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Getting up to speed in the year AD 2 

CERN's Antiproton Decelerator has been undergoing improvements. 

After coming into operation last year (CERN 
Courier September 2000 p9), CERN's 
Antiproton Decelerator (AD) has got up to 
speed for physics this year. Changes to the AD 
since its debut mean that the three experi
ments - ASACUSA, ATHENA and ATRAP - now 
enjoy more intense antiproton beams. 

The AD is a unique machine. Its job is to 
decelerate, not accelerate, antiparticle 
beams, and it has to handle energies that 
decrease by an unprecedented factor of 35 
from the injection ceiling at 3.57 GeV to the 
ejection floor at 100 MeV. 

In its first incarnation in 1987 as a collector 
of antiprotons, precoolingthe particles before 
they passed to the accumulator ring for 
CERN's proton-antiproton collider, it was 
designed to operate at fixed energy, so this 
factor of 35 presented a big challenge. 

The AD team's design goal was to hang onto 
a quarter of the injected antiprotons through 
their vertiginous fall in energy, and to repeat 
the deceleration cycle once a minute. Recent 
AD improvements have put the team well on 
the way to reaching this target. 

One important new feature is in the electron 

cooling system, adapted from that used for 
CERN's LEAR low-energy antiproton ring, 
which closed in 1996. Electron cooling gives 
the antiproton beam a final "cold shower" 
after the initial stochastic cooling, keeping the 
antiprotons tightly bunched at the lowest 
energies. Improvements have also been made 
to the radiofrequency deceleration system. 
This summer the AD succeeded in 
decelerating an injected antiproton beam 
without losing a single precious particle. 

Meanwhile the three AD experiments are 
getting to the heart of the antimatter (p35). 

NEW 2004 catalogue - request yours now 
on +44 (0)208 346 1999 or uk@vatvalve.com 

C E R N C o u r i e r October 2001 5 

mailto:uk@vatvalve.com


NEWS 

B E I J I N G 

New double-ring design for Chinese 

* * ^^^^^^ 
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/ier/a/ wew of the Beijing Electron-Positron Collider complex at the Chinese Institute of High Energy Physics, showing the buildings that 
house the circular tunnel of the 240 m circumference collider ring (centre left) and its injector (centre right). The plan is to build a second 
ring adjacent to the first within the same housing. 

A second ring is now being planned for the 
Beijing Electron-Positron Collider (BEPC) at 
the Institute of High Energy Physics (IHEP). 
The precision measurements and successful 
completion of a run collecting 50 million J/psi 
particles at BEPC, as well as the planned 
upgrade to BEPC II (CERN Courier November 
2000 p6), have attracted a lot of attention. 

The earlier upgrade design was based on 
multiple bunches and bunch trains in a 
"pretzel" orbit at the existing BEPC storage 
ring, which would have increased the lumi
nosity ten-fold. (The existing BEPC contains 
adjacent counter-rotating electron and 
positron beams in a single ring, which is the 
standard approach.) 

In parallel, an upgrade of the Beijing 
Spectrometer, BES III, was designed to handle 

high event rates and to reduce systematic 
errors.The Chinese funding agency approved 
these upgrades. 

Many recent physics results have 
underlined the importance of high-precision 
measurements. In particular, precision meas
urements in the tau-charm region have a 
unique advantage for many interesting physics 
studies, such as searches for glueballs 
(particles without quarks) and quark-gluon 
hybrids, light hadron spectroscopy, the J/psi 
family, and excited baryons. 

Special workshops were held recently at 
SLAC and Cornell in the US to discuss this 
physics, and there are proposals to build a 
new machine at SLAC (PEP-N) and to lower 
the beam energy of Cornell's CESR ring to run 
in this energy region.The interest of a number 

of other laboratories in this physics underlines 
its importance. 

To extend its physics potential and to be 
more competitive, IHEP recently modified the 
BEPC II design to a double ring.This signifi
cantly improves the expected performance 
with a calculated luminosity of 1 0 3 3 c m - 2 s _ 1 at 
a beam energy of 1.55 GeV. 

An international review on the feasibility of 
the new design was held on 2-6 April in 
Beijing. It was conducted in two partially 
overlapping segments, the first dealing with 
the accelerator collider programme and the 
second with the detector for the upgraded 
facility.Two separate reports were prepared 
under the chairmanship of Alex Chao of SLAC 
and Michel Davier of Orsay. Former SLAC 
director W K H Panofsky of SLAC summarized: 
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machine will be more competitive 
"After much excellent work leading to 
the feasibility study report, there is no 
basic reason why a luminosity greater 
than 3 x 1 0 3 2 cm" 2 s" 1 or even 1 0 3 3 

could not be reached.The review com
mittee recommended strongly the 
double-ring option." 

The double-ring design requires a 
new storage ring of slightly smaller 
radius to be built adjacent to the exist
ing storage ring. The two halves of the 
new ring and of the old ring will be 
linked at two interaction points to form 
two identical rings, each made up of 
one half of the old ring and one half of 
the new. Each new ring can be filled 
with up to 93 bunches with maximum 
beam current of 1.1 A at a beam 
energy of 1.55 GeV. 

The beams will collide at the south 
interaction point with a horizontal 
crossing angle of 11 mrad.To reduce 
the beam length, superconducting 
micro-beta quadrupoles will be 
installed near the interaction region. 
Superconducting cavities with a 
499.8 MHz radiofrequency system will 
further reduce the bunch length and 
also provide much higher power. Low 
impedance vacuum chambers will be 
used. The upgrade of the linac injector allows 
full-energy injection up to 1.89 GeV and a 
positron injection rate of 50 mA/min.The 
instrumentation and control system will also 
be upgraded.The calculated luminosity at a 
beam energy of 1.55 GeV is 1 0 3 3 c m - 2 s " \ 
which is an improvement of two orders of 
magnitude. 

To retain dedicated synchrotron radiation 
running in the existing outer ring, a bridge will 
connect the two half outer rings at the north 
interaction point. At the collision point of the 
south interaction region, special dipole coils 
will be installed in the superconducting 
quadrupoles to keep the beam in the outer 
ring during dedicated synchrotron radiation 
running.The beam current during dedicated 
synchrotron radiation running could be higher 
than 150 mA at 2.8 GeV. 

Compared with the pretzel design using a 
single ring, the double-ring design is much 

Two rings in Beijing. The proposed layout of the new Beijing 
Electron-Positron Collider. A new ring of circumference 
237 m will be built alongside the existing 240 m 
circumference ring. The new and old rings will be made to 
cross at two points (north and south) to make two identical 
rings - one for electrons, shown in blue, and one for 
positrons, shown in red. To retain dedicated synchrotron 
radiation running in the existing outer ring, a bridge 
(shown in green) will connect the two half outer rings at 
the north interaction point. 

more competitive in performance, has fewer 
technical risks, and costs only about 50% 
more. 

The proposed design of the upgraded 
Beijing Spectrometer (BES III) has also been 
improved significantly to match the high per
formance of the double-ring design. Starting 
from the interaction point, the BES III detector 
consists of a scintillating fibre detector; a 
main drift chamber; time-of-flight counters; a 
barrel electromagnetic calorimeter; an end-
cap electromagnetic calorimeter; a 
superconducting magnet; and a muon detec
tor. The superconducting magnet, providing 
1.2Tesla, has a length of 3.2 m, an inner 
radius of 1.05 m and an outer radius of 
1.45 m. 

The scintillating fibre detector provides 
trigger signals and reduces cosmic-ray 
background. It consists of two superlayers, 
with two layers of scintillating fibres in each, 

that are read out at both ends by 
avalanche photodiodes via clear 
fibres.The position resolution per 
superlayer is expected to be 80 pm 
radially and 1 mm along the beam 
axis. 

The main drift chamber (length 
1906 mm, inner radius 70 mm and 
outer radius 660 mm) consists of 36 
layers with small cells and with alu
minium-filled (1 |jm) wire and 
helium-based gas to reduce multiple 
scattering.The single-wire resolution is 
expected to be better than 130 pm. 
The solid angle coverage for tracks 
going through all layers is 93%.To 
provide space for the superconducting 
micro-beta quadrupoles and to reduce 
the background, the end plates of the 
inner part will be step-shaped.The 
expected energy loss resolution is 
about 7%. 

The time-of-flight counters consist 
of two layers of plastic scintillator with 
72 pieces in azimuth per layer.The 
time resolution should be better than 
65 ps.This will provide good 
kaon/pion differentiation up to 
1.1 GeV.The barrel electromagnetic 
calorimeter is made of crystals with an 

energy resolution better than 2.5% at 1 GeV. 
The endcaps of the electromagnetic calorime
ter are made of lead-scintillating fibres with 
an energy resolution of about 6% at 1 GeV. 

An international workshop on the BES III 
detector on 13-15 October at IHER Beijing, 
will discuss the design and possible collabor
ation. New design ideas are welcome, as are 
international participation and contributions 
to the new detector. 

The feasibility study report on BEPCII has 
been submitted to the Chinese funding 
agency. R&D work of key technologies is in 
progress.The design report should be finished 
by next spring, and construction should begin 
soon afterwards. BEPC will continue to run 
until spring 2005, after which there will be a 
long shutdown (about 9-10 months) for 
installation.The tuning of the new machine 
should start by spring 2006, and physics 
should be running by the end of 2006. 
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Language was 
no barrier at 
Budapest 
conference 

Left: ECFA chairman Lorenzo Foa presenting a draft of an ECFA (European Committee for 
Fuuture Accelerators) report on the future of European accelerator-based particle physics 
at this year's European Physical Society's biennial Europhysics Conference on High-Energy 
Physics at Eotvos University in Budapest. Right: Christine Sutton of Oxford and Erik 
Johansson of Stockholm, who were presented with the European Physical Society's new 
Outreach prize at the conference. The award was for their work in bringing high-energy 
physics to a wider public, and in particular their interactive computer packages for 
educational master classes. 

This year's venue for the European Physical 
Society's biennial Europhysics Conference on 
High-Energy Physics was the new campus of 
Eotvos University in Budapest, Hungary. From 
41 countries, nearly 600 registered partici
pants and more than 100 registered 
"accompanying persons" attended the scien
tific and social events. 

As well as the traditional parallel and 
plenary sessions with all of the physics devel
opments (most of which have already been 
reported in CERN Courier), the meeting 
included several innovations. One was an 
open session of the European Committee of 
Future Accelerators (ECFA) in which ECFA 
chairman Lorenzo Foa presented the draft of 
an ECFA report on the future of European 
accelerator-based particle physics. Another 
innovation came when many outsiders were 
attracted to talks by two leading Hungarian 
high-energy physicists.To avoid language 
difficulties, the talks were presented in paral
lel, one in Hungarian, and the other in English. 

Julius Kuti (UC San Diego and an external 
member of the Hungarian Academy of 
Sciences) spoke on the cosmic significance of 
particle physics andTeraflop computing. Alex 
Szalay (Johns Hopkins and a member of the 
Hungarian Academy of Sciences) gave a talk 
on megamaps of the universe. 

The next conference in the series will be 

held in Aachen, Germany, in 2003. 
The scanned transparencies of all talks at 

the Budapest meeting are accessible on the 
Web at "http://www.hep2001.elte.hu" 
(Transparencies section). 

The proceedings of the Budapest confer
ence will be published exclusively in 
electronic form byJHEP 

U S A 

RHIC collider running at full collision energy 
The 4 km circumference Relativistic Heavy Ion 
Collider (RHIC) at the Brookhaven Laboratory 
is now running at its full design nucléon colli
sion energy of 200 GeV and physics 
expectations are high. 

The machine began running for physics last 
year at a modest energy but soon ramped up 
to a nucléon collision energy of 130 GeV 
{CERN Courier October 2000 p5). 

In addition to running with heavy ions at full 
energy, the latest RHIC run will explore colli
sions of spin-oriented (polarized) protons. 

Earlier this year the first physics results from 
the RHIC 2000 run were announced (CERN 
Courier Me p25).These results showed that 

A display of a nucleus-nucleus collision 
seen by PHENIX, one of the large 
experiments at Brookhaven's Relativistic 
Heavy Ion Collider. 

nucleus-nucleus collisions have attained 
a region where the distributions of the num
bers of produced particles display new 
behaviour. 

The objective is to produce a "Little Bang", 
recreating the quark-gluon plasma - the 
primeval soup that existed from about 1 pm 
after the Big Bang of creation, and then 
survived for about a ten-thousandth of a 
second until quarks had a chance to cool 
down sufficiently to group together and form 
the nuclei that we now know. 

The new RHIC run will also push for high 
luminosity, which is a measure of the nuclear 
collision rate. 
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CERN sells its internal transaction 
management software to UK firm 
CERN has sold its Internal Transaction 
Management system to UK internal 
transaction management concern 
Transacsys for 1 million Swiss francs 
(€660,000).The system, which has 
been cited by software giant Oracle 
as the blueprint for building large-
scale e-business systems, is being 
launched commercially.Transacsys is 
co-operating with Oracle in the mar
keting of the software. 

Internal transactions are the 
actions that people take and the 
processes that they use in the course 
of their job. Internal transactions 
need managing because organi
zations need to know and to control 
how people commit and expend 
corporate resources. 

The CERN software on the one 
hand empowers individuals to trans
act and on the other hand controls 
such transactions in accordance with 
corporate rules. It has been designed to be 
totally flexible so that users themselves can 
create new processes, and implement and 
change them at will, with no programming 
required. 

CERN, with an annual budget of more than 

Most of the team that created CERN's Internal Transaction 
Management system, called Permissioning under a new 
deal with specialist software house Transacsys, but better 
known at CERN as Electronic Document Handling. Left to 
right: Derek Mathieson, Rotislav Titov, Per GunnarJonsson, 
Ivica Dobrovicova and James Purvis. Team member Jurgen 
de Jonghe is not present. 

€ 6 0 0 million and more than 6000 regular 
users working in 500 institutes in 50 different 
countries, can support the software internally 
using just two people. 

Permissioning is the name that Transacsys 
has given to this enterprise-wide process, 

which enables people to have speedy 
authorization to execute tasks and 
organizations to control these 
processes without the need for exten
sive administrative resources. 

In 1990 CERN developed the World 
Wide Web to help to empower its user 
community of more than 6000 physi
cists around the world to share 
information across remote locations. 
Soon after, CERN began to develop 
what became the Permissioning sys
tem, when an advanced informatics 
support project was launched. In this 
project the system, which is known as 
Electronic Document Handling (EDH) 
at CERN, was to provide an electronic 
replacement for a rickety system of 
paper administration forms that had 
accumulated over the years. 
Functionality has been progressively 
extended over more than eight years 
of constant development. 

Transacsys and CERN have formed a long-
term joint steering group to co-operate on 
further development of the system. CERN will, 
of course, continue to use the system and it 
will be free for use by other particle physics 
laboratories associated with CERN. 

B R O O K H A V E N 

Team produces stranger than strange nuclei 
An experiment at Brookhaven's Alternating 
Gradient Synchrotron (AGS) has "mass-pro
duced" doubly strange hypernuclei - exotic 
nuclei in which two neutrons have been 
replaced by A hyperons (each containing 
three quarks - up, down and strange). 

In the AGS experiment by a collaboration of 
physicists from Canada, Germany, Japan, 
Korea, Russia and the US, a beam of negative 
kaons (negative charge, strangeness minus 1) 
produced outgoing positive kaons (positive 
charge, strangeness plus 1). 

In these reactions an incoming negative 

kaon hits a nuclear proton, transforming it into 
a negative S particle (strangeness minus 2 -
consisting of a down quark and two strange 
quarks).This in turn transforms into a pair of 
A particles, each of which can lodge in the 
parent or a nearby nucleus, and sometimes 
even in the same nucleus, identified as 
hydrogen-4AA, containing a proton, a 
neutron, and two As.The doubly strange 
hypernucleus thus resembles a deuteron onto 
which two As have been grafted.The nuclear 
states are identified via their weak (beta) 
decay patterns into pions, each pion being 

associated with a unit of strangeness change. 
Such doubly strange hypernuclei have been 

reported before singly, but never in such quan
tities. Their production opens the door to the 
study of other such nuclei and of the mutual 
interaction of A particles.The substitution of a 
lambda for a neutron upsets the usual nuclear 
shell assignations due to the Pauli Exclusion 
Principle, so that the strange particles can 
penetrate to the nuclear core. 

The simplest hypernuclei, containing a 
single strange particle, have been known and 
studied for almost half a century. 
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Allentown, PA 18103 
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Visit our website @ 
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C E R N 

Asia programme offers 
postgraduate grants 
Within the framework of the CERN-Asia 
Fellows and Associates programme, CERN 
offers three grants every year to young east, 
south-east and south Asia* postgraduates 
under the age of 33, enabling them to partici
pate in its scientific programme in the areas 
of experimental and theoretical physics and 
accelerator technologies. The appointment is 
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 29 January 2002. An application 
must consist of a completed application form, 
on which should be written "CERN-Asia 
Programme"; three separate reference letters; 
and a curriculum vitae including a list of 
scientific publications and any other 
information regarding the quality of the 
candidate. Applications, references and 
any other information must be provided in 
English only. 

Applications should reach the Recruitment 
Office at CERN before 5 November 2001 . 

Application forms can be obtained from the 
Recruitment Service, CERN, Human 
Resources Division, 1211 Geneva 23, 
Switzerland; e-mail "Recruitment.Service 
@cern.ch"; fax +41 22 767 2750. 

The CERN-Asia Fellows and Associates 
programme also offers a few short-term 
associateship positions to scientists aged 
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* countries and from 
CERN researchers who are nationals of a 
CERN member state. 
Candidates are accepted from the east, 
south-east and south Asian countries of 
Afghanistan, Bangladesh, Bhutan, Brunei, 
Cambodia, China, India, Indonesia, Japan, 
Korea, the Laos Republic, Malaysia, the 
Maldives, Mongolia, Myanmar, Nepal, 
Pakistan, the Philippines, Singapore, Sri 
Lanka,Taiwan,Thailand and Vietnam. 

Accelerator prizes 
US Particle Accelerator School prizes for 
Achievement in Accelerator Physics and 
Technology for this year went to Tor 
Raubenheimerof SLAC, Stanford and Dieter 
Moehl of CERN. 

Raubenheimer received the award for the 
development of emittance control techniques 
for high-performance electron-positron linear 
collider and storage rings, and for his 
leadership role in the development of a 
second-generation linear collider. 

Moehl was honoured for his outstanding 
contributions to beam cooling and to 
counteracting intensity limitations, and for his 
impact on the conception, design and 
operation of low-energy storage rings for ions 
and antiprotons. 

The prizes were awarded at the 2001 
Particle Accelerator Conference in Chicago. 

Going 
to work 
at CERN? 
For information, contact 

Users.Office@cern.ch 
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PHYSICSWATCH 
Edited byArchana Sharma 

Except where otherwise stated, these news items are taken from the Institute of Physics Publishing's news service, which is available at "ht tp: / /physicsweb.org". 

Antimatter microscopes detect small defects 
Mixing matter with antimatter may enable 
materials to be examined in unprecedented 
detail. Physicists at the Military University, 
Munich, have developed an antimatter micro
scope, a scanning positron microscope 
(SPM), which is a very specialized instrument 
with a very useful application - detecting 
defects in semiconductors. It can spot a 
single defect site in a million silicon atoms, a 
sensitivity that no other method can match. 

The electrical conductivity of semiconduc
tors depends on defects, so information like 
this could be invaluable to the microelectron
ics industry. Chip manufacturers currently 
dedicate considerable resources to adding, 
removing and monitoring defects in their 
materials. 

The SPM uses positrons - the antiparticle 
partners of electrons - which are positively 
charged and so attracted to regions of nega
tive charge. A semiconductor such as silicon 
can be considered as a lattice of positively 
charged silicon ions embedded in a thin soup 
of mobile electrons. A site where the crystal 
lattice lacks one or more atoms is a "vacancy" 
- one of the most common types of defect. 
Lacking a positive nucleus to repel a positron, 
a vacancy can trap the antimatter particle 
temporarily. Sooner or later a positron meets 
an electron, and the two annihilate one 
another, releasing their energy as gamma-ray 

The scanning positron microscope in action. 
The device provides more information on a 
test pattern of surface defects (seen at the 
bottom of the picture) than a conventional 
electron microscope image (top). 

photons. Detecting this radiation reveals 
where in the sample the positron met its fate. 

The positrons, which came from a radio
active sodium source, passed through a series 
of electric fields that homogenized their ener
gies and bunched them into short pulses. 
They then passed through another series of 
fields that accelerated the pulse to a speci
fied energy before focusing it into a 2 pm dot 
on the silicon surface. By measuring the time 
between the pulse and the photon flash of 
electron-positron annihilation, the team was 
able to map the defect regions. 

The team found that the positrons that 
lodged inside defects avoided annihilation for 
twice as long as those positrons in other 
regions. By scanning the beam across the 
surface, it created an image of the defect 
pattern in the wafer. 

The researchers tested their device on a 
cross-shaped pattern about 120 pm across, 
which was deposited in platinum on the 
surface of an oxidized silicon wafer.The posi
trons survived for almost twice as long in the 
silicon dioxide as in the platinum, enabling 
the researchers to reconstruct the cross. 

They also imaged a scratch just 5 pm wide 
in the surface of a gallium arsenide 
semiconductor.The scratch contained 
vacancy clusters that increased positron 
lifetime. 

The SPM can also give information on the 
type of defect - information that no other 
technique can provide. A positron survives for 
different lengths of time inside different kinds 
of defect, so the spectrum of positron life
times can reveal the types of defect present in 
a material.The lifetime measurement also 
gives unprecedented sensitivity. 

The method locates defects of the order of 
0.1 nm, while electrons are sensitive to only 
about 1 [jm.This has important implications 
for the semiconductors' industrial production 
and yields. 2001 Phys. Rev. Lett. 8 7 

Taiwanese porous silica successfully blocks leaky circuits 
v . 

A new, highly insulating honeycomb made by 
Taiwanese researchers may allow micro
electronic integrated circuits to be made even 
smaller, increasing the power of microchip 
and computer technology. Most commonly 
used in integrated circuits is the complemen
tary metal oxide semiconductor (CMOS) 
transistor, in which a layer of silicon dioxide 
serves as an electrical insulator, or dielectric, 
preventing unwanted vertical current flow 
between the control electrode, known as the 
gate, and the underlying silicon. 

Conducting elements of semiconducting 
silicon are made by exposing them to oxygen, 
which oxidizes the surface layer to silica. Silica 
has a low dielectric constant. 

