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A word from the President

The year 1911 was an exceptional year: the first
Solvay Conference on Physics in Brussels inau-

gurated a new dynamic of scientific discoveries

in fundamental physics enabling the technologi-
cal achievements that surrounds us in our daily

lives.

One hundred years later, we celebrated this
event, true to its spirit of scientific excellence,
by setting the ambitious goal of studying the
latest findings related to the theory of Quantum
Mechanics, which was born out of these early
Solvay conferences. Thus the 25" Conference
brought together 70 outstanding specialists
from such diverse areas as quantum comput-
ing, condensed matter, quantum systems, par-
ticle physics, quantum gravity and string theory.
| can attest to the intense and fruitful discus-
sions that took place!

We also celebrated the event by holding an
academic session focused on the importance
of fundamental research. We are proud to have
been able to gather outstanding speakers from
a variety of backgrounds, to discuss before an
illustrious public the vitality of modern funda-
mental research and its impact on our world.
Other spirited events were organized for the
pleasure of inquiring minds. This report will
present all the centennial celebration events in
detail.

Annual Report 2011- A word from the President

Through this celebration, our goal of showing
that the Solvay Institutes are alive and well has
been accomplished.

We owe it in large part to the tireless work of
our director Marc Henneaux and the Chair of
the Scientific Committee for Physics David
Gross. They have brought together the ingredi-
ents of this outstanding celebration.

| would like to thank our very dedicated team at
the Institutes that made it possible for the vari-
ous events to run so smoothly. | would also like
to thank our faithful and new sponsors. Without
their generous supports, we could not have
organized such a high-level successful com-
memoration.

Lastly, as we embark on our second century, we
will continue to bring together the most brilliant
minds to solve the most compelling questions.

A Jean-Marie Solvay
( President
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A word from the Director

The legendary first Conseil de Physique Solvay
took place in Brussels in 1911. Gathered
around Ernest Solvay, the leading physicists
of the time began a series of remarkable inter-
national conferences that helped give birth to
guantum mechanics and continued to shape
modern physics.

Following the success of the 1911 conference,
Ernest Solvay created the International Institute
of Physics in 1912 with the crucial advice of
Hendrik Lorentz. A year later, he founded the
International Institute for Chemistry. These two
Institutes merged in 1970 to become the “In-
ternational Institutes for Physics and Chemistry,
founded by Ernest Solvay”, in short, “Interna-
tional Solvay Institutes”.

The mission of the International Solvay Institutes
is to support fundamental research in physics,
chemistry and related areas, not only through
the periodic organization of the celebrated
Solvay conferences, but also through chairs,
fellowships, doctoral training, workshops and
colloquia. Since 2005, the Institutes also run a
program of annual lectures aimed at populariz-
ing science to the general public.

The creation of the Solvay Institutes was an idea
even more ahead of its time than thought by its
visionary founders, who anticipated an exis-
tence of 25 years: a century later, the Interna-
tional Solvay Institutes still play, more than ever,
a key role in the development of science at the
international level, with an exceptional impact
on Belgian research activities.

As holders of a unique legacy, the International
Solvay Institutes celebrated in 2011 the hun-
dredth anniversary of the first Solvay conference
on physics.

What a spectacular celebration it was! It drew
to Belgium many leading scientists and major
global actors from the industrial, economical,
political and higher education worlds, making
Brussels the “International Capital of Physics”
for a week.

A word from the Director

The centenary activities :

- the 25" Solvay Conference entitled “The
Theory of the Quantum World”,

- the reading of the theatre play “Copenhagen”,

- the Academic Session “Why "Curiosity-Driv
en’ Research?”,

- the public event “The Future of Physics” with
two popular lectures and a panel discussion,

- the exhibition “One hundred Years of Solvay
Conferences on Physics”.

were complemented by a workshop on “The
Early Solvay Councils and the Advent of the
Quantum Era”. All were exceptional events, en-
joying a success that went beyond what could
have been dreamed.

His Majesty Albert II, King of the Belgians,
attended the Academic Session on the impor-
tance of fundamental research. The support of
the Royal Family to the Solvay Institutes, which
goes back to the early days of the Institutes, is
a unigue encouragement.

There are many individuals who contributed to
the immense success of the centenary celebra-
tions. It is impossible to thank them all here but
they should be assured that the Solvay Insti-
tutes are extremely grateful for their priceless
help. A special gratitude goes to David Gross,
without whose precious support, advice and
involvement the celebration program could

not have been carried through. Special
acknowledgements also go to Nancy Kawalek
who masterly directed “Copenhagen”, and to
Henri Eisendrath, Gaston Moens and Jean
Wallenborn who orchestrated the exhibition
with a contagious enthusiasm.

The centenary celebrations were also the oc-
casion to launch a 5-year Capital Raising Cam-
paign, the objective of which is to significantly
increase the endowment of the Institutes in order
to consolidate and expand the novel scientific
initiatives taken in the last years. More science

is needed than ever to successfully confront the
challenges facing modern sociecty.
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The International Solvay Institutes are looking

for partners who wish to associate themselves
with the prestige of its fundamental research in
Physics and in Chemistry, and help promote
the excitement of the pursuit of knowledge
and the understanding of science among
future generations.

| am pleased to announce that the Solvay
Company and the Bank BNP-Paribas Fortis
have already significantly contributed to the
Capital Raising Campaign. They are most
gratefully thanked.

The centenary celebrations are reviewed in the
present report. The report also gives a survey
of the other activities organized or supported
by the International Solvay Institutes during the
year 2011. These activities pursued at the fron-
tiers of knowledge, were attended by hundreds
of participants from all over the world. They are
detailed in the corresponding sections of this
volume.

The report describes also the advances in the
research carried by the scientists affiliated with
the Institutes. The main area of investigation is
the understanding of gravity, which remains the
most mysterious force in the universe.

Two other important events in the life of the
Institutes occurred in 2011:

- Half of the International Solvay Committee for
Chemistry was renewed. We thank both the
members whose term came to an end for their
help in the scientific running of the Solvay Con-
ferences in Chemistry and the new members
who agreed to assist us in this task.

- The financial debt, which used to be extremely
preoccupying, has been progressively reduced
to zero over the last eight years by following strict
management practices, while keeping an active,
redeployed scientific program. The debt is now
completely cleared. The stabilization of the finan-
cial situation was a prerequisite for the credibility
of the Centennial Capital Raising Campaign.

The 2011 activities and research would not
have been possible without the support of the
sponsors of the International Solvay Institutes,
to whom | would like to express our gratitude.
These are our traditional sponsors:

- the “Université Libre de Bruxelles”

- the “Vrije Universiteit Brussel”

- the Solvay Company

- the Belgian National Lottery

- the “Communauté Francaise de Belgique”
- the “Vlaamse Regering”

- the David & Alice Van Buuren Foundation
- the bank BNP Paribas Fortis

- Belgacom

- the Hobtel Métropole

as well as the sponsors who provided special
support for the 2011 celebrations:

- the Brussels-Capital Region
- the “Région Wallonne”

- the Chancellery of the Prime Minister
- the Belgian Science Policy
- the FWO

- the FNRS

- the Belgian Academies

- the Max-Planck Society

- BASF

- Umicore

- Bekaert

Last but not least, | wish to once again extend
our warmest thanks to the Solvay family who
has, since 1911, unfailingly supported the
activities of the Institutes.

The extraordinary dedication and efficiency

of the entire staff working at the Institutes is
again gratefully acknowledged. | also thank our
treasurer, Professor Bingen, for his assistance
in managing the finances.

Marc Henneaux
Director
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Emeritus - Professor VUB

Professor Lode Wyns Secretary
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Mr. Philippe Busquin
Minister of State
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Professor Eric De Keuleneer .
Solvay Brussels School of Economics

Mr. Bernard de Laguiche
Chief Financial Officer Solvay S.A.

\
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President of the Administrative Board of the ULB

Baron Daniel Janssen
Honorary Chairman of the Board of Directors of Solvay S.A.

Mr. Eddy Van Gelder
President of the Administrative Board of the VUB
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General Information

Board of Directors

Honorary Members

Baron André Jaumotte Honorary Director
Honorary Rector and Honorary President ULB

Mr. Jean-Marie Piret
Emeritus Attorney General of the Supreme Court of Appeal
and Honorary Principal Private Secretary to the King

Professor Jean-Louis Vanherweghem
Former President of the Administrative Board of the ULB

Professor Irina Veretennicoff

Professor VUB

Guests

Professor Marc Henneaux Director

Professor ULB

Professor Alexander Sevrin Deputy Director

Professor VUB Scientific Secretary of the Committee for Physics

Professor Franklin Lambert

Professor VUB
Professor Anne De Wit Scientific Secretary of the
Professor ULB Committee for Chemistry
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Management and Staff

Director Professor Marc Henneaux (ULB)
Deputy Director Professor Alexander Sevrin (VUB)
Assistants to the Director Professor Anne De Wit (ULB)

Professor Glenn Barnich (ULB)
Professor Ben Craps (VUB)

Office Manager Ms Dominique Bogaerts
Project Coordinator Ms Isabelle Juif

Project Coordinator Ms Isabelle van Geet
Accounting Officer Ms Chantal Verrier

Postal address: International Solvay Institutes, Campus Plaine ULB / CP 231, Bd du Triomphe,
B-1050 Brussels, Belgium

Delivery address: International Solvay Institutes, Campus Plaine ULB / Access 2, Bd de la Plaine,
Building NO, 5" Floor, Office 2N5 105A, B-1050 Brussels, Belgium

Tel: + 32 2 650 54 23 (Ms Juif/Ms Van Geet) or + 32 2 650 55 42 (Ms Bogaerts)
Fax: + 32 2 650 50 28

Emails: dominique.bogaerts@ulb.ac.be, isabelle.vangeet@solvayinstitutes.be
Website: http://www.solvayinstitutes.be
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Scientific Committee for Physics

Members are appointed for a 6-year period term, renewable once.

Chair Professor David GROSS, Nobel Prize 2004, Kavli
Institute for Theoretical Physics, Santa Barbara, USA

Members Professor Roger BLANDFORD, Stanford University,
USA (1 June 2010 - 31 May 2016, first term)

Professor Steven CHU, Nobel Prize 1997, Stanford
University, USA (1 January 2008 — 31 December 2013, first term)

Professor Robbert DIJKGRAAF, Instituut voor Theoretische Fysica,
Universeit van Amsterdam, the Netherlands
(1 June 2010 — 31 May 20186, first term)

Professor Bert HALPERIN, Harvard University/Dept of Physics,
Cambridge, USA (1 June 2010 — 31 May 2016, first term)

Professor Gerard 't HOOFT, Nobel Prize 1999,
Spinoza Instituut, Utrecht, the Netherlands
(1 July 2010 = 30 June 2016, second term)

Professor Giorgio PARISI, Universita La Sapienza,
Roma, ltaly (1 January 2008 — 31 December 2013, first term)

Professor Pierre RAMOND, University of Florida,
Gainesville, USA (1 July 2010 — 30 June 2016, second term)

Professor Klaus VON KLITZING, Nobel Prize 1985,
Max-Planck-Institut, Stuttgart, Germany
(1 July 2010 — 30 June 2016, second term)

Professor Peter ZOLLER, Institut fir Theoretische Physik,
Universitat Innsbruck, Austria (1 June 2010 — 31 May 2016, first term)

Scientific Secretary  Professor Alexander SEVRIN, Vrije Universiteit Brussel, Belgium
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Scientific Committee for Chemistry

Members are appointed for a 6-year period term, renewable once.

Chair Professor Dr. Kurt WUTHRICH, Nobel Prize 2002
Institut fur Molekularbiologie und Biophysik, Zurich, Switzerland

Members Professor Graham FLEMING, University of Berkeley, USA
(1 June 2011 — 31 May 2017, second term)

Professor Robert H. GRUBBS, CALTECH,
Pasadena, USA (1 June 2011 — 31 May 2017, first term)

Professor Roger KORNBERG, Nobel Prize 2006. Stanford University,
USA (1 January 2010 — 31 December 2016, first term)

Professor Harold W. KROTO, Nobel Prize 1996, University of Sussex,
Brighton, UK (1 June 2011 — 31 May 2017, second term)

Professor Henk N.W. LEKKERKERKER, Utrecht Universiteit,
the Netherlands (1 June 2011 — 31 May 2017, second term)

Professor K.C. NICOLAOU, University of California,
San Diego, USA (1 June 2011 — 31 May 2017, second term)

Professor JoAnne STUBBE, MIT, Cambridge, USA
(1 June 2011 — 31 May 2017, first term)

Professor George M. WHITESIDES, Harvard University, Cambridge,
USA (1 June 2011 - 31 May 2017, first term)

Professor Anmed ZEWAIL, Caltech, Pasadena, USA
(1 June 2011 — 31 May 2017, first term)

Scientific Secretary  Professor Anne DE WIT, Université Libre de
Bruxelles, Belgium
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International Advisory Committee

Members are appointed for a 6-year period term, renewable once.

Chair Professor Lars BRINK, Chalmers University of Technology, Goteborg,
Sweden (1 June 2008 — 31 may 2014)

Members Professor Leticia CUGLIANDOLO, Université Paris 6, France
(1 June 2008 — 31 may 2014)

Professor Hermann NICOLAI, Max-Planck-Institut fir Gravitationsphysik
(Albert-Einstein-Institut), Potsdam, Germany (1 June 2008 — 31 may 2014)

Professor Jacques PROST, Ecole Supérieure de Physique et Chimie
Industrielles (ESPCI), Paris, France (1 June 2008 — 31 may 2014)

Professor Hirosi OOGURI, Caltech, Pasadena, USA and
Tokyo University, Japan (1 June 2008 — 31 may 2014)

Professor Gunnar VON HEIUNE, Stockholm University, Sweden
(1 June 2008 — 31 may 2014)

Local Scientific Committee
Chair Professor Marc HENNEAUX (ULB, Brussels)
Members Professor Jean-Luc BREDAS (Georgia Institute of Technology, Atlanta)
Professor Ben CRAPS (VUB, Brussels)
Professor Anne DE WIT (ULB, Brussels)
Professor Pierre GASPARD (ULB, Brussels)
Professor Paul GEERLINGS (VUB, Brussels)
Professor Albert GOLDBETER (ULB, Brussels)

Professor Alexander SEVRIN (VUB, Brussels)
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Honorary Members
Professor Anatole ABRAGAM
Professor Fortunato Tito ARECCHI
Professor Robert BROUT
Professor Claudio BUNSTER

Professeur Claude COHEN-TANNOUDJI
Nobel Prize 1997

Professor Manfred EIGEN
Nobel Prize 1967

Professor Francois ENGLERT
Professor Ludwig FADDEEYV,
Professor .M. KHALATNIKOFF

Professor Jean-Marie LEHN
Nobel Prize 1987

Professor William LIPSCOMB
Nobel Prize 1976

Professor Mario J. MOLINA
Nobel Prize 1995

Professor Victor P. MASLOV
Professor Stuart RICE

Professor Victor A. SADOVNICHY
Professor Roald SAGDEEV
Professor E.C.G. SUDARSHAN

Professor Chen Ning YANG
Nobel Prize 1957

College de France, Paris, France (T 8 June 2011)
Universita di Firenze and INOA, ltaly

Université Libre de Bruxelles, Belgium (1 3 May 2011)
Centro de Estudios Cientificos, Valdivia, Chile

Ecole Normale Supérieure, Paris, France

Max-Planck Institut, Géttingen, Germany

Université Libre de Bruxelles, Belgium
V.A. Steklov Mathematical Institute, St Petersburg, Russia
Landau Institute of Theoretical Physics, Moscow, Russia

College de France, Paris, France

Harvard University, Cambridge, USA (t 14 April 2011)

Massachusetts Institute of Technology, Cambridge, USA

Moscow State University, Russia
University of Chicago, USA

Moscow State University, Russia
University of Maryland, College Park, USA
University of Texas, Austin, USA

Chinese University Hong Kong & Tsinghua University,
Beijing, China
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Appraisals & Prizes

Professor Stuart RICE, Chair of the International Scientific Committee for Chemistry until
31 May 2011, received the 2011 Wolf Prize for Chemistry for the deep creative contributions
to the chemical sciences in the field of synthesis, properties and an understanding of organic
materials.
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In Memoriam Robert Brout and Laurent Houart

The International Solvay Institutes regret the loss in 2011 of two of their close collaborators.

