
europhysicsnews
Features Issue 

The pentaquark:a new kind of elementary particle?
Taking wax for a spin... 

Freak waves: just bad luck, or avoidable?
Is science education relevant?

36/5
2005

Septem
ber/O

ctober 2005
Institutional subscription price: 
99 euros per year

European Physical Society
Article available at http://www.europhvsicsnews.org

http://www.europhysicsnews.org


2005 M
RS FALL M

EETIN
G

www.mrs.org/meetings/falS2005/

For additional m
eeting information, 

visit the MRS W
eb site at

M
em

ber Services 
M

aterials R
esearch Society

506 Keystone Drive 
W

arrendale, PA 15086-7573 
Tel 724-779-3003 
Fax 724-779-8313 

E-mail: info@
mrs.org

ENERGY AND THE ENVIRONMENT 
MECHANICAL BE HAVIOR 

SYMPOSIUM TUTORIAL PROGRAM
A: 

Hydrogen Cycle-Generation. Storage, and Fuel Cells 
Y: 

S
urfaceE

ngineering for 
 

Available only to meeting registrants, the symposium tutorials will
B: 

Next-Generation Batteries, Supercapacitors and Other 
Manufacturing Applications 

 
storage Materials 

Z: 
Amorphous and Nanocrystalline Metals for 

concentrate on new, rapidly breaking areas of research.
C: 

Material Innovations for High-Performance Building Systems 
Structural Applications

D: Organic and Nanostructured Composite Photovoltaics 
AA: Micro- and Nanomechanics of Structural Materials

and Solid-State Lighting 
BB: Mechanisms of Mechanical Deformation in 

EXHIBIT AND RESEARCH TOOLS SEMINARS
E: 

Electrochromic Materials and Applications 
Brittle Materials 

A major exhibit encompassing the full spectrum of equipment,
F: 

Materials and Technologies for Direct Thermal-to-Electric
Energy Conversion 

ELECTRONICS AND PHOTONICS 
instrumentation, products, software, publications, and services is

G: Life-Cycle Analysis Tools for “Green" Materials and 
CC: Photophysical Properties of Monolayers on 

scheduled for November 29-December 1 in the Hynes Convention
H: Multitfunctional Energetic Materials 

DD: N
a

n
o

m
a

terials and Surfaces 
Center, convenient to the technical session rooms. Research

BIO-ORGANIC/INORGANIC COMPOSITES 
. 

EE: Progress in Semiconductor Materials V—Novel Materials 
Tools Seminars, an educational seminar series that focuses on the

and Electronic and Optoelectronic Applications 
scientific basis and practical application of commercially available,

I: 
Interfaces In Organic and Molecular Electronics II 

FF: GaN, AIN, InN, and Related Materials 
J: Biomimetic Polymers and Gels 

GG: Plasmonics-Nanoscale Optics and Photonics Based 
StatS-Of-the-art tools. Will be held again this fall,

K: 
Engineering Biointerfaces via Cell-Interactive Materials 

on Metals
L: Mechanical Behavior of Biological and Biomimetic Materials 

HH: Magnetic Sensors and Sensing Systems 
PUBLICATIONS DESK

M: Flexible and Printed Electronics, Photonics, and Biomaterials 
||: 

Fabrication and Characterization Methods for
Novel Magnetic Nanostructures 

A full display of over 860 books, plus videotapes and electronic
NANO- TO MICROSTRUCTURED MATERIALS 

general interest 
databases, will be available at the MRS Publications Desk.

N: 
Dynamics in Small Confining Systems VIII

0: Nanoparticles and Nanostructures in Sensors and Catalysis 
X: 

Frontiers of Materials Research
P: Quantum Confined Semiconductor Nanostructures— 

JJ: Actinides—Basic Science, Applications, and Technology 
SYMPOSIUM ASSISTANT OPPORTUNITIES

Fabrication, Physical Properties, and Applications 
KK: Solid-Solid Interfaces from Observation to Modeling

Q: Degradation Processes in Nanostructured Materials 
LL Combinatorial Methods and Informatics in 

Graduate students planning to attend the 2005 MRS Fall Meeting
R: Assembly at the Nanoscale—Toward Functional 

Materials Science 
are encouraged to apply lor a Symposium Assistant position

Nanostructured Materials 
MM: In-Situ Electron Microscopy of Materials 

 
 

S: Nanomaterials and the Environment 
NN: Scanning Probe Microscopy in Materials Research 

and/or a Graduate  Student  Award.
00: Growth, Modification, and Analysis by Ion Beams

SMART MATERIALS AND DEVICES 
at the Nanoscale 

CAREER CENTER
T: Ferroelectric Thin Films xiv 

special forums 
A Career Center for MRS members and meeting attendees will be

U: Multiferroic Materials 
 

 
V: 

Materials and Devices for Smart Systems 
PP: Forum on Materials Science Education 

open Tuesday throught Thursday.
W: Electroresponsive Polymers and Their Applications 

QQ: IP, TT, VC, IPO, and U

http://www.mrs.org/meetings/falS2005/
mailto:info@mrs.org


CONTENTS

europhysicsnews
Volume 36 Number 5 
September/October 2005

Taking wax for a spin: 
microplates in an analog 
model of plate tectonics

 PAGE 159

Freak waves: just bad luck, 
or avoidable?

 PAGE 168

SkyWatch

FEATURES

149 The Physics that was Unlocked by 
Albert Einstein
Martin C.E. Huber

162 Is science education relevant?
Henrik Busch

151 The pentaquark: a new kind of 
elementary particle?
Klaus Goeke, Hyun-Ghul Kim, 
Michal Praszalowicz

155 Taking wax for a spin: microplates 
in an analog model of plate 
tectonics
Richard F, Katz and Eberhard Bodenschatz

159 Freak waves: just bad luck, or 
avoidable?
Eric Heller

NEWS, VIEWS AND ACTIVITIES
168 SkyWatch: introducing european 175 IUPAP conference in Physics, Rio

youth to the world of Astronomy de Janeiro, Brazil, 2005
M. Sotiriou, H. Vrazopoulos, P. loannou, Julia Yeomans, Deda Antoneta,
S. Sotiriou, E. Vagenas Gillian Gehring,Raji Heyrovska,and

169 Synchrotron light in the Middle Larissa Svirina
East 176 Condensed matter festival in
Sameen Ahmed Khan Dresden

169 ITER is to go ahead in Europe-
what happens now?
Jo Lister

170 Council 2005
172 Prizes
174 EPS conference activities

europhysics news september/october 2005 147

co
nt

en
ts



europhysicsnews
europhysicsnews is the magazine of the European physics community. It is owned by the 
European Physical Society and produced in cooperation with EDP Sciences. The staff of 
EDP Sciences are involved in the production of the magazine and are not responsible for 
editorial content. Most contributors to europhysicsnews are volunteers and their work is 
greatly appreciated by the Editor and the Editorial Advisory Board, 
europhysicsnews is also available online at: www.europhysicsnews.com

Editor Claude Sébenne email: Claude.Sebenne@imprnc.jussieu.fr
Scjence Editor GeorgeMorrison[ email: g.c.morrison@bham.ac.uk
Executive Edjtor David Lee EMAIL:d.lee@uha.fr

Graphic Designer Xayler de Araujo EMAIL: designer@europhysnet.org
Directeur de la publication Jean-Marc Quijbé, EDP Sciences

© European Physical Society and EDP Sciences

Schedule Production and Advertising Subscriptions
Six issues will be published in 2005.The mag
azine is distributed in the second week of Jan
uary, March, May, July, September, November. 
A directory issue with listings of all EPS officials 
is published once a year.

Editorial Advisory Board 
Chairman George Morrison 
Members Alexis Baratoff, Giorgio Benedek, 
Marc Besançon, Carlos Fiolhais, Bill Gelletly, 
Frank Israel,Thomas Jung, Karl-Heinz Meiwes- 
Broer, Jens Olaf Pepke Pedersen, Jerzy Pro- 
chorow, Jean-Marc Quilbé, Christophe Rossel, 
Claude Sébenne,Wolfram von Oertzen

Agnes Henri

Address EDP Sciences 
17 avenue du Hoggar, BP 112,
PA de Courtaboeuf,
F-91944 Les Ulis Cedex A • France
Tel +33 169 18 75 75 • Fax +33 169 28 84 91
Web www.edpsciences.org

Printer Printer Rotofrance • Lognes, France 
Dépôt légal: Septembre 2005

Individual Ordinary Members of the European 
Physical Society receive europhysicsnews free 
of charge. Members of EPS National Member 
Societies receive Europhysics News through 
their society, except members of the Institute 
of Physics in the United Kingdom and the Ger
man Physical Society who receive a bimonthly 
bulletin.The following are subscription prices 
available through EDP Sciences. Institutions 
99 euros (VAT included, European Union coun
tries); 99 euros (the rest of the world). Individ
uals 58 euros (VAT included, European Union 
countries); 58 euros (the rest of the world). 
Contact subscribers@edpsciences.com or visit 
www.epdsciences.com 
ISSN 0531-7479
ISSN 1432-1092 (electronic edition)

EPS Executive Committee EPS Secretariat EDP Sciences
President Ove Poulsen, Aarhus 
Vice-President Martin C.E. Huber, Villigen 
Secretary Peter Melville, London 
Treasurer Maria Allegrini, Pisa 
Members Gerardo Delgado Barrio, Madrid 

Berndt Feuerbacher, Cologne 
Paul Hoyer, Helsinki 

Hennie Kelder, Eindhoven 
Maciej Kolwas, Warsaw 

Anne-Marie Levy, Copenhagen 
Zenonas Rudzikas, Vilnius

Secretary General David Lee 
Administrative Secretary Sylvie Loskill 
Accountant Pascaline Padovani 
EPS Conferences Patricia Helfenstein 

Ophélia Fornari 
Computer Engineer Ahmed Ouarab 
Graphic Designer Xavier de Araujo 
Europhysics Letters Yoanne Sobieski 

Gina Gunaratnam 
Alexandre Berthereau

Address EPS • 6 rue des Frères Lumière 
BP 2136 • F-68060 Mulhouse Cedex • France 
Tel +33 389 32 94 40 • Fax +33 389 32 94 49 
Web www.eps.org
The Secretariat is open 08.00-17.00 CET 
except weekends and French public holidays.

Managing Director Jean-Marc Quilbé

Address EDP Sciences 
17 avenue du Hoggar, BP 112,
PA de Courtaboeuf,
F-91944 Les Ulis Cedex A • France
Tel +33 169 18 75 75 • Fax+33 169 28 84 91
Web www.edpsciences.org

36/5
2005

Septem
ber/October 2005

Institutional subscription price: 
99 euros per year

148 europhysics news september/october 2005

http://www.europhysicsnews.com
mailto:Claude.Sebenne@imprnc.jussieu.fr
mailto:g.c.morrison@bham.ac.uk
mailto:d.lee@uha.fr
mailto:designer@europhysnet.org
http://www.edpsciences.org
mailto:subscribers@edpsciences.com
http://www.epdsciences.com
http://www.eps.org
http://www.edpsciences.org


FEATURES

The Physics that was 
Unlocked by Albert 
Einstein
Martin C.E. Huber,
Vice-President of the EPS.

eyond Einstein -  Physics for the 21st Century, the 13th General 
Conference of the EPS was the scientific finale of the cente

nary celebrations of the annus mirabilis in Bern.
At preparatory meetings for the ‘World Year of Physics’ people 

often commented that the Einstein Centenary Celebrations in 
Bern might become one of the high points, if not the high point 
of WYP2005. And, indeed, they were! ‘Forum Einstein 2005 Bern’, 
an association of institutions of education and science, had made 
plans for a sequence of public events taking place in the months 
leading up to July 2005. These comprised a discussion forum on 
“The Culture of Innovation from Science to Product”, a one-day 
seminar about Einstein’s relationship to music, and talks and de
bates by historians of science on Einstein’s discoveries1. Upon an 
International Celebration Day, on Saturday 9 July, consisting of 
a Symposium on “Perspectives for Physics in Einstein’s Tradi
tion”2 and an Official Ceremony under the auspices of Mr. 
Samuel Schmid, President of the Swiss Confederation, followed 
the 13'h General Conference of EPS, EPS 13, which dovetailed in
to the Annual Congress of the Swiss Academy of Science and an 
Open Day organised jointly by the Academy, EPS, the Swiss Phys
ical Society and others.

The official celebration of 9 July 2005 took place in the late af
ternoon, following a morning of talks to an overflow audience by 
Anton Zeilinger (A), the Nobel Laureate Claude Cohen-Tan - 
noudji (F) and Alan Guth (USA). The President of the Swiss Con
federation, Samuel Schmid, opened the Celebration in the concert 
hall of the Bern ‘Kulturcasino’, where well over a thousand guests 
from politics, science and industry as well as from the public at 
large had gathered. President Schmid considered that the prime 
reasons for Einstein’s becoming an idol were his civil courage and 
humanity. The scientist Einstein was convinced that care of hu
man beings must be the main aim of all technical efforts. Einstein, 
as a human being, also lived ‘the liberty of being allowed to be 
different, and had the will to think beyond the point, where oth
ers stopped.’ This liberty, Schmid said, may have been underlying 
current of the development of Einstein’s outstanding abilities.

The Director General of UNESCO -  the organisation that had 
declared the ‘World Year of Physics 2005’ -  spoke next, and ex
pressed his hope that the World Year would bring more young 
people to physics and, in general, would result in a better under
standing of the qualities of this central scientific discipline.

Anders Bârâny, of the Nobel Museum, then gave an account of 
the developments that had led to Einstein’s Nobel Prize. Appar
ently, Einstein’s main relief after the award was that he didn’t have
1 The talks and debates by historians of science on Einstein’s discoveries 
have been recorded on DVD
2 The talks by A. Zeilinger, C. Cohen-Tannoudji and A. Guth at the Inter
national Symposium on “Perspectives for Physics in Einstein’s Tradition” 
have been recorded on DVD.

to hear the enquiry “Why don’t you receive the Nobel Prize?” 
Einstein, it is now agreed, did contribute more to the prestige of 
the Prize than vice-versa.

Iris Zschokke-Gränacher, a Swiss physicist who had helped 
guide Swiss science policy in many honorary functions, men
tioned numerous applications that had come out of Swiss insti
tutions performing basic research in physics and are taken for 
granted today. She drew urgent attention to the need for proper 
funding of basic research. She also stated that the potential Eu
ropean Research Council, must add to, not replace, national sci
ence funding.

The ‘father of Quarks’, Nobel Laureate Murray Gell-Mann, 
then received the ‘Bern Einstein Medal’ in recognition of his 
achievements in a life of science. In his speech, he illustrated cre
ative thinking that jumps over borderlines -  and also sometimes 
can go wrong in real life (‘why not’ in the case of Enron, for ex
ample!) -  to a highly appreciative audience.

Brief musical interludes, among them a performance of‘Five 
Madrigal Stanzas’ for violin and piano that by Bohuslav MartinU 
had composed for the violinist Albert Einstein, were nicely in
terspersed between the various speeches.

As stated at the outset, the EPS 13 Conference was the scientific 
finale of the celebrations. It was devoted to the professional physi
cist, and started on Monday morning, 11 July 2005 with three 
welcome addresses by the Rector of the University of Bern, 
Christoph Schäublin, the Swiss Secretary of State for Education 
and Science, Charles Kleiber, and the EPS President. The latter re
minded the audience that physics and closely related sciences in 
Europe are blossoming, as evidenced by many major physics fa
cilities being constructed in Europe, such as the LHC and ITER 
and fine facilities run by ESA and ESO -  in space and in Chile. 
Nevertheless, there was still a net brain drain out of central and 
eastern, but also western Europe. Thus, better career prospects 
for physicists must be provided in Europe, and EPS will have to 
continue working on assuring that physics as a profession fares 
better in Europe.

Three magnificent plenary talks on TOO Years of Relativity’, 
‘Attosecond Lasers’, and ‘Brownian Motion and Later Develop-

 Fig. 1: In the'Green Room' before the official celebration: 
the President of the Swiss Confederation, Samuel Schmid, 
speaking with the Director General of UNESCO, Prof. Koichiro 
Matsuura.ln the background the Vice-Director of the Nobel 
Museum, Stockholm, Anders Bârâny, who later spoke about 
the prolonged developments in the Nobel Physics Committee 
that led to the award of the Nobel Prize to Albert Einstein. 
(Photo: Eidg. Dept. f.Verteidigung, Bevölkerungsschutz und 
Sport, VBS)
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 Fig. 2: The main organiser of the WYP2005 event 'Physics 
Enlightens the World' and the EPS President frame national 
organisers who made particularly successful efforts in 
realising the event.

merits’ then opened scientific part of EPS13. The speakers, re
spectively, Thibault Damour, Ferenc Krausz and Giorgio Parisi 
thus introduced the audience to the current status of the blos
soming fields that had been unlocked by Einstein in 1905. 
Thibault Damour, who at the same time received the Cecil F. 
Powell Memorial Medal in recognition of his efforts towards 
achieving a grand unification of all fundamental forces, discussed 
the role of the theories of Special and General Relativity in the 
present framework of physics, summarised their experimental 
verification, and presented the motivation for further tests. Fer
enc Krausz reported on the progress towards the development 
of laser pulses with a duration between 10’u s and 100 s, i.e., an 
attosecond. The reproducible generation and measurement of 
isolated 250-attosecond extreme ultraviolet pulses and first at
tosecond time-resolved observations of atomic electron dynam
ics demonstrate that tools and techniques for studying the mo
tion of electrons in the microcosm, i.e., at atomic and molecular 
length scales, are now becoming available. Giorgio Parisi demon
strated the enormous influence and potential of Einstein's paper 
on the Brownian motion. He explained that the paper was one of 
the first successful applications of statistical mechanics beyond 
kinetic theory of gas, and that it was extremely important in con
vincing scientist at the time of the existence of atoms.

During the main part of EPS 13, namely the three parallel con
ferences with the themes: 1. "Photons, Lasers and Quantum Sta
tistics”, 2. “Relativity, Matter and Cosmology” and 3. “Brownian 
Motion, Complex Systems and Physics in Biology” which took 
place from Monday afternoon until Thursday afternoon -  par
ticipants discussed in depth the state of the art of the fields that 
Albert Einstein had unlocked in Bern early in the 20lh Century. All 
EPS Divisions were involved in the organisation, several of them 
collaborating in the three parallel conferences. Moreover, ESA, 
ESO and CERN had decided to hold their triennial joint Sym
posium together with the second Conference on ‘Relativity, Mat
ter and Cosmology’.