When electronic devices are very small, 
insulating silica films must be shrunk to the 
same proportions. If they are too thin, they 
become leaky and electric currents seep out, 
creating problems such as crosstalk between 
different parts of the circuit. Hence the 
continual quest for a cheap alternative that 
is also strong, heat-resistant, easy to 
make into thin films and compatible with 
silicon wafers. 

The Taiwanese team combined the air's low 
dielectric constant with silica's strength in a 
porous form of silica that consists of up to 
72% of empty space. 

The team's thin films of this "mesoporous 
silica" are honeycombs with channels meas

uring 4-8 nm across. A technique called spin-
coating was used to spread the silicon-rich 
solution over a surface by rapidly spinning the 
sample.This method is easier to combine 
with standard IC fabrication than previous 
dipping methods for making thin mesoporous 
silica films. 

Further, by covering the pore surfaces with 
hydrocarbons, the researchers made them 
water-repellent. This keeps the dielectric con
stant of the films low - water absorbed from 
moist air makes for poorer insulators. AlP 

Further reading: 
C M Yang et al. 2001 Advanced Materials 
131099-1102. 
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Next-generation lithography is set to extend 
current pace of semiconductor innovation 
In what is being hailed as the next 
major advance in the evolution of 
integrated circuits, a consortium of 
US industry and government 
laboratories has announced 
completion of the first full-scale 
prototype machine, which 
demonstrates all critical 
capabilities for making computer 
chips using extreme ultraviolet 
(EUV) light. 

This breakthrough will lead to 
microprocessors that are 10 times 
as fast as today's most powerful 
chips and will create memory 
chips with similar increases in 
storage capacity. 

Akin to photography, lithography 
print circuits onto microchips. EUV 

The surface of a multilayered molybdenum-silicon reflective 
coating, the enabling optical technology for extreme ultraviolet 
lithography. Each layer is around 6-7 nm - half a wavelength. 

is being developed because the current chip-
is used to printing technology is expected to reach its 
lithography physical limits in the next few years. 

Current lithography technology is 
expected to allow manufacturers to 
print circuits as small as 0.1 pm 
across - about a thousandth of the 
width of a human hair. 

EUV lithography technology is 
being developed to allow 
semiconductor manufacturers to 
print circuit lines thinner than 
0.1 |jm and down to at least 
0.03 |jm (30 nm), extending the 
current pace of semiconductor 
innovation at least to the end of 
this decade. 

Processors built using EUV tech
nology should reach speeds of up 

to 10 GHz in 2007. By comparison, the fastest 
Pentium 4 processor attains a speed of 
1.5 GHz. Electronics Times 

Serving the needs of 
Science and Industry 
Worldwide 

Goodfellow supplies 
metals and materials in 
small quantities for 
Research, Industry and 
Prototype Development 
with a range second to 
none. 
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GERMANY AT CERN 
In an official presentation 30 German companies will be H m pi r ip 
demonstrating at CERN from November 13 to 16 f 2001 ~ J 1 , A U C 

their supply and service offers for the construction of the I 111 
LARGE HADRON COLLIDER (LHC) and other key CERN 
programmes. GermaiW 
We look forward to meeting you * 
on the German presentation "GERMANY AT CERN" 

The official German presentation is sponsored by the 

Federal Ministry 
of Education 
and Research 

in cooperation with the 

Federal Ministry 
of Economics 
and Technology 

and the 

PÀUMA AU MA 
Association of the German Trade Fair industry (AUMA), Berlin 

EXHIBITORS: 

ACCEL Instruments GmbH 
Friedrich-Ebert-Str. 1 • D-51429 Bergisch Gladbach 
Tel.: +49-22 04 / 84-25 00 • Fax: +49-22 04 / 84-25 01 
accel@accel.de • www.accel.de 
SC Accelerator Magnets. Custom Designed Magnet Systems. NC 
& SC RF Accelerating Cavities/Modules. Turn Key NC & SC Linacs. 
Synchrotrons. SC Cyclotrons. Proton/Ion Therapy Systems. 
Cryogenic Systems. Synchrotron Radiation Beamlines & 
Instrumentation. Insertion Devices (Undulators, Wigglers). 
Current Leads. 
Representative: 
ACCEL Instruments GmbH 
Molliserstr. 41 • CH-8754 Netstal 

apra -norm Elektromechanik GmbH 
Holunderweg 5 • D-54550 Daun-Boverath 
Tel.: +49-65 92 / 204-0 • Fax: +49-65 92 / 204-158 
vertrieb@apranorm.apra.de • www.apra.de 
The apra group offers the complete range of 19" and networking 
enclosure and cabinet systems as well as bench and panel instru
ment cases to protect any kind of valuable electronics. 
Representative: 
apra-norm s.n.c. 
84, route de Strasbourg • F-67500 Haguenau 
Tel.: +33-3 88 93 96 96 • Fax: +33-3 88 93 96 92 
commercial@snc.apra.de 

mailto:accel@accel.de
http://www.accel.de
mailto:vertrieb@apranorm.apra.de
http://www.apra.de
mailto:commercial@snc.apra.de


Babcock Noel l Nuclear GmbH 
Werner-von-Siemens-Str. 5 • D-97076 Wurzburg 
Tel.: +49-931 / 903-60 02 • Fax: +49-931 / 903-60 10 
robin_moresi@bb-power.de • www.babcockborsigpower.de 
Magnet Technology: Superconducting magnets for high-energy 
physics and fusion. Decommissiong and waste management: 
Remote handling systems. Service: Cryo-technical equipment. 

Balcke-Durr Energietechnik GmbH 
Hans-Joachim-Balcke-Str. • D-46049 Oberhausen 
Tel.: +49-208 / 83 37-0 • Fax: +49-208 / 83 37-6 17 
info@balcke-duerr.de • www.balcke-duerr.com 
Cooling towers. Steam condensers. Heat exchangers. 
Systems: De-aerators; low dust DeNOx plants; evaporators, 
air fin coolers; cold end equipment. 

CEROBEAR GmbH 
Kaiserstr. 100 • D-52134 Herzogenrath 
Tel.: +49-24 07 / 95 56-0 • Fax: +49-24 07 / 9 62 24 
info@cerobear.de • www.cerobear.de 
Si3N4 or Zr02 Ceramic Bearings 
Hybrid Bearings, Customized Bearings 
Ceramic Rollers made ofSi3N4 

CiS Inst i tut fur Mikrosensorik gGmbH 
In den Weiden 7 • D-99099 Erfurt 
Tel.: +49-361/ 42 05 1-72 • Fax: +49-361 / 42 05 1-76 
info@cismst.de • www.cismst.de 
- radiation detectors for nuclear physics 
- optical encoder components 
- sensors for dew point, condensation and pressure 

Deggendor fe r W e r f t und Eisenbau GmbH 
Werftstr. 17 • D-94469 Deggendorf 
Tel.: +49-991 / 381-0 • Fax: +49-991 / 381-156 
info@dwe.de • www.dwe.de 
FCC plants. FCC turnaround engineering. 
Physical process systems. Pressure treatment plants. 
Special plants. Power generation components. 
Erection jobs. 

e l therm E lek t rowarmetechn ik GmbH 
Ernst-Heinkel-Str. 8-10 • D-57299 Burbach 
Tel.: +49-27 36 / 44 13-0 • Fax: +49-27 36 / 44 13-50 
info@eltherm.de • www.eltherm.de 
Engineering and production of electrical heating systems, 
also for hazardous (Ex) areas. 

ESM Eberline Instruments GmbH 
Frauenauracher Str. 96 • D-91056 Erlangen 
Tel.: +49-91 31 / 90 90 • Fax: +49-91 31 / 90 94 75 
esm@esm-online.de • www.esm-online.de 
ESM provides the full range of radiation measuring instruments 
and systems: Portable Dose Meters and Contamination Monitors. 
Neutron and Gamma Area Monitoring Systems and Detection 
Systems for Hidden Radiation in Vehicles. 

F.u.G. Elektronik GmbH 
Florianstr. 2 • D-83024 Rosenheim 
Tel.: +49-80 31 / 28 51-0 • Fax: +49-80 31 / 8 10 99 
info@fug-elektronik.de • www.fug-elektronik.de 
DC Power Supplies for Research. Development and Industry. 
Power up to > 250kW, Voltage up to > 200kV, 
Current up to > 5000A. 

Gerland Mikroe lek t ron ik GmbH 
Rudolf-Diesel-Weg 5 • D-23879 Môlln 
Tel.: +49-45 42 / 80 05-0 • Fax: +49-45 42 / 8 60 12 
info@gerland.com • www.gerland.com 
Hard- and Software Development. Electronic Manufacturing. 
Mechanical Manufacturing. SMD Manufacturing. Testing. 
CAD-Layout. Laserplot-Service. PCB Manufacturing 
from single-sided up to 16 layer multilayers. 
Certifications: DIN EN ISO9001,9002,46001, UL. 

IPSEN INTERNATIONAL 
Flutstr. 78 • D-47533 Kleve 
Tel.: +49-28 21 / 804-0 • Fax: +49-28 21 / 804-324 
ipsen@ipsen.de • www.ipsen-international.com 
Industrial furnaces and installations for atmosphere, vacuum, 
sintering, plasma and brazing processes; conveying and handling 
installations, storage systems; measuring, control, regulation and 
supervisory systems. 
Representative: 
Nabertherm Schweiz AG 
Batterieweg 6 • CH-4614 Hàgendorf 
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iseg Spezia le lektronik GmbH 
Bautzner Landstr. 23 • D-01454 Radeberg / Rossendorf 
Tel.: +49-351 / 26 996-0 • Fax: +49-351 / 26 996-21 
sales@iseg-hv.de • www.iseg-hv.com  
The iseg Spezialelektronik GmbH company is specialised in the 
development and production of High Voltage Power Supplies for 
Industry and Research. 

Kerpenwerk GmbH & Co. 
Zweifaller Str. 275-287 • D-52224 Stolberg 
Tel.: +49-24 02 / 17-232 • Fax: +49-24 02 / 7 51 54 
k.krugmann@kerpen.com • www.kerpen.com 
Power, Data and Communication Cables 
Cables and Cords for Process Control 
Special Cables 

KNF Neuberger GmbH 
Alter Weg 3 • D-79112 Freiburg 
Tel.: +49-76 64 / 59 09-0 • Fax: +49-76 64 / 59 09-
info@kuf.de • www.kuf.de 
Diaphragm Pumps + Systems. 
Vacuum systems. Swing Piston Compressors. 

LEONI Kabel GmbH & Co. KG 
Stieberstr. 5 • D-91154 Roth 
Tel.:+49-91 71 / 804-1 15 • Fax: +49-91 71 / 804-199 
Claudia.Kueffel@leoni.com • www.leoni.com 
Customized special cables 

Kraf tan lagen Nuklear technik GmbH 
Im Breitspiel 7 • D-69126 Heidelberg 
Tel.: +49-62 21 / 94 21 88 • Fax: +49-62 21 / 94 29 99 
sheikh@nukleartechnik.de • www.nukleartechnik.de 
Kraftanlagen Nukleartechnik GmbH constitutes the nuclear 
engineering division of the Energy Sector of the G AH Group, 
meeting the stringent safety and quality standards required by 
nuclear power plants, nuclear research facilities and nuclear 
waste disposal plants. 
Representative: 
Kraftanlagen Nukleartechnik GmbH 
34, rue de l'Athénée • CH-1206 Geneve 
Tel.: +41-22 / 704-1470 • Fax: +41-22 / 704-1471 

Logotron AG 
Leutschenstr. 1 • CH-8807 Freienbach 
Tel.: +41-554 10 83 21 • Fax: +41-554 10 12 75 
roth@logotron.ch 
Representative of: 
HAMEG GmbH, D-60528 Frankfurt 
oscilloscopes, spectrum-analysers, RCL-Meters, multimeters, 
function generators 
Toellner GmbH, D-58305 Herdecke 
power supplies, four-quadrant amplifiers, function generators 
Fluke GmbH, D-34081 Kassel 
multimeters, scopemeters 
Elabo GmbH, D-74564 Crailsheim 
furniture manufacture, work place systems, 
measuring and test equipment 
Muller & Weigert GmbH, D-90408 Nurnberg 
analog-Zdigital panel meters, contact instruments, transducers 
Dewetron GmbH, D-73249 Wernau 
power quality measurement, pc measurement systems 
LEM Instruments GmbH, D-90411 Nurnberg 
wide band power analyser 
Chauvin Arnoux GmbH, D-77694 Kehl 
test and measurement instruments, power clamps, energy meters 

Linde AG 
Process Engineering and Contracting Division 
Dr.-Carl-von-Linde-Str. 6-14 • D-82049 Hollriegelskreuth 
Tel.: +49-89 / 74 45-0 • Fax: +49-89 / 74 45-49 08 
info@Linde-VA.de • www.Linde.com 
Cryogenic plants. Cryogenic components. Air separation plants. 
Plate fin heat exchangers. Spiral wound heat exchangers. Gas 
purification plants and Cryogenic storage tanks 
for others please refer to www.linde.com 
Representative: 
Linde Kryotechnik AG 
Daettlikonerstr. 5 • CH-8422 Pfungen 
Tel.: +41-52 304 05 55 • Fax: +41-52 304 05 50 
Mobil: +41-76 444 00 04 • hans.lesser@linde-kryotechnik.ch 

Nexans Deutschland Industries AG & Co. KG 
Kabelkamp 20 • D-30179 Hannover 
Tel.: +49-511 / 676-32 50 • Fax: +49-511 / 676-37 77 
Klaus.Schippl@nexans.com • www.nexans.com 
We produce flexible, vacuum insulated transfer lines for liquid 
gases. Accessories. 
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OFRA Generalbau GmbH & Co. 
Industriestr. • D-37688 Beverungen 
Tel.: +49-52 73 / 909-0 • Fax: +49-52 73 / 909-90 
ofra@ofra.de • www.ofra.de 
System-construction-method based on the pre-fabrication of steel 
elements with insulated planking and ready-integrated ceilings, 
floors, doors and windows was invented by OFRA. 
OFRA system can be used for almost any kind of building from 
high-rise blocks (up to 7 floors) to office buildings, hotels, hospi
tals, laboratories to schools and shopping centers. 

Siemens Suisse SA 
Av. des Baumettes 5 • CH-10 Renens 
Tel.: +41-21 / 63 18 152 • Fax: +41-21 / 63 18 329 
Lajos.Bornemisza@siemens.ch 
Mobility & service, for critical computing 

PFEIFFER VACUUM GmbH 
Berliner Str.43 • D-35614 Asslar 
Tel.: +49-64 41 / 802-0 • Fax: +49-64 41 / 802-202 
info@pfeiffer-vacuum.de • www.pfeiffer-vacuum.de 
Pumps. Components. Vacuum measuring and control devices. 
Analysis as well as biological, gene and environmental techno
logies. Chemical and pharmaceutical technologies. 
Representative: 
Pfeiffer Vacuum 
Route de la Rippe • CH-1263 Crassier 
Tel.: +41 22 367 11 44 • Fax: +41 22 367 11 80 

Hans Skodock GmbH 
Heinrich-Nordhoff-Ring 2 • D-30826 Garbsen 
Tel.: +49-51 31 / 445-0 • Fax: +49-51 31 / 445-502 
info@skodock.de • www.skodock.de 
Metal bellows, metal hoses, expansion joints, thin wall tubes from 
stainless steel, membran bellows, rubber hoses, rubber expansion 
joints. 

Spinner GmbH, Elektrotechnische Fabrik 
ErzgieBereistr. 33 • D-80335 Munchen 
Tel.: +49-89 / 126 01-0 • Fax: +49-89 / 126 01-250 
sales@spinner.de • www.spinner.de 
Coaxial Connectors. Cable Assemblies. 
Waveguide Components. 
Fibre Optic Components and Transmission Systems. 
High Power Components for Nuclear Fusion Research. 

Struck Innovat ive Système GmbH 
Harksheider Str. 102A • D-22399 Hamburg 
Tel.: +49-40 / 60 87 305-0 • Fax: +49-40 / 60 87 305-20 
info@struck.de • www.struck.de 
Struck Innovative Système GmbH manufactures board level elec
tronics and DAQ systems. We will present our novel Gigabit link 
based SIS1 WO/3100 PCI to VME interface, our recent SIS3300 
8 channel 100 MHz 12-bit VME digitizer and modules of our well 
established SIS380x VME scaler/counter/multiscaler family. 

VACOM Vakuum-Komponenten 
und -Messtechnik Handelsgesellschaft mbH 
Bràndstrômstr. 14 • D-07749 Jena 
Tel.: +49-36 41 / 4275-0 • Fax: +49-36 41 / 4275-24 
info@vacom.de • www.vacom.de 
VACOM is a manufacturer and sales company for vacuum 
components, measurement equipment and ion pumps. 
Representative: 
BaruvacAG Druckluft- und Vakuumtechnik 
VogelsangstraBe 11 • CH-8307 Effretikon 

Vision Electric GmbH 
Schlossstr. 25 • D-67714 Waldfischbach-Burgalben 
Tel.: +49-63 33 / 27 570 • Fax: +49-63 33 / 27 57 27 
info@vision-electric.de • www.vision-electric.de 
VISION ELECTRIC designs and manufactures standard busbar 
systems and project specific designed high current busbars. 
EMS supplies: laminated shunts, round and flat braided shunts, 
special high current connections for transformers, generators, 
switchgears, electrolysis plants etc. 

Witzenmann GmbH 
Ôstliche-Karl-Friedrich-Str. 134 • D-75175 Pforzheim 
Tel.: +49-72 31 / 581-0 • Fax: +49-72 31 / 581-820 
wi@witzenmann.com • www.witzenmann.com 
Metal hoses. Expansion joints. 
Metal bellows. Pipe supports. 
Representative: 
Flexitech Faber + Co. 
Wendelinsgasse 11 • CH-4125 Riehen 

W-le-Ne-R, Plein & Baus GmbH 
Muellersbaum 20 • D-51399 Burscheid 
Tel.: +49-21 74 / 678-0 • Fax: +49-21 74 / 678-55 
info@wiener-d.com • www.wiener-d.com 
- VME, NIM, CAMAC -Crates, etc. 
- VME-Crates acc. to new Cern-spec. 
- Low Voltage Floating Power Supply 
Representative: 
ELC0TR0N S.A. 
5, route du Reposoir • CH-1260 Nyon 
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ASTROWATCH 
Edited by Emma Sanders 

Observations link gamma-ray 
bursts to black hole formation 
Over recent years, astronomers have detected 
numerous short, intense bursts of gamma rays 
coming from all over the sky. Fora brief instant, 
these flashes of radiation are more energetic 
than anything else in the universe. However, 
their origin remains a mystery. New obser
vations of these gamma-ray bursts (GRBs) and 
their X-ray afterglow support the theory of 
electromagnetic black hole formation. 

As a giant star collapses into a black hole, 
an extremely strong electromagnetic field can 
form.This energy could accumulate matter 
and antimatter, which generate an enormous 
pulse of energy, expanding with ultrarelativis-
tic velocities.This produces the observed 
burst of gamma rays when the expanding 
fireball ceases to be opaque. 

Using the 6R0/BATSE gamma-ray observa-

Picture of the month 

tory archive, the Chandra X-ray observatory, 
the Beppo-Sax satellite and the Rossi-XTE 
satellite, a team of Italian and French 
researchers compared detailed observations 
of GRB 991216 with the predictions made by 
their model.They say that the timing and 
intensity of the burst as well as the extended 
X-ray afterglow can be explained. 

The model also explains the association of 
some GRBs with supernovae explosions, say 
the researchers. The impact of the expanding 
fireball on a nearby star could, under certain 
conditions, induce a supernova explosion in 
that star. Other GRB theories include the 
hypernova model (CERN Courier June p l l ) . 
Reference 
2001 Astrophysical Journal Letters 5 5 5 
L107-120. 

NASA MAPs 
the microwave 
background 
NASA launched its Microwave Anisotropy 
Probe (MAP) this summer.The experiment will 
measure the cosmic microwave background 
to one part in a million, with a sensitivity that 
is greater than 20 |JK. 

MAP will be the first spacecraft to follow an 
L2 orbit - the second Lagrange point - about 
the Earth and Moon, which is an exceptionally 
stable environment. It will take about 18 
months to build up a full sky picture and carry 
out the analysis, so make a note in your diary 
for March 2003. 
• For more on the microwave background and 
observations of fluctuations in it, see CERN 
Courier July/ August p l 5 . 

This star-forming region, called the 30 Doradus nebula, contains a cluster of massive stars in its core. The ultraviolet radiation and high
speed material released from the core trigger the collapse of surrounding gas and dust clouds, forming incubators for nascent stars. The 
nebula is in the Large Magellanic Cloud and was imaged using the Hubble Space Telescope. (NASA/ESA.) 
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MEDICAL APPLICATIONS 

Take a deep breath 
of nuclear spin 

A technique based on using spin-oriented nuclei of helium-3, which has been developed 
for nuclear physics experiments, also has impressive capabilities for lung imaging. 

Fig. 1: physics from polarized helium-3. The electric form factor of the neutron, G E N , as a function of the scattering vector, Q2. 
Results obtained in spin-dependent quasi-elastic scattering of electrons on the bound neutrons of helium-3 and deuterium. 
Inset: resulting intrinsic charge distribution of the neutron (Fourier transform) from a two-parameter fit to the data. 

Lungs are full of gas, which is normally invisible, making lung venti
lation examinations difficult.While X-ray and other techniques can 
reveal anatomical anomalies, it is difficult to follow directly the 
actual functioning of the lung. 

Some 30 years ago, in the so-called "golden age" of optical pump
ing, physicists at Mainz University started to develop techniques for 
polarizing nuclear spins for nuclear physics studies and experiments 
at CERN's Isotope Separator Online (ISOLDE). These experiments 
revealed interesting insights into the behaviour of exotic isotopes. 

For helium-3, optical pumping has shown its potential for mag
netic resonance tomography when powerful lasers in the near-
infrared region were available to produce large quantit ies of 
high-grade, spin-polarized gas. 

Inhaled helium-3 can be visualized on a magnetic resonance 

tomogram that gives unprecedentedly detailed images of a 
breathing lung. 

The team that developed the technique has been awarded several 
prestigious prizes, including the Kôrber prize for European science 
and a nomination for the German president's "Future" prize. 

Helium-3: a fascinating tool 
Although the helium-3 isotope is extremely rare in nature, it has 
become more widely available via the beta-decay of synthetic tri
t ium. Since the early 1970s, helium-3 in its superfluid state has 
become a fascinating laboratory tool for the study of quantum 
mechanical phenomena that turned out to be an ideal testing 
ground for fundamental concepts of modern theoretical physics. 