Robert Brout, Honorary Member of the International Solvay Institutes since 2004, died on May
3, 2011.

Robert Brout made crucial contributions to the development of theoretical physics. His most
notable achievement was the discovery, in collaboration with Frangois Englert, of the mechanism
of spontaneous symmetry breaking in gauge theories, a key ingredient for the unification of the
fundamental forces and one of the deepest discoveries of 20" century physics. For this work, he
received the J.J. Sakurai Prize of the American Physical Society in 2010, the High Energy and Par-
ticle Physics Prize of the European Physical Society in 1997 and the prestigious Wolf Prize in 2004.

Laurent Houart, « Directeur de recherches » at the FNRS, died unexpectedly on February 24,
2011 at the age of 43. He was a leading scientific collaborator of the International Solvay Insti-
tutes.

His work dealt with the central problem of understanding quantum gravity, where he made key
contributions to conformal field theory and string theory, black hole physics, duality and hidden
symmetries of gravitational theories. For the importance of his research, he received in 2004 the
De Donder Prize of the Belgian Academy.

Both had a contagious passion for scientific research. They were warm-hearted colleagues and
true humanists. They will be deeply missed.
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25" Solvay Conference on Physics

The Theory of the Quantum

World

Quantum Mechanics is one
of the most profound intellec-
tual achievements of the 20"
century.

This physical theory deals with
the fascinating and somewhat
puzzling behaviour of Nature
at the atomic and sub-atomic
scales. It has deeply modified
our traditional views on real-
ity and determinism. Driven
by the physicists’ curiosity for
unlocking the mysteries of the
microscopic world, the quan-
tum revolution has also led to
a wealth of applications going
from electronics and lasers to
medical imaging and atomic
clocks. These have dramati-
cally changed our everyday
life.

But quantum mechanics is far
from being a finished theory.
The number of Nobel Prizes
awarded for work that involves
astonishing new quantum
phenomena shows no sign of
stagnation and can safely be
predicted to continue keep-
ing that pace for the years to
come.

Areas of active current re-
search where many key ques-
tions remain include: foun-
dational aspects of quantum
mechanics, quantum comput-
ing, control of quantum sys-
tems, puzzles in condensed
matter theory, challenges in
particle physics at the time of
the LHC, quantum gravity and
string theory. These hot sub-
jects at the frontiers of knowl-
edge were under focus at the
25" Solvay Conference on

Physics entitled “The Theory of
the Quantum World”.

The history of the Solvay
Conferences is intimately con-
nected with the development
of quantum mechanics. It was
at the first Solvay Conference
on Physics that the conceptual
rupture between the old “clas-
sical” physics and the new
theory of quanta was clearly
realized to be inevitable. It was
at the 5" Solvay Conference

in 1927 that the formulation of
quantum mechanics still used
today was definitely estab-
lished. Most of the subse-
quent Solvay Conferences
dealt with quantum mechanics
in one form or the other (to

list some in the last fifty years:
1961: “Quantum Field Theory”;
1967: “Fundamental Problems
in Elementary Particle Physics”;
1982: “Higher Energy Phys-
ics”; 1991: “Quantum Optics”;
2005: “The Quantum Structure
of Space and Time”; 2008:
“Quantum Theory of Con-
densed Matter”).

It was thus quite logical and
natural that quantum mechan-
ics was chosen to be the cen-
tral theme of the 25" Solvay
Conference on Physics, which
celebrates the hundredth an-
niversary of the First Solvay
Conference.

Among the eminent scientists
who attended the Conference
were Nobel laureates Murray
Gell-Mann (Physics 1969),
David Gross (Physics 2004),
Alan Heeger (Chemistry 2000),
Wolfgang Ketterle (Physics

25% Solvay Conference on Physics

2001), Anthony Leggett
(Physics 2003), William Phillips
(Physics 1997), Gerard 't Hooft
(Physics 1999), Klaus von
Klitzing (Physics 1985), Frank
Wilczek (Physics 2004) and
Fields medalist Edward Witten
(1990). Distinguished physicist
Stephen Hawking took also
part in the Conference.

Following the tradition initi-
ated by Hendrik Lorentz one
century ago, the conference
consisted in a few rapporteurs’
talks followed by intense dis-
cussions.

The conference was chaired
by Nobel Laureate David Gross
(Physics 2004). >




The Theory of the Quantum World

David Gross is the Frederick
Gluck Professor of Theoreti-
cal Physics and Director of the
Kavli Institute for Theoretical
Physics at UCSB. He received
his Ph.D. in 1966 at UC Berke-
ley and was previously Thomas
Jones Professor of Mathemati-
cal Physics at Princeton
University.

He has been a central figure

in particle physics and string
theory. His discovery, with
Frank Wilczek, of asymptotic
freedom—the primary feature
of non-Abelian gauge theo-
ries—led Gross and Wilczek
to the formulation of Quantum
Chromodynamics, the theory
of the strong nuclear force.
This completed the Standard

Model, which details the three
basic forces of particle phys-
ics: the electromagnetic force,
the weak force, and the strong
force. Gross was awarded the
2004 Nobel Prize in Physics,
with Politzer and Wilczek, for this
discovery.

He has also made seminal
contributions to the theory of
Superstrings, a burgeoning
enterprise that brings gravity into
the quantum framework.

His awards include the Sakurai
Prize, MacArthur Prize, Dirac
Medal, Oscar Klein Medal,
Harvey Prize, the EPS Particle
Physics Prize, the Grande
Medaille d’Or and the Nobel
Prize in Physics in 2004.

He holds honorary degrees from

the US, Britain, France, Israel,
Brazil, Belgium and China.

His membership includes

the US National Academy of
Science, the American Acad-
emy of Arts and Sciences, the
American Philosophical Society,
and the Indian Academy of
Science.

Since 2006, he is the chair of
the Solvay Scientific Committee
for Physics. This committee is
in charge of the scientific orga-
nization of the Solvay Confer-
ences (choices of subjects and
lecturers) and has always been
led by distinguished scientists
(Hendrik Lorentz, Paul Lan-
gevin, Lawrence Bragg etc).
He also held the Solvay
Centenary Chair.

25 Solvay Conference on Physics
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25" Solvay Conference on Physics

Opening Session of the 25th
Solvay Conference on Physics

Devoted to the historical role played by the Solvay Conferences on the
development of quantum physics and science in general, this special
session took place in the gothic room of the magnificent city hall of Brussels
in the presence of Sabine Laruelle, Minister for Scientific Policy and

Freddy Thielemans, Mayor of Brussels.

Prﬂg FAMIME welcome by Freddy Thielemans, Mayor of Brussels
Welcome by Marc Henneaux, Director of the Solvay Institutes
A few words from Sabine Laruelle, Minister for Scientific Policy
A few words from Jean-Marie Solvay, President of the Solvay Institutes

Session 1 History and Reflections chaired by Marc Henneaux

A Century of Quantum Mechanics

by Professor David Gross (Santa Barbara, 2004 Physics
Nobel Laureate)

Conference Chair and Solvay Centenary Chair

The First Solvay Council: a sort of private conference
by Professor John Heilbron (Berkeley)

From Solvay 1961 to Solvay 2011
by Professor Murray Gell-Mann (Santa Fe,
1969 Physics Nobel Laureate)
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The Theory of the Quantum World

19 - 22 October 2011
Hotel Métropole
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Programme S
Session 2 Foundations of Quantum Mechanics and Quantum Computing 9
Chair Alain Aspect (Palaiseau) g
Rapporteurs Anthony Leggett (Urbana Champaign), “The Structure of a World Described 3
by Quantum Mechanics” ‘c
John Preskill (Caltech), “Quantum Entanglement and Quantum Computing” o)
J
>
Session 3 Control of Quantum Systems G
Chair Peter Zoller (Innsbruck) >
o
Rapporteurs Ignacio Cirac (Garching), “Quantum Computing and Simulation with Atoms Wi
and Photons” s
Steven Girvin (Yale), “Coherent Control of Mesoscopic Solid-State Systems” g}
Session 4 Quantum Condensed Matter
Chair Bertrand Halperin (Harvard)
Rapporteur Subir Sachdev (Harvard), “Quantum Phases of Matter”
Session 5 Particles and Fields
Chair Howard Georgi (Harvard)
Rapporteur Frank Wilczek (MIT), “A Long View on Particle Physics, 100 Years On”
Session 6 Quantum Gravity and String Theory
Chair Joe Polchinski (Santa Barbara)
Rapporteurs Juan Maldacena (Princeton), “String Theory and Gravity”

Alan Guth (MIT), “Quantum Fluctuations in Cosmology”
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Participants

Yakir Aharonov
Boris Altshuler
Ignatios Antoniadis
Nima Arkani-Hamed
Alain Aspect

David Awschalom
Leon Balents
Niklas Beisert
Michael Berry
Roger Blandford
Lars Brink

Claudio Bunster
Ignacio Cirac
Sankar Das Sarma
Seamus Davis
Robbert Dijkgraaf
Savas Dimopoulos
Michael R. Douglas
Georgi Dvali
Francois Englert
Matthew Fisher
Murray Gell-Mann
Howard Georgi
Gary Gibbons
Steven Girvin

Gian Francesco Giudice
Michael B. Green
David Gross

Alan Guth

F. Duncan M.Haldane
Bertrand Halperin
Jim Hartle

Stephen Hawking
Alan J. Heeger
Gary Horowitz
Shamit Kachru
Wolfgang Ketterle
Igor Klebanov
Daniel Kleppner
Juan Maldacena
Viatcheslav Mukhanov
Anthony J. Leggett
Nikita Nekrasov
Hermann Nicolai
Hirosi Ooguri
Giorgio Parisi

Chapman University, Orange, USA

Columbia University, New York, USA

CERN, Geneva, Switzerland

Institute for Advanced Study, Princeton, USA

Institut d’Optique, Palaiseau, France

University of California, Santa Barbara, USA

University of California, Santa Barbara, USA

Max Planck Institute for Gravitational Physics, Golm, Germany
University of Bristol, UK

KIPAC, Stanford, USA

Chalmers University of Technology, Géteborg, Sweden
Centro de Estudios Cientificos, Santiago, Chile
Max-Planck-Institut fir Quantenoptik, Garching, Germany
University of Maryland, College Park, USA

Cornell University, Ithaca, USA

Universiteit van Amsterdam, the Netherlands

Stanford University, USA

Rutgers, Piscataway, USA

New York University, USA

Université libre de Bruxelles, Belgium

University of California, Santa Barbara, USA

Santa Fe Institute, USA

Harvard University, Cambridge, USA

Cambridge University, UK

Yale University, New Haven, USA

CERN, Geneva, Switzerland

University of Cambridge, UK

University of California, Santa Barbara, USA
Massachusetts Institute of Technology, Cambridge, USA
Princeton University, USA

Harvard University, Cambridge, USA

University of California, Santa Barbara, USA

University of Cambridge, UK

University of California, Santa Barbara, USA

University of California, Santa Barbara, USA)

Stanford University, USA

Massachusetts Institute of Technology, Cambridge, USA
Princeton University, USA

Massachusetts Institute of Technology, Cambridge, USA
Institute for Advanced Study, Princeton, USA)
Universitat Minchen, Germany

University of lllinois, Urbana, USA

Institut des Hautes Etudes Scientifiques, Bures-sur-Yvette, France
Max-Planck-Institut fur Gravitationsphysik, Golm, Germany
California Institute of Technology, Pasadena, USA
Universita La Sapienza, Roma, Italy
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Participants ¥
v

William D. Phillips University of Maryland, Gaithersburg, USA (=

Joseph Polchinski University of California, Santa Barbara, USA 2

Alexander Polyakov Princeton University, USA (3

John Preskill California Institute of Technology, Pasadena, USA "'c'

Eliezer Rabinovici Hebrew University, Jerusalem, Israel o)

Lisa Randall Harvard University, Cambridge, USA J

Valery Rubakov Institute for Nuclear Research of Russian Academy of Sciences, Moscow, Russia —

Subir Sachdev Harvard University, Cambridge, USA G

Nathan Seiberg Institute for Advanced Study, Princeton, USA 2>

Ashoke Sen Harish-Chandra Research Institute, Allahabad, India o

Mikhail Shifman University of Minnesota, Minneapolis, USA Wi

Eva Silverstein Stanford University, USA s

Gerard 't Hooft Spinoza Instituut, Utrecht, the Netherlands g}

Gabriele Veneziano College de France, Paris, France

Erik Verlinde Universiteit van Amsterdam, the Netherlands

Klaus von Klitzing Max-Planck-Institut fur Festkorperforschung, Stuttgart, Germany

Spenta Wadia Tata Institute of Fundamental Research, Mumbai, India

Xiao-Gong Wen Massachusetts Institute of Technology, Cambridge, USA

Frank Wilczek Massachusetts Institute of Technology, Cambridge, USA

David J. Wineland Physics Laboratory National Institute of Standards and Technology, Boulder, USA

Edward Witten Institute for Advanced Study, Princeton, USA

Anton Zeilinger Universitat Wien, Austria

Peter Zoller Institut fUr Theoretische Physik, Innsbruck, Austria

Woijciech H. Zurek Los Alamos Natl. Lab, USA

Scientific Secretaries Auditors

R. Argurio  Université libre de Bruxelles N. Cerf Université libre de Bruxelles

G. Barnich  Université libre de Bruxelles F. Denef K.U.Leuven

B. Craps Vrije Universiteit Brussel F. Ferrari Université libre de Bruxelles

J. Danckaert Vrije Universiteit Brussel J-M. Frére Université libre de Bruxelles

T. Durt Vrije Universiteit Brussel J-M. Gérard Université catholique de Louvain

P. Gaspard  Université libre de Bruxelles T. Hertog K.U.Leuven

N. Goldman Université libre de Bruxelles A. Kleinschmidt Université libre de Bruxelles

S. Massar  Université libre de Bruxelles F. Maltoni Université catholique de Louvain

S. Pironio  Université libre de Bruxelles C. Van Den Broeck Universiteit Hasselt

A. Sevrin Vrije Universiteit Brussel A. Van Proeyen K.U.Leuven

P. Spindel  Université Mons-Hainaut . Veretennicoff Vrije Universiteit Brussel

J. Tempere  Universiteit Antwerpen
P. Tinyakov  Université libre de Bruxelles
M. Tytgat Université libre de Bruxelles
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The “Conseils Solvay”

The International Solvay
Conferences are a key part

of the history and develop-
ment of science. They were
responsible for initiating the
first meeting between Einstein
and Poincaré. They were highly
instrumental in the understand-
ing of the theory of quantum
mechanics and later, of many
areas of modern physics rang-
ing from the infinitely small to
the infinitely large and cover-
ing fascinating topics such as
elementary particle physics,
atomic physics, condensed
matter, quantum optics, cos-
mology, black holes, string
theory. Through the decades
they have been associated
with an astonishing number

of Nobel Laureates such as
Einstein, Lorentz, Bragg and
more recently Gross, to cite
only a few.

