgers and 
Peter Biermann of the Max Planck Institute for 
Radio Astronomy in Bonn suggests interesting 
possibilities for the orbits of cosmic particles. 

Cosmic rays, particles arriving from outer 
space, are generally believed to be the result 
of cosmic fireworks like supernovae. But this is 
not the whole story. 

The energy spectrum of cosmic rays 
extends above 1020eV, more than a million 
times the energy of CERN's future LHC proton 
collider. Quite apart from the difficulty of 
imagining a mechanism which can produce 
such astronomical energies, the fact that such 
energies are seen at all is an enigma. 

The universe is filled with cosmic 
background radiation, the faint echo of the Big 
Bang, discovered by Penzias and Wilson in 
1965. Shortly after this discovery, it was 
pointed out that cosmic particles gradually 
lose energy by scattering off these photons. 
Theorists calculate that because of this contin
ual attrition, no cosmic particle should be able 
to maintain an energy above about 5x l0 1 9 eV. 

But some of them do. A handful of ultra-
high-energy particles have been recorded 
which have somehow negotiated this brick 
wall. Perhaps some new kind of ultra-high-
energy cosmic particle - "uhecron" - is able to 
shake off the interaction with the cosmic back
ground radiation. Another possibility, put 
forward by Sidney Coleman and Sheldon 
Glashow, is that these extreme energies 
encounter relativistic effects which under ordi
nary conditions are too small to be noticeable. 

The paper by Farrar and Biermann points 
out other interesting features of these extreme 
cosmic energies. Normally, galactic and inter-
galactic magnetic fields make charged 
particles loop around in tangled orbits so that 
it is impossible to tell from which direction 
they have come. However, the higher the 
energy, the "stiffer" these orbits become, so 
that the very high energy ones continue to 
move more or less in their original direction. 

Farrar and Biermann point out that the 
handful of events above 1020 eV appear to 
come from the direction of quasars, stellar 
beacons from the dawn of time. If the parti
cles are indeed quasar generated, some 
additional explanation is still needed for why 
these signals from the early universe are not 
eroded by the cosmic background radiation. 

Final magnet installed at Fermilab 
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• Hermetically sealed resulting in a leak rate of 
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News 

Marsters of science 
Two recent talks at CERN focused on the 
problems of a voyage to Mars, where novel 
propulsion techniques are called for to over
come the logistical problems of otherwise 
having to construct huge space vehicles and 
for astronauts to spend over a year in space. 
• On 27 August, 1984 
Nobel Physics laureate 
and former CERN Direc
tor General Carlo Rubbia 
(right) described how his 
recently completed TARC 
experiment at CERN 
(April 1997, page 8) 
suggests how it is possible to confine neu
trons as "black body radiation". Rubbia's 
fertile mind sees how surrounding such an "n-
Hohlraum" cavity by a micro-layer of 
americium could quickly go critical, the fission 
fragments acting as a very-high-energy 
exhaust, attaining temperatures much higher 
than those of chemical fuels. Such a motor 
would also have no moving parts. In this way, 
a few kilograms of nuclear fuel could be suffi
cient to power a substantial space vehicle. 

The TARC experiment was a neutron study 
en route to Rubbia's proposed Energy Ampli-

Within the framework of the CERN-Asia Fel
lows and Associates Programme, CERN offers 
three grants every year to young East, South
east and South Asia* postgraduates under 
33, to participate in its scientific programme 
in the areas of experimental and theoretical 
physics and of accelerator technologies. The 
appointment will be for one year, which might, 
exceptionally, be extended to two years. 

Applications will be considered by the 
CERN Fellowship Selection Committee at its 
meeting on 26 January 1999. An application 
consists of a completed application form on 
which it should be stated "CERN-Asia Pro
gramme", three separate reference letters, a 
curriculum vitae including a list of scientific 
publications and any other information in 
favour of the quality of the candidate. Applica
tions, reference letters and any other 
information must be provided in English only. 

Application forms can be obtained from: 
Recruitment Service, CERN, Personnel Divi-

fier, which would use beams from a particle 
accelerator to produce spallation neutrons 
and in turn feed a target-moderator assembly. 
The TARC study demonstrated how the neu
trons could "scavenge" the target-moderator 
assembly, eating up nuclear waste. 

• On 3 August NASA 
astronaut Franklin 
Chang-Diaz, mission 
specialist on the recent 
Space Shuttle flight 
carrying the Alpha Mag
netic Spectrometer 
(September, page 28), 

described the 236-hour voyage, which was 
also the final docking between a Space Shut
tle and the Russian Mir space station. 
Chang-Diaz, an accomplished plasma physi
cist, is also Director of the Advanced Space 
Propulsion Laboratory at the Johnson Space 
Center. He concluded his talk by describing 
ongoing development work for rocket propul
sion systems using magnetically confined 
high-temperature plasmas, the ultimate objec
tive being to sustain flight to Mars.The picture 
shows him arriving at Kennedy Space Center 
for a Terminal Countdown Demonstration Test. 

sion, 1211 Geneva 23, Switzerland. E-mail: 
"Recruitment.Service@cern.ch". Fax: +41 22-
767 2750. Applications should reach the 
Recruitment Service at CERN before the 
deadline of 12 November 1998. 

The CERN-Asia Fellows and Associates 
Programme also offers a few short term Associ-
ateship positions to scientists under 40 who 
wish to spend a fraction of the year at CERN or 
a Japanese laboratory and who are "on leave 
of absence" from their institute. Applications 
are accepted from scientists who are nationals 
of the East, South-east and South Asian* coun
tries and from members of the CERN personnel 
who are nationals of a CERN Member State. 

Candidates are accepted from 
Afghanistan, Bangladesh, Bhutan, Brunei, 
Cambodia, China, India, Indonesia, Japan, 
Korea, the Laos Republic, Malaysia, the Mal
dives, Mongolia, Myanmar, Nepal, Pakistan, 
the Philippines, Singapore, Sri Lanka,Taiwan, 
Thailand and Vietnam. 

Work on triangle 
anomaly wins 
Dirac Medal 
TheAbdus Salam International Centre for 
Theoretical Physics (ICTP) in Trieste has 
awarded its Dirac Medal this year to Stephen 
Adler of Princeton's Institute for Advanced 
Study and Roman Jackiw of MIT.This medal, 
widely viewed by theorists as highly presti
gious, is given each year to scientists who 
have made outstanding contributions to theo
retical physics and mathematics. 

Adler and Jackiw are honoured for their 
work on the "triangle anomaly". CERN theo
retician John Bell, who died in 1990, also 
played a major role in this work. It underlies 
the process by which a neutral pion trans
forms into two photons, the calculation of 
which was first carried out by Jack Steinberger 
in 1949. Such processes place severe strains 
on the underlying formalism - hence "anom
aly". For the mathematics to work properly, 
several such anomalies should mutually can
cel, placing important restrictions on modern 
grand unified theories. 

Long hot summer 
Smooth running at CERN's LEP electron-
positron collider, now at 189 GeV collision 
energy (94.5 GeV per beam), is reflected in a 
fast climbing, integrated luminosity curve. 
Integrated luminosity is a measure of the num
ber of electron-positron collisions provided for 
physics, and the 1998 score is already well 
past that of previous years. LEP runs until early 
November. Recent performance has yielded 
luminosities of more than 9 x l 0 3 1 per cm2 per s 
and an integrated luminosity of 3 inverse pico-
barns in a 24-hour period. 

1998 94.5 GeV 

number of scheduled days (from start-up) 

CERN-Asia Fellows and Associates Programme 
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Advanced integrated controller provides high 
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and cost 

• Venting, heaters and air cooling connects easily 
for individual vacuum applications 

Integrated Turbo Controller TC 600: For maximum 
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Les nouvelles séries REDEL 
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contacts miniatures HT 3kV 
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densité de contacts dans un 
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CARACTERISTIQUES 
TECHNIQUES 
•Haute densité de contacts 

(22 ou 51 contacts) 
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de sécurité 

•Système de retenue du 
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Astrowatch 

Edited by Emma Sanders 

New eye on the sky 

Integral, ESA's new gamma-ray satellite due The sky as seen by the EGRET detector on 
for launch in April 2001. the Compton Gamma Ray Observatory. 

A rrew satellite is nearing completion that will 
give astronomers an unprecedented view of 
the violent activity around black holes, star-
quakes and other strange phenomena.The 
International Gamma Ray Astrophysics Labo
ratory (Integral) will have a resolution 10 
times better than current facilities of its kind. 

The European Space Agency (ESA) plans to 
launch the satellite in April 2001 and use it to 

study hard X-ray and gamma-ray sources in 
the energy range 15 keV to 10 MeV. A full-
scale structural and thermal model of the 
telescope has just been completed ready for 
testing. 

There will be two main instruments on 
board. A spectrometer made of high-purity 
germanium will measure gamma-ray energies 
extremely precisely whilst an imager will 

record their position in the sky. 
With a resolution of 12 arc-minutes it is the 

imager that excites astronomers the most. 
Current telescopes, such as NASA's Compton 
Gamma Ray Observatory, have difficulty pin
pointing the source of gamma-ray emissions 
sufficiently to match them up with objects 
seen at other wavelengths. 

A breakthrough came last year when the 
Italian Bepposax X-ray satellite identified the 
origin of a gamma ray burst.The observations 
showed the burst came from a galaxy towards 
the edge of the visible universe and must 

< therefore be incredibly energetic - way over 
I 105 0 ergs, more than the energy released by 

all the 1011 stars in our Galaxy over several 
days! The mechanism fuelling gamma-ray 
bursts remains a mystery that astronomers 
hope Integral will help to solve. 

Astronomers will also use Integral to study 
active galaxies and, nearer to home, to see 
close up to the accretion discs surrounding 
black holes. 

Meanwhile, Integral's spectrometer will be 
used to measure the emission lines of heavy 
elements ejected into space by the supernova 
explosion at the end of a heavy star's lifetime. 

Moon sheds light on Sun 
Moondust contains traces of rare solar gases, 
krypton and xenon.This discovery, made by 
researchers at ETH Zurich, promises a unique 
archive of the life of the Sun. 

Buffeted by the solar wind for over four bil
lion years, the dust on the surface of the Moon 
has absorbed traces of rare gases. Moreover, 
the proportion of the gases varies according to 
the age of the sample.This means researchers 
will be able to learn more about the formation 
and evolution of the solar system. 

Left-handed life 
It's not just neutrinos that are left-handed, 
nearly all amino acids, vital for life, are left-
handed as well. Now new observations using 
the Anglo-Australian telescope might explain 
the origin of life's left-handed bias. 

Astronomers observed a region of the Orion 
nebula containing clouds of organic mol
ecules. Most radiation, such as that from the 
Sun, is unpolarized, but in this case 17% of the 
radiation is circularly polarized. Astronomers 
believe this effect was caused by scattering of 
dust grains aligned in a magnetic field. Circu
larly polarized UV light could be responsible for 
the left-handedness of amino acids. 

Picture of the month 
An image of the 
spiral galaxy NGC 4 * • , 

1232 taken using ; 

the new FORS 
(FOcal Reducer 
and Spectrograph) * 
instrumentation i * * 
installed on the 
European Southern 

J 

„ . * * , * * * * 

Observatory's Very 
Large Telescope. 
FORS was 
designed and built *** 
by Heidelberg 
State Observatory * 'up ' . * 
and the ^ ,•- 2k ' "", ,1 
universities of , * * * % * 

Gôttingen and 
Munich. Capable 
of operating in a 
variety of imaging 
and spectroscopy 
modes, it is sensitive to light in the range 330 nm to 1100 nm. The detector is a CCD with 
24-micron pixels. FORS will be used to investigate the faintest and most remote objects in 
the universe. (Picture: European Southern Observatory.) 
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DESY: RICH detectors 

HERA strikes it 
At the German DESY 
laboratory in 
Hamburg, two major 
new experiments for 
the HERA 
electron-proton 
collider-HERA-B 
and HERMES-are 
being equipped with 
ambitious Ring 
Imaging Cherenkov 
(RICH) detectors for 
particle 
identification. 

In the RICH technique, high-speed particles passing through a 
medium generate an optical shock wave - Cherenkov radiation -
whose opening angle depends on particle velocity. If the momentum 
is known from the curvature in a magnetic field, then the particle's 
mass, and hence its identity is revealed. Over the years, this basic 
RICH idea has been improved and embellished by a series of tech
nical innovations (June 1996, page 13). 

HERA-B 
The newly installed RICH detector of the HERA-B experiment was 
recently tested successfully in the HERA proton beam with the exper
iment's wire target in place. There were several Cherenkov rings 

A wide-angle view of the interior of the Ring Imaging Cherenkov 
(RICH) for the HERA-B experiment at DESY. The mirror systems 
(planar on the left, spherical on the right) are intercepted by the 
proton and electron beam pipes. The upper half of the photon 
detector is visible. (Photo: Manfred Schulze-Alex.) 

which perfectly matched the shapes that were expected. 
In the HERA-B RICH 106 m3 gas tank filled with C 4 F 1 0 , charged 

particles radiate a cone of Cherenkov light.This is focused by a sys
tem of 80 spherical mirrors and 36 planar mirrors, and a special 
lens system boosting the light collection efficiency to 65%. Light 
photons are detected by a total of 2250 multi-anode photo-
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RICH at DESY 
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On-line display of a "perfect" RICH ring from the HERA-B 
detector. The photomultiplier hits are represented as black 
squares. The inner region (red) is covered by 16-channel 
photomultipliers, with coarser 4-channel tubes outside. 

Photomultiplier tubes for the Ring Imaging Cherenkov (RICH) 
detector of the HERMES experiment at the HERA electron -
proton collider at the DESY Laboratory, Hamburg. (Photo 
Manfred Schulze-Alex.) 

multipliers, with an inner region using 16-channel devices and 
coarser 4-channel tubes outside. Most parts of the detector were 
installed during last winter's HERA shutdown. 

For the first test using 820 GeV protons, the radiator vessel was 
filled with air and the wire target tuned to a nominal interaction rate 
in the range of 10 to 30 MHz. An unbiased, random trigger initiated 
readout of the lower photon detector, the upper awaiting additional 
data acquisition electronics. 

Under these conditions, most photons were expected to come 
from relatively soft electrons and positrons from electromagnetic 
showers, a picture consistent with the observed events: many were 
blank or had a few isolated hits; others had a diffuse pattern of hun

dreds of hits. Some showed what appeared to be intersecting rings 
and a few had clear, isolated rings. 

One particularly striking ring (see figure) was fitted to the expected 
shape, including optical corrections, yielding a Cherenkov angle of 
23.5±0.2 mr, in perfect agreement with the expected value. Note 
that the number of Cerenkov photons is considerably larger than 
expected for a single track (7), indicating that the ring is probably 
due to an electron-positron pair from a high-energy photon. 

HERA-B's goal is the investigation of CP violation in the B meson 
system. B mesons, plentifully produced when the halo of HERA's 
proton beam hits a wire target, will be detected in a large accep
tance forward spectrometer. 

HERA-B was approved in February 1995. After installation and 
test operation of various components, 1997 saw the installation of 
the electromagnetic calorimeter, the data acquisition system and 
the gas vessel for the RICH detector, which was completed during 
last winter's shutdown. 

The HERA-B RICH group includes the University of Texas at Austin, 
Barcelona, LIP Coimbra, Northwestern, UT Houston, and University 
and J. Stefan Institute of Ljubljana. It is supported by the University 
of Hamburg and DESY. 

See "http://www-hera-b.desy.de/notes/98/98-142.pdf. 

Dual-radiator RICH for HERMES 
Installation was completed earlier this year of a dual-radiator RICH 
for the spectrometer of the HERMES experiment. (HERMES will use 
a polarized gas jet target in the HERA proton beam.) The HERMES 
RICH was designed and built in 12 months by a collaboration of 
Argonne, Bari, Caltech, Frascati, Gent, Rome, Tokyo and Zeuthen. 

It will be the first to use the recently developed clear, hydrophobic 
gel as radiator.To identify almost all HERMES' pions, kaons and pro
tons, the RICH is filled with a second radiator (C 4 F 1 0 gas) which, in 
combination with the aerogel, provides hadron identification from 2 
to about 16 GeV. Rings from the aerogel (refractive index 1.03) pro
vide identification up to about 9 GeV, while rings from the gas 
(1.0015) will be used for higher momenta. 

The RICH consists of a pair of identical counters, one in the upper 
half and the other in the lower half of HERMES. Each photon detec
tor is an array of 1934 % inch photomultiplier tubes arranged in a 
planar array of honeycomb packing. 

For a fully relativistic particle, a typical ring pattern will have a 
small inner ring generated by photons from the gas and a larger 
concentric ring of photons from the aerogel. 

With so many produced particles unambiguously identified, HER
MES will be able to make incisive studies of the enigmatic spin 
structure of the nucléon. 
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CERN-Gran Sasso link? 

Particles for export 
With CERN's site straddling the Franco-

Swiss frontier near Geneva, exporting 

particle beams is an everyday occurrence. 

Now a new proposal foresees CERN 

particles also being exported to Italy, for 

use in the Gran Sasso underground 

laboratory, 730 kilometres away. 

This summer's neutrino news underlined how little we really know 
about neutrinos. New data, notably from the SuperKamiokande 
detector, 1000 metres underground in a Japanese mine (Septem
ber, page 1), show that the behaviour of neutrinos, the most inactive 
of known particles, is probably much more complex than originally 
supposed and poses many new physics questions 

Neutrinos come in three varieties - electron, muon, or tau -
according to which kind of weakly interacting particle (lepton) they 
escort. The new results suggest that this lepton allegiance can be 
temporary, changing as the neutrinos fly through matter. Neutrinos 
could be Nature's floating voters - a neutrino which sets out prefer
ring the company of muons could arrive favouring taus instead. 

Some of the neutrinos picked up by SuperKamiokande and other 
underground detectors derive from cosmic rays crashing into the 
Earth's atmosphere. These collisions produce unstable particles 
such as pions and kaons, which subsequently decay, and whose 
decay products can in turn decay, producing neutrinos. At face value, 
there should be twice as many muon-type neutrinos as electron-
type. However, for some time, such underground detectors have 
been seeing fewer muonic neutrinos than expected. 

Drilling through Earth 
With their contempt for matter, neutrinos can easily drill through the 
13 000 kilometres of the Earth and fly out into space on the far side. 
Just as a champion motor-racing driver is not immune to being run 
over when crossing the road, even after surviving transit through the 
Earth there is always a probability that neutrinos will interact in the 
next obstacle they reach. Thus a few neutrinos coming up through 
the Earth are finally absorbed in the SuperKamiokande detector. 

Even more intriguing than the deficit of muon neutrinos coming 
down from the sky is the marked difference between the signals due 
to downward neutrinos reaching detectors from the atmosphere, 
and upward neutrinos having passed through the Earth. 

The interpretation is that the neutrinos "oscillate". Although they 
slip right through the Earth, they do not emerge entirely unscathed, 
and have their electron, muon, or tau allegiance changed en route. 

Scientists meet in November to discuss how they could use 
neutrinos sent 730 kilometres from CERN to Italy. 

Results from other neutrino experiments under very different con
ditions (January, page 5) appear to rule out electron-to-muon oscil
lations, leaving muon-tau as the most likely oscillation culprit -
neutrinos entering the Earth as muon-type leave it as tau-type. 

To pin down the details of this effect needs continued systematic 
study of tau neutrinos. At 1777 MeV,the tau particle is much heavier 
than the muon (105 MeV) and the electron (0.5 MeV). So investi
gating tau neutrinos and tau particles is helped by having a neu
trino beam from a particle accelerator with enough energy for its 
particles to interact and produce taus. 

Neutrinos have traditionally been considered to be massless, 
spinning left-handedly (anticlockwise around their direction of 
motion) through the cosmos at the speed of light. However, the pos
sibility of neutrino oscillations suggests this might not bel00% 
accurate.To oscillate, neutrinos must have some mass. 