In nuclear physics, experiments involving the neutron's spin are 
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MEDICAL APPLICATIONS 

Fig. 2: helium-3 magnetic resonance imaging in medicine showing 
(left) the lungs of a non-smoker, and (right), the dark, unventilated 
patches in the lungs of a smoker. 

hampered by the fact that a tar
get of free, polarized neutrons is 
not available. 

However, hel ium-3 is a good 
approximation for a target of 
polarized neutrons, because its 
nuclear spin of 1/2 is due to its 
unpaired neutron (the two pro
tons have opposing spins). 

To force hel ium-3 nuclear 
spins to align in one direction, 
the gas is exposed to a reso
nant, circularly polarized laser 

beam directed along the axis of an external magnetic f ield. By 
means of the absorption and spontaneous emission of fluorescent 
light, the spin of the light quanta can be transferred to the atomic 
electrons that in turn transmit their spin direction to the nucleus via 
magnetic coupling. Repeated absorption and emission accumulate 
the nuclei in a specific spin state. The Mainz laser pumping 
techniques were developed in collaboration with the specialist team 
of Michèle Leduc at the Ecole Normale Supérieure in Paris. 

Scattering a polarized, high-energy electron beam by the neutron 
in polarized hel ium-3 allows the contr ibution due to the 
electromagnetic interaction of the probe with the internal charge 
distribution of the neutron - the effect of interested - to be sepa
rated off and even enhanced. First precise values can now provide a 
test for different theoretical approaches to this fundamental prop
erty (figure 1). 

Lung tomography 
In 1994 Will Happer's group at Princeton, in col laborat ion with 
magnetic resonance imaging special ists from Duke University, 
Durham, North Carolina, demonstrated in a seminal paper how 
highly polarized xenon gas could be used to examine the lungs of a 
guinea pig. 

On learning of th is, Mainz physicists W Heil and E W Otten, 
together with their colleague M Thelen from the department of radi
ology, saw the potential usefulness of their well established 
hel ium-3 physics-laboratory techniques for human lung imaging, 
and they soon carried out very satisfactory trials, beginning in 1995. 

Optical pumping of metastable helium-3 atoms, the method they 
use, can supply relatively large amounts of gas with relatively high 
polarization - up to 50%. These magnetic signals are a thousand 
t imes as large as those normally encountered in magnetic reso
nance imaging. Under these condit ions, lung imaging becomes 
straightforward. Patients simply inhale a whiff of gas and the whole 
procedure is carried out at room temperature (figure 2 ) . 

One obstacle, however, was the storage and transport of the care
fully prepared polarized gas, which has to be taken from the labora
tory to the clinics. Collisions with the walls of a normal container 
would quickly destroy the spin orientation.This is overcome by stor
ing polarized gas in glass vessels, the inner surfaces of which are 
coated with a few monolayers of caesium. In this way, the polarized 
gas can be stored at pressures of up to 10 bar and kept ready for 
use for more than 100 h. 

Rather than just giving a sin
gle lung image while the 
patients hold their breath, 
hel ium-3 imaging can provide 
ultrafast sequences with a t ime 
resolution bf less than a tenth of 
a second - a "movie" of lung 
ventilation during the breathing 
cycle. 

There is another advantage: 
hel ium-3 in contact with para
magnetic oxygen soon loses its 
polarization. The rate of depo

larization is related to the oxygen partial pressure in regions of inter
est of the lung and, moreover, enables the oxygen uptake in the 
blood to be measured. For the first t ime, normal lung functioning 
can be quanti f ied, and disorders in respiratory distribution can be 
recognized before any signs or symptoms have become manifest. 

The technique is still undergoing trials at Mainz University Hospital 
and selected European clinics, but helium-3 tomography appears to 
have a bright future for visualizing and assessing pulmonary 
venti lat ion. Only a few accessory tools are needed to perform 
hel ium-3 imaging with standard magnetic resonance imaging 
equipment, so the technique could become widely available within 
a relatively short t ime. • 
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IMAGING 

At the front line of med
ical research, molecular 
and cellular biologists 
engineer new molecular 
probes, including genes 
and proteins. Having pro
duced them, the next 
task is to investigate what 
happens when they are 
inserted into living tissue. 

In biology-speak, the 
researchers want to know 
how and where the new 
genes "express" them
selves. In pharmaceutical 
research, the effects of 
potential new drugs have 
to be established as 
quickly and as cost-
effectively as possible. 

In the past, results have 
been established in vitro 
either by sacrificing the 
animal and analysing samples, or by taking biopsies. Until recently 
there has been no easy way of studying the effects of genetic manip
ulation or drug administration in living animals and in real t ime. 

Now researchers have found how imaging techniques used in 
medical diagnosis can be adapted for genetic or drug research, pro
viding an immediate picture of how the modified tissue behaves 
while it is still alive - in vivo and in situ. The techniques being used 
are magnetic resonance imaging (MRI), and positron emission 
tomography (PET). 

Creating new images 
In 1952 the Nobel Prize for Physics was awarded to Felix Bloch, who 
in 1954 became CERN's first director-general, and Edward Purcell 
for their discovery of nuclear magnetic resonance (NMR). In this 
technique, nuclei gripped by a strong magnetic field are exposed to 
microwave radiation. 

NMR was used initially with uniform magnetic fields to study mol

ecular structure. More 
than 25 years later, 
researchers began to 
realize how the use of 
non-uniform magnetic 
fields could produce 
posit ion-dependent sig
nals, from which a com
puter could reconstruct a 
three-dimensional struc
tural image.The time res
olution of MRI was soon 
improved, so that, for 
example, heart function 
could be monitored. 

The other technique, 
PET, works by administer
ing harmless but selec
tive radioisotopes that 
emit positrons - the 
antiparticles of normal 
atomic electrons. These 
isotopes are taken up by 

molecules involved in the metabolic functions of cells or organs and 
they work their way into the part of the organism being studied (such 
as the brain). Eventually the emitted positrons annihilate with 
atomic electrons, each annihilation producing a characteristic back-
to-back pair of 511 keV photons (gamma rays). 

Monitoring the distribution of these gammas reveals the detailed 
structure of where the isotope becomes localized. For instance, 
cancer cells are known to have a more rapid metabolism than 
normal cells, consuming more energy in the form of glucose. After 
injection, a fluorine-18 positron emitter in the form of fluorodes-
oxyglucose molecules (FDG) is taken up by cancer cells and 
accurately reveals primary cancers and metastasic activity. PET also 
provides a "moving image" of the metabolic function of the tissue or 
organ. This is particularly useful for genetic and drug research, 
showing how the organism is being affected as well as where. 

Since its inception, PET technology has continually benefited from 
new developments in radiation detection, first using sodium iodide 

Lead tungstate crystals for the CMS experiment at CERN's LHC. The decision 
to go for lead tungstate was the result of research and development work by 
the Crystal Clear collaboration at CERN. The crystals detect the tiny 
scintillations produced by electromagnetic interactions. 
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Biology research 
becomes crystal clear 

A new range of PET instrumentation, based on research and development experience from 
high-energy physics experiments, aims to provide biology researchers with powerful tools 

to monitor the effects of gene therapy and to screen and test the effects of new drugs. 



IMAGING 

crystals, then benefit ing from the improved per
formance from bismuth germanate (BGO) and, 
more recently, exploiting superior materials such 
as lutetium orthosilicate or aluminate, which are 
faster and more effective than BGO. 

Monitoring gamma rays is a vital task in any 
major physics detector, particularly for the com
ponent studying the absorpt ion of energy via 
electromagnetic processes - the electro
magnetic calorimeter. In this module of the 
detector, tiny scinti l lations of light produced by 
electromagnetic interactions are col lected, 
ampli f ied if necessary and analysed. 

As part of the preparat ions for the experi
mental programme for CERN's Large Hadron 
Collider (LHC), the Crystal Clear research and 
development collaboration was established in 
1990 by Paul Lecoq from CERN to look into the 
development of new scinti l lat ing materials. 

After input from different disciplines (crystallography and sol id-
state physics, as well as particle physics), early accomplishments 
led to the decision by the collaboration for the CMS experiment at 
the LHC to use lead tungstate (PbW0 4 ) for its electromagnetic 
calorimeter. The production of the 8 0 0 0 0 crystals for CMS is the 
subject of a major international collaboration (CERN Courier May 
1999 p6) . 

In parallel, the collaboration, now led by StefaanTavernierfrom the 
Vrije University in Brussels, established the use of cerium fluoride 
(CeF 3) as another high-energy physics standard, and worked with 
specialist companies in the US, China and the Czech Republic to 
ensure its product ion on the industrial scale. Heavy scint i l lat ing 
f luoride glasses is another growth area, where the col laborat ion 
works with a French company. The Crystal Clear collaboration also 
pioneered the use of new compounds based on lutet ium. 

Working with the Czech Crytur company (also involved in work for 
cerium fluoride), the collaboration has developed scinti l lat ing crys
tals of yttrium aluminate perovskite (YAP) doped with increasing 
amounts of lutet ium, which gives twice as much light as BGO and 
over a broader range of wavelengths. YAP is extensively used in medi
cal instrumentation and in screens for electron microscopes but its 
density is marginal for high-sensitivity PET applications that have to 
stop 511 keV photons. Replacing up to 100% of yttrium by lutetium 
ions gives a very bright and fast scintillator, LuAR with the unprece
dented density of 8 . 3 4 g / c m 3 . 

Smaller instrumentation 
Physics detectors are normally large - even a small one is several 
metres long. However, PET cameras for medical use are more 
compact. Even so, the spatial resolution of commercial ly available 
cameras meant that PET analysis was, until recently, l imited to 
relatively large subjects, such as humans and other large animals. 
New PET techniques extend this approach to smaller specimens, 
and this is where the technique becomes interesting for genetic lab
oratory studies. 

In the Crystal Clear collaboration, YAR lead tungstate and lutetium 

aluminate are all being investigated for their 
possible use in small PET scanners. On the 
read-out s ide, addi t ional ampl i f icat ion can 
complement the tradit ional photomult ip l ier 
read-out of scint i l lat ion light. This can be 
achieved by avalanche photodetectors using 
applied bias voltages or by imaging silicon pixel 
array (ISPA) tubes using internal photocathodes 
and semiconductor read-out. Italian groups 
have achieved submil l imetre resolution using 
YAP-based cameras. 

New PET scanners (ClearPET) for biological 
research are the subject of collaboration agree
ments between the Crystal Clear collaboration 
and specialist local centres in France, Belgium, 
Switzerland and Germany. A project for a mam
mography PET camera (ClearPEM) is under dis
cussion with Portugal. 

The work and achievements of the Crystal Clear collaboration are 
a good example of how particle physics expertise can seed impor
tant developments in other areas of science. Rather than being left 
to happen fortuitously, such symbiosis is now being encouraged and 
nurtured at CERN. 

Manjit Dosanjh and Gordon Fraser, CERN. 

PET scan depicting the effects of 
Alzheimer's disease on metabolism. 
The arrow indicates areas of low 
activity in the parietotemporal cortex 
- a region important for processing 
language and memory. 

C E R N C o u r i e r October 2001 2 1 



INAUGURATION 

The formal inauguration of the Center for 
Theoretical Physics at the University of 
Michigan brought together distinguished 
speakers from a range of disciplines to look 
back on the achievements of physics in the 
20th century, as well as to anticipate new 
developments in the 21st. 

The inaugural conference of the Michigan Center for Theoretical 
Physics (MCTP), entitled 2 0 0 1 : a Spacetime Odyssey, was held in 
Ann Arbor on 21 -25 May. In keeping with the MCTP's mission to pro
vide a venue for interdisciplinary studies in theoretical physics and 
related mathematical sciences, the conference brought astron
omers, cosmologists, particle physicists and mathematicians 
together to share their different perspectives on space-t ime at the 
beginning of the 21st century. 

Two theories revolutionized the 20th-century view of space and 
t ime: quantum mechanics and Einstein's General Theory of 
Relativity. The union of these theories provides a context for elem
entary particle theories with extra space-t ime dimensions, such as 
the inflationary model of Big Bang cosmology; dark matter and dark 
energy in the universe; radiation from quantum black holes; and 
the fuzzy space-t ime geometry of superstrings and M-theory.These 
developments, which are derived in part from the 19th-century 
mathematics of Riemannian geometry and Lie groups, have in their 
turn inspired new directions in the pure mathematics of topology 
and knot theory. All of these different strands of the space-t ime 
story were represented at the conference. 

The dawn of space- t ime 
Ann Arbor was a particularly appropriate place for such a celebration 
because it was here that Oskar Klein first came up with the idea of 
extra space-time dimensions and of using Riemmanian geometry to 
explain not only gravity but also electromagnetism. 

The conference began with "My life as a boson", a historical rec
ollection by Peter Higgs (Edinburgh) on the discovery of the particle 
that bears his name. Higgs described the history leading up to his 
1964 paper, the controversy over the Goldstone theorem, and some 
interesting reactions to his paper. Only after Physics Letters had 
rejected his original version did Higgs produce a revised text pre-

In the beginning... 
"Returning to my Ann Arbor attempts, I became immediately 
very eager to see how far the mentioned analogy reached, first 
trying to find out whether the Maxwell equations for the 
electromagnetic field, together with Einstein's gravitational 
equations, would fit into a formalism of five-dimensional 
Riemann geometry." 
Oskar Klein, "From my life of physics" in the anthology From a 
Life of Physics (1989 World Scientific). 

dieting the existence of the new particle, which was then accepted 
by Physical Review Letters. He ended his talk with the hopeful men
tion of " indicat ions of H at about 115 GeV" at CERN's LEP elec
tron-positron collider. 

Joseph Silk (Oxford), Robert Kirshner (Harvard-Smithsonian 
Center for Astrophysics), Alan Guth (MIT), Paul Steinhardt 
(Princeton), Andre Linde (Stanford), Wendy Freedman (Carnegie 
Observatories) and Michael Turner (Chicago) each offered different 
perspectives on the universe. While new data pinpoint cosmological 
parameters with more and more accuracy, and evidence for the 
current acceleration of the expansion of the universe and the 
mysterious "dark energy" now seems convincing, controversy over 
their origins continued to swirl with Steinhardt's presentation of the 
novel "ekpyrotic" alternative to inflation. Inspired by the 
Horava-Witten picture of an 11-dimensional M-theory universe 
sandwiched between two 10-dimensional boundaries, this scenario 
ascribes the Hot Big Bang to a smashing together of two three-
dimensional surfaces (three-branes) in a five-dimensional universe: 
the Big Crash. 

Linde championed the old inflation with a vigorous deflation of 
Steinhardt's ideas. Freedman then reported a new result - the first 
measurement of extragalactic background light, which turned out to 
be about twice that of individual galaxies.The mass associated with 
starlight was thus measured to be about 1 % of critical density. Guth 
emphasized the evidence for inflation and its robustness. 

Shing-Tung Yau (Harvard), Isadore Singer (MIT), Arthur Jaffe 
(Harvard) and Bruno Zumino (Berkeley) gave us a glimpse into the 
realm of higher mathematics and its intriguing applications to prob
lems in quantum field theory, superstrings and M-theory. For Singer, 
this was a sentimental journey, and he recalled his arrival as an 
undergraduate in physics at the University of Michigan in 1941 . 
Checking into his dormitory, he was told to go upstairs and make his 
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Looking back on the story 
of the space-time odyssey 



INAUGURATION 

bed. Sure enough, he discovered a 
hammer, some nails and a pile of 
two-by-four planks where his bed 
was supposed to have been. 

Quantum gravity was the common 
theme of talks by James Hartle (UC 
Santa Barbara), Jacob Beckenstein 
(Jerusalem) and Stanley Deser 
(Brandeis). Hartle discussed the rec
onciliation of Ein-stein's general rela
tivity with quantum mechanics, 
including the many-worlds interpre
tation, wormholes in space and the 
possibility of time travel. Beckenstein 
presented the case for discrete 
energy levels for quantum black 
holes as a way of understanding their 
thermodynamics, which was pio
neered by him and Hawking in the 
1970s; and Deser gave an overview 
of gravity's century, from Einstein to 
M-theory. 

Discoveries overlooked 
Particle phenomenology was cov
ered by Lev Okun (ITER Moscow), 
John Bahcall (Princeton IAS), Helen 
Quinn (SLAC), Mary K Gaillard 
(Berkeley), Paul Frampton (North 
Carolina, Chapel Hill) and Martinus 
Veltman (Michigan). Okun recalled 
his early days in Moscow, the discov
eries made there, such as the calcu
lation of asymptotic freedom by 
Khriplovich in 1969 and the reaction 
(or lack thereof) in the West. He also 
recalled Sakharov's reaction to the 
possibility of vacuum bubble cre
ation by colliders: "Such theoretical 
work should be forbidden." 

Bahcall presented an overview of 
our understanding of solar neutrinos 
and described how upcoming data, 
particularly from SNO would sharpen 
it (as indeed happened soon after 
the conference; CERN Courier 
September p5). 

Quinn reviewed the theoretical sta
tus of CP violation and current 
attempts to test it experimentally, 
while Frampton presented a model of 
spontaneous CP violation. Gaillard 
put the case for a derivation of the 
Standard Model from the compact-
ification of the 10-dimensional het-

Space-time odyssists, left to right: Michael Duff, Bruno 
Zumino and Gordon Kane. (Alfred C T Wu.) 

One of the artworks that were designed and made for 
the conference. The image is drawn from the original 
cloud chamber event in which the kaon was discovered. 
The artist is Prof. Sherri Smith of the University of 
Michigan School of Art and Design, whose work has 
been shown at a number of venues, including the 
Museum of Modern Art and the Contemporary Crafts 
Museum in New York, and the Centre International de la 
Tapisserie in Switzerland. (Carol Rabuck.) 

erotic string on a six-dimensional 
Calabi-Yau manifold. Veltman was 
broadly critical of current research 
directions, casting doubt on black 
holes, the acceleration of the uni
verse and superstring theory, 
although he was positive about the 
construction of the superconducting 
Tesla linear electron collider. 

Superstrings 
Superstring theory and its succes
sor, M-theory, were covered by John 
Schwarz (Caltech) and Alexander 
Polyakov (Princeton). Schwarz re
viewed the phenomenon of anom
aly cancellation from the Standard 
Model to the superstring, while 
Polyakov discussed the Plato's cave 
"holographic" universe, in which our 
four-dimensional space-t ime is a 
boundary of a five-dimensional 
anti-de Sitter space. 

One of the missions of the MCTP 
is to convey the excitement of 
physics to the general public. The 
2 0 0 1 : A Spacetime Odyssey confer
ence achieved this very successfully 
with the collaboration of the Physics 
Department and the School of Art 
and Design at the University of 
Michigan.Ten new works by profes
sional artists, with inspiration from 
physicists, were created for exhibi
tion at the conference. 

Most speakers agreed that par
t icipating in such a meeting had 
broadened their horizons, and per
haps even influenced their work. In 
his after-dinner speech at the 
conference banquet, Sheldon 
Glashow (Boston) assessed the 
current state of particle and astro
physics, and whether society cared 
enough to sustain it. After a good 
meal and fine wine, the future 
looked rosy. 

The conference talks and a selec
tion of photographs are available at 
"h t tp : / /www.umich.edu/-mctp/ 
s to2001" . 

Michael Duff and Gordon Kane, 
Michigan Center for Theoretical 
Physics, University of Michigan. 
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SUPERHEAVY NUCLEI 

Second postcard from 
the island of stability 
Experiments on synthetic nuclei continue to explore a world that is very remote 

from our own experience. Recent studies at the Joint Institute for Nuclear Research, 
Dubna, near Moscow, report another inhabitant of a long-awaited island of 

nuclear stability, this time with 116 protons.* 

Fig.l: Prominent decay chains observed in the reactions a) calcium-48 and plutonium-244 (left) and b) calcium-48 and curium-248 
(right). The darker background area corresponds to what happens when the accelerator beam is switched off. 

Half a century ago, Edwin McMillan and Glenn Seaborg of Berkeley 
were awarded the 1951 Nobel Prize for Chemistry for their elucida
tion in the early 1940s of the first 'transuranic' nuclei - synthetic 
radioactive nuclei heavier than uranium, which conventionally marks 
the end of the PeriodicTable of nuclei. Since then, patient work has 
discovered a series of highly unstable superheavy nuclei, but a fun
damental nuclear prediction said that an "island of stability" would 
eventually be reached. 

The article "First postcard from the island of nuclear stability" 
(CERN Courier September 1999 p l 9 ) reported the first results 
obtained at the Joint Institute for Nuclear Research (JINR), Dubna, 
on the synthesis of superheavy nuclei in fusion reaction induced by 
a calcium-48 beam.Targets of plutonium isotopes with mass num

bers 242 and 2 4 4 furnished new nuclides, notably with 114 pro
tons, and their subsequent alpha decays, terminated by spon
taneous fission. 

The conclusion was that in these reactions the even-odd isotopes 
of element 114 had been produced following the emission from an 
intermediate compound nucleus of three neutrons, together with 
gamma rays.The formation cross-sections were very small (~1 pb). 
The radioactive properties of these nuclides (energies and half-lives) 
demonstrated the existence of a new region of nuclear stability, 
which had been predicted earlier as due to nuclear shell effects. 

The experiments were performed in the Flerov Laboratory of 
Nuclear Reactions (JINR) in collaboration with the Lawrence 
Livermore National Laboratory (LLNL), GSI (Darmstadt), RIKEN > 
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SUPERHEAVY NUCLEI 

Fig. 2: Energy spectra of alpha particles and spontaneous 
fission fragments, obtained in reactions ofcalcium-48 with 
plutonium-244 and curium-248 targets. The half-lives of the 
nuclei obtained from the time distributions of the observed 
events are also shown. 

Fig. 3: Calculated and experimental alpha-decay energy and 
half-life relationships for even-even isotopes with more than 
100 protons. The data, obtained in the reactions ofcalcium-48 
with plutonium-244 and curium-248 targets, are shown as 
black squares. 

(Saitama), the Comenius University (Bratislava) and the University of 
Messina (Italy) (Oganessian etal. 1999a and 1999b). 

During work carried out in June to November 1999, a plutonium-
244 target was bombarded by a calcium-48 beam (total beam dose 
about 1 0 1 9 ions). Two more identical decay chains were observed 
(Oganessian et al. 2000a and 2000b) . Each consisted of two 
sequential alpha decays that were terminated by spontaneous fission 
characterized by a large energy release in the detectors (figure l a ) . 