The International Scientific
Committees for Physics and
Chemistry have full authority to
set the subjects, schedule and
the choice of participants for
each international conference
in either physics and in chem-

istry.

Why are the International
Solvay Conferences so
successful?

“The famous Austrian-Dutch
physicist Paul Ehrenfest who
participated in the Solvay
conferences in 1927 and 1930,
once said that there had never
been philosophical discus-
sions of such great depth in
the history of mankind as at
those conferences. The unique

selection of participants and
the format with intense discus-
sions after well-prepared talks,
offered the forum for Albert
Einstein and Niels Bohr to lead
these discussions to depths
never reached before. Science
and mankind owe a tremen-
dous lot to the Solvay family
and the Solvay Institutes who
made these events possible.
Now when the conferences
will celebrate 100 years of
successful meetings the aim,
the format and the unique
choices of participants are still
the same, and we can expect
the meetings to continue to
penetrate ever deeper into the
mysteries of Nature.”

Professor Lars Brink, Mem-
ber of the Swedish Academy
of Sciences, Member of the
Nobel committee, Chair of the
Solvay visiting Committee

i e W
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Previous Solvay Conferences
on Physics

1911
Chair

1913
Chair

1921
Chair

1924
Chair

1927
Chair

1930
Chair

1933
Chair

1948
Chair

1951
Chair

1954
Chair

1958
Chair

1961
Chair

1964
Chair

1967
Chair

1970
Chair

“La théorie du rayonnement et les
quanta”
Hendrik Lorentz (Leyden)

“La structure de la matiere”
Hendrik Lorentz (Leyden)

“Atomes et électrons”
Hendrik Lorentz (Leyden)

“Conductibilité électrique des métaux
et problemes connexes”
Hendrik Lorentz (Leyden)

“Electrons et photons”
Hendrik Lorentz (Leyden)

“Le magnétisme”
Paul Langevin (Paris)

“Structure et propriétés des noyaux
atomiques”
Paul Langevin (Paris)

“Les particules élémentaires”
Sir Lawrence Bragg (Cambridge )

“L’état solide”
Sir Lawrence Bragg (Cambridge)

“Les électrons dans les métaux”
Sir Lawrence Bragg ( Cambridge )

“LLa structure et I'évolution de 'univers”
Sir Lawrence Bragg (Cambridge)

“La théorie quantique des champs”
Sir Lawrence Bragg (Cambridge)

“The Structure and Evolution of Galaxies”
Robert Oppenheimer (Princeton)

“Fundamental Problems in Elementary
Particle Physics”
Christian Mgller (Copenhagen)

“Symmetry Properties of Nuclei”
Edoardo Amaldi (Rome)

Annual Report 2011- 25 Solvay Conference on Physics

1973
Chair

1978
Chair

1982
Chair

1987
Chair

1991
Chair

1998

2001

2005
Chair

2008
Chair

“Astrophysics and Gravitation”
Edoardo Amaldi (Rome)

“Order and Fluctuations in Equilibrium
and Nonequilibrium Statistical Mechanics”
Léon Van Hove (CERN)

“Higher Energy Physics”
Léon Van Hove (CERN)

“Surface Science”
F.W. de Wette (Austin)

“Quantum Optics”
Paul Mandel (Brussels)

“Dynamical Systems and Irreversibility”
organized by loannis Antoniou (Brussels)

“The Physics of Communication”
organized by loannis Antoniou (Brussels)

“The Quantum Structure of Space
and Time”
David Gross (Santa Barbara)

“Quantum Theory of Condensed Matter”
Bertrand Halperin (Harvard)
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Solvay Public €vent

The Future of Physics

Following a tradition initiated a
few years ago, the International
Solvay Institutes organized
their 8" annual public event

on the day following the close
of the 25" Solvay Conference
on Physics, taking advantage
of the presence in Brussels of
many of the world’s leading
experts in physics. The event
took place at the Flagey build-
ing on October 23, 2011 in the
presence of Mr. Pascal Smet,
Flemish Minister for Education,
Youth, Equal Opportunities
and Brussels Affairs and Mr.
Eric Remacle who represented
Mr. Jean-Marc Nollet, \Wal-
loon Community Minister for
Children, Research and Public
Service.

Popularizing science is one of
the important missions of the
International Solvay Institutes.
More than 800 participants
were captivated by the popular
lectures delivered by Professor
William Phillips (1997 Nobel
Prize in Physics) on “Time and
Einstein in the 21t Century and
Professor Frank Wilczek (2004
Nobel Prize in Physics) on
“Quantum Beauty”.

The lectures were followed by
a panel discussion with main
theme “The Future of Physics”.
The panel was composed of
distinguished scientists who
had participated in the 25
Solvay Conference on Physics.
The event closed with a drink

offered to all the participants,
the speakers and the panel
members, which allowed the
public to interact more closely
with the invited scientists.

The International Solvay In-
stitutes warmly thank the two
speakers who accepted to de-
liver a lecture, as well as all the
panel members who partici-
pated in the discussion. They
are very busy persons and the
Institutes value very much the
time that they gave them to
make their 8" Public Event a
great success.




The Future of Physics

William D. Phillips was
born in 1948, in Wilkes-Barre
PA, in the USA. He received a
bachelor of science in Physics
from Juniata College in 1970
and a Ph.D. from MIT in 1976.
After two years as a Chaim
Weizmann postdoctoral fellow
at MIT, he joined the staff of
the National Institute of Stan-
dards and Technology (then
the National Bureau of Stan-
dards) in 1978. He is currently
the leader of the Laser Cooling
and Trapping Group of NIST’s
Physical Measurement Labo-
ratory, and a Distinguished
University Professor at the
University of Maryland. He is
a Fellow of the Joint Quantum
Institute, a cooperative re-
search venture of NIST and the
University of Maryland that is
devoted to the study of quan-

tum coherent phenomena. At
the JQI he is the co-director of
an NSF-funded Physics Fron-
tier Center focusing on quan-
tum phenomena that span
different subfields of physics.
The research group led by Dr.
Phillips has been responsible
for developing some of the
main techniques now used for
laser-cooling and cold-atom
experiments in laboratories
around the world. Today, the
group pursues research in
laser cooling and trapping;
Bose-Einstein condensation;
atom optics; collisions of cold
atoms; cold atoms in optical
lattices; quantum information
processing; quantum simula-
tion of the behavior of complex
systems; and the study of
cold-atom analogs to con-
densed matter.

American Physic
the American Aca

and honorary member of the
Optical Society of America,
and a member of the U.S.

National Academy of Scienc
In 1997, Dr. Phillips shared
the Nobel Prize in Physi
development of metho
cool and trap atoms with [asg
light.”
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Professor Frank Wilczek
is one of the leading theoreti-
cal physicists at work today.
When only 21 years old and a
graduate student at Princeton
University, in collaboration with
David Gross he discovered
the fundamental equations for
one of the four basic forces of
nature: the strong force. That
work led to a Nobel Prize. He
is also known, among other
things, for the development

of unified field theories, the
invention of axions, and the
discovery and exploitation of
new forms of quantum statis-
tics (anyons).

Professor Wilczek is a second-
generation American and a
graduate of the New York
City’s public schools. Presently
he is the Herman Feshbach
Professor of Physics at MIT.
Professor Wilczek has received
many honors. Notably, he was
among the earliest MacArthur
Fellows (1982-87) and in 2004
he received the Nobel Prize

in Physics. He contributes
regularly to Physics Today and
to Nature, explaining topics

at the frontiers of physics to
wider scientific audiences,

and is much in demand as a
public lecturer. He received the

Solvay Public €vent

Lilienfeld Prize of the Ameri-
can Physical Society for those
activities. Two of his pieces
have been anthologized in
Best American Science Writ-
ing (2003, 2005). His latest
book, The Lightness of Being:
Mass, Ether, and the Unifica-
tion of Forces (Perseus), has
just appeared in paperback.
He’s now hard at work on The
Attraction of Darkness, a novel
mixing science, music, and
murder.




The Future of Physics

Programme
Moderator :  Franklin Lambert (VUB & International Solvay Institutes)
15:00 - 15:10 Welcome by Franklin Lambert and Marc Henneaux (International Solvay Institutes)

15:10 - 15:20 Opening by Mr. Eric Remacle representing
Minister Jean-Marc Nollet and by Minister Pascal Smet

15:20 - 16:05 William Phillips (1997 Physics Nobel Laureate)
“Time and Einstein in the 215t Century”

16:05 - 16:15 Question session

16:15 - 17:00 Frank Wilczek (2004 Physics Nobel Laureate) — “Quantum Beauty”

17:00 - 17:10 Question session

17:10 - 17:55 Panel discussion on “The Future of Physics” led by David Gross (UCSB, 2004
Physics Nobel Laureate), with the participation of Alain Aspect (Palaiseau),
Gerard 't Hooft, (Utrecht, 1999 Nobel Physics Laureate), William Phillips (NIST &
College Park, 1997 Physics Nobel Laureate), Subir Sachdev (Harvard),
Frank Wilczek (MIT, 2004 Physics Nobel Laureate), Peter Zoller (Innsbruck)

17:55-18:00 Closing

18:00 - 19:00 Drink

Mr. Eric Remacle representing Minister Minister Pascal Smet
Jean-Marc Nollet

Solvay Public Event
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Professor F. Lambert, Moderator

B Debate : The Future of Physics

The distinguished panel that conducted the debate following the
lectures was composed of some of the participants in the 25
Solvay Conference. Professor David Gross was the chair of the
panel and Professor Franklin Lambert was the moderator.

Professor D. Gross, Chair of the Panel

Solvay Public €vent
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Here is a brief
presentation of
the panel members

Professor Alain Aspect
studied at the Ecole Normale
Supérieure de Cachan and
Université d’Orsay. After a
three years teaching assign-
ment in Cameroon, he started
in 1974, a series of experi-
ments on the foundations

of quantum mechanics. His
“Experimental Tests of Bell’s
Inequalities with Correlated
Photons”, were the subject of
his doctorate thesis presented
in 1983. In 1983-86, with his
student Philippe Grangier, he
developed the first source

of single photons and made
fundamental experiments on
wave-particle duality of light.
From 1985 to 1992 he worked
with Claude Cohen-Tannoudiji

at the Laboratoire Kastler
Brossel de 'ENS and College
de France, on cooling atoms
with lasers, in particular “cool-
ing below the one photon
recoil”.

Since 1991, he is head of the
group of Atom Optics that he
has established at the Institut
d’Optique, now in Palaiseau.
Recent scientific production
concerns mainly Bose Einstein
Condensates, Atom Lasers,
Quantum Atom Optics with
metastable Helium, Anderson
localization of ultracold atoms.

CNRS senior scientist (“Di-
recteur de recherches CNRS”)
at Laboratoire Charles Fabry
de I'Institut d’Optique, Alain
Aspect is also a professor at
Institut d’Optique and Ecole
Polytechnique, Palaiseau.

He is a member of the French
Académie des Sciences, and
of the Académie des Tech-
nologies, as well as of foreign
academies (USA, Austria).

He is frequently invited as a
distinguished lecturer, and has
received major awards, among
them, the CNRS Gold Medal
(2005), the Quantum Optics
senior prize of the European
Physical Society (2009), the
Wolf prize in Physics (2010).

Professor Gerardus

't Hooft

received his doctorate in
theoretical physics in 1972

at Utrecht University on “The
Renormalization Procedure for
Yang-Mills fields”, this work
would later earn him, together
with his advisor Martinus

Veltman, the 1999 Nobel Prize
in Physics.

Professor 't Hooft has been
Professor in Theoretical

Physics at Utrecht for most

of his professional life, doing
research and education on

the topics of the electro-weak
interaction, the strong interac-
tion and later also the gravita-
tional forces in the world of the
sub-atomic particles. Member
of the Dutch Academy of Sci-
ences (KNAW) as well as other
institutions and Academies, his
work led to a number of honor-
ary doctorates and internation-
al prizes such as the Wolf Prize
of Israel, the Pius Xl Medal,
and the Franklin Medal.

Solvay Public €vent
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Professor Subir
Sachdev is a Professor of
Physics at Harvard University,
a position he has held since
2005. Dr. Sachdev received an
undergraduate degree in phys-
ics from the Massachusetts
Institute of Technology in 1982
and M.Sc. and Ph.D. degrees
from Harvard in 1984 and
1985, respectively. He joined
the Yale faculty as an assistant
professor in 1987. Dr. Sachdev
has served as a visiting profes-
sor or scientist at a number of
institutions, including Harvard
and the University of Paris.
Professor Sachdeyv is a widely
demanded lecturer. He holds a
distinguished Research Chair
at the Perimeter Institute for
Theoretical Physics.

He is a well-known expert in
the theory of quantum materials
and quantum phase transitions.
He has done pioneering work

in the field of high tempera-
ture superconductors and has
managed to connect quantum
phase transitions with some
current ideas in string theory.

His most recent research
interests include the develop-
ment of the theory of quantum
phase transitions, and its use
in understanding the non-zero
temperature dynamics of cor-
related electron systems. Dr.
Sachdev has received numer-
ous awards and honours for
his work including the National
Science Foundation’s Presiden-
tial Young Investigator Award
(1988), an Alfred P. Sloan
Foundation Fellowship (1989),
the National Science Founda-
tion’s Creativity Award (1998),
election as a fellow of the
American Physical Society
(2001), and a John Simon Gug-
genheim Memorial Foundation
Fellowship (2003).

Annual Report 2011- Solvay Public Event

Professor Peter Zoller

is Professor at the University

of Innsbruck and works on
guantum optics and quantum
information and is best known
for his pioneering research on
quantum computing and quan-
tum communication and for
bridging quantum optics and
solid state physics.

