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LHC must keep to 2007 start-up 
At the 131st session of Council on 
17 December, CERN's director-general Robert 
Aymar confirmed that the organization's top 
priority is to maintain the goal of starting up 
the Large Hadron Collider (LHC) in 2007. 

Preparations for the LHC project are 
advancing well, with half of the most 
technologically challenging components - the 
cold masses for the dipole magnets that will 
steer high-energy protons around the LHC's 
27 km ring - having arrived at CERN. In 
October the new transfer line that delivers 
protons from the Super Proton Synchrotron 
(SPS) to the LHC tunnel worked on the first 
attempt. The line is based on 540 magnets 
supplied by the Budker Institute for Nuclear 
Physics in Novosibirsk, and has been set up 
with the help of a team from the institute. 

The discovery in 2004 of defects in newly 
installed components in the system that will 
distribute cryogenic cooling fluids around the 
ring meant that installation, which began in 
2003, had to be put on hold. However, 
technical corrections have since been made, 
and in October the manufacture of new 
unflawed components began (see box). Repair 
of the faulty components started in November 
at CERN and the first modified items have 
been successfully installed in the LHC tunnel. 

Various options to make up the delay have 
been discussed, and a strategy has been 
established to limit the impact on the overall 
schedule for the LHC. One option considered 
was to shut down the SPS in 2006 in order to 
divert human resources to LHC installation. 
However, this will not be necessary as long as 
technicians can be seconded for a few 
months from other accelerator laboratories. 

A status report presented to Council on the 
four large experiments for the LHC - ATLAS, 
CMS, LHCb and ALICE - recognized the great 
progress that is being made. The schedule to 
get ready for collisions in the LHC in 2007 will 
be tight, but there is confidence that with 
some effort the experiments will start on time. 

The SPS programme reached a natural 
pause at the end of the 2004 run, with most of 
its approved experiments reaching their 
conclusion; the SPS will not run in 2005. "This 
allows the community to take stock of where 

Repair of faulty elements in the cryogenic distribution line is under way at CERN. 

LHC cryogenics are on the mend 
Back in June 2004 engineers at CERN 
discovered a defective component in a 
module for the LHC cryogenic distribution 
line - the QRL The fault occurred in sliding 
tables that are designed to support pipes 
inside the elements and allow them to slide 
past one another. This prevents the pipes 
from snapping or buckling when changing 
temperatures cause them to expand or 
contract. Subsequent investigations 
revealed that many other modules suffered 
from the same defect and analysis showed 
that the fault was due to the wrong choice 
of material for the offending part. CERN 
then took the decision to replace the 
component systematically in all elements. 

The elements already on site are being 
repaired by replacing the faulty tables with 
new ones built using the correct material. 
CERN's Technical Support Department is 
working on some 140 elements, namely 
service modules, vacuum barriers and fixed 
points, repairs on which are expected to 

they are," said Aymar, "and to plan for an 

take about a year and a half. Other 
elements, known as pipe elements, 
currently stored on the surface at CERN, are 
being repaired by the ICS consortium, which 
is in charge of installing the 
superconducting magnets in their cryostats. 

ICS began repair of these 263 pipe 
elements at the beginning of November 
2004 , and was initially able to fix 10 
elements per week. When the five-week 
winter shutdown of the LHC magnet test 
facility began, ICS gained 20 additional 
personnel who normally work on magnet 
testing, and with the extra help an 
improved repair rate of five pipe elements 
a day was reached. By 7 January, 90 of the 
263 faulty pipe elements had been 
repaired in building 927 , which now 
houses five .assembly benches where 
repair operations can be carried out 
simultaneously on different pipe elements. 
All 263 pipe elements are expected to be 
repaired by the end of March. 

Villars, where the SPS Committee met to set 
exciting and well-focused programme for future priorities for 2006 and beyond. As a result, 
fixed-target physics at CERN." This procedure Council will be examining proposals for new 
began in September in the Swiss village of experiments during the course of 2005. 
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The heart of ATLAS takes shape 
Particle physicists in the UK have completed 
the first critical element of the largest 
semiconductor tracker ever built, the 
ATLAS SCT, which is to form the innermost 
core of the giant detector that will operate at 
CERN's Large Hadron Collider (LHC). The SCT 
will track charged particles to an accuracy of 
better than 20 |jm over its diameter of 1 m. In 
all, more than 200 physicists and engineers 
from 12 countries have taken 10 years to 
bring the project to this stage. 

The ATLAS SCT consists of 60 m 2 of silicon 
detectors in the form of four concentric barrels 
and two end-caps. Each of the four barrels is 
tiled with hundreds of silicon detector 
modules measuring about 6 x 12 cm, 710 of 
which were built by a collaboration involving 
the Rutherford Appleton Laboratory (RAL), the 
Universities of Birmingham and Cambridge, 
UK, and Queen Mary College, London. The 
remaining modules have been provided by 
similar collaborations in Japan, the US and 
Scandinavia. All four barrels of the SCT are 
being assembled in the UK using components 
from a total of 37 institutes worldwide. 

The first completed barrel has now been 
populated with all of its 384 silicon modules. 
Each module contains four silicon wafers 
mounted on a thermal pyrolytic graphite 
baseboard with a flexible circuit hybrid strip 
containing 12 application-specific integrated 
circuits. The three outer barrels will carry 
progressively more modules, with the fourth 
and final barrel containing 672 silicon 
modules. Overall, the SCT is divided into 

N U C L E A R P H Y S I C S 

Carbon sheds light 
on star creation 
New measurements of unstable nuclei 
caught in the act of decay have gone a long 
way towards resolving long-standing 
questions about the triple-alpha process that 
creates carbon nuclei. The results, from 
experiments at CERN's ISOLDE facility and 
the IGISOL facility at the University of 
Jyvaskyla in Finland, were recently published 

6 million channels and every channel has its 
own amplifier and data buffer. 

The fabrication of the ATLAS barrel modules 
has been a technically challenging project. 
The very stringent mechanical, thermal and 
electrical performance demanded by the 
ATLAS physics programme is already tough, 
but on top of that the modules will have to 
survive in a very-high-radiation environment at 
- 1 0 °C for 10 years, providing continuous 
operation without failure. The team at RAL has 
been working in purpose-built cleanrooms, 
with separate areas for the construction of the 
mechanical components, for the state-of-the-
art bonding facility where the components are 

in Nature (Fynbo etal. 2005) . 
Although physicists first discovered how 

stars build up atomic nuclei in the 1950s, they 
have been unable to pin down key properties of 
carbon nuclei that determine the triple-alpha 
rate over a wide temperature range. Now, 
thanks to the isotope separate online method 
for creating and isolating isotopes (largely 
developed at CERN) and to developments in 
particle detectors, a team of researchers has 
been able to tackle this problem. 

The collaboration - involving more than 30 
people at eight European universities and 
institutes, including CERN - first isolated 

Above; the robot mounts a module on the 
first barrel of the ATLAS SCT. (Oxford PPU.) 
Left: the barrel modules are seen more 
clearly in close-up. (CCLRC.) 

integrated, and for electrical test and 
characterization. The completed modules are 
then sent from RAL to collaborating UK 
universities for burn-in testing, and finally to 
Oxford for mounting onto the barrel. 

The UK team has also been working on the 
barrel structure. These lightweight structures 
were built in Germany and came to RAL via 
the University of Geneva. At RAL, the electrical 
services, optical read-out fibres, custom 
bi-phase cooling circuits and alignment 
systems are added to each barrel. The barrels 
are then sent to Oxford in custom refrigerated 
transporters where the modules are mounted 
onto the barrels with remarkable accuracy. 

short-lived isotopes of B and N. These 
transform via beta decay into 1 2 C, populating 
resonances in carbon that then break into 
three alpha particles. By measuring precisely 
the timing and energies of alpha particles 
emitted by the samples, the team was able to 
infer the energy, spin and parity of the carbon 
nuclei just before decay. 

The triple-alpha process is more probable 
only because 1 2 C can exist at particular 
energies close to the combined energies of 
8 Be and 4 He. At the temperature levels in 
most stars - 1 0 8 to 10 9 K - carbon's so-called 
Hoyle resonance at 7.65 MeV determines the 
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The new results on the triple-alpha process 
will influence estimates of the time taken for 
the evolution of stars such as red supergiant 
Betelgeuse in the constellation Orion, seen 
here by NASA's Hubble Space Telescope. 
This massive star is nearing the end of its 
life and will be fuelled by the CNO cycle. 
(Andrea Dupree (Harvard-Smithsonian Of A), 
Ronald Gilliland (STScI), NASA and ESA.) 

triple-alpha rate. But at higher and lower 
temperatures, other resonances - some 
observed, some theorized - come into play. 

In the recent experiments, the researchers 
were able to pin down the spin and parity of 
the wide resonance near 10 MeV. First 
observed in 1958, it had been measured at 
10.1 MeV (width 3 MeV), but its spin-parity 
could be determined only as either 0 + or 2 + . 
The new study puts this resonance at 
11.23(5) MeV with width 2.5(2) MeV, and 
finds its spin-parity to be 0 + . 

The group also looked for a long-theorized 
2 + resonance at 9.1 MeV, width 0.56 MeV. If it 
existed, it would play a dominant role at 
temperatures of more than 10 9 K, but there 
was no evidence for it. However, to fit the 
data, the team needed to introduce a 2 + 

resonance at 13.9(3) MeV with width 
0.7(3) MeV. They were then able to calculate 
a revised triple-alpha rate over a wide 
temperature range, from 10 7 t o 1 0 1 0 K . 
Compared with the previously calculated rate, 
the new rate is significantly faster at low 
temperatures ( 1 0 7 to 10 8 K); the same in the 
middle range dominated by the Hoyle 
resonance; and slower at high temperatures 
( 1 0 9 to 1 0 1 0 K). 

The revised rate has several astrophysical 
implications. One such is that in the 
universe's first stars, which began with no 
carbon and burned at relatively low 

temperatures, the only form of hydrogen 
fusion would be through the proton-proton 
chain. Once enough carbon had formed 
through the triple-alpha process, however, the 
CNO (carbon-nitrogen-oxygen) chain could 
begin. With the higher triple-alpha rate, this 
evolution might have taken only half as long 

as was previously thought. Also, in type-ll 
supernovae, the lower rate above 10 9 K 
implies that the fraction of 5 6 Ni produced 
would be less than previously thought. 

Further reading 
H Fynbo etal. 2005 Nature 4 3 3 136. 
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Astroparticle physics and cosmology laboratory opens in Paris 
New Year's Day 2005 saw the official birth of 
the Laboratoire d'AstroParticule et Cosmologie 
(APC) in Paris. The APC's core physics 
activities are high-energy astrophysics, 
cosmology and neutrino physics - fields that 
are linked by a high level of theoretical activity 
and innovative data-handling methods. 

In gestation for more than four years, this 
multi-disciplinary, ultra-modern laboratory at 
the interface between particle physics and 
astrophysics has existed in the form of a 
"research federation" since January 2002. The 
APC was born from the converging scientific 
interests of the University of Paris VII Denis 
Diderot and the three research organizations 
that supported and moulded it: CNRS (via 
three of its scientific departments, IN2P3, 
INSU and SPM), CEA (Material Sciences 
Department) and the Paris Observatory. A 
scientific council has been in operation for 

several years, and in spring 2004, an 
evaluation committee gave the green light for 
the APC to be established. 

Directed by Pierre Binetruy, the laboratory 
currently employs 65 scientists and research 
scientists from the lle-de-France region, more 
than 50 engineers, technicians and 
administrative staff and some 50 post-docs, 
visiting scientists and students. It should 
ultimately have a complement of around 200 
people. The scientists come from varying 
backgrounds: physicists from the College de 
France's PCC laboratory, which closed down on 
3 1 December to be merged into the APC; 
particle and astroparticle physicists from CEA's 
DAPNIA laboratory; astrophysicists from the 
Paris Observatory; and theorists from the Orsay 
Theoretical Physics Laboratory and the Paris 
Astrophysics Institute. These groups have 
already joined forces in a series of jointly run 

research projects and rapprochement should 
continue in 2005, albeit at separate 
geographical locations. The APC will enter a 
second phase at the beginning of 2006, when 
the laboratory moves into the new premises of 
the University of Paris Vll's physics department, 
currently under construction on the Left Bank. 

The APC physicists have already initiated or 
participated in projects and experiments. These 
include Auger and EUSO in the field of cosmic 
rays; INTEGRAL, HESS, GLAST and X-shooter in 
gamma astronomy ANTARES in neutrino 
astronomy; Borexino and Double Chooz in 
neutrino physics; Planck and BRAIN for the 
study of the cosmological background; SNLS for 
the study of supernovae; and LISA for 
gravitational waves. An annual international 
scientific workshop has been organized since 
2 0 0 1 ; the next is scheduled for June 2005. 
• For more information see www.apc-p7.org. 

I f - s i ' I V rjzj 'fzjr'frjf 

XR-100CR at 149 eV F W H M Resolution 

XR100CR X-Ray Detector 
with PX4 Digital Pulse 
Processor, Power Supply, 
Shaping Amplifier S. MCA 

XR100CR fitted for vacuum 
applications 

No Liquid Nitrogen 
Solid State Design 

Easy to Use 
Low Cost 

APPLICATIONS 
Nuclear Physics 
Synchroton Radiat ion 
High Energy Physics 
Neutron Exper iments 
Astrophysics 
Research & Teaching 
Nuclear Medicine 
X-Ray Fluorescence 

Visit Us Now 
www.amptek .com 

Digital Pulse Processor 

® A M P T E K Inc. 6 De Angelo Drive, Bedford, MA 01730-2204 USA 
Tei: +1 (781) 275-2242 Fax: +1(781) 275-3470 

E-mail: sales@amptek.com W W W . a m p t e k . C 0 1 H 

PX4 
Digital Pulse Processor 

Power Supply 
Shaping Amplif ier 

MCA 
Features 

•Trapezoidal shaping to reduce 
ballistic deficit 

• Wide range of shaping time settings 
• High count rate capability 
»High throughput 
• MCA with 8 k channels 
• High energy resolution 
»Excellent pile-up rejection 
• Enhanced stability 
• USB interface 
• Software instrument control, data 

acquisition and analysis 
• Oscilloscope mode available 
• Compatible with all Amptek XR100 

detectors and detectors of other 
manufacturers 
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CERN COURIER ARCHIVE: 1962 
A look back to CERN Courier vol. 2, February 1962 

COUNCIL 

CERN and high-energy physics 
During 1961 , the American counterpart to the 
PS, the alternating gradient synchrotron 
(AGS), was put into running condition at 
Brookhaven. Its performance is now equal to 
that of the CERN PS, and its yield somewhat 
larger since it is a slightly bigger machine. 
Hence, the CERN accelerator no longer enjoys 
a unique position. There is no reason to fear, 
however, that the research activities at the 
AGS will from now on make it impossible for 
the PS to remain in a leading position with 
regard to fundamental physics. The field is 
wide enough to keep two machines of this type 
busy for a longtime, particularly in view of the 
new perspectives seen now in strange-particle 
physics, which indicate that the region of a few 
thousand million volts is in fact much richer in 
phenomena than anticipated. 

The work carried out so far at the AGS 
reflects both experience acquired at 

Brookhaven in the running of the Cosmotron 
and the high quality of the staff. For instance, 
their investigations of the composition of the 
secondary beams coming from internal 
targets have been done more systematically 
than at CERN. The results will be very useful 
for them and, to some extent, also to CERN in 
the planning of future experiments. So far, 
they have repeated with better accuracy and 
extended to higher energy the 
total-cross-section measurements of 
secondary particles with hydrogen. They have 
also undertaken an antiproton annihilation 
run in a hydrogen bubble chamber at 3 GeV 
energy, similar to the next annihilation run 
scheduled at CERN. They also plan to carry 
out a neutrino experiment in the immediate 
future, the planning of which has been 
partially based on the experience of CERN's 
abortive attempt. It is probable that they will 

succeed in their aim to solve the fundamental 
question of the existence of one or more types 
of neutrino. 

If the neutrino experiment is considered as 
a race between the AGS and the PS, they 
would, in this case, have won the first lap. It 
should not be considered in this light, 
however; it is rather a double attempt to 
penetrate into a new area of knowledge, not 
unlike two climbers on one rope. The first 
climber tries a difficult stretch and fails; 
whereupon the second climber tries again 
and, with the help of the negative experience 
of the first one, avoids the worst pitfalls, and 
succeeds. In either case, the mountain is 
much higher than the first pitch. 
• Taken from an article based on a paper 
prepared by the director-general, Victor 
Weisskopf, for the 20th session of Council in 
December 1 9 6 1 . 

LAST MONTH AT CERN 
Three new beams 
installed during 
New Year shutdown 
Most members of the Laboratory were able to 
enjoy a holiday from Christmas to the New 
Year, but among the changes they found on 
their return were new telephone numbers. 
Between 26 and 29 December, S B Division 
Technical Services had installed a new 
telephone exchange, increasing the number 
of available lines from 700 to 1100. 

The proton synchrotron was shut down from 
23 December to 16 January for routine 
maintenance and for carrying out a number of 
improvements. Among the latter, the 500 kV 
pre-injector system was realigned 
mechanically, and no correction currents are 
now required in the steering coils. Back-leg 
windings were installed on 60 magnet units 
and the counter cable network in the South 
Hall almost doubled. The first remote-control 
units for the radio-frequency system have 
been installed in the Main Control Room. 

A more rapid change of target units has 

The start of some of the secondary particle 
beams produced by the 28 GeV proton 
synchrotron. On the left, shielding bricks 
form a collimator; to their right are vacuum 
pipes, passing through guiding lenses and 
magnets, for beams of charged particles. 

been made possible by modification to the 
accelerator vacuum system, and a new 
vacuum box in straight section no. 1 allows 
the extraction of secondary beams at a 
greater angle than previously. 

Three new beams were installed during 
the shutdown: 

EDITOR'S NOTE 
The CERN Courier came into being in 
August 1959, and in 1962 it became a 
regular monthly publication, appearing in 
something like its present form. 

Following on from the selection of 
extracts published during 2004, CERN's 
50th anniversary year, this regular archive 
feature will tell the story of particle physics 
through the pages of the CERN Courier 
from 1962 onwards. 

• 1.15 GeV/c negative pions, using four 
lenses and a bending magnet; 
• s 2 : a 30° neutral beam with adjustable 
collimators .on each side of the shielding wall; 
• V j : similar to s 2 but at 45° . 

The new beams and the positioning of the 
NPA electrostatic separator in the South Hall 
have led to considerable alterations in the 
layout of the shielding. Much of the shielding 
previously arranged for the neutrino 
experiment has now been removed, and the 
1 m heavy-liquid bubble chamber has been 
removed to the NPA building for 
modifications. 
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Hydrogen 
1 H 

1.0079 

Li 
6.941 
0.54 
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Na 
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19 K 

Rubidium 
37 Rb 

Caesium 
5 5 Cs 
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Francium 
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Beryllium 

4 Be 
9.0122 

1.85 
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Magnesium 
1 2 Mg 
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Calcium 
2 0 Ca 
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Strontium 
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2.63 
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Lutetium 
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Lawrencium 
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Zirconium 
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2 5 Mn 
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[264] 

Fe 
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1538 

Ruthenium 
4 4 Ru, 
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38 Hs 
[277] 
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4 5 Rh 
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Nickel 
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Palladium 
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2 9 Cu 
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10.49 
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Au 
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Zn 
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1 4 Si 
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0 Sn 
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As 
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Oxygen 

0 
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3 4 Se 
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2 He 
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5 7 La 
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Cerium 
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Praseodymium 
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Neodymium 
6 0 Nd 
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Promethium 
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Samarium 
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Europium 
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Gadolinium 
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Terbium 
8 5 Tb 

158.93 
8.219 
1356 

Dysprosium 
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Uranium 
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Curium 
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Fermium 
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1 0 1 Md 

[268] 

827 

Nobellum 
1 0 2 No 

[259] 

827 

Metals - Alloys • Foils • Sheets • Wires • Mesh • Rods • Tubes • for Research/Development and Industry 
Free Catalogue • 800 Stock Lines • 4500 Standard Packs • Small Quantities • Competitive Prices • Fast Shipment 

Your Expert in Mao net Technoloav 
stems and Instal lat ions Electrical Breaker: 

s e p a r a t i o n o f h i g h v o l t a g e 
f r o m c o o l i n g c i r c u i t 
u n d e r c r y o g e n i c c o n d i t i o n s 

Studies: industrial product ion 
of cavit ies for the T E S L A project, 
D E S Y (Hamburg) 

Magnet Prototypes: 
Superconduct ive dipoies for 

the Large Hadron Coll ider 
at C E R N (Geneva) 

Babcock Noell Nuclear GmbH 
Magnettechnik 
Alfred-Nobel-Str. 20 
97080 Wurzburg 
Germany 

Tel; +49.(0)9319034101 
Fax: +49.(0)931.903-4171 

E-mail: info@bn-nuctear.de 
www.babcocknoeflnuclear.de 

Others promise the future.... 

We work on it 

B A B C O C K N O E L L N U C L E A R 
G m b H 

http://www.advent-rm.com
mailto:info@advent.-rm
mailto:info@bn-nuctear.de
http://www.babcocknoeflnuclear.de


PHYSICSWATCH 
Compiled by Steve Reucroft and John Swain, Northeastern University ^•Physics2005-°< Q 

Lasers test Einstein's theory one century on 
Tests of special relativity always attract 
interest, and they are likely to do so especially 
during 2005 - the centenary of the 
publication of Albert Einstein's first paper on 
the subject, and the World Year of Physics. 
Special relativity is in any case a hot topic, 
with speculation that something might be 
wrong with Lorentz invariance (CERN Courier 
December 2004 p27). A general theory for 
studying Lorentz-symmetry violation, known as 
the Standard Model Extension (SME), has 
been developed by Alan Kostelecky from 
Indiana University, and is being tested by 

Kostelecky and a team at the Harvard-
Smithsonian Center for Astrophysics, led by 
Ron Walsworth. In a recent paper they 
presented evidence that indicates that all is 
well with the usual Minkowski space-time. 

The researchers looked for an annual 
variation of a daily sidereal modulation of the 
frequency difference between colocated 
1 2 9 Xe and 3 He Zeeman masers. Coupling 
of the nuclear spins to Lorentz-violating 
background fields would lead to such a 
variation in the nuclear Zeeman splitting as 
the Earth rotates and revolves round the Sun. 

The team found nothing at the level of 
150 nHz, which translates, as the authors put 
it, into "the first clean test for the fermion 
sector of the symmetry of spacetime under 
boost transformations at a level of 
1 0 " 2 7 GeV". The nuclear spins of 1 2 9 Xe and 

3 He depend principally on the unpaired 
neutron in each case, and the results also 
provide equally stringent limits on CPT 
violation for the neutron. 

Further reading 
F Cane etal. 2004 Phys. Rev. Lett. 9 3 230801 . 

The right spin for a neutrino superfluid 
Right-handed neutrinos, with the intrinsic spin 
oriented in the direction of motion, have yet to 
be observed, but if they do exist then they 
could make neutrino superfluids possible. Joe 
Kapusta of the University of Minnesota has 
shown that such an exotic medium could arise 
because the right-handed particles could 
exchange Higgs bosons with the well known 
left-handed neutrinos and pair up to make 
bosons, which could then form a superfluid. 

Kapusta points out that the condensation 
temperature would be well below the cosmic 
background temperature, so it would be quite 
a feat to make this superfluid. However, 
Kapusta also notes that a sufficiently advanced 
civilization might use pulses of neutrino 
superfluid for long-distance communications. 

Further reading 
J I Kapusta 2004 Phys. Rev. Lett 9 3 2 5 1 8 0 1 . 

Nature's parameters give perfect balance 
Our sense of balance is about as good as it 
can possibly be. This extra "sixth" sense (in 
addition to smell, touch, sight, hearing and 
taste) is available to us via a set of three 
mutually perpendicular, fluid-filled tubes 
called vestibular semicircular canals, or SCCs. 
Housed in the inner ear, each is more or less 
doughnut-shaped, with a major radius of 
3 mm and minor radius of 0.2 mm. A 
membrane called the cupula, which has 
sensory hairs, detects the motion of fluid in 
the SCCs and relays information about 
acceleration and gravity. 

Interestingly, SCCs are about the same size 
in all vertebrates, at least within a factor of 
three or so, and this has long been something 
of a puzzle. Now Todd Squires of Caltech has 
provided an explanation. Varying four key 
parameters - the SCC major radius, minor 
radius, cupula thickness and height - he has 
found that the highest sensitivity occurs for 
the parameter values found in nature. 

Further reading 
Todd Squires 2004 Phys. Rev. Lett. 9 3 
198106. 

Clutter facilitates 
communication 
Radio-reflective clutter is usually considered to 
be an obstacle to communications, providing 
unwanted echoes, television "ghost images" 
and the like. A little lateral thinking, however, 
shows that clutter can be used to achieve very 
useful effects. Benjamin E Henty and Daniel D 
Stancil of Carnegie Mellon University have 
shown that a multipath indoor environment 
can be used to focus 2.45 GHz radio waves to 
two locations about a half-wavelength apart. 

This requires some tricky phase conjugation, 
essentially to undo the scattering from 
obstacles at the transmitter end, so the benefit 
does not come without effort. However, the 
result amounts to two separate channels, 
running at the same time and at the same 
frequency. The experiment was performed in a 
"cluttered" laboratory, but the real impact will 
be in the communications business, where 
buildings and other "clutter" have previously 
been seen as a problem not a solution. 

Further reading 
Benjamin E" Henty and Daniel D Stancil 2004 
Phys. Rev. Lett. 9 3 243904. 
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Compiled by Marc Turler, INTEGRAL Science Data Centre and Geneva University 

Signs that black holes swarm at galaxy centre 

ASTROWATCH 

Chandra X-ray image of the centre of our galaxy. The four labelled sources are variable 
binary systems hosting a black hole or a neutron star, located within three light-years from 
SgrA*. (NASA/CXC/UCLA/M PMuno et al.) 

A swarm of 10 000 black holes may be 
orbiting the Milky Way's supermassive black 
hole. This estimate is based on theoretical 
expectations of the migration of black holes in 
our galaxy and the observation by NASA's 
Chandra X-ray Observatory of an over-density 
of X-ray binaries at the galactic centre. 

The centre of our galaxy, the Milky Way, is 
known to host a black hole called Sagittarius 
A* (Sgr A*) with a mass of about 3.7 million 
suns. Around this supermassive black hole 
there should be a high concentration of stellar-
mass black holes, which would have migrated 
into the galactic centre over several billion 
years. Stellar-mass black holes form in the 
core of supernova explosions of stars with 
masses typically 5 - 1 0 times that of the Sun. 

When such a massive object flies by one of 
the greater number of less massive stars, the 
lighter body gains speed while the heavier 
body loses speed. Several such two-body 
interactions make heavier bodies fall towards 
the galactic centre, while lightweight stars are 
ejected towards the outer regions of the 
galaxy. Such a mass segregation is well known 
in dense globular clusters, and was predicted 
a decade ago to cause stellar black holes to 
sink towards the centre of the galaxy. From the 
estimated number of stars and black holes in 
the galactic centre region, this effect is 
expected to produce a dense swarm of 20 000 
black holes within three light-years of Sgr A*. 