The oscillation probability of neutrinos depends on the quantity 
Am 2 L/E, where Am 2 is the squared mass difference between the 
oscillating neutrinos, L is the "baseline" (the distance between the site 
of neutrino production and detection), and E is the energy. Am 2 can be 
very small - the new results suggest in the region of 10"3eV2, corre
sponding to mass differences of a few hundredths of an electronvolt. 

For each type of oscillation, a large range of oscillation probabil
ities has to be explored. For the muon-tau channel, the pioneer Cho
rus and Nomad tau neutrino experiments at CERN, with a baseline 
of about 1 kilometre, see no evidence for oscillation.Taking the new 
results from SuperKamiokande and other detectors at face value, 
this is hardly surprising - to reveal such small mass differences 
needs long baselines. 

The high-energy neutrino beams from CERN and from Fermilab 
can explore this unexplored oscillation territory. Both, strangely 
enough, have underground neutrino detectors 730 kilometres away: 
for Fermilab the Soudan mine in Minnesota, for CERN the Italian 
Gran Sasso laboratory. 

In Japan, the K2Kprojecttofirea 1.4 GeV neutrino beam from the 
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CERN-Gran Sasso link? 

Sketch from Antonino Zichichi's original 1979 proposal for an 
Italian underground laboratory, pointing out the possibility of a 
neutrino beam linking CERN and Gran Sasso. 

KEK laboratory towards the SuperKamiokande underground detec
tor 250 kilometres is nearing completion.This could produce indirect 
evidence for oscillations via the disappearance of muon neutrinos. 

Fermilab and Soudan are the scenes of a major effort for the 
MINOS (Main Injector Neutrino Oscillation Search - September 

1996, page 20) using 10 GeV range neutrinos, while CERN, whose 
neutrinos currently point north-west, is putting the finishing touches 
to a plan to point 20 GeV range neutrinos in roughly the reverse 
direction and shoot them towards Gran Sasso. (In his original 1979 
Gran Sasso proposal, Antonino Zichichi had already pointed out 
such a possibility, and the experimental halls are deliberately ori
ented towards CERN.) 

For the detailed project plan now drawn up, a proton beam from 
the SPS synchrotron with an energy of up to 450 GeV would be 
focused on a target to produce pions and kaons, which would then 
be magnetically focused using a horn and reflector to point the 
pions and kaons in the required direction - once produced, the elec
trically neutral neutrinos cannot be steered. After about 
1000 metres, many of these pions and kaons will have decayed, 
producing the required neutrinos, and the remaining hadrons 
absorbed by a beam stop (which the neutrinos easily penetrate). 

Gran Sasso is already the home of the ICARUS detector using a 
liquid-argon time projection chamber and originally foreseen as a 
solar neutrino detector. 

To investigate a detector scenario at Gran Sasso for CERN neutri
nos, a joint meeting of CERN's SPS Experiments Committee and the 
Gran Sasso Scientific Committee was organized for early November 
at CERN (October, page 5). 

Gordon Fraser, CERN. 
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MACRO-
scope 
The Monopole, Astrophysics and Cosmic 

Ray Observatory (MACRO) is an 

underground muon detector at Gran Sasso, 

which is now adding to the evidence for 

neutrino oscillations. 
Fully operational since 1994-95, MACRO'S bread-and-butter 
physics is the detection of cosmic-ray muons, but its ultimate objec
tive is to search for new phenomena and to pick up particles from 
cosmic sources such as supernovae. In its search for cosmic sig
nals, MACRO is assisted by the EAS-TOP array on the mountain 
1400 metres above. 

MACRO intercepts particles which pierce the overhead rock shield. 
77 metres long, 12 metres across and 9 metres high, the detector is 
divided lengthways into six modules.The bottom half of the detector is 
composed of seven layers of crushed rock absorber interspersed with 
streamer tubes, together with an outer cladding of scintillator and 
streamer tube detectors and a box-like top layer with scintillator and 
streamer chamber walls and roof running the length of the detector. 

While magnetic monopoles continue to be elusive, a bonanza for 
MACRO is the study of muons produced by neutrino interactions 
inside the detector, confirming an intriguing effect seen in other detec
tors (September, page 1). These studies show a marked difference 
between the signals due to upward- and downward-moving neutrinos. 

Multistage decays 
On the Earth's surface, muon-like neutrinos (as distinct to electron
like) mainly result from the decay of particles produced by high-
energy cosmic rays hitting nuclei high up in the atmosphere.These 
reactions produce kaons and pions, which themselves decay to pro
duce muons, which in their turn decay. In these multistage decays, 
the end result should be that there are twice as many neutrinos pro
ducing muons as producing electrons. 

However, the detectors see fewer such muons than expected. 
MACRO, showered by other cosmic muons from above, cannot iso
late those downward muons that are due to neutrinos, but does see 
a clean signal due to muon neutrinos arriving from below, which 
have passed right through the Earth before hitting the detector. 

There are considerably fewer of these upward muons than 
expected, underlining the suggestion that muon neutrinos "oscil
late" on their way through the Earth, changing into other neutrino 
types which do not produce muons. 

The MACRO detector in the Italian Gran Sasso underground 
laboratory. The lower, absorbing, half of the detector is 
interspersed with streamer tubes and is covered with 
scintillator and streamer chamber detectors (orange-coloured) 
to pick up muons emerging from reactions in the inner 
absorber. Additional information comes from the box-like "roof" 
of detectors above. 
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Different types of neutrino interactions in MACRO: (1) An 
upward throughgoing muon hits three layers of scintillator and 
14 streamer tube planes. (2) A "semicontained" upward muon 
- an upward muon neutrino (which has passed right through 
the Earth) interacts in the detector, producing an upward muon. 
(3) An upward "stopping" muon - an upward neutrino produces 
a muon which is absorbed inside the detector. (4) A downward 
neutrino produces an muon which emerges from the bottom of 
the detector. As far as MACRO is concerned, interaction types 3 
and 4 are indistinguishable. 
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Neutrino Oscillation Workshop 

Discussions oscillate at NOW'98 in Amsterdam. Left to right: YDeclais (hidden), 
VPalladino, E Bellotti, S Bilenky, PZucchelli, PJ Litchfield, H T Wong. 

Chairman Jaap Panman of CERN (left) with 
summary speaker Michel Spiro ofSaclay. 

Neutrino oscillations NOW 
Neutrinos are never far from the physics 
headlines. Neutrino oscillations - when 
different types of neutrinos transform 
among themselves - has emerged as the 
big talking point of 1998. A topical 
workshop in Amsterdam surveyed the latest 
results and looked to the implications. 

Neutrino oscillations - continuous changes of neutrino type or 
"flavour" - might not only explain the observed lack of neutrinos 
from the Sun and the atmosphere, but may also provide a very sen
sitive probe for tiny mass differences between neutrinos of different 
flavour. These possibilities were on the agenda on 6 September 
when 130 physicists from all over the world gathered in an Amster
dam brewery for the Neutrino Oscillation Workshop NOW'98. 

Recently the SuperKamiokande underground experiment in Japan 
presented evidence for neutrino oscillations and thereby neutrino 
mass (September, page 1). Although these masses are believed to 
be much smaller than that of any other particle, neutrinos are so 
abundant that they would - even with such a tiny mass - contribute 
significantly to the mass of the universe and to its gravitational fate. 

At NOW'98, recent results presented in morning sessions pro
vided ground for discussions on the future directions of neutrino 
oscillation physics during the afternoons. 

The workshop opened with a talk by M Nakagawa (Meijo), a god
father of neutrino oscillations, who covered the underlying theory 
from a historical perspective. Currently available data and their phe-
nomenological implications were reviewed by G L Fogli (Bah), while 

P G Langacker (Pennsylvania) focused on fundamental aspects of 
neutrino masses and mixing. ( 

Atmospheric neutrino data were presented by W Gajewski (Irvine), 
of course paying much attention to the recent SuperKamiokande 
result. K Nishikawa (KEK) explained how from next year, neutrinos 
produced at the KEK laboratory will be detected by Super
Kamiokande, 250 kilometres away (Summer, page 7). This will be 
the first of probably several "long baseline" experiments; in the US 
plans are being drawn up to direct a neutrino beam over 730 kilo
metres from Fermilab to the Soudan mine, while in Europe a neu
trino beam could be directed from CERN to the Italian Gran Sasso 
underground laboratory at a similar distance (see page 13). 

The afternoon sessions concentrated on the theory of neutrino 
oscillations, on solar and atmospheric neutrino experiments, short, 
medium and long-baseline experiments, reactor experiments and 
on neutrino beams. 

In one morning session, S Sarkar (Oxford) brought cosmology 
down to earth, showing how measurements of the cosmological 
microwave background radiation and scenarios for the development 
of large-scale structures in the universe can constrain the mass of 
neutrinos - and may even require neutrinos to be massive. 

Sterile neutrino? 
J Kleinfeller (Karlsruhe) presented options for future short and 
medium-baseline experiments, which should shed more light on the 
oscillation signal of electron to muon-neutrinos reported by LSND 
experiment at Los Alamos. This result implies either the existence of 
an additional, sterile neutrino or - in a three-flavour oscillation sce
nario - a reinterpretation of the solar and atmospheric neutrino data. 

The updated KARMEN experiment at the UK Rutherford Appleton 
Laboratory, sensitive to the same type of oscillations, does not see 
a signal but cannot rule it completely out either. A definite answer 
might be given by new projects being proposed at Fermilab (Mini-
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Neutrino Oscillation Workshop 

Boone) and perhaps at the CERN PS proton synchrotron. 
A Suzuki (Sendei) showed that the research on reactor neutrinos 

enters a new phase with the ongoing Palo Verde project and plans 
for KamLAND, both aiming to detect neutrinos from different reactors 
simultaneously. 

The deficit of solar neutrinos detected on Earth was discussed by 
G Ewan (Queen's, Ontario) who pointed out the importance of detect
ing neutral current interactions of these neutrinos - one of the goals 
of the new SNO Sudbury Neutrino Observatory (Summer, page 1). 
Such measurements could provide the crucial information needed to 
nail down the origin of the solar neutrino deficit. The energy spec
trum of solar neutrinos as being measured by the SuperKamiokande, 
SNO and Borexino experiments may help us to understand what hap
pens to neutrinos on their way from the Sun to the Earth. 

For the final day of the workshop, delegates left the now familiar 
brewery and went across the canal to the "Trippenhuis", the seat of 
the Royal Academy of Arts and Sciences. Here the convenors pre
sented the highlights of the topical sessions while kinematical and 
quantum mechanical aspects of oscillations were covered by H J 
Lipkin (Weizmann). 

In his summary M Spiro (Saclay) stimulated further discussion 
by raising such provocative questions as "Do we fully understand 
the production of atmospheric neutrinos?" and "Is there need for a 
long-baseline enterprise both in the US and in Europe?"These ques

tions were addressed in the final 
plenary discussion together with 
other key issues - how can we 
verify the LSND and Kamiokande 
results? What would be the best 
way to attack the problem of the 
solar neutrino deficit? What 
strategy should be followed to 
obtain the most complete 
answers? Are we ambitious 
enough in designing new 
beams? One important conclu

sion can already be drawn: the NOW'98 workshop saw the need for 
discussion between physicists from different neutrino experiments 
and it seems appropriate to organize a^similar workshop in 1999. 
Meanwhile, discussions continue via the Internet, where the pro
ceedings of the workshop can also be found (http://www.nikhef.nl/ 
pub/conferences/now98). 

The workshop was supported by the City of Amsterdam, the Euro
pean Physical Society and Dutch scientific and industrial institu
tions, and was organized by the local NIKHEF laboratory. 

One important 
conclusion was the 
need for discussion 
between physicists 
from different 
neutrino 
experiments. 

Margriet van der Heijden and Maarten de Jong, NIKHEF, 
Amsterdam. 
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In an official presentation 
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at CERN from December 1 to 3 ,1998 
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genfree, flame retardant, cables 

according to CERN requirements 
(LEP), fire resistant cables, cables up 
to 20 kV, water cooled cables up to 
4000 Amps current capacity 

D E U T S C H E B A B C ( w ) C K 

B A L C K E - D U E R R 
BDAG GROUP 

BALCKE-DURR GmbH 
Homberger Str. 2 
D-40882 Ratingen 
© (+49-21 02) 855-0 
S (+49-21 02) 85 5617 

- Heat.exchangers 
- Systems and components for power 

stations 
- Cooling towers 
- Components for the chemical 

industry 

- Large metalic structures 
- Cryostats 
- Engineering and calculation 
- Services 
- Project management 

D S D 
UNTERNEHMENSBEREICH LUFTTECHNIK 

DSD Dillinger Stahlbau GmbH 
Unternehmensbereich Lufttechnik 
Dudweilerstr. 105 
D-66386 St. Ingberg 
S (+49-6894) 16-0 
HE) (+49-6894)16-342 
E-mail: iufttechnik@dsd-steel.com 

- HVAC plants for industrial and 
comfort purposes 

- AHUs, indoor/outdoor installation 
- Packaged and hygienic AHUs 
- Central station AHUs 

- Roof-mounted AHUs and ventilators 
- Industrial centrifugal fans 
- Heating and sanitary installations 
- Special tubes and dampers 

mailto:accel@accel.de
mailto:vertrieb@apranorm.apra.de
mailto:info@aicon.de
mailto:iufttechnik@dsd-steel.com


E C K E L M A N N 
Industrieautomation 

Eckelmann Industrieauto
mation 
Berliner Str. 161 
D-65205 Wiesbaden 
© (+49-611) 71 03-0 
S (+49-611) 71 0333 
E-mail: info@eckelmann.de 

- Basic automation 
- Electrical cabinets 
- Digital data acquisition, 
analogue acquisition on-site, 
data transmission via optical fibre, 
data acquisition up to 
2MS/s simultaneously 

- Sensor supply, voltage or current, 
filtering, data acquisition up 
to 1 MS/s simultaneously 

- Integration services 
- Software 
- Information- and control systems 
-Tailored solutions 

F.u.G. Elektronik GmbH 
Florianstr. 2 
D-83024 Rosenheim 
© (+49-8031) 2851-0 
S (+49-8031) 81099 
E-mail: fug-elektronik@t-online.de 

Low and high voltage power supplies. 
Voltage classes from 
6,5 V up to > 300 kV, 
power classes from 
7Wup to > 100 kW. 

Representative 

Furrer + Gloor 
CH-Wieden 

1 Li erfi 
Ernst Fischer GmbH & Co 
Alte Poststr. 8 
D-72250 Freudenstadt 
_? (+49-7441) 91440 
[]â_ (+49-7441) 84506 

- Workplaces for industrial/ 
educational purposes 

- Mobile furnishings for office/ 
workshop 

Representative 

LOGOTRON AG 
Leutschenstrasse 1 
Postfach 343 
CH-8807 Freienbach * 
ST (055) 4108321 
[IE] (055) 4101275 
E-mail: info@logotron.ch 

- Test systems for testing lightning 
conductors, diverted current, 
insulation, high voltage and 
function checks 

Â 
F M B 

FMB Feinwerk-
und MeBtechnik GmbH 
Rudower Chaussée 6 
D-12484 Berlin 
S (+49-30) 63 92 4880 
S (+49-30) 63 92 4883 
E-mail: fmb-berlin@t-online.de 

- UHV systems and components 
- Beamline components for 

SR sources 
- Precision mechanics 

H R M E 
I n s t r u m e n t s 

HAMEG GmbH 
Kelsterbacher Str. 15-19 
D-60528 Frankfurt 
® (+49-69) 6 780 50 
H*] (+49-69) 6780513 
E-mail: hameg_ffm@t-online.de 

- Oscilloscope. Spectrum analyser 
- EMV - measuring technology 
- Power units, counter 

Representative 

LOGOTRON AG 
Leutschenstrasse 1 
Postfach 343 
CH-8807 Freienbach 
© (055) 41083 21 
S (055) 4101275 
E-mail: info@logotron.ch 

- Function generators 
- GPS time/frequency reference 

Hartmann & Braun Hartmann & Braun GmbH 
& Co. KG 
Industriestr. 28 
D-65760 Eschborn 
S (+49-6196)800-0 
S (+49-6196)800-11 19 

Industrial automation, DC-Systems, 
Field instrumentation and Gas 
monitoring systems, incl. engineering, 
installation, start-up, training and 
service. 

Representative 

Hartmann & Braun AG 
Schneckelerstrasse 4 
CH-4414 Fullinsdorf 

Exhibi ted Products: 
Field instrumentation (temperature, 
pressure, indicators, recorders etc.) 

© 061/9 0667 00 
S 061/9066701 

mailto:info@eckelmann.de
mailto:fug-elektronik@t-online.de
mailto:info@logotron.ch
mailto:fmb-berlin@t-online.de
mailto:hameg_ffm@t-online.de
mailto:info@logotron.ch


K A B E L 

HEW KABEL 
Gewerbegebiet Klingsiepen 12 
D-51688 Wipperfurth 
® (+49-22 67) 683-0 
_2_ (+49-22 67) 22 03 
E-mail: mail@hew-kabel.com 

Wires and cables to customers 
specs for high and lowest tempera
ture applications, Special features: 
Flame retardent, halogenfree, 
high frequency, electromagnetic 

consistency, flexibility, abrasion 
resistance etc. Insulation/jacketing 
materials: SILTEM®, KAPTON®, PEEK® 
Silicone, TPE's, Fluoropolymere etc. 

ILK Dresden 55 
Institut f. Luft- u. Kâltetechnik 
gemeinniitzige Ges. mbH 
Bertolt-Brecht-Allee 20 
D-01309 Dresden 
S (+49-3 51)4081-520 
S (+49-3 51)4081-525 
E-mail: ILKDresden.GF@t-online.de 

R 718 Chiller 
Compact hermetic chiller with 
high-performance compressor 
(0,4 -1 MW). Water is refrigerant, 
cold and cooling water. 

DEC Air-Conditioning 
Design of DEC a/c plants is a special 
ILK-Know-how. Combined cascade 
with cooling ceiling enables energetic 
advantages. 

I N T E G R A L 
INTEGRAL 
Energietechnik GmbH 
Lise-Meitner-Str. 2 
D-24909 Flensburg 
_? (+49-461)999333 
S (+49-461)999399 
E-mail: info@energ_ice.com 

„MICROCOOLING" refrigeration in 
the Watt- and low kW-range range 
for small devices, probes, trackers, 
mirrors etc. as applied for 
experiments in nuklear research 
and particle physics. Heat is removed 
by a liquid, pumpable ice-slurry 
with superior heat transfer and the 
possibility to utilize very small 
cooling channels (< 1 mm). 

LARGE COOLING CAPACITIES for 
laboratories, testbets, experimental 
premises and offices with liquid, 
pumpable ice and/or with „Water 
as Refrigerant". 
PEAK LOAD COOLING (load shaving 
and load shifting) with liquid, 
pumpable ice from a cold energy 
storage (ice storage) to match 
high loads with small installed 
refrigerating plants. 

S p e z i a l e l e k t r o n i k G m b H 

iseg 
Spezialelektronik GmbH 
Bautzner Landstr. 45 
D-01454 Rossendorf 
_? (+49-3 51) 2695-260 
Q_D (+49-3 51) 2695-261 
E-mail: iseg@ixx.com 

Complete high voltage power 
supplies family 
in NIM, CAMAC, CAN, VME, 
3/6 Units 
for PMT's, Si-Counter, MSGC's, 
APD's, etc. 

M K/ôckner /fh 

OELLER (m) 
KJockner-Moeller GmbH 
Hein-Moeller-Str. 7-11 
D-53115Bonn 
_? (+49-2 28) 602-0 
S (+49-2 28) 602-2433 
E-mail: info@moeller.net 

Power Distribution and Automation 
for application in industry and in 
building services: complete solutions, 

Representative 

Klôckner-Moeller AG 
Hauptverwaltung 
Vogelsangstr. 13 
CH-8307 Effretikon ZH 

installations, systems, devices and 
engineering tools. 