Professor Zoller studied phys-
ics at the University of Inns-
bruck, obtained his doctorate
there in February 1977, and
became a lecturer at their
Institute of Theoretical Phys-
ics. In 1991, he was appointed
Professor of Physics and JILA
Fellow at JILA and at the Phys-
ics Department of the Universi-
ty of Colorado, Boulder. At the
end of 1994, he accepted a
chair at the University of Inns-
bruck, where he has worked
ever since. Peter Zoller con-
tinues to keep in close touch
with JILA as Adjoint Fellow. He
was Loeb lecturer in Harvard,
Boston, Yan Jici chair profes-
sor at the University of Sci-
ence and Technology of China,
Hefei, and chair professor at
Tsinghua University, Beijing,

as well as Lorentz professor

at the University of Leiden in
the Netherlands. Since 2003,
Peter Zoller has also held the
position of Scientific Director
at the Institute for Quantum
Optics and Quantum Informa-
tion (IQOQY) of the Austrian
Academy of Sciences.

Professor Zoller has received
numerous awards for his
achievements in the field of
quantum optics and quantum



The Future of Physics

information and especially for
his pioneering work on quan-
tum computers and quantum
communication. These include
The Franklin Institute’s 2010
Benjamin Franklin Medal in
Physics (with Ignacio Cirac
and David Wineland), the Dirac
Medal (2006), the Max Planck
Medal (2005), the Max Born
Award (1998) of the Optical
Society of America. In 2001,
Peter Zoller became full mem-
ber of the Austrian Academy
of Sciences, in 2008 he was
elected to the United States

National Academy of Sciences.

Professor William D.Phillips
and Professor Frank Wilczek
were also members of the
panel.

Solvay Public €Event
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Professor 't Hooft talking to students Professor F. Englert and Mr. P Busquin
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Centenary of the First Conscil de Physique Solvay

Brainstorming sessions in
Brussels: One-hundred years
of Solvay Physics Conferences

To celebrate the centenary of
the First Conseil de Physique
Solvay, the first world phys-
ics conference, the Interna-
tional Institutes for Physics
and Chemistry, founded by

E. Solvay, organized an ex-
ceptional range of activities in
Brussels, which were attended
by leading personalities from
the worlds of science, politics
and economy. These events,
organized to celebrate a cen-
tury of scientific excellence,
turned Brussels into the world
capital of physics.

Brainstorming sessions
in Brussels — One-
hundred years of
Solvay Physics
Conferences

An exhibition on quantum
mechanics and the history of
the “Brainstorming sessions in
Brussels — One-hundred years
of Solvay Physics Confer-
ences” took place at the Palais
des Académies from October
until December 2011.

This exhibition will run through
the whole country in 2012 and
2013.

The aim of the exhibition is to
show to a wider public how
much the Solvay Conferences
on Physics, those from 1911
and 1927 in particular, have
played a crucial role in the de-
velopment of physics concepts
which have revolutionnised our
vision of the world and lead to
new technologies that influ-
ence today’s society.

The exhibition recounts the
story of quantum physics and
its technological impact.

Put in its social context, it also
has the aim of showing that
scientific research is an en-
grossing activity, full of surpris-
es, adventures, successes,
failures, agreements and con-
flicts but above all, satisfaction
and gratification. That’s how
the organisers hope to revive
the image of scientific activi-
ties and to motivate younger
people to choose scientific
careers.

This exhibition has been cre-
ated, organised and designed
by a team of researchers,
professors, secondary school
teachers, technical and admin-
istrative staff from ULB, VUB
and the Solvay Institutes.

The team has also benefited
from the expert opinion of
other universities.
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Brainstorming sessions in Brussels

Official opening in the Ipresence of the Ministers
of the Brussels-Capital Region.

Centenary of the First Conseil de Physique Solvay

/N Mr. Charles Picqué, Minister-president of the Government Mr. Charles Picqué and M.
of the Brussels-Capital Region,Mr. Jean-Luc Vanraes, Minister Jean-Luc Vanraes A

for Finance and Budget for Brussels and Mr. Benoit Cerexhe,

Brussels Minister of Economy, Employment, Scientific Research

and Foreign trade The Solvay Family
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Centenary of the First Conscil de Physique Solvay

A staged reading of “Copenhagen”
by Michael Frayn
Directed by Nancy Kawalek

This event took place on
Monday 17 October at Flagey,
Studio4. The event was free
and open to everyone.

The roles of Bohr and Heisen-
berg were played by No-

bel Laureates Alan Heeger
(Chemistry 2000) and David
Gross (Physics 2004). The
part of Mrs. Bohr was played
by the famous Shakespear-
ian actress Fiona Shaw. This
performance was directed by
Nancy Kawalek (University of
California and the Professional
Artists Lab).

The play was followed by a de-
bate and a reception, attended
by the author, the director and
the actors.

Director’s Notes for
Copenhagen

Copenhagen takes place in
1941, a time of tremendous
upheaval internationally and in
science. Countries are choos-
ing sides, and many people
believe the outcome of the war
will be determined by techno-
logical supremacy — whoever
has the most powerful weap-
ons will emerge victorious.

At the same time, science is
undergoing an extraordinary
change; new theories explain-
ing the behavior of matter at
the atomic and sub-atomic lev-
els are challenging core beliefs
about how nature works.

And in an ironic twist of fate,
the worlds of war and science
intersect when it becomes
apparent this new physics
may provide the critical key to
creating atomic weapons.

Centenary of the First Conseil de Physique Solvay

Though it’'s undoubtedly help-
ful, one doesn’t need to be a
Nobel Prize-winning physicist
to appreciate the exquisite
artfulness and depth in Michael
Frayn’s Copenhagen. Innumer-
able parallel themes dance
about, each reverberating off
the other, and all comprehen-
sible: conflict between coun-
tries, conflict between friends,
and conflict between “old”
versus “new” science. Uncer-
tainty abounds in the play, not
just as a scientific principle, but
also as a fundamental mystery
of human nature: the uncer-
tainty of why people do what
they do, about why we behave
as we ourselves do, and the
“what if” we all ask, whether

in regard to events in our own
lives or those concerning the
world at large. And here we are
this evening in our own “par-
allel universe,” in which two



A staged reading of "Copenhagen” by Michael Frayn

Nobel Prize-winning physicists
play the roles of two Nobel
Prize-winning physicists — a
collision of truth and fiction
quite complementary to that at
the heart of Copenhagen.

Nancy Kawalek, Director

Michael Frayn talks
about the play

“The idea for Copenhagen
came to me out of my interest
in philosophy.

It was when | read a remark-
able book called Heisenberg’s
War by Thomas Powers, that
| came across the story of
Werner Heisenberg’s visit to
Niels Bohr in 1941. As soon as
| read it | began to think that
this story reflected some of
the problems that | had been
thinking about in philosophy
for a long time. How we know
why people do what they do,
and even how one knows
what one does oneself. It's a
fundamental question... this is
the heart of the play."”

“The central event in Copen-
hagen, playwright Michael
Frayn explains, “is a real one.”

“Heisenberg did go to Co-
penhagen in 1941, and there
was a meeting with Bohr... He
almost certainly went to dinner
at the Bohrs’ house,” Frayn
adds, “and the two men al-
most certainly went for a walk
to escape from any possible
microphones, though there

is some dispute about even

1 http://www.pbs.org/hollywoodpresents/
copenhagen/id/id_play_1.html

these simple matters.

The question of what they
actually said to each other is
even more disputed.”

Though the details of their
famous meeting may be in
dispute, Niels Bohr and Wer-
ner Heisenberg are certainly
well-documented historical
persons, both very much a
part of their times. They were
intimately involved in the evolu-
tion of modern atomic physics.
They survived not one but two
devastating world wars, and
they lived well into the 20
Century under the threat of the
Cold War, a war chiefly fought
with the terror of nuclear anni-
hilation, whose basic scientific
concepts they helped discover.
Significant men, in significantly
troubled times.?”

2 http://www.pbs.org/hollywoodpresents/
copenhagen/story/index.html
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Actors

Fiona Shaw

Her awards include two Eve-
ning Standard Awards and
three Olivier Awards for Best
Actress. She was made an
Officier des Arts et des Lettres
by the French government

in 2000, and was awarded a
CBE in 2001.

Theatre credits include: Lon-
don Assurance, Mother
Courage, Happy Days, The
Good Person of Sichuan,
Machinal, Richard Il, The Way
of the World, The Power Book,
Prime of Miss Jean Brodie
(RNT). As You Like It, Philis-
tines, Mephisto, The Taming
of the Shrew, The Merchant
Of Venice, Electra (RSC). John
Gabriel Borkman, Medea,
Hedda Gabler (Abbey The-
atre), Footfalls (Garrick The-
atre), Julius Caesar (Barbican),
Dido and Aeneas (Paris), The
Waste Land (Wilton’s Music
Hall, London, and interna-
tional tour). Film includes: My
Left Foot, The Avengers, The
Butcher Boy, Jane Eyre, Three
Men & A Little Lady, Dorian
Gray, The Harry Potter Series,
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The Black Dahlia, The Last
September, Mountains of the
Moon, The Tree of Life, Trial
and Retribution. TV includes:
True Blood, Fireworks for
Elspeth, For the Greater Good,
Hedda Gabler, Persuasion,
Gormenghast, Mindgames.
She is currently directing The
Marriage of Figaro for ENO,
having previously directed
Riders To The Sea (2008) and
Elegy For Young Lovers (2010)

David J. Gross

David Gross is the Frederick
Gluck Professor of Theoreti-
cal Physics and Director of the
Kavli Institute for Theoretical
Physics at UCSB. He received
his Ph.D. in 1966 at UC
Berkeley and was previously
Thomas Jones Professor of
Mathematical Physics at Princ-
eton University (see CV chap-
ter 25" Solvay Conference)

Alan J. Heeger

Widely known for his pio-
neering research in and the
co-founding of the field of
semiconducting and metallic
polymers, Professor Heeger is
also the recipient of numerous

Centenary of the First Conseil de Physique Solvay

awards, including the Nobel
Prize in Chemistry (2000), the
Oliver E. Buckley Prize for
Condensed Matter Physics,
the Balzan Prize for the Sci-
ence of New Materials, the
President’s Medal for Distin-
guished Achievement from
the University of Pennsylvania,
the Chancellor's Medal from
the University of California,
Santa Barbara, and honorary
doctorates from universities in
the United States, Europe and
Asia. He is a member of the
National Academy of Science
(USA), the National Academy
of Engineering (USA), the
Korean Academy of Science
and the Chinese Academy of
Science.

He has long been interested
in and a fan of theatre. Prof.
Heeger has participated in the
production of three Broadway
plays: In the Heights (2008
Best Musical and still running),
West Side Story (revival cur-
rently running) and Barefoot in
the Park (a revival in 2007

did not survive the critics!).

His research group at UC
Santa Barbara continues to
study aspects of the science
and technology of semicon-

ducting and metallic polymers
with focus on the gate-induced
insulator-to-metal transition in
polymer Field Effect Transis-
tors and low cost “plastic”
solar cells. Current interests
also include biosensors for the
detection of specific targeted
sequences on DNA, the detec-
tion of specific proteins and
the detection of biologically
relevant small molecules.

Director

Nancy Kawalek

Nancy Kawalek is a New York
theatre-trained actor whose
credits include Strider on
Broadway, as well as several
leading roles Off Broadway
along with a one-woman
show, Alice Without, which
she also co-authored. She has
also acted in regional theatres
across the United States, fim,
television, numerous commer-
cials, and on National Public
Radio’s acclaimed Selected
Shorts series.

Among her credits as director
are the documentary film, Lost
and Found, and currently, The
Art of Questionable Prove-



A staged reading of "Copenhagen” by Michael Frayn

nance, a new multi-media play
about the brain.

As a Studio Professor at the
University of California, Santa
Barbara, Nancy teaches act-
ing, directing and the adapta-
tion of literature for perfor-
mance. She is the founder/
director of UCSB’s Professional
Artists Lab, a dynamic artistic
laboratory in which profession-
al actors, directors, writers and
producers create and develop
new works in theatre, film, tele-
vision, radio and multi-media
performance.

Nancy is also the founder/
director of STAGE (Scientists,
Technologists and Artists Gen-
erating Exploration) at UCSB’s
California NanoSystems Insti-
tute.

Playwright
Michael Frayn

Michael Frayn began his ca-
reer as a journalist - first as a
reporter on the Guardian, then
as a columnist for the Guard-
ian and the Observer. He has
written sixteen plays, including

Noises Off, Democracy, and
most recently Afterlife.

Michael Blakemore’s produc-
tion of Copenhagen for the
National Theatre in 1998 won
the Evening Standard and two
other Best Play awards; the
Prix Moliére (France) and the
Tony Award for Best Play.

He has published ten novels,
including The Tin Men, To-
wards the End of the Morning,
Headlong, and Spies, and two
works of philosophy, Construc-
tions and The Human Touch.
His most recent book was a
memoir, My Father’s Fortune.

Discussion moderator
Robbert Dijkgraaf

Robbert Dijkgraaf is President
of the Royal Netherlands Acad-
emy of Arts and Sciences and
Distinguished University Pro-
fessor of Mathematical Physics
at the University of Amster-
dam. He studied physics and
mathematics at Utrecht Univer-
sity and obtained his PhD cum
laude in 1989 with Nobel Prize
laureate Gerard 't Hooft. He
held positions at Princeton

Centenary of the First Conseil de Physique Solvay

University and Princeton’s
Institute for Advanced Studly.
He is also a member of the
Solvay Scientific Committee for
Physics.

His current research focus

is on string theory, quantum
gravity, and the interface
between mathematics and
particle physics. In 2003 his
research was rewarded with
the NWO Spinoza Prize, the
highest scientific award in the
Netherlands.

Many of his activities are at
the interface between science
and society. Robbert Dijkgraaf
is dedicated to bringing about
greater public awareness of
science, for example through
his involvement with popular
TV science programs. He also
initiated and finances Proefjes.nl,
a website that allows children
aged 8 and up to carry out
simple experiments at home.
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Academic Session: _
Why “curiosity-driven” science?

The “Usefulness of useless research”

Background on
“curiosity-driven
research”

When organizing the first Sol-
vay conference, Ernest Solvay
clearly saw the importance

of “curiosity-driven” (basic)
science. The quantum
revolution initiated in 1911
and pursued during the next
Solvay conferences gives a
superb illustration on how
research carried for the sole
purpose of reaching a deeper
understanding of the natu-

ral laws, without other goals
in mind, inevitably leads to
unforeseen but revolutionary
transformations of our way of
living.

The transistor and electronics,
the laser — just to take two
celebrated examples - are
children of 1911. They would
not have been invented
without the understanding of
quantum mechanics, even
though the founders of the
theory did not have transistors
or lasers in mind when they
developed it. In fact, it is fair to
say that most of the high-tech
developments of recent times
have their origin in the quan-
tum revolution and its sub-
sequent deeper understand-
ing of Nature at the smallest
scales. An exemplar case is
the GPS. It not only uses high
precision atomic clocks made
possible thanks to the advent
of quantum mechanics, but it
also takes into account effects
predicted by general relativ-
ity — another theory developed

by Einstein out of scientific
curiosity.

Unanticipated applications
made possible by revolutions
in fundamental understanding
abound equally well in other
fields of scientific inquiry, from
mathematics to life sciences.