Once black holes are concentrated near 
SgrA* they will have many close encounters 
with normal stars there, some of which are in 
binary star systems. The intense gravity of a 
black hole can induce an ordinary star to 
"change partners" and pair up with the black 
hole. This process is expected to produce 
several hundred binary systems with a black 
hole or a neutron star. 

The Chandra X-ray observations of the 
central region of the galaxy now show 
evidence of a high concentration of binary 
systems around SgrA*. M P Muno, from the 
University of California, Los Angeles, and 
colleagues found four active X-ray binary 
sources at less than three light-years from 
SgrA*, while there would be only a 20% 
chance of finding one such source in this 
small area. This estimate is based on the 
density of sources observed at a slightly larger 

Picture of the month 
This relatively nearby galaxy captured by the 
Hubble Space Telescope might well be the 
youngest galaxy ever seen, in the sense that 
its stars are all younger than 500 million 
years. This means that this galaxy, called 
I Zwicky 18, waited for some 13 billion years 
after the Big Bang before producing stars. 
Now it is producing them at a very high rate 
in its two bluish-white knots. This nearby 
dwarf galaxy offers the opportunity to study 
the kinds of galaxies that inhabited the early 
universe and that are thought to be the 
building blocks of spiral galaxies like our 
Milky Way. (NASA; ESA; Y Izotov, Main 
Astronomical Observatory, Kiev, Ukraine; and 
TThuan, University of Virginia.) 

distance from SgrA*, between 3 and 75 light-
years. The derived over-abundance of X-ray 
binaries by a factor of 20 suggests that a 
huge number of black holes and/or neutron 
stars have gathered at the galaxy centre. 

Although this study clearly shows an excess 
of X-ray binaries at the centre of the galaxy, it 
is difficult to extrapolate from the four sources 
that are active at a given moment to the total 
number of black holes orbiting Sgr A*. Many 
processes are difficult to quantify, in particular 

the fraction of black holes and neutron stars 
that are paired with a normal star to form an 
X-ray binary system, and the rate of activity of 
these systems. Further theoretical and 
observational studies will be needed to 
confirm the presence of a swarm of some 
10 000 black holes at the heart of our galaxy. 

Further reading: 
M P Muno et al., submitted to ApJL, 
http: / /arxiv.org/abs/astro-ph/0412492. 
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GERMANY AT CERN WW made 
In an official presentation 28 German companies will be j P > 
demonstrating at CERN from 28 February to 3 March 2005 
their supply and service offers for the construction of 66011311V 
the LARGE HADRON COLLIDER (LHC) and other key CERN * 
programmes. 

We look forward to meeting you 
on the German presentation „GERMANY AT CERN" 

The official German presentation 
is sponsored by 

Federal Ministry 
of Education 
and Research 

in cooperation with 

Federal Ministry of 
Economics and Labour 

AUMA 
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 

Superconducting Accelerator Magnets. Custom Designed Magnet Systems. 
Normal- and Superconducting RF Accelerating Units. Custom Designed RF and 
Control Systems. Turn Key Linacs. Synchrotrons and Cyclotrons. Proton/Ion The
rapy Systems. Synchrotron Radiation Beamlines & Instrumentation. Monochro-
mators,UHV-Devices. LTS and HTS Current Leads. Insertion Devices (Undula-
tors, Wigglers). Cryogenic Low Loss and Zero Boil Off Systems. Engineering 
and Manufacturing Services. (Vacuum Brazing, EB-Welding etc.) 
International Project Management. 

Representative: 
ACCEL Instruments GmbH 
Molliserstr. 41 • CH-8754 Netstal 

Babcock Noel l Nuclear GmbH 
Alfred-Nobel-Str. 20 • D-97080 Wurzburg 
Tel . :+49-931/903-41 01 • Fax+49-931/903-41 71 
info@bn-nuclear.de • www.babcocknoellnuclear.de 

Magnets and components for fusion experiments and accelerators. Develop
ment and fabrication of superconducting magnets and magnet systems, e.g. 
dipoles and quadrupoles Cryostates and vacuum vessels. Special purpose tools 
for fabrication of magnets. Manipulator systems for magnets. Feasibility and 
fabrication studies. Design and calculation of magnets. Individual develop
ments. Complete planning and construction of nuclear facilities and compo
nents. Remote handling systems, manipulators and handling systems for 
fuel elements. Radiation Shielding Windows Double lid systems. Planning 
and execution of decommissioning and dismantling of nuclear facilities. 
Conditioning of radioactive waste. Developments for final disposal of spent 
fuel. Nuclear service. 

apra -norm Elektromechanik GmbH 
Gewerbegebiet • D-54552 Mehren 
Tel.: +49-65 92/204-0 • Fax: +49-65 92/204-100 
vertrieb@apranorm.apra.de • www.apra.de 

19"-Cabinets, 19"-Racks, 19"-enclosure systems, 19"-Wall mounting enclosure, 
19"-Subracks and Plug-in modules, 19"-Plug-in units, Small cases, Customized 
Enclosures, Panel Instrument Cases according to DIN 43700/IEC61554 

Representative: 
Rotronic ag 
Grindelstr. 6 • CH-8303 Bassersdorf 
Tel.: 044 838 11 11 -Fax:044 837 00 74 

H. BUTTING GmbH & Co. KG 
Gifhorner Str. 59 • D-29379 Knesebeck 
Tel.: +49-58 34/50-0 • Fax +49-58 34/50-320 
info@butting.de • www.butt ing.de 

Longitudinally welded pipes, piping spools, components and vessels for 
various industries in: 
- Stainless steels (e.g. 316L, Duplex) 
-Titanium alloys 
- Nickel alloys 
- Clad materials 
in sizes from 25 mm OD up to 1.000 mm OD - not only for the stock but also 
according to customers' specifications. 
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CEROBEAR GmbH 
Kaiserstr. 100 • D-52134 Herzogenrath 
Tel.: +49 -24 07/95 56-0 • Fax: + 4 9 - 2 4 07 /9 62 24 
info@cerobear.de • www.cerobear.de 

Cerobear® is the leading manufacturer of all ceramic bearings, the essential 
bearing to realize advanced motion technology. The non-magnetic all ceramic 
bearing allows dry run or media lubrication, offers 50% reduction in weight 
and friction moment and is resistant to corrosion and highest temperatures. 
The all ceramic bearing technology is one key enabling factor for industries 
they have to meet highest requirements in their products and processing 
under extreme operating conditions like vacuum, aerospace, food and pharma
ceutical processing and semiconductor industry. 
The combination of ceramic rolling elements with conventional and special 
alloy bearing steels promise considerable application advantages, Cerobear® 
hybrid rolling bearings possess excellent tribological properties and avoids the 
feared bearing seizing effect under poor lubrication. Hybrid bearings broaden 
the limits of current bearing technology in a wide range of sophisticated 
applications and industries. 

CiS Inst i tut fur Mikrosensor ik g G m b H Erfurt 
Konrad-Zuse-Str. 14 • D-99099 Erfurt 
Tel. +49-361/663 1410 • Fax +49-361/663 1413 
info@cismst.de • www.cismst.de 

CiS - Institute for Microsensorics is an acknowledged industry-oriented 
research institute in the Free State Thuringia. 
Si-based-Microsensors delivered by CiS are applicable especially to 
miniaturization and system integration. 
Our Products are: 

radiation detector for nuclear physics 
customer specific photo diodes 
pressure sensors 
sensors for dew point, condensation 

Our Services are: 
Industry-oriented research for sensors 
Customer-specific development 
R&D- Services for Sensor Design, Wafer 

Processing, Assembly, Metrology 
Prototyping, Wafer Foundry, Packaging 

CST - Computer S imulat ion Technology 
Bad Nauheimer Str. 19 • D-64289 Darmstadt 
Tel.: +49-61 51/73 03-0 • Fax: +49-61 51/73 03-10 
info@cst.com • www.cst.com 

CST's simulation tools help engineers achieve improved product performance 
and reduced time-to-market, by providing accurate 3D EM design solutions. 
With the underlying FIT (Finite Integration Technique), the proprietary Perfect 
Boundary Approximation (PBA)® and Smart Grid™ technology, CST has 
successfully combined short calculation times with highly accurate results. 
The simulators CST MICROWAVE STUDIO®, CST DESIGN STUDIO™, CST EM 
STUDIO™ CST PARTICLE STUDIO™ and MAFIA-4 have benefited from over 
20 years experience in the area of numerical field calculation, and are used 
world-wide by market leaders such as Motorola, Nokia, Philips, Raytheon, 
Siemens, and Sony. A comprehensive network of distribution and support cen
tres in Europe, the Far East and North America, ensures optimal service for 
every customer. More information about CST is available on the web at 
www.cst.com. 
CST-Computer Simulation Technology 
"Changing the standards for 3D EM simulation". 

Draka Comteq 
Piccoloministr. 2 • D-51063 Koln 
Tel.: +49-221 /677-0 • Fax: +49-221 /677-38 90 
info@drakact.de • www.drakact.de 

RF pulse cables 

EUCHNER GmbH + Co. KG 
Kohlhammerstr. 16 • D-70771 Leinfelden-Echterdingen 
Tel.: +49-711/75 97-0 • Fax: +49-711/75 33 16 
info@euchner. de • www.euchner.de 

Stable and constant growth signifies the successful story of the family-owned 
company EUCHNER GmbH + Co. KG in Leinfelden, nearby the city of Stuttgart. 

Today, it has become a global player. The design and development of switch
ing devices for controlling a wide variety of motions in the field of machine 
and plant construction is its main business. Safety has been the main topic of 
EUCHNER within the last decades: Safety Engineering in order to protect peo
ple, machines and products. Quality, reliability and precision are the characteri
stics of EUCHNER's philosophy. 
EUCHNER GmbH + Co. KG employs 360 employees world-wide and maintains 
three production sites in Germany. The brothers Stefan and Michael Euchner 
are the Managing Directors of the Swabian family company. 

Representative: 
EUCHNER AG, Ing.- und Vertriebsburo 
Grofstr. 17 • CH-8887 Mels/St. Gallen 
Tel.: +41-81/7 20 45 90 • Fax: +41-81/7 20 45 99 
euchner.schweiz@bluewin.ch • www.euchner.com 

F. u. G. Elektronik G m b H 
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 

High Voltage Power Supplies up to >300kV, up to 250kW 
stability/ripple 100pmm (Standard) (on request less 10ppm possible) 
High Voltage Cassettes up to 35kV; 7W, 35W, 140W, 350W 
Low Voltage Power Supplies up to >5000A, up to 250 kW 
Special Power Supplies, customized 

Habia Kabel GmbH 
Vertriebsburo Sud 
Zeppelinstr. 5/1 • D-89231 Neu-Ulm 
Tel.: +49 -731 /70 47 95-20 • Fax: +49 -731 /70 47 95-99 
norbert.mueller@habia-kabel.de • www.habia-kabel.de 
Cables for 
Defence: Military Communication. Radar Systems. 
Control & Instrumentation: Sensors. Heating. 
Nuclear: Drag chain cables. Waste processing. Fuel handling. 
Industrial: Gas Turbines. Offshore. Raw material processing. 
Transport: Automotive. Space. Marine Diesel. 
Telecom: Base stations. Switching Systems. 

Heinzinger electronic G m b H 
The Power Supply C ompany 
Anton-Jakob-Str. 4 • D-83026 Rosenheim 
Tel.: +49-80 31/24 58-0 • Fax: +49 -80 31/24 58-58 
info@heinzinger.de • www.heinzinger.de 

POWER SUPPLIES for HIGH VOLTAGE, HIGH CURRENT, HIGH POWER with 
HIGH PRECISION, Power Supplies and Capacitor Charger for voltages up to 
>300000 Volt, currents up to >5000Ampere with accuracy up to <0,001 %. 
With an experienced team of specialists Heinzinger electronic GmbH focus on 
development, production and sales of high-quality power supplies. The com
pany has competence and experience for many years in all ranges of high pre
cise power supply solutions, also for very high performance. Heinzinger sup
plies not only power supply solutions, tuned to the application, they also offer 
a lot of services covering High-Voltage and High-Current. 

HEW-KABEL/CDT GmbH & Co. KG 
Klingsiepen 12 • D-51688 Wipperf i i r th 
Tel.: +49-22 67/683-0 • Fax: +49-22 67 /22 03 
mail@hew-kabel.com • www.hew-kabel.com 

Manufacture and development of specialty cables and wires for high perfor
mance applications conforming to German and international specifications as 
well as custom-made solutions for specific conditions; heating cable. Applica
tions areas: Instrumentation, control and automation techniques, industrial 
plant and power engineering, medical engineering, sensory analysis, communi
cation electronics, high-frequency engineering, automotive industry, chemical 
industry. HEW-KABEL is a Belden CDT Company. 
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iseg Speziale lektronik GmbH 
Bautzner Landstr. 23 • D-01454 Radeberg/Rossendorf 
Tel.: +49-351/2 69 96-0 • Fax: +49-351/2 69 96-21 
sales@iseg-hv.de • www.iseg-hv.com 
The iseg Spezialelektronik GmbH company specialises in the development 
and production of High Voltage Power Supplies for Industry and Research. 
Competence in all concerns referred to High Voltage is the essence of 
our company philosophy. 
During the last years iseg became an important part of HV PS systems in High 
Energy Physics, e.g. the coming accelerator based LHC experiments and seve
ral Neutrino experiments, iseg also offers the most comprehensive HV PS port
folio for applications in Labs and Test fields for the assembly of big detectors. 
Representative: 
AIP Wild AG 
Wehntaler Str. 6 • CH-8154 Oberglatt • Mr. James Martin Schneider 
Tel.: +41-1-852 20 20 • Fax: +41-1-85220 21 
james.schneider@aip-wild.ch • www.aip-wild.ch 
Selectronics, AIP Agent for West-Swiss 
ch. Sur-le-Bletru 8b • CH-1132 Lully • Mr. Erwin Stoll 
Tel.: +41-21-803 12 33 • Mobile: +41-79-606 32 35 • Fax: +41-21-803 12 29 
estoll@swissonline.ch 

KNF Neuberger GmbH 
Diaphragm Pumps and Systems 
Alter Weg 3 • D-79112 Freiburg 
Tel.: +49-76 64/59 09-0 • Fax: +49-76 64 /59 05-99 
info@knf.de • www.knf.de 

KNF Neuberger AG 
Stockenstr. 6 • CH-8362 Balterswil 
Tel.: 071-971 14 85 • Fax: 071-971 13 60 
knf@knf.ch • www.knf.ch 
KNF Neuberger - INNOVATIVE TECHNOLOGY WORLDWIDE 
the expert for diaphragm pumps. Whether diaphragm pumps for gases or 
liquids, swing piston compressors and vacuum pumps the KNF Neuberger 
range provides the right type of pump. KNF pumps are used where gases and 
vapors must be transferred, evacuated or compressed or where liquids must 
be transferred or metered. In addition to pumps which are incorporated into 
equipment or used in process technology, KNF produces a wide range of port
able pumps. They are mainly used in laboratories. Miniature magnetic valves 
and pressure control valves round up the KNF range of products. 
KNF diaphragm pumps are robust, need no maintenance and do not pollute 
the media, they are therefore used in various versatile application areas, such 
as: medical equipment, environmental protection, process engineering, food 
technology, research and nuclear technology. 
The large KNF product program permits a high degree of flexibility. When 
customer requirements are too specific to be met by standard products, KNF 
carries out customized projects. 
KNF Neuberger has a worldwide presence, either through its own 13 compa
nies in Europe, America and Asia or through representatives in major industri
alized countries. 

Leybold Vacuum GmbH 
Bonner Str. 498 • D-50968 Koln 
Tel.: +49-211/347-0 • Fax: +49-211/347-12 50 
info@leybold.com • www.leybold.com 

Leybold Vacuum offers a broad range of advance vacuum solutions for use in 
industrial manufacturing and research purposes. The core capabilities center 
on the development of application- and customer-specific systems for the cre
ation of vacuums and of process gases. 
Leybold Vacuum develops, manufactures and distributes vacuum products, 
such as vacuum pumps, complete vacuum systems, components, gauges, and 
lead detectors. 
The installations, equipment and/or vacuum components needed for such R&D 
efforts may of course vary in size and/or capacity. Hence we also develop and 
manufacture customized products specifically for R&D purposes, because we 
want to be involved in the entire process from the very beginning. Leybold 
Vacuum employs more than 1500 employees worldwide and has the largest 
sales and service networks in the industry, present in 70 countries around the 
world. With manufacturing facilities in the USA, Europe and Asia, Vacuum 
Solutions is close to its customers everywhere. 

Branch office: 
Leybold Vacuum Schweiz AG 
Leutschenbachstr. 55 • CH-8050 Zurich 
Tel.: +41-1 308 40 50 • Fax: +41-1 302 43 73 
sales@leybold.ch • www.leybold.com 

Linde AG 
Linde Engineering Division 
Dr.-Carl-von-Linde-Str. 6-14 • D-82049 Hoellriegelskreuth 
Tel.: +49 -89 /74 45-0 • Fax: +49-89 /74 45-49 08 
info@linde-le.com • www.linde.com 

The Linde Engineering Division designs and builds turnkey plants and supplies 
all services for process engineering projects. The scope of activities comprises: 
petrochemical plants, synthesis gas plants, hydrogen plants, gas processing 
plants, natural gas plants, air separation plants, cryogenic plants, environmen
tal protection plants, pharmaceutical plants. Linde and its subsidiaries manu
facture coldboxes, plate-fin heat exchangers, specialized butterfly valves and 
actuators. 

Linde Kryotechnik AG 
Plants to provide cooling capacity or liquefaction at very low temperatures, 
have a very long tradition within the Linde AG. 1932 Linde has delivered the 
first industrial helium liquefaction plant of the world to the university of Char-
kov, Ukraine. In the meantime, more than 500 plants are built, delivered and 
successfully operated all over the world. 

At our competence centers in Switzerland and the United States, scientists, 
engineers and technicians are assigned with the design, construction, and the 
building of helium refrigerators, helium liquefiers, and hydrogen liquefiers. 

Representative: 
Linde Kryotechnik AG 
Daetlikonerstr. 5 • CH-8422 Pfungen 
Tel.: +41-5230 405 55 • Fax: +41-5230 405 50 
info@linde.kryotechnik.ch • www.linde-kryotechnik.ch 

Nexans Deutschland Industries GmbH & 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.de 

CRYOFLEX Transfer Lines. 
Completely assembled flexible transfer line systems for the transport of 
liquefied gases and components 

Pfeif fer 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.net 

Leading-edge technology for today's high tech world 
Whether we are wearing a pair of glasses, watching a TV set, working on the 
PC, or driving a car, we all benefit from vacuum technology. The manufacture 
of semiconductors, compact disks and DVDs, heat-absorbing glass, eye glasses 
and the coating of heavy-duty mechanical tools are only a few examples of 
vacuum technology application. Vacuum also plays an important role in rese
arch, space technology, analysis, and environmental technology. Pfeiffer Vacu
um, as a manufacturer of components and systems for vacuum generation, 
control and measurement is continually faced with new vacuum applications 
and new markets with high growth potential. 

The range of Pfeiffer Vacuum products and services 
Turbo pumps. Rotary vane pumps. Roots pumps. Diaphragm pumps. Dry pumps. 
Helium leak detectors. Components. Vacuum measuring and control devices. 
Gas analysis. Coating and leak test systems, vacuum pumping stations. 
Customer training. Application support and technical service. 

Representative: 
Pfeiffer Vacuum Schweiz AG 
Foerrlibuckstr. 30 • CH-8037 Zurich 
Tel.: +41-44/4 44 22 55 • Fax: +41-44/4 44 22 66 
info@pfeiffer-vacuum.ch • www.pfeiffer-vacuum.net 

PINK GmbH 
Vakuumtechnik 
Am Kessler 6 • D-97877 Wertheim 
Tel.: +49-93 42/919-0 • Fax: +49-93 42/919-111 
info@pink.de • www.pink.de 

The production line of PINK includes: standard components, customized vac-
cum chambers, coating systems, accelerator components, helium leak test faci
lities, soldering systems, vacuum drying ovens, UHV-systems, thermal technolo
gy, aerospace technology, customized vacuum systems. 
The main customers of PINK you could find in the automotive, semiconductor, 
chemical and pharmaceutical industry as well as in the research and science 
sectors of institutes and universities and also in the aerospace industry. 
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Radio Frequency Systems 
Kabelkamp 20 • D-30179 Hannover 
Tel.: +49-511/32 49 • Fax: +49-511/6 76 37 50 
harald.zietz@rfsworld.com • www.rfsworld.com 

Radio Frequency Systems is a global designer and manufacturer of cable and 
antenna systems plus active and passive RF conditioning modules, providing 
total-package solutions for wireless infrastructure. 
RFS serves OEMs, distributors, system integrators, operators and installers in 
the broadcast, cellular, land-mobile and microwave market sectors. As an ISO 
compliant organization with manufacturing and customer service facilities that 
span the globe, RFS offers cutting-edge engineering capabilities, superior field 
suppport and innovative product design. RFS is a leader in wireless infrastruc
ture. 

Skodock GmbH 
Heinrich-Nordhoff-Ring 2 • D-80626 Garbsen/Hannover 
Tel.: +49-51 31/445-0 • Fax: +49-51 31/445-502 
info@skodock.de • www.skodock.de 

SKODOCK is a worldwide approved Specialist for Tailor-Made solutions. 
Skodock specialists develop, manufacture and sell Metal-Hoses, -Bellows and 
Compensators (Expansion Joints) in sizes from 6mm diameter up to 2400mm 
diameter. Skodock is certified according to DIN EN ISO 9001:2000, homologat
ed and validated by a large number of Audit Organisations and Certification 
Bodies in all relevant Industrial Branches. SKODOCK designs and manufactures 
according to the European Pressure Vessel Guideline 97/23/EG and is authoriz
ed by the TUV to carry out tests according to Module H. 
Flexible Stainless Austenitic Steel Bellows, Bellow Units, Expansion Joints and 
Flexible Hoses, thin wall tubes, membrane bellows 

Struck Innovative Systeme GmbH 
Harksheider Str. 102A • D-22399 Hamburg 
Tel.: +49-40 /60 87 30 50 • Fax: +49 -40 /6 08 73 05 20 
info@struck.de • www.struck.de 

Struck Innovative Systeme GmbH offers a range of high performance open 
standard data acquisition products. 
The main focus is on VME based electronics. The well established Gigabit link 
based SIS1100/3100 cPCI/PCI to VME interface got a USB2.0 to VME counter
part with TigerSHARC DSP for test and demanding realtime applications 
recently. Our SIS330x 8 channel ADC/digitizer family with sampling rates up to. 
105 MHz and resolutions up to 14-bit is under extension towards higher sam
pling rates. The first new card is the SIS3320 8 channel 200 MHz digitizer with 
32 MSamples of memory per channel. VME and USB2.0 systems on the base 
of the SIS3150 dual TigerSHARC twin CMC carrier and a comprehensive digital 
I/O board family will be presented. 

Thermo Electron (Erlangen) GmbH 
Frauenauracher Str. 96 • D-91056 Erlangen 
Tel.: +49-91 31/909-0 • Fax: +49-91 31/909-205 
info@thermo-esm.com • www.thermo.com/rmp 

Starting under the company name of "Frieseke & Hoepfner" in Erlangen, 
Thermo RM&P have been experts in health physics, radiation monitoring and 
monitoring of particulate in ambient air since 1949. Renowned as "FAG Radi
ation Measurement" for more than a decade, and later ESM, Thermo RM&P 
now belong to Thermo Electron Corporation, the world leader in the analytical 
and environmental instruments industry. With our innovative products we pro
vide our customers portable and stationary detection systems for 

- Health physics: dose and dose rate, contamination 
-The detection of illicit radioactivity trafficking at steel- and recycling plants, 

nuclear power plants, at harbours, airports, border transitions 
- Environmental monitoring of dose rate and airborne radioactivity 
- On-line stack monitoring of aerosols, noble gas, iodine 
-Act iv i ty measurement of samples: Manual, automatic and low level counters 
- Monitoring and sampling of particulate material in air 

SIEMENS 
represented by 
Siemens Schweiz AG 
Freilager Str. 40 • CH-8047 Zurich 
Tel.: +41-5855 8 56 52 • Fax: +41-5855 54 88 41 
urs.frankenhausen@siemens.com 

Siempelkamp Nukleartechnik GmbH 
Siempelkampstr. 45 • D-47719 Krefeld 
Tel.: +49-21 51/89 48-481 • Fax: +49-21 51/89 48-488 
snt.krefeld@siempelkamp.com • www.siempelkamp.com 

Siempelkamp offers products and service for Nuclear Power Plants. 
The concentration of our activities are on the key fields: waste management 
and decommissioning, casks and container construction, engineering and 
calculation, stud technology, manipulators, recycling, equipment, radiation 
protection and health physics, all completed by our service division. 

VACOM Vakuum Komponenten & Messtechnik GmbH 
Gabelsbergerstr. 9 • D-07749 Jena 
Tel.: +49-36 41/42 75-0 • Fax: +49-36 41/42 75-24 
info@vacom.de • www.vacom.de 

Development, production and sales of vacuum components and measurement 
equipment, project consultation, development of customized products and 
solutions, service. 
Product range: Fittings and Fabrications. Viewports. Vacuum Valves. Vacuum 
Chambers. Vacuum Measurement Equipment. Electrical Feedthroughs. Mecha
nical Feedthroughs. Forevacuum Pumps. Mass Flow Controllers. Edge Welded 
Bellows. Residual Gas Analyzers. Filters and Traps. Heating Components. Vacu
um Pump Oils. Vented Screws 

Representative: 
BaruvacAG Druckluft- und Vakuumtechnik 
Vogelsangstr. 11 -P.O. Box 105, CH-8307 Effretikon 
Tel.: +41-52 3 43 17-72 • Fax: +41-52 3 43 17-11 
info@baruvac.ch • www.baruvac.ch 

W-IE-NE-R, Plein & Baus GmbH 
Muellersbaum 20 • D-51399 Burscheid 
Tel.: +49-21 74/678-0 • Fax: +49-21 74/678-55 
plein@wiener-d.com • www.wiener-d.com 

W-le-Ne-R provides innovative products and creative solutions to the world 
of physics. Products, designed in compliance with CERN standards and specifi
cations for highest performance and world-wide compatibility: 

VME-Crates: VME, VME 64, VME 64x, VME64xP (VIPA), VXI, CPCI 
3-6-9U height, 160-220-280-340-400mm various depth, 
up to 3kW in 3U power box, 6kW in 6U power box 

NIM-Crates: non ventilated 5U high 12 slot, 7 slot transportable (150W) 
ventilated 5U+2U high intelligent fan tray 
150-300-600W linear regulated power supplies 

CAMAC-Crates: ventilated 5+2U high, intelligent fan tray, 25 slot 
300-600W linear regulated, 1650W switching power supplies 

Crate Controller: VME- PCI, VME- USB2 bridges, 
CAMAC-PCI, CAM AC-VME, CAMAC-USB2 bridges 

Power Supplies: Multi-channel programmable "low-noise" Floating DC 
power supplies for standard and hostile environment 
(magnetic field tolerant and radiation hard), up to 6kW 
output power 

Slow Control: CANbus, TCP/IP-Telnet, OPC-Server, Crate and Power Supply 
Monitoring Software 

Representative: 
ELCOTRON S.A. 
5, route du Reposoir • CH-1260 Nyon 
Tel.: +41-22/361 53 52 • Fax: +41-22/361 53 51 
tech@elcotron.ch 
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COMPUTING NEWS 
Compiled by Hannelore Hammerle and Nicole Cremel 

G R I D C O N F E R E N C E 

European Grid community hails 
progress at meeting in The Hague 

The second Enabling Grids for E-sciencE (EGEE) conference was attended by more than 
400 project members, invited guests and interested people from many fields. 