Following the trail 
The new alpha-decay energies are slightly higher than in the previ
ous case and the total decay time is shorter (about 0.5 min). The 
probability that the observed decays are due to random coinci
dences is less than 5 x 10" 1 3 . 

Both events were observed at a beam energy that corresponded 
to a compound-nucleus excitation energy of 36 -37 MeV. Here, the 
most probable de-excitation channel of the hot nucleus 292 /114 
corresponds to the emission of four neutrons together with gamma 
rays.Takingthis into account, the new decay chains had to be attrib
uted to the decay of the neighbouring even-even isotope of element 
114 with mass 288 . 

To check this conclusion, further experiments continued with a 
cur ium-248 target (Oganessian et al. 2001) . In Dimitrovgrad, 
Russia, 10 mg of the highly enriched isotope was produced. More 
such target material was provided by LLNL 

Changing the target from plutonium-244 to cur ium-248, while 
maintaining all other experimental conditions, makes the fusion 

reaction lead to the formation in the four-neutron evaporation 
channel of a new heavier nucleus, this time with 116 protons and 
mass 292 . Its probable alpha decay leads to a daughter nucleus, 
the isotope 288 /114 previously synthesized in the calc ium-48/plu-
tonium-244 reaction via the four-neutron evaporation channel.Thus, 
after the decay of the 292 /116 nucleus, the whole decay chain of 
the daughter 2 8 8 / 1 1 4 nucleus should be observed (figure l a ) . 

The experimental conditions 
In the original experiment, the recoil atoms were separated in flight 
from the beam particles and the products of incomplete fusion reac
tions analysed by the Dubna gas-filled recoil separator (DGFRS). 

Separated heavy atoms were implanted into a 4 x 12 c m 2 detec
tor located in the focal plane 4 m from the target.The front detector 
was surrounded by side detectors in such a way that the entire array 
resembled a "box" with an open front.This increased the detection 
efficiency of alpha particles from the decay of an implanted nucleus 
to 87% of the total solid angle. 

For each atom implanted in the sensitive layer of the detector, the 
velocity and energy of the recoil were measured, as well as the loca
tion on the detector area. If the nucleus of the implanted atom emit
ted an alpha particle or fission fragments, the latter were detected in 
a strict correlation with the implant on the position-sensitive sur
face of the detector. 

Usually the experiments are performed using a continuous beam. 
However, for the synthesis of element 116, these conditions were 
changed. After implantation in the front detector of a heavy nucleus 
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with the expected parameters and the subsequent emission of an 
alpha particle with energy above 10 MeV (the two signals are strictly 
correlated in position), the accelerator was switched off and the 
subsequent decays took place without the beam. 

The measurements performed immediately after turning off the 
accelerator beam showed that the counting rate of alpha particles 
(energy above 9.0 MeV) and fission fragments from spontaneous 
fission in a 0.8 mm position window, defined by the position resolu
tion of the detector, amounts to 0.45 per year and 0.2 per year 
respectively. Random coincidences imitating a threè-step 1-3 min 
decay chain of the nucleus 288 /114 are practically impossible, even 
for a single event. 

Decay chains 
In such conditions at a beam dose of 2.3 x 1 0 1 9 ions, three decay 
chains of element 116 were registered (figure l b ) . After the emission 
of the first alpha particle (energy 10.53 ± 0.06 MeV), the sequential 
decay was recorded with the beam turned off (darker background in 
figure 1). 

As can be seen from figure l b , all decays are strictly correlated; 
the five signals in the front detectors - the recoil nucleus, three alpha 
particles and fission fragments - deviate by no more than 0.6 mm. 

The alpha-particle energies and the half-lives of the nuclei in the 
three decay chains, the first alpha decays and those detected after 
the accelerator was switched off are all consistent between each 
other within the limits of the detector energy resolution (60 keV) 
and the statistical fluctuations in the decay time of the events. 

All of the detected decays following the first 10.53 MeV alpha par
ticle agree well with the decay chains of 288 /114 observed in the 
earlier reaction (see figure l a ) . Thus it is reasonable to assign the 
observed decay to the nuclide 2 9 2 / 1 1 6 , produced via the 
evaporation of four neutrons in the complete fusion reaction using 
curium-248. 

The energy spectrum of the three events corresponding to the 
nucleus 292 /116 , and the five events corresponding to the alpha 
decay of the daughter nuclei 288 /114 and 284 /112 , as well as the 
summed energy of the fragments from five events of spontaneous 
fission of the nucleus 2 8 0 / 1 1 0 , obtained in the experiments with 
the plutonium and curium targets, are shown in figure 2. 

Well defined decay energy 
As expected for even-even nuclei, the experimentally observed alpha 
decay is characterized by a well defined decay energy, correspond
ing to the mass difference between the mother and daughter nuclei. 
The time distribution of the signals in the decay chains follows an 
exponential decay law.The half-lives for each nucleus are also shown 
in figure 2. 

For allowed alpha transitions (even-even nuclei) the decay energy 
and probability (half-l ife) are connected by the well known 
Geiger-Nuttall relation.This is strictly fulfilled for all currently known 
60 nuclei heavier than lead-208 for which data are available. 
Figure 3 shows the calculated and experimental data for nuclei with 
more than 100 protons and the data from the present experiment on 
the synthesis of nuclei with 112,114 and 116 protons. 

Owing to the high precision of the alpha-particle energy mea-

The conclusion can 
be drawn that 
theoretical models 

surements (resolution 0.5%), 
any other interpretation of the 
atomic numbers of the 
observed decays would have 
been in strong contradiction 
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which is characteristic of the 
fission of a rather heavy nucleus. In the thermal-neutron fission of 
uranium, the corresponding energy is 168 MeV. 

Increased stability 
Comparing spontaneous fission and alpha-decay half-lives for 
nuclei with 110 and 112 protons with earlier data for the lighter iso
topes of these elements shows a significant increase in the stability 
of heavy nuclei with increasing neutron number.The addition of 10 
neutrons to the 270 /110 nucleus makes the half-life a hundred 
thousand times as long. The isotopes of element 112 with masses 
277 and 284 exhibit a comparable effect. 

Comparing the experimental alpha-decay energy values with 
those calculated in different models shows that the difference 
between experiment and theory is in the range ±0.5 MeV. Without 
going into any detailed analysis, the conclusion can be drawn that 
theoretical models developed during the last 35 years and predict
ing the decisive influence of nuclear structure on the stability of 
superheavy elements are well founded, not only qualitatively but 
also, to a certain extent, quantitatively. 

This increased stability significantly extends research in the region 
of superheavy elements, opening up the study of such areas as their 
chemical properties and the measurement of their atomic masses. 
The development of the experimental techniques will make it possi
ble to advance into the region of even heavier nuclei - expect more 
postcards in the years to come! 

The experiments were carried out in collaboration with the 
Analytical and Nuclear Chemistry Division of the Lawrence Livermore 
National Laboratory. 
'Evidence for the superheavy nucleus 118, reported by Berkeley sci
entists in 1999 (CERN Courier September 1999 p l 8 ) , has been 
retracted. 
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LHC MACHINE 

LHC insertions: the key t( 
The second of two articles about magnets 
for CERN's forthcoming Large Hadron 
Collider takes a look at the specialized 
magnets that perform specific tasks, such 
as final focus, and injection and extraction 
of beams.These are installed in the eight 
so-called insertion regions between the 
arcs in the 27 km LHC ring. Like the 
accelerator's main lattice magnets, their 
production is now underway. 
"When the machine runs in collider mode, one should forget the lat
tice," said Norbert Siegel. "Where it all happens is at the interaction 
po in ts" Siegel is leader of the CERN group responsible for Large 
Hadron Collider LHC superconducting magnets other than those of 
the machine's main lattice. Like other accelerators and colliders, 
the LHC's magnets can be divided into two categories. Lattice mag
nets keep protons on course and are responsible for maintaining 
stable circulating beams.The rest go by the name of insertion mag
nets, performing specific tasks such as final focus before coll ision, 
beam cleaning, injection and extraction. 

Inner triplets 
For the LHC, the most complex insertion magnets are the eight so-
called inner triplets that will squeeze the proton beams and bring 
them into collision in the centre of the four LHC experiments. The 
inner triplets are placed symmetrical ly at a distance of 23 m on 
either side of the interaction points, and each forms a cryogenic 
unit about 3 0 m long.They consist of four low-beta quadrupole mag
nets, so-named because their job is to minimize the beta-function, 
which is proportional to beam size, at the interaction point. Because 
of the special job they have to do and their proximity to the inter
action points, the inner triplet magnets will be subject to unusually 
high heat loads.This means that a superfluid helium heat exchanger 
of unprecedented scale is required to keep them at their 1.9 K oper
ating temperature. 

The inner triplets are being provided as part of the US and 
Japanese contributions to the LHC project.They will use two types of 
quadrupole, along with various corrector magnets that are being sup
plied by CERN. One type of quadrupole is being developed at Japan's 
KEK laboratory, the other at the US Fermilab, which also has the task 
of integrating all of the components into their cryostats. After a suc
cessful development programme using short model magnets, ful l-
size low-beta quadrupoles have been made and were tested in May. 

US contribution to the LHC - superconducting separator dipole 
made by the US Brookhaven Laboratory. 

Canada: the first series production twin-aperture quadrupole 
produced by the TRIUMF laboratory, Vancouver, with ALSTOM 
Canada. 

The first piece of hardware built by the US-LHC project, which 
coordinates the US contribution to the accelerator, arrived at CERN 
from Fermilab last year (CERN Courier November 2 0 0 0 p40) . A heat 
exchangertest unit, it had the job of verifying the design of the inner 
triplet cooling system. Existing data on heat exchangers of this scale 
being scarce, the final inner triplet design had to wait until the test 
unit was put through its paces at CERN, one of the few places in 
the world with the capacity to provide superfluid helium at the nec
essary flow rate. With the tests reaching a successful conclusion, 
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) CERN's new accelerator 

the first KEK-built, full-length prototype low-beta quadrupole on the test 

yostated full-length low-beta quadrupole ready for measurements at 
b. 

the design has now been frozen and inner triplet production started 
at Fermilab in July. The first inner triplet is scheduled to arrive at 
CERN by the end of 2 0 0 2 . 

Dedicated separators 
As well as bringing the accelerator's counter-rotating beams 
together, LHC insertion magnets also have to separate them after 
coll ision. This is the job of dedicated separators, and the US 
Brookhaven Laboratory is developing superconducting magnets for 
this purpose. Brookhaven is drawing on its experience of building 

the Relativistic Heavy Ion Collider (RHIC), which like the LHC is a 
superconducting machine. Consequently, these magnets will bear a 
close resemblance to RHIC's main dipoles. Following a prototyping 
phase, full-scale manufacture has started at Brookhaven and deliv
ery of the first superconducting separator magnets to CERN is fore
seen before the end of the year. 

All LHC insertions include dispersion suppressors and matching 
sections.The dispersion suppressors will limit the variation of beam 
position at the collision points caused by a spread in particle 
momenta, while the matching sections tailor the beam size in the 
insertions to the acceptance of the machine's lattice. Dedicated 
insertion quadrupoles of various designs have been developed and 
optimized by CERN to fulfi l the aperture, space and magnetic 
strength requirements for these tasks. All are now at the production 
stage in European industry, with the first due for delivery at the 
beginning of 2002 . 

Other magnets 
All of the magnets discussed above are superconducting. The LHC 
will, however, make use of room-temperature magnets in several of 
its insertions. These are being provided as part of the Russian and 
Canadian contributions to the LHC, and they include special 
quadrupoles and dipoles for the beam-cleaning insertions, and 
beam injection and ejection magnet systems that include fast kicker 
magnets and steel septum magnets. The septa are all being pro
vided by the Russian IHEP laboratory in Protvino near Moscow, 
where production is well under way. In the cleaning insertions, which 
remove beam halo particles from the circulating beams, magnets 
must operate at room temperature due to the harsh radiation envi
ronment. Separation dipoles for these insertions are being made 
by the Russian Budker Institute of Nuclear Physics in Novosibirsk, 
while double-aperture quadrupoles are being provided by Canada's 
TRIUMF laboratory. 

Finally, there is one kind of insertion magnet that plays no role in 
the effective working of the LHC as a collider - the huge magnet sys
tems of the four experiments. Their magnetic fields have an influ
ence on the beams' trajectories and have to be compensated for 
by orbit compensation magnets. 

Production of all of the LHC insertion magnets is now well under 
way.Their preparation and installation in the tunnel, along with inte
gration with other LHC systems, such as cryogenics, vacuum and 
power, provide challenging work for the years ahead. When that is 
over and the LHC is complete, it will be a phenomenally complex 
machine. However, as Norbert Siegel points out, once the LHC is 
running, attention will be diverted from the machine, as all eyes turn 
to the four main experimental insertions - the key to a better under
standing of our universe. 

Further reading 
"LHC lattice magnets enter product ion" CERN Courier lune p l 5 . 
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COMPUTING 

To satisfy their ever-increasing demand for 
more and affordable computing power, 
particle physics experiments are using 
clusters of off-the-shelf PCs. A recent 
workshop at Fermilab looked at the 
implications of this move. 

Recent revolutions in computer hardware and software technolo
gies have paved the way for the large-scale deployment of clusters of 
off-the-shelf commodity computers to address problems that were 
previously the domain of tightly coupled multiprocessor computers. 
Near-term projects within high-energy physics and other comput
ing communit ies will deploy clusters of some thousands of proces
sors serving hundreds or even thousands of independent users.This 
will expand the reach in both dimensions by an order of magnitude 
from the current, successful production facil it ies. 

A Large-Scale Cluster Comput ing Workshop held at Fermilab ear
lier this year examined these issues.The goals of the workshop were: 
• to determine what tools exist that can scale up to the cluster 
sizes foreseen for the next generation of high-energy physics 
experiments (several thousand nodes) and by implication to iden
tify areas where some investment of money or effort is likely to be 
needed; 
• to compare and record experiences gained with such tools; 
• to produce a practical guide to all stages of planning, install ing, 
bui lding and operating a large comput ing cluster in HEP; 
• to identify and connect groups with similar interest within HEP 
and the larger clustering community. 

Thousands of nodes 
Comput ing experts with responsibil i ty and /o r experience of such 
large clusters were invited.The clusters of interest were those equip
ping centres of the sizes of Tier 0 (thousands of nodes) for CERN's 
LHC project, orTier 1 (at least 2 0 0 - 1 0 0 0 nodes) as described in the 
MONARC (Models of Networked Analysis at Regional Centres for 
LHC Experiments) project at "h t t p : / /monarc .web .ce rn .ch / 
MONARC". The at tendees came not only from various part icle 
physics sites worldwide but also from other branches of science, 
including biomedicine and various Grid comput ing projects, as well 
as from industry. 

A 
Presenting LHC computing needs - Wolfgang von Rueden, 
head of the Physics Data Processing Group in CERN's 
Information Technology Division. 

The attendees shared freely their experiences and ideas, and pro
ceedings are currently being edited from material collected by the 
convenors and offered by at tendees. In addi t ion the convenors, 
again with the help of material offered by the attendees, are in the 
process of producing a guide to bui lding and operating a large clus
ter. This is intended to describe all phases in the life of a cluster and 
the tools used or planned to be used. This guide should then be 
publicized (made available on the Web and presented at appropri
ate meetings and conferences) and regularly kept up to date as 
more experience is gained. It is planned to hold a similar workshop 
in 18 -24 months to update the guide. All of the workshop material > 
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Left: Particle physics experiments spearhead the demand for more computing power. Right: clustered computers. The MONARC 
project is a multilayered approach based on a large central site to collect and store raw data (Tier 0 at CERN), with multitiers (for 
example National Computing Centres, Tierl), down to individual user's desks (Tier 4), each with data extracts and/or data copies 
and performing different stages of physics analysis. 

is available via "http://conferences.fnal.gov/lccws". 
The meeting began with an overview of the challenge facing high-

energy physics. Matthias Kasemann, head of Fermilab's Computing 
Division, described the laboratory's current and near-term scientific 
programme, including participation in CERN's future LHC programme, 
notably in the CMS experiment. He described Fermilab's current and 
future computing needs for itsTevatron collider Run II experiments, 
pointing out where clusters, or computing "farms" as they are some
times known, are used already. He noted that the overwhelming 
importance of data in current and future generations of high-energy 
physics experiments had prompted the interest in Data Grids. He 
posed some questions for the workshop to consider: 
• Should or could a cluster emulate a mainframe? 
• How much could particle physics computer models be adjusted 
to make most efficient use of clusters? 
• Where do clusters not make sense? 
• What is the real total cost of ownership of clusters? 
• Could we harness the unused power of desktops? 
• How can we use clusters for high I/O applications? 
• How can we design clusters for high availability? 

LHC computing needs 
Wolfgang von Rueden, head of the Physics Data Processing group in 
CERN's Information Technology Division, presented the LHC com
puting needs. He described CERN's role in the project, displayed the 
relative event sizes and data rates expected from Fermilab Run II 
and from LHC experiments, and presented a table of their main 
characteristics, pointing out in particular the huge increases in data 
expected and consequently the huge increase in computing power 
that must be installed and operated. 

The other problem posed by modern experiments is their 
geographical spread, with collaborators throughout the world 
requiring access to data and computer power. Von Rueden noted 
that typical particle physics computing is more appropriately char
acterized as high throughput computing as opposed to high perfor
mance computing. 

The need to exploit national resources and to reduce the depen
dence on links to CERN has produced the MONARC multilayered 
model.This is based on a large central site to collect and store raw 
data (Tier 0 at CERN) and multit iers (for example National 
Computing Centres,Tier 1 - examples of these are Fermilab for the 
US part of the CMS experiment at the LHC and Brookhaven for the 
US part of the ATLAS experiment), down to individual user's desks 
(Tier 4) , each with data extracts and/or data copies and each one 
performing different stages of physics analysis. 

Von Rueden showed where Grid Computing will be applied. He 
ended by expressing the hope 
that the workshop could provide 
answers to a number of topical 
problem questions, such as 
cluster scaling and making effi
cient use of resources, and 
some good ideas to make 
progress in the domain of the 
management of large clusters. 

The remainder of the meeting 
was given over to some formal 
presentations of clustering as 
seen by some large sites (CERN, 
Fermilab and SLAC) and also 

The other problem 
posed by modern 
experiments is their 
geographical spread, 
with collaborators 
throughout the world 
requiring access to 
data and computer 
power 
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The Grid: crossing borders and boundaries 

Two "farms" of PCs at Fermilab. 
Such clusters have largely replaced 
multiprocessor mainframes. 

Fermilab Computing Division head 
Matthias Kasemann discusses 
computing requirements for the 
CMS experiment at CERN's LHC 
with Vivian O'Dell. 

The World Wide Web was invented at CERN 
to exchange information among particle 
physicists, but particle physics experiments 
now generate more data than the Web can 
handle. So physicists often put data on 
tapes and ship the tapes from one place to 
another - an anachronism in the Internet 
era. However, that is changing, and the US 
Department of Energy's new Scientific 
discovery through advanced computing 
program (SciDAC) will accelerate the 
change. 

Fermilab is receiving additional funds 
through SciDAC, some of which will be 
channelled into Fermilab contributions to 
the Compact Muon Solenoid Detector 
(CMS) being built for CERN. A major 
element in this is the formulation of a 
distributed computing system for 
widespread access to data when CERN's 
LHC Large Hadron Collider begins operation 
in 2006 . Fermilab's DO experiment has 
established its own computing grid called 
SAM, which is used to offer access for 

experiment collaborators at six sites in 
Europe. 

With SciDAC support, the nine-institution 
Particle Physics DataGrid eollaboration 
(Fermilab, SLAC, Lawrence Berkeley, 
Argonne, Brookhaven, Jefferson, CalTech, 
Wisconsin and UC San Diego) will develop 
the distributed computing concept for 
particle physics experiments at the major US 
high-energy physics research facilities. Both 
DO and US participation in the CMS 
experiment for the LHC are member 
experiments. The goal is to offer access to 
the worldwide research community, 
developing "middleware" to make maximum 
use of the bandwidths available on the 
network. 

The DataGrid collaboration will serve high-
energy physics experiments with large-scale 
computing needs, such as DO at Fermilab, 
BaBar at SLAC and the CMS experiment, 
now under construction to operate at CERN, 
by making the experiments' data available 
to scientists at widespread locations. 

from small sites without on-site accelerators of their own (NIKHEF in 
Amsterdam and CCIN2P3 in Lyon). However, the largest part of the 
workshop was a series of interactive panel sessions, each seeded 
with questions and topics to discuss, and each introduced by a few 
short talks. Full details of these and most of the overheads presented 
during the workshop can be seen on the workshop Web site. 

Many tools were highlighted: some commercial, some developed 
locally and some adopted from the open source community. In 
choosing whether to use commercial tools or develop one's own, it 
should be noted that so-called "enterprise packages" are typically 
priced for commercial sites where downtime is expensive and has 
quantifiable cost.They usually have considerable initial installation 
and integration costs. However, one must not forget the often high 
ongoing costs for home-built tools as well as vulnerability to per
sonnel loss/reallocation. 

Discussing the G word 
There were discussions on how various institutes and groups per
formed monitoring, resource allocation, system upgrades, problem 
debugging and all of the other tasks associated with running clus
ters. Some highlighted lessons learned and how to improve a given 
procedure next t ime. According to Chuck Boeheim of SLAC, "A clus
ter is a very good error amplifier." 

Different sites described their methods for installing, operating 
and administering their clusters. The G word (for Grid) cropped up 
often, but everyone agreed that it was not a magic word and that it 
would need lots of work to implement something of general use. 

One of the panels described the three Grid projects of most rele
vance to high-energy physics, namely the European DataGrid project 
(CERN Courier March 2 0 0 1 p5) and two US projects - PPDG 
(Particle Physics Data Grid) and GriPhyN (Grid Physics Network). 

A number of sites described how they access data. Within an indi
vidual experiment, a number of collaborations have worldwide 
"pseudo-grids" operational today. In this context, Kors Bos of NIKHEF, 
Amsterdam, referred to the existing SAM database for the DO exper
iment at Fermilab as an "early-generation Grid".These already point 
toward issues of reliability, allocation, scalability and optimization for 
the more general Grid. 

Delegates agreed that the meeting had been useful and that it 
should be repeated in approximately 18 months. There was no 
summary made of the Large-Scale Cluster Computing Workshop, 
the primary goal being to share experiences, but returning to the 
questions posed at the start by Matthias Kasemann, it is clear that 
clusters have replaced mainframes in virtually all of the high-energy 
physics world, but that the administration of them is particularly far 
from simple and poses increasing problems as cluster sizes scale. 
In-house support costs must be balanced against bought-in 
solutions, not only for hardware and software but also for opera
tions and management. Finally, delegates attending the workshop 
agreed that there are several solutions for, and a number of practi
cal examples of, the use of desktop machines to increase the over
all computing power available. 