The Solvay conferences have
always been devoted to ques-
tions of basic science. This
was the will of Ernest Solvay
and Hendrik Lorentz when
creating the International
Solvay Institutes and this will
has been followed up to this
date.

To face and solve the challeng-
es that our society currently
faces (energy, environment
etc), we need more science
than ever — and in particular
more basic science than ever.
Solutions will come from un-
expected ways paved by new
fundamental understanding.

Since curiosity-driven science
tries to answer basic inqui-
ries that have always puzzled
humankind, it is also extremely
attractive to the young genera-
tions and can help reconcile
them with scientific careers.
Physics — and science in gen-
eral — is a beautiful endeavor.

On the occasion of the

100 years anniversary of the
first Conference organized by
Ernest Solvay and Hendrik
Lorentz, the Institutes brought
together top-level scientists
with major global actors in
the industrial, economical,
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political and higher education
worlds, in order to reflect on
the situation of basic science
as our world confronts major
challenges.

This original angle of approach
to current global challenges
was well in line with the history
and philosophy of the Interna-
tional Solvay Institutes.

The academic session took
place in the presence of His
Majesty Albert Il, King of the
Belgians. The International
Solvay Institutes had also

the great honour to greet

Mr. Yves Leterme, Belgian
Prime Minister. who opened
the session, and Mr. Herman
Van Rompuy, President of the
European Council, who ad-
dressed the audience at the
gala dinner. The International
Solvay Institutes are grateful
to them, as well as to all the
distinguished speakers and
panel members who made this
afternoon a unique event. .



Academic Session
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Programme
Academic Session Moderator: Alexander Sevrin,
Professor at the Vrije Universiteit Brussel and
Deputy-Director of the International Solvay Institutes
14:30 -15:05 Session 1 “Welcome and Introduction”
14:30 Welcome by Marc Henneaux
14:40 Robbert Dikgraaf, “The Unreasonable Effectiveness of
Fundamental Research”
14:55 Arrival of HM King Albert ||
15:05 Opening address by Yves Leterme, Belgian Prime Minister
15:10 - 16:40 Session 2 “Importance and Impact of Basic Research”
15:05 Shoichiro Toyoda: “Research and Creativity”
15:30 Panel discussion
Moderator: Norman Augustine
Participants: Klaus von Kilitzing, Eric Maskin,
Gérard Mestrallet, Craig Mundie
16:40 Coffee break
17:10 -18:20 Session 3: “How to Promote Scientific Excellence”
Panel discussion
Moderator: Lord Martin Rees
Participants: Christian de Duve, David Gross,
Helga Nowotny, C.N.R. Rao
18:20 -19:05 Session 4: “The Role of Philanthropy”
18:20 Introduction by Staffan Normark: “To Those who have
conferred the greatest benefit on mankind”
18:35 James Simons: “Curiosity Driven Philanthropy”
18:50 Jean-Marie Solvay: “A centenary of passion for scientific
exploration”
19:05 -19:15 Closing: “The future of the Solvay Institutes”
by Marc Henneaux
19:30 Gala dinner — address by Mr. Herman Van Rompuy,

President of the European Council
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Presentation of the speakers

Robbert Dijkgraaf

Robbert Dijkgraaf is
President of the Royal
Netherlands Academy
of Arts and Sciences and
Distinguished University
Professor of Mathematical
Physics at the University
of Amsterdam. He studied
physics and mathemat-
ics at Utrecht University and
obtained his PhD cum laude in
1989 with Nobel Prize laureate
Gerard ‘t Hooft. He held posi-
tions at Princeton University
and Princeton’s Institute for
Advanced Study.

“I think that there
is a tremendous impact of
science on industry, and vice
versa. This is something that
Ernest Solvay was already
discussing, 100 years ago,
with the founding fathers. He
said that the spirit of that time
(1911) was such that people
felt very much pressed to
short-term risks, to short-term
research, and there was no
room for the long view. In fact
the Solvay Congress made

this possible. That was a very
important message 100 years
ago, but | think that this is even
more important these days
where life sometimes seems to
go faster and faster, and there
is very little room for long-term
research. In that sense | would
like to conclude with some
words that were written in a
very visionary document in
1954 by Vannevar Bush, which
in some sense led to modern
science as we know, large

trail modern science, that the
responsibility for the creation of
new scientific knowledge — and
for most of its applications —
rest on that small body of men
and women who understand
the fundamental laws of nature
and are skilled in the tech-
niques of scientific research.”

ROBBERT DIJKGRAAF

Yves Leterme
Belgian Prime Minister

% “The challenges our
world faces, in terms of envi-
ronment, energy, sustainable
development, make fundamen-
tal research more important
than ever. Governments have
a duty to foster the fascinat-
ing voyage of discovery, which
fundamental research is, not
only by financial means but by
putting curiosity and audac-
ity, ambition and the pursuit of
excellence back at the heart
of our education systems. But
governments can only do so
much. They need institutions
like the Solvay Institutes who

have such an impressive tradi-
tion of fostering fundamental
research, of bringing together
the most brilliant minds of their
time. As well in this field as in
the industrial field, the name
Solvay stands for excellence,
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and our country is proud of
and grateful to the Solvay fam-
ily and all those who work with
it.”

YVES LETERME



Academic Session

We are also, however, seeing
negative impacts as well as in
the form of global warming,

Shoichiro Toyoda
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Shoichiro Toyoda gradu- and the mass consumption of
ated from Nagoya Univer- resources and energy. | believe
sity in September 1947 with Toyoda that we are at the major turning
a degree in engineering and now serves as honorary chair- point in our civilisation in which
joined Toyota Motor Corpora- man, a position he has held me must overcome global scale
tion (TMC) in July 1952. He since June 1999. challenges in order to realize
later earned an engineering He is recipient of several med- ~ our sustainable growth. We
doctorate, with the subject of als, honors and awards must also acknowledge the fact
his thesis centered on fuel injec- that humanity continues to be
tion. % “The 20" century often  €xPosed to natural threats, like
He became managing director referred to as the ‘century of the East-Japan great earth-

in 1961, and after promotions ~ science’. It was in this century ~ Auake that caused such enor-
to senior managing director in that humanity discovered the mous damage to Japan. It is
1967 and executive vice presi  theory of radioactivity, quan- science and technology that
dent in 1972, he was named tum theory, and double helix bear the responsibility of ad-
president of Toyota’s sales structure of DNA. It was in this ~ dressing and overcoming these
organization in 1981. Uponthe  century that we began toun- ~ challenges. | believe that the
merger of the sales and pro- cover the mysteries of nature, 21¢ century must be a new sci-
duction organizations in 1982,  space and life. This contribution ~ €Nce century in which human-
he assumed the presidency of  that science and technology ity seeks to create societies

the newly integrated TMC, and  have made to the development ~ c@pable of living in peace and
later served as chairman from  of human culture and improve- ~ @oundance.

1992 to 1999. After serving ment of human welfare are all

on the board for 57 years, Dr. around us to see. SHOICHIRO TOYODA

whole. That is exactly the sort
of thing that the governments
should support. Indeed,
governments are more and
more being called upon to sup-
port basic research, but in the
Western World and certainly in
my country very few people in
our governments have back-
grounds in science or technol-

Norman Augustine

Norman Augustine is re-
tired Chairman and CEO of
the Board of the Lockheed
Martin Corporation. He was
a Professor at Princeton, his
alma mater, from 1997-99.
Mr. Augustine has been pre-

sented the National Medal ogy. My question is how can
of Technology by the Presi- we do a better job of indicat-
dent of the United States ing the importance of research
and received the Joint Chiefs % “One often hears that ~ technology and properly allo-
of Staff Distinguished Public basic research is highly risky cating funds within those areas
Service Award. He has five and takes a long time and very  given that the government is
times received the Department  often the benefits of it do not the primary funder in many

of Defense’s highest civilian accrue to the underwriter or cases.”

decoration, the Distinguished the performer of that research,

Service Medal. but accrue to the society as a NORMAN AUGUSTINE
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Klaus von Klitzing

Klaus von Kilitzing is

a physicist known for
discovery of the integer
quantum Hall Effect, for
which he was awarded
the 1985 Nobel Prize in
Physics.

Von Klitzing has been a
director of the Max Planck

Institute for Solid State
Research in Stuttgart
since 1985.

"For success-

ful basic research based on

curiosity-driven science, one
needs scientific freedom, the
best brains, and financial re-

sources that do not dictate the
contents of the research activi-
ties. On the one hand, basic
science and the generation of
new knowledge is part of our
culture, there is an intrinsic val-
ue, but on the other hand it is
clear that no quantum jumps,
no real progress and success-
ful developments are possible
without basic research, which
will hopefully contribute to the
solving of the big problems of
our world.”

KLAUS VON KLITZING

Gérard Mestrallet

Gérard Mestrallet is gradu-
ate of Ecole Polytechnique,
Ecole de I'Aviation Civile,
Institut d’Etudes Politiques
(Toulouse) and trained

as a senior civil servant

at the Ecole Nationale
d’Administration.

Gérard Mestrallet was

Civil administrator in the
Treasury and Advisor on Indus-
trial Affairs to Jacques Delors
Finance Minister.

In July 1995 Gérard Mestral-
let was appointed Chairman
and Chief Executive Officer of
Compagnie de Suez.

In July 2008 Gérard Mestrallet
was appointed Chairman and
Chief Executive Officer of GDF
SUEZ.

————

“My main message is clear:
basic research on curiosity-
driven science is at the core of
progress in society in general,
and in industry in particular.
Some of the most important
technological breakthroughs
happen thanks to basic re-
search and not simply research
on the lines of applied science.

Centenary of the First Conseil de Physique Solvay

[t is absolutely necessary to
convince the decision making
bodies and governments of the
absolute importance of basic
research, because in my view it
is their responsibility [...] When
a discovery has been done, it
becomes a public good, it be-
longs to everyone and has to
be used in the world. So, the
corporations have to finance
applied research and the
governments basic research,
but they have to be combined.
It is not one against the other,
we have to favor both. For the
governments, financing basic
research can have very positive
consequences for the popula-
tion, for the country and for the
economy of the country.”

GERARD MESTRALLET



Academic Session

Eric Maskin
for putting public money into
them. However, someone who
devices vaccine (against aids)
is probably going to get a good
commercial reward from that
vaccine. So, as to things like
aids and cancer, we can rely
more on market forces for their

Eric Maskin is Albert O.
Hirschman Professor of
Social Science at the Insti-
tute for Advanced Study.
He was previously profes-
sor of economics at Harvard
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University and the Massa- solution than things that are
chusetts Institute of Technol- more remote from the market,
ogy. He is best known for his Nobel Memorial Prize in as cosmology and anthro-
work on mechanism design Economics for his work on pology. From an economic
theory, which analyzes when it~ mechanism design, together point of view, there is an even
is possible to design an institu-  with Leonid Hurwicz and stronger argument for funding
tion (i.e., a mechanism) that Roger B. Myerson. basic research which is remote
implements a given social goal. from the market, because the
He has also made contri- % “Just looking at it market is not going to do it, it
butions to many other areas of  from an economic point of is the government’s job to do

economic theory. view. Yes, we want to solve it.”
problems like cancer and aids,
In 2007 he was awarded the and yes there is a strong case ~ ERIC MASKIN

through competitive action

or just the evolution of the
situation of our societies and
technology, that you just do
not anticipate. So you have
not asked anyone to work on it
and you have no specific goal
in mind regarding that prob-
lem, but when you encounter
it, you must have the capa-
bility to react. That leads me
to the role that basic science
plays in training scientists and

Craig Mundie

Craig Mundie holds a
bachelor’s degree in
electrical engineering

and a master’s degree in
information theory and
computer science from
Georgia Tech.

He is chief research

and strategy officer of
Microsoft Corp., reporting
to CEO Steve Ballmer. In this

role, he oversees Microsoft engineers to think about prob-
Research, one of the world’s lems, and more today than
largest computer-science regulation and standards. ever before, to also participate
research organizations, and In April 2009 Mundie was ap- or have the insight to partici-

is responsible for Microsoft’'s pointed by President Barack pate and how to translate that
long-term technology strategy.  Obama to the President’s knowledge into realizations

Mundie also directs a number  Council of Advisors on Science that are important.”
of technology incubations, and  and Technology.

works with government

and business leaders around % “There are a class CRAIG MUNDIE
the world on technology policy, of things that emerge either
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Lord Martin Rees

Martin Rees is Master
of Trinity College and
Emeritus Professor of
Cosmology and Astro-

physics at the University

of Cambridge. He holds the
honorary title of Astronomer
Royal. He was President of the
Royal Society during 2005-10
and is a member of the UK’s
House of Lords.

His international awards
include the Balzan Prize, the
Bower Award of the Franklin
Institute, the Gruber Cosmol-
ogy Prize, the Crafoord Prize

(Royal Swedish Academy) and
the Templeton Prize.

In addition to his research
papers he has written eight
books (six for general reader-
ship), and numerous magazine
and newspaper articles on
scientific and general subjects.
He has broadcast and lectured
widely and held various visiting
professorships.

# “Whether in science,
the arts or entrepreneurial
activities, confidence and

high moral are crucial drivers
of creativity, innovation and
risk-taking.[...] Science is the
most universal culture: it can
be shared by all nations and all
faiths, protons and proteins are
the same the world over. So, in
the 21st century we must keep
this flame alive, we depend on
private benefactors, like Solvay
as well as the governments, to
do this.”

MARTIN REES

Christian de Duve

Christian de Duve is a Nobel
Prize-winning cytologist and
biochemist. He studied at
the Catholic University of
Leuven, where he became
a professor in 1947. He
specialized in subcellular
biochemistry and cell biol-
ogy and discovered per-
oxisomes and lysosomes, cell
organelles.

In 1962 de Duve joined the
faculty of what is now Rock-
efeller University in New York
City, dividing his time between
New York and Leuven. He took
emeritus status at Université
catholique de Louvain in 1985
and at Rockefeller in 1988,
though he continued to con-
duct research.

In 1960, de Duve was awarded
the Francqui Prize for Bio-
logical and Medical Sciences.

He was

awarded the shared

Nobel Prize for Physiology or
Medicine in 1974, together
with Albert Claude and George
E. Palade, for describing

the structure and function of
organelles (lysosomes and per-
oxisomes) in biological cells.

# “You cannot do good
science with mediocre people.
So in science we have to re-
spect and seek excellence. Ex-
cellence is a very rare commod-
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ity. And there is a tremendous
competition all over the world
for the very few people who
answer that definition. How
can you attract them? You can
attract them by offering them
adequate working conditions, a
stimulating environment which |
think is extremely important, of
course adequate means, you
have to give them a decent sal-
ary but | do not think that is the
most important point. What is
most important has been said
already by the other speak-

ers and that is freedom. The
real scientists are motivated by
curiosity and if you are not free
to follow your curiosity, then you
are not motivated. If you recruit
excellent researchers, you must
provide them with the freedom
to pursue their own ideas, to
pursue their own research.”

CHRISTIAN DE DUVE
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David Gross

David Gross is

the Frederick Gluck
Professor of Theoretical
Physics and Director of the
Kavli Institute for Theoreti-

cal Physics at UCSB.