The end of November 2004 saw a series of 
Grid meetings and conferences organized in 
The Hague in the context of the Dutch 
European Union presidency. The main event 
was the second conference of the Enabling 
Grids for E-SciencE (EGEE) project on 
2 2 - 2 6 November, which had more than 
400 participants. This made it the biggest 
Grid conference in Europe ever, topped only 
by the Global Grid Forum. This was pointed 
out by Patrick Aerts, director of the National 
Computer Facilities Foundation (NCF), the 
Dutch organization responsible for scientific 
supercomputing in the Netherlands, and chair 
of the e-lnfrastructure Reflection Group. 

The two-week sequence of Grid-related 
events also included meetings of other 
European Grid research projects, such as SEE-
GRID (South Eastern European Grid-enabled 
e-lnfrastructure Development), DILIGENT 
(Digital Library Infrastucture on Grid-Enabled 
Technology) and DEISA (Distributed European 
Infrastructure for Supercomputing 
Applications), as well as part of the annual 
conference of the Sixth Framework 
Programme of Information Society 
Technologies ( IST2004,15-17 November), 
where several Grid-related talks and 
dissemination activities about Grids and e-
science were presented and workshops held. 

While the first EGEE project conference in 
Cork in April 2004 was mainly about 
planning, the November conference was 
about reality. It highlighted the state of the 
deployment of applications and development 
of the re-engineered Grid middleware, 
showing that the Grid production service is 
now in full swing, servicing several 
applications over a large set of resources. 

The first eight months of the project have 
seen the growth of the initial EGEE Grid 
production service, in close collaboration with 
the LHC Computing Grid project (LCG), to 90 
sites, providing more than 8000 CPUs of 
computing power and a storage capacity of 
more than 4 petabytes. To ensure that the 
EGEE infrastructure can continue to grow to the 

target of 20 000 CPUs set for the beginning of 
2006, Regional Operations Centres provide a 
decentralized but efficiently coordinated 
support structure with front-line user and 
deployment support. These are supplemented 
by four Core Infrastructure Centres running 
essential core Grid services while the 
operational activity is coordinated by the 
Operations Management Centre at CERN. 

Security procedures are agreed upon and 
being implemented, and the release of the 
robust "gLite" Grid middleware developed by 
EGEE is planned for spring 2005. This has 
been engineered to make sure that it will 
serve the highly demanding needs of high-
energy physics, while remaining versatile 
enough to serve other sciences. 

While the use of Grid technology is well 
established in high-energy physics, EGEE is 
actively seeking new applications and has set 
up the GILDA testbed (Grid INFN Laboratory 
for Dissemination Activities), a virtual 
laboratory that demonstrates the Grid's 
capabilities. The importance and success of 
GILDA were emphasized by several speakers, 
and delegates were given the opportunity to 
view live demonstrations of applications that 
have already been ported to the Grid (both on 

the EGEE Grid production service and on 
GILDA): these related to medicine, earth 
science, computational chemistry, astro
particle physics, high-energy physics and 
video-on-demand. 

Requests from several new scientific groups 
to use the EGEE infrastructure were also 
considered during the conference. In a 
session of the EGEE Generic Applications 
Advisory Panel (EGAAP), seven projects were 
presented, and the panel approved 
applications in drug discovery, cosmology and 
digital libraries to use the services that are 
offered by EGEE. 

The final plenary session provided 
summaries from the parallel sessions 
dedicated to cross-activity subjects as well as 
a talk on the status of Grid standardization 
work and feedback from the project's External 
Advisory Committee. An overview of the LCG 
project provided high-level input from the 
high-energy physics pilot application area, 
and a summary of industrial interest in Grids 
hinted that the Grid might soon extend into 
non-scientific areas. 

During the EGEE conference, members of 
the DEISA project, a consortium of national 
supercomputing centres, met and held joint D> 
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meetings with other projects. DILIGENT and 
SEE-GRID also held working meetings and 
SEE-GRID organized a policy workshop to 
discuss a roadmap for establishing national 
Grid initiatives. 

In the framework of the "European 
Leadership in Grids and e-Science", a 
workshop and meeting of the e-lnfrastructure 
Reflection Group (e-IRG) was also held on 
1 8 - 1 9 November. This brought together Grid 
experts and representatives from European 
governments to discuss common policies and 
provide recommendations on the shared use 
of electronic resources in Europe. Topics 
discussed included security, accounting, 
usage policies, user support, and general-
purpose versus disciplinary Grids. 

The Hague also saw the first joint meeting 
of the various Grid infrastructure projects in a 
"Grid Summit" to stimulate co-operation and 

knowledge exchange. This was followed by an 
effective and productive "concertation" 
meeting on e-lnfrastructures. Its main 
objective is the creation of a political, 
technological and administrative framework 
for the easy and cDst-effective shared use of 
distributed electronic resources across 
Europe. An impressive suite of European Grid 
projects was presented, both providing 
(EGEE, Geant2, DEISA, SEE-GRID) and 
benefiting from e-lnfrastructures (DILIGENT, 
SIMDAT, GRIDCC, CoreGRID, GridLab). Grid 
research concertation efforts (GRIDSTART, 
NextGRID) were presented, as well as Grid 
mobility (Akogrimo). 

The topic of synergies between Grid 
research and infrastructure projects generated 
much enthusiasm at the meeting and many of 
the participants expressed their interest in 
joining working groups to take the 

concertation effort between research and 
infrastructure further forward. 

Early feedback from the participants 
showed that they appreciated the general 
good atmosphere and the many possibilities 
for social networking. In his closing remarks, 
CERN's Fabrizio Gagliardi, project director of 
EGEE, expressed his satisfaction with the 
achievements to date and emphasized the 
importance of face-to-face meetings for the 
project: "During this week we have 
consolidated our plans for the changes 
coming up. But the conference was also 
important for building a strong team spirit, 
which is a challenge in itself for such a large, 
international project." 

Further information 
www.e-irg.org 
http://public.eu-egee.org/conferences/2nd 

D I G I T A L T E C H N O L O G Y 

ATHENA tests the 
digital logbook 
Even in this digital age, most scientists prefer 
old-fashioned paper logbooks to computer-
based systems. This is not just a case of 
scientific conservatism - the paper version 
has several benefits in terms of ease of use: 
tables can be drawn and modified rapidly, 
sketches can be added and there is no risk of 
a computer crash causing delays. 

However, in many experiments the hand
written logbooks are laboriously copied and 
distributed to the labs around the world 
involved in the project. Until this is done, the 
contents of the logbook are accessible only 
locally. Also, notes jotted down in haste 
during an eventful nightshift may be hard to 
interpret a few months later, even for the 
person who wrote them. 

A summer student project run by CERN's IT 
Department has produced a better solution. 
With the generous assistance of Hewlett-
Packard, students supported by the Helsinki 

A page from ATHENA's digital log-book. 

Institute of Physics were able to develop a 
logbook using the firm's recently launched HP 
Forms Automation System. The technology 
involves printing a very fine pattern on every 
page, which provides a unique code for every 
point on each page. The digital pens used are 
normal ball-points with a built-in infrared 
sensor that reads and stores the code while 
writing, and uploads this information to the 
Web when the pen is docked to a PC. 

With this approach, all the advantages of 
traditional pen and paper are preserved, but 
the information from the logbook can be 
made immediately accessible to 
collaborators around the world on a 
password-protected website. During testing, 
members of the ATHENA antimatter 
collaboration in Genoa were able to follow 
what their colleagues at CERN were writing on 
a daily basis. 

Moreover, because the data stored by the 
pen are time-stamped, it is possible to link 
notes in the logbook much more accurately to 
digital recordings from various instruments at 
the experiment. By incorporating character-
recognition software, it is possible to search 
these digital logbooks for keywords, making 
them even more practical. 

A spin-off of this activity, prepared for 
CERN's 50th anniversary celebrations, was a 
digital guestbook, which was signed by 
visitors to the open day and official ceremony. 
Hundreds of entries from well-wishers were 
posted immediately on the Web, and can be 
seen at http://gridcafe.web.cern.ch/ 
gridcafe/guestbook.html. 

r e d h a t IT e x e c u t i v e s r a t e R e d H a t # 1 fo r V a l u e 
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CERN honours INFN 
for Grid development 
CERN's director-general, Robert Aymar, has 
presented the Italian National Institute for 
Nuclear Physics (INFN) with an award to 
recognize its contributions to developing 
computational Grids, and its pioneering 
efforts to establish and promote Grid 
technology at a national level and in Europe. 
The award was presented to Roberto 
Petronzio, president of INFN, on 30 November 
2004 during a ceremony in Rome at the seat 
of the Ministry of Education, University and 
Research in the presence of the minister 
Letizia Moratti. 

One of the first major national Grid 
initiatives in Europe, the INFN Grid project was 
launched in 1999. The objective was to 
investigate the potential of Grid software for 
high-energy physics applications. 

INFN has also promoted the new EGEE 
(Enabling Grids for E-science in Europe) 

Roberto Petronzio, president of INFN. 

project that started on 1 April 2004 with 
CERN as lead partner and with the 
collaboration of other institutes from almost 
all European countries and partner 
institutions in the US, Russia and Asia. 

G R I D D E V E L O P M E N T 

ARDA celebrates 
prototype success 
In December 2004 the ARDA project, which 
aims to develop a prototype Grid analysis 
system for the experiments at the Large 
Hadron Collider (LHC), reached a milestone: 
end-to-end prototypes that are capable of 
analysis for the LHC experiments. 

ARDA, which stands for "A Realization of 
Distributed Analysis of LHC", develops 
prototype systems that integrate Grid 
middleware developed by the EGEE (Enabling 
Grids for E-science in Europe) project with 
common analysis tools in high-energy physics 
and the analysis software of the LHC 
experiments. This means that ARDA is running 
programs that could actually be used in 2007, 
when the LHC is scheduled to start up. Testing 
the Grid under real conditions gives effective 
feedback to the developers of Grid middleware. 

"The LHC experiments are the best way to 
influence EGEE middleware to get an optimal 

system," said Massimo Lamanna, ARDA 
project leader. "But it also works the other 
way: the experiments get an early flavour of 
the middleware, can already run examples of 
real applications, and thus will be able to 
make maximum use of the facilities provided." 

The third ARDA project workshop in 
October 2004 coincided with an important 
transition inside the project from a closed 
development environment to a preproduction 
test bed. This involved a scaling up of the 
activity both by an increase of available 
computing resources and by an expansion of 
the user community. From 2007 , out of the 
thousands of physicists involved in the LHC 
experiments, several hundred will have 
direct access to the Grid. Although the Grid 
analysis prototypes are still evolving, they 
demonstrate already that the new system will 
be able to cope with the LHC data. 

The fourth ARDA workshop, to be held at 
CERN at the beginning of 2005, will present 
the prototype activity and review the Grid 
middleware status, as well as clarifying 
strategy and priorities for the experiments. 

Calendar of events 
February 
7 - 1 1 GlobusWORLD 2 0 0 5 Boston, MA, 
US, www.globusworld.org 

1 4 - 1 6 European Grid Conference 
Amsterdam, The Netherlands, 
ht tp: / /genias.biz/egc2005/ 

2 1 - 2 5 Tridentcom 2 0 0 5 - First 
International Conference on Testbeds 
and Research Infrastructures for the 
Development of Networks and 
Communities Trento, Italy, 
www.tridentcoiii.org 

March 
1 4 - 1 7 GGF13 Seoul, South Korea, 
www.gridforum.org 

April 
2 - 8 HPC High Performance Computing 
Symposium San Diego, CA, US, 
www.caip.rutgers.edu/hpc2005 

5 - 6 PVSS Users Meeting CERN, 
Switzerland, www.etm.at/cern.htm 

7 - 9 HealthGRID 2 0 0 5 Oxford, UK, 
http://oxford2005.healthgrid.org 

1 8 - 2 2 Third EGEE conference Athens, 
Greece, http://eu-egee.org 

P R O D U C T I N F O R M A T I O N 

gridMathematica2, an optimized parallel 
Mathematica environment for high-
performance computing, has been released. It 
is based on the Parallel Computing Toolkit, a 
programming environment inside 
Mathematica. Features include shared or 
distributed memory, automatic and explicit 
scheduling, concurrency including 
synchronization, and failure recovery. 
gridMathematica provides a quick way to set 
up and run large calculations by bundling 
Mathematica kernels and the Parallel 
Computing Toolkit 2 in a way that is easy to 
install on parallel computers. 
gridMathematica is platform-independent and 
can be used on dedicated multiprocessor 
machines as well as on homogeneous and 
heterogeneous clusters. For more information 
see www.mathconsult.ch/pct. 
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UNESCO asks cyber-
volunteers to aid 
developing nations 

N E T W O R K S 

Speed records tumble 
as networks get faster 

Evolution of the Internet 2 Landspeed Record, a speed contest for end-to-end networks 
over large distances. The Supercomputing Bandwidth Challenge reaches higher speeds 
but over shorter distances. 

An international team of physicists, computer 
scientists and network engineers has won the 
Supercomputing Bandwidth Challenge 2004 
with a sustained data transfer of 101 Gbit/s 
between Pittsburgh and Los Angeles. This is 
equivalent to downloading three DVD-quality 
movies per second and more than four times 
faster than the previous record of 23.2 Gbit/s, 
which was set by the same team. 

The Challenge allowed the scientists and 
engineers to preview the globally distributed 
Grid system that is being developed for the 
next generation of experiments at CERN's 

E - S C I E N C E 

German project set 
up to help scientific 
communication 
In September 2004, the FIZ Karlsruhe and 
the Max Planck Society were awarded 
€ 6 . 1 million to develop a new platform for 
Web-based scientific collaboration - eSciDoc. 

future Large Hadron Collider (LHC). To exploit 
fully the potential for discoveries, many 
petabytes of data will have to be processed, 
distributed and analysed. A hybrid network 
integrating both the traditional switching and 
routing of packets, and dynamically 
constructed optical paths to support the 
largest data flows, is central to the near-term 
future vision that the scientific community has 
adopted to meet the challenges of data-
intensive science in many fields. 

The team is led by the California Institute of 
Technology and includes Fermilab and CERN. 

The five-year funding is being provided by the 
German Federal Ministry of Education and 
Research (BMBF), under the framework of the 
German national e-Science initiative. 

eSciDoc will address all aspects of 
scientific communication, from the creation 
and editing of information, sharing of data, 
and publication of research results, to storage 
and long-term archiving of papers. It will 
include interactive tools and handle multiple 
data sources and types, including video and 

On 26 January, International Conference 
Volunteers (ICV), a non-governmental 
organization with its headquarters in Geneva, 
officially launched its new Cyber-Volunteers 
Programme. The programme, which is under 
the patronage of the United Nations 
Educational, Scientific and Cultural 
Organization (UNESCO), is aimed at helping 
to reduce the digital divide between the 
industrialized world and developing countries. 

ICV has already been recruiting experts in 
information and communication technologies. 
They will voluntarily join development projects 
in Mali and Cameroon that need IT knowledge 
and skills but do not have the money for 
them. The volunteers will carry out internships 
of about six months, which will provide them 
with the opportunity not only to teach but also 
to gain knowledge and skills. 

With contacts with non-governmental 
organizations in Mali, Cameroon, Uganda, the 
Republic of Congo, South Africa, Tanzania 
and Switzerland (Informaticiens sans 
Frontieres at CERN), ICV aims to recruit 45 
cyber-volunteers over a period of three years. 
The first to be selected will contribute to 
helping local authorities in Mali set up their 
administration in digital form and will teach 
school dropouts from poor neighbourhoods in 
Cameroon to develop interactive websites 
and other skills to give them more 
opportunities on the labour market. 

Further information 
www.icvolunteers.org 

audio. The ability to link to external data 
sources will be integral to the platform. 

The results of the project will be shared with 
other scientific organizations and could in the 
future be utilized as a publication and 
communication platform by other research 
institutions. Individual services developed as 
part of the project may also be made 
available to other scientific institutions as 
open-source tools, enabling them to be used 
in a variety of other environments. 
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CHEP '04 

CHEP '04 was an opportunity to review 
progress in Grid technology, discuss 
experience gained from experiments and 
look to the future. John Harvey reports. 

Computing in High Energy and Nuclear Physics (CHEP) is a major 
series of conferences that has been held at roughly 18 month inter
vals since the 1980s, alternating between Europe, North America 
and other parts of the world. The latest meeting - CHEP '04 - was 
organized by CERN and took place in Interlaken from 2 6 September 
to 1 October 2 0 0 4 . As the conference chairman, Wolfgang von 
Ruden from CERN, pointed out in his welcome address, this was 
the last opportunity for CERN to organize the conference prior to the 
start-up of the Large Hadron Collider (LHC). An important theme 
therefore was to review progress in making the Grid a powerful and 
reliable comput ing resource in t ime for processing LHC data. The 
conference also aimed to learn from the experience of experiments 
that are currently running, to stay in touch with other sciences and to 
have a look into the future. 

The conference began with several interesting reviews of com
put ing at existing experiments. Amber Boehnlein from Fermilab 
described the software and comput ing faci l i t ies that have been 
developed to support the CDF and DO experiments in Run II of the 
Tevatron. These experiments are already starting to experience data 
management and data-access rates on the scale expected in the 
first years of the LHC. Good progress has been made in handling 
event data and structured metadata with throughput disk caching of 
60 terabytes (Tb) a day being reported by the CDF experiment. 

Nobu Katayama of KEK reported on the situation at the Belle 
experiment at the KEKB accelerator, which is currently operating at 
the world's highest luminosity of 1 0 3 4 c m " 2 s _ 1 . Belle accumulates 
more than 1.2 Tb of data each day and the complete dataset now 
exceeds 1.4 petabytes (Pb). Belle adopted a traditional computing 
model, which has been successfully implemented with very few peo
ple, and is planning to upgrade its system to prepare for the 
expected luminosity upgrade of the machine. 

Peter Elmer, from Princeton, described the status of computing in 
the BaBar experiment at the PEP II coll ider at SLAC. BaBar has 
developed a highly distributed and automatic production facility for 
managing the generation of simulated data samples at more than 
2 5 sites, as well as the full reconstruction of real data within 
2 4 hours at a site remote from the collaboration centre (Padova). A 

A lunch break in the Concert Hall of the Congress Centre. 

sophisticated analysis model has also been introduced in the past 
year that makes more than 100 analysis-specific skims of events 
that can be accessed via the same distributed-computing system. It 
is clear that much of the knowledge and experience being gained 
from providing computing at running experiments can be abstracted 
and applied to the design and planning for future experiments with 
large-scale computing. 

Unprecedented challenges 
High-energy physics software and comput ing infrastructures will be 
confronted with unprecedented challenges by data from the LHC 
and much attention focused on reporting progress in preparations 
for the start-up in 2 0 0 7 . It is the job of the LHC Computing Grid Pro
ject (LCG) to prepare, deploy and operate the computing environ
ment to provide a general service to all four LHC experiments. The 
enabling technology is Grid computing, which is a paradigm for cre
ating a worldwide network of computers interconnected so that they 
perform as a coherent system. The LCG project aims to deploy and 
operate a Grid comprising as many as 1 0 0 0 0 0 of today's fastest 
PCs for storage and analysis of the - 1 5 Pb of data that will be pro
duced each year at the LHC. 

The first production Grid (LCG-1) started to provide a bare-bones 
service to high-energy physicists a year ago, with at first only 12 
centres involved. Currently version 2 of this Grid (LCG-2) has been 
deployed on some 80 comput ing centres in 25 countries contribut
ing more than 9 8 0 0 computers. Significant improvements in reli- > 
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Terminals were provided in the Club Casino room. 

ability, performance and scalability of the service offered by LCG-2 
were reported, largely resulting from the improved stability of the 
middleware - the software that handles supply and demand of 
resources on the Grid effectively, as well as security and the other 
necessities that a distributed system entails. 

However, LCG is by no means the only Grid project and particle 
physicists have access to substantial resources provided, for exam
ple, by NorduGrid, a Scandinavian Grid initiative, and Grid3, a con
sortium based in the US. In addition LCG is working closely with the 
EGEE project, which is funded to create a Europe-wide production-
quality Grid infrastructure on top of present regional Grid pro
grammes. The core infrastructure of the LCG and EGEE Grids is now 
operated as a single service spanning North America, the Asia-Pacific 
region and Europe, and encompasses other scientific disciplines in 
addit ion to high-energy physics. As Les Robertson, LCG project 
leader, pointed out, "It is clear that on the timescale of LHC start-up 
we are going to have to live with a few different middleware imple
mentations and standards. Nevertheless strenuous efforts are being 
made to improve compatibil i ty and inter-working." 

Successful stress tests 
LHC physicists reported on a number of "data challenges" designed 
to act as stress tests of the robustness, performance and quality of 
the complete computing infrastructure. The basic goal is to produce 
many mill ions of simulated events in a concentrated period and to 
analyse them, thereby exercising the full software chain. During 
2 0 0 4 more than 400Tb of data have been generated and stored 
using new data-management software developed in the ROOT and 
POOL projects. Moreover, extensive comparisons with test-beam 
data have demonstrated the ability of physics models in the simu
lation engines (e.g. Geant 4 and Fluka) to predict the detector 
response to better than a few per cent. This validation activity is still 
in progress, but the vast improvements reported over the past two 
years have been achieved as a result of a huge combined effort by 
both experimentalists and simulation experts. Attention must now 
be given to providing a simple and transparent data-analysis frame
work so that physicists can get the fast delivery of physics results 
they need. 

The data challenges also provide a way of measuring the progress 
made in deploying and operating resources on the Grid, as well as 
testing the production-software tools used to submit and manage 

jobs and the data they generate. For instance, one challenge used 
the Grid to process simulated LHC data, but at only one-quarter of the 
rate physicists expect from the collider. In another, more than 3 5 0 0 
production jobs were run concurrently on resources located in more 
than 3 0 computer centres. This is still far short of the requirements of 
the LHC, but with three years to go before the collider is ready to pro
duce collisions the prospects for narrowing the gap look good. 

Peter Clarke, from Edinburgh, reported on the status of the global 
wide-area network, which is more than ever taking its role as the 
great "enabler" for many branches of science and research. The LHC 
comput ing models est imate that a connectivity of around 
100 Gbi t /s between CERN and the Tier-1 centres will be required in 
order to distribute data for processing at remote sites. Clarke's main 
message was that wide-area networks currently provide our com
munity with excellent performance and reliability, his primary con
cern being that they are in fact significantly underused at present. 
Most networks, such as GEANT in Europe and ESNET in the US, cur
rently have 10 Gbi t /s backbones with 1 .0 -2 .5 Gbi t /s links into 
national networks, but they typical ly experience peak sustained 
loads of only 1 0 - 3 0 % . High-energy physics traffic is barely visible. 
Clarke's appeal to the conference was for high-energy physics to 
perform network data challenges demonstrat ing sustained data 
flows of at least 1 Gbi t /s between the main centres in 2 0 0 5 . 

Ken Peach, of the Rutherford Appleton Laboratory, gave an 
extremely informative and entertaining talk on e-Science, which is 
already making a big impact on many scientific disciplines and facil
itating new scientific discoveries. The new methodology of e-Science 
claims that by connecting different sources of data collected inde
pendently and analysing them with computers, new knowledge and 
understanding can be extracted. Policy-makers in government, 
academia, and industry are driving the initiative. Clearly massive 
data storage and large-scale computing are required, which explains 
the significant investment worldwide in support of underlying tech
nologies, in particular Grid computing. 

Delegates were also able to interact with 16 high-tech compa
nies through the CHEP '04 Industrial Programme - coordinated by 
Chris Parkman and Evelyne Dho of CERN - which featured an exhi
bition and a number of special seminars. The involvement and sup
port of these companies added a vital dimension to the overall 
success of the conference. In particular, CERN's partners in the 
CERN openlab for DataGrid appl icat ions (Enterasys, Hewlett-
Packard, IBM, Intel and Oracle) not only gave generously to sponsor 
the event but also provided keynote speakers from their research 
labs in a special plenary session dedicated to looking at future tech
nology trends. Special thanks are due to Enterasys, which provided 
the wireless network at the conference venue and donated wireless 
cards to conference delegates. 

Jai Menon, from IBM, predicted continuous improvements in stor
age density and disk capacity such that by 2 0 1 0 desktop com
modity machines will have 1 Tb storage capacity on a single 2.5 inch 
(10 cm) disk. Large systems with 1 0 0 0 0 spinning disks will have a 
total capacity of 10 Pb, with around 7Tb / s of streaming bandwidth. 
However, the tradit ional RAID (redundant array of independent 
disks) systems will not be suff icient to protect against mult iple 
simultaneous disk failures and new schemes are under develop-
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ment to provide higher forms of redundancy at the expense of addi
tional storage overhead. A great deal of growth in tape capacity is 
also foreseen and at tempts will be made to demonstrate 8 and 
16Tb of storage on a single cartridge in the near future. 

Stan Wil l iams from HP reported on work that his group is doing 
on fundamental research in nanotechnology, which is expected 
to have an impact on a 1 0 - 2 0 year t imescale . The combined wis
dom of the semiconductor industry foresees feature sizes of semi
conductor devices reducing to 65 nm by 2 0 0 7 - 2 0 0 8 and 45 nm 
by 2 0 1 0 - 1 1 giv inga 10 to 100-fold increase in performance over 
today's CPUs. Beyond that , problems arise due to fundamenta l 
l imits on the abil ity to improve the electrical-power efficiency of 
t radi t ional microprocessor chips as well as the relatively large 
number of "defects" that must be contended with at the nano
metre scale. New CPU archi tectures that run at very low clock 
speeds but with many processes in parallel were presented as a 
way to achieve the best electrical-power efficiency. 

Conference wrap-up 
In the last talk of the conference Lothar Bauerdick from Fermilab 
gave his personal impressions of the conference highl ights. He 
looked forward to the opportunity of working with people from exist
ing experiments that are jo ining the LHC programme. He concluded 
that our Grid systems are successfully enabl ing broad participa
t ion although much needs to be done to improve the complet ion 
efficiency of the jobs that run and to use all the resources made 
available by Grids more effectively. He reiterated a comment, made 
earlier in the conference by CERN's David Wil l iams, that the LHC 
experiments are running at the limit of what is feasible, not in fund
ing, nor in complexity of the detectors, but rather in the possibility 
of keeping a large number of smart people working actively towards 
a common goal. 

CHEP '04 was one of the best attended CHEP conferences with 
5 2 0 delegates coming from all over the world. The organizers are 
very grateful to INTAS, UNESCO-ROSTE and the Abdus Salam 
International Centre for Theoretical Physics for agreeing to spon
sor more than 25 of these delegates who would otherwise have 
been unable to attend. The Programme Committee considered a 
total of 493 abstracts of which 3 4 were scheduled as plenary talks, 
2 1 9 more were scheduled for oral presentation in seven parallel 
sessions and 153 were presented as posters. They also edited and 
produced the proceedings publ ished on DVD. 