_? +41-52-3541400 
S +41-52-3541499 

KNF NEUBERGER GmbH 
Membranpumpen + Système 
Alter Weg 3 
D-79112 Freiburg 
_? (+49-7664) 5009-0 
__] (+49-7664)21 24 

- Diaphragm vacuum pumps and 
compressors 

- Vacuum systems 
-Gas sampling pumps 
- Double diaphragm pumps 

Representative 

KNF NEUBERGER 
(Schweiz) AG 

- PTFE and ceramic pumps 
- Swing piston compressors 
- Diaphragm liquid pumps 
- Diaphragm metering pumps 
- Valves 

Stockenstr. 6 
CH-8362 Balterswil 
_? (071) 971 1485 
S (071) 971 1360 

mailto:mail@hew-kabel.com
mailto:ILKDresden.GF@t-online.de
mailto:info@energ_ice.com
mailto:iseg@ixx.com
mailto:info@moeller.net


Knurr Mechanik 
fur die Elektronik A G 
Schatzbogen 29 
D-81829 Munchen 
© (+49-89)420 04-0 
S (+49-89)42004-118 
E-mail: knuerr-Abt.Export@t-online.de 

Manufacturer and distributer of 
enclosures for electronics: 
Standarized enclosures for electronics 
Components for network technology 
Minicases in plastic and metal 
Outdoor enclosures and racks 

Representat ive 

KNURR AG 
Bruggacherstr. 16 

Mobile technical workstations 
Power supplies, UPS and power packs 
Technical furnishing systems 
Workstations for assembly 
Enclosures for switchgear equipment 

L E Y B O L D 

LEYBOLD V A K U U M GmbH 
Bonner Str. 498 
D-50968 Kôln 
ST (+49-221) 347-0 
S (+49-221) 347-1250 
http://www.leyboldvac.de 
E-mail: reachus@leyboldvac.de 

CH-8117 Fâllanden 
© 01/8 06 54 54 
[I?*] 01/8 06 5464 

KRAFTANLAGEN NUKLEAR-
TECHNIK GMBH 
im Breitspiel 7 
D-69126 Heidelberg 
© (+49-6221) 94-07 
S (+49-6221) 94-2112 
E-mail: shaheensheikh@compuserve.com 

Nuclear engineering 
Management of radioactive waste 
Decommissioning 

Representat ive 

KRAFTANLAGEN 
NUKLEARTECHNIK 
Succursale de Genève 

Rough vacuum pumps, 
high and ultra high vacuum pumps, 
dry compressing vacuum pumps, 
vacuum gauges, leak detectors, 

Representat ive 

LEYBOLD A G 
Leutschenbachstr. 55 
CH-8050 Zurich 

Lp 

Metal building and forming, 
special constructions 

34, Rue de l'Athénée 
1206 Genève 
® (22) 347 06 34 
S (22) 347 06 47 

Leonische Drahtwerke A G 
Stieberstr. 5 
D-91154 Roth 
© (+49-91 71) 804-0 

HE (+49-91 71) 804-199 
E-mail: info@leoni:de 

Product ion l ine / 
exh ib i ted products : 
- Audio Video Technology 
- Metrology and Control Engineering 
- Aerospace Technology 
- Motive Power Engineering 

- Robotics 
- Automation Technology 
- Seismic 
- Telecommunications 
- Medical Technology 

- Petrochemical plants 
- Gas processing plants 
- Synthesis gas plants 
- Natural gas plants 
-Airseparation plants 

residual gas analysers and 
mass spectrometers, 
vacuum experimentation systems, 
vacuum pumping systems. 

© +41-1-308 40 50 
S +41-1-302 43 73 

LIEDERER + PARTNER 
GmbH 
Tratmoos 3 
D-85467 Niederneuching 
© (+49-8123) 1001 
S (+49-8123) 10 89 
E-mail: Liederer.Partner@t-online.de 

Linde AG, Process Engineer
ing and Contracting Division 
Dr.-Carl-von-Linde-Str. 6-14 
D-82049 Hoellriegelskreuth 
© (+49-89) 7445-0 
S (+49-89) 7445-4929 
E-mail: Space.Tech@Linde-VA.de 

- Environmental engineering plants 
- Cryogenic plants 
- Pharmaceutical plants 
- Manufact. of plant comp. & modules 

mailto:knuerr-Abt.Export@t-online.de
http://www.leyboldvac.de
mailto:reachus@leyboldvac.de
mailto:shaheensheikh@compuserve.com
mailto:Liederer.Partner@t-online.de
mailto:Space.Tech@Linde-VA.de


Messer Griesheim GmbH 
Futingsweg 34 
D-47805 Krefeld 
S (+49-21 51) 379-580 

(+49-21 51) 379-554 
E-mail: R59radt@messer.de 

Industrial gases delivered in pipelines 
cylinders and as bulk; speciality gases, 
application technology, on-site gas 
generation plants, cryo-technology 

from vessels, superinsulated transfer 
lines to cryostats, armatures for 
high purity gas supply systems, 
engineering and project management. 

PANAM ETRICS 

PANAMETRICS GmbH 
Rudolf-Diesel-Str. 1 
D-65719 Hofheim 
S (+49-61 22) 8090 
S (+49-61 22) 81 47 

Process Control Instruments: 
Moisture in gases and liquids 
Flow in gases and liquids 
Oxygen in gases 

Non Destructive Testing: 
Thickness gages and flow detectors 
Ultrasonic analysers 

Representative 

Sauerstoffwerk Lenzburg AG 
Seonerstr. 75 
CH-5600 Lenzburg 

Piepenbrock O 
Dienstleisrungsgruppe mm 

Piepenbrock Dienstlei-
stungsgruppe GmbH & Co KG 
Am Schâferstock 2-4 
D-68163 Mannheim 
S (+49-621) 423960 
S (+49-621) 4239696 

& PREUSSAG Noell-KRC Energie- und 
Umwelttechnik GmbH 
Alfred-Nobel-Str. 20 
D-97080 Wurzburg 
© (+49-931) 903-0 
S (+49-931) 903-1000 
Internet: http//www.noell.de 

Magnet engineering 
Superconducting magnets for high-
energy physic and fusion experiments. 

Nuclear Plants and Components 

Nuclear Services 
Decommissioning of nuclear plants, 
waste treatment and disposal, 
services and backfitting 

REGELBARE ELEKTROMOTOREN 

OSWALD 
Elektromotoren GmbH 
Benzstr. 12 
D-63897 Miltenberg 
1ST (+49-93 71) 9719-41 
S (+49-9371) 9719-60 
E-mail: strasser@oswald.de 

Magnets: 
Superconductive magnets up to 16 T; 
normal conductive magnets up to 6 T; 
DC and AC pulsed coils; 
peripheral equipment. 

electric motors (1 ....250 kW): 
permanent magnet motors, 
synchronous, asynchronous motors, 
d.c. motors, linear motors 

The Piepenbrock Group is your 
partner for service contracting around 
your property. We offer building 
cleaning services, security services, 
gardening and landscaping, janitor 
services, industrial maintenance, 
catering. 

Representative 

Piepenbrock Services 
9, rue du Mont Rond 
01630 St. Genis Pouilly 

35,000 employees execute these 
services all over Europe. 
Your perspective for an improved 
profitability and stability of your 
property. 

Il A K V II M T f £ H N I K 

PINK GmbH 
Vakuumtechnik 
Am Kessler 6 
D-97877 Wertheim 
ST (+49-93 42) 872-0 
S (+49-93 42) 872-20 
E-mail: pink@pink.de 

Standard Vacuum Components, 
Vacuum Chambers 
UHV-Systems, Manipulators, 
Accelerator-Components 

X-Ray Beamlines, Monochromators, 
Mirror Chambers 

mailto:R59radt@messer.de
http://www.noell.de
mailto:strasser@oswald.de
mailto:pink@pink.de


RITZ Messwandler 
Salomon-Heine-Weg 72 
D-20251 Hamburg 
_? (+49-40) 5112 30 
__] (+49-40) 5112 32 86 
E-mail:ritz@ritz-international.de 

High voltage instrument transformers 
72,5 kV to 800 kV 
Medium voltage instrument trans
formers 3 kV to 72,5 kV 
Low voltage instrument transformers 
up to 1,2 kV 

Representat ive 

MGC Moser-Glaser & Co. AG 
Energie- u. Plasmatechnik 
Hofackerstr. 24 
CH-4132 Muttenz 

Electronic DC current measuring 
systems 
Transducers for AC measurements 
Earth leakage protection systems 
Protection systems for medium 
voltage switchgear 

_? 061-467 61 11 
__0 061-467 63 11 

Plansee GmbH 
Siebenburgerstr. 
D-86983 Lechbruck 
_? (+49-8862) 7 7324 
G__ (+49-8862) 7 73 98 

Coating Technology 
Metal Forming and Bonding 
Technology 
Glass and Ceramics Production 
Lighting Technology 
Electronics 

i l LMVAC 

SASKIA Hochvakuum-
und Labortechnik GmbH 
Am Vogelherd 20 
D-98693 llmenau 
S (+49-36 77) 60 40 
[EE] (+49-3677) 6041 31 
E-mail: r.hergenhau@ilmvac.de 

CD mean completely dry. The turbo-
pump, the integrated backing pumps 
and the passage ways to the exhaust 
are working free of oil and grease. 

Complete CD systems 
Turbomolecular pumps 
Backing pump systems 
Rotary vane pumps 
Diaphragm pumps 
Flansh components 
Vacuum gauges 
Vacuum valves and Accessories 

SIEMENS SIEMENS AG 
Wittelsbacherplatz 2 
D-80333 Miinchen 
_? (+49-89)63 632910 
__] (+49-89)63 63 2908 

SIMATIC: 
totally integrated automation: 
- Programmable logic controllers 
- Distributed I/O system with 

PROFIBUS-DP 
Telecommunications: 
voice, data, GSM 

Representat ive 
SIEMENS-NIXDORF 

Semiconductor and passive 
components 
Electromechanical components; 
Servers, workstations, PC's, mobile PC's 
Power transmission and distribution 
Building controls, 
facility management 

Avenue des Baumettes 7 
CH-1020 Renens 

D i e S p e z i a i i s t e n 

Hans Skodock GmbH 
Entenfangweg 12 
D-30419 Hannover 
_? (+49-511) 9798-0 
__1 (+49-511) 97 98-148 
E-mail: skodock.gmbh@t-online.de 

Metal bellows 
Metal hoses 
Expansion joints 

Representat ive 

M. Hoffmann AG 
Kaiserstr. 22/24 
CH-4310Rheinfelden 

Thin wall pipes of stainless steel 
Membran bellows 
Rubber hoses 

_? 061-8369070 
__] 061-8369071 
E-mail: MHR_CH@compuserve.com 

Spinner GmbH 
Elektrotechnische Fabrik 
Erzgiessereistr. 33 
D-80335 Miinchen 
_? (+49-89) 1 2601-0 
S (+49-89) 1 2601-250 
E-mail: sales@spinner.de 

Coaxial connectors, cable assemblies 
Waveguide components 
Fibre optic components and 
transmission systems 

High power components for 
nuclear fusion research 

STXDHR 
A R M A T U R E N 

F.X. Stôhr GmbH & Co, 
Armaturenwerk KG 
Provinostr. 22 
D-86153 Augsburg 
_? (+49-821) 56981-0 
H_] (+49-821) 56981-40 

Valves for cryogenic service, 
electronics, high pressure, 

vacuum, 
nuclear engineering 

mailto:ritz@ritz-international.de
mailto:r.hergenhau@ilmvac.de
mailto:skodock.gmbh@t-online.de
mailto:MHR_CH@compuserve.com
mailto:sales@spinner.de


Sulzer-Escher Wyss GmbH 
Kemptener Str. 11-15 
D-88131 Lindau 
® (+49-83 82) 7061 
S (+49-8382) 706410 
E-mail: info@sulzerfrio.com 

Activities profile of the Sulzer 
Industrial Refrigeration 
company 
Technical solutions and services for all 
jobs involving industrial refrigeration 
and cooling: refrigeration units, turn-

Representative 

Sulzer Friotherm AG 
Postfach 
CH-8401 Winterthur 

key refrigeration plants, non-corrosive 
cooling towers. Our wide spectrum 
of services includes running needs 
analysis and planning, as well as 
service, maintenance, rehabilitation 
and modernization. 

T E E L L N E R Toellner Electronic 
Instrumente GmbH 
Gahlenfeldstr. 31 
D-58313 Herdecke 
IS? (+49-2330) 97 91 91 
M (+49-2330) 97 91 97 
E-mail: toeinst@t-online.de 

- Power supplies up to 1500 Watts 
- Four-quad amplifiers 
- Function generators 

Representative 

LOGOTRON AG 
Leutschenstrasse 1 
Postfach 343 
CH-8807 Freienbach 
@ (055)41083 21 
H (055)4101275 
E-mail: info@logotron.ch 

- Power generators 
- IEEE (GPIB) controlled instruments 

KMC 
VACUUMSCHMELZE 

VACUUMSCHMELZE GmbH 
Gainer Weg 37 
D-63450 Hanau 
S? (+49-61 81) 38-0 
S (+49-61 81) 38-2645 
E-mail: 
Vacuumschmelze@hau3.siemens.de 

Soft magnetic materials 
Ductile permanent magnets 
Thermobimetals 
Spring alloys 
Glass/ceramic-to-metal sealing alloys 
Stamped/bent parts 
Shielding 

Lamination Packages 
Superconductors 
Magnetic Cores 
Inductive Components 

Rare-Earth Permanent Magnets 
Magnet Systems 

V E R O E L E C T R O N I C S 

VERO Electronics GmbH 
Carsten-Dressler-Str. 10 
D-28279 Bremen 
S (+49-421)849 01 00 
H (+49-421) 849 01 51 
E-mail: vertrieb@vero-de.com 

VERO Electronics manufacture in 
their worldwide production centres 
Enclosures, Backplanes and Power 
Conversion products, i.e. Subracks, 
Racking Systems, Circuit Boards, 

Representative 

Rudolf Rohrbach 
Langgrutstr. 112 
CH-8047 Zurich 

Backplanes, Compact PCI Systems, 
Battery Backup Systems, Power Sup
plies, Front Panels and fully 
integrated Development Systems. 

© +41/1492-19 50 
M +41/14 92-19 87 

LJES-Crates WES-Crates 
Pattburger Bogen 33 
D-24955 Harrislee-Flensburg 
S (+49-461) 7741 77 
HE] (+49-461) 7741 41 
E-mail: sales@wes-crates.de 

VMEbus-Crates: 
CERN-Spec. V422, V430, 9U, 
VME64x, Customer design 
FASTBUS-Crates: 
CERN-Spec. F6852, Output up to 
3.500 W, low noise 
CAMÀC-Crates: 
CERN-Spec. 336, switch mode 
NIM-Crates: 

CERN-Spec. 099a, linear regulated 

Representative 

HiTech Systems S.A. 
16, Avenue Wendt 
CH-1203 Geneve 

WES-Crates is a leading supplier of 
powered crates for NIM-, CAMAC-, 
FASTBUS- and VMEbus for use in high 
energy physics applications. 
Our products are distinguished by 
high technology switch mode design 
with extremly low noise and ripple. 
All products are developed and 
manufactured acc. the quality 
standard ISO 9001. 

S 022/34477 88 
S 022/345 65 51 
E-mail: hitech@swissonline.ch 

à W-le-Ne-R f 

Plein & Baus GmbH 
Mullersbaum 20 
D-51399 Burscheid 
® (+49-21 74) 6780 
S (+49-21 74) 678-555 
E-mail: info@wiener-d.com 

NIM, CAMAC, FASTBUS, VME, VXI 
and VIPA Crates with extremely low 
noise CE-Power Supplies, up to 4kW 
Intelligent monitoring and remote 
control via CANbus, GPIB or CAENET 

Representative 

ELCOTRON S.A. 
5, route du Reposoir 

Customize Crates and Backplanes 
Controller, Interfaces, Amplifier, Soft
ware, Multichannel floating Power 
Supplies, also high currents. 

1260 Nyon 
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Russia: Cryogenic magnets 

Applied superconductivity in Russia 
A school on applied superconductivity held 
near the Russian proton accelerator at the 
Protvino Institute for High Energy Physics 
(IHEP), near Moscow, provided a valuable 
snapshot of this important field and 
highlighted a long tradition of Russian 
expertise in this area. 

Ever since the pioneering work by P L Kapitza in 1924 (for which he 
shared the 1978 Nobel Prize), there has been a continual interest in 
Russia in producing high magnetic fields and putting them to work. 
Much of this effort has been focused at Moscow's Kurchatov Insti
tute which also organizes an annual school on applied supercon
ductivity for young engineers and scientists. At this year's event, 
Evgeny Krasnoperov reviewed the devices for generating high mag
netic fields developed at the Kurchatov Institute. 

In 1939 F Bitter built high-field solenoid-type magnets which 
could generate stationary fields of 10T. As early as 1972 the Kur
chatov Institute exceeded 25 T by nesting a resistive magnet inside 
a large superconducting solenoid. Currently under construction is a 
new hybrid magnet to attain up to 30 T with superconducting coils 
based on niobium-titanium and niobium-tin superconductor. 

Russia is involved in the International Laboratory for High Mag
netic Fields and Low Temperatures in Wroclaw, Poland. Lev Luganskij 
(Kapitza Institute) described the 30-year history of this laboratory, 
established by an agreement of the Academies of Sciences of the 
Soviet Union, German Democratic Republic, Bulgaria, and Poland. 

Wroclaw 
The Wroclaw laboratory is open to guests for experimental investi
gations of extreme magnetic fields and low temperatures. At pre
sent there are several magnets for stationary fields and one for 
pulsed fields up to 47T. Several Bitter-type magnets and super
conducting magnets produce a range of stationary fields.The largest 
Bitter-type magnet generates magnetic fields up to 20T, its total 
power exceeding 6MW. Bitter-type magnets are cooled by a two-
circuit water cooling system. 

Another important Russian magnetic contribution is tokamaks. In 
1950, A D Sakharov and I ETamm put forward the idea of magnetic 
confinement of high-temperature plasma and proposed the thermo
nuclear reactor tokamak concept. Sergey Egorov of the Efremov Insti
tute (St Petersburg) covered the history and progress of these 
devices. The ultimate outcome is the International Thermonuclear 
Experimental Reactor (ITER), a fusion device to demonstrate ignition. 

The ITER tokamak is currently being developed jointly by 
Euroatom, Russia, the USA, and Japan. The superconducting com
ponents are toroidal and poloidal field coils and a central solenoid, 

The Kurchatov Institute's superconducting-magnet test facility. 

the latter producing a magnetic field up to 13T at its inner radius. 
The superconducting coils for the system will require more than 
1600 tons of niobium-tin. 

In the Bochvar All-Russia Scientific Research Institute of Inorganic 
Materials (Moscow), niobium-tin wires for ITER have been devel
oped and studied. Production of the first ton of ITER wire was com
pleted in April 1998. Critical current density (non-copper 
cross-section) exceeds 550 A persq. mm at 12T. 

A review of fabrication methods of niobium-titanium and nio
bium-tin wire was presented by Victor Pantsirnyi. Victor Sytnikov 
(Cable Institute, Moscow) reported on ITER conductor development. 
The conductor is of cable-in conduit niobium-tin type with an incoloy 
alloy 908 external jacket, carrying 46 kA up to 13 T magnetic field. 
This international collaboration comprises 12 companies in Europe, 
Russia, Japan and the USA. 

Subrata Pradhan (IPR, India) reported on the superconducting 
magnets forTokamak SST-l.The superconducting cable for this pro
ject was produced in Japan and part of the cable was transported to 
Moscow in May. Superconducting model coils for the conductor test
ing will be fabricated and tested by the Kurchatov Institute. 

Alexey Dudarev of the Kurchatov Institute reported on a 6Tsuper-
conducting wiggler.This three-pole wiggler was built at the Kurcha
tov Institute and successfully tested in the Chinese National 
Synchrotron Radiation Laboratory (800 MeV Hefei storage ring) in 
March. Its magnetic field is generated by three pairs of racetrack 
niobium-titanium windings.The wiggler, with a short magnetic field 
period of 187 mm, enables an electron storage ring to provide a 
wider spectrum of synchrotron radiation. 