David Gross was awarded
the 2004 Nobel Prize in Phys-
ics, with David Politzer. and
Frank Wilczek. (see CV chapter
25" Solvay Conference).

/ “Bosses, rulers,
markets do not decide sci-
entific conflicts, nature does.
And transparency is essential.
Science to a large extend is
the daughter of freedom. Sci-
ence invented mechanisms
to allow for openness, lack

of ownership, free exchange,
cooperation with competition

and those inventions which
really came from the scientific
community and our universities
enabled the modern burst of
scientific activity. The biggest
danger | see, especially and
unfortunately in my own coun-
try, is bureaucratic ossification.
Science has mechanisms for
change and renewal. Nature

is our boss and we turn over
generations every five years.
Bureaucracies do not seem to.
So we must turn for help to
the social sciences, to learn
how to reform bureaucracies
without revolutions.”

DAVID GROSS

Helga Nowotny

Helga Nowotny is Pro-
fessor emerita of Social
Studies of Science, ETH
Zurich (Swiss Federal
Institute of Technology)
and a founding member
of the European Research
Council. In 2007 she was
elected ERC Vice Presi-

dent and in March 2010 —

succeeded Fotis Kafatos

as President of the ERC. She
holds a Ph.D. in Sociology
from Columbia University, NY.
and a doctorate in jurispru-
dence from the University of Vi-
enna. She is a Foreign member
of the Royal Swedish Academy
of Sciences and long standing
member the Academia Euro-
paea and recipient of several
prizes and awards.

% “At the moment as
president of the European
Research Council, | may have
the good news that perhaps
we are starting a new experi-
ment in Europe that will be of
tremendous importance and
benefit to Europe in the very
rapidly changing global sci-
entific landscape. Let me just
explain this very briefly. Since
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2007, when the so-called 7th
Framework Programme start-

ed, we witnessed a radical policy
shift. It is for the first time in the

history of the European Union
that it was decided that basic
research could and should be

funded at EU level. Of course it

continues on the national level,
this remains a very important
component since we can
never have sufficient funds at
EU level but this meant a radi-
cal policy shift. And therefore,
when the ERC was set up as a
special part of the 7th Frame-
work Programme, our mission
was very simple: find the best
scientists, fund them and do
this on the principle of excel-
lence only”.

HELGA NOWOTNY
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C.N.R. Rao

Prof. C.N.R. Rao is

the National Research
Professor as well as
Honorary President and
Linus Pauling Research
Professor at the Jawa-
harlal Nehru Centre

for Advanced Scien-
tific Research. His main
research interests are in solid
state and materials chemistry.
He received the M.Sc. degree
from Banaras, Ph.D. from Pur-
due, D.Sc. from Mysore univer-
sities and has received honoris
causa doctorate degrees from
51 universities.

Prof. Rao is a member of all
the major science academies
in the world including the Royal
Society, London, the National

Academy of Sciences, U.S.A.
and the French Academy of
Sciences. He is recipient of
several medals, honours

and awards. He currently
serves as the Head of the
Scientific Advisory Council to
the Prime Minister of India and
he is member of the Atomic
Energy Commission of India.

% “| think there is no
question, even in the best insti-
tutes, in many countries, there
is hardly any female faculty...
we must allow everyone to
contribute, provide opportuni-
ties so the world changes a bit.
And we do need people from
everywhere to contribute to
excellence of science... coun-
tries like India and China are
not doing as well as we think
they can do in terms of quality
of science... contribution from
all parts of the world and all
kinds of people and including
women scientists becomes
very important.”

C.N.R RAO

Staffan Normark

-Staffan Normark is a Swed-
ish physician, microbiologist
and infectious disease re-
searcher. He was awarded
his Ph.D. at Umeé Univer-
sity in 1971. He was pro-
fessor at Umed University
en professor of molecular
microbiology at Washington

University .

In 2008 he was active at Umea
University to build up a research
group within bioinformatics and
infection research.

He was elected a member of
the Royal Swedish Academy of
Sciences in 1987 and took up
the position as the Academy’s
permanent secretary in July
2010. In 1992 he was awarded
the Goran Gustafsson Prize in

medicine

and in 1999 he was elected a
member of the Royal Swedish
Academy of Engineering Sci-

ences.

2 an impressive number
of physicists that have attended
the Solvay conferences have
been Nobel laureates or they
were to become Nobel laure-
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ates. And one example has
already been mentioned that
at the fifth Solvay international
conference on electrons and
photons, 17 of the 29 atten-
dants would become or were
already Nobel laureates in
physics. So even though Alfred
Nobel and Ernest Solvay did
not meet in person, at least |
have no evidence for it, their
creations, their philanthropic
creations, the Nobel prize and
the Solvay conference have
always been intimately connect-
ed through eminent scientists
that have shaped our current
knowledge in physics and | am
sure they will continue to do so
to move the frontiers of funda-
mental research.”

STAFFAN NORMARK



Academic Session

James Simons

Dr. James H. Simons is
President of Euclidean
Capital, a family office, and
Board Chair of Renaissance
Technologies LLC, a highly
quantitative investment firm,
from which he retired in 2009
having founded the company
and serving as its CEO for over
thirty years. Previously he was
chairman of the Mathematics
Department at the State Uni-
versity of New York at Stony
Brook

Dr. Simons holds a B.S. in
mathematics from the Massa-
chusetts Institute of Technolo-
gy and a Ph.D. in mathematics
from the University of California
at Berkeley. His scientific
research was in the area of
geometry and topology. He
received the American Math-
ematical Society Veblen Prize
in Geometry in 1975 for work
that involved a recasting of the
subject of area minimizing

multi-dimensional surfaces.

Dr. Simons is the founder and
Chairman of Math for America,
a nonprofit organization with a
mission to significantly improve
math education in our nation’s
public schools. Together with
his wife, Marilyn, Dr. Simons
manages the Simons Founda-
tion, a charitable organization
primarily devoted to scientific
research.

The Foundation’s philanthropic
activities include, in addition to
Math for America, a major re-

search initiative on the causes
of autism, and the recent

establishment of an institute for

research in mathematics and
theoretical physics

/ “Good taste, in sci-
ence, picking good problems
is as all the scientists in the

audience know, an important

criterion that goes beyond cu-
riosity [...] Here is the question.
Can curiosity and taste of the
leadership of a private founda-
tion, successfully drive pure
scientific discovery in a manner
and with a speed, which would
amply justify the funds expend-
ed. | think that some problems,
even in pure science, marshal-
ling some forces, maybe not
solve the problem, but would
make some really good prog-
ress in that direction.”

JAMES SIMONS
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Jean-Marie Solvay

ﬁ “Many times

over the last weeks, | was
asked over and over, why
after one hundred years

is the Solvay family still
supporting fundamental
research and contributing
regularly to the organization
of these physics and chem-
istry councils? [...] Why

are we passionate about
fundamental science? Why do
we support this type of philan-
thropy?

There are two answers: the
first one, let me be blunt is re-
turn on investment, the second
is simply: passion

In a certain way we have

not changed much from our
ancestor Ernest: we are still
inhabited with the idea that we
have a responsibility to support
the greater good. In business,
this expresses itself in the
culture at Solvay SA, in the
support to the project Solar-
impuse which has mobilized
the company towards building
together a more sustainable
future. In regards to philan-
thropy, | strongly believe that
the objective is to support the
common good, the family’s

‘_——________—-i

investment in the Institutes
constitutes the best return.

It may not be the quickest
return, but it is the best return.
One just needs to look at the
money invested in promot-

ing these early 20th century
conferences and the advances
made by science that followed
[...] New technology has
made our lives easier and has
lifted huge numbers of people
out of poverty [...]. It is my be-
lief that science will find solu-
tions to new challenges. More
importantly, fundamental re-
search, as we saw earlier, has
a multiplying effect because
major discoveries impact many
applications that affect many
lives. Therefore what was true
in 1911, remains true today:
Investing into bringing together
the brightest mind of our time
to debate the most crucial
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questions, remains the best
return on investment.

The family remains passion-
ate and incredibly curious
about the creative process.
The issues studied by mod-
ern science have become

too complex to be tackled by
one mind. Therefore since the
beginning of the 20th century,
international networking was
made necessary to be efficient.
Hendrik Lorentz and Ernest
Solvay, managed to create a
successful format. Today the
buzzword is Open Innovation.
Itis in itself a social project
where the sum of the interlock-
ing contributions is much more
than the individual contribu-
tions added to each other. In
other words: 1+1=3 This is the
creative process: It is always
magic and unexpected, it
requires unyielding focus and
discipline, and, most challeng-
ing of all, it requires one to
maintain a free spirit, which is
in my view, the highest chal-
lenge of all.”

JEAN-MARIE SOLVAY



Academic Session

Marc Henneaux

% “The hundredth
anniversary of the first
Solvay meeting gives also
a splendid opportunity for
publicly celebrating pure
research, that is, research —
pursued out of curiosity for
the advancement of human
knowledge [...] Two simple
and clear principles prevailed
in the scientific running of the
Institutes from the very begin-
ning: scientific excellence and
freedom. No preset priority

—

theme was
imposed on the subjects of the
Solvay conferences, there was
no citizenship or laboratory af-
filiation or age quota imposed,
and no strings were attached
to the fellowships given to the
best individuals or laborato-

ries. No immediate return was
expected. No preset goal was
defined except excellence [...]
Independent research institu-
tions which are not constrained
by short-term returns and
which can favour long term
views and long term investi-
gations are therefore without
doubt an important element

of the research landscape, of-
fering privileged niches where
creative research, can freely
blossom.”

MARC HENNEAUX

Herman Van Rompuy,
President of the
European Council

ﬁ “At other occasions,
you have probably listened to
other politicians prior to me,
encouraging you to focus on
applied research to help us
solve the problems of our age;
to stop global warming, to halt
famines, to cure Alzheimer’s.
That is fine, but we definitely message to you is: Embrace
need fundamental research, serendipity, pursue your curios-
too. ity, follow the beauty... That is
your noble task.

And whatever the yields down
the road for science or society
at large, they have to be unex-
pected, a source of astonish-
ment themselves.

In the spirit of the Solvay Con-
ference, | say here tonight: the
shortest road to solve these
societal challenges often is a
detour. And therefore my
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That is why we should be
grateful to Ernest Solvay who
clearly saw the tremendous
importance of curiosity-driven
research by setting up, a hun-

/ dred years ago, the Solvay
conferences, always devoted

to questions related to basic
science”.

That is why | am grateful to
everybody attending and par-
ticipating in this Solvay Confer-
ence.”

HERMAN VAN ROMPUY

g
=
o
wi
O]
S
g
(7]
-
£
(-
O]
3
]
]
=
O
v
il
g
E
O]
£
il
L ™
o
—
T
G
c
]
b
=
©
v




Centenary of the First Conseil de Physique Solvay




M. Rees, D. Gross and

C. de Duve

P, van Gysel, F. Thielemans,
HM Albert I, J-M Solvay,

Mme Solvay and M. Henneaux
D. Renders, HM Albert I,

D. Gross and R. Dijkgraaf

N. Augustine, D. Reynders and
HM Albert Il

25" Solvay Conference
participants

Y. Leterme

S. Laruelle, B. Cerexhe and

H. De Croo

H. Van Rompuy and D. Janssen
D. Gross, M. Henneaux and
H. Van Rompuy

C. Jourquin and F. Englert

D. Renders, HM Albert I,

S. Toyoda and M. Henneaux

P Busquin and R van Moerbeke
J-M Solvay, D. Reynders,

HM Albert Il and E. Maskin

HM Albert Il and K. von Klitzing
Mme Solvay and C. de Duve
H. Van Rompuy

J-M Solvay, Mme Solvay,

H. Yokota and S. Toyoda

M. Eyskens and P. van Gysel
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International Solvay Chairs

The International Solvay Chairs enable the
Institutes to invite in Brussels eminent scientists
for a period of one to two months in order to
give lectures on their work to researchers in

the corresponding fields, not only from the ULB
and the VUB, but also from other Belgian
universities and abroad. The program started

in 2006 for physics and in 2008 for chemistry.

It is an indisputable success.

The 2011 International Solvay Chairs are
described in separate sections.

Annual Report 2011- International Solvay Chairs

Past Chairs

International Solvay Chairs
in Physics

2006 Professor Ludwig Faddeev
(Steklov Mathematical Institute,
Saint-Petersburg, Russia)

2007 Professor Sir Michael Berry
(University of Bristol, UK)

2008 Professor David Gross
(KITP, Santa Barbara, USA)

2009 Professor Valery Rubakov
(INR and Russian Academy of Sciences,
Moscow, Russia)

2010 Professor Serge Haroche
(College de France and Ecole Normale
Supérieure, Paris, France)
2011 Professor Nathan Seiberg
(Institute for Advanced Study,
Princeton, USA)

International Solvay Chairs
in Chemistry

2008 Professor Richard Saykally
(University of Berkeley, USA)

2009 Professor Alexander Mikhailov
(Max Planck Institute, Berlin, Germany)

2010 Professor Weitao Yang
(Duke University, USA)

2011 Professor Jean-Luc Brédas
(Georgia Institute of Technology,
Atlanta, USA)



2011 International
Solvay Chair in Chemistry

Professor
Jean-Luc Brédas

Georgia Institute of
Technology,
Atlanta, USA




International Solvay Chairs

2011 International Solvay Chair
in Chemistry

The fourth international

Chair in Chemistry is held by
Professor Jean-Luc Brédas
from the Georgia Institute of
Technology (USA), a world
renowned chemist. Profes-
sor Brédas gave a fascinat-
ing inaugural lecture entitled
“Organic Electronic Materials:
A Bright Future” on

November 29. The rest of his
lectures will be given in April
and October of 2012 and

will be incorporated in the
master program in chemistry
of the ULB. Professor Brédas
has ongoing collaborations
with many Belgian research
teams, including the group of
Professor Yves Geerts who is

his host during the period of
the chair.

The chair program in chem-
istry was launched in 2008
thanks to a generous grant
from the Solvay Company,
which the Institutes gratefully
acknowledge.

Jean-Luc Brédas got his PhD in chemistry
at the university of Namur in 1979. He de-
veloped his research career first at the FNRS
(Fonds National de la Recherche Scientifique)
until 1988, when he moved to the University

of Mons-Hainaut where he became Profes-
seur Ordinaire in 1990. At the same time, he
made numerous visits to the most prestigious
international institutions. To name only a few:
MIT, IBM research center in the United States,
Caltech, the University of California at Santa
Barbara, the RIKEN Institute in Japan — the list
is incomplete. He has also developed an excel-
lence pole — Matera Nova — in Mons.

He is currently the head of a large research
group at Georgia Tech where he is a distin-
guished professor, but he has kept close ties
with Belgium, in particular the university of
Mons, the university of Namur, the UCL, the
ULB where he holds a honorary doctoral de-
gree and the International Solvay Institutes.

His research deals with the structural, elec-
tronic and optical properties of novel organic
materials (polymer and oligomer materials) with

Annual Report 2011- International Solvay Chairs

promising characteristics in the field of elec-
tronics, photonics and information technology.
His work involves theoretical investigations
based on computational techniques derived
from quantum chemistry and condensed-
matter physics and keeps a close contact with
experiment.