Thanks to the hard work of the enthusiastic team of organizers 
and student volunteers, led by Alan Silverman and Miguel Marquina 
of CERN, there were no noticeable problems during the whole week 
of the conference. The network worked perfectly with a total of 2 4 6 
portables connected (and only four were infected with viruses, a 
good omen for the future). Even the weather was kind and permitted 
the delegates to explore the surrounding mountains and lakes in 
clement conditions during the half-day devoted to excursions. 

By coincidence, the day of the conference banquet (29 Sep
tember) was also CERN's 50th birthday, and the conference dele
gates celebrated the event in the presence of the director-general, 
Robert Aymar. His speech was transmitted live from Interlaken to the 
birthday party held near Geneva via a special teleconference link. In 

Impression from an excursion to the top of the Schilthorn. 

his closing address von Ruden warmly thanked all those who had 
contributed to the success of the conference and invited delegates 
to reconvene for CHEP '06 in February 2 0 0 6 in the Tata Institute of 
Fundamental Research (TIFR), Mumbai , India, the venue selected 
by the International Advisory Committee. 

John Harvey, CERN, chair of the CHEP '04 Programme Committee. 
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The GATE opens in 
nuclear medicine 

The Geant4 package for Monte Carlo simulations in particle physics has found 
application in nuclear medicine, with the GATE toolkit. Christian Morel explains. 

Fig. 1. ClearPET scanner design for the Crystal Clear 
Collaboration, with four rings of 20 interleaved ISO/ 
LuYAP phoswich detector modules. (Courtesy EPFL.) 

Emission tomography, where the det
ection of radiation emit ted by a 
radioactive tracer administered to a 
patient allows the estimation of the 
tracer's distribution inside the body, 
is becoming increasingly important in 
medicine, in both diagnosis and 
treatment. This increased interest has 
led to a demand for higher imaging 
quality, accuracy and speed. The 
development of new medical-imaging 
devices, image-reconstruction algo
rithms and correction techniques, 
and the optimization of acquisi t ion 
protocols all depend on appropriate 
simulat ions, in particular using the 
Monte Carlo techniques famil iar in 
particle physics. 

The main techniques for emission 
tomography are PET (positron emission 
tomography) and SPECT (single pho
ton emission computed tomography). Both involve surrounding the 
subject to some extent with an array of suitable detectors (e.g. scintil
lator crystals) and detecting the radiation emitted from the tracer. At 
least a dozen Monte Carlo simulation packages can be used for either 
technique, with different advantages and disadvantages. Accurate and 
versatile general-purpose simulation packages such as Geant3 from 
CERN, EGS4 from SLAC, MCNP from the Los Alamos National 
Laboratory and most recently Geant4 include well validated physics 
models, geometry-modelling tools and efficient visualization utilities, 
but they require a major effort to be tailored to PET and SPECT. 

On the other hand, dedicated Monte Carlo codes developed for 
PET and SPECT suffer from a variety of drawbacks. For example, 
SimSET, developed at the University of Washington, is one of the 
most powerful dedicated codes for PET and SPECT simulations, mod
elling physics phenomena and basic detector designs precisely and 
efficiently. However, it has limitations with respect to the range of 
detector geometries that can be simulated: for instance, a detector 
ring cannot be subdivided into individual crystals. In addit ion, nei
ther SimSET nor other dedicated codes account explicitly for t ime, 
which limits their use for modell ing t ime-dependent processes such 
as the movement of tracers. 

Clearly, there is a need for a Monte 
Carlo tool that readily accommodates 
complex scanner geometries, while 
retaining the comprehensive physics-
modell ing abilities of the general-pur
pose codes. To meet this demand an 
international collaboration of physi
cists at centres in different countries 
has developed the simulation toolkit 
GATE - the Geant4 Appl icat ion for 
Tomographic Emission. 

Opening the GATE 
The origin of GATE can be traced 
back to a workshop held in July 
2 0 0 1 in Paris, which focused on the 
future of Monte Carlo simulat ions in 
nuclear medicine. The various draw
backs of the existing dedicated and 
general-purpose codes were dis
cussed, and it became clear that it 

would be to everyone's advantage to develop a simulat ion toolki t 
that would combine the best of both worlds: namely, to have a 
dedicated Monte Carlo plat form for emission tomography that 
could on one hand model decay kinetics, dead t ime and move
ment, and on the other hand benefit from the versatility and sup
port of general-purpose simulation tools. Moreover, object-oriented 
technology appeared to be the best choice to ensure high modu
larity and reusability for the simulat ion tools developed specifically 
for PET and SPECT. 

The consensus was therefore to select the simulation toolkit devel
oped in C++ by the Geant4 collaboration and to foster long-term 
support and maintenance by sharing this development among many 
research groups. This effort was launched by the PET instrumen
tation group in the Laboratory for High Energy Physics at the Ecole 
Polytechnique Federale de Lausanne (EPFL), in the first instance as 
an aid for the design of the ClearPET prototype developed by the 
Crystal Clear Collaboration at CERN (figure 1). 

Specifications of the Geant4-based simulation framework were 
circulated in December 2 0 0 1 . The C++ coding began at the Lau
sanne PET instrumentation group with the help of the Geant4 low-
energy electromagnetic physics working group, the corpuscular D> 
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physics for life science group at Laboratoire de 
Physique Corpusculaire in Clermont-Ferrand and the 
medical image and signal-processing group in the 
Electronics and Information Systems Department at 
the University of Ghent. The development strategy 
was defined at a second workshop organized in 
January 2 0 0 2 in Lausanne, and on 23 May 2 0 0 2 , 
at a meeting again held in Lausanne, a live demon
stration of the first version of the GATE platform was 
given. At this meeting the research groups at Lau
sanne, Clermont-Ferrand and Ghent decided to start 
the OpenGATE collaboration in order to improve, val
idate, document and test GATE with a view to 
preparing a public release of the software. 

Since then, the collaboration has grown, currently 
comprising 2 1 laboratories in nine countries in Europe, the US and 
Asia, and in May 2 0 0 4 the first public release of GATE was made 
available. At present, GATE has been downloaded and is run by 
more than 2 0 0 individuals in academic institutes and commercial 
companies around the world. 

How does it work? 
GATE incorporates the Geant4 libraries in a modular, versatile and 
scripted simulation toolkit adapted to nuclear medicine. In addi
t ion, it allows the accurate description of t ime-dependent phenom
ena such as source and detector movement and source decay 
kinetics. The elements of the geometry of the system can be set into 
movement via scripting, and all the movements of these elements 
are kept synchronized with the evolution of the activity of the 
radioactive source. For this purpose, the data acquisit ion is subdi
vided into a number of t ime steps during which the elements of the 
geometry are considered to be at rest. Radioactive decay t imes are 
generated within these t ime steps so that the number of events 
decreases exponentially from one t ime step to the next according to 
the decay profile of the particular radioisotope. The ability to syn
chronize all t ime-dependent components in this way is one of the 
most innovative features of GATE, making it possible to perform real
istic simulations of data acquisit ion in t ime. 

GATE uses approximately 2 0 0 C++ classes from the Geant4 sim
ulation toolkit and an application layer allows the implementation of 
user classes derived from the core layer classes. Provided the appli
cation layer contains appropriate features, the use of GATE does 
not require any C++ programming, thanks to a dedicated scripting 
mechanism that extends the native command interpreter of Geant4. 

The GATE source code resides in a CVS (Concurrent Versions 
System) repository mainta ined by the OpenGATE col laborat ion. 
There is documentat ion to support the simulation toolkit, including 
instal lation and user guides, onl ine source-code documentat ion 
(via the doxygen documenta t ion too l ) and a list of f requent ly 
asked questions (FAQs). In addi t ion, two benchmarks have been 
developed for PET and SPECT to check the instal lat ion of GATE 
and as a tutorial for users. The SPECT benchmark, for example, 
simulates a gamma camera based on four detector heads, with a 
cylinder of water as specimen, containing the gamma-emitter tech-
net ium-99m (figure 2 ) . 

Fig. 2. SPECT benchmark to 
test the installation of GATE. 
(Ghent University and U678 
INSERM.) 

GATE has been validated by comparing its simu
lated data to real data obtained from commercial 
systems currently in use or under considerat ion. 
Factors such as spatial resolution and energy reso
lution generally agree to within a few per cent or bet
ter. Overall these studies illustrate the flexibility and 
reliability of GATE for the accurate modell ing of dif
ferent detector designs. 

The price of GATE'S versatility, compared with sim
pler codes such as SimSET, comes in terms of longer 
computation t imes, but already there are efforts to 
improve this. One approach is the "gridification" of 
GATE - subdividing the simulations to run on proces
sors geographically distributed. Following successful 
tests on the European DataGrid testbed, GATE is now 

deployed on EGEE grid production infrastructure, where computing 
time can be reduced by a factor of 16 when a simulation is run on 20 
processors as opposed to one. However, the study also showed that 
computing time is not directly inversely proportional to the number of 
jobs running in parallel. 

In general, the future of GATE is closely linked to the developing 
role of Monte Carlo s imulat ions in nuclear medic ine, where they 
are becoming increasingly important. GATE also has the potential 
to be useful beyond PET and SPECT, for example in in-line tomog
raphy in hadron therapy and dose calculat ions in radiotherapy. 
By providing free access to the GATE source code, the OpenGATE 
col laborat ion hopes that GATE wil l cont inue to evolve to become 
a comprehensive s imula t ion too l at the service of the nuclear 
medicine communi ty . 

Further reading 
S Jan et al. 2 0 0 4 Phys. Med. Biol. 4 9 4 5 4 3 . 
See the GATE website located at www-lphe.epfl.ch/GATE/. 

• Member institutes of the OpenGATE collaboration are: Ecole 
Polytechnique Federale de Lausanne (LPHE); University of 
Clermont-Ferrand (LPC); University of Ghent (ELIS); CHU Pitie-
Salpetriere (U494 INSERM), Paris; Vrije Universiteit Brussel (IIHE); 
Centre d'Exploration et de Recherche Medicales par Emission de 
Positons (CERMEP), Lyon; Service Hospitalier Frederic Joliot 
(SHFJ), CEA-Orsay; CHU Nantes ( U 6 0 1 INSERM); Sungkyunkwan 
University School of Medicine (Division of Nuclear Medicine), 
Seoul; University Claude Bernard (IPNL), Lyon; University Louis 
Pasteur (IRES), Strasbourg; University Joseph Fourier (LPSC), 
Grenoble; Forschungszentrum-Juelich (IME); University of 
Massachusetts Medical School (Division of Nuclear Medicine); 
CHU Morvan (LATIM, U650 INSERM), Brest; University of 
California (Crump Institute for Molecular Imaging); University of 
Toronto (CAMH); DAPNIA, CEA-Saclay; Memorial Sloan-Kettering 
Cancer Center (Department of Medical Physics), New York; 
University of Athens (IASA); Delft University of Technology (IRI). 

Christian Morel , spokesman of the OpenGATE collaboration, 
Laboratory for High Energy Physics, Ecole Polytechnique Federale 
de Lausanne. 
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HESS provides new vi 
The first results from the HESS array of Cherenkov telescopes are introducing a new ere 

On 2 8 September 2 0 0 4 the four te lescopes representing the first 
phase of the High Energy Stereoscopic System (HESS) were inau
gurated by the Namibian Prime MinisterTheo-Ben Gurirab. The event 
represented the culminat ion of a five-year construct ion and com
missioning effort, carried out by physicists and technicians from 19 
insti tutes in Germany, France, the UK, Ireland, the Czech Republic, 
Armenia, South Africa and Namibia. 

The HESS telescopes measure cosmic gamma rays in the energy 
range above 100 GeV with unprecedented sensitivity and resolution. 
They achieve this by detect ing the Cherenkov light that is emit ted 
when a high-energy gamma ray is absorbed in our a tmosphere , 
result ing in a cascade of electrons and positrons rushing through 
the air at speeds close to that of light. Viewed in its Cherenkov light, 
the cascade resembles the trail of a shoot ing star, point ing back to 
the origin of the primary gamma ray (figure l a ) . However, the light is 
very fa int - about 10 photons per square metre at a gamma-ray 
energy of 100 GeV - and the durat ion of the light f lash is only a few 
nanoseconds. Large mirrors, fast photon detectors and short signal-
integrat ion t imes are required to col lect enough l ight f rom the 
shower, with minimal contamination from night-sky background light. 

The telescopes in the HESS array provide up to four different views 
of the same shower, which enable the direction of the gamma ray to 
be reconstructed to better than 0 .1 ° , and its impact point can be 
located with a precision of 1 0 - 2 0 m. Knowing the distance from the 
telescope to the shower axis, the intensity of the Cherenkov image is 
converted into an energy est imate for the gamma ray, with a prec
ision of about 15%. The requirement that mult iple telescopes regis
ter a shower in coincidence virtually el iminates one major source of 
background - penetrating muons that hit the ground close to a tele
scope, resulting in Cherenkov rings like those seen in ring-imaging 
Cherenkov counters in particle-physics experiments (figure l b ) . 

The HESS telescopes are located in the scenic Khomas highland 
region of Namib ia, within 2 0 km of the t ropic of Capricorn, in an 
area cherished by professional and amateur astronomers for its 
clear and dark skies. Equally important, the southern location pro
vides opt imum views towards the central part of our galaxy, a region 
that hosts a variety of objects suspected to serve as cosmic particle 
accelerators. These include supernova remnants, pulsars, star asso
ciat ions with strong stellar winds, and of course the supermassive 
black hole at the very centre of our galaxy. 

Indeed, one of the main goals of the HESS experiment is to iden
tify positively sources of cosmic rays in the galaxy, ending a search 
that has been going on for a lmost 100 years, since the discovery in 
1912 of cosmic rays by Victor Hess. Locating the origin of the abun
dant cosmic rays is so diff icult because they are deflected in the 
interstellar magnetic f ields; their arrival directions are uniformly dis
t r ibuted and give no clues concerning their origin. Real images of 

One of the four HESS telescopes. During daytime, the mirrors are normally 

cosmic accelerators can be taken us ing very-high-energy (VHE) 
gamma rays, which are produced when the accelerated protons or 
electrons interact in or near their source with ambient material or -
in the case of electrons - scatter off starl ight or the cosmic micro
wave background radiat ion. 

Just as the HESS col laborat ion encompasses particle physicists 
and astrophysicists, the HESS Cherenkov telescopes combine tech
nologies from different f ields. The design of the telescope structures 
and of the te lescope mirrors - each segmented into 3 8 2 mirror 
facets with a combined area of 107 m 2 - bui lds upon the experi
ence col lected in the design of low-cost solar concentrators. The 
mirrors are aluminized ground glass, manufactured like mirrors of 
astronomical telescopes, but with reduced requirements for optical 
quality. The focal-plane instrumentat ion - the "camera" , supported 
at 15 m focal length by a quadrupod attached to the telescope dish 
- contains 9 6 0 Photonis photomult ip l ier tubes (PMTs). PMT signals 
are sampled at a rate of 1 GHz by the analogue memory of the ASIC 
(appl icat ion-specif ic integrated circuit) originally developed for the 
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ew of gamma-ray sky 
i in the study of very-high-energy cosmic gamma rays, as Werner Hofmann describes. 

parked looking down, with the "camera" protected in its shelter. 

ANTARES neutr ino detector. When an air shower is detected by 
several te lescopes in co inc idence, the signals are digi t ized, pre-
processed and t ransmit ted to a central computer cluster for record
ing. A novel feature of the HESS cameras is that the entire electronics 
is contained in the 1.5 x 1.5 x 1.5 m 3 camera body, connected only 
by a few optical f ibres. 

Whi le the last of the four HESS te lescopes was comp le ted in 
December 2 0 0 3 , data col lect ion began in summer 2 0 0 2 with the 
first te lescope alone, and later with two and three te lescopes. Even 
with a single te lescope, HESS was the most sensit ive instrument in 
the southern hemisphere. With four te lescopes, gamma-ray sources 
with a flux below 1 % of the flux f rom the Crab Nebula - which is 
often used as a standard candle of VHE gamma-ray astronomy - are 
routinely detected. For compar ison , when the Whipple instrument 
discovered the Crab Nebula as the first tera-electron-volt gamma-ray 
source in 1 9 8 9 , a s igni f icant detect ion required about 5 0 hours of 
observat ion t ime ; the HESS te lescopes wil l detect such a source 
within 3 0 s! 

Fig. 1. (a) Left, typical image of an air shower as seen by a 
HESS telescope, (b) Right, map of a muon traversing the mirror; 
for such particles, the full Cherenkov ring is captured. 

Inauguration of the HESS Phase I telescopes last September. 
Left to right: German ambassador W Massing, E Giacobino, 
Prime Minister Theo-Ben Gurirab pressing the button to start 
the telescopes, M Spiro, W Hofmann and H Volk. 

It was no surprise therefore tha t the first HESS data taken dur ing 
the construct ion and commiss ion ing phase have already provided 
excit ing results, many of which were presented at the Internat ional 
Sympos ium on High Energy Gamma-Ray Astronomy in Heidelberg, 
in July 2 0 0 4 . The active galaxy PKS 2 1 5 5 - 3 0 4 , detected previously 
only by the Durham Cherenkov te lescope with a s ign i f icance of 
about 6 . 8 a , exhibits a signal with more than 1 0 0 a , al lowing for the 
first t ime an in-depth study of the emission and propagat ion of tera-
electron-volt gamma rays for such a d istant active galactic nucleus, 
at a redshift o f z ~ 0 . 1 2 . 

In HESS data taken towards the centre of our galaxy (f igure 2 , 
p 3 2 ) , a s t rong gamma-ray source s tands out, co inc ident wi th 
Sagi t tar ius A * , the supermass ive b lack hole at the galact ic core 
(Aharonian etal. 2 0 0 4 b ) . HESS can locate the source of the VHE 
radiation to within 3 0 arcseconds from the Galactic Centre, an order-
of-magni tude improvement in precision compared with other instru
ments. The Galactic Centre has long been predicted as a source of 
VHE gamma rays generated in the accumulat ion and annihi lat ion D> 
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Fig. 2. Map of the tera-electron-volt gamma-ray sky in the region 
of the Galactic Centre, as seen by HESS. The lower tera-
electron-volt source coincides with the Galactic Centre, the 
upper with the supernova remnant GO.9+0.1. White contours 
indicate radio emission at 90cm (LaRosa et a l . 2000). 

of dark-matter particles, for example the lightest stable supersym-
metric particles. The characteristics of the gamma-ray signal 
detected by HESS are indeed consistent with the expected features 
for dark-matter annihilation, but would require very heavy (> lOTeV) 
dark-matter particles and a large annihilation rate or enhanced den
sity of the dark matter at the Galactic Centre. More conventional 
explanations include particle acceleration in the 10 000-year-old 
supernova remnant Sagittarius A East, which is still consistent with 
the HESS error circle for the source location. Future data should pin 
down the source location even better. Another key question is 
whether the gamma-ray flux is constant, or whether it varies, pointing 
to an origin near the Schwarzschild radius of the central black hole. 

For the first t ime, a tera-electron-volt instrument is sensitive 
enough that several sources appear in the field of view. The field of 
the Galactic Centre shows, in addit ion to the strong source close to 
Sagittarius A* , a second source, which appears to be associated 
with the pulsar nebula inside the supernova remnant GO.9+0.1 . 
Similarly, observations targeted at the pulsar PSR B1259-63 have 
revealed - besides a gamma-ray signal from the pulsar - evidence 
of a second source about 0.6° north of the pulsar. This source HESS 
J 1 3 0 3 - 6 3 1 could not so far be associated with a counterpart in 
other wavelength regimes and may represent a type of cosmic accel
erator hitherto unknown. 

The most exciting of the first results from HESS is the image of 
the supernova RXJ1713 .7 -3946 , which shows a ring of twice the 
size of the Moon glowing in tera-electron-volt gamma rays (figure 
3 ) . Gamma-ray emission from this remnant was detected before 
with the CANGAROO instrument, but only HESS, with its high sen-

Fig. 3. Gamma-ray image of the supernova remnant RX 
J1713.7-3946. The gamma-ray count map is smoothed with a 
Gaussian of standard deviation of3arcmin, matched to the 
resolution of the instrument for this data-set. No background 
subtraction has been applied. The superimposed contours show 
the X-ray surface brightness as seen by the ASCA satellite. 

sitivity and angular resolut ion, could actually resolve the super
nova shell as the source of the radiat ion. This image provides the 
unequivocal proof that supernova shocks can accelerate particles 
to multi-tera-electron-volt energies. The measured energy spectrum 
of gamma rays extends to beyond lOTeV and exhibits a power-law 
energy dependence with a spectral index of 2.2±0.2, consistent 
with predictions of theories for the shock acceleration of cosmic 
rays (Aharonian etal. 2 0 0 4 b ) . 

To demonstrate fully that the gamma rays result from interactions 
of accelerated cosmic-ray protons - as opposed to processes involv
ing high-energy electrons (of which the signature is evident in the 
strong synchrotron X-ray emission of the supernova shell) - will 
require more detai led studies of the morphology and wide-band 
spectra of the remnant. 

These first results from HESS illustrate the power of the new gen
eration of Cherenkov instruments, which include CANGAROO III, 
MAGIC and VERITAS. Tera-electron-volt gamma-ray astronomy has 
finally entered a stage where sources are no longer featureless 
points in the sky. Instruments have achieved the sensitivity to reach 
beyond the few exceptionally strong sources, and provide images of 
a new tera-electron-volt sky. 

• For more information see www.mpi-hd.mpg.de/HESS. 

Further reading 
F Aharonian etal. 2004a Astron. Astrophys. 4 2 5 L13. 
F A Aharonian et al. 2 0 0 4 b Nature 4 3 2 75. 
TN LaRosa etal. 2 0 0 0 AJ119 2 0 7 . 
Werner Hofmann, MPI fur Kernphysik, Heidelberg. 
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NEUTRINO 2004 

Neutrino physics gains 
new levels of popularity 

A few years ago, the question was whether or not neutrinos had mass; today we are 
asking what their exact mass is, as participants at Neutrino 2004 discovered. 

The 21s t International Conference 
on Neutrino Physics and Astro
physics was held on 1 4 - 1 9 June 
in the splendid Margueri te de 
Navarre auditorium at the College 
de France, in the heart of Paris. 
Organized by the CEA, the CNRS, 
the College de France and the 
University of Paris7-Denis Diderot, 
its a im was to review the latest 
deve lopments in th is rapidly 
evolving branch of physics. It 
at t racted 5 2 0 par t ic ipants - a 
record turnout for th is series of 
meetings, and a clear sign of the 
renewed interest in neutr inos 
wi th in the part ic le-physics com
munity. All the advances made in 
neutr ino physics were reviewed 
over the course of six days, and the most signif icant new results are 
summarized here. 

Solar neutrinos formed the topic of the first session, beginning 
with a presentat ion of the latest measurements from the Sudbury 
Neutrino Observatory in Canada. This was fol lowed by a report from 
Giorgio Gratta of Stanford on the results from the KamLAND experi
ment in Japan, which has provided new and definit ive proof of neu
trino osci l lat ion in the energy range of a few mil l ion electron-volts. 

Here, the neutrinos are not of extraterrestrial origin - instead they 
come from an artif icial source, namely nuclear reactors. The detec
tor, which has been bui l t on the site of the old Kamiokande experi
ment, uses 1 kt of l iquid sc int i l la tor as the target and seeks to 
observe the neutrino interactions of nearby reactors - mainly those 
at installations in Japan, but also some in South Korea. The average 
distance between the sources and the detector is 180 km, which 
has proven suff icient to conf irm the defici t observed by the experi
ments designed to measure solar neutrinos. 

After two years of tak ing da ta , KamLAND has reported 2 5 8 
events, compared with an expected 3 6 5 . Furthermore, the study of 
the energy distribution of these events indicates a spectral distortion 
in the low-energy range. This is a crucial result, because in addi t ion 

The buildings of College de France provided an imposing 
setting for Neutrino 2004. (Bigot and Le Roux, CEA/Dapnia.) 

to conf i rming osci l lat ion, it al lows 
a much more precise measure
ment than that made possible by 
solar neutr inos of the essent ia l 
osc i l la t ion parameter A m 2 , the 
di f ference in the mass-squared 
of the two osci l la t ing neutr inos. 
The result can be expressed as 
A m 2 = 8 . 2 + 0 . 6 - 0 . 5 1 0 " 5 eV 2 . In 
a s imp le mass-hierarchy scen
ario, this determines the mass of 
the second neutrino at 9 meV, 
which is about 100 0 0 0 mi l l ion 
t imes lighter than the proton. 

The results from KamLAND also 
open up a new line of research, 
namely the study of geoneutrinos, 
which was presented by Gianni 
Fiorentini of Ferrara and INFN. The 

Earth emits a t iny heat flux, and what scient ists want to know is 
whether it comes exclusively f rom radioactivity. The uranium, thor
ium and potassium content could be determined by studying the 
neutrinos emi t ted, but the energy of these neutrinos is even lower 
than that of neutrinos from nuclear power plants, and KamLAND is 
close to the observation l imits (CERN Courier October 2 0 0 3 p 2 0 ) . 

With neutrinos it is also possible to spy on what is going on inside 
nuclear reactors, and on the various f ission products that produce 
neutr inos with di f ferent spect ra, as John Learned f rom Hawaii 
descr ibed. The International Atomic Energy Agency, the watchdog 
organization for the non-prol i feration of nuclear weapons, is begin
ning to be interested in this means of control . 

Oscillation exper iments 
Following the presentat ions on low-energy neutrinos, it was the turn 
of a tmospher ic neutr inos and the results obta ined with the new 
Super-Kamiokande detector. Edward Kearns from Boston presented 
the expected distr ibut ion of interact ions as a funct ion of the L/E 
parameter, the ratio between the length of f l ight and the energy of 
the neutr inos detected, which agrees very well with the osci l lat ion 
hypothesis. These results have been supported by those from the > 
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NEUTRINO 2004 

Left to right: co-organizer Daniel Vignaud (front), together with 
Michel Spiro, Jacques Glowinski and Herbert Pietshmann 
(back), enjoying the welcome address by the other co-organizer, 
Frangois Vannucci. (Bigot and Le Roux, CEA/Dapnia.) 

K2K experiment, in which neutrinos produced at the KEK laboratory 
are observed in the Super-Kamiokande detector 2 5 0 km away. 

Overall, analyses from all the oscillation experiments are placing 
increasingly severe constraints on A m 2 and on the mixing angles of 
the leptonic, or MNSP (Maki-Nakagawa-Sakata-Pontecorvo) , mix
ing matrix. Srubabati Goswami of Al lahabad summarized the state 
of progress. The third angle 9 1 3 is the least well known; we have 
only one limit, from the experiment at the Chooz reactor in France. 
The determination of this angle, together with CP violation in the 
field of neutrinos, is crucial, and various projects at different reac
tors were discussed (CERN Courier June 2 0 0 4 p31) . Intense activ
ity surrounds the preparation of the longer-term future; pending the 
construction of neutrino factories, super beams and radioactive 
beams are under consideration, particularly at CERN (CERN Courier 
July/August 2 0 0 4 p30) . 