Nikolai Chernoplekov, the Director of the Institute for Solid State 
Physics and Superconductivity, concluded the school with a review 
of several problems vital to the future of this field. The advent of 
warm superconductors has inspired new interest, with the promise 
of new (and as yet unknown) applications, or even a revolution in the 
traditional applications of superconductors. 

Leonid Shirshov Institute of High Energy Physics, Protvino, Russia. 
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Twenty-five years 
In the summer of 1973, an experiment at 
the Gargamelle bubble chamber at CERN 
discovered a new physics effect. Gordon 
Fraser looks back at how confirmation of 
the existence of neutral currents ushered in 
a new understanding of physics. 

A quarter of a century ago, after raging controversy and nailbiting 
doubt, an experiment at CERN discovered "neutral currents" in neu
trino interactions. For the first time, the weak force had been seen to 
act without shuffling electric charges. 

The saga has been covered many times, notably by Don Perkins of 
the Gargamelle collaboration speaking at the 1992 "Rise of the 
Standard Model" historical seminar held at the Stanford Linear 
Accelerator Center (SLAC). Five years ago, for the 20th anniversary 
of the discovery, several CERN Courier articles recalled those 
momentous times, when two complementary experiments -
Gargamelle at CERN and the E1A electronic experiment at Fermilab 
- had to resolve difficult problems chasing a will-o'-the-wisp physics 
effect, while in the wings many physicists steadfastly refused to 
believe in neutral currents. 

In 1973 CERN had yet to reach full scientific maturity. European 
physicists were not used to making major discoveries at their accel
erators and were sometimes hesitant to swim against powerful cur
rents of opinion. The discovery enabled CERN to attain research 
maturity. 

It was not the first time in modern physics history that dogma had 
to be revised virtually overnight. For a quarter of a century, physi
cists had believed that quantum mechanisms are unaffected by 
space reflection (parity) and particle-antiparticle charge conjuga
tion.The dramatic overthrow of these principles in 1956-57, follow
ing a bold hypothesis byT D Lee and C N Yang, underlined how much 
weak interaction physics could be ignored by so many for so long. 

The weak interaction scene had been set in the early 1930s when 
Enrico Fermi formulated his classic theory of beta decay, in which a 
neutron spontaneously decays into a proton, an electron and an 
antineutrino - four particles meeting at a single space-time point. In 
this process, electric charge gets shuffled around, an initial neutral 
particle producing two oppositely charged particles. 

Rearranging the four legs of the Fermi interaction gave other reac
tions, such as a neutrino interacting with a neutron to produce a 
proton and an electron. But electric charge was always rearranged -
the interaction was always a "charged current". 

In principle, other reactions could be imagined - for example a 

Neutral current - in 1973 the Gargamelle bubble chamber at 
CERN captured this historic photo showing how an invisible 
neutrino has jogged an electron. 

neutrino or an electron bouncing off a proton - in which electric 
charge was not rearranged: a "neutral current". But no such reactions 
with neutrinos had been seen, while the corresponding effect with 
electrons was in any case blanketed by electromagnetic scattering. 

In the 1960s, with no experiment ever having seen a weak neutral 
current effect, some physicists spoke of a "no neutral current selec
tion rule". Occasionally a new search for such effects was mounted, 
but nothing was found and the disbelief in weak neutral currents grew. 

With the emergence of modern quantum electrodynamics in the 
1940s following the work of Feynman, Schwinger and Tomonaga, 
and of Dyson, physicists realized the importance of "renormaliza-
tion", the process of carefully constructing a theory so that it did 
not throw up nonsensical infinite probabilities for things that were 
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neutral currents 

This 1967 aerial view of CERN shows (top left) the mound over 
the 28 GeV PS proton synchrotron with, pointing downwards and 
to the right, the beamline feeding the Gargamelle heavy-liquid 
bubble chamber, where neutral currents were discovered in 
1973. In 1976 Gargamelle was laboriously reinstalled further 
away to work with the neutrino beams from CERN's new 
450 GeV SPS proton synchrotron. 

clearly finite. In quantum electrodynamics, for example, the mass 
and electric charge of the participating particles (which have to be 
put in by hand anyway) can be redefined to sidestep these infinities. 
Quantum electrodynamics is "renormalizable". 

However, the Fermi theory of weak interactions as it stood could 
not be made renormalizable. While some theorists took this warning 
lightly, others declared "there is no theory of weak interactions". 

Theoretical foundation 
With far-sighted physicists such as Julian Schwinger convinced that 
deeper mechanisms were at work, a continual effort tried to recon
cile the weak force with electromagnetism. After many major con
tributions by a host of theoreticians, this ultimately led to the 1967 
prescription by Weinberg and Salam to unify the two forces. This 
provided a theoretical foundation for a neutral current, a weak force 
analogue of electromagnetism. But few people took any notice of 
the theory. Nobody had ever seen a weak neutral current, and any
way people believed the theory was not renormalizable. The 

In 1983 construction began near the former Gargamelle site for 
the injection system to supply particles destined for CERN's LEP 
electron-positron collider. LEP's initial objective was to mass 
produce the Z particle, the carrier of the neutral current 
discovered by Gargamelle. In a six-year programme, LEP 
provided some 12 million Zs before moving on to explore higher 
energies. This photo, taken from a different angle, shows the 
injector (centre) feeding the PS ring (right), which gives the LEP 
particles their next boost in energy. Just above the injector, the 
Gargamelle hall is still visible, but the beamline has disappeared. 

Weinberg-Salam seed fell on infertile ground. 
This changed dramatically in 1971, when Gerard't Hooft, Martin 

Veltman's student at Utrecht, showed that the new theory, with its 
neutral current, was indeed renormalizable. People sat up and took 
notice, and began calculating its consequences. Weinberg said it 
had "become urgent to settle the question of the existence of neu
tral currents", and urged experimentalists to start looking afresh. 

Pioneer neutrino experiments at CERN in the 1960s using a 
1.2 metre heavy-liquid chamber had looked for neutral currents and 
unfortunately claimed that the ratio of neutral to charged currents 
was less than 3% (a value which is several times smaller than the 
presently accepted ratio!). 

The result of a bookkeeping error, this overstatement was eventu
ally discovered and corrected, but the new limit of 12%, augmented 
by additional data, was not published until 1970. Such a false limit 
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neutrino electron neutrino neutrino 

In Enrico Fermi's classic theory of beta decay (left), a neutron spontaneously decays into a proton, an electron and an anti-neutrino 
- four particles meeting at a single space-time point. In this process, electric charge gets shuffled around, an initial neutral particle 
producing two oppositely charged particles. Rearranging the four legs of the Fermi interaction gave other reactions, such as 
(middle) a neutrino interacting with a neutron to produce a proton and an electron. But electric charge was always rearranged - the 
interaction was always a "charged current". In principle, other reactions (right) could be imagined, for example a neutrino bouncing 
off a proton, in which electric charge was not rearranged - a "neutral current". 

could have deterred imaginative theorists from proposing new ideas, 
although it clearly had not deterred Weinberg and Salam. 

Motivated by the news that the theory was renormalizable and 
that the limits were not as severe as had been supposed, in 1971 
experimenters on both sides of the Atlantic set off on a new hunt in 
possible neutral current territory.The rest is history. 

The 1973 European particle physics conference took place in Aix-
en-Provence. In his 1979 Nobel lecture, Salam related: "I still 
remember Paul Matthews and I getting off the train... and foolishly 
deciding to walk with our rather heavy luggage to the student hostel 
where we were billeted. A car drove from behind us, stopped, and the 
driver leaned out. This was [Paul] Musset [of the Gargamelle col

laboration] whom I did not know well personally then. 'Are you 
Salam?... Get into the car. I have news for you. We have found neu
tral currents.'At the Aix-en-Provence meeting, that great and modest 
man Lagarrigue was also present [André Lagarrigue, who led the 
French effort to build the Gargamelle bubble chamber, died in 1975] 
and the atmosphere was that of a carnival." 
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QCD conference 

2 5 years of 
asymptotic 
freedom 
A quarter of a century ago, several theorists 
published an unexpected result which 
opened the door to quantum 
chromodynamics (QCD), the unusual field 
theory that describes quarks and gluons. 
This year's international QCD conference 
was able to look back as well as forward. 

Like members of a close-knit family, quarks and gluons behave like 
free particles when they are very close together, but feel much 
stronger forces if they are separated. This result, paradoxical at first 
sight and embodied in the term "asymptotic freedom", is basically 
why quarks and gluons cannot be isolated as free particles. They 
can only be studied in their native habitat, using high-energy parti
cle beams to spy on them deep inside protons and neutrons and 
other strongly interacting particles. 

The idea was pointed out in two landmark papers by David Gross 
and Frank Wilczek at Princeton and by David Politzer at Harvard, 
published in the June 1973 issue of Physical Review Letters. In his 
presentation at the 1992 history seminar at Stanford, now pub
lished in The Rise of the Standard Model (edited by Lillian Hodde-
son, Laurie Brown, Michael Riordan and Max Dresden, Cambridge 
University Press, 1997), David Gross described this breakthrough: 
"For me, the discovery of asymptotic freedom was totally unex
pected. Like an atheist who has just received a message from a 
burning bush, I became an immediate tj;ue believer." 

But the idea had been noticed elsewhere. In his book In Search of 
the Ultimate Building Blocks (Cambridge University Press, 1997), 
Gerard't Hooft relates: "In 1972 a small conference took place in 
Marseille. On arriving at Marseille airport, I discovered that (promi
nent field theorist) Kurt Symanzik and I had shared the same 
plane... He had been trying to understand Bjorken scaling [the 
behaviour seen in high-energy scattering when the incoming pro
jectile particle transfers a lot of momentum to the target - Ed.] in a 
quantum field theory, but had limited himself to what he consid
ered to be the prototype of all field theories, a simple spin zero 
model. Unfortunately it had the wrong scaling behaviour. 

" 'If only I could turn this scaling behaviour round; Symanzik said, 
'then you would get a theory where particles at close distance 
behave almost as free particles, but when they separate to larger 
distances they would feel much stronger forces.' 

" 'Well,' I ['t Hooft] cried, 'that is exactly what you get in a Yang-
Mills (spin one) gauge theory!' 

"Symanzik replied: 'You should publish this quickly, because this 
would be very important.' " 

"Much to my later regret, I did not follow this sensible advice," 
says't Hooft, whose 1971 work on the renormalizability of Yang-Mills 
theories had underlined the importance of gauge fields for under
standing particle behaviour. However, 't Hooft did air his idea for 
spin one fields following Symanzik's talk at the Marseille meeting. 

This idea was the key to quantum chromodynamics (QCD), the 
field theory of quarks and gluons. A host of theoreticians contributed 
to the subsequent development of the theory, many of whom, includ
ing Gross (now at Santa Barbara) and't Hooft (Utrecht), attended 
the 6th international QCD conference (QCD 98) held in Montpellier 
from 2-8 July.The QCD series, now an established event in the par
ticle physics calendar, is run by Stephan Narison of Montpellier. 

The at-first curious idea of asymptotic freedom, first published 
in 1973, provided the key to quantum chromodynamics (QCD), 
the field theory of quarks and gluons. Asymptotic freedom 
pioneers't Hooft (left - Utrecht) and David Gross (right - now at 
Santa Barbara), attended the 6th international QCD conference 
(QCD 98) held in Montpellier from 2-8 July. 
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Standard Model 

The prospects for 
particle physics 
The second of two 
articles, in which as 
his five-year mandate 
as Director-General of 
CERN nears its end, 
Chris Llewellyn Smith 
reflects on what 
particle physics has 
achieved, and where 
it may be going.The 
focus is on 
conceptual advances 
building on the 
Standard Model. 

The very successful Standard Model summarizes our present under
standing of the constituents of matter and the forces that control 
their behaviour. Descriptions of this model usually emphasize its con
tent - quarks, leptons, W and Z bosons, and gluons - and do not 
stress that it embodies three very important conceptual advances. 

First, according to the Standard Model all forces are generated by 
the exchange of particles. For example, when an electron scatters 
from a proton, energy and momentum are carried from one to the 
other by a particle of light, called a photon.Thus, force is not a sep
arate concept - given the existence of particles, and of interactions 
that allow particles to be emitted and absorbed, forces follow! 

Second, Nature elegantly allows all conventions to be fixed locally, 
and this determines the form of all the known forces. For example, 
quarks (the constituents of nuclear particles such as the proton) are 
distinguished by different labels, but their properties are unchanged 
when the labels are switched in certain ways.The assignment of these 
labels is therefore a matter of convention (such independence of the 
choice of a convention is known generally as a symmetry). Remark

ably, this convention does not have to be fixed once and for all, but 
can be chosen differently at different times and places.The possibil
ity of choosing conventions locally requires the existence of the 
observed force carrying particles and fixes their interactions. 

Third, the Standard Model contains "hidden symmetries", sym
metries in the underlying mathematical description that do not show 
up in Nature. In particular, there is excellent evidence for a symme
try that relates the electromagnetic and the weak forces. But it must 
be hidden - otherwise the choice of the labels "W","Z"and "photon" 
would be a matter of convention, and the massive W and Z particles, 
that carry the weak force, would be massless like the photon, which 
carries the electromagnetic force.The exciting discovery that Nature 
hides symmetries opens the possibility that they are hidden links 
between other phenomena. 

Key evidence 
These concepts were established by a monumental series of 
painstaking experiments at the world's leading particle physics lab
oratories. CERN's major contribution was to provide the key evidence 
for the existence of a (hidden) symmetry that "unifies" the electro
magnetic and weak forces - the discovery of neutral currents in 
1973 (see page 28), the discovery of the W and Z with their pre
dicted masses in 1983, and the demonstration by experiments at 
the Large Electron-Positron Collider (LEP) that the unified descrip
tion works in exquisite detail. 

However, while the Standard Model is economical in concepts, 
their realization in practice is baroque, and the model contains many 
arbitrary and ugly features. Furthermore, although the data show 
clearly that there is a hidden symmetry between the electromagnetic 
and weak interactions, we do not know how it is hidden. Luckily the 
different possible mechanisms for hiding the symmetry all require 
the existence of a new particle or particles (including the hypo
thetical Higgs boson) which, according to theoretical arguments, 
should be discovered by studying proton-proton collisions at the 
Large Hadron Collider (LHC) now under construction at CERN. The 
LHC is therefore expected to discover how Nature hides symmetries, 
or equivalents - since the symmetries of the Standard Model other
wise require all particles to be massless - how constituent particles 
acquired their masses. 

The Standard Model, together with attempts to explain its seem
ingly arbitrary features, raises many other questions. I single out 
four as being particularly interesting, both intrinsically and because 
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CERN's LHC collider, now under construction, is expected to 
discover how Nature hides symmetries. This simulation from 
the CMS experiment shows how this might be revealed. 

they are amenable to experimental investigation: 
• Are neutrinos massless? The "hot news" of 1998 is that the 
answer may be yes (see page 17), as theorists have long suspected. 
• How is the so-called CP symmetry, that relates the properties of 
matter and antimatter, broken or hidden? Our universe seems to be 
composed entirely of matter. If CP symmetry were not broken or hid
den, the universe would instead be a "soup" of matter and anti-mat
ter in which mankind could never have evolved.The Standard Model 
can accommodate the violation of CP symmetry that is observed in 
laboratory experiments, but the paucity of experimental information 
leaves plenty of room for additional sources of CP violation, which 
are probably needed to explain the dominance of matter in the uni
verse as a whole. Future studies of B particles (containing the fifth 
"b" quark), especially at DESY in Germany and the "B-factories" cur
rently being commissioned at KEK in Japan and SLAC in the USA, as 
well as at Fermilab and Cornell, and eventually at the LHC at CERN, 
should cast light on this very important question. 
• Could the strong interquark force be unified with the electroweak 
force? Yes: theorists can construct so-called "grand unified" theo
ries, which work in principle and successfully explain one feature of 
the unified electroweak theory. But more evidence is needed to know 
whether grand unified theories are really correct. They make one 
clear prediction - that protons should decay, but present experi
mental limits on the proton's lifetime, of more than 1033 years, do 
not exclude these theories. 
• Could a (super)symmetry connect the force-carrying particles 
and the constituents? Particles normally described as constituents 
and those normally described as force carriers have very different 
properties (constituents are "fermions" - carrying half integer quanta 

of spin angular momentum, while force-carrying particles are 
"bosons" with integral spin, which allows them to be emitted and 
absorbed singly). It was discovered in the early 1970s that there 
could be a symmetry that connects fermions and bosons, in which 
case every fermion would be twinned with a boson with related 
properties, and vice versa. Such a "supersymmetry" (SUSY) would, in 
a sense, unify matter and force. Moreover, if the choice of the labels 
fermion or boson can be made locally, this would require the exis
tence of the gravitational force! This is strong motivation to search 
for SUSY experimentally, encouraged by arguments that "super-
symmetric partners" of known particles should be found by the LHC, 
or possibly by LEP in 1999-2000. 

Surprises 
These questions, together with that of how the electroweak symme
try is hidden, provide an exciting menu*of possible discoveries for 
experiments in the coming decade. Of course, these experiments 
may also produce surprises, particularly at the LHC which will 
increase tenfold in energy (or equivalently decrease tenfold in size) 
the region explored so far. 

The stakes are high, with the possibility of establishing a unified 
description of matter and the strong and electroweak forces, in a 
framework that would bring in gravity, albeit not in a form that is fully 
consistent with the laws of quantum mechanics.The search for a con
sistent quantum theory of gravity has become the holy grail for many 
particle theorists who suspect that there may only be one such theory, 
which could therefore be a "theory of everything". Such a theory may 
need new concepts, the most fashionable being that the fundamen
tal entities are not point particles but extended objects (strings). 

What about experimental prospects, beyond those currently open
ing up? First, there are good arguments for complementing the LHC 
with a linear electron-positron collider which would allow more pre
cise studies in very different conditions. Proposals to construct lin
ear colliders that could eventually match the exploratory range of the 
LHC are being prepared in the USA, Japan and Europe, and I hope 
that at least one of them will be successful. 

It is certainly possible to build a proton collider with energy greater 
than that of the LHC, but the physics potential increases with the 
energy much more slowly than the expected cost. Second genera
tion linear colliders (possibly based on interesting ideas developed 
in the CLIC - Compact Linear Collider - studies at CERN: September, 
page 18), that could extend the physics "reach" of the LHC, are 
under study. A muon collider could be another route. It is important 
to continue research and development on how to build higher 
The nOSt fashion- e n e r ë y machines, although the case for 

construction will obviously depend on 
able new Concept w h a t \s f 0 U nd at the LHC and elsewhere, 
is that the funda- l n any case, whatever the very long term 

future may hold, the prospects for parti
cle physics in the dawn of the 21st cen-
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• rear 1 /0 transition boards 
• fast 2 edge protocol 
• .. .and more features 

power supply 

transition 
board 
6Ux 80 mm 
6Uxl 60 mm 

Jl 6U module 

fan tray 

Every CERN-Spec. so far 
has given rise to a CERN-
approved Crate from: 

VME 64 Extension Compliance 

Crates and Power Supplies from 
WES-Crates are flexible because 
of modular systems. 

L j Jeb- C r a t e s 
Wes-Crates GmbH 
Pattburger Bogen 33 
D-24955 Harrislee/Flensburg 
Germany 
Telefon 0461 - 77 41 77 
Telefax 0461 - 77 41 41 
International +49 461 
E-mail: sales@wes-crates.de 

Your contact in Geneva: HiTech Systems Sa, Abenue Wendt 16, 
1203 Geneva, Tel.: 022/344 77 88, Fax: 022/45 65 51 
Your contact at PSI and ETH Zurich: Dipl.-lng. Kramert A G , 
Villigerstr. 370, CH-5236 Remigen,Tel.: 056/2841555, Fax: 2845055 

Zertifiziert nach 
ISO 9001 

mailto:info@weka-ag.ch
mailto:bollini@msn.com
http://www.sanso.co.jp
mailto:sales@wes-crates.de


FREE LITERATURE 
Goodfellow 

Metals and Materials in small quantities for 
R&D and prototype development 

70 Pure Metals, 200 Alloys, 57 Ceramics as well 
as many Composites and Compounds in 28 forms 
including foil, rod, tube, wire, powder, etc.The new 
product guide is now available, detailing standard 
ex-stock and custom-made items. 
Goodfellow Cambridge Ltd, Cambridge Science 
Park, Cambridge, ENGLAND CB4 4DJ 
Freephone 0800 731 4653 
Tel.+44 (0)1223 568068 
Fax +44 (0)1223 420639 
E-mail info@goodfellow.com 
Web http://www.goodfellow.com 

High Voltage Technology 

High Voltage Components 

The latest brochure from High Voltage Technology 
provides an overview of a unique resource 
available to the scientific community. High Voltage 
interconnects and Special Cast Epoxy Assemblies 
are covered, as well as a description of HVT's 
overall capability. 