His research has received numerous distinc-
tions. In Belgium, the Prix Scientifique Louis
Empain in 1984, the Francqui Prize in 1997
and the Prix Quinguennal du FNRS in 2000,
and he is equally well recognized abroad since
he got the Descartes Prize of the European
Union in 2003, the Charles Stone Award of the
American Chemical Society in 2010 and many
honorary degrees. He was also elected Fellow
of the American Physical Society.

Jean-Luc Brédas is the author of more than
500 publications in the most prestigious
journals in the field. These publications are
very much appreciated by the community as
indicated by his high number of citations.
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Professor Jean-Luc Brédas ?

Programme

Inaugural Lecture
29 November 2011

Organic Electronic Materials: A
Bright Future

The origin of the field of or-
ganic electronics can be traced
back to the 1976 discovery of
high electrical conductivity in
polyacetylene, which led to the
2000 Nobel Prize in Chemistry.
After reviewing some of the
progress made over the past
thirty years, we will describe
the current state-of-the-art in
organic electronics and photo-
nics. We will discuss in particu-
lar the applications of organic
electro-active and optically-
active materials as active
components in devices such
as field-effect transistors, light-
emitting diodes, photovoltaic
cells, or all-optical switches.
The future of organic electronic
materials is bright indeed!

Programme 2012

The lectures of Professor Jean-

Luc Brédas will be given in
2012.

Special Seminar

Tuesday 17 April 2012

Hybrid Interfaces between Or-
ganic Layers and Transparent
Conducting Oxides

Lectures

Wednesday 18 April 2012
Charge-Transport Processes in
Organic Materials

Friday 20 April 2012

Organic Electroluminescence
and Applications of Organic
Light-Emitting Diodes

October 2012
Title to be advised

International Solvay Chairs

L
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2011 International
Jacques Solvay Chair
In Physics

Professor
Nathan Seiberg
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2011 International Jacques
Solvay Chair in Physics

The sixth international Chair

in Physics took place in the
Spring of 2010. It was held

by Professor Nathan Seiberg
from the Institute for Advanced
Study in Princeton, one of

the world’s leading theoreti-
cians in high energy physics.
His inaugural lecture, “The
World’s Largest Experiment”

took place on October 4 and
was devoted to the LHC, a
superb machine aiming at the
exploration of physics at the
subatomic scale.

The inaugural lecture was fol-
lowed by a series of more spe-
cialized, captivating lectures on
“Supersymmetry”, a fascinat-

ing and powerful symmetry
that might be experimentally
discovered soon at CERN.
These were attended by a
great number of researchers
from Belgium and neighbour-
ing countries, and was part of
the courses of the Amsterdam-
Brussels-Paris International
School in Theoretical Physics.

Nathan Seiberg got his PhD from the
Weizmann Institute of Science in 1982, where
he then held various positions, before moving
as a Professor to Rutgers in 1989. In 1997, he
became Professor at the Institute for Advanced
Study in Princeton.

His research covers various aspects of high
energy physics, ranging from string theory and
quantum gravity to more phenomenological
aspects of particle physics. In particular, he
has contributed major advances to the un-
derstanding of the dynamics of quantum field
theories, especially supersymmetric quantum
field theories, where he provided powerful and
unexpected insights, including the fundamental
role of electric-magnetic duality. His work has
led to many applications not only in physics
but also in mathematics. He has also explored
the phenomenological consequences of super-

Jacques Solvay Chair in Physics

symmetry breaking, which can be tested at the
Large Hadron Collider - LHC- in Geneva.

For his work, Nathan Seiberg got many honors
and awards, among which one can mention:
the Oskar Klein Medal in 1995, a Mac Arthur
fellowship in 1996 (given “to (young) talented
individuals who have shown extraordinary orig-
inality and dedication in their creative pursuits”)
and the most prestigious Dannie Heineman
Prize for Mathematical Physics in 1998. Since
2008 he is a Member of the National Academy
of Sciences of the United States.

He is regularly invited to give lectures at re-
nowned institutions, including Harvard, Stan-
ford, the Hebrew University of Jerusalem and
ETH-Zurich.

The year 2011 marked the launch of the International “Jacques Solvay Chair in Physics”. After his
death in 2010, the Board of Directors of the International Solvay Institutes decided to give to the
chair in physics the name of Jacques Solvay, who presided over the destiny of the Institutes for

more than 50 years.

Jacques Solvay was deeply interested in science and was firmly convinced that new scientific un-
derstanding inevitably leads to the progress of humanity. His curiosity for scientific progress made it
more than natural that the chair in physics be renamed after him.

The Institutes are grateful to the Solvay family who has favoured this initiative.
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Professor Nathan Sciberg .

Programme

Inaugural Lecture
4 October 2011

The World’s Largest Experi-
ment

The Large Hadron Collider, a
particle accelerator and the
world’s largest experiment has
started operating. It allows us
to explore the laws of phys-
ics at shorter distances and

at higher energies than ever
before. The LHC is expected
to provide further information
about the standard model of
particle physics, which de-
scribes the elementary par-
ticles and the forces acting
between them. Among the
potential discoveries the LHC
may yield are new insights
about the origin of mass, the
physics of the early universe,
new symmetries of nature and
extra space dimensions.

Lectures Lecture 1: Monday 10 October
2011
Super-dynamics

Lecture 2: Tuesday 11 October
We will review some of the 2011
techniques that allow us to
control the dynamics of su-
persymmetric field theories
emphasizing the role of electric
magnetic duality. The presen-
tation will be geared toward
the subject of supersymmetry
breaking and will describe the
various known mechanisms

leading to it.

Lecture 3: Wednesday 12 Oc-
tober 2011

Lecture 4: Thursday 13 Octo-
ber 2011

International Solvay Chairs
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Centenary Solvay Chair
1911-2011

Professor
David Gross




International Solvay Chairs

Centenary Solvay Chair

1911-2011

On the occasion of the hun-
dredth anniversary of the first
Solvay Conference on Physics,
the International Solvay Insti-
tutes have created a special
“Solvay Centenary Chair” .

This chair has been granted to
Professor David Gross for his
seminal contributions to par-
ticle physics and string theory.

In addition to recognizing his
outstanding scientific merits,

the granting of the Solvay
Centenary Chair to Profes-

sor Gross was also a way to
express the gratitude of the In-
ternational Solvay Institutes for
the exceptional role he played
in giving new vigor to their
activities as chair of the Solvay
Scientific Committee for Phys-
ics. In this position, Professor
Gross has not only brought
back the Solvay Conferences
to their past glory, but he has
also provided invaluable help
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and support in defining the
new scientific directions.

Professor Gross played a piv-
otal role in activities organized
for the centenary celebrations
(“Copenhagen”, Academic
Session “Why Curiosity-Driven
Science?”, opening address
at the 25" Solvay Conference
which he chaired, moderator
of the panel discussion on
“The Future of Physics” at the
Solvay public event).
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Workshops and School organized by the Institutes

Workshop on “Gauge Theories,
Strings and Geometry”

The aim of the Workshop was to gather top level researchers working on the relations between
gauge theories and string theory.

There were 21 seminars by invited speakers, and an overall attendance of about 100 participants
(speakers included), many of them from abroad, which is a testimony to the interest in the field of
research and the Workshop itself. The main idea addressed by the workshop is that string theory
incorporates the physics of gauge theories and other non-gravitational theories, in a way which is
reminiscent of holography. This powerful “duality” allows in particular cases to describe through
string theory some strongly coupled phenomena, and vice-versa.

Some specific topics discussed during the Workshop were the following:

Holographic condensed matter systems
Emergent gravity

Exact results in gauge theories and matrix models
Holography, hydrodynamics and thermalization
3-dimensional Chern-Simons gauge theories
6-dimensional (2,0) theories

BPS states counting and wall-crossing

Scientific Committee

Riccardo Argurio  Université libre de Bruxelles, Belgium

Frederick Denef Harvard University, USA and K.U.Leuven, Belgium
Michael Douglas Stony Brook University, USA

Frank Ferrari Université libre de Bruxelles, Belgium

Shamit Kachru Stanford University, USA

Shiraz Minwalla Tata Institute, Mumbai, India

Greg Moore Rutgers, Piscataway, USA

Kostas Skenderis  Universiteit van Amsterdam, the Netherlands
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Workshop on "Gauge Theories, Strings and Geometry”

Organizing Committee

Riccardo Argurio  Université libre de Bruxelles, Belgium

Ben Craps Vrije Universiteit Brussel, Belgium
Frank Ferrari Université libre de Bruxelles, Belgium
Alex Sevrin Vrije Universiteit Brussel, Belgium

Invited Speakers

Francesco Benini  Princeton University, USA

Jan de Boer Universiteit van Amsterdam, the Netherlands
Frederick Denef Harvard University, USA and K.U.Leuven, Belgium
Michael Douglas  Stony Brook University, USA

Nadav Drukker King’s College London, UK

Jerome Gauntlett  Imperial College, London, UK

Rajesh Gopakumar Harish-Chandra Research Institute, Allahabad, India
Jonathan Heckman Institute for Advanced Study, Princeton, USA
Shamit Kachru Stanford University, USA
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Marcos Marino Université de Genéve, Switzerland
Dario Martelli King’s College London, UK

Shiraz Minwalla Tata Institute, Mumbai, India

Greg Moore Rutgers, Piscataway, USA

Andrew Neitzke The University of Texas at Austin, USA
Vasily Pestun Harvard University, USA

Boris Pioline Université Paris VI, France

Martin Schnabl Academy of Sciences of the Czech Republic, Prague, Czech Republic
Kostas Skenderis  Universiteit van Amsterdam, the Netherlands

Yuji Tachikawa Institute for Advanced Study, Princeton, USA

Stefan Vandoren Universiteit Utrecht, the Netherlands

Herman Verlinde Princeton University, USA
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Workshops and School organized by the Institutes

Programme

Wednesday 18 May 2011

Chair

09:10 - 09:15
09:15 - 10:00
10:00 - 10:45
10:45 - 11:15
11:15 - 12:00

12:00 - 12:45

12:45 - 14:30
Chair

14:30 - 15:15
15:15 - 16:00

16:00 - 16:45

16:45 - 17:30

Thursday 19 May 2011

Chair

09:15 - 10:00

10:00 - 10:45

10:45 - 11:15

A. Sevrin

Welcome address by M. Henneaux, Director of the Solvay Institutes
F. Denef String glasses

M. Schnabl On multiple D-brane solutions in OSFT

Coffee Break

R. Gopakumar A Large N Dual to 2d CFTs

N. Drukker Generalized quark-antiquark potential at
weak and strong coupling

Lunch

G. Barnich

K. Skenderis Holographic Inflation confronts data
Coffee Break

D. Martelli The large N limit of quiver matrix models
and Sasaki- Einstein manifolds

S. Vandoren Black holes and black branes in Lifshitz spacetimes

F. Ferrari

G. Moore Surface Defects and the BPS Spectrum of 4d
N=2 Theories

B. Pioline Wall-crossing from quantum multi-centered black holes

Coffee Break
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Workshop on "Gauge Theories, Strings and Geometry”
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11:15-12:00 V. Pestun Localization for °t Hooft loopsin 4d N=2 theories
12:00 - 12:45 M. Marifio Torus knots and mirror symmetry
12:45-14:30 Lunch
Chair B. Craps
14:30 - 15:15 J. Gauntlett Superfluid black branes for AdS4xS7
15:15 - 16:00 Coffee Break
16:00 - 16:45 F. Benini Quantum moduli space of

N=2 Chern-Simons quivers, AdS4/CFT3 and D6-branes
16:45 - 17:30 S. Minwalla A Theory of Dissipative Superfluid Hydrodynamics
Friday 20 May 2011
Chair R. Argurio
09:15 - 10:00 J. de Boer Holography, entanglement and thermalization
10:00 - 10:45 J. Heckman Quantum Field Theory and Fuzzy Twistors
10:45-11:15 Coffee Break
11:15-12:00 H. Verlinde Twistors and Emergent Gravity
12:00 - 12:45 S. Kachru Comments on holographic condensed matter
12:45-14:30 Lunch
Chair A. Van Proeyen
14:30 - 15:15 Y. Tachikawa Surface operators and W-algeberas
15:15 - 16:00 Coffee Break
16:00 - 16:45 M. Douglas Questions about the D=6 (2,0) theory
16:45 - 17:30 A. Neitzke Gauge theory and BBB branes
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Participants

Alexandrov Sergei Université de Montpellier, France

Arjun Bagchi University of Edinburgh, UK

Asensio Cesar Universidad de Zaragoza, Spain

Barnich Glenn Université Libre de Bruxelles & Solvay Institutes, Brussels, Belgium
Benichou Raphael Vrije Universiteit Brussel, Belgium

Berman David Queen Mary University, London, UK
Bernamonti Alice Vrije Universiteit Brussel, Belgium

Boulanger Nicolas Université Mons, Belgium

Chatterjee Saikat Tata Institute of Fundamental Research, School of Mathematics, India
Chemissany Wissam  K.U.Leuven, Belgium

Chiou Chan-Chi University of Liverpool, UK

Chowdhury Borun Universiteit van Amsterdam, the Netherlands
Closset Cyril Weizmann Institute, Rehovot, Israel
Compere Geoffrey Universiteit van Amsterdam, the Netherlands
Copland Neil Vrije Universiteit Brussel, Belgium

de Buyl Sophie Université Libre de Bruxelles, Belgium
Detournay Stephane  Université Libre de Bruxelles, Belgium
El-Showk Sheer IPhT CEA Saclay, France

Englert Frangois Université Libre de Bruxelles, Belgium

Estes John K.U.Leuven, Belgium

Fanuel Michael Université Catholique de Louvain, Belgium
Galli Federico Vrije Universiteit Brussel, Belgium

Graham Robert Universitat Duisburg-Essen, Germany

Guica Monica IPhT, CEA Saclay, France

Heller Michal Universiteit van Amsterdam, the Netherlands
Hertog Thomas Univ-paris?7, France

Imeroni Emiliano Université Libre de Bruxelles & Universite Catholique de Louvain, Belgium
Janssen Bert Universidad de Granada, Spain

Jarvinen Matti University of Crete, Heraklion, Greece
Jokela Niko Technion & University of Haifa, Oranim, Israel
Kim Sung-Soo Université Libre de Bruxelles, Belgium
Kleinschmidt Axel Université Libre de Bruxelles, Belgium
Klevtsov Semyon Université Libre de Bruxelles, Belgium
Koerber Paul K.U.Leuven, Belgium

Krym Darya K.U.Leuven, Belgium

Kryvobok Artem Lambda Research Optics Europe n.v., Gent, Belgium
Lambert Pierre-Henry  Université Libre de Bruxelles, Belgium

Lee Sungjay DAMTP, University of Cambridge, UK
Lippert Matthew University of Crete, Heraklion, Greece

Lledo Maria IFIC /CSIC-Universitat de Valencia, Spain
Lozano Yolanda Universidad de Oviedo, Spain