Alan Silverman, CERN and Dane Skow, Fermilab. 
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Instrumentation for Measurement & Control 
• Magnetic Field 

T H M - 7 0 2 5 

• Electric Current 
(isolated measurement) 

• Distributed I/O 

• Specifications 

Application • S3 Resolution • Bandwidth W 

Linear sensing. 
Non-contact measurement 
of position, angle, vibration. 
Small size, low power. 

CYH-221-axis 
Hall element 

±20mT ±4uT DC to 10kHz Linear sensing. 
Non-contact measurement 
of position, angle, vibration. 
Small size, low power. 2D-VD-11 2-axis 

Hall element 
User option ±30uT DC to 10kHz 

Linear sensing. 
Non-contact measurement 
of position, angle, vibration. 
Small size, low power. 

3D-H-30 3-axis 
Hall element 

User option ±100uT DC to 10kHz 

High sensitivity and accuracy 
for low fiejds. Site surveys 
and monitoring. Active field 
cancellation. 

MAG-011-axis 
Fluxgate Teslameter 

±2mT ±0.1nT DCtolOHz High sensitivity and accuracy 
for low fiejds. Site surveys 
and monitoring. Active field 
cancellation. MAG-03 3-axis 

Fluxgate Transducer 
± ImT ±0.1nT DC to 3kHz 

Linear measurement. 
Feedback control. 
Mapping, quality control. 

YR100-3-2 Hall 
Transducer, 1-axis 

±2T ±12uT DC to 10kHz Linear measurement. 
Feedback control. 
Mapping, quality control. 

3R100-2-2 Hall 
Transducer, 3-axis 

±2T ±12uT DC to 10kHz 

Hand-held, low-cost, 3-axis 
for magnet and fringe fields. 

THM 7025 Hall 
Teslameter, 3-axis 

±2T ±10uT DC 

Precision measurement and 
control. Laboratory and 
process systems. 

DTM-133 Hall 
Teslameter, 1-axis 

±3T ±5uT DCtolOHz Precision measurement and 
control. Laboratory and 
process systems. 

DTM-151 Hall 
Teslameter, 1-axis 

±3T ±0.1uT DC to 3Hz 

Calibration of magnetic 
standards. Very high resolution 
and stability (total field). 

2025 NMR Teslameter 
(total field) 

± 13.7T ±0.1uT DC Calibration of magnetic 
standards. Very high resolution 
and stability (total field). 

FW101 NMR Teslameter 
(total field) 

± 2.1T ± 0.5nT DC 

Precision flux change 
measurement. 

PDI5025 Digital 
Voltage Integrator 

40V.S ±2E-8V.s 1ms to 2 2 3ms 

Field units: 0.1nT = 1uG,100nT = 1mG,100uT = 1G,1mT = 10G,1T = 10,000G 

Application 
1 I Specifications 

m B3 Resolution • Bandwidth • 

High sensitivity for low 
currents, currents at high 
voltage, differential currents. 

IPCT Current 
Transducer 

±2A ±10uA DC to 4kHz High sensitivity for low 
currents, currents at high 
voltage, differential currents. 

MPCT Current 
Tranducer 

±5A ±10uA DC to 4kHz 

Linear sensor for low-noise, 
precision current regulated 
amplifiers and power supplies. 

8641-2000 
Current Transducer 

± 2000A <4ppm DC to 300kHz Linear sensor for low-noise, 
precision current regulated 
amplifiers and power supplies. 866-600 

Current Transducer 
± 600A <4ppm DC to 100kHz 

Instruments for calibration, 
development, quality control. 

860R-600 Current 
Transducer 

± 600A <5ppm DC to 300kHz Instruments for calibration, 
development, quality control. 

860R-2000 Current 
Transducer 

± 2000A <8ppm DC to 150kHz 

Instruments for calibration, 
development, quality control. 

862 Current 
Transducer 

±16kA <5ppm DC to 30kHz 

Passive sensor for rf and 
pulse current. 

FCT Fast Current 
Transformer 

1:5 to 1:500 limited by 
following amplifier 

150Hz to 2GHz 

Passive sensor for pulse charge. ICT Integrating 
Current Transformer 

± 400nC ± 0.5pC 1usto<1ps 

Application 

High resolution Input/Output 
modules that can be placed locally 
at the transducer or controlled unit. 
High Voltage and/or high noise 
environments. PC, PCI, VME, 
CAMAC host computer options. 

Specifications 

Resolution • 

DNA for DeviceNet ± 100mVto± 10V 16 bit DC to 150Hz 

CNA with fiber optic 
communication 

± 100mVto± 10V 16 bit DC to 150Hz 

FTR fiber optic to 
RS-232-C 

50 to 200kB 

Ji/i\\ 1 955 Industrial Road, San Carlos, CA 94070 ......... „ m 
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ANTIPROTONS 

Weighing the antiproton 
The ASACUSA collaboration has just published a determination of the antiproton 

charge and mass to an incredible six parts in a hundred million.* How was this impressive 
precision achieved and why is it significant? 

Members of the ASACUSA antiproton expérimentât CERN. ASACUSA involves physicists from Bulgaria, CERN, Denmark, France, 
Germany, Hungary, Japan, the Netherlands, Russia and the UK. 

Knowing the exact charges and masses of the protons, electrons 
and neutrons that consti tute matter is evidently of fundamental 
importance for the entire edifice of particle physics. Furthermore, 
once we know these, we know, according to CPT-symmetry, the val
ues for the corresponding components of the antiworld. Given the 
fact that we already know the particle values very precisely, should 
we even bother making the measurements for antiparticles? 

Such an omission could hardly be more risky.The CPT theorem -
which says that all observed phenomena will remain unchanged if 
we replace particles by antiparticles, invert their motions, and reflect 
everything in a mirror - is based on falsif iable assumptions. In a 
universe as old and as big as the one we see, there is t ime and 
space enough for even minute deviations from perfect CPT symme
try to become observable, perhaps even to predominate. 

Warning messages 
Nature even seems to be sending us warning messages in this 
respect: having provided a full kit of parts for making a large-scale 
universe that is matter-antimatter symmetric, the one that it in fact 
assembles from these parts is completely asymmetric. Of course 

we have explanations for this imbalance, but they are not beyond 
question. Even worse, the CPT theorem itself rests, asTD Lee notes, 
"on a foundation which has to be unsound, at least at the Planck 
length (10~ 3 3 cm - the measurement precision when quantum fluc
tuations begin to have gravitational implications), and maybe at a 
much larger distance" (T D Lee 1995 The Discovery of Nuclear 
Antimatter Italian Physical Society Conf. Proceedings vol. 53 eds 
LMaiani and R A Ricci). The symmetry between matter and ant i
matter, he concludes, "must rest on experimental evidence". 

How then can we measure the antiproton charge, Q, and mass, M, 
with very high precision? For the proton, as few particle physicists 
realize, the charge is measured by taking an acoustic cavity con
taining sulphur hexafluoride and trying to make it "sing" in tune with 
an oscil lating electric field.The extent to which it does not can then 
be interpreted as a limit on the net charge of bulk matter: if the pro
ton's and the electron's charges were not very close, sulphur hexa
fluoride would sing louder than it does. 

In the case of electrons the charge, e, is no longer obtained, as 
one might think, from a Mil l ikan-type oil drop experiment, but by 
combining measurements of the Josephson constant, e / h , and > 

C E R N C o u r i e r October 2001 35 



ANTIPROTONS 

Thinking about antiprotonic helium 
A useful starting point for 
thinking about antiprotonic 
helium is the semiclassical 
picture of the Bohr 
hydrogen atom usually 
presented in 
undergraduate textbooks. 
It has now been 
established that if the 
antiproton approaches an 
ordinary helium atom 
slowly enough, it readily 
replaces one of its 
electrons, entering an orbit 
with the same 
semiclassical radius (some 
1 0 5 nuclear radii - well 
beyond the range of 
annihilation - producing 
strong interactions) and 
therefore the same binding 
energy of about 39.5 eV. 

As a first approximation 
we assume (as is also done in textbooks for ordinary helium) that 
it does not interact with the remaining electron, but that this 
nevertheless partially screens the nuclear charge to the value 
1.7e instead of 2e. This approximation is adequate to reveal the 
general properties of the spectrum. 

The total (kinetic plus potential) energy in such hydrogen-like 
atoms is quantized with energy levels En = - E R / n 2 , where ER is the 
energy equivalent of the antiproton-helium Rydberg constant. 
Doing the calculations we then easily find that n is about 38 for 
En = 39.5 eV, and that the de Broglie wavelength of the antiproton 
is n times smaller than that of the electron (0.05 nm), justifying 
our semiclassical assumption. The electron itself is fully quantum 
mechanical as it was before the antiproton approached. 

The figure shows a schematic energy level diagram for the 
atom. Evidently the antiproton is in a very highly excited state. 
Hold the figure vertically in front of you and the n = 1, L = 0 

The energy levels of the antiprotonic helium atom. 

ground state energy of 
about - 60keV will be 
found way off the page to 
the left and a few hundred 
metres underground! 

Now one might have 
thought that if, during its 
nanosecond-long 
approach to the atom, the 
antiproton had been able 
to displace the first 
electron so easily, it would 
within a few more 
nanoseconds just as easily 
have ejected the second 
one and that the atom 
(right thumbnail sketch) 
would quickly become a 
positive ion (left thumbnail 
sketch). 

The most important 
characteristic of this atom 
is that energy and angular 

momentum conservation prevents this from happening, at least 
immediately. Instead, the antiproton de-excites spontaneously 
(black arrows) through a chain of metastable states, emitting 
optical-frequency (2 eV or 600 nm) photons as it goes with 
microsecond-scale lifetimes. 

Only when it arrives at one of the red states do the energy and 
angular momentum transfers become favourable for removing 
the second electron and so for changing the neutral atom into a 
positive ion. Once this happens the antiproton's fate is sealed -
such ions are very unstable in collisions with ordinary helium 
atoms, and these soon send the antiproton into the nucleus, 
where it annihilates. 

ASACUSA's trick is to stimulate transitions to green states with 
a tunable laser beam, and to detect the resonance condition 
between the laser beam and the atom by the ensuing 
annihilation. 

the fine structure constant, a , which appears as a scale factor for 
all energy levels in the hydrogen atom and is proportional to e 2 / h . 
That way, not only e but also h, the Planck constant, can be 
determined. 

As antisulphur hexafluoride is not exactly common on Earth (and 
also for want of a suitable container for it), we must look elsewhere 
for a value of the antiproton's charge. The electron e /h and e 2 / h 
experiments give us a clue as to how this can be done. 

Some years ago the antiproton's Q/M value was measured rela
tive to that of the proton's by the Harvard group at CERN's LEAR low-
energy antiproton ring (R A Ricci 1999 Phys. Rev. Lett. 8 2 3198) to 
the staggering precision of 9 parts in 10 1 1 . This value was not 

deduced from measurements of the curvature of its trajectory in a 
magnetic field (such a measurement could never be made with a 
better error margin than a few parts per thousand) but by tickling it 
with microwaves to determine its cyclotron frequency, Q/M x B, in 
the field B. 

In physics we build on what we know, not on what we don't know, 
so we are not allowed to assume that unknown CPT-violations do not 
scale Q and M proportionately, leaving Q/M unchanged. The 
question of values for the charge and mass individually was 
therefore still open. An independent measure of some other 
combination of Q and M was needed, just as the fine structure 
constant gives a different combination of e and h above to the one 
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ANTIPROTONS 

given by the Josephson constant. What better than the Rydberg 
constant of the antiproton, which is proportional to Q 2 M? 

For this we need an atom in which the antiproton orbits a nucleus, 
as the electron does in hydrogen. A good candidate (indeed the only 
one available at present) is the antiprotonic helium atom (an 
antiproton and an electron orbiting an alpha-particle nucleus), eas
ily created by stopping antiprotons from CERN's antiproton deceler
ator in helium gas. 

By probing this atom with laser beams, ASACUSA can measure a 
number of optical transition frequencies between pairs'of antiproton 
orbital states with principal and angular momentum quantum num
bers (n, L) differing by one (see box). In sharp contrast with the case 
of electrons in ordinary helium and of hydrogen, these take values 
around 3 5 - 4 0 when the almost stationary antiproton is captured 
into an atomic orbit by a helium nucleus (see box). Every such tran
sition of the antiproton in this atom has the antiproton Rydberg con
stant as a common scale factor. 

Now, of course, much of the art of high-precision experimentation 
lies in accounting for small systematic errors. Stopping the 
antiprotons in very cold ( 6K ) helium reduced those due to the 
Doppler effect severely. The major remaining systematic effect was 
the so-called density shift arising from the buffeting that the antipro
tonic atom suffers from neighbouring ordinary helium atoms. On the 
theoretical side, the difficulty is that antiprotonic helium is a three-
body system, not a two-body system like hydrogen, requiring sophis
ticated computer calculations. 

Among the many transition frequencies measured, the 
experimenters therefore selected those with the most favourable 
experimental and theoretical conditions. Instead of trying to .work 
out a value for the Rydberg constant, and combining it with the Q/M 
value, the equivalent procedure was adopted, asking the theorists to 
estimate how much the proton values for Q and M used in their cal
culations had to be changed to give the experimental frequencies, 
under the 9 parts in 10 1 1 constraint given by the Harvard Q/M ratio. 
This could be interpreted as a confidence limit on the charge and 
mass relative to those of the proton. 

The result was that if there is any difference between the antipro
ton Q or M and the proton's value, it is, with a 90% confidence level, 
less than 6 parts in 10 8.This constraint is about 10 times as tight as 
that obtained by the same procedure at LEAR and a thousand times 
as tight as that obtained without using antiprotonic helium. 

Can we stop here? No. As has been often pointed out, in science 
we can never verify concepts (like CPT symmetry) with absolute 
finality - there is always the possibility that still more precise 
measurements, or measurements of new quantities, will falsify them. 
This is why the ASACUSA group is now planning further 
improvements to its laser system that will push the limit to a 
few parts in one bil l ion, and why it is now also measuring the 
magnetism of the antiproton to a few parts in 10 5 or better by flip
ping the electron's spin in its orbital magnetic field.The first results 
are being displayed prominently in the photograph by HiroyukeTorii 
ofTokyo. 

John Eades, CERN. 
* 2 0 0 1 Phys. Rev. Lett. 8 7 p 0 9 3 4 0 1 - l . 
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starting your own 
business near to CERN? 

W h e t h e r y o u n e e d f u n d i o r 

p a r t n e r s , l e g a l a n d f i n a n c i a l 

a d v i c e o r o f f i c e s p a c e , 

We can help you! 

• advice on legal status, 

• assistance in partnership research, 

• advice and funding opportunities, 

• office space with subsidised rent, 

• contact with national and regional 
administration, 

• a stimulating environment on the 
Technoparc site in Saint Genis. 
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FREE LITERATURE 

Janis Research Co Inc 

ST-400 Ultra High Vacuum Systems 

Janis Research offers a complete line of liquid 
helium, liquid nitrogen, and closed-cycle cooled 
cryostats for research.These include designs 
optimized for UHV environments, featuring rapid 
cool down and UHV compatible materials and 
fabrication techniques. In addition to standard 
catalog models, Janis custom designs and builds 
cryostats to meet specific user requirements. 

Janis Research Company, Inc 
2 Jewel Drive, PO Box 696 
Wilmington, MA 01887-0696 USA 
Tel. +1 (978) 657 8750; Fax +1 (9?8) 658 0349 
Email sales@janis.com 
Web http://www.janis.com 

VAT Vacuum Valves 2004 Catalogue 

Now Available - From the World's Largest 
Supplier of Vacuum Valves 

The new VAT Vacuum Valves 2004 Catalogue is 
packed full of hundreds of products. From gate 
valves, to control valves, from angle valves to 
wafer-transfer slit valves, VAT has the valve solution 
for your process. Call or e-jnail today to request 
your free copy! 

VAT Vacuum Products Ltd 
235 Regents Park Road, Finchley 
London N3 3LG, UK 
Tel. +44 (0)20 8346 1999 
Fax+44 (0)20 8343 1104 
E-mail uk@vatvalve.com 

S A R L S M O - M E T 

Expertise: the manufacture of made-to-
measure coaxial, electrical and mixed 
connections 

All of our connections are delivered with a certificate 
of conformity to standards. 

We will fulfil all of your orders, even orders for a 
single item. 

Please do not hesitate to get in touch - we will reply 
promptly. 

SARLSMO-MET 
ZA Porte des Chambaran 38980 
Viriville France (Isère) 
Tel. +33 474 541 305 
Fax+33 474 541 437 
E-mail smo-met@wanadoo.fr 

Atlas Technologies 

UHV Chamber & Components... 
Metal Sealed 

Aluminum vacuum chambers can now be metal sealed with 
standard CF copper gaskets and hardware.The Atlas flange is an 
aluminum flange body with a 6-8mm thick stainless sealing face 
for robust and reliable knife-edge sealing. When you need to 
build UHV aluminum vacuum chambers, use the Atlas flange. 

Proven at major accelerators and synchrotron facilities 
worldwide, Atlas Technologies supply flanges and components 
and fabricate custom aluminum chambers for accelerators and 
beam lines. 

Atlas Technologies 
305-B Glen Cove Road, PortTownsend.WA 98368 USA 
Tel.+1360 385 3123 
Fax+1360 379 5220 
Email atlas@olympus.net 
Web www.atlasbimetal.com 

Fabcast Engineering Ltd 

Precision casting, fabricating and 
machining in lead 

Fabcast Engineering Ltd specializes in the manufacture and 
installation of a complete range of Beamline LEAD Shielding 
Products for second- and third-generation SR sources. 
Products include: white beam hutches, shielded white beam 
transport, primary and secondary Bremsstrahlung 
collimators, and specialized local enclosures. 

Fabcast Engineering Ltd is now part of the Calder 

Industrial Materials Group. 

Fabcast Engineering Ltd, Unit G4, Riverside Ind. Est, 
Dartford DAI 5BS, UK 
Tel.+44 (0)1322 222262 
Fax+44 (0)1322 287084 
Email info@fabcast.com 

Kimball Physics Inc 

ELECTRON AND ION OPTICS, UHV COMPONENTS 

UHV electron and ion sources/systems: beam energies 
5eVto lOOkeV. 
System options: energy sweeping, rastering, pulsing, 
emission current control, computer control. 
UHV components: multi-CF fittings, vacuum chambers, 
Faraday cups, eV parts. 
Applications: surface physics, vacuum physics, charge 
neutralization, cathodoluminescence, phosphor testing, 
RHEED, ESD semiconductor processing, custom designs. 
See the catalogue online atwww.kimphys.com 

Kimball Physics Inc 
311 Kimball Hill Road, Wilton, NH 03086 , USA 
Te l .+1603 878 1616 
F a x + 1 6 0 3 878 700 
Email info@kimphys.com 
Web www.kimphys.com 

Goodfellow 

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

70 pure metals, 200 alloys, 57 polymers, 31 
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, Ermine Business Park, 
Huntingdon PE29 6WR, UK 
Freephone 0800 731 4653 
Tel.+44 (0)1480 424800 
Fax+44 (0)1480 424900 
Email info@goodfellow.com 
Web www.goodfellow.com 

Pfeiffer Vacuum Ltd 
Pfeiffer Vacuum, the inventor of turbopump technology, 
is the technology leader in vacuum pumps, instruments 
and special vacuum systems and has over 100 years of 
vacuum experience. 

Products include turbo pumps, rotary vane pumps, 
roots pumps, diaphragm pumps, diffusion pumps, dry 
pumps & helium leak detectors. 

Our catalogue and series of technical publications are 
available free of charge. 

Pfeiffer Vacuum Ltd 
2 -4 Cromwell Business Centre, Howard Way, 
Interchange Park, Newport Pagnell, MK16 9QS 
Tel. +44 (0) 1908 500600 
Fax+44 (0) 1908 500601 
E-mail sales@pfeiffer-vacuum.co.uk 
Web www.vacuum.co.uk 
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A W A R D S 

Dirac prize goes to interdisciplinary scientist 
The Dirac medal and prize this 
year goes to Prof. John J Hopfield 
of Princeton, who has made impor
tant contributions in an 
impressively broad.spectrum of 
scientific subjects. His special and 
rare gift is his ability to cross the 
interdisciplinary boundary to 
discover new questions and pro
pose answers that uncover the 
conceptual structure behind the 
experimental facts. 

His early research on light emit
ting diodes has been recognized 
by the award of the American 
Physical Society's Buckley prize for 
condensed matter physics. In 
biology he understood the need 
for and proposed the "proof-reading" principle 
by which the replication mechanism manages 
to achieve accuracy far beyond that possible 

John J Hopfield of Princeton - ICTP Dirac medal winner. 

in equilibrium processes. His famous model of 
neural processing demonstrated how qualita
tively different computation in a computer and 

Prizes awarded at French conference 
At the biennial conference of the French 
Physical Society (SFP), which was held in 
Strasbourg at the beginning of July, awards 
were given to physicists for their work. 

The Ricard prize for "very original work in 
physics" was given to Yves Déclais, director of 
the Institut de Physique Nucléaire of Lyon. He 
was head of the neutrino oscillation search 
experiment located close to the CHOOZ 
nuclear plant, in the French Ardennes.This 
experiment eliminated the possibility that the 
oscillation between electronic and muon 
neutrinos is the source of the atmospheric 
neutrino disappearance observed by Kamioka. 

The Robin prize rewards a physicist for 
his/her whole career. It was given this time to 
Jacques Haissinski from Orsay, a pioneer of 
electron-positron collisions and a former 
chairman of CERN's LEP Experiments 
Committee. 

Haissinski was also spokesman of the 
CELLO Experiment atDESYand head of the 
DAPNIA service at Saclay. He is currently co-
spokesman of the EROS Experiment, 
investigating galactic structures through the 

microlensing effect and searching for dark 
compact halo objects. 

The Joliot-Curie prize, which is given bienni
ally to a particle physicist, was awarded to 
Yannis Karyotakis from Annecy. He was a 
member of the L3 experiment at CERN and is 
now the technical coordinator of the BaBar 
experiment at SLAC, recently observing for the 
first time CP violation in the system of the 
beauty mesons. 