Direct measurements of neutrino masses, limits on the magnetic 
moment, and searches for double beta-decay (with or without neu
trinos) were also presented, in particular the first results from the 
Neutrino Ettore Majorana Observatory (NEM03) experiment in Frejus 
Underground Laboratory, France, and the Cuoricino project in the 
Gran Sasso Laboratory, Italy. The presentations on this subject cov
ered evidence, indications and enigma. The latter category includes 
a signal for neutrinoless double-beta decay that comes from an 
analysis of the Heidelberg-Moscow germanium experiment, which 
will probably be the subject of discussion for several years to come. 
The field of unresolved enigma also includes the result from the 
Liquid Scintil lator Neutrino Detector (LSND) at Los Alamos, which 
should soon be clarified by the MiniBoone experiment at Fermilab. 

The last part of the conference covered neutrino astrophysics. The 
neutrino sky map is still very incomplete; only the Sun and the brief 
signal from supernova SN1987A in February 1987 have been 
observed. Other sources are at work in the vast expanse of the sky, 
but their detection requires instruments 10 0 0 0 t imes larger than 
those that exist at present. Current projects, which tend towards a 
detector of 1 k m 3 , were reviewed. In parallel with neutrinos, atten
t ion at the conference focused on research into astroparticles -
high-energy photons, charged cosmic rays and gravitational waves. 
Michel Davier of Orsay demonstrated the potential richness of the 
"multi-messenger" approach for the future. 

There is a fine line between astrophysics and cosmology, espe
cially since constraints on neutrino mass are starting to emerge from 

Herbert Pietshmann of Vienna began the meeting with a tribute 
to the late George Marx, the Hungarian pioneer of neutrino 
astrophysics who organized the first conference in the Neutrino 
series in 1972. (Bigot and Le Roux, CEA/Dapnia.) 

experiments on the study of cosmic background radiation and 
in-depth explorations of the universe. The constantly evolving results 
of this discipline were presented, and research into dark matter -
both direct (new results from the Cryogenic Dark Matter Search, 
CDMS) and indirect - was discussed, along with dark energy. 

Theory was not forgotten, and there was discussion of recent 
progress on neutrino mass models, tests of the various CP, T and 
CPT symmetries, flavour violations, and the implications of neutrino-
less double-beta decay. The previous week, a two-day satell i te 
conference involving almost 100 physicists had been held to com
memorate the 25 th anniversary of the discovery of the "seesaw 
mechanism", currently the most promising explanation for the small-
ness of neutrino masses. 

Remote visitors 
Thanks to a successful webcast, some 8 0 0 Web users interested in 
neutrinos were able to follow the conference remotely, and anyone 
wishing to hear the presentations again will be able to do so during 
the next few months by logging onto the conference website at 
h t tp : / /neut r ino2004. in2p3. f r , where copies of the speakers' trans
parencies are also available. The event was also a media success, 
thanks to a press conference organized the previous week involving 
around 15 journal ists representing the main French newspapers 
and radio stations. 

Neutrino physics has undergone dynamic changes in recent 
years. New ideas have been put forward in both the theoretical and 
the experimental f ields, which should help this branch of physics 
to continue making major advances for many more years to come. 
The next step will be discussed during June 2 0 0 6 in Santa Fe, at the 
next conference to be held in this series. 

Francois Vannucci, University of Paris 7 and LPNHE/APC, and 
Daniel Vignaud, PCC College de France/APC. 
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ICHEP '04 

ICHEP lays on a Chinese 
banquet of physics 

The ICHEP '04 conference provided a 
major opportunity to review a wide range 
of recent progress in particle physics. 

In 2004 , the biennial International Conference on High-Energy Physics 
(ICHEP) took place for the first t ime in China, in the capital Beijing, 
where it was hosted by the Institute of High Energy Physics (IHEP). 
IHEP was founded in 1950, around the same t ime that the first con
ference in this series took place in Rochester, New York. As has 
become tradit ional, the conference began with parallel sessions 
where participants could learn first-hand about the latest results 
across a broad range of high-energy particle physics. Then, reminis
cent of a Chinese banquet of many courses, the plenary sessions pre
sented a succession of offerings reviewing recent progress in the field. 
A recurring theme was that of precision in areas in which it had once 
seemed impossible, as in charge-parity (CP) violation and neutrino 
physics. While studies at the high-energy frontier continue, in general, 
to bolster the Standard Model, lower energies provided several hot 
topics, such as the new particle states seen over the past year or so. 

Quarks of all flavours 
The physics of quarks provided many dishes at this year's feast of 
physics, from weak decays through tests of quantum chromo-
dynamics (QCD), the theory of quarks and gluons, to the complex 
behaviour of quark matter in heavy-ion collisions. In the plenary ses
sions the menu began with the physics of flavour, where the strange, 
charm and bottom quarks are all providing a quantitative testing 
ground for flavour-mixing through the Cabbibo-Kobayashi-Maskawa 
(CKM) matrix as well as for CP violation. In his talk on the strange 
quark sector, Vincenzo Patera, from LNF/INFN and Rome, was keen 
to show that kaons can still make significant contributions. In partic
ular, studies of rare kaon decays, though difficult, are becoming 
increasingly important: the branching ratios provide the opportunity 
for direct measurements of the unitarity triangle for CKM flavour-
mixing. Also, as recently as 2 0 0 2 , the first row of the CKM matrix 
(V u d , V u s , V u b ) disagreed with unitarity at the level of 2 .4a . Now, new 
determinations from experiments on the decays K ^ j t e v (Ke3) and 
K - ^ j t j i v (K| i3) at several laboratories - E865 at Brookhaven, KLOE 
at the Dafne facility, KTeV at Fermilab and NA48 at CERN - provide 
better agreement with unitarity, and the crisis here seems to be over. 

Moving on to the heavier flavour of charm, Ian Shipsey of Purdue 
spoke of a forthcoming era of precision in absolute charm branching 
ratios, with data coming from the experiments BESII at IHEP, 
CLEO-c at Cornell and, later, BESIII. In particular, it will be possible to 

ICHEP '04 included a visit to IHEP's own accelerator facility, the 
Beijing Electron-Positron Collider. (IHEP.) 

During the conference, ICFA announced its approval of the 
recommendation for "cold" technology for a future 
International Linear Collider. The members of ICFA are seen 
here at a press conference held during ICHEP '04. Back, left to 
right: Mike Witherell (Fermilab), Robert Aymar (CERN), Yoji 
Totsuka (KEK), Won Namkung(ALCSC), Brian Foster (chairman, 
Oxford); front, left to right, Giorgio Bellettini (INFN), Jonathan 
Dorfan (SLAC), Hesheng Chen (IHEP), Albrecht Wagner (DESY), 
Maury Tigner (Cornell). (IHEP.) 

make precision tests of lattice QCD calculations, which will feed back 
into determinations of the CKM matrix elements in experiments at the 
B-factories and elsewhere. Shoji Hashimoto of KEK presented recent 
results from so-called staggered unquenched lattice QCD simulations, 
which include the fermion determinant, and yield some interesting 
results (CERN Courier May 2004 p23) . In particular, in calculations > 
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The first evidence was presented for direct CP violation in B-decays, visible in the data from BaBar (left) and Belle (centre and right). 

of the CKM matrix elements lattice, QCD can put constraints on the 
Standard Model and hence provide a guide to new physics. 

In the still-heavier bottom-quark sector, the Belle experiment at KEK 
and BaBar at SLAC are making measurements allowing precision tests 
of the CKM matrix on many fronts. Now running with continuous injec
t ion, the KEKB facility is providing 1 f t f 1 a day - or 1 million BB-pairs 
- as reported by Yoshihide Sakai from KEK. PEP-II at SLAC has also 
been performing well and, in his presentation on results from BaBar, 
Marcello Giorgi of INFN/Pisa pointed out that, between them, BaBar 
and Belle have accumulated an integrated luminosity of 0.53 atto-
ba rn - 1 . Perhaps the hottest "dish" served up by the two experiments, 
however, concerned the first observation of direct CP violation in B-
physics. The two experiments measure the difference between the 
decay B ° - » K V and the decay of the antiparticle, B 0 ^ K V . Both 
observe an excess of B-decays, with an average asymmetry of 
A C P = - 0 . 1 1 4 ± 0.020. A similar asymmetry in the decay of the charged 
B KJT° is not seen, with A C P = 0.04 ±0 .05 ±0 .02 , leaving open a 
door, perhaps, to new physics. The CDF experiment at Fermilab also 
finds a value for A C P ( B 0 ^ K V ) compatible with BaBar and Belle. 

Measurements of other decay modes allow different parts of the 
unitarity triangle to be pinned down. The decay B° - > JT°JT° has been 
observed for the first t ime by BaBar and Belle. This is useful in the 
determination of the angle a , although the decay to p p is better, 
and the combined result of a = 1 0 0 + 1 2 - 1 0 ° provides good agree
ment with a global fit to the CKM matrix. The first measurements of 
the angle y are also emerging from other decay modes and are 
beginning to put constraints on new physics. As Zoltan Ligeti from 
Lawrence Berkeley Laboratory noted, these first precise tests of the 
CKM picture are leading to a paradigm change; the aim now is to 
look for corrections to the picture, rather than alternatives to it. 
Ahmed Ali of DESY provided a theorist 's overview of heavy quark 
physics, looking systematically at the parameters of the CKM matrix 
and the unitarity triangle. Now the precision on V c b is fast approach
ing V u s , while more data from the B-factories are needed to pin down 
V u b . Rare B-decays can also allow the determination of V t s and V t d . 

Top, the heaviest of the quarks, is so much heavier that its study 
lies in the domain of the highest energies, currently at the Tevatron at 
Fermilab. Dmitri Denisov of Fermilab showed that Run II at the 
Tevatron is proceeding wel l , with a peak luminosity above 
1 x 1 0 3 2 c m " V 1 and a total integrated luminosity so far of 0 .7 fb " 1 . 

A new combined result from the CDF and DO experiments from 
Run I data is now available, putting the top mass at 178.0 ± 4.3 GeV. 

Back in the realm of relatively low-energy quark physics, the story of 
the pentaquarks presents a picture of "now you see them, now you 
don't", leading many participants at IHEP'04 to question whether 
pentaquarks exist. The 9 + ( 1 5 4 0 ) state is seen in as many as 14 dif
ferent experiments, but it is not seen in nine others. Both experimen
talist Shan Jin of IHEP and theorist Frank Close of Oxford emphasized 
the need to confirm the existence of pentaquarks, as these particles 
may lead beyond the naive quark model. In his plenary talk, Close 
took a vote from the audience and found that sceptics outnumbered 
believers. Other possible multiquark states that have been observed 
include the X(3872) , seen in Belle at KEK and in both CDF and DO at 
Fermilab, and the D s j (2632) seen at Fermilab in the SELEX experi
ment (CERN Courier July/August 2 0 0 4 p6). Close argued the case 
that the former is a D - D * molecular state, while the latter may be an 
artefact - both assertions to be disproved. 

Precision and the Standard Model 
QCD, the theory of quarks and the strong force, is now becoming more 
quantitative, with precision measurements at the Tevatron, as pre
sented by Donatella Lucchesi of INFN/Padova, and at HERA, as 
described by Max Klein of DESY. New results from HERA include the 
first measurement of the bottom structure function, using b-lifetime 
tagging and the data from the upgrade, HERA II, where there has been 
efficient data-taking since October 2 0 0 3 . The HERMES experiment 
has made the first measurement of the transverse spin structure of the 
proton, using a target polarized transversely to the direction of the 
positron beam (CERN Courier October 2 0 0 4 p7). The Tevatron, mean
while, is producing data that allow "precision phenomenology" as 
highlighted by James Stirling of IPP Durham, with excellent fits to next-
to-leading order and next-to-next-to-leading order QCD (CERN Courier 
September 2 0 0 4 p27) . Stirling commented that QCD is now estab
lished - we are no longer testing it, but are instead using it as part of 
the toolkit for studying physics at the Large Hadron Collider (LHC). 
For hard processes, it is a precision tool operating at the per-cent 
level. He also presented a new scalar graphical approach to QCD cal
culations by Freddy Cachazo, Peter Svrcek and Edward Witten. This 
alternative to using Feynman graphs leads to a dramatic simplification 
and could herald an important breakthrough. 
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The latest results on the mass of the top quark from CDF and 
DO at Fermilab, using Run I data from the Tevatron, are 
important for pinning down the mass of the Higgs particle. 

An extreme testing ground for theories of quarks and gluons lies in 
the physics of heavy-ion collisions where the key question continues 
to be: has the quark-gluon plasma been seen? In the past couple 
of years, attention has turned to the experiments at the Relativistic 
Heavy Ion Collider (RHIC) at Brookhaven, which is producing results 
in high-energy gold-gold collisions. James Dunlop of Brookhaven 
National Laboratory described the state of heavy-ion theory as a 
patchwork; the picture emerging from RHIC is of five observations of 
bulk, dense, highly interacting matter, which invoke different mod
els. For a compell ing argument for quark-g luon plasma, quantita
tive estimates of theoretical uncertainties are still needed. 

The electroweak sector of the Standard Model (SM) has, for some 
t ime, been dominated by precision measurements, which are now 
described at the level of 0 . 1 % . As Frederic Teubert of CERN remarked, 
this precision is at the level of pure electroweak radiative corrections 
that are sensitive to heavy particles. This leads to a fitted value for the 
mass of the Higgs particle, mH = 114 + 69 - 45 GeV, or mH < 260 GeV 
at a 95% confidence level (CL). The biggest discrepancy in electroweak 
results is in the interpretation of the ratio of neutral to charged currents 
as measured in Fermilab's NuTeV experiment in evaluating the effective 
weak mixing angle, s in 2 0 e / f . The biggest challenge, however, is the devi
ation from the SM of measurements of the anomalous magnetic 
moment of the muon, which at (a^ - 1 1 6 5 9 0 0 0 ) x 1 0 - 1 0 = 2 0 8 ± 6 
now yields a 2 . 7 a difference from SM theory. 

Beyond the Standard Model 
Physics beyond the SM provided the dessert course of the plenary 
session's "banquet". Despite, or perhaps because of, their rare inter
actions with matter through the weak force only, neutrinos are giving 
a first taste of new physics. 

Clark McGrew of Stony Brook and Yifang Wang of IHEP reviewed 
the current state of accelerator and non-accelerator neutrino exper

iments respectively, where neutrino osci l lat ions are now clearly 
established with both man-made and naturally produced neutrinos. 
The KamLAND reactor-based experiment and the K2K accelerator-
based experiment are both revealing a picture consistent with that 
from Super-Kamiokande (atmospheric neutrinos) and the Sudbury 
Neutrino Observatory (solar neutr inos). Solar neutrinos yield 
A m 2

1 2 = (8.2 + 0.6 - 0.5) x 1 0 " 3 eV 2 , and a large, but not maximal, 
mixing angle of t a n 2 6 1 2 = 0.4 + 0.09 - 0 .07; atmospheric neutrinos 
give A m 2

2 3 = (2 .4 ± 0.4) x 1 0 " 3 eV 2 and a maximal mixing angle of 
s i n 2 2 9 2 3 > 0 . 9 2 at a 9 0 % CL. The third angle, 8 1 3 , is least well 
known, but from a global fit s i n 2 2 9 1 3 can be put at < 0 . 0 9 , 9 0 % CL. 
Pinning down this angle, which provides a key to CP violation in 
neutrinos, is one of the big challenges for this f ield. 

New neutrino experiments are coming online. MiniBooNE at 
Fermilab is going well despite a set-back with a broken neutrino 
horn (after 1 0 8 pulses) and should have sufficient data to release an 
electron-neutr ino appearance result in 2 0 0 5 . The MINOS project, 
detect ing neutrinos from Fermilab in the Soudan Mine 730 km 
away, should begin its first runs to test beam physics early in 2 0 0 5 . 
On the theoretical side, Paul Langacker from Pennsylvania noted 
that the neutrino mixing matrix is very different from the CKM matrix 
for mixing quark flavours. He pointed to the many possibilities for 
interpreting this first break with the SM when it comes down to spe
cific models for mixing. 

Looking elsewhere in current experiments for new physics beyond 
the SM, the col laborat ions working at the recently upgraded 
Tevatron and HERA machines have reported new limits. As Beate 
Heinemann from Liverpool summarized, the two machines are now 
running well and are already providing the world's best constraints 
on a great deal of new physics (although nothing novel has yet been 
found). Uncovering the mechanism of electroweak symmetry-
breaking is probably the most important immediate challenge for 
particle physics. For example, why is the photon massless but the Z 
not so? Riccardo Barbieri of INFN/Pisa examined the two physical 
principles behind the calculable models for this symmetry break
ing: supersymmetry and the Higgs boson as a pseudo-Goldstone 
boson. The LHC should make the first real test of these ideas. 

For theoretical developments beyond the SM, in particular regarding 
a quantum theory of gravity, string theory has been offering promise 
for two decades. Hong Liu of the Massachusetts Institute of Tech
nology reviewed the situation using string theories to address the prob
lems of space-t ime singularities, in particular the Big Bang and black 
holes. There is hope for understanding these cosmological singulari
ties and going beyond the SM, with string unification the dream. 

Particle physics beyond the Earth was reviewed by Pierre Binetruy 
of LPTHE Orsay. High-energy gamma rays are providing a wealth of 
information about the heavens, with the HESS facility in Namibia 
now bringing in new data (see p30) . Ultra-high-energy cosmic rays 
continue to tantalize regarding the existence of the Gre isen-
Zatsepin-Kuzmin cut-off at 5 x 1 0 1 9 eV, above which protons from 
distant sources are "lost" as they interact with the photons of the 
cosmic microwave background. The AGASA array in Japan has 
found events at energies above the cut-off, but now the HiRes exper
iment, based on two nitrogen fluorescence detectors 13 km apart in 
Utah, has data that confirm the presence of the cut-off. D> 
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ICHEP '04 

Beyond the present 
The f inal dishes of the physics feast looked beyond the present to 
future accelerators and detectors, and were dominated by consid
erations of a future International Linear Collider (ILC). Two days pre
viously, Jonathan Dorfan, chairman of the International Commit tee 
for Future Accelerators, had announced at the conference that the 
commit tee had approved the recommendat ion of the International 
Technology Recommendat ion Panel tha t " co ld " technology should 
be adopted for the future ILC {CERN Courier October 2 0 0 4 p5 ) . In 
discussing R&D for future detectors, Jim Brau of Oregon concen
trated on detectors for such a machine. He pointed out that, with the 
technology select ion made, detector efforts could now concentrate 
on one set of parameters - for example, bunch spac ing and the 
number of bunches per t ra in. The chal lenges and opportuni t ies dif
fer in many respects from those of detectors for the LHC - events will 
be simpler, mak ing reconstruction of part icle tracks more feasible, 
whi le the resolut ion requi rements for the masses of the heavy 
bosons will set goals for energy measurements. 

David Miller of University College, London, presented the case for 
bui lding a tera-electron-volt ILC as soon as possible (to exploit the 
findings of the LHC) and argued that a further muIti-tera-eIectron-voIt 
linear collider, and perhaps a larger hadron collider, would also be 
necessary. Kaoru Yokoya of KEK presented a personal view of the 
future for accelerators in which he argued that the technology for a 
Compact Linear Collider (CLIC), although less advanced than the ILC, 
is much more advanced than for a muon collider. Hence, as a CLIC 
machine could reach around 3TeV, the target energy for a muon col
lider should be greater than lOTeV. 

In a conference demonstrat ing so much the strength and value of 
international col laboration, Vera Luth of SLAC brought the 737 atten
dees from all over the world up to date on the ongoing problems with 
US visa approval {CERN Courier November 2 0 0 3 p50) . In her report 
on the activities of the International Union of Pure and Applied Physics 
(IUPAP), she said there is growing recognit ion that the impact is 
severe and damage might be irreparable. Despite recent streamlining, 
the overall process remains "inefficient, unnecessarily lengthy and 
opaque". IUPAP has advised it cannot feel confident to sponsor con
ferences in the US until scientists are guaranteed free access. 

The ICHEP conference in China, however, proved very successful. 
Customs formalities were mercifully brief, and traditional Chinese hos
pitality was evident in the meals provided and in the tours organized, 
both for attendees and their guests. These included a trip to IHEP 
arranged by conference chairman and IHEP director Chen Hesheng, 
as well as visits to the famous Great Wall and Forbidden City. In his 
conference summary - the post-banquet drink - John Ellis from CERN 
was upbeat about the current state of particle physics. QCD works, the 
CKM matrix is looking better and better, the LHC (with all its promise) 
is on its way and there are good ideas for the future. Now, as the 
memories of China begin to fade, there is the next conference in the 
series to look forward to: ICHEP ' 06 in Moscow. 
• This report is largely based on the presentat ions of the plenary 
speakers. These can be found , together with those from the paral
lel sessions, at h t t p : / / chep04 . i hep .ac . cn . 

Christ ine Sutton, CERN. 
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MUSIC 

Music has always seemed to attract physicists, perhaps because 
its clear and complex mathematical structure is somehow familiar, 
perhaps because creativity in music is refreshingly different from 
that in science. This link can be traced back to the ancient Greek 
philosophers, such as Heraclitus and Pythagoras, who discovered 
the mathemat ical basis of harmony and appl ied it to the move
ments of the planets. 

In modern t imes at CERN, Vicky Weisskopf (director-general 
1 9 6 1 - 1 9 6 4 ) was a gifted pianist and famously said, "When things 
get tough, there are two things that make life worth living: Mozart, 
and quantum mechanics." One of his successors, Herwig Schopper 
(director-general 1 9 8 0 - 1 9 8 8 ) , is also a keen pianist. It was music 
that brought together Jack Steinberger and Konrad Kleinknecht to 
work on CP violation in the K meson system. Steinberger played the 
flute and Kleinknecht the violin in the CERN chamber orchestra; over 
a beer after a rehearsal in 1965 the two agreed to collaborate. The 
collaboration extended to many memorable chamber-music ses
sions at Steinberger's house, involving Heinrich Wahl, Jurgen May, 
Gunther Lutjens, Yves Goldschmidt-Clermont and others. 

Kleinknecht also forms a link to another great physicist-musician 
prominent in the pioneering days of CERN, Werner Heisenberg, a very 
fine pianist; Kleinknecht was part of a small orchestra brought 
together to celebrate Heisenberg's 60th birthday by accompanying 
him in a performance of Mozart's Piano Concerto, K488. 

Turning specifically to the viol in, many physicists, including the 
author of this article, have been fascinated by it, and found relax
ation and ful f i lment in playing. Of these, the most famous is 
Einstein. His violin rarely left his side and he played it often, at an 
accompl ished level, throughout his life, saying that "l ife without 
playing music is inconceivable to me". Max Planck was also a highly 
gifted pianist, composer and singer. Use Meitneronce remembered 
a musical evening at the Plancks' house in Berlin, in which Planck, 
Einstein and a professional cellist played Beethoven's Piano Trio in 
B-flat major. "Listening to this was marvellously enjoyable, despite 
a couple of unimportant slips from Einstein... Einstein was visibly 
fi l led with the joy of the music and smiled in a light-hearted way 
that he was ashamed of his dreadful technique. Planck stood quietly 
by with a blissfully happy face and, hand on heart, said That won
derful second movement ! ' " 

Einstein was an inveterate concert-goer. He attended the famous 

Einstein must be the most famous of violin-playing physicists. 
(Emil Orlick/AlP Emilio Segre Visual Archives.) 

debut of Yehudi Menuhin with the' Berlin Philharmonic under Bruno 
Walter, in which the 13-year-old Menuhin was soloist in a pro
gramme of the Bach, Beethoven and Brahms concertos that would 
be nowadays inconceivable. Einstein was so moved by Menuhin's 
playing that he rushed into the boy's room after the performance 
and took him in his arms, exclaiming "Now I know that there is a 
God in heaven!" He once said that had he not been a physicist, he 
would have been a musician: "I often think about music. I daydream 
about music. I see my life in the form of music." 

The other side of the coin is violinists who have been interested > 
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CERN, the violin and 
the music of the spheres 

y The World Year of Physics is upon us, designated Einstein Year in the UK. 
Brian Foster considers the complex web of connections between two of the 
famous scientist's main passions - music and physics. 



MUSIC 

Jack Liebeck and Katya Apekisheva rehearse in the main 
auditorium before a concert to celebrate CERN's half-century. 

in physics. In the modern age, the well known American violinist, 
Joshua Bell, has a great interest in physics and has collaborated 
with physicists and engineers at the Massachusetts Institute of 
Technology in a project to enhance and expand the violin electron
ically. There is indeed a curious though tenuous link between Bell 
and Einstein. The great virtuoso Bronislav Huberman was a friend of 
Einstein, and visited him at his home in Princeton, no doubt together 
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with his great Stradivarius v io l in, known as the "Gibson" Strad, 
made in 1713 during the "golden per iod" of his work. One day, the 
Strad was stolen from Huberman's dressing room at Carnegie Hall in 
New York. It disappeared and was lost for more than 50 years, dur
ing which t ime the thief played it around the backstreet bars of New 
York City unti l he d ied. In 2 0 0 1 , Bell acquired the "Gibson" for 
almost $ 4 mill ion and now uses it as his sole concert instrument. 

Given their fr iendship and mutual interest, it seems likely that 
Huberman would have al lowed Einstein to play this marvel lous 
instrument, providing a link between Bell and Einstein through this 
great masterpiece of the violin-maker's art. 

Another violinist who is keenly interested in the work of CERN is 
Jack Liebeck, one of Britain's outstanding young violinists. Liebeck, 
who was born in 1980 , has been playing the violin since he was 
eight. He made his first public appearance playing the young Mozart 
on BBC television at the age of 10. Liebeck plays one of the f inest 
instruments by another great maestro of Italian viol in-making, 
Giovanni Battista Guadagnini. The violin dates from 1785 and is 
known as the "ex-Wilhemj". 

On 11 October 2 0 0 4 Liebeck played with Russian pianist Katya 
Apekisheva in the CERN Audi tor ium. The occasion was a special 
gala concert sponsored by the UK Particle Physics and Astronomy 
Research Council as a tribute to the CERN staff on the organization's 
50th anniversary. In the morning, Liebeck toured CERN and visited 
the locat ions where the ATLAS and CMS detectors are being 
installed for the Large Hadron Collider. The concert that evening fea
tured an electrifying performance of the Prokofiev Sonata No. 1 , as 
well as very fine readings of the Debussy Sonata and Beethoven's 
"Kreutzer" Sonata. After a brief tuning-up variation on "Happy birth
day to you" , the pair played a beaut i ful encore: "Vocal ise" by 
Rachmaninov. A further concert in honour of CERN's 50th anniver
sary, sponsored by the UK's Central Laboratory of the Research 
Councils, was held at the Rutherford Appleton Laboratory in Oxford
shire on 9 December, when Liebeck was accompanied by the British 
pianist Charles Owen. 

Hardly was CERN's birthday over when an even bigger cause for 
celebrat ion arrived at the start of 2 0 0 5 with the World Year of 
Physics, designated by the Institute of Physics as Einstein Year in the 
UK. Liebeck is embarking on a world tour giving concerts to cele
brate this, and is also accompanying the author on a world lecture 
tour in which descriptions of Einstein's universe and modern ideas 
in particle physics, including superstrings, will be il lustrated with 
demonstrat ions on Liebeck's Guadagnini and special ly commis
sioned music from two young British composers, Emily Hall and 
Anna Meredith. Thus the long tradit ion of cross-fertilization between 
physics and music continues. 

Einstein's own words form a fitting conclusion: "I am happy because 
I want nothing from anyone. I do not care for money. Decorations, 
titles, or distinctions mean nothing to me. I do not crave praise. The 
only thing that gives me pleasure, apart from my work, my violin, and 
my sailboat, is the appreciation of my fellow workers." 
• The author is very grateful to Konrad Kleinknecht for supplying 
some of the information on CERN and music. 