Tel. +44 1371 87566 
Fax+44 1371 875665 
E-mail djw@hvtl.demon.com.uk 

Ceramaseal 
Type D Series Connectors 

The Ceramaseal D Series connectors are designed 
for ultra-high vacuum (minimum leak rate of IX 10-9 
standard cc He/sec, cryogenic (liquid nitrogen) and 
high temperatures of 350 °C. Options include 9,15, 
25 and 50-pin designs. Materials used in the 
connector series include 304 stainless-steel shell, 
gold platted pins and glass-ceramic insulation. 
Choice of plug materials are available depending on 
temperature and environmental conditions. 
Call for free technical flyer 
Ceramaseal/Meili Kryotech, Switzerland 
Tel. +41 (0)56/245 41 45 
Fax+41 (0)56/245 49 51 
Headquarters USA 
Tel. +1 518 794 7800. Fax +1 518 794 8080 
E-mail info@ceramaseal.com 
http://www.ceramaseal.com 

Advent Research Materials 

Metals and Alloys for Industry and R&D 

30 Metals and Alloys, 650 stock lines, 3500 
standard paCfts. Foil, Sheet, Wire, Mesh, Rod,Tube. 
Small quantities, fast shipment and very 
competitive prices. If what you need is not listed in 
our free 98-99 Catalogue, please ask for a 
"special order" quotation. 

Advent Research Materials Ltd 
Oakfield Industrial Estate 
Eynsham, Oxon 0X8 1JA, England 
Tel.+44 (0)1865 884 440 
Fax+44 (0)1865 884 460 
E-mail info@advent-rm.com 
Web www.advent-rm.com 

Janis Research 

Janis Research proudly introduces its new line of 
microscopy cryostats.These cryostats are 
designed with high positional stability and large 
optical apertures for microscopy and imaging.The 
cryostats feature our highly efficient and reliable 
SuperTran technology. Sample in vacuum/vapor 
versions are available depending on experimental 
requirements. 

Phone: (978)657-8750 
Web: http://www.janis.com 
E-mail: janis@janis.com 

Caburn-MDC 

The Complete Connectivity Solution 

Caburn-MDC offers à complete solution to the 
problem of UHV low-voltage multipin 
instrumentation connectivity. Expanding on the 
popularType-D subminiature connector standard, 
Caburn-MDC is pleased to offer UHVfeedthroughs 
with 9,15 or 25 pins hermetically sealed and 
electrically insulated using the latest in glass 
ceramic bonding technology. 

Caburn-MDC Limited,The Old Dairy, Glynde, East 
Sussex BN8 6SJ,UK 
Tel.+44 (0)1273 858585 
Fax +44 (0)1273 858561 
E-mail sales@caburn-mdc.co.uk 
Web http://www.caburn-mdc.co.uk 

PhysicsWorldl 
Physics World 

1999 media details are now available for Physics 
World magazine, highlighting editorial features and 
giving full information on circulation distribution. 

For full details on display and recruitment 
advertising contact Chris Robinson or Jo Nicholas 
(display) or Jayne Purdy or Chris Thomas 
(recruitment). 

Tel.+44 (0)117 929 7481 
Fax +44(0)117 9301178 
E-mail pwld@ioppublishing.co.uk 
Web http://www.iop.org/Mags/PW 

VAGUU1M Vacuum Solutions 

Launched in response to market demand, 
Vacuum Solutions is the new quarterly magazine 
dedicated to the interests of the vacuum user. 

Subscriptions start at just £36 for four issues. 

For further information, please contact: 
Amy Curtis, I0P Publishing, Dirac House, 
Temple Back, Bristol BS1 6BE, UK 
Tel.+44 (0)117 9297481 
Fax +44 (0)117 9301178 
Web http://www.iop.org/Mags/Vac 
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Physics Spice! 

Making a song and 
dance about physics 
Who needs the Spice Girls? What 

physicists want (what they really, really 

want) is science entertainment from Les 

Horribles Cernettes and the physics 

chanteuse Lynda Williams. 
The Cernettes have been pulling in the crowds at CERN since 1990 
with their unique blend of '60s pop and physics lyrics from the pen 
of computer scientist Silvano de Gennaro. Singer-songwriter Lynda 
Williams is a relative newcomer, but ever since she hit the road in 
1996 at the 44th Midwest Solid State Conference her feet have 
hardly touched the ground. 

Les Horribles Cernettes are the original physics entertainers.Their 
name is a play on the title of CERN's next major particle accelerator, 
the Large Hadron Collider, and the song Collider was their first hit. It 
was an anthem to unrequited love in the time of coloured quarks, 
and it was also a plea from the heart. 

Back in 1990 a CERN employee was dating a particle physicist 
but she hardly ever saw her Romeo because he was always too pre
occupied with his experiment. In desperation she asked CERN's de-
facto songwriter in residence, Silvano de Gennaro, to put her tragic 
tale to music. * 

Soon after, the Cernettes came together. Michelle Muller, the only 
original Cernette still in the band, teamed up with Catherine 
Decosse, Caroline Good and Ruth Rubio Marin. That summer they 
were on stage for the first time at the CERN Music Club's annual 
"Hardronic Festival". (Mix "hadron" with "hard rock" and that's what 
you get.) As they belted out for the first time Collider's unforgettable 
refrain, "You don't go out with other girls either, You only love your col
lider", there was more than one amorous physicist blushing with 
shame. Particle-physics partners the world over must have heaved a 
collective sigh of recognition at that sad story. 

Since their first gig in 1990 the band has never looked back. Over 
the years Michelle has been joined by Angela Byrne, Angela Higney, 
Anne MacNabb, Patty McBride, Colette Reilly, Sue Swannel, Linda 
Timms, and Lynn Veronneau.The Cernettes played to thousands at 
the World Expo in Seville in 1992. They thrilled them to bits at the 
Computing in High Energy Physics conference, CHEP'92. They've 
recorded a CD, starred on the Franco-German TV channel ARTE, and 
they still top the bill at the CERN Hardronic Festival. But the final 
seal of their success came this year with a copy-cat band. All the top 
groups have them. The Beatles had the Monkeys, Oasis have No-

Les Horribles Cernettes singsongs of physics at Expo'92 in 
Seville. Left to right: Lynn Veronneau, Michèle Muller, Angela 
Higney, and Colette Reilly. 

Way-Sis, and at the latest Hardronic festival, the Cernettes had the 
Canettes ("large beers" in the Geneva dialect). Show me a CERN 
physicist, male or female, who hasn't felt their attraction (it's a strong 
interaction) and I'll show you a pig that can fly. 

There.are many bands out there claiming to be first on the Web, 
but that honour belongs to the Cernettes whose site includes pic
tures, sound clips, and even a fan club set up by some ardent admir
ers in Norway.True, the Cernettes had a head start, being based at 
the lab where the Web was invented, but they haven't rested on their 
cyber-laurels. With their latest number, Surfing on the Web, they've 
made another breakthrough with the world's first interactive pop 
video. You'll need to be equipped with a VRML (Virtual Reality Mark
up Language) browser to get the full benefit, but once you've got it 
you can sail off into cyberspace with your favourite Cernette (but 
only for as long as the song lasts). 

The Physics Chanteuse 
Like the Cernettes, Lynda Williams is out to entertain, but she also 
has a more serious agenda. "I didn't know what science was until I 
was an adult," she says, and urges other young people not to fall 
into the same trap. She chose philosophy at college where her pro
fessor gently guided her towards physics. "Particle physics was my 
first true love!" Lynda exclaims, and like all first loves it demanded to 
be shouted from the rooftops. With a passion for music and dance, 
Lynda was better equipped than most to do the shouting. And so 
with a Masters in physics, she created the Physics Chanteuse, a well 
polished one-woman show doing the rounds of conferences in the 
Western US and Canada. 

Each conference is different, and each show is tailored to fit. At her 
first gig, the 44th Midwest Solid State Conference in October 1996 
she was Marilyn Monroe, tickling delegates' diodes with Carbon is a 
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Physics Spice! 

Girl's Best Friend. At the IEEE confer
ence on Compound Semiconductors 
she was in a Solid State of Mind. And 
for the 1997 Particle Accelerator Con
ference, she brought the Kit-Kat Club 
to Vancouver with her rendition of Sally 
Bowies' Cabaret. 

"Lynda established a new standard 
with her unique vernacular," said Herb 
Gronokin of her performance at The 
24th International Symposium on 
Compound Semiconductors. And as 
Gary Prinz remarked, she gets the 
physics right: "At one point, she made a 
very esoteric reference to some solid-
state work, and I thought, there must 
be 12 people in the world who know 
about that." 

Lynda's day job is teaching physics 

Coolest star of them all 
Lynda Williams was 
radiant at the 10th 
Cambridge Workshop on 
Cool Stars, Stellar 
Systems, and the Sun 
held in Cambridge, 
Massachusetts in July. 

at the San Francisco State University 
where she encourages her charges to "Get your mind muscles in 
shape while you are young and you will get much more work and 
pleasure out of them in the long run". She tells them that science is 
for everyone, not just for experts, and that it is their "duty to be sci
entifically literate so that you can participate in the high-tech world 
we live in". But as well as teaching them, she's learning from them 
too. "I am learning a lot more about physics as a teacher than I ever 

learned as a student," she says, and she feeds it all back in to the 
Physics Chanteuse. Physics teachers were never like that in my day. 

A Lynda Williams gig is pure entertainment, but if you listen closely 
enough, you'll hear a message coming through loud and clear. Sci
ence is good for you, and what's more, it can be fun. It's a message for 
everyone, but girls in particular, and it is encapsulated in the song 
High-Tech Girl which goes to the tune of Madonna's Material Girl: 
"Some boys kiss me, some boys hug me 
I think they're passé 
if they can't talk about quantum theory 
I just walkaway. 
I like geeks and I like nerds 
at least they see the light. 
Science is my first true love 
Cuz it excites my mind." 

Perhaps if that CERN person had talked to Lynda back in 1990, 
she would have thrown her lot in with her Romeo and his collider. But 
then we'd never have had the Cernettes, and the world of physics 
would be a poorer place for it. 

James Gillies, CERN. 

Further reading (and listening) 
Les Horribles Cernettes Web page: "http://sgvenus.cern.ch/ 
musiclub/cernettes". 
Lynda Williams' Net Node: "http://www.physics.sfsu.edu/ 
Hwilliam". 

Move forward with HTS applications 

using Hoechst superconductors 

Our proprietary Melt Cast Process 
(MCP) for producing BSCCO 2212 
bulk material permits the manu
facture of a wide variety of shapes. 
It also allows the integration of 
low resistance silver contacts and 
easy mechanical processing. 

HTS current leads based on 
MCP BSCCO rods and tubes 
from Hoechst are the first applica
tion of ceramic superconductors 
in electrical power engineering 

with currents up to 10.000 A. 
A reduction of the heat load to 
the 4K level by more than a factor 
of 10 was achieved. This results 
in a significant reduction of the 
refrigeration costs and allows new 
innovative cooling concepts. 

Parts of up to 400 mm in 
length or diameter can also be 
used in applications in the field 
of magnetic shielding, current 
limiter s or others. 

If you are interested in further 
information, please contact: 

Hoechst A G 
attn. Dr. S. Gauss, 
Corporate Research 
& Technology, H T S L 
D-65926 Frankfurt, Germany 
Tel: (+49) 69-305-166 54 
Fax: (+49) 69-305-164 36 
E-mail: hts@crt.hoechst.com 

Hoechst 
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Point of view 

Spreading high-energy physics culture 
In our society, the implications of science share 
one characteristic with cosmic neutrinos: peo
ple are totally immersed in them but their 
detection and recognition are very difficult. 

But while neutrinos don't care if they remain 
undetected, science in general, and particle 
physics in particular, is facing growing prob
lems because of this invisibility. While proud 
to be at the vanguard of discovery, scientists 
are becoming increasingly aware of an 
ambivalent place in society.The SSC cancella
tion was a major signal, but similar difficulties 
are found everywhere. 

The 20th century began as "the century of 
science", with great enthusiasm for scientific 
and technological progress, but this euphoria 
is now tempered by doubts and real fear. What 
will scientists do next... where are they taking 
us? Has science gone too far? The reasons for 
this change in attitude are not yet fully under
stood: surely it is related to the development 
of weapons of mass destruction and by indus
trial and ecological disasters, real or per- j 
ceived. In part it also reflects a natural reaction | 
by laymen to an unfortunate attitude of supe- É 
riority and detachment shown by some scientists. There are also 
unfulfilled expectations, the disappointment following over-
optimistic claims, and in some cases deliberate propaganda. 

But a major reason is the scientific illiteracy and ignorance of the 
majority of otherwise educated people.This is due to science being 
excluded from specialized education, to irrational fears and to a 
dangerous revival of the occult. Such ignorance is one of the reasons 
behind the often exaggerated perceptions of health risks, one of the 
driving forces behind decisions on science and new technology. 

Specific problems 
Particle physics is a far from everyday experience, and research con
tinually explores frontiers which are even more remote. Starting from 
commonsense notions, science observes and explores the world 
around us. In doing so it discovers apparent paradoxes and then 
reflects on how commonsense must be reappraised to explain these 
paradoxes. In turn these fresh ideas suggest new observations and 
more refined experiments. Thus scientific evidence and everyday 
experience move further apart. Particle physicists use concepts totally 
foreign to a layman: or for that matter even to chemists or biologists. 

The paradox is that a branch of knowledge which in principle sets 
out to explore the most basic questions of all has become almost a 
closed field. We can be proud of the intellectual achievements of 
particle physics and the technological skills and ingenuity it 
demands, but from the point of view of the public and most intel
lectuals, these efforts are hidden behind an impenetrable curtain. 

The American anthropologist Margaret Mead noted: "Scientists at 

the frontier, where the terminology and 
imagery are developed, speak mostly to other 
scientists at or near their own level of under
standing... scientific language has escaped 
from the realm of'natural language'." 

Since Galileo, the language of physics has 
been mathematics, even less familiar than 
physics itself! Many "intellectuals" are not 
ashamed of their mathematical ignorance, 
which is not considered to be an educational 
deficiency or a handicap in understanding the 
surrounding world. Richard Feynman's sug
gestion to learn some mathematics and to use 
logic and reasoning to understand physics 
becomes instead an open invitation to many 
to give up trying to understand it. 

Risky metaphors 
Deep knowledge and understanding is not 
easy, but associating concepts with images - if 
only symbolic - can be a powerful way of 
learning, boosting confidence in the concepts 
and allowing elaboration and increased 
understanding. In various fields, such collec
tive imagery is a cultural inheritance, facilitat

ing the transmission of ideas and giving a valuable vision of reality. 
However, such iconography becomes more and more difficult and 

risky for fundamental physics. There are no conventional images for 
microsystems and moreover we have no authority to invent them. In 
addition, these representations are usually not self-explanatory but 
require their own interpretation using other metaphors. Consider the 
representation of the "constituent" quarks of a proton as small 
"coloured" spheres, suggesting an image of "particles" building a 
"particle" - all the words in quotes are dubious metaphors. 

Human imagination and scientific creativity work by evoking sen
sory impressions. For the microworld, our intuition rests on formu
lating the visual imagery of the underlying mathematical structure of 
a physical theory. Bubble chamber pictures can be held up as visu
alizations of particle interactions, but because of the complexity of 
the experimental setup, such pictures are many layers removed from 
the "raw" mechanisms of particle collisions. The pictures show the 
result of particles interacting, but not how they interact. 

On the other hand, Feynman diagrams provide a valuable glimpse 
of an otherwise highly intangible world. However, a lot of work is 
needed to formulate such enlightenment: but we can use them as a 
starting point for metaphors which are more correct than those 
based on classical concepts. 

The main problem with metaphors, useful though they are, is that 
they do not give any clear indication of their areas of applicability. 
Using them out of context can lead to misunderstandings.They may 
be effective tools for informed scientists, but a straw in the wind 
otherwise. Metaphors can help bridge an intellectual gap, but there 

Alessandro Pascolini looks 

at the problems of 

conveying the thrill and 

excitement of frontier 

research and discovery in 

quantum physics. 
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Bubble chamber pictures show particles interacting, but not 
how they interact. 

is no substitute for understanding. Ultimately we have to exploit 
logic, not facile pictures. 

The role of science is to explain, to communicate.There are com
munication difficulties, but the more conspicuous they are, the more 
effort should go into overcoming them. 

Another paradox is that the popularization of science is not always 
popular among scientists. Many see it as a lowering of standards, a 
loss of rigour. Whilst remembering Einstein's advice that "everything 
should be made as simple as possible but not simpler", scientists 
must nevertheless be tolerant of efforts to communicate difficult 

ideas and help to bridge the gap between scientists and the public. 
Happily, there is now an increased interest in such "outreach" 

activities in particle physics by individuals and institutions. In 
France, where most scientists are civil servants, this duty has 
recently been written into their contracts of employment. In the UK, 
research groups are allowed to devote up to 1% of their research 
resources in education and communication activities. 

In the USA, major experiments are engaged in a broad spectrum 
of outreach initiatives, and in particular the ATLAS and CMS groups 
for CERN's LHC collider are highly productive. In Europe, an overall 
"European Particle Physics Outreach Group" has recently been set 
up, coordinated at CERN by Frank Close. 

For all these initiatives, the goal is to convey emotion - the thrill 
and excitement of frontier research and discovery. We are fortunate 
that our business is to investigate some of the most interesting and 
fundamental issues in the history of science and of civilization itself. 
What better subject matter could there be? 

Alessandro Pascolini born in 1944, is Associate Professor of 
Mathematical Methods of Physics at the University of Padua. For 
the past 10 years he has been responsible for the outreach 
activities of the Istituto Nazionale de Fisica Nucleare, producing 
several exhibitions in Italy and abroad, and audiovisual materials. 
His research interests are in the fields of theoretical nuclear 
physics and nonlinear phenomena. 

BIMETALLIC 

TRANSITION JUNCTIONS 

THE T+C/CEA KNOW-HOW : 

for the assembly of different 
metals under stringent reliability 

V A R I O U S A P P L I C A T I O N S 

Class 1 • Normal Cryogenics 
Class 2 • Advanced Cryogenics 
Class 3 • Space, nuclear, chemicals 
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A. PI NET Consulting Engineer 
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Bookshelf 

Portrait of a Nobel Prize winner 
Spectroscopy with Coherent Radiation, 
Selected Papers of Norman F Ramsey, with 
commentary, World Scientific, Singapore, 
ISBN 9810232500. 
Norman Ramsey, who shared the 1989 Nobel 
Prize, has made many major contributions to 
physics.This volume, in World Scientific's 
Series in 20th Century Physics, includes 
Methods for Spectroscopy with Coherent 
Radiation and Atomic Clocks; Radiofrequency 
and Microwave Spectroscopy Experiments; 
Parity,Time Reversal Symmetry and Electric 
Dipole Moments; Theories of Nuclear Mag

netic Shielding and NMR Chemical Shifts; 
Theories of Nuclear Interaction in Molecules; 
General Principles and Theories. 

Ramsey's early career, at Columbia and the 
MIT Radiation Laboratory, was very much 
involved with Isidor Rabi, and the two played 
vital roles in pioneering the magnetic reso
nance technique and in the establishment of 
Brookhaven National Laboratory. 

This book provides a complete picture of a 
distinguished scientific career. Its autobio
graphical introduction, full of anecdotes, is 
especially valuable. 