The Gentner-Kastler prize is jointly given by 
the SFP and the German DPG (Deutsche 
Physikalische Gesellschaft) to a physicist who 
has made outstanding contributions in their 
field.The prize is given to a French physicist 
one year and a German physicist the next. 

This year it was awarded to Konrad 
Kleinknecht from Mainz. He was a member of 
the famous CDHS neutrino experiment at 
CERN and of the Aleph experiment at LEP He is 
also one of the pioneers of kaon physics, being 
in particular a very active member of the NA31 
and NA48 experiments at CERN which resulted 
in the discovery and measurement of direct CP 
violation in kaon decays. 

computation in the brain could be. 
More recently, Hopfield has found 
an entirely different organizing prin
ciple in olfaction and demonstrated 
a new principle in which neural 
function can take advantage of the 
temporal structure of the "spiking" 
interneural communication. 

The award, from the Abdus Salam 
International Centre forTheoretical 
Physics in Trieste, Italy, is intended 
"to honour and encourage high-level 
research in the fields of physics and 
mathematics" and usually reflects 
the purely theoretical orientation of 
the centre's mainstream research. 
Commenting on the award, Hopfield 
said: "I am pleased that the rather 

different kind of theory which needs to be 
done in connection with biology could be 
recognized by such a community of theorists." 

Toshi-Aki Shibata 
of Tokyo's Institute 
of Technology 
received this year's 
Philipp Franz von 
Siebold award from 
the Federal 
German govern
ment. This is given 
annually to a young 
Japanese (aged under 50 years) who has 
contributed significantly to Japanese-
German cultural and social exchange. 
Shibata has participated in various 
experiments at CERN from 1982 as a 
member of the Mainz and Heidelberg 
groups, first on low-energy 
antiproton-proton scattering at CERN's 
LEAR low-energy antiproton ring, and then 
in deep-inelastic scattering studies using 
high-energy muon beams at CERN's SPS 
synchrotron. Returning to Japan, he 
maintained his German connections by 
joining the HERMES collaboration at DESY's 
HERA electron-proton collider in Hamburg. 
He is pictured receiving the award from 
Federal German president Johannes Rau. 
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Jack Steinberger, 1988 Nobel prizewinner, addressing a group of eager listeners at the 51st 
annual meeting of Nobel laureates, which was held in Lindau, Germany. 

Diamond ring 
project has a 
new leader 
Gerhard Materlik has been appointed chief 
executive officer for the multinational DIA
MOND synchrotron radiation ring project at 
the UK Rutherford Appleton Laboratory (CERN 
Courier May 2000 p7). 

He transfers from DESY in Hamburg, where 
he has been an associate director of the 
HASYLAB synchrotron radiation laboratory. 
Since 1995 he has been coordinating the X-
Ray Free-Electron Laser Project at DESY 
(CERN Courier July 2000). 

The building of the new DIAMOND synchro
tron, in partnership with the Wellcome Trust, 
was announced in 1998, and the French 
government joined the project during the 
following year. 

Uggerhoj retires 
Erik Uggerhoj of Aarhus, Denmark, who cele
brated his 70th birthday in September, is 
formally retiring. As the dynamic founding 
director of the Institute for Storage Ring 
Facilities at Aarhus, he set the institute on a 
clear path towards innovation and ensured 
the worldwide reputation that it now enjoys. 

He is also a well known figure at CERN, 
having been the colourful spokesman for a 
possibly unprecedented number of experi
ments, dating back to 1974. His enthusiasm 
for and insight into particle channelling in 
crystals has led to numerous fruitful develop
ments in beam handling. 

European board 
The new chairman of the European Physical 
Society's High-Energy Particle Physics Board 
is Michel Spiro of Saclay. He will take over 
from Giora Mikenbergof theWeizmann 
Institute in Israel, who has presided for the 
past two years over the European board. 

The 51st Annual Meeting of Nobel 
Laureates, the seventeenth dedicated to 
physics, was held in Lindau, Germany, at the 
end of June. More than 600 students and 
young researchers, not only from Europe but 
also from the US and India, came for the 
opportunity to meet 18 Nobel laureates. 
Following lectures and debating on applica
tions arising from basic research, or on the role 
of physics in the life sciences, the students 
could discuss the sciences or science careers 
with the prizewinners of their choice. 

The ESO-CERN-ESA Symposium on 
Astronomy, Cosmology and Fundamental 
Physics will be held in Garching, Germany, on 
4-7 March, 2002. 
This symposium is the first to be co-organized 
and co-sponsored by all three organizations. It 
is intended to give a broad overview of scien
tific areas of interest to the communities of 
the three organizations: current observational 
cosmology, including the microwave back
ground fluctuations and new constraints on 
the cosmological parameters; searches for 
dark matter; high-energy astrophysics 
(sources and backgrounds); recent develop

ments and prospects in particle physics; 
fundamental physics from ground and space; 
extrasolar planets, and future perspectives at 
ESO, CERN and ESA. 

Review speakers include R Battiston, P de 
Bernardis, C Cesarsky, K Danzmann, J Ellis, 
F Gianotti, F Halzen, G Hasinger, P Hernandez, 
B Leibundgut, P Madau, L Maiani, M. Mayor, 
Y Mellier, M Perryman, R Plaga, G Raffelt, 
M Rees, B Schutz, D Southwood, CTao, 
NTurok, E van den Heuvel, E van Dishoeck, 
M Vietri, S Vitale, A Watson and LWoltjer. 

A large number of posters are also antici
pated, with exciting recent results from the 
communities of the three organizations, and 
there will be special poster sessions in the 
programme.There will also be a limited num
ber of contributed talks. 

More details, registration and accommoda
tion forms are available at "http://www.eso. 
org/gen-fac/meetings/symp2002" or contact 
symposium secretaries Christina Staffer and 
Britt Sjoeberg, European Southern 
Observatory, Karl-Schwarzschild-Str. 2, 
85748, Garching bei Muenchen, Germany; 
e-mail "symp2002@eso.org"; fax +49 89 
32006 480. 

The 9th international Conference on 
Supersymmetry and Unification of 
Fundamental Interactions took place recently 
at the Joint Institute for Nuclear Research, 
Dubna, near Moscow. This year is the 30th 
anniversary of the discovery of supersymmetry 
(CERN Courier March pl9) . 
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Change of director at NIKHEF, Amsterdam 
On 22 June a sympo
sium, Past and Future 
Policies on Facilities 
for Nuclear and 
High-Energy Physics 
Research, held at 
NIKHEF, Amsterdam, 
marked the retire
ment of Gervan 
Middelkoop as 
director of the 
laboratory and as 
professor of physics 
at Amsterdam's Vrije 
Universiteit. Originally 
a nuclear physicist, 
he "converted", as he put it, to particle 
physics. He has played an important role in 
restructuring particle and nuclear physics in 
the Netherlands and their incorporation under 
the NIKHEF umbrella. He has also been very 
influential in CERN-Netherlands relations. 

Before his mandate as director of NIKHEF 
(1996-2001), he served as director of 
NIKHEF's former nuclear physics division from 

Ger van Middelkoop (right), with Jos 
Engelen, his successor as director of the 
NIKHEF laboratory. 

1983 to 1988. In the 
intervening period he 
was the spokesman 
for the New Muon 
Collaboration at 
CERN.This period 
and the results 
obtained in muon-
scattering 
experiments at CERN 
were recalled at the 
symposium by 
Dietrich von Harrach 
(Mainz). 

The other main 
speakers at the sym

posium were CERN research director Roger 
Cashmore, on "LHC experiments: the science, 
the technology and the organization" and 
DESY director Albrecht Wagner, on future 
linear colliders, in particularTESLA. Many 
friends and colleagues from the Netherlands 
and abroad attended. On 1 July Ger van 
Middelkoop was succeeded as director of 
NIKHEF by Jos Engelen. 

The cryogenics barrel for the electromagnetic calorimeter of the ATLAS experiment at 
CERN's LHC collider eases its way through the 1323 m high Faucille pass in the Jura 
mountains before its final descent to CERN, at the end of a journey that began 46 days 
previously in the Kawasaki Heavy Industries factory in Harima, near Kobe, Japan, where the 
module had been constructed under contract with the US Brookhaven laboratory. The barrel 
is 7 m high, 5.8 m wide, 7.2 m long and weighs 100 tonnes. 

Maurice Goldhaber 
celebrates 90th 

He's 90 years young - Maurice Goldhaber 
(centre) with birthday symposium speakers 
(left to right) Martin Deutsch, William 
Marciano, Norman Ramsey and Stuart 
Freedman. 

As mentioned briefly in the September issue 
of CERN Courier (p37), distinguished physicist 
Maurice Goldhaber recently celebrated his 
90th birthday. Befitting one who was the 
director of the laboratory during the key 
period of 1961 of 73, Brookhaven held a 
major event on 26 July. 

Goldhaber's milestone physics contribu
tions go back to studies of the 
photodisintegration of the deuteron with 
Chadwick in Cambridge in 1935, and they 
include work on dipole nuclear vibrations with 
Teller in 1948, on the classification of nuclear 
isomers and their interpretation in the shell 
model, and the classic 1958 experiment with 
Sunyar that determined the helicity of the 
neutrino. Later he was influential in promoting 
experiments to search for proton decay. 

Speakers at the Brookhaven Birthday 
Symposium included Norman Ramsey on "My 
many memories of Maurice"; Stuart Freedman 
on "Reminiscences of time and reversals"; 
Martin Deutsch on "Maurice in my past"; 
William Marciano on "Proton decay"; and 
Maurice's brother, Gerson Goldhaber. 

Brookhaven director John Marburger 
announced the award of the first Brookhaven 
Gertude and Maurice Goldhaber 
Distinguished Postdoctoral Fellowships. 

Asked about the secret of his longevity, 
Goldhaber replied: "I have no time to age." 
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Fred Hoyle 1915-2001 
Flamboyant, brilliant, controversial, non
conformist, defiant, multitalented - all of 
these adjectives and more befitted distin
guished astrophysicist and cosmologist Fred 
Hoyle, who died on 20 August aged 85. 

After undergraduate education at 
Cambridge, Hoyle's formal research career 
was interrupted by the Second World War. His 
Cambridge research supervisor departed for 
another position, but, with his work progress
ing well, Hoyle did not immediately feel the 
need to find a replacement. Finding that he 
had to have one for administrative purposes, 
he turned to Dirac, who rarely took research 
students but could not resist the "impressive 
counterlogic" of a supervisor who didn't want 
a research student who didn't want a 
supervisor. 

During the Second World War, Hoyle worked, 
like many of his contemporary researchers, on 

Fred Hoyle 1915-2001 

radar development. Among his colleagues 
were Thomas Gold and Hermann Bondi, and 
the trio subsequently proposed a "Steady 
State" theory of creation in which the universe 
is continually expanding, with fresh matter 
filling the "gaps". Promoting this theory on 
BBC Radio in 1950, Hoyle facetiously coined 
the term "Big Bang" to describe the opposite 

point of view proposed by Gamow.The name 
has stuck ever since. 

In the 1950s Hoyle worked with William 
Fowler and the Burbidges on the formation of 
heavy elements in stars- work that became 
classic and helped to earn the Nobel Prize for 
Fowler in 1983. As well as opening up the 
mysteries of stellar processes, this work also 
had important implications for nuclear 
physics. 

In 1958 Hoyle became Plumian Professor 
of Astronomy at Cambridge (the chair once 
held by Eddington) and went on to head the 
new Cambridge Institute ofTheoretical 
Astronomy, being very influential in maintain
ing and reinforcing Cambridge's worldwide 
reputation in astronomy. 

After bitter wrangling, he resigned from 
Cambridge in 1972 but continued to propose 
controversial ideas, including a now unfash- t> 

Nathan Isgur 1947-2001 
As reported briefly in CERN Courier 
(September p41), Nathan Isgur, a 
distinguished theoretical physicist who made 
landmark contributions to the physics of 
quarks in hadrons, died on 24 July. For several 
years he had been fighting multiple myeloma 
- a rare cancer of the bone marrow. Isgur was 
chief scientist of the Thomas Jefferson 
Accelerator Facility at Newport News. 

Born on 25 May 1947 in South Houston, 
Texas, Isgur went to Caltech for his under
graduate education, intending to major in 
molecular biology. However, exposure to the 
Feynman Lectures and Feynman himself, and 
a poor memory for chemical names led 
Nathan to switch to physics, obtaining a BSc 
in 1968. 

He went to Toronto for a PhD, obtaining his 
degree in 1974, and avoiding the war in 
Vietnam. He was appointed a member of the 
Toronto faculty in 1976. Isgur was a superb 
teacher and lecturer, and many of his 
undergraduate and graduate students now 
have faculty positions at US and Canadian 
universities. 

At Toronto he collaborated with Gabriel Karl 
of Guelph on the physics of baryons in the 
quark model.The QCD-improved quark model 
for baryons was very successful and is still the 

Nathan Isgur 1947-2001 

benchmark for baryons. 
During various leaves at Oxford, Isgur 

collaborated with Jack Paton on flux-tube 
models for gluons in hadrons.Their model 

made predictions for new excited hadrons 
involving gluonic excitation, which still remain 
to be confirmed. In another notable collabora
tion, with Chris Llewellyn Smith, the 
applicability of perturbative QCD to exclusive 
processes was examined in detail. 

Isgur's most celebrated work was with Mark 
Wise at Caltech, one of his former undergrad
uate students. Their study of sêmileptonic 
decays of heavy mesons containing charm or 
beauty quarks led to the discovery of heavy 
quark symmetry in QCD.This symmetry, which 
becomes exact in the limit of infinite quark 
mass, allows an economical description of 
many heavy meson decays. Two of their 
seminal papers each have more than a 
thousand citations on the SPIRES database at 
SLAC.The discovery also led to the award of 
the 2001 American Physical Society 
J J Sakurai prize to Isgur, Wise and Mikhail 
Voloshin. 

In 1990 Isgur moved from Toronto to 
Jefferson Lab to assume leadership of the 
theory group. He was attracted both by the 
opportunity to build a new theory group, and 
to guide the experimental programme of the 
new facility. Simultaneous with his appoint
ment at the lab, he joined the faculty at the 
College of William and Mary. > 
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ionable Steady State theory of the universe, 
and the notion that life and disease on Earth 
originate from cosmic bombardment. He was 
also a prolific writer of science reviews and 
books, and of science fiction, the latter fre
quently with his son Geoffrey as co-author. 

In his 1994 autobiography Home is Where 
the Wind Blows, Hoyle recounts how he was 
invited to lunch by Pauli at the 1958 Solvay 
meeting. Pauli remarked: "I have just read your 
novel The Black Cloud. I think it is much better 
than your astronomical work." 

Fred Hoyle was the president of the Royal 
Astronomical Society from 1971 to 1973 and 
a Foreign Associate of the US National 
Academy of Sciences. He received prestigious 
awards in many countries, including the 1997 
Crafoord prize, awarded by the Royal Swedish 
Academy of Sciences, shared with Edwin 
Salpeter of Cornell. He was knighted in 1972. 

Michael Murtagh 1943-2001 
Chair of Brookhaven's physics 
department, Michael Murtagh, 
a senior physicist whose 
tenure at the laboratory 
extended over 34 years, died 
on 12 July at the age of 57. 
Born in Lurgan, Armagh, 
Northern Ireland, he obtained 
a BSc at the National 
University of Ireland, 
Maynooth,and an MSc at 
University College Dublin, He 
was a fellow at Dublin's 
Institute for Advanced Studies 
before moving to the US, where 
he earned his PhD at Harvard in 1974. 

Murtagh went to Brookhaven in 1970 as a 
guest junior research associate. In 1973 he 
joined the physics department as a research 
associate. He was named assistant physicist 

4SL 
Michael Murtagh 
1943-2001 

in 1975, associate physicist in 
1977 and physicist in 1979, 
receiving tenure in 1985. 

He worked on neutrino 
physics using bubble cham
bers, from 1978 to 1986 being 
involved in Experiment 734 at 
the Alternate Gradient 
Synchrotron, which made 
precision measurements of 
neutrino elastic scattering 
from electrons and protons, 
and searching for neutrino 
oscillations. 

From 1991 to 1993, 
Michael Murtagh served as Physics 
Department Associate Chair, becoming 
Deputy Chair in 1993. In 1998 he was named 
Physics Chair. He was elected a fellow of the 
American Physical Society in 1996. 

At Jefferson Lab, Isgur initiated a 
programme to strengthen ties with the local 
and regional nuclear physics groups.Through 
joint appointments with local universities, he 
was able to double the number of positions in 
the theory group. Following this success, the 
lab extended the approach to joint experimen
tal appointments. Isgur also instituted a 
programme of bridged positions, which 
allowed universities to recruit bright, young 
nuclear physicists for positions a few years 
before the incumbents retired. 

These two programmes resulted in more 
than 60 new nuclear physics faculty positions 
in the south-east of the US. He devoted a 
great deal of effort to these programmes and 
was very pleased when they were imitated 
elsewhere. Isgur was strongly concerned to 
keep the Jefferson experimental programme 
focused on key issues and often asked experi
mentalists: "What new physics will we learn 
from this experiment?" 

He was very effective in these interactions 
because of his ability to express new physics 
ideas in simple terms.This, as well as his skill 
in creating enthusiasm for physics in a non
technical audience, was a great asset in 
meetings with policymakers and funders. 

In recognition of his contributions, Isgur was 

appointed chief scientist of the lab in 1996. 
When Isgur's illness was diagnosed, he 

started to publish at an accelerated rate. He 
published some 10 papers in refereed 
journals in the last four years and left 
about seven preprints in process of 
publication. 

During his last two years at the lab he 
established a collaborative lattice QCD effort 
with MIT.This involved the addition of two 
new staff members to the theory group as 
well as substantial prototype computing 
hardware. 

Isgur was extremely committed to assuring 
a bright future for the laboratory's experimen
tal programme through his constant efforts on 
behalf of the 12 GeV upgrade project and the 
proposal for a new experimental facility to 
search for exotic states involving gluonic 
excitation. 

He was a fellow of both the American 
Physical Society and the Royal Society of 
Canada, and he received many honours both 
in Canada and the US. 

Those of us who knew Nathan Isgur have 
lost a very special friend and physics has lost 
a great leader and teacher. 
Gabriel Karl, Guelph, and John Domingo, 
Jefferson Lab. 
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MICHIGAN STATE 
U N I V E R S I T Y 

ACCELERATOR PHYSICIST POSITIONS 
The NSCL at Michigan State University is seeking a highly qualified 
accelerator physicist to join the Accelerator R&D group. T,he applicant 
should have a strong background in accelerator beam dynamics and a 
proven trajectory in developing large computer codes for linear 
accelerators and cyclotrons. 
The NSCL is presently operating two superconducting cyclotrons and is 
embarked on the design of a linear accelerator. The successful applicant will 
develop new codes and maintain the extensive library of codes now in use. 
Depending on the successful applicant's qualifications, appointments will be 
made at any of three ranks in the NSCL Continuing Appointment System 
that approximately parallels the university tenure stream faculty system 
(see CAHandbook at http://www.msu.edu/unit/facrecds/policy/nsclOLhtm). 
Interested individuals should send a CV and arrange for three letters of 
reference to be sent directly to 

Ms. M. Chris Townsend, Laboratory Administrator, 
National Superconducting Cyclotron Laboratory, Michigan State University, 

164 S. Shaw Lane, East Lansing, MI 48824-1321, 
townsend@nscl.msu.edu. 

For more information, see our website at http://www.nscl.msu.edu. 

M S U IS AN EQUAL OPPORTUNITY / AFFIRMATIVE ACTION INSTITUTION. 

D E U T S C H E S E L E K T R O N E N 
S Y N C H R O T R O N D E S Y 

DESY is one of the leading laboratories 
in particle physics and synchrotron 
radiation research. For its location in 
Zeuthen near Berlin DESY is offering a 

POSTDOCTORAL RESEARCH POSITION 

to young scientists to participate in data taking and data analysis 
of the AMANDA neutrino telescope at the geographic South Pole. 
The accepted candidate is also expected to contribute to the pre
paration and construction of the next generation cubic kilometer 
detector, Icecube. The candidate should participate in operations 
at the South Pole, which are performed between November and 
February. 

Applicants should have a PhD in physics. They should have 
worked in high energy physics or astroparticle experiments and 
should be able to cooperate within an engaged research team. 

The position is limited to a duration of 2 years with a possible 
extension for a third year. The salary will be according to the 
German civil services BAT-0 lia. 

DESY encourages especially women to apply. 

Interested young scientists send their letter of application and 
three names of referees and their addresses by November, 15th, 
2001 to: 

D E S Y Z e u t h e n , P e r s o n a l a b t e i l u n g 
P l a t a n e n a l l e e 6 , 1 5 7 3 8 Z e u t h e n , G e r m a n y 

THE INSTITUT DE PHYSIQUE OF 
THE UNIVERSITY OF NEUCHÂTEL (SWITZERLAND) has an 

OPEN POSTDOCTORAL POSITION 
IN PARTICLE PHYSICS. 

The appointment is for one year, with possible extensions for up to four years. 

A PhD in physics or an equivalent title is required. 

The main task is to participate in the long baseline OPERA experiment, more 
precisely to make preparations for the analysis of emulsions in Neuchâtel, and 
to help build and test the target tracker. In parallel the successful applicant 
will have the opportunity to contribute to an effort to develop new techniques 
for time projection chambers, to achieve larger sizes and lower background 
levels. This is in view of a future experiment in low energy neutrino physics, to 
search for double beta decay, or to investigate low energy solar neutrinos. 

Jean-Luc Vuilleumier, 
Institut de physique, A.-L. Breguet 1, 
CH-2000 Neuchatel, Switzerland 
Email: jean-luc.vuilleumier@unine.ch 
Phone: +4132 718 2906 Fax: +4132 718 2901 Université de Neuchâtel 

T H E U N I V E R S I T Y 

o f L I V E R P O O L 

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

O F F I C E R I N P A R T I C L E P H Y S I C S 
Department of Physics 

Initial salary within the range £20,267 - £32,215 pa 

Working within the Liverpool Particle Physics Group, 

you will contribute to a research area in the current research 

program which includes ATLAS and LHCb at CERN, H I at 

DESY, BaBar at SLAC and CDF at Fermilab. 

You will possess a PhD in Experimental Particle Physics and 

have several years' postdoctoral experience. The post is funded 

by PPARC and will be for a period of three years initially. 