Brian Foster, University of Oxford. 
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EPS prizes for nuclear physics and outreach 

Peter Twin (left) and Bent Herskind won the 2004 Use Meitner Prize for Nuclear Science. 

The European Physical Society (EPS) has 
awarded the Use Meitner Prize for Nuclear 
Science 2004 to Bent Herskind of the Niels 
Bohr Institute, Copenhagen, and Peter Twin of 
the University of Liverpool. They receive the 
prize for their pioneering development of 
experimental tools, methods of analysis and 
experimental discoveries concerning rapidly 
spinning nuclei, resulting in particular in the 
discovery of super deformed bands. Medals 

The most prestigious 
prize in Japan, an Order 
of Culture, has been 
awarded to YojiTotsuka, 
director-general of KEK, 
for his distinguished 
research in neutrino 
physics, in particular for 
discovering the 
oscillation of 
atmospheric muon 
neutrinos with the Super-
Kamiokande detector. 
Totsuka received the 
prize directly from the Emperor of Japan at 
the Imperial Palace on 3 November, the 
Culture Day of Japan. The previous recipient 
of the prize from the field of particle physics 
and astrophysics, in 1997, was Masatoshi 
Koshiba. Koshbia taught Totsuka at the 
University of Tokyo and was leader of the 
Kamiokande collaboration that preceded 
Super-Kamiokande. 

and cheques were presented to the two 
laureates at a ceremony last summer during 
the International Nuclear Physics Conference, 
INPC2004, in Goteborg, Sweden. 

Alessandro Pascolini of the University of 
Padua and INFN has been awarded the 2004 
Outreach Prize of the EPS High Energy Particle 
Physics Board for his contribution to public 
awareness of high-energy particle physics, 
astroparticle physics and nuclear physics in 

TWAS, the Third World Academy of 
Sciences, has awarded its 2004 Prize in 
Physics to Spenta Wadia of the Tata 
Institute of Fundamental Research "for his 
significant contributions to non-pertubative 
quantum field theory and string theory, in 
particular (i) in the use of the large N limit; 
(ii) two-dimensional gravity and non-critical 
string theory; and (iii) the treatment of 
black holes in string theory". Wadia has 
also been responsible for creating a world-
class research group at the Tata Institute, 
widely regarded as the strongest in Asia. 

Alessandro Pascolini of the University of 
Padua has won the 2004 Outreach Prize of 
the EPS High Energy Particle Physics Board. 

Italy and Europe. A lecturer and researcher in 
theoretical and mathematical physics at 
Padua, Pascolini has for many years devoted 
a great deal of energy to promoting scientific 
culture, in particular through a variety of 
exhibitions in Italy and further afield. He has 
also collaborated with teachers and high 
schools, and was the founder of INFN-Notizie, 
the magazine of INFN. He will receive the prize 
at the EPS meeting in Berne in July 2005. 

On 15 November, Belgium honoured 
Robert Cailliau of CERN with the distinction 
of Commandeur de I'Ordre de Leopold for 
his pioneering work in developing the 
World Wide Web. Cailliau, who is Belgian, 
worked closely with Tim Berners-Lee, the 
inventor of the Web. 
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Oddone chosen as Fermilab's next director... 
Officials of the Universities Research 
Association, the consortium of universities 
that operates the US Department of Energy's 
Fermi National Accelerator Laboratory, have 
announced the appointment of Pier Oddone 
as the laboratory's fifth director. He will 
succeed the current director, Michael 
Witherell, on 1 July. 

Oddone is at present deputy director of 
Lawrence Berkeley National Laboratory and 
is well known as the inventor of the 
asymmetric B-factory, for which he has been 
awarded the 2005 Panofsky Prize of the 
American Physical Society {CERN Courier 
December 2004 p30). 

Witherell, in turn, is to become vice-
chancellor for research at the University of 
California, Santa Barbara. He was recently 
honoured by Secretary of Energy Spencer 
Abraham with the Secretary's Gold Award "for 
outstanding leadership combining excellence 
in science with excellence in safety" during his 
tenure as Fermilab's director since 1999. 

Oddone says he is looking forward to the 
opportunity to serve as Fermilab's director at 
a key moment for the field of high-energy 
physics and for the laboratory. "We are living 
in a time of remarkable opportunity for 
particle physics. The next few years will bring 

a revolution in our understanding of the 
universe. As one of the world's great physics 
laboratories, Fermilab will make vital 

contributions to the discoveries ahead. I am 
excited and honoured to lead this unique 
laboratory during such an extraordinary era." 

.. .while Kolb will direct new Center for Particle Astrophysics 
A new centre to provide a focus for efforts in 
particle astrophysics is to be established at 
Fermilab, with cosmologist Edward "Rocky" 
Kolb of Fermilab and the University of 
Chicago as director. The Center for Particle 
Astrophysics will bring together the Theoretical 
and Experimental Astrophysics Groups and will 
also encompass existing projects, including 
the Sloan Digital Sky Survey and the Pierre 
Auger Cosmic Ray Observatory, as well as 
proposed projects, including the SuperNova 
Acceleration Probe to study dark energy as 
part of the Joint Dark Energy Mission. 

Following his appointment, which was made 
public on 1 November, Kolb announced that 
the Center for Particle Astrophysics will also 
support a graduate student for a year of work 
and study at Fermilab. The Brinson Pre-

Edward "Rocky" Kolb will be the director of 
Fermilab's Center for Particle Astrophysics. 

Doctoral Fellowship will be funded by The 
Brinson Foundation of Chicago, whose 

interests in scientific research include 
astrophysics and cosmology as well as 
geophysics and medical research. The Brinson 
Foundation lists Chicago's Adler Planetarium 
among its many annual grants. The Fellowship 
will be offered to students in the final year of 
their doctoral studies, who would work 
alongside a member of a Fermilab project. 

Kolb noted that, while Fermilab is not 
specifically an educational institution, the 
opportunity to train "the stars of the future" in 
particle astrophysics is invaluable. "Particle 
cosmology is a reasonably new field," he said. 
"Establishing this world-class centre means 
we can attract future leaders with the chance 
to further their career and their education, 
and to have an impact on the field for many 
years to come." 
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Aachen honours laureates Rubbia and Ting 
The Rheinisch WestfalischeTechnische 
Hochschule (RWTH), Aachen, chose a 
particularly suitable academic tribute to 
CERN's 50th anniversary, by granting Carlo 
Rubbia and Samuel Ting the Doktorrerum 
naturalium honoris causa on 22 November. 

To begin the celebration, former director-
general HerwigSchopper summarized CERN's 
history, highlighting its scientific successes 
and its contributions to bringing nations 
together peacefully. Then in his laudatio 
Gunther Flugge of RWTH outlined the scientific 
careers of the two outstanding scientists. 

When modern particle physics began in the 
late 1960s and early 1970s Rubbia and Ting 
were already highly respected 
experimentalists, and groups from Aachen, 
centred on Helmut Faissner and Albrecht 
Boehm, were already working with Rubbia. 
Then in November 1974 news broke of the 
discovery by Ting and his team, then at 
Brookhaven, of the J particle - discovered 
also (as the by Burton Richter's group at 
SLAC {CERN Courier December 2004 p25) . 
For their discovery Ting and Richter were 
awarded the Nobel prize in 1976. 

That same year Rubbia came up with his 
revolutionary idea of a proton-antiproton 
collider at the International Neutrino 
Conference in Aachen, paving the way to his 
discovery of the heavy vector bosons, W and Z. 

Meanwhile Ting had moved to DESYto set 

In a tour organized and sponsored by the 
British Council of India, Peter Kalmus, 
emeritus professor at Queen Mary, University 
of London, recently visited India to give 
lectures on particle physics. 

He gave 15 talks in 10 days in Delhi, 
Kolkata, Mumbai, Pune, Ahmedabad and 
Bhopal, to audiences ranging from 14-year-
old pupils to university academics and 
national laboratory staff, as well as members 
of the general public. There were also 
discussions with Indian scientists and staff of 
the British Council, as well as interviews with 
newspaper and television journalists. 

Left to right: Carlo Rubbia, Sam Ting and 
Burkhart Rauhut, Rector of RWTH Aachen. 

up the MarkJ experiment at the new PETRA 
electron-positron collider, then the highest-
energy machine of its kind worldwide. Several 
groups from Aachen joined MarkJ and other 
collaborations at PETRA. Success came soon 
after the machine was switched on - in 1978 
the first evidence for gluons, the carriers of 
the strong interaction, was seen, and in 1979 
their existence was finally established (CERN 
Courier November 2004 p33). 

In 1978 Rubbia also set up the UA1 
collaboration at CERN to build a detector for 
the hunt for the heavy bosons, with major 
contributions from Aachen, which provided 
the big muon chambers that covered the 
outside of the huge detector. The W and Z 
bosons were discovered in 1983, and the 
following year Rubbia was awarded the Nobel 
prize together with Simon van der Meer. 

An experienced speaker in the UK and 
elsewhere, Kalmus noted interesting 
differences in India. These included Hindu 
prayers sung by 14-year-old girls before and 
after his talk, the presentation of flowers and 
other gifts, and celebrity treatment such as 
requests from the audience for autographs 
and photographs. The tour involved a great 
deal of travelling, but as the presentations 
had been e-mailed to India in advance, and 
computer-projection worked at all venues, 
Kalmus had no need for his laptop, and even 
the back-up CD-ROM was not used. This left 
the speaker able to savour the enthusiasm of 

In the meantime CERN had opted for the 
new Large Electron Positron collider, LEP. Like 
many researchers at PETRA, Ting moved his 
activity to the new machine to build the 
gigantic L3 detector. This time he could 
convince all the high-energy physics institutes 
in Aachen to join his enterprise. 

LEP was a great success. It showed that the 
current Standard Model remains valid even 
under the closest scrutiny. However, the 
masses of the particles vary widely and their 
origin is not understood at all. To attack such 
problems, Rubbia, who became director-
general of CERN in 1989, pushed for the 
Large Hadron Collider (LHC) to be built in the 
LEP tunnel. One of the important meetings to 
prepare for the LHC took place in Aachen in 
1990 and attracted more than 500 people; 
several groups at Aachen are now involved in 
the experimental programme. 

The two laureates are now working on new 
projects: at the meeting Rubbia presented 
"The Future of Energy" and Ting "The Anti 
Matter Universe". Some groups in Aachen 
have again joined in this latter activity, with 
the antimatter search in space with the Alpha 
Magnetic Spectrometer. The ceremony 
illustrated the successes of the collaboration 
of RWTH and other universities with two 
brilliant scientists within the framework of two 
great laboratories - altogether a fitting 
celebration of CERN's 50th anniversary. 

Peter Kalmus talks on the forces of nature 
in the British Library in Bhopal, India. 
(Courtesy of the British Library, Bhopal.) 

the audiences, who asked many good 
questions, and the friendship shown by his 
hosts at all the venues. 

O U T R E A C H 

Particle physics goes on the road in India 
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Fermi, CERN and the renaissance of INFN 

Italian minister Girolamo Sirchia, centre, with Antonino Zichichi, left, and Lucio Rossi. 

Some 170 scientists from all over the world 
came to Rome at the beginning of December 
to commemorate the legacy of Enrico Fermi 
50 years after his untimely death, to celebrate 
the 50th anniversary of CERN, and to mark 
the 25th anniversary of the "renaissance" of 
INFN. Invited by Antonino Zichichi, president 
of the Enrico Fermi Centre and of the World 
Federation of Scientists, they met in the 
International Meeting Hall of the Italian 
Foreign Ministry, in the Palazzo La Farnesina, 
under the patronage of the minister of foreign 
affairs, Gianfranco Fini. 

The symposium was opened by Zichichi, 
who reminded the audience of Fermi's legacy 
of a great alliance between science and 
society. Fermi's "pupil", Tsung-Dao Lee, and 
Yoichiro Nambu from the Enrico Fermi 
Institute in Chicago talked about his life in the 
city and their personal encounters with him. 
Robert Aymar, director-general of CERN, then 
presented CERN's scientific projects and 
strategy for the future. He recalled the roots of 
the Large Electron Positron (LEP) collider and 
the Large Hadron Collider (LHC), as 
documented in a CERN report recently 
published in Zichichi's honour. A special 
memoir highlighting CERN's history, edited by 
Zichichi, was presented to the minister. 

The talks that followed covered the 
renaissance of INFN, after Zichichi became 
the institute's president. Twenty-five years 
ago, he elaborated a new scientific strategy 
for INFN based on three projects - Gran 
Sasso, LEP and the HERA machine at DESY -
and convinced the Italian government to 

increase the budget considerably to allow 
adequate financial support for Italian 
research activities at the frontier of physics at 
CERN and other international laboratories. 

Lorenzo Foa recalled the impact of INFN's 
renaissance on physicists working at CERN, 
citing his personal experience. As an example 
of the impact in Germany, Gunter Wolf 
presented the latest scientific results from 
HERA, a project that was approved thanks to 
the participation and contribution of INFN. The 
current president of INFN, Roberto Petronzio, 
then gave the keynote speech on 25 years of 
INFN, its renaissance and its future. Carlo 
Rizzuto recalled the impact of INFN's 
renaissance on the establishment of Italy's 
Institute for Material Science, and Enzo 
Boschi spoke of the impulse given to the 
Institute for Geophysics and Vulcanology. 
Lucio Rossi, head of the LHC magnet group at 
CERN, recalled Zichichi's vision of investing in 
advanced superconducting magnet 
technology in Italian industry. 

Among further talks, Alex Muller spoke of a 
workshop at Erice, where he first had the idea 
about where and how to look for high Tc 

superconducting materials, which later won 
him a Nobel prize. Finally, Raffaella Schneider 
presented the projects of the young 
researchers holding special grants from the 
Enrico Fermi Centre. During the meeting, 
several welcome messages were read out from 
the Italian President and various ministers. 

The second day was devoted to 
presentations on projects, planned and 
implemented within the framework of ILSEAT, 

Italian minister Gianfranco Fini. 

the International Laboratory for Science, 
Engineering and Advanced Physical and 
Biomedical Technologies. Speaking in the 
Augustinian conference hall in the Vatican, 
Zichichi introduced ILSEAT with its three 
components: science, technology and global 
emergencies. The morning session continued 
with presentations on interdisciplinary topics 
ranging from extreme weather events and 
pollution, to health physics, to accelerator 
and detector R&D, and parallel computing. 

In the afternoon, a talk by the minister of 
health, Girolamo Sirchia, was followed by 
several presentations on the Cultural 
Emergency and the Extreme Energy Events 
project - an educational project to measure 
the effects of very-high-energy primary cosmic 
rays (CERN Courier July/August 2004 p35). 
The meeting closed with a review by the 
national representatives on the status of the 
World Federation of Scientists' National 
Scholarship Programmes, established in 30 
countries around the globe. The day concluded 
with a concert in the Basilica Santa Maria degli 
Angeli e dei Martiri, when the Erice Prize 
winners for 2003 and 2004 were announced 
and the awards presented to Robert Clark, 
Maurice Cosandey and Alex Muller. 

Further reading 
CERN/DG-2004-306, "The Roots of LEP and 
LHC", published in honour of Antonino 
Zichichi and his contribution to particle 
physics in Italy as INFN president and in 
Europe as chairman of the 1979 ECFA 
Working Group defining the layout of LEP. 
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'Cryo-illustrator' helps to open 
the door to physics in Japan 

Tom Haruyama of KEK and the journal Cryogenics. The Japan Physics Society used this 
poster to promote a seminar held last year in Tokyo anticipating the World Year of Physics. 

The World Year of Physics - 2005 - marks the 
centenary of Albert Einstein's annus mirabilis, 
when he published his three seminal papers 
on Brownian motion, the photoelectric effect 
and the special theory of relativity. In the 
image shown here, Tom Haruyama of KEK is 
assisting Einstein in opening the door he 
unlocked with these discoveries. 

The illustration was adopted by the Japan 
Physics Society as the promotional poster for 
a seminar held in Tokyo last summer in 
anticipation of the World Year of Physics. 

Haruyama is a specialist in cryogenics for 
the high-energy physics experiments at KEK. 
He is also well known as Asian editor of the 
international journal, Cryogenics, published 
by Elsevier, and has been the secretary of the 
International Cryogenic Engineering 
Committee for many years. 

At the same time, Haruyama is able to 
create this kind of illustration to enhance the 
popularity of physics with young people in 
Japan, without compromising his own work in 
cryogenic research. 
• For more on the World Year of Physics, see 
www.wyp2005.org. 

N E W P R O D U C T S 

Creative Group has released a new high-
vacuum manual in-line valve, which operates 
down to 10 " 8 mbar. The unit has a particularly 
high molecular conductance for this type of 
valve, and its stainless-steel construction 
makes it ideal for high-temperature 
applications. It is small, lightweight and easily 
serviced, and can accommodate any 
combination of fittings. 

For further information tel. +44 1903 
204542 , e-mail sales@creativevacuum.co.uk 
or see www.creativevacuum.co.uk. 

Bede has announced BedeMetrix X-ray 
metrology tools for enhanced spot 
measuring of semiconductor wafers from 50 
to 300 mm. This new capability allows 

measurement of sub-100 |jm test pads in 
chips and scribe lines on processed wafers, 
and provides automated characterization of 
fabrication processes. The BedeMetrix-Ltool 
measures fundamental properties and 
structures of materials, including epitaxial 
and non-epitaxial layers. 

For further information contact Dan Esdale: 
t e l . + 1 9 7 8 794 5 4 4 1 , e-mail 
desdale@wardhillmarketing.com or see 
www.bede.co.uk. 

Glassman has developed low-profile 300 W 
regulated HV DC power supplies covering the 
range 1-60 kV. The FX series of supplies 
deliver high power density in a compact, 
lightweight unit 4.45 cm (1.75 inch) high in a 
standard 48.3 cm (19 inch) panel. Air-
insulated, the units feature tight voltage 

regulation of better than 0.005% and current 
regulation better than 0.05%. 

For further details contact Phil James: tel. 
+44 1256 883007 , e-mail phil.james® 
glassmaneurope.co.uk or see 
www.glassmanhv.com. 

Montena emc, which offers high-voltage and 
high-frequency products such as pulse 
generators, coupling networks, sensors and 
antennas, has recently produced a new pulse 
generator with a peak voltage of 320 kV, a 
rise time of 5 ns and a half-value time of 
100 ns. The device is very compact, thanks to 
the choice of insulation (high-pressure 
nitrogen plus sulphur hexafluoride), which 
enables the fast rise time. 

For further information tel. +41 26 4 1 1 
9333 or see www.emc.montena.com. 
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Supplier gets ATLAS award 

Vojtech Novotny, director-general of the Czech company Skoda Hute (left), receives an 
ATLAS supplier award from Marzio Nessi, ATLAS technical coordinator. 

M E E T I N G S 

The 3rd CERN-CLAF School of High 
Energy Physics is to take place in Malargue 
(Mendoza), Argentina, from 27 February until 
12 March. This school is intended mainly for 
young experimentalists from Latin America 
preparing a PhD in high-energy physics or 
engaged in postdoctoral work. For further 
information see http://physicschool.web. 
cern.ch/PhysicSchool/LatAmSchool. 

LEAP '05 , the international conference on 
Low Energy Antiproton Physics, will take place 
at the Gustav-Stresemann-lnstitut in Bonn on 
16 -22 May. Organized by the Research 
Centre Julich it will bring together users of 
past, present and future antiproton facilities. 
Topics will include symmetries, 
hadron-antihadron systems, quark-gluon 
phenomena, atomic physics and future 
facilities. For further information see 
www.fz-juelich.de/leap-05. 

A course on Small Accelerators will be held 
at the Hotel Golden Tulip Drenthe, Zeegse, in 
the Netherlands from 24 May until 2 June. 
Organized by the CERN Accelerator School 
and Kernfysisch Versneller Instituut (KVI), 
Groningen, the course will mainly interest staff 
in accelerator laboratories, university 
departments, medical-treatment centres and 
industries specialized in producing small 
accelerators or related equipment. For further 
information see www.cern.ch/schools/CAS. 

The 14th IEEE-NPSS Real Time Computing 
Conference 2 0 0 5 takes place at the Alba 
Nova University Centre in Stockholm, Sweden, 
on 4 - 1 0 June. This conference is devoted to 
the latest real-time applications in plasma 
physics, nuclear physics, particle physics, 
astrophysics, space science, accelerators, 
medicine and biology. For more information 
see www.physto.se/RT2005. 

TAUP 2 0 0 5 , the ninth international 
conference on Topics in Astroparticle and 
Underground Physics, will be held in 
Zaragoza, Spain, on 1 0 - 1 4 September. 
Topics include cosmology and particle 
physics, dark matter and dark energy, high-
energy astrophysics and cosmic rays. For 
further information e-mail the TAUP 2005 
Secretariat at taup2005@unizar.es or see 
www.unizar.es/taup2005. 

On 3 November the ATLAS collaboration 
honoured its supplier, Skoda Hute of Plzen in 
the Czech Republic, for the company's work 
on forward-shielding elements for the 
detector. These huge cylinders surround the 
beam pipe at either end of the detector in 
order to prevent stray particles from entering 
ATLAS'S muon chambers. 

The shields consist of 10 cast-iron pieces 
with a total weight of 7801, and although 
there are many iron foundries in the CERN 

Robert Aymar, right, discusses a piece of 
technology with the Duke of York, centre. 

HRH Prince Andrew, the Duke of York, visited 
CERN on 23 November and, in his capacity as 
the UK's special representative for 
international trade and investment, 
inaugurated the UK@CERN exhibition. This 
biennial trade show was initially held in 1968, 
the first such exhibition by a CERN member 

member states, only a limited number can 
produce castings of the necessary size -
5 9 - 8 9 1 in weight and up to 1.5 m thick. 

The forward shielding was designed by the 
ATLAS Technical Coordination in close 
collaboration with the ATLAS groups from the 
Czech Technical University and Charles 
University in Prague. The Czech groups also 
supervised the production of the shielding, 
which was in part a Czech in-kind 
contribution to ATLAS. 

The Duke of York with UK ATLAS physicists 
Jo Pater of Manchester University (right) and 
Neil Jackson of Liverpool University (centre). 

state. This year 22 companies displayed 
goods and services that could be of interest to 
physicists and engineers working at CERN. 
The Duke also met UK researchers working at 
CERN, in particular at the site where the 
ATLAS detector is being installed at Point 1 on 
the ring of the Large Hadron Collider. 

Duke of York opens UK@CERN exhibition 

HFRM r . n n r i e r laniiarv/Fehruarv 900F) 
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BryanMontague (1921-2004) 
Bryan William St Leger Montague grew up in 
London. He left school at 15 and started 
training as an auto-mechanic, but also took 
evening classes in electrical engineering. At 
the outbreak of the Second World War he 
volunteered for the Royal Air Force, where he 
became a "radio-mechanic" attached to a 
top-secret radar division. He received rather 
little training in the field, but became so 
interested in the underlying microwave 
techniques that he signed up for 
correspondence courses. 

When the war was over, Bryan decided to 
study physics at the University of London, 
which accepted him after he had passed the 
required entrance exams. He graduated in 
1 9 5 1 , though by that time he had already 
become a technical information assistant for 
the Philips office in London. 

After graduation he joined the television 
research group, working on electron optics 
and magnetic amplifiers before moving to the 
linear accelerator group, where he 
participated in the design and construction of 
a 15 MeV microtron. His interest in particle 
accelerators - as well as the challenge of 
joining a laboratory recently created to rebuild 
the unity of Europe - led him to apply for a 
job at CERN. 

Bryan came to Switzerland in May 1955 
and was attached to the CERN-PS division. 
His first task was testing high-power amplifier 
tubes in the linac group, before he was asked 
to take on the design of the modulator, as the 
specialist foreseen for this task had died in an 
accident. The modulator design was 
completed by 1960, when the PS was 
successfully commissioned. 

Around 1962 Bryan joined - and later led -
the RF separator project in the newly formed 
Accelerator Research division. The goal was to 
develop a separator for secondary particles 
above 5 GeV, where electrostatic separation 
becomes inefficient. 

The design was based on ideas of Panofsky 
and Schnell for transverse separation, but was 
modified by Bryan to use hybrid modes, which 
he and Peter Bramham had (re)discovered 
experimentally when measuring propagation 
on disc-loaded structures. 

From 1965 Bryan also took part in the 

study for a 300 GeV synchrotron, from which 
the CERN Super Proton Synchrotron evolved. 
However, when this project was postponed 
sine die in 1969, Bryan joined the newly 
formed Intersecting Storage Rings (ISR) 
project led by Kjell Johnson. Here Bryan 
worked first on the design of scrapers and 
collimators and then took part in 
commissioning the ISR, using the scrapers to 
measure the beam profile. 

Later he joined the theoretical group whose 
task was to analyse and improve the ISR 
performance, and developed a computer code 
for the automatic measurement of luminosity. 
In the general studies group, he worked on the 
design of proton colliders with higher energy 
and proposed a method of increasing the 
luminosity of the ISR by reducing the crossing 
angle to give head-on collisions, using dipoles 
over the interaction regions to separate the 
counter-rotating proton beams. He also 
investigated non-linear coupling resonances 
caused by space charge - an effect still 

referred to as "Montague resonance". 
Bryan became a member of the Senior 

Staff Consultative Committee to the Director-
General for three years, and during the third 
year acted as its spokesman. The task of this 
committee was to represent the interest of 
the academic staff of CERN. Hence he acted 
to balance the negative effects of the 
Abragam Committee, constituted to reduce 
the cost of CERN so that the UK would not 
leave the organization. 

In 1980 Bryan began work on the Large 
Electron Positron collider and concentrated 
on methods to obtain polarized beams in the 
machine. He developed rotator magnets, and 
studied Siberian snakes and spin matching. 
His most original contribution was a very clear 
description of polarization effects in storage 
rings using spinor algebra. 

He also participated in the search for new 
methods of the acceleration of particles to 
even higher energies, and initiated a 
collaboration with the Rutherford Appleton 
Laboratory, which had the highest-power 
lasers in Europe, and Imperial College, 
London, to perform experiments on the 
acceleration of electrons with beat-waves 
created by two laser beams in a plasma. 

From its inception in 1985, Bryan 
participated in the CLIC study at CERN. In this 
he explored methods for obtaining polarized 
beams, and suggested the use of the 
extremely sensitive Hanbury-Brown-Twiss 
intensity interferometer for the exact 
alignment of beams, using the synchrotron 
radiation emitted in bends. 

In 1985, the University of London awarded 
Bryan the degree of Doctor of Science (DSc) 
for his work on particle accelerators. He gave 
lectures at several CERN Accelerator Schools 
and contributed to the book on accelerator 
physics edited by HerwigSchopper. Even after 
retirement Bryan continued to work on 
accelerators, and also contributed to 
quantum mechanics, pointing out the 
importance of the usually neglected phase 
factor of the complex wave function. 

In his early eighties, Bryan suffered a severe 
aneurysm during a holiday trip to Italy, and 
finally passed away in May 2004. 
Bruno W'loiter, CERN. 
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Pierre Lapostolle (1922-2004) 
Pierre Lapostolle died in June 2004 at the age 
of 82 in Paris. He was one of the leading 
European accelerator physicists who made 
significant contributions to the development 
and understanding of linear accelerators, in 
particular of their beam dynamics. 