The interest in EPS 13 among the community was therefore 
large: 570 physicists had registered. A fund of 65,000 €  had been 
accumulated over the three years since EPS12, and this permit
ted EPS to award grants to numerous scientists. Many of these 
scientists were at the beginning of their career and from coun
tries, where national funding might have permitted attendance 
for very few, if any! Also, thanks to the support of the Regional 
UNESCO Regional Office for Science in Venice, EPS-UNESCO 
(ROSTE), short-term fellowships could be given to a number of 
young scientists from South-Eastern European countries.
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The EPS 13 participants had several opportunities for respite 
from the rigours of science. A reception at the Historical Museum, 
where the Major Special Exhibition ‘Albert Einstein (1879-1955)’ 
could be visited, took place on Monday evening. And ‘Symmetry, 
Music, and the Flow of Time -  some thoughts about art, symme
try and science, put into words and music on two grand pianos’ 
was the tide of a cultural presentation at the ‘Hochschule der Kün
ste’ scheduled on Tuesday evening. There was, of course, also a 
Conference Dinner, offered at two places, namely in the tradi
tional ‘Kornhauskeller’ and in the recently opened ‘Paul Klee Zen
trum’ that has been designed by the architect Renzo Piano

Another high point, again of scientific nature, was the award of 
the Europhysics-Agilent-Prize, to David Awschalom (USA), 
Tomasz Diet! (Poland) and Hideo Ohno (Japan). The laureates, 
who have pioneered, in international collaboration, the promising 
area of ‘spintronics’ with their work on spin effects in semicon
ductor materials, each gave an aperçu of their contributions to the 
achievement being honoured. And, of course, there was the Gen
eral Meeting, where the President, the Executive Secretary and the 
Secretary General reported on the state of the Society. In a further 
award ceremony, John Lewis received the Thomas Medal in pres
ence of Edit Thomas, Martial Ducloy was awarded the Prize for 
‘Public Understanding of Physics’, and further honours were be
stowed on physicists who had been particularly active in their na
tional fight relays of WYP2005 — ‘Physics Enlightens the World’.

On Friday, 15 July 2005, the last day of EPS13, EPS joined with 
CERN, EFDA/JET, ESA, ESO, the Swiss Academy of Sciences, the 
Swiss Physical Society and the Institute of Physics in Bern, in of
fering a day of the open door to the public at large. Over a thou
sand people took advantage of this opportunity, which -  among 
many other attractions -  featured demonstrations of the Danish 
Group ‘Fun Physics’ and also, in the afternoon, a webcast, where 
sites of CERN in Geneva, ESO in Chile, ESA in Noordwijk and 
EFDA/JET in Culham, U.K., were visited with a two-way video 
fink, and where the audience could ask questions (in some cas
es even in the local Bernese dialect) about the scientific work 
and also the daily fife of the researchers in their international 
environment.

The overall event of the Einstein celebrations of the ‘Forum 
Einstein 2005 Bern’ concluded with a loud, but relaxing one-hour 
jazz concert in the tent set up in front of the Building for Exact 
Sciences. Here the EPS Presidency was handed over to Ove 
Poulsen, and as a permanent mark of the Einstein celebrations, 
the ‘Einsteinterrasse’ was inaugurated.

After all these celebrations have become history, a visit to the 
city, which was Einstein’s home early in the 20lh Century is still 
worthwhile: not only the ‘Einsteinterrasse’, also the ‘Einsteinhaus’ 
-  renovated and extended in view of die centennial of the annus 
mirabilis -  and an ‘Einstein Path’ guiding the visitor on the vestiges 
of Albert’s daily fife, remain and are accessible to visitors. More
over the superb exhibition “Albert Einstein (1879-1955)” in the 
Historical Museum Bern will remain open until 17 April 2006.

Thanks are due to many people who have helped making 
EPS 13 a success: Martial Ducloy, the Chair of the International 
Programme Committee; the Conference Co-ordinator, 
Christophe Rossel; the Chair of the Local Organising Committee, 
Hans Balsiger; the Corresponding Chairs of the three parallel 
Conferences, namely Sandro de Silvestri, A.M. Cruise and Jean 
Pierre Boon; Ophélia Fornari from the EPS Conference Services, 
and all their helpers, all the speakers, poster presenters and gen
eral participants. ■

More pictures to be seen in a coming issue of Europhysics News 
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The pentaquark: 
a new kind of 
elementary particle?
Klaus Goeke ', Hyun-Chul Kim2, Michal Praszalowicz3 
' Institut für Theoretische Physik II, Ruhr-Universität Bochum, 
D—44780 Bochum, Germany,

2 Dep. of Physics, and Nuclear Physics & Radiation Technology 
Institute (NuRI), Pusan National University, 609-735 Pusan, 
Republic of Korea,

3 M. Smoluchowski Institute of Physics, Jagellonian University, ul. 
Reymonta 4, 30-059 Krakow, Poland.

Despite intensive experimental studies for half a century and theoretical work based on Quantum Chromodynamics (QCD) in the last 30 years, our understanding of nucleon structure is still far from being complete. This is reflected by the several competing models of nucleons or, more broadly, light baryons, as e.g. various constituent quark models with gluonic or chiral forces, or topological and non-topological solitonic models. There are also sum-rule approaches and lattice gauge calculations, which are less model dependent but not always reliable. This situation is unsatisfactory. Nucleons are the main building blocks of matter around us, they provide the mass for the baryonic (i.e. visible) matter of the universe, and we need to understand their structure and their dynamics.
In this situation the prediction and discovery of the narrow 

baryonic resonance 0 + with strangeness of+1, i.e. containing one 
excess strange anti-quark, may prove to be extremely important, 
since it perhaps indicates the existence of a new class of baryons, 
and this may shed a completely new light on the present models 
for baryon structure. Actually the 0 + has a mass of 1530 MeV, 
compared e.g. to 938 MeV for the nucleon, and a decay width of 
the order of 1 MeV, which is two orders of magnitude smaller than 
expected for baryons in this energy region. It has in 2002 and 2003 
been identified by several groups [1] using different reaction 
processes. Such a state is extremely exciting because it is unam
biguously exotic in the sense that it cannot be a simple three-quark 
state. These experiments have been triggered by predictions of 
mass and decay width in the chiral quark soliton model (χ QSM) 
by Diakonov, Petrov and Polyakov [2] in St.Petersburg and 
Bochum. An earlier estimate of the mass in the soliton approach 
of the Skyrme model was given by Praszalowicz [3] in Krakow. 
The discovery of Θ+ together with the accurate prediction of 
Ref. [2] have initiated considerable theoretical activity. The discus
sion got even very heated since several other experiments in the 
last year, mostly of higher energy, did not show any evidence of the 
Θ+, see refs. [4]. Besides the Θ+ there is perhaps an observation of 
an exotic state at 1860 MeV by the NA49 experiment at 
CERN [5], though it is still under debate. Much of the theoretical 
activity has been aimed at understanding the structure of these 
exotic states, Θ+ in particular. Besides using the chiral solitonic 
approach the most common treatment of this problem has been 
based on extensions and variants of the constituent quark model 
[7] and of the Skyrme model [8]. While these approaches are all 
interesting, they all are also highly model-dependent and it is dif
ficult to assess in an a priori way their validity.
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 Fig. 1 : (a)The structure of the proton with two up- and one0 
down-quark (uud). (b)The structure of the Θ + with two up- 
quarks,two down-quarks and one strange anti-quark (uudds).

The analysis based on the SU(3) chiral soliton model [2] 
appears different from other treatments of the Θ+ structure in 
a number of ways: I) Exotic SU(3) representations containing 
exotic baryonic states are naturally accommodated within the 
chiral soliton models [3]. II) The soliton approach was used to 
predict exotic states by linking their properties to the known 
baryons in octet and decuplet of SU(3)flavour. In contrast to the 
other treatments it preceded experimental discovery by many 
years. Ill) Despite some freedom as far as model parameters 
are concerned the predictions of the mass were very accurate 
[2,3]. IV) The width was predicted to be very small [2], which 
is consistent with the widths presently observed [9].

In the present paper we will in the first part review the quark 
model of baryons and give some historical background. Then we 
discuss the deficiencies of the quark model, consider sponta
neously broken chiral symmetry, and focus our attention on the 
solitonic (mean field) approach to the Θ+ and the anti-decuplet in 
the framework of a relativistic quantum field theory [6]. A 
discussion of the decay width and a report on the discovery of Θ+ 
finalizes the paper.

The quark model: history and presence
In 1963 Gell-Mann and Zweig suggested a model for the nucleon 
and the light baryons which was based on the concept of group 
theory. They were able to classify the baryons by the quantum 
numbers of isospin T, T3 and hypercharge Y, characteristic of the 
multiplets of the symmetry group SU(3)-flavour. The model was 
formulated in terms of quarks, that constituted the fundamental 
representation of SU(3). The model turned out to be highly suc
cessful and allowed Gell-Mann to predict the existence of a new 
particle, the Ω-, which was rather soon identified experimentally. 
The model was then extended dynamically involving phenome
nological potentials, in which the quarks moved, or appropriate 
quark-quark interactions, which in the modem terminology con
sisted of confining potentials and gluon and/or meson exchange 
forces. The forces and quark masses were adjusted to observables 
of the baryons as masses, magnetic moments, radii, etc. In the 
end the following picture emerged: The nucleon and the light 
baryons consist of three quarks with spin =1/2 and with flavours 
up, down and strange. These have fractional charges Q = 2e/3, 
-e/3, -e/3 and masses of about 350 MeV for up- and down-quarks 
and for the strange quark about 100-200 MeV heavier. For ex
ample the proton consists in this scheme of two up-quarks and 
one down-quark (uud, see fig.la). The baryons can be arranged 
in octets and decuplets of the SU(3) flavour group, characterized 
by quantum numbers of isospin T, T3 and hypercharge Y and 
combined with an antisymmetric colour structure. All attempts to
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find structures not belonging to this scheme, e.g. containing an
other number of quarks or besides quarks also a few anti-quarks, 
were in vain. This historical circumstance led to the wide-spread 
belief that ‘exotic’ baryons, which cannot be constructed of three 
quarks and belong to higher SU(3) multiplets, do not exist. This 
belief might be now discredited with the discovery of the Θ+. It 
has the quark structure uudds and hence consists of five (Greek: 
penta) quarks rather than three, see fig. lb.

Concept of constituant quarks
In the 1970’s Quantum Chromodynamics (QCD) was formulat
ed as a relativistic quantum field theory of the strong interaction 
involving quarks as particles and gluons as interacting field quan
ta. As far as the up-, down- and strange sector was concerned, 
these quarks have small masses of mu = 4 MeV, md-7 MeV (and 
ms -  150 MeV) and are so called current quarks to be distin
guished from constituent quarks in the quark models of about 
350 MeV. For massless quarks (and even 150 MeV is nearly mass
less) the QCD-Lagrangian shows chiral symmetry. This means 
that in the QCD-Lagrangian right-handed quarks do not 
interact with left-handed ones and vice versa. However this sym
metry is not realized in nature but is spontaneously broken. This 
effect occurs analogously in ferromagnetism, where the forces 
which couple the electronic spins and hence the Hamiltonian of 
the system are rotationally invariant, whereas in the ground state 
the spins are aligned in some definite direction resulting in a non
zero magnetization and violation of the rotational symmetry.

For the structure of light hadrons this spontaneous breaking of 
chiral symmetry is probably the most important mechanism. This 
effect has its origin in the zero-point quantum fluctuations of the 
gluon field in the vacuum of QCD. Peculiar for QCD is that there 
are specific large fluctuations called instantons with average size 
and average separation of roughly 1/3 fin and lfm , respectively. If 
fight quarks propagate through this fluctuating gluon vacuum, 
“hopping” from one randomly situated instanton fluctuation to 
another, they behave like electrons in a lattice structure, i.e. they 
gain an effective mass which in the case of the quarks is a large dy
namical momentum dependent mass M(p) serving of equal im
portance as the quark-pion coupling constant. This dynamical 
mass is the key for understanding the properties of fight hadrons. 
Its value at zero momentum, M(0) = 350MeV, is what is usually 
called the “constituent” quark mass (to be distinguished from the 
small input “current” quark masses of the QCD Lagrangian). Thus 
spontaneous breaking of chiral symmetry results in the end in the 
following effect: The almost massless u, d, s current quarks ac
quire the dynamical momentum-dependent masses Mu, d, s(p) 
(constituent masses) and this is simultaneously connected with 
the occurrence of massless Goldstone bosons which are in nature 
the fight (nearly massless) pseudoscalar mesons TT, K, η.

The standard belief is that a linear confining potential pro
vides the mechanism to bind constituent quarks to baryons and 
mesons. The confining potential is supposed to show some 1/r
dependence for small distances and a linear rise r at large ones. 
However, in the real world with very fight pions this cannot be 
correct because while increasing the distance between two quarks 
it is energetically favorable to create quark-antiquark pairs from 
the vacuum and to screen the confinement potential. The screen
ing is so strong that in the end all that is left are constituent 
quarks with a dynamical momentum dependent mass M(p) 
interacting with a mean field with the quantum numbers of the 
pseudoscalar Goldstone bosons, i.e. π, K and η. Actually there is 
not much freedom in formulating this in terms of a field theory 
since the interaction of pseudoscalar mesons with constituent

quarks is to a large extent dictated by the chiral symmetry of 
QCD [10] yielding a well defined and more or less unique low- 
momenta effective theory.

Relativistic mean field approach to the nucleon
The low-momenta quark-pion effective theory described above 
is a big step forward, as compared to the original formulation of 
QCD: it operates with the adequate degrees of freedom, namely 
the dynamically-massive quarks and the fight pseudoscalar me
son field [6]. The transition to these new degrees of freedom is 
similar to the transition from Quantum Electrodynamics (i.e. the 
microscopic theory of the atoms) to the electrons in a material, 
whose mass is not the original 0.511 MeV but a heavier effective 
mass, and whose most important interaction at the atomic “low 
energies” is not the Coulomb (read: gluon) field but rather the 
phonon (read: pion) exchange. Phonons are collective excitations 
of atomic lattices, and they are Goldstone bosons associated with 
the spontaneous breaking of the translational symmetry by the 
lattice. Pions are collective excitations of the QCD ground state 
(vacuum), and they are Goldstone bosons associated with the 
spontaneous breaking of chiral symmetry. Continuing the anal
ogy, the Cooper pairing of electrons in a superconductor is due 
to phonon exchange that is much stronger than the Coulomb 
force between electrons (being actually a repulsion). Analogous
ly, the binding of quarks into a nucleon can be explained as due 
to their interaction with the pion field. Although the corre
sponding low-momenta effective theory is a great simplification 
as compared to the microscopic QCD, it is still a strong-coupling 
relativistic quantum field theory which is solved and applied to 
fight baryons in the chiral quark soliton approach (xQSM) [10] 
and variants of it [ 11 ]. In this approach the quarks with the mo
mentum-dependent mass M(p) move in a self-consistently gen
erated pseudo-scalar mean field similarly to the Hartree-Fock 
potential in nuclear and atomic physics.

In contrast to the naive quark models, the χQSM is relativis
tic-invariant. Being such, it necessarily incorporates quark-anti
quark admixtures to the nucleon. Quark-antiquark pairs appear 
in the nucleon on top of the three valence quarks as particle-hole 
excitations of the Dirac sea distorted by its interaction with the 
pion mean field [remember: the Dirac sea comprises all the lev
els with negative single particle energy since they always appear 
as solutions of the Dirac equation]. In addition there will be vi
brations of the multitude of quarks moving in the self-consis
tent field and the reaction of the self-consistent field to this move
ment. These excitations should be described by means of rela
tivistic random-phase-approximations, which, however, are not

 Fig. 2: The lowest baryon multiplets which can be 
interpreted as rotational states in ordinary and 3-flavour 
spaces,shown in the hypercharge-isospin Y-T3 plane.
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considered in the present context. In fact this mean field approx
imation with successive quantization of collective rotations in 
coordinate space and flavour space is known to be very successful, 
since it has described many properties of light baryons, as e.g. 
mass splittings and form factors of octet baryons, and parton 
distributions and generalized parton distributions of the nucleon.

Rotational excitations
A mean field solution as such does not provide the quantum 
numbers of the baryon yet. This is well known from nuclear 
many body physics, where e.g. the Hartree-Fock solution of a de
formed nucleus has to be projected by Peierls-Yoccoz techniques 
on good angular momentum. There the results are multiplets 
characterized by the total angular momentum J and dimension 
of d = 2/ + 1. The states inside a multiplet are \J,K > with pro
jection K of the angular momentum in the body fixed frame with 
K = In the present case for each J the members of each
multiplet are characterized by two quantum numbers, i.e. the 
isospin T3 and hypercharge Y. The reason lies in the more 
complicated structure of the symmetry group, which for three 
flavours of the quarks (up, down, strange) is SU(3). If one de
notes the SU(3)-multiplets by their dimension and their angular 
momentum and parity one obtains (8, 1/2+) , (l0,3/2+) , (10,1/2+ 
(27,3/2+) , (27,1/2+. They are ordered D y increasing mass, see Fig.
2. The first two (the octet and the decuplet) are indeed the lowest 
baryonic multiplets in nature. They are also the only ones whose 
states can be composed of just three quarks in an orbital s-state, ac
cording to the quantum numbers. All other multiplets need ex
plicitly the inclusion of the negative-energy single quark orbits 
(Dirac sea) and their distortion due to the interaction with the 
mean field. If one disentangles this distortion by means of the 
Thouless-Theorem it corresponds to lp -  lh-excitations (or quark- 
antiquark excitations) with respect to the unperturbed Dirac sea. 
Hence e.g. the states in the anti-decuplet (lO,1/2+) have structure 
with dominating components uuddü or uudds. Here the uuddü 
has in (lO1/2+) the same quantum numbers as udd of the ordinary 
octet and hence would fit into a pure 3-quark scheme. On the 
other hand, the uudds is truly exotic, since it cannot be formed 
by three quarks and has no counterpart in the octet.

An interesting question is where to stop in this fist of multi
plets of the soliton. Apparently for sufficiently high rotational 
states the rotations become too fast: the centrifugal forces will 
rip the baryon apart. Also the radiation of pions and kaons by a 
fast-rotating body is so strong that the widths of the corre
sponding resonances blow up. Actually one needs to compute 
their widths in order to make a judgement. If the width turns 
out to be in the order of hundreds of MeV, one can say that this 
is where the rotational sequence ceases to exist.