You will be expected to spend time at the overseas laboratories 

as appropriate. Informal enquiries to Professor P Booth on 

+44 151 794 3363, email: booth@hep.ph.liv.ac.uk or Professor 

J Dainton on +44 151 794 3374, email: jbd@hep.ph.liv.ac.uk 

Quote Ref: B/672/CC Closing Date: 15 November 2001 

Further particulars and details of the application procedure 

should be requested from the Director of Personnel, 

The University of Liverpool, Liverpool L69 3BX 

on +44 151 794 2210 (24 hr answerphone) or via 

email: jobs@liv.ac.uk Web site at http://www.liv.ac.uk 

COMMITTED TO EQUAL OPPORTUNITIES 
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Dean of Computer and 
Communication Sciences 
AT THE SWISS FEDERAL INSTITUTE OF TECHNOLOGY LAUSANNE ( E P F L ) 

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 

The EPFL is a g row ing , dynamic , we l l - funded univers i ty 
develop ing research programs in engineer ing, basic and life 
sc iences. In the context of a campus-w ide reorganizat ion its 
cur rent depar tmen ts of Compu te r Sc ience and C o m m 
unicat ion Sys tems wi l l be merged into "Compu te r and 
Communicat ion Sciences". This field has a high priority within 
EPFL and it is expanding substantial ly its student body, faculty 
and research fund ing . A Nat iona l C o m p e t e n c e Cente r of 
Research, funded by the Swiss National Science Foundat ion, 
is be ing c rea ted in the f ie ld of mob i le commun i ca t i ons and 
information systems with EPFL as a leading house. 

To lead the new combined faculty, EPFL invites applications for 
the posi t ion of the "Dean of Compu te r and Commun ica t i on 
Sciences". The ideal candidate has an outstanding academic 
record and a strong vision for research, teaching and industrial 
developments in the field. 

App l ica t ions inc lud ing CV, pub l ica t ion list, addresses for 
re ferences, and a v is ion s ta tement shou ld be sent as soon 
as poss ib le , but not later than J a n . 10, 2002 to the 
address below: 

Prof. Martin Hasler 
Chairman of the Search Commit tee 
Department of Communicat ion Systems 
Swiss Federal Institute of Technology 
CH-1015 Lausanne, Switzer land 
Phone +41.21.693.26.22 
e-mail : mart in.hasler@epfl .ch 

More information on EPFL, the two departments and the 
National Competence Center of Research can be found at 
http://www.epfl.ch, http://diwww.epfl.ch, http://dscwww.epfl.ch 
and http:/ /www.terminodes.org, respectively. 

=p* FACULTY POSITIONS IN 
DEPARMENT OF PHYSICS U C S D UNIVERSITY OF CALIFORNIA, SAN DIEGO 

The Department of Physics at the University of California, San 
Diego, is beginning a substantial increase of its faculty as part of 
the growth of the entire campus. The department is presently large 
and broad-based and will add eight faculty appointments at the 
tenure-track assistant professor level during the next three years. 
Outstanding applicants at the associate or full professor level will 
also be considered in exceptional cases. Recruitment is occur
ring in a variety of fields of physics, including experimental parti
cle physics where an appointment effective as early as July 1, 
2002 is possible. The present effort in particle physics experiment 
includes a major involvement in the BABAR experiment at SLAC 
and the CMS experiment at CERN. Applicants should have a 
Ph.D. in physics and a clear record of research accomplishments. 
In addition, they should have a strong interest in undergraduate 
and graduate instruction and evidence of teaching skills. Salary 
will be commensurate with experience and qualifications, based 
on University of California pay scales. Applications, consisting of 
a curriculum vitae, list of publications, summary of research that 
would be pursued at UCSD, and the names, addresses, and 
other contact information of at least three referees should be sent 
by mail only to: Faculty Search Commit tee for (state your f ie ld 
of research), Department of Physics CC-0354, Universi ty of 
Cal i fornia, San Diego, 9500 Gi lman Drive, La Jol la, CA 92093-
0354. Review of applications begins December 1, 2001 and will 
continue until the positions are filled. 

UCSD is an equal opportunity/affirmative action employer. 

M I T 
The Physics Department of the Massachusetts Institute of Technology IS 
seeking to make junior faculty appointments in the area of subatomic physics 
covering the energy scales from the QCD scale to the Planck scale. Candidates 
will be evaluated on the basis of potential contribution to both the undergraduate 
and graduate teaching programs of the Department of Physics, and to the 
research programs carried out in the Center for Theoretical Physics. Current 
faculty in the Center for Theoretical Physics span a broad range of interests, 
including QCD, electroweak physics, unification, cosmology, and string theory. 

Faculty members at MIT teach undergraduate and graduate physics courses, 
serve as mentors and advisors, and oversee students ' research projects. 
Candidates must show promise in teaching as well as in research. Preference 
will be given to applicants at the Assistant Professor level. Applicants should 
submit by regular mail a curriculum vitae ( include email address), a 
publications list, a brief description of research interests and goals, and should 
have at least three letters of reference sent directly to: 

Professor Robert Jaffe, Chair, Search Committee, Center for Theoretical 
Physics, 6-311, 77 Massachusetts Avenue, Cambridge, MA 0 2 1 3 9 4 3 0 7 . 

The deadline for applications is December 1 , 2 0 0 1 . 

MIT is an Affirmative Action/Equal Opportunity employer. 
Women and minority candidates are strongly encouraged to apply. 

^•fc MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

1 1 1 An Equal Opportunity/Affirmative Action Employer 
• 1 Non-Smoking Environment 

web.mit.edu/personnel/www 
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UPPSALA 
UNIVERSÏTET 

THE SVEDBERG 
LABORATORY IS A 
SWEDISH NATIONAL 
RESEARCH FACILITY 
WITH PURPOSE TO 
MAKE AVAILABLE 
RESOURCES FOR 
ACCELERATOR-BASED 
RESEARCH. THE 
LABORATORY HAS A ' 
CYCLOTRON, THE 
GUSTAF WERNER 
CYCLOTRON, AND A 
COOLER RING, 
CELSIUS. 

The Svedberg Laboratory recruits a 
Senior Research Engineer 

TO WORK ON TASKS RELATED TO ACCELERATOR 
TECHNOLOGY AT CELSIUS, WITH EMPHASIS ON THE 
ELECTRON COOLER. 

THE SUCCESSFUL APPLICANT WILL BE PHD OR MSC 
IN ELECTRICAL ENGINEERING OR PHYSICS. WORK 
EXPERIENCE IN HIGH VOLTAGE, ULTRA-HIGH VACUUM, 
AND ACCELERATOR TECHNOLOGY ARE CONSIDERED 
MERITS. COOPERATIVE SKILLS ARE REQUIRED. 

INFORMATION ABOUT THE POSITION CAN BE 
REQUESTED FROM DAG REISTAD, 
TELEPHONE NO. +46-18-471 3177. 

PLEASE SEND YOUR APPLICATION SO THAT IT ARRIVES 
NO LATER THAN 19 NOVEMBER 2001 TO 

Registrator, Uppsala Universitet, Box 256, 
SE-751 05 Uppsala, Sweden. 

PLEASE REFER TO POSITION NO. 2001/3749. 

Research Positions 
LIG0 Laboratory 

California Institute of Technology (Caltech) 
Massachusetts Institute of Technology (MIT) 

The Laser Interferometer Gravitational-Wave Observatory (LIG0) project led by 
Caltech and MIT scientists is a gravitational-wave observatory, consisting of two 
facilities with laser interferometric detectors located at Hanford, Washington and 
Livingston, Louisiana.The project is sponsored by the National Science Foundation. 
Commissioning of the LIGO detectors is underway and early data collection for 
astrophysical searches will take place this coming year. 

The LIGO Laboratory expects to have positions at Caltech, MIT, and at the two 
observatory sites. Scientists will be involved in the commissioning and operation of 
LIGO itself, analysis of data, both for diagnostic purposes and astrophysics 
searches, as well as a vigorous R&D program for future detector improvements. 
Expertise related to astrophysics, modeling, data analysis, electronics, optics, 
vibration isolation, and control systems is useful. Most importantly, candidates 
should be broadly trained physicists, wil l ing to learn new experimental and 
analytical techniques, and ready to share in the excitement of bui lding and 
operating a gravitational-wave observatory for studies in physics and astrophysics. 
In general, appointments will be at the post-doctoral level with one-year initial 
appointments with the possibility of renewal for up to two subsequent years. In 
some cases, appointments with an initial term of three years or of an indefinite 
term may be considered. Appointment is contingent upon completion of all 
requirements for a Ph.D. 

Applications for positions at any LIGO Laboratory site (MIT, Caltech, Hanford, or 
Livingston) should be sent either to Dr. Barry C. Barish, California Institute of 
Technology, LIGO 18-34, Pasadena, CA 9 1 1 2 5 , or to Dr. David Shoemaker, 
Massachusetts Institute ofTechnology, LIGO Project, NW17-161,175 Albany Street, 
Cambridge, MA 02139 and should include a curriculum vitae, list of publications, 
and the names, addresses, email addresses, and telephone numbers of three or 
more references. Applicants should request that three or more letters of 
recommendation be sent directly to the attention of Dr. Barish or Dr. Shoemaker. 
Consideration of applications will begin on December 1 ,2001 and will continue 
until all positions have been filled. 

Caltech and MIT are Affirmative Action/Equal Opportunity Employers 
Women, Minorities, Veterans, and Disabled Persons are encouraged to apply 

Further information about the LIGO Project is available from: 
http://www.ligo.caltech.edu 

UNIVERSITY OF 
C A M B R I D G E 

CAVENDISH LABORATORY, DEPARTMENT OF PHYSICS 

RESEARCH ASSOCIATE APPOINTMENT IN DEVELOPMENT 
OF A COMBINED P E T / M R I SCANNING SYSTEM 

The Department hopes soon to be in a position to appoint this post, 
depending on final confirmation of funds supporting it. 
Applications are invited for an EPSRC-funded postdoctoral Research 
Associate vacancy in the Low Temperature Physics research group at the 
Cavendish Laboratory. The project is a collaboration between the 
University Physics Department and Medical Imaging groups at the 
University Clinical School based on the Addenbrooke's Hospital site. Our 
aim is to design and build a novel combined PET and MRI scanner. A 
scanner capable of simultaneous PET and MRI imaging would be a 
significant advance in the field of medical imaging. 

The post will involve a major role in this ongoing EPSRC project to design 
and build novel MRI systems. Applicants will have a PhD in Physics, 
Electrical Engineering or an allied subject. The work will include the 
development of a read-out system for the PET camera capable of operating 
close to the MRI system. A background in radiation detection, for example 
experimental High Energy Physics, would be an advantage. There is also 
scope within the project to contribute to algorithm development for 
improved image reconstruction and 3D image visualisation using modern 
parallel computing methods. 

The appointment will be for up to 2 years in the first instance, with the 
possibility of renewal for a further period or periods subject to the 
availability of funding. The salary will be in the range £17,451 - £26,229 
per annum and is pensionable. 

Applications including a CV and the names of two referees should be sent to 
Secretary LTP Group, Cavendish Laboratory, Madingley Road, Cambridge 
CB3 0HE. Alternatively, applications and informal enquiries can be sent to 
Dr Richard Ansorge by e-mail to Richard.Ansorge@phy.cam.ac.uk. 
The closing date for applications is 31 October 2001. 

The University is committed to equality of opportunity 

> 

CD 

POSTDOCTORAL OR ASSOCIATE RESEARCH SCIENTIST 
POSITION IN 

ATOMIC AND MUON PHYSICS 

Our group at Yale is doing research in atomic and muon physics 
with the Swiss meson facility at the Paul Scherrer Institute in 
Villigen, Switzerland (near Zurich). Our principal experiment 
at present is the measurement of the Lamb shift in the 2S state 
of muonic hydrogen (|i~p) using laser techniques. The Lamb 
shift experiment is approved at PSI. Research and development 
of the equipment for the experiment is well underway and runs 
with the muon beam are expected to start within one year. 
Future laser spectroscopy measurements will include the hfs 
of the 2S state in u~p and related measurements of u~d. 
Residence at PSI and trips to our colleagues at the University 
of Paris will be involved. Our research position is open now and 
is a two year appointment initially which could be extended. 
Laser experience is desirable. The salary will be in the range 
from$35Kto$50K/yr. 

Candidates should send a CV, the names of two references, and 
a brief summary of past research to: 

Pro fesso r V e r n o n W. Hughes , Yale Un ive rs i t y 
Physics D e p a r t m e n t , 2 6 0 W h i t n e y Ave, PO Box 2 0 8 1 2 1 , 
New Haven , CT. 0 6 5 2 0 - 8 1 2 1 . 

Vernon.Hughes@yale.edu Send a copy by email to 
Satish.Dhawan@yale.edu 
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A C C E L E R A T O R P H Y S I C I S T 
Competition #844-0831 

TRIUMF, Canada 's Nat ional Laboratory for Part icle and 
Nuclear Physics, is seek ing an Accelerator Physicist to 
work on operat ional and deve lopmenta l aspects of the 
500 M e V cyc lo t ron, and other acce lerators for the 
product ion of exotic ions or medica l isotopes. 

Qual i f ied appl icants will have a relevant PhD in Physics 
or Engineer ing Physics, or equivalent educat ion , wi th 
demonst ra ted pract ical hands-on exper ience acqu i red in 
an accelerator laboratory. T h e post -graduate degree, or 
prev ious work exper ience, wil l be in the f ields of beam 
phys i cs or acce le ra to r phys i cs , p re fe rab ly w i th 
cyc lo t rons . P rev ious e x p e r i e n c e wi l l i nc lude b e a m 
dynamics , opt ics, accelerator s t ructures, inst rumentat ion 
and d iagnost ics. T h e successfu l cand idate will have 
demonst ra ted init iat ive, sound judgement , and excel lent 
interpersonal ski l ls. A st rong academic background wi th 
thorough knowledge of e lec t romagnet ism, and a basic 
know ledge of acce lera tor eng ineer ing and phys ics , 
are essent ia l . 

T R I U M F is an equal oppor tuni ty employer offer ing a 
salary commensura te wi th exper ience, and a compet i t ive 
benef i ts package. Appl icat ions for this posi t ion will be 
accepted until the posi t ion is f i l led. All qual i f ied appl icants 
are invited to submit their resumes as soon as possib le 
to : TRIUMF, Human Resources (Comp# 844-0831), 
4004 Wesbrook Mall, Vancouver, B.C. V6T 2A3 

C O R N E L L 
U N I V E R S I T Y 
S E N I O R R E S E A R C H A S S O C I A T E 

Superconducting RF Research and Development 

Cornell University Laboratory of Nuclear Studies has an opening for a 
Deputy Leader of the Superconducting Radio Frequency Program at the 

Senior Research Associate level. Cornell is a leading institution in the 
development of RF superconductivity (SRF). Our program covers SRF 

systems for the Cornell Electron Storage Ring (CESR), as well as 
development activities with the International TESLA (superconducting 
linear collider) and the international Muon Collider collaborations, and 

we anticipate the launching of new SRF projects in the immediate future. 
Our program has a strong basic R & D component to address limitation 

mechanisms in SRF cavities. The Laboratory of Nuclear Studies provides 
an academic environment with opportunities for supervising 

graduate students and teaching SRF related courses. 

This is a continuing appointment subject to availability of funds under 
our NSF contract. A PhD in physics is required with at least seven years 
related experience in RF superconductivity. Further information about 

SRF activities at the Laboratory of Nuclear Studies can be found on 
http://www.lns.cornell.edu/public/CESR/SRF. Please send an 
application with curriculum vitae and three reference names to: 

Prof. Hasan Padamsee, Cornell University, 
Newman Lab, Ithaca, N Y 14853-5001 

e-mail to search@lns.cornell.edu 

Cornell University is an equal opportunity, affirmative-action employer. 

A s s i s t a n t D i r e c t o r , 
C E N T E R F O R C O S M O L O G I C A L P H Y S I C S 

The National Science Foundation has established a Center 
for Cosmological Physics at the University of Chicago. Ed 
Blucher, John Carlstrom, Sean Carroll, James Cronin, Joshua 
Frieman, Wayne Hu, Stephan Meyer, Angela Olinto, Randall 
Landsberg, Simon Swordy, Michael Turner and Bruce 
Winstein are charter members. 

The Center focuses on phenomena outside the Standard 
Model of Particle Physics which can be explored on a 
cosmological scale. Initial thrusts include: characterization of 
the Dark Energy, testing if the Universe underwent 
a period of inflation, and understanding the highest 
energy cosmic rays. 

The Assistant Director will manage our Center while 
simultaneously participating in research. 

Responsibilities will include budget analysis and 
preparation of scientific reports. He or she will supervise an 
Administrative Assistant, a secretary, and a part-time budget 
officer; organize symposia; and work with the Director and 
advisory groups to develop scientific goals and plan for 
future initiatives. The initial term is for 5 years. 

Qualifications: Ph.D. in physics or astronomy. Significant 
post-doctoral experience (not necessarily in Cosmology) 
which includes management and supervisory respon
sibilities is desirable. Salary commensurate with experience. 

Applications will be accepted until the job is filled. 
Applications should include a CV, publication list and 3 
letters of recommendation from those familiar with the 
management capabilities of the applicant. Women and 
minorities are encouraged to apply. 

Direct Applications to: 

Professor Bruce Winstein 
Director, Center for Cosmological Physics 

Enrico Fermi Institute 
5640 S. Ellis Avenue, Chicago, II60637 

bruce@cfcp.uchicago.edu  
HTTPV7CFCP.uchicago.edu/. 

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

CHICAGO 
N E E D T O R E C R U I T ? 

Call Debra Wills on 
+44 (0)117 930 1196 

E-mail debra.wills@iop.org 
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DESY is one of the five large accelerator centres wor ld
wide. The research spectrum reaches from elementary 
particle physics up to molecular biology and medicine and 
is unique in Europe. 

In p r e p a r a t i o n f o r t h e c o n s t r u c t i o n of t h e p l a n n e d l i nea r 

a c c e l e r a t o r T E S L A , D E S Y is e s t a b l i s h i n g a n i n t e g r a t e d i n fo r 

m a t i o n m a n a g e m e n t , t o c o l l e c t a n d d i s t r i b u t e s al l d a t a a n d 

d o c u m e n t s w h i c h a r e g e n e r a t e d w o r l d w i d e d u r i n g t h e p r o j e c t 

in o r d e r t o p r o v i d e a l l p a r t i c i p a n t s w i t h c o r r e c t a n d u p t o d a t e 

i n f o r m a t i o n . D i f fe ren t i n f o r m a t i o n s y s t e m s l i ke E D M / P D M , Fac i l i t y 

M a n a g e m e n t , A s s e t M a n a g e m e n t a n d S A P a r e u s e d a n d t h e 

o r g a n i s a t i o n a l f r a m e w o r k w i l l b e a d a p t e d t o t h e a p p l i c a t i o n of 

t h e s e s y s t e m s . 

For t h e i n t e g r a t i o n of i n f o r m a t i o n s y s t e m s w e a r e l o o k i n g f o r a 

Computer Scientist 

a s s o o n a s p o s s i b l e f o r a p o s t d o c t o r a l p o s i t i o n w h i c h is l im i t ed 

t o a d u r a t i o n of 3 y e a r s . 

Y o u s h o u l d h a v e a d e g r e e in c o m p u t e r s c i e n c e o r a c o m p a r a b l e 

f i e l d a n d g o o d k n o w l e d g e of t h e s t r u c t u r e a n d d e s i g n of re l a t i ona l 

d a t a b a s e s a s w e l l a s of W e b - b a s e d C l i en t s e r v e r a p p l i c a t i o n s . If 

y o u b r i n g a l o n g c rea t iv i t y , in i t ia t ive a n d t h e m o t i v a t i o n t o w o r k in 

a t e a m , h a v e a n in te res t in a n i n t e r n a t i o n a l r e s e a r c h e n v i r o n m e n t , 

p l e a s e s e n d y o u r fu l l C V t o t h e a d r e s s be low . 

T h e s a l a r y a n d t h e s o c i a l b e n e f i t s c o r r e s p o n d t o t h o s e in p u b l i c 

s e r v i c e s . W h i l e t h i s is a fu l l t i m e p o s i t i o n , p a r t t i m e e m p l o y m e n t 

m a y b e a poss ib i l i t y . 

D u e t o G e r m a n l aw h a n d i c a p p e d a p p l i c a n t s w i l l b e g i v e n 

p r e f e r e n c e in c a s e of e q u a l q u a l i f i c a t i o n s . 

D E S Y is a n e q u a l o p p o r t u n i t y e m p l o y e r a n d w e l c o m e s a p p l i c a 

t i o n s of q u a l i f i e d w o m e n . 

Deutsches Elektronen-Synchrotron DESY 
N o t k e s t r a s s e 8 5 • c o d e : 8 1 / 2 0 0 1 • D - 2 2 6 0 3 H a m b u r g • G e r m a n y 
P h o n e + + 4 9 ( 0 ) 4 0 / 8 9 9 8 - 2 4 7 3 • w w w . d e s y . d e 

Deadline for applications: 15.10.2001 

CERN COURIER RECRUITMENT 
BOOKING DEADLINE 

November issue: 1 2 October 
CONTACT DEBRA WILLS: 

TEL. +44 (0) 117 930 1196 FAX +44 (0) 117 930 1178 

E-MAILDEBRA.wills@iop.ORG  

cerncnurier.com 

STANFORD UNIVERSITY 
PEH0NG AND ADELE CHEN PARTICLE ASTROPHYSICS 

AND COSMOLOGY INSTITUTE DIRECTOR 

The Stanford Linear Accelerator Center (SLAC) and the Department 
of Physics are pleased to announce a search for the first Director of 
the newly established Pehong and Adele Chen Particle Astrophysics 
and Cosmology Institute of Stanford University. 

The Director will occupy an endowed, tenured, fullprofessorship 
chair and will have joint appointments in the Stanford Linear 
Accelerator Center and in the Department of Physics. The Director 
will report to the Vice-Provost for Research of Stanford University.The 
Institute will serve as a focal point for eminent researchers and 
visitors in experimental, observational, and theoretical particle 
astrophysics and cosmology. The Institute building will be at the 
Stanford Linear Accelerator Center and will contain the main offices, 
meeting rooms and small laboratories. Facilities required for major 
experimental projects will be available at SLAC and near the 
Department of Physics. The Institute will have ten Stanford faculty 
along with staff, students and visitors. The Institute faculty will have 
appointments at SLAC, the Department of Physics and/or the 
Department of Applied Physics. Candidates should have 
demonstrated outstanding research accomplishments and 
leadership in fields such as particle astrophysics, astrophysics, 
cosmology, astronomy or related areas of physics. The Director will 
have major responsibility for the development of the Institute's 
faculty and staff, for setting the goals and style of the Institute, and 
for bringing additional funding to the Institute. Directorship terms of 
service are five years and renewable. 