After attending the prestigious Ecole 
Polytechnique in Paris, Pierre continued his 
studies at the Ecole Nationale Superieure de 
Telecommunications and defended his thesis 
in 1947, while working for the Centre National 
d'Etudes des Telecommunications (CNET). 
Louis de Broglie was the president of the jury. 

In 1953, Frangois Perrin, the French 
delegate to CERN Council, convinced Pierre, 
who had become leader of the Electronics 
Division of CNET, to join CERN for a short 
period. It turned out that he would stay at 
CERN for 17 years while being detached from 
CNET! Hired by John Adams, Pierre was 
quickly recognized as an outstanding 
physicist. He served as leader of the PS Linac 
Group in 1958 and as leader of the Synchro-
Cyclotron Division from 1960 to 1962. 

Pierre made numerous contributions to the 
development of analytical approaches and 
numerical methods for the calculations of 
particle dynamics in linear accelerators. 
These treatments are included in many of the 
computer codes in use today for the design 
of linear accelerators. His publications have 
become the Bible for generations of 
designers and engineers of proton and ion 
linear accelerators. 

L E T T E R S 

CERN Courier welcomes letters from readers. 
Please e-mail cern.courier@cern.ch. 
We reserve the right to edit letters. 

Remembering the JAf 
I read with great interest the account by Frank 
Close of the day the news of the ) / } ¥ discovery 
arrived at CERN (CERN Courier December 
2004 p25). I would like to add two remarks. 

Frank speaks of Jean-Jacques Aubert 
being called "professor" by Jack Steinberger, 
and then really becoming a professor. I 
happen to have been involved in this. My 
friend, the late Tony Visconti, co-founder with 

From the early 1960s to the mid-1970s 
Pierre also collaborated with Saclay and 
Orsay on studies for various accelerator 
projects, and he contributed to the design, 
construction and commissioning of a new 
injector - a 20 MeV proton linac - for the 
Saturne synchrotron at Saclay. 

In 1 9 7 1 , Pierre decided to return to CNET. 
Despite the fact that he had many 
responsibilities in important bodies in France, 
for example scientific director of CNET and 
scientific advisor for GANIL, he continued his 
scientific work with great perseverance. He 
was a frequent and welcome visitor to CERN, 
lecturing and actively contributing to the 

Daniel Kastlerof the Centre de Physique 
Theorique in Marseilles, wanted someone to 
start a group of experimental high-energy 
physics in Marseilles. After a previous 
unsuccessful attempt, he turned to Jean-
Jacques, but for this Jean-Jacques had to 
become a professor in Marseilles. I did some 
lobbying for that and in the end, Tony and I 
succeeded. Everybody knows that the lab 
that Jean-Jacques built in Marseilles was a 
great success. 

Concerning the week of hesitation between 
the cc bound state and the Z°, I heard that all 
the distinguished theoreticians of the Rome 
group were inclined towards the Z°. The 
energy of the Frascati machine had been 

development of computational tools. His 
competence and deep insight, combined with 
great rigour, were also very much appreciated 
in the US, in particular by the linear-
accelerator experts at LANL, with whom he 
collaborated very fruitfully over the years. 

Pierre is remembered not only as a very 
talented accelerator physicist who had a 
significant impact on the field, but also for his 
personality. His enthusiasm for physics, his 
generosity, modesty and noble, unassuming 
attitude deeply impressed all colleagues who 
had the privilege and pleasure to be taught by 
him and to work with him. 
Kurt Hubner and colleagues, CERN. 

upgraded after the discovery of the J /W and 
at first the experimentalists believed they 
were seeing a pattern that would be 
characteristic of interference between the Z° 
and the photon. This is strange because, in 
1970, Luciano Maiani, in Erice, stated that 
the mass of the charmed quark should be 
1-2 GeV and that one should expect cc 
bound states. (These predictions are 
generally attributed to Gaillard, Lee and 
Rosner, because they were using a bona fide 
gauge theory, which was not the case with 
Glashow, lliopoulos and Maiani). I was 
present at Luciano's talk, which is published 
in the Erice proceedings. 
Andre Martin, CERN. 
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Pierre Lapostolle (right) with Peter Stand ley at CERN's first proton linac in the late 1950s. 
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T h e I n s t i t u t e o f P a r t i c l e Phys i cs 
Research Scientist 
Applications are invited for a position as a Research Scientist with the 
Institute of Particle Physics of Canada, IPP (http://www.ipp.ca). Candidates 
should preferably have three years of postdoctoral experience and a 
demonstrated record of accomplishment in experimental high energy particle 
physics. The Research Scientist appointment is associated with an academic 
research position at a Canadian University and includes the right to hold 
research grants and to supervise graduate students. Such an appointment may 
lead to permanence after three years of employment. 

The current program of IPP includes the following experiments: 

p-p collisions at the LHC (ATLAS) 
Neutrino physics with the SNO detector 
e-p collisions at HERA (ZEUS) 
p-p collisions at the TEVATRON (CDF) 
B physics at the SLAC B-factory (BaBar) 
Long baseline neutrino studies at JPARC (T2K) 
High energy gamma-ray astronomy (Veritas) 
The choice of experiment and university affiliation will be determined by 
mutual agreement between the candidate and the IPP. 

Send curriculum vitae, statement of research interests and arrange for letters 
of recommendation from at least three referees, 
to be received before February 28 ,2005 , at: 

Prof. W.Trischuk, Director 

Institute of Particle Physics 
Department of Physics 
University of Toronto 
60 Saint George Street, 
Toronto, ON M5S 1A7 
Canada 
fax: 416-978-8221 
email: william®physics.utoronto.ca 

All qualified candidates are encouraged to apply, however, in accordance 
with immigration regulations, Canadians and permanent residents will be 
given priority. 

T B O N N L 

Bonn University, Institute of Physics has the fo l low ing openings for posi t ions 
in t he Experimental Particle Physics Group 

Postdoctoral Positions 
(PostDoc, Hochschulassistent) 

and 

PhD positions universitatbonn 1 
as of April 1 , 2 0 0 5 . 
App l i can ts s h o u l d be in te res ted t o carry o u t resea rch in t h e e x p e r i m e n t a l par t i c le phys ics 
g r o u p , wh i ch has e x p e r i m e n t s on Heavy Quark Physics a t t h e TEVATRON (Fermi lab) a n d 
on H iggs -Phys i cs a t t h e La rge H a d r o n C o l l i d e r LHC (CERN), a s w e l l a s h a r d w a r e 
d e v e l o p m e n t s in t h e f i e l d o f p ixe l d e t e c t o r s f o r p a r t i c l e p h y s i c s e x p e r i m e n t s a n d f o r 
i m a g i n g app l i ca t i ons in b i o m e d i c i n e a n d fo r s y n c h r o t r o n rad ia t ion ( inc lud ing ch ip des ign) . 
A n e w w o r k i n g g r o u p sha l l be f o r m e d w i t h i n t h e e n v i r o n m e n t of t h e Sof ja Kova levska ja 
A w a r d of t h e A lexande r von H u m b o l d t S t i f t u n g w h i c h s t r e n g t h e n s t h e ex i s t i ng research 
i m p a c t o f t h e g r o u p by a d d r e s s i n g s p e c i f i c r e s e a r c h t o p i c s w i t h i n t h e a b o v e g e n e r a l 
research p r o g r a m m e . 

The salary wi l l fo l low t h e G e r m a n s t a n d a r d s BAT lla or W l (Junior Professor) fo r app l i can ts 
h o l d i n g a PhD or BAT lla / 2 fo r PhD s t u d e n t s . 

Pre fe ren t ia l cons ide ra t i on wi l l be g iven t o w o m e n a c c o r d i n g to § 4 9 UG (NRW) if t h e y a re 
e q u a l l y q u a l i f i e d a n d p o s s e s s t h e s a m e leve l o f c o m p e t e n c e a n d p r o f e s s i o n a l 
a c h i e v e m e n t s . D isab led app l i can t s w i t h t h e s a m e qua l i f i ca t i ons as o the r c a n d i d a t e s are 
p re fe rab ly e m p l o y e d . 

App l i ca t i ons s h o u l d be s e n t t o : 

M r s . V. Gebhardt 
Physikal isches Inst i tut der Universi tat Bonn, 
Nussal lee 1 2 , D - 5 3 1 1 5 Bonn, Germany 

For f u r t h e r I n f o rma t i on p lease con tac t : 

Dr. E. von Toerne , e m a i l : ev t@phys ik .un i -bonn .de , t e l . + 1 - 7 8 5 - 5 3 2 - 1 6 3 8 
Prof. Dr. N. W e r m e s , e m a i l : we rmes@phys i k .un i -bonn .de , te i + 4 9 - 2 2 8 - 7 3 3 5 3 3 

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

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

UNIVERSITY OF CALIFORNIA, RIVERSIDE 
T h e D e p a r t m e n t o f Phys i cs a t t h e U n i v e r s i t y o f C a l i f o r n i a , R i v e r s i d e , 

i n v i t es a p p l i c a n t s f o r a p o s t d o c t o r a l r e s e a r c h p o s i t i o n t o w o r k w i t h t h e 
h igh e n e r g y p h y s i c s g r o u p o n t h e C M S e x p e r i m e n t a t CERN. 

A t t h e Un i ve rs i t y o f C a l i f o r n i a , R i v e r s i d e , w e a r e c a r r y i n g o u t a 
m u l t i - f a c e t e d p r o g r a m o f d e t e c t o r d e v e l o p m e n t a n d p r o d u c t i o n a n d 

p r e p a r a t i o n f o r p h y s i c s in t h e C M S e x p e r i m e n t . W e a r e s e e k i n g a 
p o s t d o c t o r a l r e s e a r c h e r t o w o r k o n t h e C M S S i l i con T r a c k e r in 

C a l i f o r n i a . W e a r e w o r k i n g o n s i l i c o n m o d u l e p r o d u c t i o n in 
c o l l a b o r a t i o n w i t h t h e Un i ve rs i t y o f C a l i f o r n i a , S a n t a B a r b a r a , a n d 

s e t t i n g u p a m o d u l e t e s t i n g a n d r e p a i r f ac i l i t y a t U.C. R i v e r s i d e . 
T h e p o s t d o c t o r a l r e s e a r c h e r w o u l d a l s o w o r k o n 

p r e p a r a t i o n f o r p h y s i c s w i t h C M S . 

A p p l i c a n t s s h o u l d h a v e e x p e r i e n c e w i t r f h i g h e n e r g y phys i cs d e t e c t o r s 
a n d t e s t i n g s o f t w a r e , p r e f e r a b l y w i t h s i l i c o n d e t e c t o r s . C a n d i d a t e s 

m u s t h a v e a Ph .D . d e g r e e in h i g h e n e r g y phys i cs . 
A p p l i c a t i o n s , i n c l u d i n g v i t a e , l is t o f p u b l i c a t i o n s , a n d t h r e e 

r e f e r e n c e l e t t e r s , s h o u l d be s e n t t o : 

Professor Gail G. Hanson, Department of Physics 
University of California, Riverside, CA 9 2 5 2 1 - 0 4 1 3 , U.S.A. 

or by e-mail to Gail.Hanson@ucr.edu or Gail.Hanson@cern.ch 
T h e p o s i t i o n wi l l b e f i l l e d a s s o o n a s a n 

a p p r o p r i a t e c a n d i d a t e is i d e n t i f i e d . 

U C R 
iwvERsrrv of California, riverside 

The University of California is an Equal Opportunity/Affirmative Action Employer. 

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

W A R W I C K 
Department of Physics 
Experimental Particle Physics Group 

Lecturer In Experimental 
Particle Physics 
£27,< - £35,883 pa Ref: 34349-124 

Warwick is one of Britain's 
leading universities with 

an enviable reputation for 
educational opportunities, 

first rate research and its 
commitment to the local 

community. 

The University Values 
Diversity 

The Warwick Exper imental Particle Physics Group 
invites appl icat ions for a University Lectureship to 
strengthen its exist ing program of research in 
flavour phys ics. The Group is currently involved in 
the BaBar CP violation exper iment at SLAC, the 
COBRA doub le beta decay exper iment, and the 
T2K neutr ino supe rbeam exper iment in Japan . It is 
hoped to c o m m e n c e this post in October 2005. 
You should have a PhD in exper imental part ic le 
phys ics, and expert ise in detector deve lopment 
and/or data analysis. 

Informal enquir ies can be made to Prof. Paul 
Harrison (P.F.Harrison@Warwick.ac.uk). 

Application packs are available f rom Personnel Services on 024 7652 3685 
(24 hour answerphone) , by emai l recruit@warwick.ac.uk, our websi te be low 
or www. jobs .ac .uk /warwick . An application form M U S T be completed if you 
wish to be considered for this post. 

Closing date: 1 March 2005 

www.warwick.ac.uk/jobs 
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HadronPhysics IS * 

A7W / r of Strongly Interacting Matter 

HadronPhysics 13 
Study of Strongly Interacting Matter 

European Commission 

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

The Integrated Initiative "HadronPhysics 13", financed by the European Comm
ission and coordinated by the Istituto Nazionale di Fisica Nucleare, Laboratori 
Nazionali di Frascati, Italy, combines in a single contract several activities, 
Networking, Research Projects and Transnational Access. The Transnational 
Access activity involves 9 infrastructures among those operated by the 
participants in HadronPhysics 13. Its objective is to offer the opportunity for 
European research teams, performing or planning a research project at these 
infrastructures, to 

APPLY FOR EC FUNDED ACCESS 
to these infrastructures, to cover subsistence and travel expenses. 
The only eligible teams (made of one or more researchers) are those that 
conduct their research activity in the EU Member States or in the Associated 
States. Information about the modal i t ies of application and the Cal ls f o r 
Proposals can be obtained by visiting the web site of each infrastructure: 

Al . INFN-LNF, http://www.lnf.infn.it/cee/tarifp6/ 
A2. DESY-HERMES, http://www-hermes.desy.de/I3HP-TA-HERMES/ 
A3. FZJ-COSY, http://www.fz-juelich.de/ikp/tmr-life.html 
A4. FZJ-NIC/ZAM, http://www.fz-juelich.de/nic/i3hp-nic-ta/ 
A5. GSI-SIS, http://www.gsi.de/informationen/users/EC-funding/I3/SIM_e.html 
A6. U Mainz-MAMI, http://www.kph.uni-mainz.de/en/eu/ 
A7. ZIB, http://www.zib.de/i3hp 
A8. LU-MAXLAB, http://www2.maxlab.lu.se/members/proposal_nucl/index.html 
A9. UU-TSL, http://www4.tsl.uu.se/tsl/tsl/infrastr.htm 

This announcement can also be foundatthefollowing URL: http://www.infn.it/eu/i3hp 

S T A N F O R D T T N T V F R S T T Y 
\J JL JL JL JL 1̂ JL v - / XV. \~s \~J 1 1 I V jLu JTV \J I L L 

POSTDOCTORAL POSITION IN 
EXPERIMENTAL PARTICLE PHYSICS 

The Stanford University experimental particle physics group on the BABAR 
experiment invites applications for a Postdoctoral Research Associate position. 
The BABAR experiment is currently recording data at the PEP-IIB Factory at 
the Stanford Linear Accelerator Center for the study of CP violation in the B 
meson system as well as precision measurements and searches for rare decays 
of bottom, charm and tau particles. The Stanford University group has made 
contributions to the Silicon Vertex Tracker, including data acquisition, detector 
monitoring and control, and the radiation monitoring and protection system based 
on silicon PIN diodes and CVD diamond sensors. The group is also involved in 
an ongoing R&D program with CVD diamond sensors. The successful candidate 
will have opportunities to contribute in these areas, including possible upgrades, 
and in the analysis of the large BABAR data set. The Stanford University group 
enjoys close geographical proximity to the laboratory yet is housed in an academic 
environment. For more information on the activities of the Stanford University 
group on BABAR, see http://hep.stanford.edu/babar/ 

Candidates must have a Ph.D. in experimental particle physics. The position is 
available starting February 1,2005 .Applications are being considered now and 
until the position is filled. 

Interested applicants should send a curriculum vitae, list of publications, and a 
description of research interests and skills, and arrange for three letters of 
recommendation to be sent to Professor Patricia Burchat, Department of 
Physics, Stanford University, Stanford CA 94305-4060, or electronically to 
BURCHAT @ STANFORD .EDU. 

Stanford University is an equal opportunity employer. We especially encourage 
applications from women and minority scientists. 

PAUL SCHEMES INSTITUT 

The Paul Scherrer Institut is a centre for multi-disciplinary research and one of 
the world's leading user laboratories. With its 1200 employees it belongs as an 
autonomous institution to the Swiss ETH domain and concentrates its activities 
on solid-state research and material sciences, elementary particle and astro
physics, energy and environmental research as well as on biology and medicine. 

Within the framework of an international collaboration on the European X-ray Free-
Electron-Laser project, PSI contributes with the design, fabrication and implementa
tion of a fast, intra-bunchtrain feedback system to stabilize the electron beam in a 
multi-dimensional phase space volume. 

In this respect, the GFA (Large Research Facilities) diagnostics and instrumentation 
division is seeking a Postdoctoral Fellow 

Your responsibilities 

• Design and simulation of RF structures 

• Supervision of the construction and production process of RF structures, as well as, 
realization of laboratory test measurements 

• Simulation of feedback transfer functions and active participation during feedback 
commissioning at the DESY VUV-FEL 

Your profile 

The successful candidate should have a Ph.D. in physics, electrical engineering or 
mathematics with special expertise in numerical simulations and a good working 
knowledge of electro-magnetical field solvers. Experience in the design of passive 
microwave structures would be bene-ficial. You should enjoy working in an interdis
ciplinary, multinational research environment and communicate well in English and 
German. Being an enthusiastic researcher and a good team player with the willing
ness of temporary work abroad (at DESY, Hamburg) will help to ensure your success 
in completing your post-doctoral position in this exciting field of study. 

We are looking forward to your application. 

For further information please contact Dr. Volker Schlott, Tel. +41 (0)56 310 42 37, 
e-mail: voIker.schlott@psi.ch. 

Please send your application to: Paul Scherrer Institut, Human Resources, 

Mr. Thomas Erb, ref. code 8440-01,5232 Villigen PSI, Switzerland. 

Further job opportunities: www.psi.ch 
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Director 
The University of Washington seeks to appoint a Director for the Institute for 
Nuclear Theory, the Department of Energy's national visitor center in this 
field (see http://www.Jnt.washlngton.edu/overview.html). 

The successful applicant will also be appointed as a tenured professor in 
the UW Department of Physics. We seek an outstanding researcher with a 
record of leadership and innovation in nuclear physics, who can maintain and 
enhance the vitality of the INT's programs and local research efforts. The 
individual should have wide interests and a broad perspective on nuclear 
physics, and a commitment to building ties with related subfields, including 
astrophysics and particle, atomic, and condensed matter physics. Applicants 
must have a Ph.D. degree and a strong record of publ ished research. 
Opportunities are available for teaching and advising graduate students. 

Please provide a c.v. and the names of at least three referees that the 
committee could consult. Appl icat ions should be sent to Professor R. G. 
Hamish Robertson, Search Committee Chair, c/o Cynthia Wythe, Office 
of Research, Box 351202, University of Washington, Seattle, WA 98195-
1202. Consideration of applications will begin March 1. 

The University of Washington is building a culturally diverse faculty and strongly encourages 
applications from women and minority candidates. AA/EOE. 

cerncourier.com 
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Forschungszerrtrum Julich 
in der Hefmholtz-Gemeimchaft 

We are the largest interdisciplinary research institution in 
Europe and work in the fields of "Matter", "Energy", 
"Information", "Life" and * Environment". 

To start work as soon as possible at our Nuclear Physics 
Institute (IKP) we are seeking a 

m m 
P H Y S I C S G R A D U A T E ( P H D ) , 

I F P O S S I B L E W I T H Habituation 
-Ref. 142/2004-

Tasks: 

Requirements: 

Address for 
applications: 
Please mention 
the above ret 

• contribute t o future institute activities in the field of 
hadron physics 

• develop and construct components of a special, large-
scale innovative detector system 

• design and take responsibility for monitoring the 
production of the associated data recording and read
out electronics system 

• develop the prototype of a micr overt ex silicon 
pixel detector and participate in developing the 
corresponding physics program 

• prepare experimental proposals, perform the 
measurements and evaluate and interprete them 

• undertake scientific coordination within the framework 
of existing collaborations and those t o be set up, as 
well as supervising undergraduates and PhD students. 

• extensive experience in t he field of hadron physics 

• special know-how and experience in the development 
and application of modem, large-scale systems for 
detecting D-mesons and extensive knowledge of charm 
physics 

• many years of experience in assembling and modifying 
data acquisition and read-out electronics systems and in 
the field of developing new experimental techniques 

• many years of experience in scientific project 
management as well as in cooperating with large-scale 
international collaborations 

• ability to cope with pressure; fitness pursuant t o 
radiation protection regulations. 

Part-time employment is possible in principle. 

Equal opportunities is a cornerstone of our staff policy 
for which we have received the "TOTAL E-QUALITY" 
accolade. 

Appfications from disabled persons are welcome. 

Salary and social benefits conform to the provisions of 
the Federal Collective Agreement for Public Employees 
(BAT). 

Forschungszentrum Julich GmbH 
Geschaftsbereich Personal 
- Personaibetreuung -
52425 Julich, Germany 
Telephone:+ 49 2461 61-5358 

FUTURE 
/S OUR 

MISSION 
F U R T H E R I N F O R M A T I O N A T W W W I Z - J U E L T C H . D 

CERN COURIER 
W i t h e a c h a d v e r t i s e m e n t p l a c e d in t h e CERN Courier r e c r u i t m e n t 

s e c t i o n , you a u t o m a t i c a l l y bene f i t f r o m t h e f o l l o w i n g f ree of c h a r g e : 

/ t w o m o n t h s a d v e r t i s i n g on ce rncour ie r . com; 
/ t w o m o n t h s a d v e r t i s i n g on p h y s i c s w e b . o r g / j o b s ; 

/ a hype r l i nk d i r e c t i n g p o t e n t i a l c a n d i d a t e s s t r a i g h t t o your w e b s i t e ; 
/ e-mai l j o b a l e r t s s e n t t o j o b s e e k e r s w h o h a v e s u b s c r i b e d t o o u r 

not i fy s e r v i c e - o u r c u r r e n t ro l l i ng p o p u l a t i o n is 1 2 , 0 0 0 . 

CERN Courier w o r k s f o r you 

P l e a s e c o n t a c t Y a s m i n Ag i lah on 
yasmin .ag i l ah@iop .o rg or + 4 4 1 1 7 9 3 0 1 1 9 6 

PAUL SCHFSRfS IMST1TI1T 
J — J i J 
\j~tzJJ 

P R Y 

The Paul Scherrer Institut is a centre for multi-disciplinary research and one of 
the world's leading user laboratories. With its 1200 employees it belongs as an 
autonomous institution to the Swiss ETH domain and concentrates its activities 
on solid-state research and material sciences, elementary particle and astro
physics, energy and environmental research as well as on biology and medicine. 

Within the framework of an international collaboration on the European X-ray Free-
Electron-Laser project, PSI contributes with the design, fabrication and implementa
tion of a fast, intra-bunchtrain feedback system to stabilize the electron beam in a 
multi-dimensional phase space volume. 

In this respect, the GFA (Large Research Facilities) diagnostics and instrumentation 
division is seeking a RF Engineer 

Your responsibilities 

• Design and fabrication of low level RF electronics (RF front ends) for beam posi
tion measurement systems 

• Development of analog circuits for fast real-time data processing systems 

• Evaluation, procurement and maintenance of RF High power electronics 

• Participation during feedback commissioning at the DESY VUV-FEL 

Your profile 

The successful candidate should be an experienced RF engineer with solid knowl
edge in the design of fast analog, low level electronics circuits, as well as, RF high 
power electronics. You should enjoy working in an interdisciplinary, multinational 
research environment with a team of engineers and scientists and communicate well in 
English and German. Being a good team player with the willingness of temporary 
work abroad (at DESY, Hamburg) will help to ensure the success of your work. 

We are looking forward to your application. 

For further information please contact Dr. Volker Schlott, Tel. +41 (0)56 310 42 37, 
e-mail: volker.schlott@psi.ch. 

Please send your application to: Paul Scherrer Institut, Human Resources, 

Mr. Thomas Erb, ref. code 8440-01,5232 Villigen PSI, Switzerland. 

Further job opportunities: www.psi.ch 

PhysicsJobs @ physicsweb.org 
r 
II 

T E X A S T E C H U N V E R S T Y 

FACULTY POSITIONS IN EXPERIMENTAL HIGH ENERGY PHYSICS 
The D e p a r t m e n t o f Phys ics a t Texas Tech Un ivers i t y inv i tes a p p l i c a t i o n s fo r 
o n e or m o r e t e n u r e - t r a c k p o s i t i o n s in e x p e r i m e n t a l pa r t i c l e phys ics a t t h e 

a s s i s t a n t p ro fesso r level , b u t e x c e p t i o n a l c a n d i d a t e s a t a m o r e s e n i o r level 
m a y be c o n s i d e r e d . The m e m b e r s o f t h e e x p e r i m e n t a l pa r t i c l e phys ics 
g r o u p ac t i ve ly p a r t i c i p a t e in C M S e x p e r i m e n t a t CERN a n d m a i n t a i n a 
v i go rous R & D p r o g r a m in a d v a n c e d d e t e c t o r phys ics . W e expec t new 

e x p e r i m e n t a l f a c u l t y m e m b e r s t o p a r t i c i p a t e in a n d s t r e n g t h e n ou r ro les in 
t h e s e a r e a s . C a n d i d a t e s m u s t have a Ph .D . in phys ics a n d a t leas t t w o yea rs 
of pos t -doc to ra l e x p e r i e n c e , p o s s e s s a n o u t s t a n d i n g research reco rd , a n d 
s h o w p r o m i s e o f exce l l en t t e a c h i n g a t u n d e r g r a d u a t e a n d g r a d u a t e leve ls . 

A p p l i c a n t s s h o u l d s u b m i t a v i t a , a l ist o f p u b l i c a t i o n s , a br ie f s t a t e m e n t o f 
resea rch i n te res t s , a n d t h e n a m e s a n d c o n t a c t i n f o r m a t i o n fo r a t l eas t 

t h r e e re fe rences . A p p l i c a t i o n s a n d q u e r i e s s h o u l d be s e n t t o 

Prof. N. Akchur in , Nura l .Akchur in@t tu .edu , ( 8 0 6 ) 7 4 2 - 3 4 2 7 a t 
D e p a r t m e n t of Physics, Texas Tech University, 

Box 4 1 0 5 1 , Lubbock , TX 7 9 4 0 9 - 1 0 5 1 . 

A p p l i c a t i o n s wi l l be rev iewed s t a r t i n g M a y 2,2005 
a n d wi l l c o n t i n u e un t i l t h e pos i t i on is f i l l ed . 

TTU is an equal opportunity/affirmative action employer. 

C E R N C o u r i e r January/February 2005 53 

http://cerncourier.com
http://physicsweb.org/jobs
mailto:yasmin.agilah@iop.org
file:///j~tzJJ
mailto:volker.schlott@psi.ch
http://www.psi.ch
http://physicsweb.org
mailto:Nural.Akchurin@ttu.edu


The Paul Scherrer Institut is a centre for multi-disciplinary research and one of 
the world's leading user laboratories. With its 1200 employees it belongs as an 
autonomous institution to the Swiss ETH domain and concentrates its activities 
on solid-state research and material sciences, elementary particle and astro
physics, energy and environmental research as well as on biology and medicine. 