An estimate of the width of the lightest member Θ+ of the an- 
tidecuplet, shown at the top of the anti-decuplet, gave a surpris
ingly small result: ΓΘ < 15 MeV. This result, obtained in the chi
ral quark soliton model, immediately gave credibility to the ex
istence of the anti-decuplet and motivated the experimentalists 
to search for this new baryonic particle .

Prediction and observation of the Θ+
In 1997 Diakonov, Petrov and Polyakov [2] summarized the results 
on the antidecuplet obtained in a collaboration between theory 
groups of the University of Bochum and of the Petersburg Nuclear 
Physics Institute in Gatchina. There were two striking features: Θ+ 
had to be relatively fight (1540 MeV) and surprisingly narrow (ΓΘ+ 
<15 MeV). This prediction has to be contrasted with naive quark 
model expectations where such a state should be as heavy as 1.7 - 
1.9 GeV, broader than 100 MeV and of negative parity.

On the experimental side, from 1960’s till early 80’s there have 
been intensive searches for exotic S = +1 baryons in 1.7 -1.9 GeV 
energy range with no convincing results. After 1986 the Particle 
Data Group stopped mentioning these searches. The 1992 partial 
wave analysis of the KN scattering data concluded that there 
might be broad resonances but, if there were any, they ought to 
be in a high-mass range. In fact, today we know that those KN- 
data are consistent with the present finding of the Θ+ if this has 
a width of about one MeV [9].

In October 2002 T. Nakano [1] from LEPS collaboration re
ported the first evidence of the new baryon from the yC reac
tion. Independently, the DIANA collaboration led by A. Dolgo- 
lenko at ITEP, Moscow, looked into their K+Xe bubble chamber 
data. In December 2002 the group reported on the observation 
of a very narrow Θ+. The next groups, including two CLAS ex
periments (yd pnK+K~ and yp nπ+K°K°) at Jefferson Lab., 
knew about these two experiments, and gave very important con
firmation using various reactions and final states [ 1 ], see fig. 3 for 
the reaction process at DESY. Later several experiments, mostly 
of higher energy, announced negative results [4].
It should be noted that all the experimental results (including 
the negative ones) came from reanalyzing the raw data of old 
experiments designed originally for other purposes. Recently 
LEPS (Spring8, Japan) and CLAS (Jlab, USA) have launched ded
icated high statistics programs searching for exotic baryons. 
While the first results from LEPS confirmed the existence of 0 + 
in yd photoproduction, the analysis of (yd —» pnK+π~π  and yp 
—> n π+π~K+) reactions at CLAS gave negative results. Prelimi
nary as they are, these findings show our ignorance as far as the 
production mechanism of Θ+ is concerned. Only when the full 
analysis including different final states is completed one can 
know whether these high statistics searches will invalidate or con
firm the first low statistics sightings announced over the last 3 
years. Therefore, one is now looking forward to the forthcoming 
results, for the issue to be finally resolved.
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The decay width of Θ+
All experiments giving evidence of the Θ+ see that it is narrow, the 
most stringent bound being Γ < 9MeV. The indirect estimates 
[9] show that it can be actually as small as IMeV or even less. If 
correct, Θ+ would be the most narrow strongly decaying particle 
made of fight quarks. Any theoretical model of Θ+ has to explain 
the unusually small width first of all.

The Chiral Quark Soli t ion Model, which motivated the exper
imentalists, gave an estimate Γ < 15MeV [2]. To understand the
oretically the small width it is helpful to go into a coordinate 
frame where it makes sense even for a relativistic system to talk

 Fig.3:The reaction in which the Θ+ was found by the 
HERMES collaboration at DESY
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of the number of particles. This is the infinite momentum frame. 
In this system the baryon wave function falls into separate sectors 
of the Fock space: three quarks, five quarks (i.e. three quarks plus 
one quark-antiquark pair), etc. The difference between the ordi
nary nucleon and the Θ+ is that the nucleon has mainly a three- 
quark component and a small five-quark component, while Θ+’s 
Fock space starts from the five-quark component with small sev
en-quark admixtures.
For the calculation of the decay width of Θ+ it is important that 
the Θ+ decays only into n + K+ and p + K° and the kaon is not an 
arbitrary meson but a (nearly massless) Goldstone meson. 
Hence, it is in some approximation sufficient to evaluategΘA—>NK 
as a transition matrix element of the axial charge between Θ+ 
and the nucleon states. In the infinite-momentum frame the op
erator of the axial charge does not create or annihilate quarks 
but only measures the axial charge of the existing quarks. Thus, 
the matrix element in question is non-zero only between the pen- 
taquark and the five-quark component of the nucleon, and this 
is known to be small. In addition there is a suppression in the 
overlap between Θ+ and the 5-quark component of the nucleon 
and there are also some phase space arguments. A crude prelim
inary estimate shows that the Θ+ width can be very small.

Summary
The discovery of the exotic Θ+ with minimal quark structure 
uudds may provide a sensation since, if confirmed, it is the first 
baryonic particle that cannot be composed of three quarks. The 
chiral quark soliton description of baryons has predicted the 
mass and an upper limit for the decay width of this particle pri
or to the experiments and in agreement with the present data. 
The model corresponds to a relativistic mean field description 
of the nucleon, where the quarks move in a self-consistent mean 
field of pionic and kaonic character. It uses an effective chiral 
Lagrangian based on spontaneously broken chiral symmetry of 
the QCD. In a natural way the chiral quark soliton model de
scribes the well known lowest two multiplets (8,1/2+ (l0,3/2+) and 
it predicts two more exotic particles being members of an anti- 
decuplet (lO,1/2+) consisting of pentaquarks. The very narrow 
width of the Θ+ can be explained by the small overlap of the 5- 
quark light cone wave function of the Θ+ with the small 5-quark 
light cone component of the wave function of the nucleon.

If confirmed, Θ+ will not only be a new kind of subatomic 
particle but will seriously influence our understanding of the 
structure of ordinary nucleons. ■
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Taking wax for a spin: 
microplates in an analog 
model of plate tectonics
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Watching the divergence o f tectonic plates at a mid-ocean 
ridge is about as riveting as watching the grass grow; if you 

had the patience to stare for a year straight, you’d only see move
m ent of a few centimeters. And, incidentally, w ith about four 
kilometers o f water between the sea-floor and the closest ship, 
you’d have to be clever to figure out just how to get a view. Now 
consider the excitement of watching millions o f years o f geologic 
time unfold in seconds, in the comfort of your own laboratory. It’s 
like one of those high-speed movies of clouds skittering across the 
sky -  except that the clock is ticking about 1015 times faster than 
usual and you’re watching dynamic processes that are impossible 
to observe in their natural setting. We’ve been whiling away geo
logic time just so, and not merely for entertainment.

In a paper recently published in the New Journal o f Physics [ 1 ] 
we describe a wax analog model that simulates the divergence of 
two brittle lithospheric plates above a ductile mantle, exactly as 
it occurs beneath the sea at a mid-ocean ridge over millions of 
years (the lithosphere is the mechanical boundary layer at the 
surface o f the Earth where the strength o f rock increases 
dramatically). This work breaks new ground in quantifying the 
kinematic evolution of a curious tectonic feature of mid-ocean 
ridges, the microplate. Here we give a summary of that work.

In a world where tectonic plates glide slowly from their origin 
at mid-ocean ridges to where they founder at subduction zones, 
microplates remain trapped between major plates on a mid-ocean 
ridge and spin (geologically speaking) about a vertical axis. They 
grow as they rotate by accreting lithosphere at their edges, leading 
to a characteristic spiral pattern of pseudofaults, visible to the 
trained eye through sonar surveys of sea-floor topography. This 
was geologic theory anyway, derived from the creative minds of 
marine geophysicists who had never actually watched the sea-floor 
in m otion [2]. We quantified this theory, applied it to detailed

► Fig. l : Time series of images showing a growing 
microplate at 15 second intervals. Spreading is to  the top and 
bottom of each image at a half-rate of 35 µm/sec. (Left 
column) Images of the microplate. [Right column) Images 
identical to those in the left column but with pseudofault 
pairs and spreading ridge traces overlayed in red.The inner 
pseudofaults were generated using equations described in 
the appendix of [1]. Ridge traces were drawn by hand. Blue 
annotations indicate morphological features. Green arrows 
show the direction of motion of the main plates and the 
direction of microplate rotation.The figure is from Ref. [1]
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Fig. 2: Schematic diagram of the experimental setup. A 
rectangular tank of size 114 x 36 x 10 cm3 is filled with Shell 
Callista 158 wax which melts at about 72° C.The mechanical 
properties of micro-crystaline wax are brittle at room 
temperature and paste-like close to the melting point. No 
detailed mechanical measurements are performed.The tank is 
heated from below to (80.0 ± 0.05)°C and cooled from above 
by a constant flow of air at (12.0 ± 2.0)°C.The weakly turbulent 
refrigerated air flow is directed vertically downward. Before 
each run the wax is brought to temperature equilibrium at 
which a layer of solid wax is present on the surface. Skimmers 
embedded in the solid wax are attached to a threaded rod that 
is driven by a micro-stepping motor. A detailed description of 
this setup has been previously published [11]. The rift is 
initiated with a straight cut through the wax, perpendicular to 
the spreading direction. Divergence at this cut causes liquid 
wax to rise into the rift and solidify. Illumination from below 
permits us to image the plate thickness at the rift from above 
using a video camera. As the wax plate thickens it scatters 
more of the transmitted light and appears darker. In images of 
wax microplates shown here, spreading is toward the top and 
bottom of the image and the rift appears as a dark line.The 
figure is from Ref. [1]

► Fig. 3: Three microplates: schematic, wax and Earth. Dashed 
lines show the position of the spreading rift. Solid lines mark the 
inner and outer pseudofaults. Large black arrows show the 
spreading direction. Small black arrows show the sense of 
microplate rotation, (a) Schematic diagram illustrating the 
kinematics of microplates according to the Schouten model.The 
letters indicate points on the pseudofaults that were formerly at 
the rift tips, showing how the microplate grows with time.The 
current positions of the rift tips are marked as (c) and (C).The 
linear outer pseudofaults indicate a constant radial growth rate, 
which in turn implies a logarithmic spiral inner pseudofault, (b) 
Image of a wax microplate with model fit and rift tip markers 
overlayed as in (a).Transform faults are labeled on the image. 
They are located laterally across the microplate from the rift tips. 
Note the brighter, thinner wax triangles above and below "south" 
and"north"of the microplate.The width of the thin-plate 
triangular region at any distance from the ridge shows the 
approximate diameter of the microplate at a time in the past.(c) 
Bathymetry of the Easter microplate [12]. Colors denote 
elevation with respect to sea level;the color scale saturates at a 
minimum depth of 2200 m and a maximum depth of 4000 m. 
The Easter microplate is about 400 km across and is currently 
rotating clockwise at about 157Ma; over its lifetime of 5 Ma it has 
rotated about 95° [2]. Rift and pseudofault locations by D. Naar, 
modified from Naar and Hey (1991 ) [13]. Note that this image has 
been rotated counterclockwise and reflected across they-axis so 
that the orientation and sense of rotation of the microplate is 
consistent with panels (a) and (b).The figure is from Ref. [1]
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observations of their kinematic model and found excellent agree
ment, proving a connection between the observed morphology of 
microplates and their tectonic evolution. In Figure 1 we show that 
wax microplates obey the same relation between spreading rate, 
growth rate and spiral pseudofault geometry as their oceanic cousins. 
Our wax-to-Earth scaling relations indicate that the dimensions of 
wax microplates are consistent with estimates for oceanic mi
croplates [2,3]. Through close observation (e.g. Figure 4), we have 
developed a theory for the nucleation of overlapping spreading cen
ters, known to be the precursors of microplates in wax and on Earth.

Microplates were discovered on the ocean floor in the early 
1970s through surveys of their magnetic anomalies, seismicity and 
topography [4, 5, 6], An explanation of their peculiar geometry 
and possible modes of formation were proposed shortly afterward 
[7]. During the 1980s microplates were recognized as an important 
tectonic feature of mid-ocean ridges, particularly the East Pacific 
Rise (EPR) [8] and much work was done to comprehensively map 
their structure (e.g. [9]). At least 12 paleo- and active microplates 
are known to exist in the Pacific Basin and additional ones are sus
pected to exist based on patterns observed in altimetry data [D. 
Naar, pers. comm., 2004]. The Easter microplate, shown in Figure 
3c, sits on the EPR near 25°S between the Pacific and Nazca plates. 
High-resolution maps enabled the development of kinematic 
models [2] but due to the difficulty of interpreting sea-floor data, 
these models have not been conclusively verified. Furthermore, 
important questions regarding the origin of microplates and their 
eventual death have not been answered. Current numerical simu
lations cannot reproduce the coupled fluid-solid deformation 
processes responsible for microplate nucléation and growth at 
mid-ocean ridges. On the other hand, published results from a wax 
analog model yielded the first observations of overlapping spread
ing centres (OSCs), morphological precursors to microplates, 
before their discovery on the sea-floor [ 10]. We demonstrate that 
wax models still possess significant potential to provide insight in
to this long-standing problem.

Experiments
Our experimental setup is shown in Figure 2. The experiment is 
initiated with a cut with a sharp knife to divide the wax surface in
to two plates. Activating the motor caused the skimmers to diverge, 
dragging with them the two wax plates and causing fluid wax from 
below to upwell into the rift between the plates, just as ductile man
tle rock upwells from beneath a mid-ocean ridge. The rift remains 
frozen over as long as the spreading of the plates is slow enough to 
accomodate the rise and solidification of molten wax from below.

Although the wax rift is initiated with a straight cut, it evolves 
and changes its morphology, closely mirroring the morphological 
signature observed in sonar images of the mid-ocean ridge. Three 
distinct morphological regimes were observed for ranges in 
spreading rate of an initially orthogonal rift. At slow half-spread
ing rates (~ 10-30 pm/sec) the straight riff is stable and forms a 
topographic low. At moderate rates (~ 30-60 pm/sec) the straight 
rift becomes unstable and overlapping spreading centres (OSCs) 
and microplates form, evolve and die on the ridge. In this regime 
the ridge has little or no relief. At higher half spreading rates still, 
the microplates lose their internal rigidity and become, in an in
termediate stage, fault gouge zones and finally (> 70 pm/sec) trans
form faults at a ridge that forms a topographic high. In the work 
published in NJP we focused on the microplate regime. Movies 
and further information on the other regimes can be found at 
http://milou.msc.comell.edu/ waxtectonics.html. There it is shown 
that experiments using other waxes can capture the dynamics of 
freezing lava lakes.

Tectonics in miniature and warp speed
To interpret the wax tectonics experiments we must consider how 
experimental distance and time scale from experiment to Earth. 
A time scaling can be determined by comparing rotation rates: a 
mature oceanic microplate rotates 20° in about 1 Ma while a wax 
microplate completes this rotation in about 5 seconds. This 
means that the experiment is sped up by a factor of approxi
mately one billion. In the NJP article we have also shown that 1 
mm in the wax experiment scales to about 50 km on Earth. This 
corresponds to shrinkage by a factor of 50 million. Indeed, the 
scales in the wax experiment are almost too small and too fast.

Microplate model confirmed
We have shown [ 1 ] that a kinematic model of microplate evolution 
proposed and applied to the Easter microplate by Schouten et al. 
[2] can explain the data. The Schouten model states that the rigid 
motion of a microplate is like that of a ball rotating between two 
parallel, moving plates. Unlike the ball, however, a microplate 
grows by accreting young lithosphere, as shown schematically in 
Figure 3a. In Ref. [1] we derived a mathematical formulation of 
the Schouten model that we used to calculate the predicted shape 
of the inner pseudofaults for an image of a mature wax microplate. 
The fit depended only on a single free parameter, the diameter of 
the microplate when it began to rotate rigidly. All other parameter 
were determined by the experiment. Once one image had been fit
ted it was possible to use the formulae to calculate back in time. 
This way it was possible to to test also the dynamical predictions of 
the Schouten model. Figure 3 shows an example of predicted and 
observed morphological time-evolution. Clearly, a similar time- 
series comparison for Earth is impossible as we would need to wait 
500,000 years to acquire the data. Studies, however, have compared 
the predictions with the current shape of oceanic microplates and 
found reasonable agreement [2,3].

How are microplates born?
Like oceanic microplates, wax microplates originate from over
lapping spreading centers (OSCs) which nucleate frequently on 
the spreading rift. We observed [1] that nucleation of wax OSCs 
occurs predominantly on -200-300 micron sections of oblique
ly spreading rift, where the rift normal is about 45 degrees from 
the spreading direction. The diminished divergent component 
of spreading across these segments allows the rift axis to freeze 
across, introducing a discontinuity in the rift as shown in Figure 
4. This results in a local stress field tending to cause the propa
gation of rift tips into an overlapping geometry [ 14]. The rift tips 
will only propagate in this manner if the strength to tensile frac
ture of the adjacent lithosphere is small relative the the strength 
of the frozen rift. If, on the other hand, the adjacent lithosphere 
is too strong to be fractured by rift tip propagation, deformation 
and faulting will remain localized on the rift centre. A muted 
strength contrast might be expected at fast spreading ridges 
where the adjacent lithosphere is thinner and weaker than at slow 
spreading ridges, consistent with the distribution of microplates 
on Earth. Furthermore, if applicable to Earth, this freezing-over 
mechanism of nucleation might explain the formation of OSCs 
on transform faults that have gained a component of divergence 
after a plate-motion change or plate-boundary reorganization 
[ 15]. This reasoning equally applies to the wax, although we have 
not experimented with changes in spreading direction.

Conclusion and outlook
In Ref. [ 1 ] we have shown that a wax model of sea-floor spreading, 
under the right conditions, produces tectonic microplates that
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and other sea-floor spreading phenomena. For example, inferences 
drawn from repeated observation of the nucleation of wax mi
croplates may apply to the birth of their oceanic counterparts.