Applications containing a CV and a list of references should be 
sent before November 1,2001 to the address given below. Stanford 
University is an equal employment opportunity employer. We 
especially invite applications from women and minority scientists. 

Prof. Mar t in L. Perl and Steven Chu, Co-chairs 
Chen Institute Director Search Committee 

Stanford University, Stanford Linear Accelerator Center 
2 5 7 5 Sand Hill Road, Mai l Stop 6 1 , Menlo Park, CA 9 4 0 2 5 

Postdoctoral Positions 
The C. N. Yang Institute for Theoretical Physics at Stony Brook University seeks 
candidates for postdoctoral positions with anticipated appointment date of 1 
September 2002. Research fields at the institute include, but are not limited to, 
elementary particle theory, gauge field theory, statistical mechanics, supersymme-
try and superstring theory. Candidates are required to have Ph.D. in Physics. 

We recommend electronic application at: (http://www.physics.sunysb.edu/itp/jobs). 
In the absence of web access, please email for instructions by auto-reply: (job-
forms@insti.physics.sunysb.edu). If you cannot connect electronically, please write 
to: CNYITP Search, Stony Brook University, Stony 
Brook, NY 11794-3840. 
Review of applications will begin 1 December 2001, 
and continue until the positions are filled. 
Applications from women, people of color, disabled 
persons, and veterans are especially welcome. AA/EOE STATE UNIVERSITY OF NEW YORK 

S T # N Y 
BR#v$K 
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Grid Computing Opportunities 
at CERN funded by PPARC 

Opportunities now exist for comput ing specialists to work on grid 
computing at CERN, funded by PPARC. The staff appointed will be 
employed either through a UK university or CERN., Grid Computing 
uses d is t r ibuted comput ing , processing and data storage to 
address some of the most complex new scientific and engineering 
challenges.The CERN experiments on the LHC will have enormous 
comput ing requirements and wil l require a large and complex 
computing system. 

LHC comput ing wil l be imp lemented as a computational grid, 
integrat ing large d is t r ibuted computing fabrics into a vir tual 
computing environment.The development and prototyping work will 
be organised as a project that will include many scientific institutes 
and industrial partners. CERN will co-ordinate the project, which will 
be integrated with several European, national and US projects. 

PPARC and CERN are offering a number of grid comput ing posts 
avai lable at CERN, a imed at address ing the LHC comput ing 
challenge. Candidates should have at least two years solid practical 
comput ing experience in one or more of the fo l lowing areas: 
systems management using Unix/Linux or Windows 2 0 0 0 ; large-
scale systems and storage management; relational and /o r object 
database management systems; internet services and tech
nologies; object-oriented programming, preferably in C++ or Java; 
software engineering; local and wide area networking technologies; 
network management ; computer and network securi ty; devel
opment of high energy physics app l ica t ions, and , preferably, a 
university degree in computer sc ience, physics or a related 
d isc ip l ine. Posts are avai lable at a range of levels ( inc lud ing 
managerial/project leader) and computing fields. For more details 
see the CERN IT jobs web site here: 
http:/ / i t -div- jobs.web.cern.ch/ i t -div- jobs/ lhc. 

Applications for these posts should comprise: a curriculum vitae of a 
maximum of two sides of A4 paper; the names of 3 referees and a 
brief description of the work at CERN you propose to do and why 
you are suited to such work. Appl icat ions should be sent to Guy 
Rickett at PPARC, Polaris House, North Star Avenue, SWINDON, 
SN2 1SZ, UK or by email to guy.rickett@pparc.ac.uk. Applications 
received by 19 October 2 0 0 1 will be considered for the first round 
of appointments. Later appointments may be available. For further 
enquiries contact Guy Rickett at PPARC phone +44(0)1793 4 4 2 0 1 4 
or by email to guy.rickett@pparc.ac.uk or Les Robertson at CERN by 
email: les.robertson@cern.ch or phone: + 4 1 22 76 74916 . 

P P A R C 
Assistant Professor of Physics 
The Department of Physics expects to appoint a specialist in particle theory as 
Assistant Professor of Physics. This is a tenure-track position to begin in 
September 2002. Candidates should have broad experience in particle theory, 
including strong interests in new phenomena. All highly qualified candidates will 
be considered. 

Applicants should send a curriculum vitae, a brief research statement, and the 
names of at least three referees to: 

Ctirad Uher, Chair, Department of Physics, 2477 Randall Laboratory, 
University of Michigan, Ann Arbor, Ml 48109-1120. 

To be guaranteed full consideration, an application must arrive by 
January 1, 2002. 

The University of Michigan is a non-discriminatory/affirmative action employer. 

P o s t d o c t o r a l F e l l o w 

C E N T E R F O R C O S M O L O G I C A L P H Y S I C S 

THE NSF has just established the Center for Cosmological Physics 
(CfCP) at the University of Chicago. Research at the Center focuses on 
interdisciplinary topics in Cosmological physics: characterizing the 
Dark Energy, studying the inflationary era, and understanding the 
highest energy cosmic rays. Studies of the CMB (polarization 
anisotropics and the Sunyaev-Zeldovich effect) and Cosmic Infrared 
Background; analysis of Sloan Digital Sky Survey and other large-
scale structure data; high-energy astrophysics with photons and 
cosmic rays, and numerous topics in theoretical cosmology constitute 
the initial slate of activities. The CfCP will have active visitor, 
symposia, and education/ outreach programm. 

Several Center Fellow positions are now open. Center Fellows have 
the freedom to work on any of the efforts in our Center. 

We seek candidates with a recent Ph.D. in physics, astrophysics, or 
related fields, with an interest in pursuing experimental or theoretical 
interdisciplinary research in cosmology. PRIOR EXPERIENCE IN 
COSMOLOGICAL PHYSICS IS NOT A REQUIREMENT. Positions 
are for two years, with possible renewal for a third. 

A CV, statement of research interests, and at least three letters of 
recommendation should be sent to centerfellow@cfcp.uchicago.edu 

or to Bruce Winstein, Director, Center for Cosmological Physics, 
Enrico Fermi Institute, 5640 S. Ellis Avenue, Chicago, IL 60637. 

Information about the CfCP can be found at http^/cfcp.uchicago.edu/ 

Women and minorities are encouraged to apply. Applications are now 
being accepted for positions which are available immediately. The 
deadline is December 10th for positions which will begin July 1,2002. 

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

CHICAGO 
Depar tmen t of Physics 

4 . 

Q u e e n M a r y 
University of London 

LECTURESHIP I N EXPERIMENTAL PARTICLE PHYSICS 

The Department of Physics, Queen Mary, University of London invites applications for 
a new Lec turesh ip i n E x p e r i m e n t a l Par t i c le Physics. 

Candidates are expected to have outstanding research achievements. The successful 
candidate, based at Queen Mary, will be welcome to join one of the Group's current 
experiments, BaBar at SLAC, HI at HERA, or ATLAS for the LHC, and have the 
opportunity to participate in GRID e-Science activities. He/she will also be encouraged 
to initiate new projects within areas such as the Next Linear Collider or Neutrino 
Factories. 

The appointment is expected to begin early in 2002. The present salary will be within 
the Lecturer scale £22,401 to £34,349, including London Allowance. 

For further information please contact the Head of Department, P r o f D.J. D u n s t a n 
( d . d u n s t a n @ q m u l . a c . u k ) or the Head of Experimental Particle Physics, 
P r o f A . A . C a r t e r ( a . a . c a r t e r @ q m u l . a c . u k ) . 

An application form is available from p h y s - r e c r u i t @ q m u l . a c . u k or by telephone, 
+44 ( 0 ) 2 0 - 7 8 8 2 - 5 0 3 0 , quoting reference P h y s 2 3 0 7 . 

Completed forms should be returned to the: R e c r u i t m e n t S e c r e t a r y , 
M r s D.Paige, D e p a r t m e n t o f Physics, Q u e e n M a r y , Univers i ty o f L o n d o n , 
L o n d o n E l 4NS by N o v e m b e r 5 t h 2 0 0 1 . 
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UNIVERSITY OF CALIFORNIA AT DAVIS 
I 

F a c u l t y P o s i t i o n 

D e p a r t m e n t o f P h y s i c s 

The Department of Physics at the University of Cal i fornia at 
Davis invites applications for a faculty position in 
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The index is provided as a serv ice a n d , whi le every e f for t 
is m a d e to ensure its accuracy, CERN Courier accepts 
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BOOKSHELF 
Superconducting Materials for High 
Energy Colliders edited by L Cifarelli 
and L Maritato, World Scientific Science 
and Culture Series - Physics, 
ISBN 080243197. 

Imagine the ultimate high-energy 
physics project - 10 times as powerful as 
CERN's mighty LHC collider.This ambi
tious goal, which is aiming for a hadron 
collider with a collision energy of 
200-1000TeV and with a luminosity as 
high as 10 3 6 , is the theme of Antonino 
Zichichi's foreword to this book.The 
vision of the multihundredTeV "ultimate 
collider", the Eloisatron, is supported by 
the conviction that no energy threshold 
well beyond the Standard Model seems near. 

The book is dedicated to the memory of 
Tom Ypsilantis (CERN Courier October 2000 
p48) and gives a full description of a 
workshop held in Erice, Sicily, at the end of 
1999 on superconducting materials for future 
high-energy colliders.This marked the return 
of a full European perspective of the 
Eloisatron workshops, after a period during 
which the European community had been 
busy designing the LHC, while our US col
leagues emerged from the trauma of the 
cancelled SSC and set up a new programme 
that is now focused on the VLHC. 

With the LHC on track to produce physics by 
2006, European scientists began to look 
beyond the present horizon.The workshop 
provided an excellent forum where materials 
scientists met with accelerator specialists to 
exchange information and to focus R&D 
towards common goals. 

Superconductivity is the key accelerator 
technology, and the communities striving for 
high field (magnets) and for high gradient 
(radiofrequency cavities) exploit the absence 
of electrical resistance at low temperatures. In 
the reverse direction, high-energy physics has 
provided the right environment (and 
resources) to achieve real progress in applied 
superconductivity, by developing high-critical 
current density cables with fine filaments and 
achieving mass-production. A good example is 
magnetic resonance imaging (MRI), which 
could not have progressed from a laboratory-
scale experiment to a general medical 
technique without the impetus of high-energy 
physics cryogenics. 

At the Erice workshop, Philippe Lebrun, 
head of CERN's LHC division, addressed the 
problem of technical management of mega-

Test string for superconducting magnets for CERN' 
LHC collider. Particle physics is a major focus for 
research and development work in applied 
superconductivity. 

science projects and described what we are 
learning with the LHC, the first global acceler
ator project, and reviewed the main machine 
subsytems, including the powerful cryogenics 
needed to keep some 50 000 tons of super
conducting magnets at 1.9 K - the coldest 
point of the universe and twice as cold as the 
relic cosmic microwave radiation. Also for the 
LHCJom Taylor covered the vigorous technical 
effort that is under way to design and build 
the LHC's superconducting components to 
conform to stringent energy and luminosity 
requirements, and the room for 
improvements. 

Kjell Johnsen, the designer of CERN's ISR, 
the first hadron collider, reviewed the tentative 
feasibility study of the Eloisatron, just 10 years 
after it was issued, showing that the machine, 
although very ambitious, is technically 
feasibly with a 300 km ring where some 
16000 dipoles reaching 10 tesla can provide 
100TeV proton beams (200TeV collisions). 

On basic superconductivity, C Grimaldi 
(Lausanne) introduced the present under
standing of high-temperature 
superconductors (HTS), stressing that much 
work still needs to be done, but the reward 
would be the cheap and easy cryogenics of 
liquid nitrogen. 

J Halbrittner (Karlsruhe) described the 
detailed analysis of radiofrequency losses in 
superconducting cavities, showing the present 
superiority of bulk niobium cavities over 
sputtered ones for very high power. 

Superconducting cavities for frontier 
colliders were the topic of an extensive review 
by H Padamsee (Cornell) on the impressive 
progress with bulk niobium and niobium-
sputtered copper cavities. With proper 
selection and treatment of the material, the 

road is open to 40 MV/m and a TeV 
electron-positron superconducting linear 
collider. A Cassinese (INFM-Naples) 
described microwave measurements of 
superconducting filfns of niobium and 
niobium-tin, stressing the need to under
stand surface resistance. 

L Rossi (Milan) turned to the design 
and characteristics of accelerator mag
nets, highlighting the demands on 
superconductor performance to build 

; 5-15T dipole and quadrupole magnets. 
He included an overview of worldwide 
R&D for magnets beyond the LHC-
phasel , emphasizing the necessity of a 
vigorous effort to improve niobium-tin 

characteristics to reach a critical current of 
1000 A / m m 2 at 18T(LHC-phasel material 
reaches this level at 8T and 4.2 K) and 
showed the novel magnet designs being 
explored in the US for VLHC studies. 

The Japanese effort on doped niobium-tin 
reinforced with a copper-niobium matrix was 
covered by KWatanabe (IMRJohoku) who 
showed the potential of this technique to 
overcome the problems posed by the brittle-
ness of niobium-tin. Japan is also leading the 
effort on the less brittle niobium-aluminium 
superconductor, and K Inoue (NRIMJsukuba) 
described the potential of the recently 
developed, rapid-quenching and transforming 
process. Although very difficult, this process 
could achieve interesting current densities. 

For HTS, K Salama (Houston) reviewed the 
fabrication technique for bismuth- and 
yttrium-based, silver-stabilized super
conducting tapes, reporting an improvement 
in critical current of almost an order of 
magnitude using suitable heat treatment. His 
former assistant, L Martini (ENEL-Ricerca, 
Milan), reported on his unique "accordion-
folding method" to produce short (0.1-1 m) 
Bi-2223 samples with a very low silver con
tent, useful for low-consumption multi-kA 
current leads (needed in large quantities for 
the LHC). 

J Scudiere (American Superconductor 
Corporation) reviewed the results obtained by 
the leading company in HTS development and 
production.The impressive results on short 
samples have yet to be reproduced in long 
samples. However, for fields above 18T, HTS 
could become a viable alternative to niobium 
within a few years. He highlighted the 
necessity of reasonable homogeneity and 
reliability of such a delicate (ceramic) 
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material under "industrial" conditions and 
indicated that a production rate of at least 
2000 km/year of tapes is needed to reduce 
prices to a reasonable level. Considering that 
such a quantity is approximately equivalent to 
about 50 LHC dipoles, major projects are 
needed to drive this promising material to 
market (as for MRI). Finally, C M Friends (BICC 
General Superconductors) reported on 13 kA 
HTS current leads for the LHC and the 
development of Bi J2223 tapes and of round 
wires (radial filaments) for low losses in AC 
conditions. 

The book gives the impression that acceler
ator technology is far from saturation and 
there is plenty of room yet for exciting devel
opments and significant breakthroughs. On an 
optimistic note, in the two years since the 
workshop was held, the increase in conductor 
performance from LHC values to final goals is 
already half-achieved. A field of 14.5T at 
4.2 K was attained earlier this year at Berkeley 
in a short model with a new niobium-tin coil 
configuration. 
Lucio Rossi, Milan. 

The Golden Age of Theoretical Physics by 
Jagdish Mehra, World Scientific, ISBN 
9810243421, two-volume set £56. 

Jagdish Mehra has spent much of his long 
career carefully documenting the 
development of quantum mechanics and the 
people involved. One of the results is his 
monumental work (with Helmut Rechenberg) 
The Historical Development of Quantum 
Theory.The six-volume/nine-book series, 
completed last year, is imposing. His other 
contributions include the collected works of 
Eugene Wigner; books on Einstein, Hilbert and 
general relativity; and the more popular The 
Beat of a Different Drum, a biography of 
Richard Feynman. 

His new collection brings together 37 
essays, based on his invited lectures, mostly 
covering modern physics - relativity, quantum 
theory and quantum mechanics, spin and 
statistics, quantum electrodynamics, elemen
tary particles - and physicists - Einstein, 
Planck, Gibbs, Bohr, Sommerfeld, Bose, de 
Broglie, Pauli, Heisenberg, Dirac, Schrôdinger, 
Wigner and Landau. 

Mehra is a scientists' historian who under
stands concepts and traces their evolution, as 
well as the personalities involved. 

In the introduction to the book, he explains 
his own fascination with literature, philosophy 

and history and his quest to reconcile these 
with his solid grounding in physical science. 
Gordon Fraser, CERN 

Heavy Quark Physics by Aneesh V Manohar 
and Mark B Wise, Cambridge University Press, 
ISBN 0521642418 (hbk) £40 /$64.95 . 

Most of the achievements in the under
standing of the physics of particles containing 
heavy quarks date from the past decade, both 
on the experimental and on the theoretical 
side. More and more precise measurements of 
b hadron properties carried out at CESR, LEP 
and theTevatron colliders have gone in parallel 
with the development of the Heavy Quark 
Effective Theory (HQET), which has become 
the key tool for a quantitative description of 
the interactions of heavy particles. Such 
important theoretical developments were up 
to now documented in a fairly large number of 
papers, published over the years by the pio
neers of the field. Manohar and Wise now 
provide us with a valuable textbook on heavy 
quark physics.The presentation of the material 
is clear and concise, covering the majority of 
the fundamental theoretical results currently 
available in the field. 

The book starts with a review of the 
Standard Model. A discussion of spin-flavour 
symmetry follows, including the implications 
for the heavy hadron spectroscopy and for the 
hadron production rates in the heavy quark 
hadronization.Then HQET is developed, first at 
one loop in the infinite mass limit, then 
including radiative corrections and l / m Q 

corrections. Many important results are 
derived, such as the heavy meson decay 
constants, the form factors in the semilep-
tonic decay of B mesons to D and D* mesons, 
and the semileptonic decays of A B to A C 

baryons (heavy-to-heavy currents) and A C to 
A (heavy-to-light). 

Chiral perturbation theory is also 
discussed, deriving the matrix elements for 
the semileptonic decay of heavy-to-light 
mesons, as well as corrections to heavy-to-
heavy transitions (B-> D (* }ev).The powerful 
operator product expansion formalism is 
finally developed and used to calculate inclu
sive weak decays of b hadrons. 

Some of the calculations are reported step 
by step, especially when they involve tech
niques and subtleties developed for the 
purpose that have become key tools in HQET. 
Each chapter is complemented with problems 
that are non-trivial applications of the > 
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theory discussed, and a collection of biblio
graphical references. 

The book is aimed at readers with a solid 
background in quantum field theory who are 
aiming to get acquainted with the techniques 
of HQET.The illuminating discussions of the 
approximations and assumptions made at 
each step, and of their implications on the 
validity of the results derived, make it valuable 
reading for all physicists who want to get a 
better insight into heavy quark physics, even 
without going through all of the calculations. 

Heavy quark physics is now entering an 
exciting new era in which high-luminosity 
machines will significantly improve our experi
mental knowledge, demanding corresponding 
progress in the precision of theoretical pre-
dictions.This text provides a concise and 
systematic summary of today's knowledge, 
and will stay as a bibliographical milestone 
while new developments take place. 
DuccioAbbaneo, CERN 

At the Frontier of Particle Physics: 
Handbook of QCD - Boris loffe Festschrift 
edited by M Shifman, three volumes, World 
Scientific, ISBN 9810244452, set £112. 

As would be expected from such a 
meticulous editor (see The Supersymmethc 
World - The Beginnings of the Theory edited 
by G Kane and M Shifman, World Scientific, 
ISBN 981024522X reviewed in CERN Courier 
September p50), these three volumes contain 
a wealth of well-prepared and highly valuable 
information.They bring together 33 reviews 
covering all aspects of the analytical aspects 
of the theory of quantum chromodynamics 
(QCD), assembled to mark the 75th birthday 
of Boris loffe. The majority of the work pro
vides an encyclopedia of QCD that is useful 
for students and for research workers. 

The first part of the work is more historical, 
and it includes contributions from Ludwig 
Faddeev on quantizingYang-Mills fields, and 
from David Gross on the discovery of asymp
totic freedom and the emergence of QCD. 
These are followed by an amusing aside by 
Shifman: "How the asymptotic freedom of the 
Yang-Mills Field could have been discovered 
three times before Gross, Wilczek and Politzer, 
but was not". 

Introducing all of this is the material 
specifically on loffe and on events in Russia at 
the end of the 20th century, with very useful 
editorial explanations. After the introductory 
festschrifts, Boris loffe's Top Secret 

Assignment (which won the 1999 Novy Mir 
prize after being published in that magazine) 
and Yuri Orlov's Snapshots from the 1950s 
(based on excerpts from Qrlov's book 
Dangerous Thoughts - William Morrow 1991, 
New York) are full of fascinating insights. 
Gordon Fraser, CERN 

Oeuvre et engagement de Frédéric Joliot-
Curie eds Monique Bordry and Pierre 
Radvanyi, EDP Science, ISBN 2868835252. 

Frédéric Joliot-Curie, a major French scien
tific figure, was born in 1900 and the 100th 
anniversary of his birth called for a special 
celebration.This took place on 9-10 October 
2000 at the Collège de France, where he was 
a professor until his death in 1958 and where 
he long communicated his insight and enthu
siasm to the many members of his laboratory. 

The symposium consisted of three series of 
formal talks, each followed either by numerous 
testimonies from many of those who had the 
privilege to work with Joliot-Curie, or know him 
well, or by round-table discussions with invited 
participants.These three main themes covered 
artificial radioactivity (the discovery for which 
he, together with his wife Irène, received the 
1935 Nobel Prize for Chemistry), nuclear 
energy, and social and political commitments. 

Joliot-Curie was not only a great scientist 
but he also played a key role in the early 
development of nuclear energy in France, and 
was for more than two decades a very impor
tant figure in French political and social 
circles. 

The symposium was opened by Hubert 
Curien, former president of the CERN council, 
and closed by an address from Minister of 
Research Roger-Gérard Schwartzenberg. A 
plaque commemorating the discovery of artifi
cial radioactivity was unveiled at the Institut du 
Radium (CERN Courier December 2000 p40). 

This beautifully edited book brings together 
the texts of all of the invited talks, testimonies 
and round-table presentations during the 
symposium. It is in French except for two his
torical texts in English.The book pays ample 
tribute to Joliot-Curie but also provides much 
topical matter. It not only brings the past alive, 
but also shows in a brilliant and well docu
mented way how many questions on which 
Joliot-Curie strongly made his mark are still 
very important today.There are many historical 
photographs and a good biographical sum
mary. The cover is graced by a Picasso portrait. 
Maurice Jacob, CERN • 
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