Within the framework of an international collaboration on the European X-ray Free-
Electron-Laser project, PSI contributes with the design, fabrication and implementa
tion of a fast, intra-bunchtrain feedback system to stabilize the electron beam in a 
multi-dimensional phase space volume. 

In this respect, the GFA (Large Research Facilities) diagnostics and instrumentation 
division is seeking a Software Engineer 

Your responsibilities 

• Development, implementation and test of FPGA firmware (VHDL) and low level 
programming (DSP / PowerPC) of real-time feedback systems 

• Specification of interfaces, development of test procedures and documentation of 
software and firmware projects 

• Integration of software developments in control systems 

• Support and participation of feedback commissioning at the DESY VUV-FEL 

Your profile 

The successful candidate should have an engineering degree in software develop
ment with professional expertise in low level programming of real-time data process
ing systems. We are also welcoming applications from young scientists or engineers 
who have gathered experience in in-strumentation, system control and digital elec
tronics during their Ph.D. thesis. You should enjoy working in an interdisciplinary, 
multinational research environment and communicate well in English and German. 
Being a good team player with the willingness of temporary assignments abroad (at 
DESY, Hamburg) will support the success of your work. 

We are looking forward to your application. 

For further information please contact Dr. Volker Schlott, Tel. +41 (0)56 310 42 37, 
e-mail: volker.schlott@psi.ch. 

Please send your application to: Paul Scherrer Institut, Human Resources, 

Mr. Thomas Erb, ref. code 8440-01,5232 Villigen PSI, Switzerland. 

Further job opportunities: www.psi.ch 

cerncourier.com 

Joint Tenure Track Faculty Position in 
Accelerator Physics 

The Division of Physics at the Illinois Ins t i tu te of Technology is seeking 
applications for a tenure track posi t ion in accelerator physics at the level of 
Assistant Professor starting as early as June 2005. The position will be a joint 
appointment funded 50% by the Fermi National Accelerator Laboratory and 
50% by IIT, w i t h a c o m m e n s u r a t e r educ t ion in the IIT teaching load. The 
successful candidate will be expected to contr ibute to FNAL's International 
Linear Collider research program, and to teach physics courses at the graduate 
and undergraduate level at IIT. A Ph.D. in physics is required, as is postdoctoral 
experience in beam physics. For full consideration, submit a curriculum vitae, 
a summary of research plans, and a s t a t emen t of teaching in teres ts and 
philosophies, and arrange for three letters of recommendat ion to be sent to 

Prof. Christopher White, Chair, Accelerator Search Committee, 
Illinois Institute of Technology, 3101 S. Dearborn St., Chicago, IL 60616. 

E-mail: physics_search@capp.iit.edu. 

The deadline for applications is March 15,2005. 

I L L I N O I S I N S T I T U T E V 
O F T E C H N O L O G Y 

Illinois Institute of Technology and Fermilab are equal opportunity, affirmative 
action employers. Women and minorities are strongly encouraged to apply. 

POSTDOCTORAL RESEARCH POSITION IN 
EXPERIMENTAL HIGH ENERGY PHYSICS 

UNIVERSITY OF CALIFORNIA, RIVERSIDE 

The D e p a r t m e n t o f Phys ics a t t h e Un ive rs i t y o f Ca l i f o rn ia , R ive rs ide , 
inv i tes a p p l i c a n t s f o r a p o s t d o c t o r a l r e s e a r c h pos i t i on t o w o r k w i t h t h e 

h igh e n e r g y phys ics g r o u p on t h e C M S e x p e r i m e n t a t CERN. 

At t h e Un ivers i t y o f Ca l i f o rn ia , R ive rs ide , w e a r e ca r r y i ng o u t a 
m u l t i - f a c e t e d p r o g r a m o f d e t e c t o r d e v e l o p m e n t a n d p r o d u c t i o n a n d 

p r e p a r a t i o n f o r phys i cs in t h e C M S e x p e r i m e n t . W e a r e s e e k i n g a 
p o s t d o c t o r a l r e s e a r c h e r t o w o r k on C M S t r a c k i n g s o f t w a r e , w i t h a n 

e m p h a s i s on phys ics , b a s e d a t U.C. R ive rs ide . The p o s t d o c t o r a l 
r e s e a r c h e r w o u l d a l so w o r k on s t u d i e s f o r t h e C M S Phys ics TDR a n d 

se rve as a l eade r a n d r e s o u r c e f o r o t h e r s in t h e U.S. w h o w a n t t o 
w o r k on t r a c k i n g s o f t w a r e . The p o s t d o c t o r a l r e s e a r c h e r w o u l d m a k e 

f r e q u e n t t r i p s t o CERN a n d U.S. l o c a t i o n s f o r m e e t i n g s a n d c o n s u l t a t i o n s . 

A p p l i c a n t s s h o u l d have e x p e r i e n c e w i t h h igh ene rgy phys i cs ana l ys i s 
a n d s o f t w a r e . A p p l i c a n t s w h o a r e a l r e a d y k n o w l e d g e a b l e a b o u t 

C M S s o f t w a r e a r e p r e f e r r e d . C a n d i d a t e s m u s t have a Ph.D. d e g r e e 
in h igh ene rgy phys ics . A p p l i c a t i o n s , i n c l u d i n g v i t ae , l ist o f 

p u b l i c a t i o n s , a n d t h r e e r e f e r e n c e le t te rs , s h o u l d be s e n t t o : 

Professor Gai l G. H a n s o n , D e p a r t m e n t of Physics 
Universi ty of Ca l i forn ia , R ivers ide , CA 9 2 5 2 1 - 0 4 1 3 , U.S.A. 

or by e-mai l t o Ga i l .Hanson@ucr .edu or Ga i l .Hanson@cern .ch 

The pos i t i on wi l l be f i l l ed a s s o o n as a n 
a p p r o p r i a t e c a n d i d a t e is i d e n t i f i e d . 

® U C R 
UNIVERSITY OF CALIFORNIA, RIVERSIDE 

The University of California is an Equal Opportunity/Affirmative Action Employer. 

( '. ^ 

Postdoc Positions in Hadronic Physics 
Two 1-year-postdoc positions in the field of theory and phenomenology of generalized 
parton distr ibutions and hard exclusive reactions are announced in the EU Integrated 
Infrastructure Ini t iat ive'Hadron Physics'. 

Thetw'o successful applicants will have the choice tojoin two groups out of the following 
8 inst i tutes: Bochum (Prof.K.Goeke), Pavia (Prof.S.Boffi), Polytechnique Palaiseau 
(Prof.B.Pire), Regensburg (Prof .A.Schafer) , Tel Aviv (Prof .L.Frankfur t ) , Valencia 
(Prof.S.Noguera), Warsaw (Prof .LMankiewicz), Wuppertal (Prof.P.Kroll). 

The pos i t ions mus t be f i l led before the end of 2 0 0 6 . Depend ing on the ins t i tu te 
pro longat ionsforanotheryearare possible.Thereare no restr ict ionsconcerningage 
and nationality. All involved inst i tutes are equal opportuni ty employers. Appl icants 
should submi t a CV, including list of publ icat ions and summary of research interests 
no later than 15 March 2 0 0 5 by e-mail to the fo l lowing e-mail address: gpd-theory-
pos tdoc@tp2. ruhr -un i -bochum.de, and shou ld ar range for two let ters of rec
ommendat ion to be sent by email to the same address. The applicants will be informed 
in the beginning of April about the outcome of the select ion procedure. 

Assistant Research Professor in Exper imenta l Nuc lea r Physics 

• Term: 3 years, non-tenure-accruing. 
• Start date: September 1, 2005. 
• Research Program: Polarized-photon experiments on the nucleon and very light nuclei in 

Hall B at Jefferson Lab, Newpor t News, VA. 
• Expertise/experience: Data acquisition and analysis/nuclear particle detectors. 
• Required: Ph.D. plus a few years experience in medium energy, electromagnetic, and/or 

few-body nuclear physics. 

Applicant should send a curriculum vitae and a one-page statement o f 
research interests, and have three letters o f reference sent directly to 

Professor B .L . B e r m a n , D e p a r t m e n t of Physics, 
T h e George Wash ington University, Washington , D . C . 20052 

[fax: (202) 994-3001; e -mai l : b e r m a n @ g w u . e d u ; website: h t t p : / / w w w . g w u . e d u / ~ c n s / ] 

Review of applications will begin M a r c h 1, 2005 and will continue until the position is filled. 
The George Washington University is an Equal Opportunity—Affirmative Action Employer; 

women and minorities are particularly encouraged to apply. 

T H E G E O R G E W A S H I N G T O N U N I V E R S I T Y 
— — ^ ^ — W A S H I N G T O N D C ~ " ™ ~" 
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C O M B I N I N G THE STRENGTHS OF U M I S T AND 
T H E VICTORIA UNIVERSITY OF MANCHESTER 

CD-

O 

P o s t d o c t o r a l Research Assoc ia tes 
Ref: PHY/CV/212 

F a c u l t y o f E n g i n e e r i n g a n d Physica l Sc iences 
S c h o o l o f Physics a n d A s t r o n o m y 

The Manchester High Energy Physics group has a track record of 
security software development as part of major international 
Grid projects, such as the European Data Grid and the LHC 
Computing Grid. This work also involves participation in the 
international standards process, through the Global Grid Forum, 
and research into new ways of giving authorised access to valid 
users of large computing resources. 

As part of our continued programme of work, we are recruiting 
two Research Associates to develop security software for use in 
Grid environments. 

The post holders will need to work within existing software 
frameworks, such as OpenSSL and Apache, and be able to 
program in the C language. Knowledge of C++, scripting 
languages such as Perl or Python, and Java would also be 
desirable, as would experience with writing code exposed to 
potentially hostile network environments. 

As well as software development, the posts may require 
attendance at workshops and conferences run by the various 
Grid projects, and writing documentation for end users and 
other developers, and so good presentational and 
communication skills would be an advantage. 

The software developed will extend our contributions to the 
GridPP Project (funded by the UK Particle Physics and Astronomy 
Research Council), the CERN-led LHC Computing Grid, and the 
European Union's European Grids for E-Science project. 

Salary w i l l be up t o £27 ,116 . These posts are init ial ly 
available for 2 years. 

In formal enquires may be m a d e to Professor Robin 
Marshall (email: robin.marshall@manchester.ac.uk) 

To app ly you should send a C.V., and t h e names and 
addresses of t w o referees by email or by mail to: Professor 
Robin Marshal l FRS FRAS FinstP, School of Physics and 
A s t r o n o m y The Univers i ty of Manchester , Manchester 
M 1 3 9PL (Tel: + (44 )161 275 4170 Email: 
robin.marshal l@manchester .ac.uk) . The closing d a t e for 
appl icat ions is 2 5 t h February 2005 . Please q u o t e a b o v e 
reference number. 

www.manchester.ac.uk/vacancies 

As an Equal Opportunities Employer the University welcomes applications from 

suitably qualified people from all sections of the community regardless of race, 

religion, gender or disability. 

CERN COURIER 
COMPUTING NEWS 

Reach key researchers, purchasers and specifiers involved in the 
LCG, EGEE and other prestigious computing projects worldwide by 

advertising in the Computing News section of CERN Courier. 

To discuss promotional opportunities in the April issue, contact: 
Yasmin Agilah 

Tel :+44 (0 )117 930 1031 
E-mail: yasmin.agilaK@iop.org 

Advertising deadline is 4 March 2005 

::ERN ^ T L C P C Z ^ ^ ^ ^ ^ 

Enabling Grids for 
E science in Europe 

C E R N 
openlab for DataGrid applications 

I N D E X T O D I S P L A Y A D V E R T I S E R S 

Advent Research Materials 10 

Amptek 8 

Babcock Noell Nuclear 10 

Bruker Biospin 59 

Burle Industries 7 

Cabum Vacuum Science 2 

C A. E. N. 60 

Cerobear 29 

CST 29 

Danfysik 3 6 

Dega-Expoteam 1 3 - 1 6 

Draka Multimedia Cable 4 0 

Electron Tubes 22 

Goodfellow Cambridge 3 4 

H Butting 3 4 

Heinzinger Electronic 20 

Hitec Power Protection 22 

Institute of Physics 22 

Instrumentation Technologies 3 6 

Integrated Engineering Software 20 

ISATEC 4 

Janis Research 42 

Metrolab Instruments 25 

Microwave Amplifiers 26 

PDE Solutions 20 

Red Hat - Global Learning Services 18 

Scionix 3 6 

Space Cryomagnetics 2 6 

VAT Vacuum Products 4, 1 1 

The index is p r o v i d e d as a s e r v i c e a n d , w h i l e every e f fo r t is m a d e t o 
e n s u r e i ts a c c u r a c y , CERN Courier a c c e p t s no l iab i l i ty fo r e r ror . 
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BOOKSHELF 

The first coil of the Synchrocyclotron arrives at CERN in 1956; one of many evocative 
images from Infinitely CERN, a glorious celebration of the organization's 50 years. 

Infinitely CERN, Editions Suzanne Hurter. 
Hardback English ISBN 2940031339 , 
hardback French ISBN 2940031320 , CHF70. 

What a magnificent book! Much more than 
just a decorative book for the coffee table, the 
feel and the layout of its 224 large-format 
pages are as satisfying as they are 
intellectually stimulating. The book is a 
captivating volume, full of memories and 
explanations. It is only with great regret that 
the reader will close the book's cover. 

It is a pleasure to see the book on sale in 
non-specialist bookshops; and it deserves to 
be there too. Its initiators the CERN Press 
Office, its editors, the book's 11 sponsors and 
the hundred or so people who have worked on 
the project and assisted in its distribution 
have all played their part in contributing to the 
task of commemoration. After 50 years that 
started out tentatively, were followed by 
dedication and which finally led to success, 
the book is a tribute worthy of this great 
European particle-physics laboratory. It 
consists of accounts that bear witness to the 
single-mindedness of CERN's founders, to the 
know-how of those who have made it a reality 
and to the competence of its scientists. 

Infinitely CERN is supplemented by a large 
number of imaginatively selected 
iconographic images appearing in 
chronological order, which tell a tale of their 
own - one of the many that could be told of 
this great European success story. However, it 
is a success that has too often been obscured 
by the rather esoteric nature of CERN's raison 
d'etre - the search for the mysteries behind 
the creation of the universe. 

Drawing up an inventory of half a century of 
diplomatic, technological and scientific 
endeavour was certainly a challenge, but a 
challenge that was taken up during the 
book's two-year gestation period. However, 
perfection being unattainable in this world, 
there are a few shortcomings. The omissions 
include the average CERN staff-member's 
view of the laboratory, which is often 
overlooked, and the views of the world's 
more illustrious personalities, which are to be 
found in the organization's highly informative 
WLivres d'Or. 

It would also have been useful to include a 
list of the presidents of council and directors-
general as key milestones through five 
decades of history. Finally, on a more prosaic 
note, this reader would have welcomed more 
systematic identification of all those 

anonymous faces from the past appearing 
throughout the book. Identifying them all 
would certainly have required time-consuming 
research, but no doubt the legions of retired 
founder members would willingly have 
volunteered for the task. 

Are these all just details? Perhaps so. In 
any case, they are details that pale into 
insignificance when compared with those that 
give cause for satisfaction. For example, the 
book includes a substantial and well deserved 
tribute to Albert Picot, to whom the 
organization owes its siting in Geneva; it is 
published in both of CERN's official languages; 
and the term "electronvolt" is written as one 
word. The book is written in an accessible 
style, has an excellent glossary and, with one 
exception, no typographical errors. 

In conclusion, the 230 or so pages of 
Infinitely CERN bear witness to the significant 
events that have marked CERN's history since 
it was founded in 1954. This inventory, which 
of necessity is neither "exhaustive nor 
objective", concludes with a reference to a 
future in which dark matter rubs shoulders 
with the nature of the vacuum and additional 
dimensions of space-time. On a less abstract 
note, the book's final message is that, after 
the huge Large Hadron Collider currently 
under construction, Europe's sub-nuclear 
physics programme might be based around a 

compact linear collider, CLIC. This acronym 
seems entirely apt for an organization that 
gave birth to the World Wide Web. 
Roger Anthoine, first editor of the 
CERN Courier. 

A Hole in Texas: A Novel by Herman Wouk, 
Little, Brown. Hardback ISBN 0 3 1 6 5 2 5 9 0 1 , 
$25. 

When a Pulitzer-prize winning author 
decides to write a book about particle 
physics, it's time to take notice. The Pulitzer is 
more often associated with incisive political 
insight than lucid science writing, and that, 
coupled with a good dose of satire, is what 
Herman Wouk delivers with A Hole in Texas. 

The book tells the story of Guy Carpenter, a 
former Superconducting Super Collider (SSC) 
physicist, who was saved from the dole 
queue by NASA's Jet Propulsion Laboratory 
when the US Congress pulled the plug on the 
SSC in 1993. When Nature runs a story 
about the discovery in China of the Higgs 
boson, Carpenter finds his quiet life 
transformed. For the next few weeks he rides 
a rollercoaster of highs and lows as he's 
swept up in the Hollywood, Washington and 
media three-ring circus. 

From an SSC physicist's perspective, the 
book starts promisingly with a quote from 
Mark Twain: "It could probably be shown by 
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facts and figures that there is no distinctly 
native American criminal class except 
Congress." Having gone on to point out that 
"at a rough guess, 99.9999 percent of all 
Americans don't know what the hell a Higgs 
boson is" - and there's a message for the 
particle-physics community there - Wouk 
begins his tale. 

The time could be now, or any t ime in the 
post-SSC, pre-LHC era, and the Chinese 
have just discovered the Higgs boson. 
"How?" you may ask. Unlike many works of 
science-based fict ion, Wouk does not delve 
too far into the details of the science. He is 
careful not to get out of his depth, and the 
scientific scenario he describes is plausible. 
He simply uses it as a pretext to do what he 
does best: providing insightful comment on 
modern society through the time-honoured 
means of storytelling. 

With A Hole in Texas, Wouk analyses the 
American political process and the power of 
the media (particularly when the bandwagon 
starts rolling), and he takes the pulse of 
modern American society. We are treated to 
the spectre of boson bombs; a media frenzy 
whipped up by journalists - some 
unscrupulous, others simply not wanting to 
miss out on a good story; a glamorous, 
brilliant and mysterious Chinese physicist; 
and the inevitable romantic intrigue. We are 
taken on a whirlwind tour that incorporates 
JPL, the hole in Texas and Washington DC. We 
meet a cast that includes an elegant 

congresswoman - who certainly does not 
deserve MrTwain's disdain, Hollywood 
moguls, C S Wu and even Dustin Hoffman. It 
all adds up to a very good read: concise, 
punchy and highly recommended. 
James Gillies, CERN. 

The Quantum Quark by Andrew Watson, 
Cambridge University Press. Hardback ISBN 
0521829070 , £19.99 ($30). 

I sometimes think I would have liked being 
a particle physicist when I grew up: all those 
tunnels and experiments the size of 
cathedrals, probing the very nature of the 
material world and possibly the secrets of its 
creation. But that could never have been. I'm 
no good at the mathematics and that seems 
to underpin everything. So it was as if a prayer 
had been answered to discover Andrew 
Watson's book. It appears to give an in-depth 
understanding of quantum chromodynamics 
with scarcely a mathematical equation in 
sight for more than 400 pages. And it's not 
like some popular-science books that seem 
as if they have reduced the language to the 
level of a Mr Men picture book! The book 
does not assume knowledge, nor does it 
insult the intelligence. 

In his preface, Watson describeshis work 
as being rather like a history book that covers 
just the history of England rather than the 
whole of Europe, and indeed he has more or 
less dismissed gravity, electromagnetism and 
the weak force by page seven. But of course, 
just as you can't describe England's history 
without bringing in France, Spain and 
Germany, and indeed the rest of the world, so 
many aspects of physics return in later 
chapters. But none is assumed. Neither are 
any overlooked that I can think of. By page 11 
we are on to group theory and by the time we 
have completed the course - and it does at 
times seem like a course - we have met 
hypercharge and isospin, instantons and the 
Drell-Yan mechanism. 

If it's all a bit much to take in, there is a 
helpful 15 page glossary at the back. But I 
could have done with an even larger glossary. 
With my attention span, there was frequent 
need to refer back. Although there is an 
appendix of the Greek alphabet it would have 
been helpful if the Greek letters that are so 
frequently used to denote particles also 
appeared in the alphabetical glossary. 

But it's not all work and no play. There is a 
refreshing scattering of metaphors, a few 

human stories and plenty of practical, 
experimental examples from the history of 
high-energy physics. 

One of the many revelations for me was 
the comparison between the quantum 
effects in the micro and macro worlds. We 
know how photons can behave like particles 
or waves. We know that the same two-slit 
experiment works on electrons, whole nuclei, 
even small molecules. So where does it 
stop? Why not golf balls? Watson reveals 
that there is an effect even there, but that 
the quantum wavelength associated with a 
golf ball is just 6 x 1 0 " 3 4 m. For a car on a 
motorway, it's 10~ 3 8 m. So I can't blame 
quantum uncertainty for a missed putt or a 
traffic accident! 

Watson himself describes his book as a 
pleasant stroll through great ideas. More 
like a high-altitude hike perhaps, but worth 
the effort. But I do wonder for whom it is 
written. Those embarking on a career or 
even an undergraduate degree in physics 
might be happy with more maths; those 
merely curious about the world around them 
may want a slimmer volume. I found this 
book rewarding, but I wonder how many 
other non-mathemagicians will be prepared 
to make the effort. 
Martin Redfern, senior producer, BBC Radio 
Science Unit. 
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VIEWPOINT 

The shock of the known 
Simon Singh believes that the best way for scientists to interest the public may be 

to forget the unknown and amaze them with what they know. 
Naturally, researchers take for granted that 
which is known, and instead focus on the 
unknown. Indeed, when I was at CERN 
working on the UA2 experiment, everyone was 
obsessed wih those areas of physics that 
were not yet understood. The public is also 
interested in those scientific subjects that still 
remain a mystery - where is the Higgs boson? 
Is string theory correct? What is dark matter? 
So when I left particle physics and became a 
science journalist, I continued to concentrate 
on unexplored territory. It was those research 
topics at the frontiers of knowledge and at the 
centre of controversy that inevitably resulted 
in the best stories. 

However, when I sat down to write Big Bang, 
I decided to adopt a different approach - 1 
wanted to celebrate how much we do know, 
and glory in the fact that we belong to the first 
generation of humans that have access to a 
coherent, consistent, compelling and 
verifiable model of the universe. The public is 
told so much about contentious issues, such 
as arguments over the existence, type and 
quantity of dark matter, that they probably 
have the impression that cosmologists know 
very little about the universe. In fact, I think 
the public would be staggered if they realized 
how much we do know. 

The fact that the universe is expanding 
might seem dull to those of us within science, 
but to outsiders it probably sounds incredible. 
I suspect that the majority of the public 
perceive the expansion of the universe as a 
weird new hypothesis that will be overturned 
in a few years. If only they realized that the 
expansion of the universe was detected more 
than 75 years ago and has since been 
measured in detail and verified in a multitude 
of ways, then they might begin to engage with 
the staggering and profound implications of 
an expanding cosmos. 

As well as spreading the gospel of our 
understanding of the universe, including the 
Big Bang model, I also wanted to show how 
superior models emerge in science and how 
they are eventually accepted, regardless of 

Simon Singh, photographed by Phil Green. 

how controversial they are initially and no 
matter how powerful their detractors might be. 
Although we should be celebrating Albeit 
Einstein in the centenary of his annus 
mirabilis, it is still worth noting that he 
vehemently opposed the Big Bang model 
when it was explained to him by the Belgian 
cosmologist (and priest) Georges Lemaitre. 
Einstein told him, "Your calculations are 
correct, but your physics is abominable." But 
a few years later, the observations showed 
that Lemaitre was right, and Einstein had to 
concede defeat in the light of reality. The Big 
Bang model turned out to be basically correct 
and remains the best game in town. 

Despite all the successes of modern 
cosmology and the Big Bang model, my book 
does feature an epilogue that explains the ways 
in which the model is incomplete. There are, of 
course, still aspects of our universe that cause 
bewilderment and arguments among 
cosmologists. For example, was there an 

inflationary period in the early universe, what is 
dark matter, what is dark energy and what is the 
fate of the universe? Such questions currently 
belong to the realm of speculation, and 
answering them sometimes seems impossible. 

However, perhaps my book offers a note of 
optimism for cosmologists, because they can 
take heart by looking back through the history 
of their subject. After all, what now seems 
completely obvious was itself mysterious to 
scientists of the past. There was a time when 
nobody had any idea of how to measure the 
distances to the nebulae, but in 1923 Edwin 
Hubble solved the puzzle and showed that 
many of them were remote galaxies. He relied 
on the periodic variation in brightness of a 
type of star, known as a Cepheid variable, 
which he spotted in the Andromeda Nebula. 
The time between peaks in brightness betrays 
the absolute brightness of a Cepheid star and 
this could be compared to its apparent 
brightness in order to deduce its distance -
and the distance to the Andromeda Nebula 
that it inhabited. Today, measuring the 
distances to galaxies is still not routine, but it 
is clearly no longer impossible. 

Perhaps the best example of a once 
impossible problem that soon became trivial 
was discussed in 1835 by the French 
philosopher Auguste Comte. He had tried to 
identify areas of knowledge that would forever 
remain beyond the wit of scientific endeavour. 
In particular, he thought that some qualities 
of the stars could never be ascertained. "We 
see how we may determine their forms, their 
distances, their bulk, and their motions, but 
we can never know anything of their chemical 
or mineralogical structure." In fact, Comte 
would be proved wrong within a few years of 
his death, as scientists began to discover 
which types of atom exist in the Sun. 
Simon Singh is the author of Fermat's Last 
Theorem and The Code Book. His latest book is 
Big Bang, published by Fourth Estate (CERN 
Courier December 2004 p40). After a PhD in 
particle physics, he joined the BBC for six years 
before turning freelance. 
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POWER B̂ <2, 

for Specific Needs 

1 Set of the 154 true bipolar corrector 
power supplies for the French 

Synchrotron SOLEIL 

For m o r e t h a n 4 0 
years Bruker B iospin 
d e m o n s t r a t e s h igh level 
k n o w l e d g e a n d c a p a b i l i t y in 
c u s t o m i z e d p o w e r conver te rs 
des ign a n d m a n u f a c t u r i n g 
Th is e x p e r t i s e is r e w a r d e d by g r e a t 
success in Sc ience a n d Indust r ies . 

Panel of s p e c s : 
• 1 V t o 100kV 
• 1A up t o 30 kA 
• 0.1 kVA up t o 3.7 M V A 

• Current stabil ity : 20 ppm 
• 4 quadrants technology 
• 19 bits resolution & linearity 
• local and remote control : 

RS232/Prof ibus 

B R U K E R B I O S P I N S.A. • France 

for m o r e i n f o r m a t i o n : w w w . b r u k e r . f r / p o w e r 

or p o w e r @ b r u k e r . f r 

B R U K E R 

http://www.bruker.fr/power
mailto:power@bruker.fr
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