Clearly the work so far is only the beginning. The wax tecton
ics experiments have the advantage that they are much simpler 
than Earth and that they can be made quantitative in terms of 
material properties, the measurement of the thermal and flow 
fields, and possibly the stress field. They can be used to quantita
tively test numerical models that later, in a refined form, can be 
applied to Earth or other planets. ■
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evolve in time according to a kinematic model designed for ocean
ic microplates. This finding suggests that wax microplates are a good 
analog formicroplates on the ocean floor and reinforces the validi
ty of the kinematics prescribed by the Schouten model [2]. Futher- 
more, the presence of microplates in our analog model indicates 
that on Earth, microplates are a lithospheric phenomenon not de
pendent on special conditions or processes in the underlying man
tle. Other similarities between wax and Earth suggest that these- 
models have potential to advance our understanding of microplates

 Fig.4: Nucleation ofan OSC, precursor of a wax microplate. 
(Left column) Time series of images at high magnification. 
(Right column) Interpretive drawings mapping the evolution 
of the rift into an overlapping geometry. Note that 
interpretation is based on the movie from which these images 
were drawn, (a-b) Time t = 0. A section of rift with normal 
vector oriented 45 degrees from the spreading direction.The 
OSC nucleates around a thickness heterogeneity at the rift 
which appears as an elongate white blob, (c-d) Time f = 6 
seconds (~ 1.2 Ma). A rift discontinuity appears and the 
disconnected rifts begin to overlap; (e-f ) Time t = 12 seconds 
(~ 2.4Ma). Rifts are overlapping around an enclosed region with 
a diameter of about 300 µm.This OSC subsequently develops 
into a rotating microplate.The figure is from Ref.[1]
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Freak waves: just bad 
luck, or avoidable?
Eric Heller,
Department o f Physics, Harvard University, Cambridge, M A 02138.

JANUARY 26,2005
Coast Guard sends help to stalled 'Semester at Sea' ship
A 50-foot wave smashed through the bridge windows of the 591- 
foot M V Explorer around  2:30 p.m ., pouring saltwater over 
electrical components on board and disabling all four of its engines, 
officials said.

FEBRUARY 14,2005 
Giant wave hits cruise ship
A rescue operation has been carried out in the Mediterranean after 
a cruise liner issued distress signals off the coast of Minorca. The ship 
was hit by ferocious waves that smashed windows on the bridge as 
the ship was sailing from Tunis to Barcelona. The spokesman said 
water poured in, knocking out electric power, stopping the engine 
and leaving the ship adrift with no communications, (www.itv.com)

APRIL 16,2005 
'Freak' wave rocks cruise
'Norwegian Dawn, an opulent ocean liner almost 1,000 feet long, 
limped into Charleston, S.C., yesterday afternoon after it hit vicious 
seas in an overnight storm off Florida - then was creamed by the 
rogue wave after dawn." (NY Daily News)

Since the first of the year, three large cruise ships have been dis
abled by freak waves. All were sailing in moderate to heavy seas 

when the big one hit: the MV Explorer in the Pacific January 27 
with 600 students aboard, the Voyager February 14 in the Mediter
ranean, and the Norwegian Dawn off the coast o f Florida April 16. 
Windows as high as 100 feet above the waterline were damaged, 
and in some cases the bridge was compromised by seawater, lead
ing to electronics problems and engine shut down.

Is this an unusual spate o f freak waves? Probably not! The 
tragedy of the 2004 Tsunami has sensitized the press and the pub
lic to unusual events in the sea. These events would have received 
much less attention if they had happened before the Tsunami. For 
example, during a three week period when satellites were measur
ing sea surface heights, between February and March 2001, two 
stout cruise boats, the Bremen and the Caledonian Star, had their 
bridge windows demolished by 30-metre freak waves in the South 
Atlantic, with apparently less media attention. The Bremen was left 
helplessly drifting without navigation or power for two hours. In 
February 1995 the cruiser liner Queen Elizabeth II met a 29-meter 
high freak wave in the north Atlantic.

Freak waves are ultimately wind generated and have nothing 
to do with Tsunamis, claiming “only” perhaps one or two hundred 
souls per year. Weaker boats than cruise ships and military vessels, 
e.g. tankers and container vessels, often break in two when they 
meet a freak wave (Figure la), often described by surviving wit
nesses as “a hole in the sea followed by a wall o f water”. The bow 
buries itself in  the wall, the wave breaks over the unsupported 
midships, snapping the vessel in two (Figure lb ) and often sink
ing it in a few minutes. No radio for help (the electronics is the

A Fiq. la :  A rare photograph showing the"wall of water" 
approaching a ship.The"hole in the  sea" is presumably out of 
sight just in front of th e "wall".

first to go), no debris, no black box. The news media are not trig
gered during the slow realization tha t a cargo ship with 10 or 20 
seamen is missing. It's been happening for thousands of years, and 
it happens now at an estimated one ship every month or two.

Well before the 2004 Tsunami hit, scientific interest in freak waves 
picked up as photographic, ocean buoy, and satellite evidence mount
ed, finally giving credence to five or more thousand years of surviving 
sailor’s yams. The most convincing call to action however was the 
European Union MaxWave project [1], which used synthetic aperture 
radar (SAR) data to analyze 30,000 sea-surface images of five by 10 
kilometers each. The data, taken over three weeks in 2001, revealed 
more than 10 freak waves - far more than expected. One estimate 
from this data suggest that 50 or more freak waves are stalking the seas 
right now as you read this. This work is spurring a much larger inven
tory of the sea surface called WaveAtlas.

Much theoretical and experimental progress has been made, 
especially on the issues of nonlinear evolution of waves, which can 
amplify wave heights and alter their shape to more menacing, break
ing walls of water. The biggest question remains, however: how often 
and under what conditions should freak waves be expected?

Freak waves have a technical definition, beginning with the 
significant wave height (SWH), which is the average height of the 
highest l/3 rd  of the waves in  a long sample. Freak waves are 
defined as waves bigger than 2.2 times the SWH.

For anyone familiar w ith wave behavior, the first thing that 
comes to m ind as an explanation for freak waves is an unlucky 
constructive interference of independent wavesets moving in 
slightly different directions, with somewhat different wavelengths, 
etc. Indeed such bad luck is certainly possible and this idea led to 
the first and most predictive of all freak wave theories, the vener
able Gaussian seas model o f M.S. Longuett-Higgins[2], A storm 
does no t produce a single plane wave, b u t the idealization of a 
random  superposition of many plane waves with a mean direc
tion  of travel and some dispersion in  angle, wavelength, and 
amplitude was introduced. The Central Limit Theorem applies; 
the distribution of amplitudes is Gaussian.

The danger a wave poses is no t merely a matter of its height. A 
40 foot wave in a sea with SWH o f 40 feet is likely to be far less 
dangerous than a 40 foot wave with SWH 16 feet. The reason is 
the steepness. A SWH = 40 foo t sea is likely to  have a m uch 
longer wavelength than a SWH = 16 foot sea, so that the sudden 
appearance of a 40 foot wave among the 16 footers means a very 
steep wave. Steep waves tend to break, which makes them more 
dangerous to any ship or boat.
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There is no widely accepted theory of how freak waves form in 
the open ocean.
Three categories of models predominate: (1) Gaussian statistical (the 
“unlucky” constructive addition mentioned above) (2) refraction 
leading to focusing of wave energy, and (3) nonlinear growth and 
steepening of waves. The trouble with the Gaussian model is that 
freak events it predicts are too rare compared to present estimates.

The natural place to turn to generate more freak events is 
through nonlinear growth of waves. There is no doubt whatsoever 
that nonlinear processes are important to water wave physics. Any 
breaking wave is exhibiting nonlinear behavior. The slow evolution 
from short chop produced by wind to long ocean swell (which can 
sometimes travel faster than the wind that originally provided their 
energy) is caused by the Benjamin-Feir instability [3], a well estab
lished nonlinear wave process. Much work has gone into water wave 
evolution, governed by a variant of the nonlinear Schroedinger 
equation of quantum physics (recently playing a big role in Bose- 
Einstein condensed matter [4,5]). Presumably these nonlinear 
events are relevant for the minutes or moments just prior to a wave 
becoming dangerous. It seems likely that this sort of nonlinear evo
lution, in which a wave can grow at the expense of its neighbors, can 
contribute to some freak wave events. One difficulty with this the
ory however is a lack of predictive power: what triggers the 
mechanism of nonlinear growth? If always operative, it seems non
linear growth would put freak waves everywhere in all kinds of seas.

The crucial link may be the known association between current 
eddies and freak waves. Ocean eddies are ubiquitous but the most 
well known strong eddy regions, like the Aguhlas current off the 
coast of South Africa, and near the Gulf stream, are also famous 
sites for freak waves. The mechanism must have something to do 
with refraction of the waves. Waves of any sort refract when they 
propagate in a medium moving at different velocities in different 
regions. The refraction was worked out for water waves in general 
by Peregrine [6], but more recently White and Fornberg [7] pio
neered a model that specifically involves waves traveling through 
random fields of current eddies. The generic result is a pattern of 
caustics where wave energy concentrates; these caustics are infi
nitely sharp and strong if ray tracing of the waves is carried for a 
single incident direction. The compelling images given in the 
White and Fornberg paper were a shock to this author, because 
they looked exactly like the ray tracing patterns for electron waves 
in a special class of semiconductor called a two dimensional elec
tron gas (2DEG), computed in our group. Electrons in these 
micron-sized devices must negotiate random potential fields filled 
with hills and valleys, whose height is small compared to the elec
tron energy, deflecting them just a little this way and that, just like

 Fig. 1b: A ship broken up by a freak wave with another 
large wave approaching.

the water waves in eddies on a scale 108 times larger (Fig. 2). The 
reason for the similarity is a universal pattern seen in ray trajecto
ries when passing through a random weakly deflecting medium. 
The universal structure is called a cusp caustic, (Fig. 3); many gen
erations of these cusps form downstream, of even more correlation 
lengths of the random interaction leads to the universal branching 
pattern which was the subject of Refs. [8] and [9].

The White and Fornberg work came under criticism [10] since, 
unrealistically, they used only a single incident plane wave in 
their studies. A good analogy is a magnifying glass outdoors. On 
a sunny day, with strongly directional rays, the focal point is very 
bright. So much energy is concentrated there that waves are con
stantly being produced with high amplitudes. Try the same on a 
cloudy day, with rays coming from all over the sky, and the focal 
region is ill defined and hardly any brighter. The critics assumed 
correctly that the caustics would wash out and the huge waves that 
were predicted to occur at the caustics would not materialize.

Or would they? It occurred to this author that, while the caus
tics would indeed wash away, what would remain would not be a 
uniform energy density. It is not widely appreciated that truly 
Gaussian seas must have a uniform underlying energy density, 
even though this is a simple point. What would happen to the 
statistics when there is, say, a factor of 2 or 3 variation of energy 
density giving rise to hot spots of suddenly higher density where 
wave energy is concentrating?

The answer is: almost nothing happens to the statistics, unless 
you are interested in rare events! The SWH is almost unchanged, 
averaging over the hot spots, and on a linear scale the Gaussian 
statistics looks almost unchanged. Even the fourth moment of the 
Gaussian versus the fourth moment of the nonGaussian patchy 
hot spot density (the so-called Kurtosis) is almost unaffected. 
However, very large wave event probabilities can be several orders 
of magnitude larger than the Gaussian sea model, just the sort of 
effect we are looking for, even after averaging over 20 percent vari
ations in direction and wavelength. (This shows up strongly in 
very high moments, like the 20th or 24th).

Figure 4 shows ray tracing and wave propagation on a random 
velocity field, using the linear Schroedinger equation. (Indeed 
although the underlying ray tracing is “nonlinear dynamics” in the 
sense of classical physics, the wave propagation, done independent 
of any ray tracing, is perfectly linear, meaning that the equations 
used depend only on the wave v)i and its derivatives, not on t|i2, etc.) 
The caustics are indeed smoothed out, but the remaining high ener
gy hot spots have become loci for extreme events, recorded in color 
for a long run passing many waves over the whole region, with again 
20 percent variations in direction and wavelength for realism. The 
high energy hot spots are clearly visible in either the ray tracing over 
many ray paths (so many that they form a smooth density) or time 
averages of wave energy density.

As one might expect, there is a figure of merit which tells us 
how close to the “cloudy day” limit we are, using the focusing lens 
analogy given above. The more spread out the wave directions to 
begin with, the safer we are from freak waves. This might go 
against intuition, in that confused seas (seas with a wide range of 
directions of propagation) are already unruly and seeming ready to 
spring a surprise. But the lens effect will be small and the washout of 
the caustics very strong in already confused seas. The statistics of the 
wave heights is actually independent of the mix of wave directions in 
a purely Gaussian context. So the most dangerous situation is a fair
ly collimated sea impinging on an eddy field. Although the caustics 
may still be washed out, the high energy hot spots remain statistical
ly very dangerous. Even averaging over the low energy and high 
energy hot spots gives large enhancements of freak wave formation.
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 Fig. 2: A figure from White and Fornberg, Ref.7,showing 
ray tracing of the wave propagation through a field of 
random current eddies. All the rays started out parallel, 
corresponding to a single initial propagation direction. Note 
that the typical focal distance where the first caustics 
(accumulations of rays) form is several times longer than the 
breadth of a given eddy, while the distance between 
different first caustics is about the eddy size.

The figure of merit is measure of danger, called the “freak wave 
index” y. The defining equation is

γ= δθ/Δθ,

where A0 is the initial spread of angles of the waves incident on 
the eddies, and 50 is the angle of deflection of the rays when they 
reach their first focal point. This latter is a property of the wave 
velocity and the eddy field. For typical parameters used by White 
and Fornberg, this index lies between 1.5 and 3, with 3 being very 
dangerous and 1.5 less dangerous.

The idea of our new work [ 11 ] is suspended between Longuett- 
Higgins on the one hand, and White and Fornberg on the other. 
Like Longuett-Higgins’s original work, the appearance of a rogue 
wave is a statistical event, not a certainty as with White and Fom- 
berg’s caustics. Indeed we assume locally Gaussian statistics, but 
averaging over the high hot spots strongly enhances the wings of 
the resulting overall distribution. On the other hand White and 
Fornberg’s statistical refraction through current eddies, with the 
additional directional averaging, give energy hot spots which are 
not part of Longuett-Higgins’s model.

The nonlinear mechanisms surely play an important role, since 
once a freak wave starts to form in the way we have suggested 
(“bad luck at hot spots”, essentially) nonlinear processes will 
surely come to play a more critical role with the large waves thus 
generated. Perhaps the “hot spot + bad luck” mechanism is the 
trigger necessary to initiate important nonlinear events.

By combining aspects of both the refraction model and

Fig. 3: The ray trace pattern (a cusp caustic) as initially 
parallel rays pass through a focusing region. The focal 
distance varies with the distance of approach from the 
center, i.e.as in a "bad" lens with spherical aberration. By 
averaging over incident directions, the cusp singularity will 
be softened but not washed away completely.

Gaussian random addition it appears that we have an effect that is 
either a major cause of rogue waves, confirming their association 
with current eddies for example, or it has to be debunked in 
some way involving new physics. Either way it is going to be an 
interesting ride.

One can envision the day when, by studying currents eddies 
(say with Doppler satellite radar) and wave propagation and 
height data, the marine forecast could say “the freak index is 2.3 
today in a region 100 km south of a line...; the probably of a ship 
encountering a dangerous freak wave is 2 % and that region 
should be avoided”.

The bottom line, at least in the author’s opinion, is that the 
original explanation of an “unlucky addition of waves” is partly 
true, but that the odds get much worse when there are energy hot 
spots around, a trend that seems to agree with the prevailing 
notion that something out there is responsible for a lot more freak 
waves than were thought to exist only a few years ago. ■
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Is Science Education 
Relevant?
Henrik Busch,
Department of Curriculum Research, The Danish University of 
Education, Copenhagen.

In this article a range of results from the ROSE-project (Schrein
er & Sjoberg, 2004,2005) are reported with particular focus on 

the question of whether science education is relevant to 15-year 
olds in three OECD countries: Japan, England and Denmark. 
Based on an analysis of the available data, four dimensions of sci
ence and science class relevance are investigated. These 
dimensions will be referred to as the Everyday life dimension, the 
Future- and career dimension, the Science, technology and society 
dimension and finally the Science class content dimension. Finally 
the results are discussed in a broader perspective.

Science education in Europe at all levels is facing significant 
challenges. Firstly; it is often argued that all citizens must be sci
entifically literate in order to participate competently in a mod
ern knowledge-based society where science and technology have 
major impact on everybody’s life. On a daily basis, we all face de
bates in media and in the political arena about socioscientific 
controversies such as global climate change, the use of gene ma
nipulated organisms in food products and cloning of human 
beings (Kolste, 2001). The need for a broadly based and com
petent participation in decision making concerning these issues 
demands of the educational system that science be taught in 
ways which make it interesting and relevant to all students (An
dersen et al., 2003; Millar & Osborne, 1998). Secondly, there is 
concern that European countries will find it increasingly more 
difficult to meet the need for a knowledge- and technology- 
based society to produce a high proportion of trained citizens 
capable of conducting research, development and education 
within science and technology (The High Level Group on In
creasing Humans Resources for Science and Technology in Eu
rope, 2004).

In order for European educational systems to meet these chal
lenges science educators and scientists need a qualitatively deep
er and more solid evidence-based understanding of young peo
ples’ attitudes towards science, technology and school science. 
Hence the ROSE-project and this article.

The ROSE-project
The ROSE-project is an international comparative study led by 
Professor Svein Sjoberg along with Ph.D.-student Camilla 
Schreiner from the University of Oslo in collaboration with sci
ence education researchers from 40 other countries representing 
all continents except North America. In each country a geo
graphically and socio-economically representative sample of 15- 
year old students1 has filled out the ROSE-questionnaire, which 
consists of 250 statements (items) to which the students were 
asked to respond on a four-point Likert scale (see below). The 
complete international data set is not yet folly released, but for 
the purpose of the present article permission has been granted to 
publish some international results.