Some recent publications of interest 
m Foundations of Quantum Chromodynamics, 
An Introduction to Perturbative Methods in 
GaugeTheories, by J Muta, World Scientific, 
Singapore, ISBN 9810226748. 
In the World Scientific series of Lecture Notes 
in Physics, this includes new QCD develop
ments since the first edition of this book 
appeared in 1986. 
• Nuclear and Particle Astrophysics, edited by 
J G Hirsch and D Page, Cambridge University 
Press, ISBN 0 521 63010 X (hbk £45/ 
US$69.95). 
The proceedings of the 1997 Mexican School 
on Nuclear Astrophysics. 
• Lie groups, Lie algebras, cohomology and 
some applications in physics, by José A De 
Azcàrraga and José M Izquierdo, Cambridge 
University Press, ISBN 0 521 59700 5 (pbk 
£29.95/US$105). 
A paperback version of the book in the series 

The Defining Years 
h Nuclear Physics 
19324960s 

Cambridge Mono
graphs on 
Mathematical 
Physics, first pub
lished in hardback 
in 1995. 
• The Defining 
Years in Nuclear 
Physics 1932-60s, 
by M Mladenovic, 
Institute of Physics 
Publishing, ISBN 
0750304723 (hbk 

£25/US$150). 
This traces the evolution of nuclear physics 
from the discovery of the neutron and the first 
accelerators to its becoming one of the most 
important sectors of physical science. As well 
as science, it includes much historical back
ground. 

Feynman anniversary increases demand 
1998 marks the 10-year anniversary of the 
death of Richard P Feynman, whose books are 
increasingly in demand. 
• In Quantum Electrodynamics, Feynman 
presents the main results and calculational 
procedures of quantum electrodynamics in a 
simple and straightforward way. 
©1961 ISBN 0-201-36075-6 $35.00. 
• Physics, not mathematics, is Feynman's 
focus in Statistical Mechanics, providing a 
concise introduction to basic concepts and a 
clear presentation of difficult topics. 

©1972 ISBN 0-201-36076-4 $35.00. 
• In The Theory of Fundamental Processes, 
Feynman considers the basic ideas of quan
tum mechanics, discusses relativity and the 
idea of antiparticles, then gives considerable 
attention to quantum electrodynamics. 
©1961 ISBN 0-201-36077-2 $35.00. 
• Theoretical questions related to electron 
and photon interactions at high energies are 
analysed by Feynman in Photon-Hadron 
Interactions. 
©1972 ISBN 0-201-36074-8 $35.00. 

Perseus Books takes 
over Advanced 
Book Classics 
Advanced Book Classics are graduate-level 
texts and monographs by influential physicists 
that have been re-released in paperback. 
Formerly published by Addison Wesley Long
man, Advanced Book Classics are now owned 
and published by Perseus Books. 
• Basic Notions of Condensed Matter Physics 
by Philip W Anderson is an accessible intro
duction to some of the most significant 
concepts in the physics of condensed matter. 
©1984 ISBN 0-201-32830-5 $39.00. 
m Intermediate Quantum Mechanics by Hans 
A Bethe and Roman Jackiw (Third Edition) 
deals with the theory of atomic structure, 
relativistic wave equations, and includes an 
introduction to field theory. 
©1986 ISBN 0-201-32831-3 $39.00. 
• Providing a detailed exposition of field theo
retical methods as applied to zero temperature 
Fermi liquids, Theory of Interacting Fermi Sys
tems by Philip Nozieres emphasizes methods 
and concepts more than specific applications. 
©1964 ISBN 0-201-32834-0 $35.00. 
• Useful both as a reference and for self-
study, Gauge Theories of the Strong, Weak, 
and Electromagnetic Interactions by Chris 
Quigg presents a coherent and elementary 
introduction to gauge theories of the funda
mental interactions and their applications to 
high-energy physics. 
©1983 ISBN 0-201-32832-1 $35.00. 
• Experimental Techniques in Condensed 
Matter Physics at Low Temperatures by Robert 
C Richardson and Eric N Smith provides 
recipes for the construction of devices used in 
low-temperature experimentation. 
©1988 ISBN 0-201-36078-0 $35.00. 

German dictionary 
Dedicated science writer and former DESY 
physicist Pedro Waloschek continues his 
endowments to physics literature with Wôrter-
buch Physik, published by Deutscher 
Taschenbuch Verlag, a collection of concise 
definitions of some 5500 physics terms. 
Designed to allow non-specialists to decode 
physics messages in German, it also contains 
an English-German glossary to help them 
decode physics messages in English. 
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People Obituaries 

AlanWetherell 1932-1998 
CERN senior research physicist Alan Wetherell 
died on 13 September. After studies at Liver
pool and a period at Caltech, he came to 
CERN in 1959, going on to participate in a 
series of experiments at the then new Proton 
Synchrotron. 

After work at Serpukhov in the late 60s and 
at CERN's Intersecting Storage Rings in the 
early 70s, he became head of this group when 
Giuseppe Cocconi became a CERN Director. 
The group shifted to weak interactions and 
joined with Klaus Winter for the CHARM 
(CERN/Hamburg/Amsterdam/Rome/ 

Theoretical physicist Alexei Andreevich 
Anselm, former Director of the Petersburg 
Nuclear Physics Institute, died on 23 August. 

Born in Leningrad into a family of scien
tists, Alexei Anselm studied physics at 
Leningrad, then joined the Theory Group of 
the loffe Physical-Technical Institute. 

In 1971 he moved with the nuclear and 
particle physics branch of the loffe Institute 
which became the Leningrad Nuclear Physics 
Institute, the considerably enlarged Theory 
Group becoming the Theory Division of the 
LNPI. Alexei Anselm was its Head from 1983 
until 1997, when illness forced him to retire. 

During the troubled years from 1992 until 
September 1994 he was also Director of the 
Petersburg Nuclear Physics Institute (PNPI), 
as it became known. 

Alexei Andreevich, or Alyosha, as he was 
fondly known to his many friends worldwide, 
published his first paper at the age of 23. 
During a 40-year career, he published over 
130 papers, mostly on fundamental prob
lems of particle physics and field theory. 

In 1958 he was the first to discover that 
the Landau pole is not a universal phenome
non in quantum field theory: it is absent for a 
2-D model with a four-fermion interaction, a 
result of which he was always proud. 

During the 1960s he was best known for 
his contribution to the theory of complex 
angular momenta, in which theTheory Group 
underV N Gribov played a leading role.There 
followed work on the quark model, on sponta
neous symmetry breaking, on mechanisms of 
CP violation and on modifications of the 

Moscow) experiment. 
He was appointed Leader of CERN's Experi

mental Physics Division in 1981, and served 
for three-and-a-half years. Subsequently he 
joined Ugo Amaldi and Jim Allaby in the Del
phi collaboration at LER eventually taking 
responsibility for the hadron calorimeter which 
was built under his guidance by a Russian 
team. 

In 1971 he was elected a Fellow of the 
Royal Society (FRS). He was also a visiting 
professor at Liverpool. He formally retired from 
CERN in December 1997. 

Standard Model. During the early 1990s his 
work extended both to cosmology and to the 
development of a simple model for the pro
ton "spin crisis". 

In spring 1995 he underwent his first oper
ation for cancer and moved to Boston in the 
hope of getting better treatment. In spite of 
his illness he continued to work and publish, 
lecturing at the 1996 CERN Summer School 
in Marseille. 

In January 1998 Alyosha came to the PNPI 
Winter School dedicated to the memory of 
Vladimir Gribov. When we listened to his 
warm, thoughtful words of appreciation for 
Gribov, we did not know that they were to be 
his farewell to the Institute and to his friends. 
His colleagues. 

Frederick Reines 
1918-1998 

Frederick Reines, who shared the Nobel 
Physics Prize in 1995 for his historic 1956 
experiment with Clyde Cowan which discov
ered the neutrino, died in August. 

After graduate studies at New York University, 
Reines was recruited into the wartimeTheory 
Division at Los Alamos, eventually working at 
the laboratory for 15 years. In 1951 he was 
side-tracked into an ambitious project, with 
Clyde Cowan, to search for Pauli's elusive neu
trino, first at the Hanford nuclear reactor, then 
at the more powerful Savannah River facility. As 
well as discovering the neutrino, this work also 
led to important advances in detectors to 
monitor radioactive tracers for medicine. 

In 1959 Reines moved to the Case Institute 
of Technology, Cleveland, where he continued 
to promote neutrino experiments at reactors 
and pioneer studies deep underground to 
search for atmospheric and cosmic particles. 

In 1966 he went to the University of Califor
nia, Irvine, whose neutrino group still plays a 
leading role in major neutrino experiments, 
including the famous "1MB" (Irvine/Michi-
gan/Brookhaven) underground detector. 

He was showered with honours, including 
theJ Robert Oppenheimer Memorial Prize, the 
US National Medal of Science, the Bruno 
Rossi Prize, the Michelson-Morley Award, the 
W K H Panofsky Prize, and the Franklin Medal 
as well as the Nobel. 

As well as being a distinguished physicist, 
Fred Reines also had a fine singing voice, with 
which he would occasionally entertain close 
friends with Gilbert and Sullivan lyrics. He 
claimed the peak of his musical career was 
when he performed with the chorus of the 
Cleveland Symphony Orchestra. 

Alexei Andreevich Anselm 1934-1998 
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Faculty a n d Postdoctoral Positions 
Institute for Theoretical Physics 

State Universi ty of N e w York Stony Brook, N.Y. 11794-3840 

The Institute for Theoretical Physics at the State 
University of New York at Stony Brook seeks 
candidates for postdoctoral positions, and continues 
to seek candidates for tenure-track faculty and 
tenured faculty, currently with anticipated 
appointment date 1 September 1999. 

Research fields at the Institute include, but are 
not limited to, gauge field theory, elementary particle 
theory, statistical mechanics, supersymmetry, and 
superstrings. 

For application instructions please see : 
(http://www.physics.sunysb.edu/itp.jobs). 

If your computer manager cannot provide web 
access, there is a slower alternative - - please 

E-mail for instructions by auto-reply: 
(jobforms@insti.physics.sunysb.edu). If you cannot 

connect electronically, and are prepared for 
significant processing delays, please write to: 

ITP Search 
State University of New York 

Stony Brook, NY 11794 - 3840 
Review of applications will resume this fall and 

continue until the positions are filled, 
The University of Stony Brook is on Equol Opportunity/Affirmotive Action 

Employer. Applicotions from, women, people of color, disobled 
persons, and veterans are especially welcome. 

The Department of Physics 
University of Wisconsin-Madison 

anticipates a tenure track position at the assistant professor level in 
the interdisciplinary field of astroparticle physics, with the 
appointment to begin fall, 1999. The appointment may be at higher 
rank if qualifications and experience warrant. W e seek an 
experimentalist with a strong track record. Preference will be given 
to candidates interested in the operation of the recently completed 
Antarctic Muon and Neutrino Detector Array and the research and 
development for its extension to a neutrino detector of 
kilometer-scale dimensions. 

Applicants should submit a letter of application outlining their 
qualifications and interests with a resume and publications list, and 
arrange to have at least three letters of reference sent to Lee G. 
Pondrom, Chair, Department of Physics, UW-Madison, 1150 
University Avenue, Madison, W l 53706 by December I 1998. The 
material submitted should provide evidence of teaching skills and 
abilities to carry out an independent research program. 

The University of Wisconsin is an equal opportunity/affirmative action employer 
and especially encourages women and minorities to apply. Unless confidentiality is 
requested in writing, information regarding the applicants must be released upon 

request. Finalists connot be guaranteed confidentiality. 

C L R C 

U N I V E R S I T Y O F 

SUSSEX 
RUTHERFORD APPLETON LABORATORY & THE UNIVERSITY OF SUSSEX 

TWO POSTS IN EXPERIMENTAL PARTICLE PHYSICS 
Applications are invited for two posts in experimental particle physics. The 
posts are to be jointly funded by the Central Laboratory of the Research 
Councils and the University of Sussex for the first five years, and during this 
period the persons appointed will be based at the Rutherford Appleton 
Laboratory (RAL) for two thirds of the year and spend one term per year 
teaching at the University. Thereafter the persons appointed will be full time 
employees of the University. 
The research interests of the group are currently in the areas of neutrino 
masses and precision measurements on the properties and interactions of 
free neutrons. Work is at present devoted to a measurement of the electric 
dipole moment of the neutron using stored neutrons at the Institut Laue 
Langevin, Grenoble and on preparations for the neutrino oscillation 
experiment (MINOS) to run in the USA. It is expected that the persons 
appointed will participate in this programme at RAL in Oxfordshire and at the 
University of Sussex. 
Post 1 (Reader / Band 3, Salary £26,700 - £41,180; 1998 pay award 
pending) is available from 1st October 1999. Post 2 (Lecturer / Band 4/5, 
Salary £15,180 - £24,820; 1998 pay award pending) is available 
immediately. The person appointed would work initially on the EDM 
experiment. 
Candidates should send a CV with a list of publications and statement of 
research Interests, and arrange for two letters of reference to be sent 
directly, to Dr R C Smith, Chair, Physics & Astronomy Subject Group, 
University of Sussex, Brighton BN19QJ by 30th November 1998. 
Further particulars may be obtained from Prof. K Green (RAL; 01235-
445381 and e-mail k.green@rl.ac.uk) and Prof. JM Pendlebury (University 
of Sussex; 01273-678114 and e-mail m.pendlebury@sussex.ac.uk). 
The CLRC and the University of Sussex are committed to Equal Opportunities; 
the CLRC is committed to achieving the Investors in People standard. 

U N I V E R S I T Y O F 

CAMBRIDGE 
Department of Physics 
Cavendish Laboratory 

Fixed-Term Lectureship in 
Experimental Particle Physics 

A p p l i c a t i o n s are inv i ted fo r a t h r e e - y e a r f i x e d - t e r m L e c t u r e s h i p in 
E x p e r i m e n t a l P a r t i c l e P h y s i c s at t h e C a v e n d i s h L a b o r a t o r y . T h e 
successful candidate will carry out research within the Cambr idge group 's 
experimental programme; O P A L . N A 4 8 , A T L A S and L H C b at C E R N , with 
new initiatives also under d iscuss ion.Teaching duties, including lecturing, 
allow time for active research. 

Appl icants must have a P h D in exper imenta l particle phys ics . Start ing 
salary is in a range up to £24,591 per annum. T h e post is pensionable. 
T h e pos i t ion is o p e n f rom 1st J a n u a r y 1999. App l i ca t i ons , inc luding 
a curriculum vitae, a l is t o f p u b l i c a t i o n s a n d t h e n a m e s a n d 
addresses of three referees, shou ld be sent by Fr iday 20th November 
1998 to: P r o f e s s o r M . S . L o n g a i r , C a v e n d i s h Labo ra to r y , M a d i n g l e y 
R o a d , C a m b r i d g e C B 3 O H E , U K . F u r t h e r i n f o r m a t i o n c a n b e 
o b t a i n e d f rom D r . J . R . C a r t e r at t he C a v e n d i s h L a b o r a t o r y , e-mai l 
JRC1@hep.phy .cam.ac .uk , te lephone +44(0) 1223 337235. 

T h e University fol lows an equal opportunit ies policy and has 
a pol icy on arrangements for part-time work. 

http://www.physics.sunysb.edu/itp.jobs
mailto:jobforms@insti.physics.sunysb.edu
mailto:k.green@rl.ac.uk
mailto:m.pendlebury@sussex.ac.uk
mailto:JRC1@hep.phy.cam.ac.uk


SENIOR MECHANICAL ENGINEER 

(Posit ion #AR3223) 

The Accelerator Division of Thomas Jefferson National Accelerator Facility (TJNAF) 
is seeking a senior level mechanical engineer to work as a project engineer on a variety 
of tasks including injector design, magnets, superconducting radio frequency cavities 
and cryostat design. These activities will support a continuing effort to further develop 
high gradient super conducting accelerator technology and high current, high 
polarization injectors for application in TJNAF's program of upgrades. The candidate 
must be able to work independently, applying their expertise in one or more of the 
following areas: injectors, ultra high vacuum, materials, welding, superconducting 
radio frequency and cryostats to solve complex problems where there are limited 
precedents. The incumbent will work with one or two designers or lead a group of 
several engineers and designers to turn concepts from physicists and other engineers 
into working designs. 

A BS or MS in Mechanical Engineering or closely related field with a minimum of 
fifteen years of design experience related to particle accelerators is required. Some 
supervisory and/or project management experience along with good communication 
skills and the ability to interact with a staff of varying backgrounds and education are 
required. Requests for information should be addressed to Mark Wiseman, 
(wiseman@jlab.org) while applicants should submit a CV with at least three 
references to: 

JEFFERSON LAB 
Attn: Employment Manager 

Mail Stop 28D 
12000 Jefferson Ave. 

Newport News, VA 23606, USA 

Please specify position number and job title when applying. 

Jefferson Lab is an Affirmative Action/Equal Opportunity Employer. 

M I T 
T E N U R E T R A C K P O S I T I O N 

A S S I S T A N T P R O F E S S O R L E V E L 

E X P E R I M E N T A L R E L A T I V I S T I C 
H E A V Y I O N P H Y S I C S 

The Physics Department of the Massachusetts Institute of 
Technology invites applications for a physicist witha&trortg iftisr^st to 
Heavy Ion Physics at the high energy frontier. The MIT ï 
Ion Group has a major involvement in the Phobos I 
Phobos is expected to start taking data in the fail of 1999, The appûir*ted 
candidate will have an opportunity to play a mafOF role in the physics of 
Phobos and will be expected to play a leading rote In the formulation and 
implementation of the group's research program in the light of the first 
RHIC results. The candidate is also expected to supervise graduate 
students and to participate in the department's undergraduate and 
graduate instructional program. 

Applicants should submit, before January 15,1999, a curriculum vttae, 
publication list and a list of four references to: Professor B. 
Wyslouch, Chairman, Search Committee, 24-518, Massachusetts 
Institute Of Technology, 77 Massachusetts Ave., Cambridge, MA 
02139-4307. MIT is an Affirmative Action/Equal Opportunity employer 
and especially solicits applications from qualified women and minorities. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
An Equal Opportunity/Affirmative Action Employer 

Non-Smoking Environment 

LANCASTER 
UNIVERSITY 
Department of Physics 

U n i v e r s i t y L e c t u r e s h i p 

i n E x p e r i m e n t a l P a r t i c l e P h y s i c s 

Lancas te r Univers i ty invi tes app l ica t ions for the a b o v e pos t wh ich is 
avai lab le f rom 1st Apri l 1999 . 

Lancas te r Univers i ty has a d i ve rse research p rogramme in exper imenta l 
part ic le phys ics and a growing i nvo l vemen t in part ic le theory and cosmology . 
T h e exper imenta l part ic le phys ics g roup is heavi ly invo lved in prepara t ions for 
the A T L A S exper imen t at t he L H C , whi le con t inu ing s t rong part ic ipat ion in the 
A L E P H exper imen t at LEP a n d the H I expe r imen t at DESY. W e are a lso act ive in 
the d e v e l o p m e n t o f radiat ion hard sem iconduc to r part ic le de tec tors . T h e 
appo in tee wou ld be expec ted to par t ic ipate in the fu ture deve lopmen t of, and 
poss ib le add i t ions to th is p rog ramme. 

T h e sa lary is a c c o r d i n g t o age and expe r i ence on the Univers i ty Lec turer sca le . 

Further particulars of the duties associated with this post and application 
forms may be obtained from Personnel Services, Lancaster University, 
Bailrigg, Lancaster, L A I 4YW, UK (email personnel@lancaster.ac.uk), 
quoting reference number A71. The head of the group, Professor T Sloan, is 
happy to receive informal enquiries from potential applicants by telephone 
(+441524 593615) or email (t.sloan@lancaster.ac.uk). 