1 Cf. (Schreiner 8c Sjoberg, 2004) for the sampling procedures.

 Fig. 4: This figure collects data from a long run with 
"Longuett-Higgins"Gaussian seas impinging from below on an 
eddy field, here represented as a potential force field. In the left 
panel, the average energy density of the waves is plotted in 
grayscale, with lighter regions having higher energy density. 
The potential field (deflecting the rays) is shown as hills (green) 
and valleys (purple) in the next panel. Severe freak wave events 
(waves six or more standard deviations computed from the 
mean Gaussian) were recorded as red in the next panel; note 
that there are no events before the refraction starts and some 
after it has ended. Finally the 4.4 σ events are shown in green 
in the right panel; there are a few of these before the refraction 
but many more after it starts and beyond.
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Item Statement Mean Mean difference Country

Girls Boys All G-B

F07 The things that I learn in science at school will be helpful in my everyday life 2.50 2.70 2.60 -0.20 Sig. Japan

2.71 2.68 2.68 0.03 England

2.35 2.37 2.37 -0.02 Denmark

F09 School science has made me more critical and sceptical 1.78 2.09 1.94 -0.31 Sig. Japan

2.15 2.33 2.24 -0.18 Sig. England

2.05 2.15 2.10 -0.10 Denmark

F10 School science has increased my curiosity about things we cannot yet explain 2.22 2.67 2.45 -0.45 Sig. Japan

2.61 2.79 2.70 -0.18 Sig. England

2.32 2.38 2.36 -0.06 Denmark

F l l School science has increased my appreciation of nature 2.62 2.57 2.59 0.05 Japan

2.26 2.33 2.30 -0.07 England

2.33 2.24 2.29 0.09 Denmark

F13 School science has taught me how to take better care of my health 1.96 2.18 2.07 -0.22 Sig. Japan

2.68 2.60 2.64 0.08 England

2.34 2.24 2.30 0.10 Denmark

 Table 1: Student mean scores and gender differences for the five items defining the analytical dimension "Everyday life relevance 
of science classes”

In ternational com parative studies represent a p rom inen t 
trend in  m odern educational research. W ithin the field of sci
ence education, the TIMSS-studies (Trends in Mathematics and 
Science Studies) and lately the OECD PISA-studies (Pro
gram m e for International Student Assessment) are the most 
elaborate, im portant and influential in terms of im pact on ed
ucational policy. Broadly speaking, the aim of TIMSS is to as
sess to  w hat extent (lower secondary school) students have 
achieved certain curricular goals within mathematics and sci
ence, whereas the PISA-studies attem pt to obtain a measure of 
how well 15-years olds are able to handle challenges related to 
m athem atics and science in a m odern, complex and  knowl
edge-based society. Both studies focus on cognitive factors, how
ever, i.e. students’ skills, competencies or level o f scientific and 
mathematical literacy.

In contrast to these studies, the ROSE-project is focused 
on affective factors that influence students’ participation in sci
ence classes and their current and future engagement in  science 
and technology. ROSE is an acronym for Relevance O f Science 
Education and as indicated by the title, the aim is get insight in
to the perspective of learners on science, technology and sci
ence education. In most countries the science curriculum  at all 
educational levels is uniquely defined by the proper authori
ties: legislative authorities, local boards at educational institu
tions and the teachers. There are, o f course, good reasons for 
this. Society, the business world and the scientific communities 
have a range of legitimate interests in students acquiring par
ticular skills and competencies. Until recently, however, we have 
failed to  acknowledge and attem pt to map thoroughly  the 
learners’ attitudes towards their science classes and towards sci
ence and technology in general. At least two reasons to do so 
can be mentioned. Firstly, we want to teach (science) for citi
zenship and thus put an emphasis on rational arguments, de
bate and consensus-making. This can only be done if  we also 
acknowledge the learner’s perspective and voice in  a particular

teaching situation. Secondly, and m ore pragmatically, we know 
that a positive attitude towards the content and the activities 
in a teaching situation is a fundam ental prerequisite for a par
ticulars learner’s cognitive yield.

A range of studies o f students’ attitudes towards science us
ing different methodologies have been performed during the 
last decade or so. A thorough  review o f these studies can be 
found in (Osborne, 2003), in  which a range of factors known to 
influence students’ attitudes towards science are presented and 
discussed. It is also po inted  ou t th a t “the concept of attitude 
towards science is somewhat nebulous, often poorly articulat
ed and no t well understood” (Osborne, 2003). Are we talking 
about the opinion of the value o f science, the motivation or 
anxiety towards science, the enjoym ent o f science, etc? Also, 
which kind of expression o f interest o r attitude are we dealing 
with? Is it expressed by a concrete action or a choice which sig
nificantly affects the individual’s life (such as the choice of study 
at the tertiary level o f education) or is it merely an expression 
free of responsibility, e.g. in  a questionnaire?

In this article the focus will be on  different dimensions of 
relevance of science classes in  lower secondary school as seen 
from the perspective of 15-year olds and expressed as a degree 
of agreement upon a range o f statements featured in the ROSE- 
questionnaire.

The ROSE questionnaire
The background for the ROSE-study, the objectives, the process 
o f developing the questionnaire and thorough methodological 
discussions are presented in  the background report for the pro
ject (Schreiner & Sjoberg, 2004). In the present article a few key 
elements concerning the questionnaire are presented, whereas 
the reader is referred to  the background docum ent for further 
details.

The ROSE-questionnaire covers the following sections of 
item s (the num ber in  paren thesis  refers to  the num ber of

europhysics news september/ october 2005 163

fe
at

ur
es



FEATURES

questionnaire items belonging to a particular section) in addi
tion to background information about the respondents:

ACE What I want to learn about (108)
B My future job (26)
D Me and the environmental changes (18)
F My science classes (16)
G My opinions about science and technology (16)
H My out-of-school experiences (61)

Examples of items from the questionnaire cover: “Stars, plan
ets and the universe” (in the ACE section), where students must 
rate the statement on a four-point scale from “Not interested” 
to “Very interested”, “School science is rather easy for me to 
learn”(in the F-sections), which is rated from “Disagree” to 
“Agree” and “Visited a science centre or science museum” (H- 
section) to be rated from “Never” to “Often”.

Four dimensions of relevance
“Relevance” is the key word in the ROSE-study. Most dictio
naries will tell you that the definition of something being rele
vant involves being valuable and useful to people in their lives 
and work. However, you have to add the questions “Relevant to 
whom?” and “Relevant in which contexts?” Both questions are 
central within the ROSE-ffamework. The objective of ROSE is 
thus to investigate in which sense and in which contexts, science, 
technology and science education are perceived as valuable and 
useful to the learners (students) in their lives and work.

In this article four dimensions of relevance of science in school 
are investigated by analysing student responses from the Japan
ese, English and Danish samples. The question of students’ at
titudes towards science is thus for the present purpose nar
rowed down to being a matter of how and to what extent science 
as it is taught in schools might be valuable and useful. The ques
tion is attempted answered by analysing 15-year olds’ own ex

pressions on these matters in the ROSE-questionnaire.
These four analytical dimensions are defined by items in the 

F-, G- and ACE-sections as follows:
Dimension 1: The ‘everyday life’ dimension 

To what extent is school science valuable and useful to the stu
dents in their current everyday life outside school? Five items 
from the F-section are taken to define this analytic dimension. 
The statements of these items are presented in table 1. Notice 
that no specific field (e.g. physics, geosciences, biochemistry... ) 
within science is mentioned in any statements among the F- 
items. The assumption is that students implicitly will associate 
the statement with the science-related subjects they are being 
taught at the time of the filling in of the ROSE-questionnaire.

Dimension 2: The ‘future and career’ dimension 
To what extent is school science valuable and useful to students 
in terms of preparing for a future career within the field of sci
ence and technology and for creating a desire to make a career 
within this field? The respondents’ expressions of agreement to 
the statements shown in table 2 will be taken as a measure of 
this dimension.

Dimension 3: The ‘science, technology and society’ dimension 
School science might also be perceived as relevant by students 
in the sense that they recognize science and technology as im
portant for the development of society and for improving liv
ing conditions for human beings. Five items from the G-sec- 
tion constitute this dimension of relevance of school science 
and are presented in table 3.

Dimension 4: The ‘science class content’ dimension 
It is known from earlier studies that the subject content taught 
in science classes is of crucial importance concerning the rele
vance of the teaching situation as seen from the learners’ per
spectives. The ROSE-questionnaire contains 108 items of the 
type ‘I would like to learn about...” followed by a science-re
lated topic such as “Light around us that we cannot see”, 
“Cloning of animals” and “Epidemics, diseases causing large

Item Statement Mean Mean difference Country
Girls Boys All G-B

F04 School science has opened my eyes to new and exciting jobs 2.05 2.39 2.22 -0.34 Sig. Japan
2.00 2.29 2.14 -0.29 Sig. England
1.81 2.18 1.99 -0.37 Sig. Denmark

F08 I think that the science I learn at school will improve my career chances 2.13 2.51 2.33 -0.38 Sig. Japan
2.73 2.99 2.85 -0.26 Sig. England
2.06 2.29 2.17 -0.23 Sig. Denmark

F14 I would like to become a scientist 1.29 1.82 1.56 -0.53 Sig. Japan
1.54 1.88 1.70 -0.34 Sig. England
1.39 1.75 1.56 -0.36 Sig. Denmark

F15 I would like to have as much science as possible at school 1.75 2.18 1.97 -0.43 Sig. Japan
1.76 2.09 1.92 -0.33 Sig. England
1.62 1.90 1.75 -0.28 Sig. Denmark

F16 I would like to get a job in technology 1.35 1.99 1.68 -0.64 Sig. Japan
1.66 2.46 2.04 -0.80 Sig. England
1.46 2.42 1.92 -0.96 Sig. Denmark

 Table 2: Student mean scores and gender differences for the five items defining the analytical dimension "Future and career"
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Item Statement Mean Mean difference Country
Girls Boys All G-B

G01 Science and technology are important for society 2.96 3.21 3.09 -0.25 Sig. Japan
2.90 3.09 2.99 -0.19 Sig. England
3.03 3.17 3.10 -0.14 Denmark

G02 Science and technology will find cures to diseases such as HIV/AIDS, cancer, etc. 3.23 3.22 3.23 0.01 Japan
3.40 3.19 3.30 0.21 Sig. England
3.24 3.11 3.18 0.13 Denmark

G03 Thanks to science and technology, there will be greater opportunities for future 2.79 2.92 2.86 -0.13 Japan
generations 3.22 3.21 3.22 0.01 England

2.91 3.00 2.96 -0.09 Denmark
G04 Science and technology make our lives healthier, easier and more comfortable 2.63 2.78 2.71 -0.15 Japan

3.06 3.07 3.07 -0.01 England
2.67 2.86 2.76 -0.19 Sig. Denmark

G05 A country needs science and technology to become developed 2.78 2.95 2.87 -0.17 Sig. Japan
2.80 2.94 2.87 -0.14 Sig. England
3.05 3.07 3.07 -0.02 Denmark

 Table 3; Student mean scores and gender differences for five items defining the analytical dimension "Science, technology and 
society"

loss of life”. An analysis of the responses to these 108 items will 
show which topics would make science classes more relevant 
to the students, with regard to the content being taught.

Results
In order to reduce the complexity of the data, a coding of the re
sponses with the assumption of a linear scale is adopted in the 
present analysis of student responses. The mean score of a par
ticular item is thus calculated by assigning scores (1,2, 3,4) to 
responses in the four categories ranging from “Disagree” to 
“Agree” (in the case of e.g. F- and G-items). This representa
tion of data simplifies the initial analysis and leads to some gen
eral conclusions concerning the four above-mentioned rele
vance dimensions.

In tables 1-3 the means for the item groups defining the rel
evance dimensions 1-3 are calculated for the respondents from 
the Japanese, English and Danish national samples. The means 
are shown for girls, boys and for all respondents in the nation
al samples. The sample sizes are 560, 1266 and 538 for Japan, 
England and Denmark. In addition the gender difference de
fined as Mean(girls)-Mean(boys) is shown as well as a note of 
whether this difference is statistically significant (‘Sig.’) for the 
specific samples size as indicated by a two sample t test with a 
95 % confidence interval. With the applied linear scale a mean 
score of 2.5 for a particular item is to be considered neutral and 
indicating neither noteworthy positive nor negative mean atti
tude towards the corresponding statement.

Table 1 shows that the perceived relevance in the everyday 
perspective is generally below the neutral line for the Danish 
students and with no significant gender differences on any 
items. For the Japanese and English samples, two and three 
items respectively, score above 2.5, while two items score be
low. The item F07 scores relatively highly for all three samples, 
while the item F09 scores low. The latter item reflects a key el
ement in many science curricula: the aim to foster the critical

ability. The Japanese sample features significant gender differ
ences for four items. The overall conclusion is that science class
es in Japan and England are not overwhelmingly relevant to 
students seen from the ‘everyday life’ perspective, while they 
seem to be of even less relevance in Denmark.

The results from responses concerning the "Future and ca
reer” dimension are thought-provoking. Firstly, the mean val
ues for the national samples are significantly below 2.5 for all 
items with F08 in England as the only exception. Somehow 
British schools seem to be good at communicating the message 
to the pupils that science can improve career chances, while this 
is apparently far from the case in Denmark and Japan; espe
cially concerning the girls. Secondly they are strong gender dif
ferences for all items in all three samples, indicating that the 
future and career aspect of science classes is much weaker for

F16.1 would like to get a job in technology
Disagree » » Agree

Girls
> Japan 75 19 3 3
> England 56 27 13 4
> Denmark 67 24 7 3
Boys
> Japan 43 26 19 12
> England 26 24 28 21
> Denmark 24 29 28 19

 Table 4: Frequency table (percentages) showing student 
responses to the statement"! would like to get job in 
technology"
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Item Statement Mean Mean difference
Girls Boys AH G-B

C13 Why we dream while we are sleeping, and what the dreams may mean 3.34 2.34 2.85 1.00 Sig.
A40 How to exercise to keep the body fit and strong 3.24 2.74 2.99 0.50 Sig.
Ell What we know about HIV/AIDS and how to control it 3.20 2.58 2.90 0.62 Sig.
E13 How different narcotics might affect the body 3.18 2.65 2.93 0.53 Sig.
E09 Sexually transmitted diseases and how to be protected against them 3.16 2.66 2.91 0.50 Sig-
E12 How alcohol and tobacco might affect the body 3.14 2.68 2.92 0.46 Sig.
E08 Cancer, what we know and how we can treat it 3.12 2.60 2.87 0.52 Sig-
E10 How to perform first-aid and use basic medical equipment 3.12 2.70 2.92 0.42 Sig.
A3 7 What to eat to keep healthy and fit 3.11 2.35 2.73 0.76 Sig.
A3 8 Eating disorders like anorexia or bulimia 3.03 1.81 2.43 1.22 Sig.

A Table 5a; Mean scores for the 10 highest scoring items among Danish girls in the ACE-section:"What I would like to learn about"

the girls. Danish boys and girls score lower on all items com
pared with the English and Japanese students, with the item 
(F16) concerning ‘getting a job in technology’ as the only ex
ception (and F14 for the girls). The distribution of responses 
for F16 is shown in table 4 in which the large gender difference 
is even more striking. Roughly 60-75% of the girls completely 
reject the thought of making a career in technology. Only in 
England does the percentage of girls expressing any wish to 
work in this field exceed 10%. With respect to the boys, Japan 
seems to have a particular problem, since close to 70% gener
ally disagree with the statement. The conclusion from this 
analysis is that with respect to the ‘future and career’ perspec
tive, science classes in the three countries seem to be of little 
value in particular to girls and to the Danish boys.

In table 3 the mean values for the five items of the ‘Science, 
technology and society’ dimension are listed. The first thing to 
notice is that mean values in general are well above 2.5 indicat
ing an overall large degree of acknowledgement of the impor
tance of science and technology in creating better living condi
tions in the future and in general in enabling the development 
of societies. There is an especially strong belief in the potential 
for finding methods for curing diseases (G02), in particular 
among girls. Apart from this item, girls generally score lower 
on these items than boys, though the differences are far from 
the level featured in table 2.

Finally, table 5a and 5b give an example of how the value of 
science lessons may differ for groupings of students depending 
on the subject content taught in a specific class. The table shows 
the ten highest scoring items, for Danish girls and boys respec
tively, among the 108 ACE-items with the heading “What I 
would like to learn about”. It is worth pointing out that girls’ 
mean scores in table 5 a are very high -  indicating a strong 
agreement between the girls that these subjects are interesting. 
Also, the very large gender differences for these 10 items should 
be pointed out. Girls’ interests seem to be focused on health, 
medicine, body and themes related to themselves. The corre
sponding table for the boys features mean values that are some
what lower than observed for the girls and gender differences 
which are more varied. For seven of the items, the boys’ mean 
scores are significantly higher than the girls’ score, but when it 
comes to learning about life outside the earth and feeling 
weightless, no difference can be shown. There is even one item

(“How to exercise to keep fit and strong”) on the boys’ top 10 
list, for which the girls’ score is higher. The boys’ responses in
dicate a wish to learn about the dramatic and violent aspects of 
physics and chemistry and about how technology works. Fi
nally it should be mentioned that Jenkins (Jenkins & Nelson, 
2005) has published a range of analyses based on the English 
ROSE-data and includes the English “Top-10 lists” corre
sponding to table 5a and 5b. There is a striking resemblance 
between the two sets of lists with eight of ten possible overlap
ping items for the girls and six of ten overlapping items for the 
boys. More results from the national Japanese ROSE-study can 
be found in (Ogawa, 2004), whereas a range of analyses of Dan
ish results is available on the homepage for the Danish ROSE- 
project: www.dpu.dk/rose.

Discussion
The results of the analysis presented in this article are very well 
summarized by the title of the recent paper by the English 
ROSE-team (Jenkins 8c Nelson, 2005) “Important but not for 
me: students’ attitudes towards secondary school science in 
England”. We have shown that English, Japanese and Danish 
15-years olds find school science only moderately relevant from 
an everyday perspective and of little value from a ‘future and ca
reer’ point of view. The last conclusion is especially pronounced 
for girls in all three countries and for Japanese boys as well. On 
the other hand, there is a clear acknowledgement of the bene
fits of science and technology for society and for the individual 
in terms of development, finding cures for diseases and creat
ing better living conditions in general.