App l ica t ions inc luding a s ta temen t o f research in terests , any teach ing 
exper ience , cur r icu lum v i tae, list o f pub l ica t ions and the names of th ree 
re ferees shou ld be mai led to Personne l Se rv i ces , at t he a b o v e a d d r e s s to 
arr ive no later t han 14 D e c e m b e r 1998 . T h e re fe rees shou ld be asked to s e n d 
letters o f re fe rence direct ly to Prof T S loan at the Depar tmen t of Phys ics , 
Lancas te r Univers i ty , Lancas te r , L A I 4 Y B , U K to arr ive by the c los ing da te . It is 
expec ted tha t short- l is ted cand ida tes will be in terv iewed in Lancas te r in early 
J a n u a r y 1999 . App l icants a re a s k e d to p rov ide an emai l add ress , fax or 
t e l ephone n u m b e r w h e r e they can be con tac ted . 

The University is an Equal Opportunities Employer 

E C O L E P O L Y T E C H N I Q U E 
F É D É R A L E D E L A U S A N N E 

T h e Swiss F e d e r a l Inst i tu te o f T e c h n o l o g y L a u s a n n e ( E P F L ) 

inv i tes a p p l i c a t i o n s fo r the pos t o f 

P r o f e s s o r o f E l e c t r o m a g n e t i s m 
i n t h e D e p a r t m e n t o f E l e c t r i c a l E n g i n e e r i n g 

The successful candidate wi l l deve lop high level research in the field o f 

radiation and free or gu ided propagation o f electromagnetic waves, in the 

microwave bands. He/she should possess a degree (Msc /PhD) in 

engineering. Open-mindedness to multidisciplinaiy collaboration wi th 

industries and with in the Department o f Electrical Engineering o f the 

EPFL is essential, as w rell as experience in project management. He /she 

should preferably have several years of experience in industry. Education 

and teaching wi l l constitute an important part of his/her responsibilities. 

H is /he r aptitude for research shou ld be conf i rmed by scientific 

publications in international journals and/or patents. He/she wi l l assume 

the direction of the Laboratory o f Electromagnetism and Acoustics of the 

Department of Electrical Engineering of the EPFL. 

C l o s i n g date f o r r e c e i v i n g a p p l i c a t i o n s : J a n u a r y 31st 1999- S ta r t ing 

date : to b e d i s cussed . A p p l i c a t i o n f o r m s a n d f u r t h e r i n f o r m a t i o n 

m a y b e o b t a i n e d b y w r i t i n g to the P r e s i d e n c y o f the Sw iss 

F e d e r a l I n s t i t u t e o f T e c h n o l o g y L a u s a n n e , C E - E c u b l e n s , 

CH-1015 L a u s a n n e , S w i t z e r l a n d , o r f a x i n g +41 21 693 70 84: 

F u r t h e r deta i ls a re a lso ava i lab le o n t h e w e b : h t t p : / / w w w . e p f l . c h . 

h t t p : / / d e w w w . e p f l . c h / o r h t t p : / / a d m w w w . e p f l . c h / p r e s / p r o f s . h t m l 

mailto:wiseman@jlab.org
mailto:personnel@lancaster.ac.uk
mailto:t.sloan@lancaster.ac.uk
http://www.epfl.ch
http://dewww.epfl.ch/
http://admwww.epfl.ch/pres/profs.html


M I T 
T E N U R E T R A C K 
F A C U L T Y P O S I T I O N 
EXPERIMENTAL GRAVITATIONAL PHYSICS 
The Physics Department of the Massachusetts Institute of 
Technology invites applications for a Tenure Track Faculty Position in 
Experimental Gravitational Physics. As the construction of the Caltech - MIT 
Laser Interferometer Gravitational Wave Observatory (LIGO) nears completion, 
the Department of Physics at MIT seeks candidates for a faculty position in 
experimental gravitational physics. This NSF-funded national facility for the 
detection of gravitational waves from astrophysical sources will provide unique 
research opportunities in physics and astrophysics. The successful candidate 
will be expected to play a leadership role in either the analysis of data from 
LIGO or in the continued development of the facility, and to teach at the under
graduate and graduate level. Candidates should have demonstrated accom
plishments in experimental physics or astrophysics, including data analysts, 
and promise for future growth. Because of the developing nature of this field, 
candidates with various experimental backgrounds (e.g., astrophysics, high-
energy physics, nuclear physics, atomic physics, precision metrology, etc.) will 
be considered. Preference will be given to candidates applying at the level of 
tenure track assistant professor, but in exceptional cases more senior, well 
established, physicists may be considered for a tenured appointment 

Applications including a curriculum vitae, a brief description of current research 
and three letters of recommendation should be sent before December 31,1998 
to: Professor June L. Matthews, Chair, Search Committee, Department 
of Physics, Rm. 26-433, Massachusetts Institute of Technology, 
77 Massachusetts Ave., Cambridge, MA 02139-4307. MIT is an Affirmative 
Action/Equal Opportunity Employer and especially solicits applications from 
qualified women and minorities. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
An Equal Opportunity/Affirmative Action Employer 

Non-Smoking Environment 

Max-Planck-Institut fur Physik, 
Munich, Germany 

invites applications for two postdoctoral positions, one in the 
HERA-B experiment and one in the ALEPH- (data analyses) and 
ATLAS-(hardware preparation) experiments. 

The HERA-B experiment at the HERA proton-ring in DESY is 
designed to study CP-violation in the B-System.The detector is being 
commissioned, and the MPI is responsible for the silicon vertex 
detector. A successful candidate is expected to contribute to all 
phases of detector work and physics analysis. 

ALEPH will be taking e+ e- data at the LEP collider in CERN at 
centre-of-mass energies up to 200 GeV through the year 2000 and 
data analysis will continue for a few years. The MPI Munich group is 
engaged in analysis of beauty physics with LEP1 data at the Z° - peak 
and of QCD and the search for new particles with LEP2 data. 

Participation in the ALEPH data taking and in the development 
work for the institute's engagement in ATLAS is expected. 

The appointments will initially be for 2 years with the possibility of 
an extension of up to 5 years, but not beyond the age of 35. 
Candidates should hold a PhD or equivalent in particle physics. 

Applications should include a statement of research interests, 
curriculum vitae and list of publications and be sent to Prof. Volker 
Soergel, Max*PlanckTnstitut fur Physik, Fohringer Ring 6, 
D-80805 Miinchen. 
Applicants should arrange for three letters of recommendation to be 
sent to the same address. Further information can be obtained from 
Dr. Ronald Settles for ALEPH (settles@mppmu.mpg.de) and Dr. Iris 
Abt for HERA-B (isa@mppmu.mpg.de). 

Disabled applicants with equal qualification will be preferred. 
The Max Planck Society encourages especially women to apply for 

these kind of positions. 

PROGRAM DIRECTOR 
S L O A N D I G I T A L S K Y S U R V E Y 

The Sloan Digital Sky Survey (SDSS) invites applications 
for the position of Program Director. The Program Director 
will hold a permanent appointment and base of operations as a 
m e m b e r of the sc ien t i f i c staff of the Fermi Na t iona l 
Accelerator Laboratory. 

The Program Director will supervise the operational phase 
of the survey at Apache Point Observatory and at Fermilab, 
with a primary goal of creating a survey quality photometric 
and spectroscopic database of the northern extragalactic sky. 
Intermediate milestones will include completion of science 
commissioning and achievement of stable science operations. 
It is also expected that the candidate will pursue a vigorous 
scientific program based on the SDSS data archive, and 
assume a leadership role in present and future directions of the 
Fe rmi l ab a s t rophys i c s effort . We in tend to make this 
appointment at a senior level. 

The SDSS achieved first light fn May 1998, and will 
initiate survey operations in 1999. The project includes a 
ded ica ted 2 .5-m wide- f i e ld t e l e s c o p e at Apache Point 
Observatory in New Mexico, a camera with an array including 
thirty 2048 X 2048 CCDs, and twin spectrographs capable of 
simultaneous measurement of over 600 spectra. The survey 
will construct a precision photometric catalog of some 100 
mi l l ion ga lax ie s and 1 mi l l i on q u a s a r s , from which 
approximately 1 million galaxies and 100,000 quasars will be 
selected for spectroscopy. 

Data processing and archiving will be at Fermilab, where 
the astrophysics effort includes both a Theoretical Group and 
an Experimental Group, consisting of twelve staff scientists 
and eight postdocs, and has close ties to the Astronomy and 
Astrophysics Depar tment of the Univers i ty of Chicago. 
Fermilab is also involved in the Cryogenic Dark Matter Search 
and the Pierre Auger Cosmic Ray Project. 

Qualifications include: a Ph. D. in astronomy, physics, or 
a related field; an internat ional reputat ion for scientific 
leadership; and project management skills necessary to direct 
survey o p e r a t i o n s , to mee t a g r e e d - u p o n sc ient i f ic 
requirements and schedule, and to exercise budget authority. 

Applications, including a curriculum vita and a list of 
references, should be sent by December 15, 1998 to Edward 
W. Kolb [(630) 840-4695; rocky@fnal.gov] 

Program Director Search Committee 
c/o Edward W. Kolb 

MS209 
Fermi lab 
Box 500 

Batavia, Illinois 60510 

The SDSS is a collaboration of the University of Chicago, 
the Fermi National Accelerator Laboratory, the Institute for 
Advanced Study, the Japanese Participation Group, Johns 
Hopkins University, Princeton University, the United States 
Naval Observa tory , and the Univers i ty of Washington . 
Fermilab is operated by Universities Research Association, 
Inc. unde r con t rac t wi th the D e p a r t m e n t of Energy . 
EOE/M/F/D/V 

mailto:settles@mppmu.mpg.de
mailto:isa@mppmu.mpg.de
mailto:rocky@fnal.gov


ASSOCIATE DIRECTOR -
ACCELERATOR DEVELOPMENT 

SYNCHROTRON RADIATION CENTER (SRC) 

U n i v e r s i t y o f W i s c o n s i n I a d i s o n 

• The University of Wisconsin-Madison seeks an innovative 
and creative Accelerator Scientist to lead the accelerator 
activities of the Synchrotron Radiation Center (SRC). This 
posi t ion carr ies respons ib i l i ty as a Senior Scient is t for 
directing all activities relating to the ongoing development of 
the "Aladdin" storage ring, which operates at energies of 800 
MEV and 1 GEV, and for its operation and maintenance. The 
Associate Director will report to the Executive Director of the 
Synchro t ron Rad ia t ion Cen te r and will be expec ted to 
coordinate and supervise the activities of four functional 
organizational groups (Accelerator Technology, Engineering, 
Controls, and Operations) through their respective Group 
Leaders. These groups are responsible for developing new 
initiatives in synchrotron technology for Aladdin, managing 
the 24-hour operation of the facility, and for maintaining and 
upgrading the injector, the s torage ring, and support ing 
equipment. 

• The Assoc ia te Di rec tor will be expec ted to: conduct 
accelerator research to improve the characteristics of the 
synchrotron radiation util ized by several state-of-the art 
beamlines and experimental systems; consult and collaborate 
with other synchrotron facilities regarding improvements to 
the stability, l ifetime, and brightness of the synchrotron 
source; participate in the development of new initiatives and 
grant p roposa l s for fund ing by the Na t iona l Sc i ence 
Foundation and other federal and industrial institutions; and 
work with the Director of Research to provide state-of-the-art 
research facilities that will satisfy scientific needs at the 
Center. In addition, the Associate Director will play a leading 
role in Aladd in d e v e l o p m e n t p r o g r a m s inc lud ing : 
participating in the planning for a fourth insertion device to 
enhance the spectrum for particular research applications 
(current ly there are three such dev ices ) , in i t ia t ing and 
supervising studies to increase the beam current, increasing 
the stability of the beam in position and size, and to improve 
the lifetime of the beam while maintaining or reducing the 
beam emittance. 

• Madison, Wisconsin, (http://www.ci.madison.wi.us/), ranked 
as the number one mid-size city in the nation, offers a small 
town yet progressive life style with an abundance of cultural, 
and recreational resources. Educational opportunities are 
among the best in the nation with a school district ranking in 
the top ten, the UW-Madison, and a quality private liberal arts 
college and technical college located in the city. 

• For prompt consideration for this position, send curriculum 
vitae and reference list immediately to Mr. Clay Vinje, UW-
Madison, Synchrotron Radiat ion Center, 3731 Schneider 
Drive, Stoughton, WI 53589, email: cvinje@psl.wisc.edu. 
Unless confidentiality is requested in writing, information 
regarding applicants must be released upon request. Finalists 
cannot be guaranteed confidentiality. 

N F R N a t u r v e t e n s k a p l i g a f o r s k n i n g s r â d e t 
Swedish Na tu ra l Science Research Counc i l 

invites applications for 

A SENIOR RESEARCH POSITION in 

Experimental Astroparticle Physics related to the AMANDA 
experiment (Ref: 702-236/98) 

The Counci l 's intention in creating these positions is to contribute to the 

recruitment of researchers and to the renewal o f research in Sweden. The 

programme is aimed primarily at scientists with a doctorate and several 

years of post-graduate research. The positions are held for three plus 

three years and are placed at appropriate university departments in 

Sweden to be chosen in consultation between the candidates, N F R and 

the universities. The applicant is kindly requested to state where he wants 

the position to be placed. The universities decide on tenure. Duties can 

commence from July 1, 1999. The salary range wi l l correspond to that of 

an assistant/associate professor ( S E K 300 000-390 000 per year, i e U S D 

39 000-50 000 per year). 

A curriculum vitae including a list of publications, a short research plan 

plus a description of scientific achievements (max 5 pages), and a 

maximum of 10 reprints of scientific papers should be appended. Other 

documents which the applicant wants to^refer to could also be included. 

Four copies of the application and all appendices and reprints should be 

submitted. 

Applications, quoting Ref, should reach the Swedish Natural Science 

Research Counc i l , Box 7142, S-103 87 Stockholm, Sweden, by 

December 15,1998. 

Further information can be obtained from 

Ms Natalie Lun in at the Secretariat of N F R , phone no. +46 8 454 42 32, 

e-mail-address Natal ie.Lunin@nfr.se, fax no +46 8 454 42 50. 

U N I V E R S I T Y O F C O P E N H A G E N 
Niels Bohr Institute for Astronomy, Physics and Geophysics 

P O S T D O C I N E X P E R I M E N T A L 

P A R T I C L E P H Y S I C S 

A p o s i t i o n as pos t d o c in e x p e r i m e n t a l p a r t i c l e phys ics a t N B I f A F G w i l l b e o p e n 
f r o m A p r i l 1 , 1 9 9 9 . 

The p a r t i c l e phys ics g r o u p is l o c a t e d a t the N i e l s B o h r Inst i tute, a d e p a r t m e n t 
o f the N B I f A F G , a n d the e x p e r i m e n t s a r e p e r f o r m e d a t C E R N , G e n e v a , 
S w i t z e r l a n d , a n d a t DESY, H a m b u r g , G e r m a n y . The g r o u p a t NBI is i n v o l v e d 
in the LEP e x p e r i m e n t s ALEPH a n d DELPHI a n d in the A T L A S e x p e r i m e n t 
p l a n n e d f o r LHC a l l a t C E R N a n d in H E R A - B a t DESY. 

The c h o s e n c a n d i d a t e w i l l b e b a s e d in C o p e n h a g e n b u t is e x p e c t e d to 
p a r t i c i p a t e in the b u i l d i n g u p o f A T L A S a n d to c o n t r i b u t e to the p r e p a r a t i o n o f 
the phys ics a n a l y s i s . 

The p o s i t i o n a l l o w s p a r t i c i p a t i o n in the Un i ve rs i t y t e a c h i n g p r o g r a m s a t a l l 
levels. The c h o s e n c a n d i d a t e mus t b e a b l e to teach u n d e r g r a d u a t e phys ics 
courses in o n e o f the S c a n d i n a v i a n l a n g u a g e s o r Eng l i sh . 

The p o s i t i o n is a r e n e w a b l e f i x e d t e r m c o n t r a c t f o r t w o y e a r s . Terms o f 
a p p o i n t m e n t a n d p a y m e n t a c c o r d i n g to the a g r e e m e n t b e t w e e n the M i n i s t r y o f 
F i n a n c e a n d A C . The a n n u a l s a l a r y d e p e n d s o n sen io r i t y , a n d the sca le ends 
a t a y e a r l y s a l a r y o f D K K 2 8 1 . 9 3 1 . Poss ib ly a n a n n u a l n o n - p e n s i o n a b l e i nc re 
m e n t o f D K K 3 8 . 3 8 6 as a n ass is tan t r esea rch p ro fesso r c a n b e g r a n t e d . The 
g r a d u a t i o n d a t e f o r a n ass is tant p r o f e s s o r s h o u l d no t e x c e e d 8 y e a r s b y 
a p p o i n t m e n t . 

D e a d l i n e f o r a p p l i c a t i o n s is D e c e m b e r 1 4 , 1 9 9 8 , a t n o o n . A n e x p e r t 
assessment c o m m i t t e e w i l l e v a l u a t e the a p p l i c a t i o n s . 

The a p p l i c a t i o n s h o u l d b e send t o : -

P r o f e s s o r J o r n D i n e s H a n s e n , N i e l s B o h r Ins t i t u te , 
B l e g d a m s v e j 17 , D K - 2 1 0 0 C o p e n h a g e n 0 , 

D e n m a r k ( E - m a i l : d i n e s @ n b i . d k ) 

http://www.ci.madison.wi.us/
mailto:cvinje@psl.wisc.edu
mailto:Natalie.Lunin@nfr.se
mailto:dines@nbi.dk


U.S. DEPARTMENT OF ENERGY 
PHYSICIST, GS-1310-14/15 

OFFICE OF ENERGY RESEARCH 
OFFICE OF H I G H ENERGY AND NUCLEAR PHYSICS 

H I G H ENERGY PHYSICS DIVISION 

GS-14: $66,138 - $85,978 per annum 
GS-15: $77,798 - $101, 142 per annum 

PN-98-ER-76-22-220 

The U.S. Department of Energy is seeking applicants for the position of Physicist 
within the High Energy Physics Division, Office of High Energy and Nuclear Physics, 
in the Office of Energy Research. The incumbent will serve as the Program Manager 
for experimental high energy physics activities relative to the oversight of large high 
energy physics accelerator research facilities conducting colliding beam experiments 
and utilizing large comprehensive particle detector facilities. The incumbent will be 
responsible for establishing goals and objectives as well as providing leadership and 
direction for this program with national and international scope and impact. Develops, 
recommends, and implements strategies, milestones, policies and near- and long-range 
plans for the operation of high energy physics laboratories and their accelerator and 
experimental facilities, both existing and under construction. Makes recommendations 
on the suitability performance, and utilization of high energy physics accelerator and 
experimental facilities, and assesses the capabilities and priorities of proposed new 
ones. A thorough knowledge and understanding of high energy physics, as well as 
extensive background and experience based on training and substantial research 
experience in the field are necessary. 

Please refer to Vacancy Announcement PN-98-ER-76-22-220 (reference 
http.//www.hep.net/doehep/home.html) for specific instructions on how to apply for 
this position. Applicants must comply with the instructions that are in the vacancy 
announcement in order to be eligible for consideration. Announcements can be faxed 
to you by calling 202-586-1705 or mailed to you by calling 301-903-1577. 

Applications must be postmarked no later than December 28,1998, and should be 
sent to the U.S. Department of Energy, HR-352, Room F-125,19901 Germantown 
Road, Germantown, MD 20874-1290. 

The Department is an equal opportunity employer. 

Postdoctoral position in 
experimental high-energy physics 

The experimental high energy physics group at the University of 
Hawaii invites outstanding applicants for a postdoctoral 
research associate position. 

The successful candidate will participate in the BELLE experiment at 
KEKB the asymmetric e+e B-factory that is currently under construction 
at the KEK laboratory in Japan. The primary goal of the experiment, 
which will begin recording data in early 1999, is to investigate CP 
violation in the decays of B mesons and conduct precision tests of the 
standard model. In addition to extraction of physics results from BELLE, 
he/she is expected to play a major role in the Hawaii group's R&D 
program on high resolution semiconductor vertex detectors which 
includes the development of pixel detector as well as the upgrade of the 
Belle silicon strip detector. A PhD in experimental high-energy physics 
is required and experience with modern electronics and computing 
techniques is desirable. The salary range is $34,000 -$50,000. 