Summing up, there seems to be an understanding among 
young people of the fact that knowledge- and technology-based 
societies need more scientists, but at the same time a lack of will 
and motivation to devote one’s own working life to support this 
development. In (Schreiner 8c Sjoberg, 2005) a preliminary in
ternational comparative analysis including all ROSE-countries 
has been presented. It is clear from this work that (generally 
speaking) northern European countries and Japan, followed by 
Eastern and Southern European countries tend to score lowest 
on the three ‘relevance’ dimensions presented in tables 1-3. At 
the other end of the scale, African countries (from mainly south 
of the Sahara) score very high and are followed by the partici
pating Asian countries with only somewhat lower scores.
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Item Statement Mean Mean difference
Girls Boys All G-B

A30 How the atom bomb functions 2.28 3.05 2.67 -0,77 Sig-
C07 How computers work 2.17 3.00 2.58 -0,83 Sig.
A31 Explosive chemicals 1.94 2.87 2.40 -0,93 Sig.
A32 Biological and chemical weapons and what they do to the human body 2.28 2.87 2.58 -0,59 Sig.
A34 How it feels to be weightless in space 2.74 2.78 2.76 -0,04
C08 The possibility of life outside earth 2.87 2.78 2.83 0,09
C04 How cassette tapes, CDs and DVDs store and play sound and music 2.00 2.77 2.38 -0,77 Sig.
A40 How to exercise to keep the body fit and strong 3.24 2.74 2.99 0,50 Sig.
C03 The use of lasers for technical purposes (CD-players, bar-code readers, etc. ) 1.84 2.72 2.27 -0,88 Sig.
E41 Very recent inventions and discoveries in science and technology 2.09 2.71 2.40 -0,62 Sig.

 Table 5b: Mean scores for the 10 highest scoring items among Danish boys in the ACE-section:"What I would like to learn about"

It is important to develop a better understanding of the rea
sons for the “Science is important but not for me”-attitude in 
order to secure a high level of scientific literacy in the popula
tion and to increase recruitment to science and technology 
studies. An understanding of the (post-)modern society, of the 
youth cultures created by this society and of the latent attitudes 
towards science within these cultures is a prerequisite in order 
to make the changes necessary in school science. The ROSE- 
study will produce the evidence-based characteristics of these 
attitudes, which, combined with proper sociological theories, 
will hopefully provide us with the necessary qualitative under
standing. ■
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SkyWatch: introducing 
european youth to the 
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Athens, Greece.

The aim of the SkyWatch Project is to 
create a virtual community of young 

prospective researchers who have been 
involved in a series of science projects. The 
Project provides students with the possibili
ty to use real-time robotic telescopes to 
perform observations, analyze data and 
suggest solutions and answers to selected 

research topics using a web-based learning environment. The Pro
ject’s activities will be spread through a European Science Contest, 
a series of popular science distance-learning courses, and the pro
motion of concepts and ideas of multidisciplinary science. Students 
are encouraged to organize teams and develop 
activities using the robotic telescopes under 
the guidance and the continuous support of a 
team of experts in the field.

Project's Description
The Project1 uses an innovative 
approach to promote increased 
public awareness of scientific and 
research culture. Combining 
schools, research centres and sci
ence thematic parks, users will be 
able to participate in hands on experiments 
and research. This approach will 
engage groups of young people all 
over Europe in a scientific quest 
through a set of multidisciplinary sci
entific scenarios related to astronomy 
and astrophysics that gives them an 
opportunity to participate in scientific 
research and to evaluate its impact on society and everyday life. 
SkyWatch is an initiative designed to equip users with powerful 
real-scale research tools become researchers, leading them to 
become the seekers and finally the leaders of the scientific quest.

Students will also see the benefits of European co-operation in 
research through SkyWatch, as the tools that they will use are the 
result of trans-national co-operation. SkyWatch activities will lead
1 The SkyWatch project is co-financed by the European Community, 
within the framework of Science and Society, FP6-2003-7-013609. The 
Sky Watch consortium is composed by the following partners: Q-PLAN 
(GR), EDEN - Open Classroom (UK), Astrophysics Research Institute 
(UK), European Physical Society (FR), Ellinogermaniki Agogi (GR), 
Stockholm University (SE), SCIENCE PROJECTS (UK) and University 
of Duisburg -  Essen (DE).

to the creation of an education and ‘public awareness of science’ 
network. Over 70 schools from 28 European Countries and 30 uni
versities and science centres are expected to participate in this 
network.

The SkyWatch Web Portal
The SkyWatch portal is the place where contest participants can 
find general information on the project (competition guides, eval
uation criteria, description of the selection procedure), all the 
necessary research results, and support material. The portal also has 
an up-load facility for contest participants to submit their projects. 
Discussion forums and on-line support sessions help the partici
pants to exchange their ideas and views and to obtain feedback from 
the SkyWatch team. The contest participants will receive a regular 
electronic newsletter throughout the duration of the Project to keep 
them updated on the activities in all the science projects. Interesting 
news items will be posted on the SkyWatch portal The SkyWatch 
portal will also provide an online campus with information and 
tools such as multi-lingual repositories of educational material as 
well as communication and collaboration tools.

Examples of resources available on the portal include projects, 
lesson plans, educational material for teachers, and images. As each 
resource comes into existence, its components are encapsulated in 
XML and are further annotated with the appropriate metadata pro
tocol, to permit queries for future use.

The SkyWatch Contest
The first phase of the Science Contest is the selection of the scien
tific topics by the participants. They are then asked to create 

scenarios and well-defined small projects to search for 
answers to these questions. The facilities of the 
SkyWatch Project, both in terms of infrastruc
ture (robotic telescopes, portal and databases) as 
well as guidance and support by the scientific 

team of experts that the SkyWatch part
nership will provide in replying to 
questions. In particular, for each topic 
that the SkyWatch team has selected, a 
resource guide exists that provides back
ground information designed to engage 
students, groups and individuals in 
learning about the specific topics and 
designing their own projects to investi

gate further and learn more. Participants can 
also submit the preliminary results of their 
project to have feedback and guidance by 
experts.

Different contests are organised 
according to the ages of the participants. Sup
portive material has been developed, such as 

contest guides, evaluation guidelines and rules of par
ticipation and forms the contest package delivered to all participants 
(groups and individuals.  Contest can be organised either in for
mal learning environments (schools or universities in the 
framework of their normal curriculum) or in informal learning 
environments (science parks, museums and centres, home).

An initial selection procedure will be established that will lead to 
the creation of a pool of 30 projects suitable for presentation during 
the European Science Week 2005 and for candidacy for awards of 
the best projects. This evaluation/selection procedure will be fol
lowed independently for each of the two groups (students and the 
wider public) of contestants, and in the case of students, according 
to age groups.
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Scenarios for science projects
The scenarios for the contests vary significantly in order to cover the 
different needs and interests of the different groups of participants. 
The scenarios address science topics from multiple viewpoints and 
integrate with other fields of science. These scenarios are one of the 
basic vehicles for the promotion and the dissemination of science 
and technology to the young participants. The scenarios are catego
rized in two main groups. The first group includes scenarios for 
the specific educational purposes of the school and/or university 
curriculum (scenarios to be used in formal learning settings). The 
second group includes more open scenarios that are designed for 
the wider public (e.g. the visitors of a science centre). All the projects 
will be presented and assessed by the Project’s scientific committee. 
Evaluation methodology and the selection procedure have been 
agreed and adopted.

Expected impact -  future plans
School students, university students, educational authorities, 
teachers, and the general public are expected to participate actively 
in the Project. Younger school students will learn more about 
research through hands-on experiments. The “Science Contests” 
will constitute the driving theme and concept to stimulate the inter
est of young people in science through taking part in an experience 
that involves learning, competition and entertainment and high
lights the excitement of the scientific quest. Through its activities the 
Project aims to raise the European young people’s interest and 
awareness of science and technology as well as to create and support 
virtual learning communities of young people, educators and 
researchers. In the long run, the Project hopes to establish an annu
al European Award Competition in science and technology, 
especially in astronomy and physics, as well as to stage an Annual 
International Exhibition. ■

Synchrotron light in the 
Middle East
Sameen Ahmed Khan,
Middle East College of Information Technology, Muscat, Sultanate 
of Oman.

T h e  region of Middle East has joined the world of synchrotrons, 
 comprising about fifty synchrotrons located in twenty-three 

countries. The Middle East synchrotron is known by the epical 
acronym SESAME: Synchrotron-light for Experimental Science and 
Applications in the Middle East. Here, we recall the magic word open 
sesame from the Arabian Nights Entertainments meaning, achieving 
what is normally unattainable! SESAME is hosted by the Al-Balqa’ 
Applied University, 30km northwest of the Capital Amman. The 
SESAME Project was born in 1997, when Germany decided to 
replace its, fully functioning BESSY-I synchrotron in Berlin by a 
more powerful facility. Germany gifted BESSY-I to the Middle East, 
the only region other than Africa without a synchrotron.

The 800MeV BESSY-I was shipped to Jordan in June 2002, where 
it is being upgraded. The machine design is based on a 2.5GeV, 3rd 
generation light source. On 6 January 2003, King Abdullah of Jor
dan laid the cornerstone for the Middle East’s first synchrotron. In 
April 2004 SESAME was formally established as an autonomous 
intergovernmental organization following the model of CERN, the
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European Laboratory for Particle Physics. Like CERN, SESAME is 
under the valuable political umbrella of UNESCO (United Nations 
Educational, Scientific and Cultural Organization) and is expected 
to promote science and foster international cooperation. Any coun
try can join SESAME by sending a letter (from the head of state or 
foreign minister) to the Director-General of UNESCO. Present 
members are Bahrain, Egypt, Iran, Israel, Jordan, Pakistan, Palestine 
and Turkey. Some countries are participating as observers: Greece, 
Germany, Italy, Japan, USA, UK, Kuwait and Libya. Several other 
countries are expected to join.

The research programmes, including, structural molecular biol
ogy, molecular environmental science, surface and interface science, 
micro-electromechanical devices, X-ray imaging, archaeological 
microanalysis, materials characterization, and medical applications, 
are expected to commence in 2009 (www.sesame.org.jo). It is an 
excellent opportunity for the countries of the Middle East (and 
Africa) to join SESAME the first international science centre in the 
region. SESAME operates like a mini-CERN in the Middle East, 
promoting science and fostering international cooperation. With 
the success of SESAME, it is time to start planning for an African 
synchrotron. ■

ITER is to go ahead in 
Europe -  what happens 
now?
Jo Lister,
Centre de Recherches en Physique des Plasmas, Ecole Polytechnique 
Fédérale de Lausanne, Switzerland

After protracted negociations and an 18 month stand-off between Europe and Japan, agreement was finally reached by the ITER Partners at Moscow on June 28th, establishing Cadarache (France) as the ITER site. Several actions have been taken to organising the different implementation levels which this large project requires. « Negotiators Standing Sub-Group » meetings will take place once a month until the end of 2005 and the Partners will produce the draft of an International Agreement. Meanwhile a General Director will be appointed. Attributing the in-kind
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construction packages among the Partners will also have to be 
decided. At the European level, the organisation of a “European 
Legal Entity” will be worked out on about the same time scale and 
the agreement of the Council of Ministers will be sought. This 
European organisation will be responsible for the European con
tracts, including site preparation, collaborating with the “French 
Legal Entity”. This will be an independent agency in charge of 
coordinating the numerous French organisations involved and 
interfacing with the European administration. A formal public 
debate will take place in France in the autumn of 2005 to evaluate 
the reactions of the French population to the project, even though 
there was already very strong local and regional support for the 
Cadarache candidature.

The first task of the ITER General Director will be to review 
the existing detailed design and to produce a « site specific » design, 
essential for the licensing procedure. The most urgent tasks are to 
build up the core team and to prepare the technical specifications 
for the longest lead-time hardware, especially the large quantity of 
superconducting material needed for the ITER coils. If all goes 
well, the first bids could be launched by the end of 2006, the licens
ing procedure could be completed by the end of 2007 and actual 
work on site could start early in 2008.

Parallel to this preparation for the ITER project itself, discussions 
have already started between EU and Japan to work out the details 
of the « broader approach », wich is an essential part of the agree
ment signed on June 28th. This broader approach includes studies 
and provisons for installations in Japan financed in common. These 
are primarily a neutron test source for qualifying reactor materials 
needed for DEMO, the demonstration reactor after ITER, the con
struction of a large non-nuclear superconduting tokamak 
(JT60SU) in support of ITER, a modelling centre for fusion sci
ence and finally a coordination centre for reactor technology. Clear 
choices have to be agreed between Japan and EU with the aim of 
contributing to fast development of fusion energy. The size of this 
“broader approach” is the price paid for breacking the deadlock 
over the site of ITER itself.

In both the EU and Japan, the impact on the present scientific 
research programme of both the construction of ITER and the 
financing of the “broader approach” will take time to analyse. ■

Council 2005

Exceptionally, the 2005 EPS Council Meeting in Bern (CH) was 
held on 6 and 7 July, rather than the last weekend in March. 

This was motivated by the desire to co-locate the Council meeting 
with the EPS General Conference -  EPS 13 “Beyond Einstein: 
Physics for the 21st Century” also held in Bern from 11-15 July. The 
EPS Council Meeting in 2006 will be held on March 24 and 25 in 
Mulhouse at the EPS Secretariat.

Martin Huber in his President’s Report set the tone for the 
meeting. Reminding the participants that the EPS, while focussing 
its actions on physics, actually has a broader geographical influence 
within the EU. The EPS is playing an active role in shaping science 
policy in Europe, particularly with regards to creation of the Euro
pean Science Council. The ERC is part of the Framework 
Programme 7 and in order to make the ERC an effective body to 
promote the interests of science in Europe, the EPS and many 
other learned societies including the European Life Sciences 
Forum have come together in an informal group known as the Ini
tiative for Science in Europe. The ISE has argued that the ERC is an

essential tool in developing the knowledge-based society in 
Europe, and must be used to finance curiosity driven frontier 
research. The ERC will also be a motor in driving national research 
efforts, hopefully leading to greater cooperation among national sci
ence councils. The ERC will cover all fields of research, including 
humanities, social and natural sciences. The most important crite
rion is scientific excellence, based on a peer review of the research 
projects. A significant budget, coming from new sources and not 
redirected from existing research programmes is also necessary, and 
the indicated amount is between €  1.5 and 2 billion. The ISE has 
published a letter in Science (August 6,2004) and made an appeal 
to the EU research ministers in June 2005 in support of the ERC.

The EPS has also been active in supporting the proposal ‘funda
mental physics in space’ that is part of the European Space Agency 
programme, Cosmic Vision 2015-2025. A position paper has been 
published, and distributed to ESA members. The purpose of the 
position paper is to encourage physicists to make use of the advan
tages of performing experiments in space, and urges governments 
to support these experiments.

Through the efforts of the EPS under the leadership of M. 
Ducloy, 2005 was declared the World Year of Physics by the inter
national physics community, including the EPS, IUPAP, FELASOFI, 
the APS, and AAPPS with the support of UNESCO. The UN 
declared 2005 the International Year of Physics. Thousands of edu
cational and ‘public understanding of physics’ initiatives have been 
planned in 2005. The EPS, and 23 other partners in Europe, has 
received EU funding for WYP2005 activities in Europe. The EPS has 
notably organised the WYP2005 Kick-off Conference (January 
2005, Paris) and EPS 13 as part of its contributions to activities dur
ing the year.

The new EPS Constitution, voted in 2004 and applicable in 
2005 has opened the possibility of more than one physics-related 
society per country. The Executive Committee has begun examin
ing which societies should be approached, and has begun by 
identifying those which are particularly strong in physics education. 
Also, according to the new Constitution, members of the Executive 
Committee serve 2 year terms, so no elections were organised this 
year. The current members of the Executive Committee are: M. 
Allegrini (Treasurer), G. Delgado-Barrio, B. Feuerbacher (Vice-sec
retary), P. Hoyer, H. Kelder, M. Kolwas, A.M. Levy, P. Melville 
(Secretary), and Z. Rudzikas.

O. Poulsen elected as President-elect was confirmed as President 
of the EPS, and M.C.E. Huber was confirmed as Wee-president.
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The EPS has also concentrated on improving its visibility 
through its publications. As reported in EPN 35-4, C. Sébenne has 
assumed overall editorial responsibility for Europhysics News. He 
replaces G. Morrison, who in his 6 year term as Editor made impor
tant contributions to improving the layout, timeliness, and quality 
of the scientific feature articles. C. Sébenne will build on these 
achievements, and bring more news of interest to EPN’s readers. G. 
Morrison will continue as the Science Editor, responsible for the 
feature articles.

The Editorial Office of Europhysics Letters moved to the EPS 
Secretariat, with 2004 as the first full year of activity. Plans are 
underway to make EPL one of the world’s leading letters journals.

Innovative features of this year’s Council meeting included a 
seminar on “How national societies could increase their member
ship” and a seminar on “Physics education”.

In the seminar on “How national societies could increase their 
membership”, presentations were made by Z. Rudzikas (LT), K. 
Hamalainen (FI), and R. Sauerbrey (D), representing the view
points of small, medium and large societies respectively.

In Lithuania, although newly admitted to the ELI, salary levels for 
researchers remain low as compared with Western Europe. Any 
increase in membership of the Lithuanian Physical Society will 
increase its membership fees to the EPS, and this is a problem. 
Moreover, the membership, fee to join the EPS represents a sub
stantial amount for Lithuanian physicists. Nonetheless, 
membership in the EPS at both the national and individual level is 
seen as advantageous for contacts and prestige. In order to increase 
its membership, small societies in similar situations need to take 
advantage of the provisions in the EPS Constitution that allow for 
the negotiation of lower membership fees.

The Finnish Physical Society has approximately 1,100 members, 
mostly academic physicists. This does not include physics teachers, 
who have their own society. There is not much room for growth of 
the FPS as most academic physicists are already members. The main 
activity that is of interest to its members is the annual meeting, 
which provides an opportunity to meet colleagues from around 
Finland. The problem is to ensure that young physicists join. To 
attract young physicists, it is necessary to give them positions of 
responsibility, and make them part of the community.

The DPG is the world’s largest physical society with over 50,000 
members representing about half of all physicists in Germany. To 
achieve this result, the DPG made a communications plan using 
professional guidance, culminating in “Jahre der Physik” in 2000. 
Concentrating on young physicists, the DPG offers free member
ship to physics students. To promote physics studies, book prizes are 
organised at the high school level to identify promising students 
who are also given free membership. All young members are eligi
ble for travel grants. Other activities include annual regional physics 
festivals, public lectures, an annual conference (the largest in 
Europe), and the publication of the Physik Journal.

In the seminar on “Physics education”, presentations were made 
by H. Busch on the ROSE (Relevance of Science Education) project, 
H. Ferndinande on EUPEN and the Stakeholders Tune Physics 
Studies (STEP) project, C. Madsen on “Some thought on Physics 
Education in Europe” and J. Holbek on Higher Order Thinking 
(HOT) Physics.