Applicants should submit a curriculum vitae and arrange for three 
letters or recommendation to be sent to Professor Hitoshi Yamamoto, 
Department of Physics and Astronomy, The University of Hawaii, 2505 
Correa Road, Honolulu, HI 96822. 

E-mail contact, hitoshi@uhheph.phys.hawaii.edu. 
The University of Hawaii is an affirmative action/equal 

opportunity employer. 

URGENT RECRUITMENT NEEDS? 
Reach a global audience immediately with CERN Courier's Internet 

options. Recruitment advertisements are on the Web within 
24 hours of booking and then also sent to e-mail subscribers. 

Call +44 (0)117 9301031 for more details 

DESY 
DESY announces several 

"DESY-Fellowships" 
for young scientists in experimental particle physics to 
participate in the research mainly with the HERA collider 
experiments H1 and ZEUS or with the fixed target expe
riments HERA-B and HERMES. New fellows are selected 
twice a year in April and October. 

DESY Fellowships in experimental particle physics are 
awarded for a duration of two years with the possibility 
for prolongation by one additional year. 

The salary for the fellowship is determined according to 
tarifs applicable for public service work (lia MTV Ang.). 

Interested persons, who have recently completed their 
Ph.D. and who should be younger than 32 years are in
vited to send their application including a résumé and the 
usual documents (curriculum vitae, list of publications, 
copies of university degrees) until 31 of March 1998 
to DESY, Personalabteilung - V2 -, Notkestrafte 85, 
D-22607 Hamburg. They should also arrange for three 
letters of reference to be sent until#the same date to the 
address given above. 

Handicapped applicants with equal qualifications will be 
preferred. 

DESY encourages especially women to apply. 

As DESY has laboratories at two sites, in Hamburg and 
Zeuthen near Berlin, applicants may indicate at which 
location they would prefer to work. The salary in Zeuthen 
is determined according to II a, BAT-O. 

Faculty Position: Exper imenta l Particle 
Physics/Astrophysics 

Case Western Reserve University 
T h e D e p a r t m e n t o f P h y s i c s a t C a s e W e s t e r n R e s e r v e U n i v e r s i t y is l a u n c h i n g a 
s e a r c h f o r a n e x p e r i m e n t a l i s t i n p a r t i c l e p h y s i c s / a s t r o p h y s i c s . T h i s w i l l he a t e n u r e 
t r a c k o r t e n u r e d p o s i t i o n w h i c h m a y he m a d e a t a n y l e v e l c o m m e n s u r a t e w i t h 
q u a l i f i c a t i o n s . W h i l e s i g n i f i c a n t s t a r t u p f u n d s are e x p e c t e d , w e are l i k e l y t o f o c u s 
o n c a n d i d a t e s w h o a l r e a d y h a v e s o m e o u t s i d e s u p p o r t f o r t h e i r r e s e a r c h p r o g r a m . 
T h e success fu l c a n d i d a t e w i l l j o i n a g r o w i n g e f f o r t i n p a r t i c l e p h y s i c s / a s t r o p h y s i c s 
i n t h e n e w l y r e n o v a t e d r e s e a r c h f a c i l i t i e s o f t h e p h y s i c s d e p a r t m e n t . C u r r e n t 
e x p e r i m e n t a l e f f o r t s i n c l u d e u n d e r g r o u n d d a r k m a t t e r d e t e c t i o n , a n d a n 
e x p e r i m e n t a l p r o g r a m m e a t t h e F e r m i l a h , T e v a t r o n , R H I C , a n d t h e L H C . T h e 
e x p e c t e d s t a r t d a t e is S u m m e r 1 9 9 9 , h u t a n e a r l i e r s t a r t d a t e m a y he p o s s i h l e . 

I n t e r e s t e d c a n d i d a t e s s h o u l d a p p l y t o P a r t i c l e P h y s i c s / A s t r o p h y s i c s S e a r c h 
C o m m i t t e e , D e p a r t m e n t o f P h y s i c s , C a s e W e s t e r n R e s e r v e U n i v e r s i t y , 1 0 9 0 0 
E u c l i d A v e . , C l e v e l a n d , O H 4 4 1 0 6 - 7 0 7 9 . Q u e s t i o n s c a n he d i r e c t e d h y e m a i l t o 
c c t @ p o . c w r u . e d u . 

CWRU is an affirmative action/equal opportunity employer. 

POSTDOCTORAL RESEARCH POSITION 
THEORETICAL ASTROPHYSICS/COSMOLOGY 

THE O H I O STATE UNIVERSITY 
Applications are invited for a postdoctoral research position in Theoretical Astrophysics/Cosmology 
to begin autumn, 1999. 
The appointment is for two years with the second year dependent on available funding. Preference will 
be given to those applicants having research experience in cosmology and /o r the interface between 
particle physics and astrophysics. Faculty members with interests in this area include Gary Steigman, 
Robert Scherrer, Terry Walker, Barbara Ryden, David Weinberg, Andy Gould, Richard Boyd, Marc 
Pinsonneault, and Stuart Raby. 
Applications, including a vita and 3 letters of recommendation, should be sent to Professor Robert 
Scherrer, Department of Physics, The Ohio State University, 1 74 West 1 8th Avenue, Columbus, O H 
43210. All application materials should arrive by January 1, 1999. 

The Ohio State University is an affirmative action/equal opportunity employer. 

http://http.//www.hep.net/doehep/home.html
mailto:hitoshi@uhheph.phys.hawaii.edu
mailto:cct@po.cwru.edu


N A T I O N A L I N S T I T U T E F O R N U C L E A R P H Y S I C S 
I . N . F . N . 

P O S T - D O C T O R A L F E L L O W S H I P S F O R N O N I T A L I A N C I T I Z E N S I N T H E F O L L O W I N G 
R E S E A R C H A R E A S : 

T H E O R E T I C A L P H Y S I C S ( N . 10) 
E X P E R I M E N T A L P H Y S I C S ( N . 20) 

The I.N.F.N. Fellowship Programme 1998-99 offers thirty 
positions for non Italian citizens for research activity in 
theoretical or experimental physics. 

Fellowships are intended for young post-graduates not more 
than 35 years of age at the time of deadline. 

Each fellowship is granted for one year (which may start 
during the period form September to November 1999), and 
may be extended for a second year. 

The annual gross salary is 36,000,000 Italian Lire, plus travel 
expenses for round trip transportation from the home fellows 
to the I.N.F.N. Section or Laboratory. Lunch tickets are 
provided for work days. 

Candidates should submit an application form and a 
statement of their research interests, including three letters of 
reference. 

Applications should be sent to I.N.F.N, not later than October 
15, 1998. 

Candidates will be informed by the end of March 1999 about 
the decisions taken by I.N.F.N.'S committee. 

The successful applicants may carry out their research 
activity in Italy, at any of the following Laboratories and 
Sections of I.N.F.N.: 

National Laboratories of Frascati (Rome), National 
Laboratories of Legnaro (Padua), National Laboratories of 
Gran Sasso (L'Aquila) and Southern National Laboratory 
(Catania). 

I.N.F.N. Sections in the Universities of: 

Turin, Milian, Padua, Genoa, Bologna, Pisa, Rome 'La 
Sapienza', Rome T o r Vergata', Naples, Catania, Trieste, 
Florence, Bah, Pavia, Perugia, Ferrara, Cagliari, Lecce and 
Rome Tre" . 

Information, requests for application forms, and applications 
should by addressed to Personnel Office - Fellowship 
Service, National Institute of Nuclear Physics (I.N.F.N.) - Post 
Box 56 - 00044 Frascati (Rome) Italy. 

NATIONAL INSTITUTE FOR N U C L E A R PHYSICS 
T H E PRESIDENT 

(Prof. Luciano Maiani) 

T e n u r e T r a c k A s s i s t a n t P r o f e s s o r s h i p in 
E x p e r i m e n t a l H i g h / M e d i u m E n e r g y P h y s i c s 

N o r t h w e s t e r n U n i v e r s i t y 
The Department of Physics and Astronomy is seeking outstanding candidates 
for a tenure track Assistant Professor position in experimental high or medium 
energy physics. We are currently involved in research at Fermilab, DESY, 
CERN, Thomas Jefferson Lab, Brookhaven National Lab, and developing 
research programs in physics at Northwestern (for more information, see 
http://www.physics.nwu.edu/). The appointment would start September 1999. 
The successful candidate will be expected to teach effectively at all levels. 
Applicants should submit a curriculum vitae, statement of research interests, 
and the names of four references to: 

Prof. David A. Buchholz, Chair, Department of Physics and Astronomy, 
Northwestern University, Evanston, IL 60208-3112 

Applications should be received by December 15, 1998 to receive full 
consideration. Members of minority groups and women are especially 
encouraged to apply. 

POSITIONS AT THE NSCL 
M I C H I G A N STATE UNIVERSITY 

The National Superconducting Cyclotron Laboratory at Michigan State 
University has openings for top quality candidates to be post-doctoral fellows 
and assistant research professors. The appointments are typically renewable 
up to three years and are for research in nuclear or accelerator physics, both 
experimental and theoretical. The experimental nuclear physics program 
includes studies approaching the driplines with radioactive beams, nuclear 
astrophysics, and nucleus-nucleus reaction dynamics using the Kl 200 
cyclotron system that can produce heavy ion beams in the 10 - 200 
MeV/nucleon range. 

Further descriptions of the research opportunities can be found on our 
web-site http://www.nscl.msu.edu/ Please send a CV with a list of 
publications and arrange for three letters of reference to be sent directly by 
post to Prof. D J . Morrissey, NSCL, Michigan State University, East Lansing, 
Ml, 48824, or e-mail to morrissey@nscl.msu.edu 

LEAP AHEAD OF THE REST...PLACE YOUR RECRUITMENT MESSAGE 
IN FRONT OF A QUALIFIED AUDIENCE 

CERN Courieroffers you penetration into world's major science sites and access to an international community of top scientists and engineers. 

Make the International Journal of High-Energy Physics your first port of call for all your recruitment needs. 

Browse our Web site http://www.cerncourier.com for further information or contact Chris Thomas: 

Tel:+44 (0)117 930 1031 
Fax: +44 (0)117 930 1178 

E-mail: chris.thomas@ioppublishing.co.uk 

http://www.physics.nwu.edu/
http://www.nscl.msu.edu/
mailto:morrissey@nscl.msu.edu
http://www.cerncourier.com
mailto:chris.thomas@ioppublishing.co.uk


The Institut Laue-Langevin is an international research institute 
which operates a high-flux neutron research reactor, which is used 
to conduct experiments on the structure and dynamics of 
condensed matter (with applications in physics, chemistry, 
biology and materials science), as well as in the fields of nuclear 
and elementary-particle physics. 

RESEARCH SCIENTIST 
Time of Flight and High Resolution Group 
The Science Division currently has an opening for a 
scientist to work, on the multichopper time-of-flight 
instrument IN5. 
The position is best suited for a young postdoctoral scientist 
having an interest in dynamical studies either in condensed 
matter systems or in biological systems. The successful 
candidate will be assigned the task of assisting ILL'S visiting 
scientists in conducting their experiments and taking charge of 
the operation and improvement of the instrument. 
More experienced scientists on secondment may also be 
considered. 
Further information can be obtained by contacting the Group 
leader Dr. A J . DIANOUX Tel +33 4 76 20 72 06 
or e-mail dianoux@ill.fr 
Applications (with curriculum vitae, list of publications and the 
names of two academic referees) should be sent ho later than 30 
November 1998 to: The Associate Director (Science Division) 
quoting reference C-98/17, 

NETWORK TECHNICIAN 
The Projects and Techniques Division is 
looking for a HND/HNC Network Technician 
for its Computing Service. 
Duties will include supervising the ILL internal and external 
networks, as well as maintaining network equipment, 
troubleshooting and repairs. 
You will also be involved with user support for the installation of 
equipment on the network and the installation and development 
of network monitoring tolls. 
Experience of programming in C. Basic knowledge of Windows NT 
and UNIX 
For further information please contact Mr Alain Barthélémy, 
Tel.: +33 4 76 20 70 25 or e-mail: barthelemy@ill.fr 
Applications, with curriculum vitae, list of publications and the 
names of two academic referees should be sent no later than 30 
November 1998 to: 
The Head of Personnel quoting reference C98/16. 

For both positions we offer an attractive salary, and assistance 
towards relocation expenses. 

INSTITUT LAUE-LANGEVIN B.P. 156 
38042 GRENOBLE CEDEX 9 
France 

http://www.ill.fr. 
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People 

Maldacena macarena 
Theorists are excited about the conjecture 
put forward recently by Juan Maldacena 
of Harvard which greatly extends the 
application of multidimensional string 
theories to physical field theories. 

The annual festival of the string commu
nity is the summer Santa Barbara 
meeting, for which theorist Jeff Harvey of 
Chicago composed a macarena-like song: 

You start with the brane 
and the brane is BPS 

Then you go near the brane 
and the space is AdS 

Who knows what it means 
I don't I confess 

Ehhhh! Maldacena! 

Super Yang Mills 
With very large N 

Even archivists retire. On 30 Septem
ber, CERN's diligent archivist Roswitha 
Rahmy left the laboratory after a long 
career. One of the objectives of the 
extensive archives is to preserve as 
much as possible of CERN's "living 
memory" on which the spirit of the 
laboratory draws. Roswitha has also 
played an important role in administer
ing CERN's Pauli Collection, the 
comprehensive collection of Wolfgang 
Pauli papers entrusted to CERN, and on 
which CERN holds the copyright. CERN 
oversees the publication of Pauli's 
extensive scientific correspondence 
(October 1996, page 14). 

Gravity on a sphere 
flux without end 

Who says they're the same 
holographic he contends 

Ehhhh! Maldacena! 

Black holes used to be 
a great mystery 

Now we use D-brane 
to compute D-entropy 

And when D-brane is hot 
D-free energy 

Ehhhh! Maldacena! 

M-theory is finished 
Juan has great repute 

The black hole we have mastered 
QCD we can compute 

Too bad the glueball spectrum 
is still in some dispute 
Ehhhh! Maldacena! 

Opening a recent international 
conference for physics students 
in Coimbra, Portugal, was Por
tuguese Science Minister and 
high-energy physicist Jose Gago 
(left). On the right is Rui 
Nogueira Lobo de Alarcâo e 
Silva, rector of Coimbra Univer
sity. The current president of the 
International Association of 
Physics Students, Nigel Harris, 
is moving from Cambridge to 
the UK Rutherford Appleton 
laboratory to join work on the 
Atlas experiment for CERN's 
LHC collider. 

Fractional charges win Nobel Prize 
The 1998 Nobel Physics Prize goes to three 
researchers for their discovery and subsequent 
explanation of how quantum conditions can gener
ate quasiparticles carrying fractional electric charge. 

The quantum Hall effect, discovered by Klaus 
von Klitzing in 1980 and for which he earned the 
1985 Nobel Prize, gives a stepwise behaviour of 
the apparent electrical resistance at liquid-helium 
temperatures. These steps are independent of the 
material, being combinations of basic physical 
parameters divided by an integer. Horst L Stôrmer 
of Columbia and Daniel CTsui of Princeton discov
ered in 1982 that powerful magnetic fields could 
induce additional structure in the quantum Hall 
effect, beyond those found by Klitzing, with frac
tional, as well as an than integer dependence. 

Robert Laughlin of Stanford was able to explain 
this as quasiparticles generated in a quantum 
fluid. As some of these quasiparticles can carry 
one-third of the normal electronic charge, there 
was talk of quarks. But quasiparticles are nothing 
to do with quarks (November 1997, page 24). 

Bruno Touschek and the birth of 
electron-positron physics 
On 16 November 1998 a special meeting at the 
Italian INFN's Frascati national laboratory will mark 
the 20th anniversary of the death of Bruno Tou
schek, recalling his life and his great contribution 
to physics, at the same time reviewing progress 
and perspectives of particle physics. 

For more information see "http://www.lnf.infn.it/ 
conference/touschek.html" or contact the Secre
tariat: M R Ferrazza - LSirugo.Tel: +39 6-9403 
2573/2418. Fax: +39 6-94032582. E-mail: 
"Dirlnf@lnf.infn.it". 

Legion of Honour 
Senior CERN physicist Pierre Darriulat has become 
"Chevalier" of the French Legion of Honour. 

Fermilab conferences 
From 26-29 May 1999 at Fermilab there will be a 
memorial symposium "Inner Space/Outer Space 
II" for astrophysicist and cosmologist David 
Schramm who died in an airplane accident in 
December 1997. 

From 5-8 October next year, Fermilab will host 
the traditional seminar on "Future Perspectives in 
High Energy Physics" organized by the International 
Committee for Future Accelerators, ICFA. Atten
dance is by invitation only. 

See "http://www-ppd.fnal.gov/conferences/ 
icfasem99/announce.html" or e-mail 
"icfasem99@fnal.gov". 
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Simply plug and pump. 
Anytime. Anywhere . 

What could be easier t h a n a t u r b o p u m p 
package t h a t s imply plugs in to y o u r 
sys tem ? 

• An integrated package, 50% smaller than 
compet i t ive solut ions. 

• A cost-effective uni t : pumping system, 
e lectronics , cooling fan, inlet screen , 
and power cable, all in one . You save on 
connec t ions and par t s handl ing. 

• O n e ins t a l l a t ion po in t : no wi res , no 
acces so r i e s n e e d e d . 

• Simple, yet flexible: Navigator's RS 232 
c o n n e c t i o n p rov ides access to a highly 

advanced Windows contro l m e n u which 
allows you to tailor p u m p opera t ion to 
a va r i e ty of d e m a n d i n g r e q u i r e m e n t s . 

• Varian 's p a t e n t e d MacroTorr des ign 
and the unbeatable reliability of ce ramic 
bear ings , and sol id-s ta te l u b r i c a n t s 
provide outstanding vacuum performance 
and reliability. It's an exceptionally clean, 
maintenance-free pump, ready for today's 
applicat ions and tomorrow's chal lenges. 

J u s t p l u g i t i n a n d s t a r t p u m p i n g ! 

Let us he lp you m a k e v a c u u m s imple . 
Visit us a t h t tp : / /www.var ian .com or 
call us today. 

Varian Vacuum Products 
Torino (Italy) 
Tel. (39) 11 9979111 

Varian Vacuum Products 
Lexington (USA) 
Tel. 1-800-8827426 
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Vacuum Made Simple v a r i a n ® 
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CAPACITORS 
Up t o 6 5 kV a n d 2 0 kJ/s... 
v e r y reliable. 
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The Maxwel l C C S Series is the ult imate H V 
Power Supply per fo rmer a n d only c h o i c e for 
low, med ium a n d high repet i t ion rate Pulse 
D ischarge Systems. 

With vo l tages to as h igh as 65 kV a n d out
put p o w e r to 20 kJ/s, w h e n it c o m e s to relia
bility, p e r f o r m a n c e a n d pr i ce , w e ' v e rewrit
t en t h e spec i f i ca t ions for H igh V o l t a g e 
C a p a c i t o r C h a r g i n g . 

Maxwel l has successful ly a p p l i e d the C C S 
to e v e r y c o n c e i v a b l e Pulsed P o w e r 
App l i ca t ion . Whe the r y o u a re d e v e l o p i n g the 
latest Pulsed Modula tor , Solid State Laser, High 
Energy S to rage Bank or Ultra Fast Excimer, cal l 
for the specialist "San D i e g o Cha rge rs . " 

SERIES CCS 
Capacitor Charging Power Supplies 

• Output Power 2, 4, 6, 8, 10, 12 kJ/s 
(20 kJ/s available as custom). 

• Output Voltages 1,2, 3, 5, 10, 20, 30, 40, 50, 60, 65 kV 
• 208, 400, 480 VAC 3 phase all standard. 
• 22/240 VAC single phase to 6 kW available. 
• 2 year warranty. 

I T G C H N O L O G I G S 
E n e r g y P r o d u c t s 

For information on the CCS, visit: 
http://www.hvpower.com 
Or for our extensive range of HV 
Components and Systems, go to: 
http://www.maxweil.com/energy 
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