The Relevance of Science Education Project (ROSE), under the 
direction of S. Sjoberg, is studying the interest, relevance and atti
tudes of students around the age of 15 in 40 countries to science and 
technology. The purpose is to develop policy recommendations to 
be used in formulating science and technology education, and to 
highlight the importance of science and technology education in 
society. The method used consists of a series of questions on what
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students think about science and technology. The summary con
clusions show that overall, science and technology are seen to be 
useful and important, but there is little interest to pursue a career 
in these fields. The preliminary results of the study show that boys 
are more interested in science and technology, and that students 
from developing countries are more interested in following careers 
in these fields.

The study wants to understand what sociological reasons have 
led to a decline in interest to follow a career in science and technol
ogy. It has identified numerous factors, including loss of orientation 
and individualization. When applied to a teaching context, this 
means that students require courses to be personally meaningful. 
Science and technology curricula do not address the needs of the 
students. In H. Busch’s analysis, they are too general, too theoretical, 
and do not stimulate curiosity. The website is www.ils.uio.no/ 
forskning/rose/.

EUPEN was an EU funded project which studied the content of 
physics studies at the university level in 30 countries and in 150 
institutions. Based on these findings, it is necessary for the stake
holders (physicists, universities, learned societies) to make proposals 
to enhance physics education and develop projects to make physics 
more interesting, increase the number of students, and increase the 
awareness in the general public of the importance of physics. STEPS 
will also help to implement the Bologna process and to implement 
a European Higher Education Area by 2010. The project will bring 
together 171 institutions in 31 countries.

Thoughts on Physics Education in Europe began with stating 
that the attitude towards science in the EU is not bad, though it 
could be better. The main problem is a breakdown in communica
tion between the scientists/educators and the students. We first need
to define what we mean by science education, including science lit
eracy. It could mean use of daily appliances (computers, 
telephones...), understanding health issues, the ability to answer 
specific questions about science, the ability to participate in discus
sions about socio-scientific issues, or the ability to use scientific 
methods and reasoning. Teaching physics needs to teach different 
types of scientific literacy and not only identify new scientists.

Teaching science is a broad discipline that involves many actors 
who need to communicate more among themselves. Any teaching

The numerous events organised by the institutions of 
education and science have been co-ordinated by the 'Forum 
Einstein 2005 Bern'.The concluding event, a jazz concert in a 
tent on the 'Einsteinterrasse' was also the scene of the 
handover of the presidency of EPS.
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and outreach programme should have the following basic compo
nents: a good narrative and active participation of the learners; it 
should assume little previous knowledge on the part of the students, 
use visual supports, and leave the participants with a feeling of 
accomplishment.

Current teaching methods in science give answers, but do not ask 
questions, therefore stifling curiosity. Interdisciplinary activities, 
current real science in teaching, hands-on experience, and the his
tory and philosophy of science need to be incorporated into 
science teaching.

Higher Order Thinking (HOT) in Physics teaches students how 
to solve problems. People develop over time, and the ability to 
resolve complex problems, moving from simple relationships to 
abstract relationships is usually acquired between the ages of 12 and 
18. J. Holbeck, and others who study how to teach physics have tried 
to break problem-solving abilities into different phases. This is 
quantified by the number of variables an individual can integrate in 
solving or analysing a problem. Comparing this to how physics is 
taught, the conclusion was that the textbooks tend to teach only in 
terms of complex, abstract thinking, but do not teach the tools 
required to solve the problems.

The Cognitive Acceleration through Science Education (CASE) 
uses the HOT concept, and also teaches problem solving, and teach
es students techniques ranging from control of variables to 
modelling. It is a combination of curriculum tasks and teaching 
methodology. Analysis of the results shows that students who have 
learned problem-solving techniques do much better in science and 
technology courses and mathematics. Moreover, they also do bet
ter in other subjects such as language studies, and history.

In Denmark, CASE has been adapted to upper secondary schools 
and teaching materials have been created. At present, 140 teachers 
have received training in using CASE.

Physics education will be the priority under the presidency of O. 
Poulsen. The EPS is currently working on its policy, strategy and 
activities in this area. A first draft will be available at the end of 
August 2005. Council 2005 not only reviewed the activities of 2004 
but also discussed the issues that are of importance to the growth of 
the EPS and to physics in Europe. ■

Agilent Technologies 
Europhysics Prize 2005

The 2005 Agilent Technologies Europhysics Prize is awarded tc 
D. Awschalom, T. Diet! and H. Ohno for pioneering investiga

tions of ferromagnetic semiconductor heterostructures and fot 
developing methods of controlling alignment and coherence of the 
spin of mobile carriers. This paved the way for the emergence of 
semiconductor spin electronics.

Modem information technology is based on physical properties 
of particularly tailored systems of metals and semiconductors 
Information processing relies on electrical currents in semicon- 
ductor heterostructures, based on III-V semiconductor 
compounds, and electronic transitions generating photons in these 
systems provide the basis for the transmission of information 
The electronic transport properties of metallic multilayer systems 
containing magnetically active components are dominated by the 
spin-dependent scattering of electrons and are employed in com- 
bination with information storage systems.

A.Ohno,T.Dietl and D. Awschalom receive their prize from 
U. Nussbaumer of Agilent Technologies

In order to include the control of the spin degree of freedom of 
itinerant charge carriers also in semiconductors, new materials in 
the form of semiconductors exhibiting magnetic order had to be 
developed and significant advances in this respect were made in 
recent years. Based on these materials, a new field of spin-depen- 
dent electronics, now termed spintronics, emerged with a large 
impact both in basic and applied physics.

An essential step forward in the development of combining 
electronic and photonic capabilities of functional III-V semicon
ductor heterostructures with magnetism was made with the 
discovery of ferromagnetism in (Ga,Mn)As in Hideo Ohno’s lab
oratory. Although the concentration of the magnetic Mn ions was 
only at 5%, the reported Curie temperature of 110 K turned out 
to be amazingly high. Ohno, also one of the pioneers of epitaxial 
growth of layered structures, continued to search for new func
tional materials of this type and succeeded in the case of, e.g., 
(Ga,Mn)Sb and CrSb. Further progress on the materials side was 
initiated by Tomasz Died’s prediction of ferromagnetism in spe
cially tailored II-VI semiconductor structures, doped with Mn 
replacing the II component at the few % level. In a collaborative 
effort between the groups of T. Dietl in Warsaw and J. Cibert at 
Grenoble, these predictions were soon confirmed for two-dimen
sional modulation-doped (Cd,Mn)Te/(Cd,Zn,Mg)Te:N 
heterostructures and in uniformly doped bulk epilayers of 
(Zn,Mn)Te:N.

Died and collaborators were particularly instrumental in devel
oping the theory of hole-mediated ferromagnetic order in 
tetrahedrally coordinated semiconductors. They analyzed the 
importance of experimentally controllable parameters and their 
work led to the discovery of the above mentioned material systems. 
In particular it was shown that the use of the technique of modu
lated doping can also be used for controlling magnetic properties, 
leading to the electric-field control of ferromagnetism in semi
conductors.

Soon a variety of different experiments of the awardees and 
their collaborators indicated the innovation potential of this 
type of magnetic semiconductor systems. The groups of David 
Awschalom and H. Ohno reported the fabrication of light-emit
ting p-i-n heterostructures of III-V compounds where, in zero 
magnetic field, spin-polarized holes are injected from the p-type 
(Ga,Mn)As into a non-magnetic (In,Ga)As quantum well 
embedded in GaAs. In this and further work by these groups and 
L. Molenkamp’s group at Würzburg, it was demonstrated that
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heterostructures of this type can be used to inject spin-polarized 
holes and electrons. Spin-polarized electrical currents offer many 
new applications, particularly also in the sector of radiation gen
eration via electronic transitions in corresponding structures, 
such as quantum-well laser diodes.

Pioneering experimental work of Awschalom and co-workers, 
based on femtosecond time-resolved optical spectroscopy, provid
ed access to probing the temporal and spatial variations of the 
spin degrees of freedom in this type of materials. The method of 
Awschalom proved to be especially adapted to measurements of 
the lateral drag of spin coherence. Another particularly encourag
ing result was the demonstration of long spin coherence times in 
suitable material systems. This observation makes the use of spin 
dynamics an attractive option for future concepts in quantum 
computing and quantum information processing.

A large and growing number of scientists have contributed to 
the rapid development of the field of spintronics in semiconduc
tors. In the wake of the afore-mentioned pioneering work, 
national and international programs devoted to this type of 
research were initiated, which reflects not only the interest in the 
fundamental aspects of this area of physics but also the expecta
tions and hopes for future technological applications. The 
outstanding and leading role of the awardees is frilly recognized by 
the community and reflected in important national awards and 
numerous invitations as plenary speakers to international confer
ences. The selection committee is therefore convinced that the 
award of the Agilent Technologies Europhysics Prize 2005 to David 
Awschalom, Tomasz Dietl and Hideo Ohno is well deserved. ■

Public Understanding of 
Physics Prize 2005
The European Physical Society’s Public Understanding of 

Physics Prize 2005 is awarded to Martial Ducloy for his out
standing contributions to science and society, in particular the 
initiation of the World Year of Physics.

Martial’s nomination was widely supported by the European 
physics community, including the physical societies in Belgium, 
Bulgaria, the Czech Republic, the Russian Federation, Switzerland,

Martin Huber and Martial Dudoy, laureate of the 2005 PUP 
prize at the Physics Poster Competition.

Portugal, the Netherlands and the United Kingdom through the 
Institute of Physics.

He is well know to all of us and has made valuable contributions 
as a working physicist in the field of quantum electronics and 
lasers. His research and organisational abilities are also well recog
nised by his university in Villetaneuse, Paris Treize, where he has 
held successive positions as the Vice-president for research and the 
Vice-president for international relations.

He joined the EPS shortly after its creation in 1968, and has been 
a fervent supporter of its activities. He was chairman of the EPS 
Quantum Electronics Division from 1994 to 1998, and was 
instrumental in the creation of the EPS conference services depart
ment, and in the organisation of the CLEO/Europe -  EQEC 
conference series. He became EPS president - elect in 2000, and 
served as President in 2001 and 2002.

In 2000, at the 3rd World Congress of Physical Societies in Berlin, 
Martial proposed to more than 30 societies present that 2005 be 
declared the World Year of Physics. This initiative was inspired by 
the Jahres der Physik which generated enormous enthusiasm for 
physics in Germany during the year 2000, and by the World Year of 
Mathematics. Learning from our German colleagues, and those 
in mathematics, Martial worked tirelessly with the help of notably 
Chris Rossel and Martin Huber to obtain widespread internation
al support. IUPAP endorsed the World Year of Physics in 2001, 
UNESCO added its support in 2004, culminating with the decla
ration of 2005 as the International Year of Physics by the United 
Nations General Assembly.

Since then, thousands of projects from around the world have 
been held celebrating 2005 as the World Year of Physics. The Euro
pean Commission recognised the importance of this initiative with 
a 2.1 million Euro contract to finance hundreds of projects in 
Europe during 2005.

We all hope that the outcome of 2005 will be a better under
standing by the general public of the importance of physics in their 
lives, more dialogue between the physics community and policy 
makers to address such future challenges as renewable energy, 
global warming, and medicine, and most importantly, renewed 
interest in the young generation to follow careers in physics.

WYP2005 can already be proclaimed a success, and we owe our 
thanks to Martial Dudoy for his efforts and contributions to this 
initiative. ■

Gero Thomas medal for 
services to EPS
John Lewis, who has always identified himself as a schoolmaster, spent virtually all his career at Malvern College, where he had previously been to school before studying physics and mathematics at Cambridge and where he was Head of the Science Department from 1955 until his retirement in 1983. During this time his was active, not just in teaching pre-university physics, but also in developing physics teaching nationally, for example playing a leading role in the Nuffield advanced physics project. As a celebrated educationalist, John has also travelled around the world studying and advising on physics education. Anyone who has heard him talk on physics education or seen him give demonstrations will realise what a splendid teacher he was. In retirement John has been no less active, first becoming the Institute of Physics’Vice
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President for Education and then its Honorary Treasurer. At first he 
protested that he knew nothing about money, but was told that 
what was important was that he was good at asking questions. And 
what a fine Treasurer he was.

On the basis of this and his reputation for asking questions, 
John Lewis was nominated as EPS Treasurer in 1994 and served for 
five years until 1999. He insisted that he was not prepared to serve 
unless the accounts were properly audited, which they had not 
been until then as it was not a requirement under Swiss law. When 
it took place, the audit revealed that EPS had a very heavy deficit 
of which EPS Council was on the whole unaware. Revealing this 
gave John a considerable and well-earned reputation. The deci
sion was then taken to move the headquarters from Geneva over 
the border to Mulhouse, where the overheads were substantially 
less. The net result was that by the time John handed over to his 
successor the deficit had become a surplus. There is no doubt that 
EPS owes John a substantial debt of gratitude for putting EPS on a 
proper financial footing and for seeing EPS through the move from 
Geneva to Mulhouse.

John will also be remembered for the Malvern Seminar -  The 
International Seminar on Physics Education which he organized at 
Malvern College in 1999. Taking advantage of EPS-11 in London, 
this was attended by most of the presidents of physical societies in 
Europe. This proved a most stimulating event and opportunity to 
share experience of physics teaching across Europe. One conse
quence of the seminar was the decision to set up the EPS 
Education Division with both university and pre-university sec
tions. John also represented EPS on the committee organizing 
Physics on Stage at CERN in 2000. This has proved a tremendous 
success and has gone from strength to strength.

John Lewis has provided great service to EPS, which would not 
be the same today without his efforts. He is a very fitting recipient 
of the Gero Thomas medal. ■

2005 Prizes of the High 
Energy and Particle Phy
sics Division of the EPS
The 2005 European Physics Society High Energy and Particle 
Physics Prize is awarded jointly to:

- Heinrich Wahl, for his outstanding leadership 
of challenging experiments on CP Violation, 
and to

- The NA 31 Collaboration, which showed for 
the first time Direct CP Violation in the decays 
of neutral K mesons.

The 2005 EPS-HEPP Young Physicist Prize is awarded to:
- Mathieu de Naurois, for his new ideas and 
decisive contributions in the CELESTE and 
HESS experiments. His new original method 
to analyse Cerenkov images of atmospheric 
showers enabled many new results in HESS 
and the detection of new sources near the 
galactic centre. "

The 2005 EPS-HEPP Gribov Medal is awarded to:
- Matias Zaldarriaga, for his important theo
retical contributions to Cosmology, with impact 
also on the theories of fundamental interac
tions. Among others for:
a. developing an efficient method for calculating 
the observed CMB fluctuations in a given cos
mological model. This has greatly facilitated

imposing constraints on cosmological models and is widely used.
b. Realizing the importance of polarization in the CMB and the 
possibility to measure it.
c. Pointing out the importance of the effect of gravitational lensing 
by local matter on the CMB background."

The 2005 Outreach Prize is awarded jointly to:
- Dave Barney, for promoting the fascination 
of particle physics to the public, in parallel to his 
research work in the CMS collaboration at 
CERN. His impressive and successful efforts are 
concentrated around the CMS experiment, but 
also reaching for beyond his own experiment.

- Peter Kalmus, for his long-standing and major 
personal involvement in particle physics out
reach. In the last years, he has given talks for 
schools and the public to a total audience of 
some 24,000 in countries from the UK, Ireland 
and France to South Africa, Singapore and 
India. "

EPS conference 
activities

In 1999, the EPS established a Conference Services department at 
the Secretariat in Mulhouse. The main reasons for this decision 

were to offer concrete services to EPS Divisions and Groups 
through the organisation of their conferences, seminars and work
shops; to increase the visibility of the EPS to the global physics 
community with a strong presence of EPS staff and expertise at 
conferences; to create an identity for conferences organised by EPS 
Divisions and Groups; and to develop expertise and centralise 
know-how, conference procedures, mailing lists, etc. The Confer
ence Services department employs 2 full-time staff, and uses other 
central services such as information technology, graphic design, web 
hosting, management and accounting.

Since its creation, the department has been directly involved in 
12 conferences, and provided partial 
services to many others. The EPS can 
offer a fui range of services for confer
ence organisers including brochures, 
websites, on-line paper submission 
and refereeing, preparation of pro
grammes and abstracts, both in 
electronic and paper versions, on-line

CLEO®/Europe - EQEC 2005: 
A.Zeilinger...
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and on-site registration and payment, etc. This frees up the organ
isers from the Divisions and Groups and allows them to concentrate 
on the scientific programme of the conference.

In 2004-2005, the EPS has organised the 1st EPS QEOD 
Europhoton Conference (Lausanne, July 2004), The WYP 2005 
Kick-off Conference (Paris, January 2005), CLEO/Europe-EQEC 
(Munich, June 2005), EPEC1 (Bad Honnef, July 2005), and EPS 13 
(Bern, July 2005).

Each of the conferences in 2005 was very distinct. The WYP 2005 
Kick-off Conference was organised at the UNESCO headquarters as 
part of the EPS activities for the World Year of Physics. Over 1,000 
students attended from over 40 countries to hear about the role that 
physics plays in society and in future challenges.

CLEO/Europe-EQEC 2005 is part of a series of conferences that 
is co-organised by the EPS QEOD and two American partners, the 
OSA and IEEE/LEOS. The conference presents the latest develop
ments in laser technology and research in the field of quantum 
electronics and optics. Co-located with the Laser Munich Trade 
Fair, CLEO/Europe EQEC is well attended by both academic and 
industrial physicists. In 2005, over 1300 participants attended the 
sessions, which are divided into Plenary talks, Tech-focus sessions, 
and up to 14 parallel sessions.

EPEC1 was the first of a series of European Physics Education 
Conferences, organised by the EPS Physics Education Division. 
About 100 participants attended at the DPG’s Bad Honnef confer
ence facility to listen to presentations outlining innovative teaching 
techniques, common issues in physics education, and European 
projects related to physics education.

EPS13, Beyond Einstein: Physics for the 21st Century is the EPS 
scientific contribution to WYP2005. Three parallel conferences were 
organised each highlighting one of the 3 seminal papers published 
by Einstein in 1905. Each conference was organised by a collabora
tion among different EPS Divisions and Groups and covered 
respectively: (1) Photons, Lasers and Quantum Statistics; (2) Rela
tivity, Matter and Cosmology; (3) Brownian Motion, Complex 
Systems and Physics in Biology. An open day was also organised 
with the Swiss Physical Society and the Swiss Academy of Sciences. 
With over 600 attendees, EPS 13 can be counted as one of the most 
successful EPS General Conferences in recent memory.

The EPS has acquired experience and the tools allowing Divi
sions and Groups access to professional quality Conference Services. 
From budget planning to after-conference statistics, the Confer
ence Services department is a tangible benefit of being a member 
of the EPS and of its Divisions and Groups. ■

...and his attentive audience.®AiexShelbert.de

IUPAP conference on 
Women in Physics, Rio 
de Janeiro, Brazil, 2005
Julia Yeomans Deda Antoneta2, Gillian Gehring3, Raji Heyrovska4, 
and Larissa Svirina5.
' University of Oxford, UK,
2 University of Tirana, Albania,
3 University of Sheffield, UK,
4 Academy of Sciences of the Czech Republic, Prague, Czech 
Republic,

5 National Academy of Sciences of Belarus, Minsk, Belarus.

Imagine a physics conference with 143 participants almost all of 
whom are female. Most of the women in Rio enjoyed the novel 

experience of belonging to a majority rather than a minority. 
(Would our male colleagues enjoy being the only man at a meeting 
of 100 physicists?). This was the Second IUPAP meeting on Women 
in Physics, the Brazilian team made the visit to Rio enjoyable for all 
the participants. Details are on the conference web site 
www.cbpf.br/~women-physics/ and a fiali report will be published 
by the AIP.

The conference aim was to find ways of increasing the represen
tation of women within the profession. Attracting and retaining 
women in science is now recognized internationally as a priority to 
boost the numbers of trained scientists and hence grow the “knowl
edge economy”. The EU now has policies for the removal of gender 
inequalities as a requirement for participation in many of its pro
grammes. Moreover those of us that have enjoyed a fruitfu l and 
rewarding career as a physicist are distressed to see girls and young 
women put off by incorrect perceptions that it is a boring and 
irrelevant preserve of the uncommunicative male.

The participants came from forty two countries of which six
teen are members of the EPS. The society thought that EPS 
representation was sufficiently important to provide some contri
bution for travel funds for three of the participants. It is clear that 
female participation in Physics varies enormously among EPS 
countries so this is an area where we can learn from each other. 
There were two poster sessions: one on gender issues and the second 
on the scientific research of the delegates.

The conference assessed the progress that has been made in 
recruiting, retaining and promoting women physicists worldwide 
since the first meeting in 2002. Both exciting and sobering interna
tional differences came to the fore. We heard talks from 
representatives from the USA that is at the forefront of collecting 
data about, and running initiatives to encourage, women physicists. 
These include workshops on writing grants, peer-mentoring and 
site visits to encourage women-friendly practice.
It was interesting that an AMP report on "Women in Physics and 
Astronomy 2005” which was presented at the meeting cast doubt on 
the idea of the “leaky pipeline”. The figures, for the USA, suggested 
that the paucity of women in senior positions is not because of 
them dropping out at every career step, but just a natural conse
quence of the small number of women taking graduate degrees 
thirty years ago. Together with growing activity of women physi
cists, this sends a hopeful signal for the future.
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There was also a large delegation from the UK where there have 
been several initiatives since the First IUPAP meeting on Women 
in Physics held in Paris three years ago. Ann Marks, the chair of the 
Women in Physics Group summarised these including email net
works, career break support and also the 'Lab on a Lorry1, a mobile 
venue from which to advertise the delights of physics. One disap
pointment was that, apart from the UK, there were very few 
representatives from Western Europe although there were several 
delegates from Eastern European countries. There was also little dis
cussion of women physicists working in industry and we hope that 
this will be high on the agenda for future meetings.

The situations in the USA and Western Europe were in stark con
trast to that described by women from less developed nations. The 
2005 L'Oreal-UNESCO Award Laureate for Africa, Professor 
Zohra Ben Lakhdar, decided to go back to Tunisia, after studying in 
France, to found a new research group. It took 20 years of patience 
and perseverance to get the group's research - on atomic physics 
with applications to environment and agriculture, medicine and 
industry - up and running. Just obtaining a spectrometer and 
computers proved major hurdles. Professor Ben Lakhdar's group’s 
current objective is to become a “Pole of Excellence”, acting as a 
bridge between European and African research.

A view from China was presented by Iing-An Wu from the Chi
nese Academy of Sciences. In China the standard retirement age 
for women is 55 (compared to 60 for men) and they can only con
tinue to do research if they have achieved the status of full professor. 
Many excellent women, with the additional family responsibilities 
they bear, do not make this rung on the promotion ladder in time 
and are therefore forced to retire. Interacting with women physicists 
from across the globe enabled us to start to understand the prob
lems faced in different cultures and to progress with finding 
solutions.

The discussion groups were one of the most useful parts of the 
conference. The topics were: Attracting Girls into Physics; Launch
ing a Successful Physics Career; Getting Women into the Physics 
Leadership; Structure Nationally and Internationally; Improving 
the Institutional Climate for Women in Physics; Learning from 
Regional Differences; Balancing Family and Career. Reports of the 
group discussions will also appear in the AIP Proceedings.

Brazil is a long way from Europe and so it was difficult for many 
Europeans to attend. Therefore it is important to record the resolu
tions here. They are directed to the IUPAP General Assembly and 
are relevant to us all -  but the third one is especially relevant to the 
EPS because of its role as a conference organizer.
1. Assign to the IUPAP Liaison Committees the important role in 

their countries of catalyzing women's participation in physics 
and reporting on progress.

2. Strongly encourage the physical societies in its member countries 
to share information and resources with physicists who are iso
lated.

3. Require organizers of the conferences it sponsors to improve 
their inclusion and encouragement of women, and request its 
member societies and other scientific unions to do the same. 
Provide child care facilities for delegates with children.

4. Model exemplary institutional transparency in its policies, pro
cedures, practices, and activities and increase the presence of 
women among its leadership.

5. Co-sponsor the development and encourage the use and trans
lation of training modules on gender and race equity in physics, 
on physics education pedagogies and curricula, and on the 
recruitment, retention, and advancement of women.

6. Request the IUPAP Working Group on Women in Physics to 
oversee a thorough international survey of the status of women 
in physics in 2007, organize the 3rd International Conference on 
Women in Physics in 2008, and report at the 26th IUPAP Gener
al Assembly in Fall 2008.
As the world is facing a time when more technology is needed to 

combat problems of climate change and inequality it is important 
to use all the intelligence available. Increasing the participation of 
women is an idea whose time has come! ■

Condensed matter 
festival in Dresden
N ovember 15th is the abstract deadline for the 21st General Con

ference of the EPS Condensed Matter Division, with the 
conference due to start on 26 March 2006 in Dresden. The meeting 
is organised jointly with the annual DPG Solid State Physics Spring 
meeting, with the combined conference providing an excellent 
opportunity for meeting with and presenting work to a wide inter
national audience.

The CMD General Conference is one of the largest and longesi 
established EPS meetings. The Conference is usually held in con
junction with a national condensed matter meeting, with recem 
meetings attracting large attendances to Prague (2004), Brighter 
(2002) and Montreux (2000). Next year’s meeting promises to be 
the largest ever European condensed matter meeting, with ar 
expected attendance of about 5,000 delegates to Dresden.

Because the EPS Conference gives an additional internationa 
dimension, the DPG meeting will for the first time be held entirely 
in English, from abstract submission through to oral and poster 
presentations. The conference highlights the overall strength of the 
condensed matter community, with symposia and plenary talks 
devoted not only to subject areas such as magnetism and semicon
ductors but also to nanosciences and areas where condensed matter 
plays an increasing role, including strong sessions on biologica 
physics and even physics of socio-economic systems.

Dresden will provide a particularly attractive and lively location 
for the meeting. The city of Dresden celebrates its 800* anniversary 
in 2006. Many important historical buildings, including its famous 
castle, have recently been reconstructed and many cultural high 
lights are planned in Dresden to mark the anniversary. The meeting 
offers an ideal opportunity for young researchers to meet with and 
present their work to a wide international audience. For more infor- 
mation, including registration details, see www.cmd21.org. ■

Attendees at the IUPAP Women in Physics Conference 2005
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The forthcoming deadline for applications for magnet time allocation 

(February 2006 to July 2006) at the

GRENOBLE HIGH MAGNETIC FIELD LABORATORY

is November 4th, 2005

Scientists of EU countries and Associated States* are entitled to apply under the 

European Programme to obtain a financial support according to rules defined by the EC. 

Application forms are available on request or on the web site: http://ghmfl.grenoble.cnrs.fr

* Bulgaria, Iceland, Israel, Liechtenstein, Norway, Romania, Switzerland, Turkey

Please contact:
E. Mossang, Laboratoire des Champs Magnétiques Intenses 

CNRS, B.P. 166, 38042 Grenoble Cedex 9, FRANCE 
Tel.: 33- 4.76.88.74.87, Fax: 33- 4.76.88.10.01 

E-mail: ghmfl@grenoble.cnrs.fr

cosine research

Applied physicist
Cosine Research BV, located in Leiden, The Netherlands, is 
working on innovative concepts and technologies that can be 
applied for future space exploration. We are looking for a 
physicist to enforce our young and international team working on 
the development of space instrumentation.

Profile: PhD in physics or applied physics with at least three years 
of hands-on working experience in one or more of the fields: 
Optics, sensors, metrology and related instrumentation such as 
used in astrophysics or remote sensing planetary exploration. 
Your working field may cover applications from the far infrared 
region into the area of X-ray or high energy physics. A strong 
interest in advanced and state of the art miniaturisation 
technologies is an asset.

Please contact Dr. Stefan Kraft, Tel. +31 71 528 49 68, send your 
written application with CV and references to cosine Research 
B.V., Niels Bohrweg 11, NL-2333 CA Leiden, or e-mail to 
S.Kraft@cosine.nl

Further information can be found at 
www.cosine.nl

cosine Your partner in research & development

UNI VERS I TY OF AARHUS  
DENMARK

Associate professor in theoretical 
physics

The Department of Physics and Astronomy 
(www.phys.au.dk) invites applications for a position in 
theoretical physics at the associate professor (lektor) level. 
The position is open from January 1,2006. Salary depends 
on seniority as agreed between the Danish Ministry of 
Finance and the Confederation of Professional Unions.

The Department wishes to strengthen its activities in 
statistical physics, soft condensed matter, and theoretical 
biological physics and seeks a candidate with a track 
record of outstanding and independent research in these 
disciplines and a research profile driven by the desire to 
understand physical phenomena and their origins.

Before applying for this position please read the full job 
description at http:// www.nat.au.dk/stilling. The job 
description is also obtainable from the Department of 
Physics and Astroomy, Phone no. +45 8942 3706.

Deadline: November 10,2005, at 12,00 noon.
Please number the application: 212/5-133.

mailto:henri@edpsciences.org
http://ghmfl.grenoble.cnrs.fr
mailto:ghmfl@grenoble.cnrs.fr
mailto:S.Kraft@cosine.nl
http://www.cosine.nl
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EC-Research Infrastructure Action 
Structuring the European Research Area 
Contract No RII3-CT-2004-506008

EUROPEAN RESEARCH 
with SYNCHROTRON RADIATION

CALL FOR PROPOSALS
for the time period March 2006 to February 2007.

Researchers in the European Union member states 
(except Denmark) and associated countries are 
invited to apply for access to the research facilities at 
the Institute for Storage Ring Facilities (ISA) under 
the EC programme Structuring the European 
Research Area. Access is offered to:
The synchrotron-radiation beamlines and 
associated experimental equipment at 
ASTRID (2-1000 eV)
For a detailed description of the facilities, please visit 
our web site.
Project proposals are evaluated on the basis of 
scientific merit by an independent panel.
Approved projects will receive access and support 
free of charge.

Travel expenses and subsistence for eligible users 
will be reimbursed.
Application forms can be obtained from ISA at the 
address below, or from our web site. Forms must 
reach ISA no later than December 31, 2005.

For further information, please contact:

ISA, Aarhus University,
DK-8000 Aarhus C, Denmark.
Tel.: +45 8942 3778 Fax: +45 8612 0740 
Email: fyssp@phys.au.dk 
Web site: http://www.isa.au.dk
Project Manager: Seren Pape Meller

LABORATOIRE LEON BRILLOUIN 
European Research with Neutron Beams CALL FOR PROPOSALS

EUROPEAN COMMUNITY - ACCESS TO RESEARCH INFRASTRUCTURES 
NMI3 -  INTEGRATED INFRASTRUCTURE INITIATIVE FOR NEUTRON SCATTERING 

AND MUON SPECTROSCOPY -  CONTRACT N° RH3-CT-2003-505925

LLB has been recognized by E.U. as a major infrastructure dedicated to research on the structure and dynamics of condensed matter by neutron scattering 
or imaging. The neutron beams are supplied by Orphée, one of the highest flux and most modem reactors in Europe, equipped with one hot and two cold 
sources, making available neutrons of any wavelength between 0.7 and 15 Å.

THE 24 NEUTRON SCATTERING AND IMAGING FACILITIES AT LLB - ORPHEE -  SACLAY
(including diffractometers for single crystals, powders, liquids and materials science, small-angle scattering instruments, 
reflectometers, triple-axis, time-of-flight and spin-echo spectrometers for inelastic scattering, and neutron radiography)
are open to Scientists from Member States in the European Union (France excluded) and from the Associated 

States (*), wishing to perform experiments with neutron beams in condensed matter physics, chemistry, 
materials science, biology or geosciences.

(*) : BULGARIA, ICELAND, ISRAEL, LIECHTENSTEIN, NORWAY, ROMANIA, SWITZERLAND, TURKEY

Experimental proposals must be submitted in writing using Application Forms (which can be found on our web-site)
DEADLINES FOR PROPOSALS ARE : APRIL 1st AND OCTOBER 1st OF EACH YEAR

The written proposals will be examined by a peer review international Selection Panel on the basis of scientific merit and priority
to new users and young scientists

-  Access is provided free of charge for the selected user teams
-  Travel and subsistence up to two users may be reimbursed by the programme

Application Forms, informations about the NMI3 programme and the LLB facilities can be obtained from :

SCIENTIFIC SECRETARY - NMI3 PROGRAMME 
LABORATOIRE LEON BRILLOUIN, CEA / SACLAY 
F -91191 GIF-SUR-YVETTE, FRANCE

Phone : 33 (0) 1 69 08 60 38 Fax : 33 (0) 1 69 08 82 61
e-mail : experience@111)..saday.cea.fr Web site : http://www-llb.cea.fr

mailto:fyssp@phys.au.dk
http://www.isa.au.dk
http://www-llb.cea.fr


Experimental nuclear solid state physics on the nanometer scale
The Faculty of Science of the Katholieke Universiteit Leuven, Belgium has an opening in the Department of Physics and 
Astronomy for a full time member of the academic staff, starting October 1st 2006.
The successful applicant is expected to complement and enhance the existing research strength in the field of solid-state 
physics, whereby local properties are studied using nuclear probes and techniques. She/he should have a proven record 
that demonstrates the ability to establish experimental research at an internationally recognized level, in one or several 
areas of this discipline. The focus of the research program will be to investigate the relationship between the structural 

and functional (electrical, magnetic, optical, ) properties of low-dimensional and/or nano-structured systems, with special emphasis on 
the modification of these properties as a result of ion irradiation and/or doping with (radio active) ions. This research will fit in and 
develop within the Ion and Molecular Beam Laboratory (http://www.fVs.kuleuven.be/iks/nvsf/nvsf html) in order to valorise the 
expertise in the field of hyperfine interactions as well as in the field of low-energy ion solid interactions and high-energy implantation. 
The candidate is also expected to contribute to the teaching activities of the department of Physics and Astronomy — both for teaching 
general physics courses at the Bachelors level and more specialised courses in the Master programmes on Solid state physics at the 
nanometer scale and Nano-science and nano-technology . The candidate will posses the didactical skills required for this purpose. 
Foreign speakers are expected to teach their courses in Dutch after two years.
The candidate should hold the Degree of Doctor in Sciences or Doctor in Applied Sciences/Engineering. Depending on the qualifications 
of the selected applicant, the appointment will be in one of the grades of the independent academic staff of the K.U.Leuven (senior 
lecturer, professor or full professor).

The Faculty of Science is an equal opportunity employer.
Although formal applications are acceptable until January 10, 2006 at the Human Resources department of the K.U.Leuven (see 
http://www.kuleuven.be), applicants are strongly recommended to send their application before November 30, 2005, to Prof. Michel 
Rots, Head of the Department of Physics and Astronomy, K.U.Leuven Celestijnenlaan 200 D, B-3001 Leuven, Belgium, on paper 
(2 copies) and electronically to michel.rots@fvs.kuleuven.be.
Applications should include complete curriculum vitae, a brief statement of their intended research plan, publication list and at least three 
professional references, on the A3 application form (http://www.kuleuven.be/admin/rd/niv3n/ad-j02. htm)
Further information can be obtained from: prof. Andre Vantomme, Instituut Kern- en Stralingsfysica, Celestijnenlaan 200D, B-3001 
Leuven, Belgium; phone: +32-16-32.75.14; e-mail: andre.vantomme@fys.kuleuven.be.

If you have any job vacancies why not advertise them in

europhysics news
Reach over 29.000 physicists and related professionals in almost every field 

in Europe without wasting your budget on the wrong audience!

EDP Sciences
17 avenue du Hoggar 

BP 112 - Parc d’activités de Courtabœuf 
F-91944 les Ulis Cedex A, France, henri@edpsciences.org 

Phone +33 (0)1 69 18 75 75 
Fax +33 (0) 1 69 07 45 17

www.edpsciences.org

http://www.fVs.kuleuven.be/iks/nvsf/nvsf
http://www.kuleuven.be
mailto:michel.rots@fvs.kuleuven.be
http://www.kuleuven.be/admin/rH/niv3n/ad-i02
mailto:andre.vantomme@fVs.kuleuven.be
mailto:henri@edpsciences.org
http://www.edpsciences.org


ww
w.

ed
ps

cie
nc

es
.or

g
Physics & Engineering

To order please contact your subscription agent or EDP Sciences

17, av. du Hoggar • P.A. de Courtabœuf • F-91944 Les Ulis Cedex A • France 
Tel. 33 (0)1 69 18 75 75 • Fax 33 (0)1 69 86 06 78 • subscribers@ edpsciences.org

http://www.edpsciences.org
mailto:subscribers@edpsciences.org