Lucena Gémez Gustavo Université Libre de Bruxelles, Belgium

Marsh David Cornell University, Ithaca, USA

Maruyoshi Kazunobu  SISSA, Trieste, Italy

Massai Stefano IPhT, CEA/Saclay, France

Mawatari Kentarou Vrije Universiteit Brussel, Belgium
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Workshop on "Gauge Theories, Strings and Geometry’
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Melnikov Dmitry Tel Aviv University, Israel

Meyer Rene University of Crete, Heraklion, Greece

Milanesi Giuseppe Universitat Bern, Switzerland

Monnier Samuel LPTENS Paris, France

Moskovic Micha Université Libre de Bruxelles, Belgium

Musso Daniele Universita di Torino - INFN Torino, Italy

Pathak Krishan Kumar Columbia Institute of Technology, Raipur, India

Penati Silvia Universita di Milano-Bicocca, Italy

Persson Daniel ETH Zurich, Switzerland

Plauschinn Erik Universiteit Utrecht, the Netherlands

Puhm Andrea IPhT - CEA Saclay, France

Redigolo Diego Université Libre de Bruxelles, Belgium

Restuccia Cosimo Max-Planck-Instituts flr Gravitationsphysik, Potsdam, Germany
Rollier Blaise Universitat Bern, Switzerland

Rovai Antonin Université Libre de Bruxelles, Belgium

Segui Antonio Universidad de Zaragoza, Spain

Shock Jonathan Max-Planck-Institut fur Physik - MPG, MUnchen, Germany
Spindel Philippe Université de Mons, Belgium

Staessens Wieland Vrije Universiteit Brussel, Belgium

Tan Meng-Chwan National University of Singapore, Singapore

Thompson Daniel Vrije Universiteit Brussel, Belgium

Triendl Hagen CEA Saclay, France

Van Pol Bert K.U.Leuven, Belgium

Van Proeyen Antoine  K.U.Leuven, Belgium

Vercnocke Bert CEA/Saclay, France

Virmani Amitabh Université Libre de Bruxelles and Solvay Institutes, Brussels, Belgium
Vonk Marcel Instituto Superior Técnico, Lisboa, Portugal

Zayakin Andrey Universita degli Studi di Perugia, Italy

Zhang Hongbao University of Crete, Heraklion, Greece

Ziaeii Babak Shiraz University-International Unit, Iran

What is a torus knot?

A torus knot is simply a knot that can be put on the surface of a
torus. It is labeled by two coprime integers (Q,P) which specify
the winding number around each of the one-cycles of the torus
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7" Modave Summer School
In Mathematical Physics

29 August -

3 September
2011




7" Modave Summer School
In Mathematical Physics

Josef Lindman Hornlund (ULB)
Antonin Rovai (ULB)

Federico Galli (VUB)

Diego Redigolo (ULB)

Frederik Coomans (KUL)
Pierre-Henry Lambert (ULB)
Bert Van Pol (KUL)

The school was organised

by young PhD students and
Post-docs of the Service de
physique théorique et mathé-
matique of the ULB, the Theo-
retical Particle Physics Group
of the VUB, the Institute for
Theoretical Physics of the KUL
and the Service de physique
théorique et mathématique

of the Université de Mons-
Hainaut.

The main goal of the school
was to study mathematical
tools useful for research in
theoretical physics of funda-
mental interactions, generally
supposed to be known but too
seldom explained in details.
The summer school consisted
of about 6 hours of lectures a
day, during the morning and in
the late afternoon. The partici-
pants were given the opportu-
nity to give a short presenta-
tion on their work (25-30 min).
This years topics included an
introduction to gauge/gravity
duality, loop quantum gravity,
supersymmetric sigma models,
confinement as well as various
aspects of black holes.

The atmosphere was informal
and relaxed, so as to encour-
age the participants to interact
with the speakers, who are
also young researchers. As

the level of the average par-
ticipant was not known, the
courses are supposed to begin
with the basics, be synthetic
and self-contained. Reference
books were also placed at

the disposal of everyone. The
major part of the afternoon
was left free, in order to allow
spontaneous discussions and/
or meetings for questions and
answers in connection with the
mMorning’s courses.

* Matteo Giordano (University
of Zaragoza): Models for con-
finment.

After a general introduction to
the problem of confinement

in gauge theories, Giordano
discussed its explicit realisa-
tion in two models: the two-
dimensional, exactly solvable
Schwinger model, and three-
dimensional compact QED. He
also reviewed possible mecha-
nisms for confinement in four
dimensions.

* Sophie de Buyl and Stephane
Detournay (ULB): Gauge/Grav-
ity duality.

Motivating the correspondence
and generalities — String theory
“derivation” and dictionary —
Computing CFT correlators
from AdS gravity — Extensions
of the correspondence and
recent applications.

* Andreas J. Woehr (University
of Tubingen): Loop Quantum
Gravity.

A systematic description of ca-
nonical quantization is outlined
and the underlying mathemat-

Annual Report 2011- Workshops and School organized by the Institutes

ics is shown. In addition,
Woehr described the kine-
matical quantization and the
implementation and solution

of the constraints. The main
results of the theory such as
the discovery of Planck scale
discreteness of geometry and
the computation of the entropy
of a black hole are illustrated.
Woehr also covered the main
ideas behind the spin foam
representation of LQG in detail
for the mathematical rigor-

ous case of 2+1 gravity. Loop
Quantum Cosmology (LQC),
the application of the quantiza-
tion methods of LQG to homo-
geneous spacetimes was intro-
duced. The main predictions
of LQC such as the avoiding
of the big bang singularity by
extending the time evolution

to negative times (big bounce)
were showned.

e Malin Goteman (Uppsala
University): Supersymmetric
sigma models.

In these lectures, Goteman
derived supersymmetric
non-linear sigma models from
basic considerations. After
introducing superspace and
superfields, the geometric
constraints on the target space
arising from extended super-
symmetry on the sigma model
were discussed in detail. Differ-
ent aspects of Kahler geometry
and hypercomplex geometry
were reviewed, and a brief
introduction to generalized
complex geometry was given.
Related topics such as gauged
isometries, quotient construc-
tions and T-duality on sigma
models were covered.
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7" Modave Summer School in Mathematical Physics

« Clément Ruef (Albert Einstein P atticipants

Institute, Potsdam): Extremal

Workshops & School organized by the Institutes

black holes, and other super-  Benjamin Bollen Universiteit Gent, Belgium
gravity solutions. Dario Buttazzo Scuola Normale Superiore, Pisa, Italy
In these lectures Ruef tried to Nele Callebaut Universiteit Gent, Belgium
give a pedagogical overview Nicolo Colombo Université Mons-Hainaut, Belgium
on an interesting topic of Frederik Coomans K.U.Leuven, Belgium
supergravity, which are the Sophie de Buyl ULB, Belgium
multicenter solutions. Stephane Detournay ~ ULB, Belgium
Clément reviewed the different ~ Michaél Fanuel UCL, Belgium
approaches to them (Denef, Federico Galli VUB, Belgium
Bena, Warner; Algebraic ap- Matteo Giordano Universidad de Zaragoza, Spain
proach) and tried to link them Gustavo Lucena Gomez ULB, Belgium
to holography and to black hole Malin Géterman Uppsala Universitet, Sweden
microstates. He first looked Kristian Holsheimer Universiteit van Amsterdam, the Netherlands
at supersymmetric solutions, Josef Lindman Hérnlund ULB, Belgium
and then to the generalisation  Pierre-Henry Lambert  ULB, Belgium
to non-supersymmetric ones, Elisa Meunier Université de Tours, France
emphisizing on their similitudes  Micha Moskovic ULB, Belgium
and differences. Fredrik Ohlsson Goteborgs Universitet, Sweden
Andrea Puhm IPhT/CEA, Saclay, France
e Josef Lindman Hérnlund Diego Redigolo ULB, Belgium
(ULB): Black hole uniqueness  Antonin Rovai ULB, Belgium
theorems. Clément Ruef Max Planck Institute for Gravitational Physics
Josef discussed in detail two — Albert Einstein Institute — Golm, Germany
famous theorems for black Joris Vanhoof VUB, Belgium
holes in pure four-dimensional ~ Bert Van Pol K.U.Leuven, Belgium
gravity; Israel/Bunting/Ul- Amitabh Virmani ULB, Belgium
Alam’s staticity implies spheri-  Andreas J. Woehr Universitat Tubingen, Germany
cal symmetry-theorem and Yihao Yin Universiteit van Groningen, the Netherlands

Hawking’s stationarity implies
axi-symmetry rigidity-theorem
from a differential geometric
perspective. He also discussed
briefly the state-of-the-art
uniqueness theorems of the
Kerr black hole and topics such
as umbillic embeddings, global
foliations, conformal flatness
and so on.
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Brussels, 14 October 2011
Royal Academy of Belgium

Invited members. Organizing committee
Bemadstie Bensaude-Vincent Heige Kragh Kennath Bertrams - FNRS - ULB
Universé Paris . France Aarhus Uriversty, Denmark

Marc Honnoaux - Solvay Instiutes & ULB

Frts Borends Frankiin Lambert Catherine Kounslls - ESPCI, Pars
Universtet Leden, The Netherands VU, Brussels, Belgiom Frankin Lambert-VU
Diana K. Buchwald Plorro Marage Plorro Marage - ULS
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Nicolas Coupsin Arme Schirrmachar
Soivay S.A. Baigium Humbold Universiat 2u Berin, Germany
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Workshops and School organized by the Institutes

Workshop on
“The Early Solvay Councils and
the Advent of the Quantum Era”

To celebrate the centenary of the first Solvay Council on Physics, the International Solvay Institutes
for Physics and Chemistry organized a round table meeting of distinguished historians of science.
This workshop took place on 14 October 2011 at the Belgium’s Royal Academy.

The idea was to make the broader public aware of the importance of the early Solvay Councils in
the development of quantum physics. Seven lectures were presented by experts in the field.
Special attention was given to elements which favoured the birth of new major areas in physics,
and to the innovative aspects of Ernest Solvay’s International Institute of Physics that paved the
way to modern scientific collaboration.

Also some broader issues were addressed, such as the social and scientific environment of founder
E. Solvay, the impact of the international networks of physicists and scientific institutions in the
early twentieth century, and the changing role of physics in, and on the public sphere.

The workshop was a clear success: more than 100 persons registrated for this event. The Insti-
tutes intend to publish the proceedings of this Solvay Workshop, as has been done in the past for

similar workshops.

Invited Members

Bernadette Bensaude-Vincent

Frits Berends
Diana K. Buchwald
Nicolas Coupain
Michael Eckert
John L. Heilbron
Dieter Hoffmann
Ernst Homburg
Helge Kragh
Franklin Lambert
Pierre Marage
Arne Schirrmacher
Jos Uffink

Dirk van Delft
Geert Vanpaemel

Université Paris |, France

Universiteit Leiden, the Netherlands
Caltech, Pasadena, USA

Solvay S.A., Belgium

Deutsches Museum, Minchen, Germany
University of California Berkeley, USA
Max-Planck-Institut fur Wissenschaftsgeschichte, Berlin, Germany
Universiteit Maastricht, the Netherlands
Aarhus University, Denmark

VUB, Brussels, Belgium

ULB, Brussels, Belgium

Humboldt Universitat zu Berlin, Germany
Universiteit Utrecht, the Netherlands
Universiteit Leiden, the Netherlands
K.U.Leuven, Belgium
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Workshop on "The €arly Solvay Councils and the Advent
of the Quantum €ra”

Programme

09:15 - 09:20
Chair
09:20 - 09:40

09:40 - 10:00

10:00 - 10:30

Chair

11:00 - 11:30

11:30 - 12:00

Chair

14:00 - 14:30

14:30 - 15:00

15:00 - 15:30

16:00 - 17:30

19:30

Official opening by Prof. Marc Henneaux
E. Homburg (Universiteit Maastricht)
P. Marage (ULB) Introductory talk

F. Lambert (VUB)
Einstein’s Witches’ Sabbath in Brussels:
from the Legend back to the Facts

J.L. Heilbron (University of California Berkeley)
The Impact of the First Two Solvay Conferences on
the British Attendees and their Collaborators

J. Uffink (Universiteit Utrecht)

M. Eckert (Deutsches Museum, Munich)
From X Rays to the h-Hypothesis: Sommerfeld
and the Early Quantum Theory, 1909-1913

D. Hoffmann (Max-Planck-Institut fur Wissenschaftsgeschichte)
Walther Nernst, Max Planck and Others — Berlin Physicists and
their Role in the Organization and Running of the

First Solvay Conference

G. Vanpaemel (K.U.Leuven)

N. Coupain (Solvay S.A.) Ernest Solvay’s scientific networks.
From personal research to academic patronage

F. Berends (Universiteit Leiden)
Lorentz, the Solvay Councils and the Physics Institute

A. Schirrmacher (Humboldt Universitat zu Berlin)

Who made quantum theory popular? On the relation between
the early Solvay Councils and the emerging network of centers
for quantum physics

Round table discussion chaired by H. Kragh (Aarhus)
Members of the panel: B. Bensaude-Vincent (Paris), J. Heilbron
(Berkeley), D. Hoffmann (Berlin), D. van Delft (Leiden).

Banquet Dinner - Hbtel Métropole
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The International Doctoral School

“Quantum Field Theory,
Strings and Gravity”

This school was organized for
the fifth consecutive year in
the fall of 2011 by the Interna-
tional Solvay Institutes and the
Service de Physique Théorique
et Mathématique at U.L.B., the
Theoretical Particle Physics
group at V.U.B, the Labora-
toire de Physique Théorique at
Ecole Normale Supérieure in
Paris and the Institute for The-
oretical Physics in Amsterdam.
Each of the organizing sites
(Brussels, Paris and Amster-
dam) welcomed the students
for intense three-week ses-
sions separated by one-week
breaks.

The participants were all begin-
ning graduate students, from
the organizing nodes and also
from various other institutions
in France, the Netherlands

and Belgium. All the students
followed more than 250 hours
of lectures organized in various
courses. The main goals were
to strengthen their training in
quantum field theory and string
theory and to introduce them
to cutting-edge research prob-

lems in the field. In Brussels,
Prof. Adel Bilal and Alberto
Lerda taught the Advanced
Quantum Field Theory (30 h)
and Introduction to String The-
ory (24 h) courses respectively,
carrying on their much appreci-
ated contribution to the school.
Moreover, Prof. Nathalie
Deruelle, from the AstroParti-
cule Cosmologie laboratory in
Paris VII University, joined our
team of teachers this year and
was in charge of lectures on
General Relativity, Cosmology
and Black holes (24 h). Finally,
Prof. Nathan Seiberg, holder
of the Solvay Chair in Physics,
talked about the Large Hadron
Collider experiment in his inau-
gural lecture and then delivered
a series of four two-hours
lessons on supersymmetric
gauge theories and curved
superspace.

This programme is unique in
Europe. It provides a great
opportunity for the students to
be introduced, at an unusually
early stage in their training, to
the “Big Picture” of a highly

technical field that covers large
areas of Physics and Mathe-
matics. The possibility to meet
leading experts in an informal
setting and to share research
interests and insights with
fellow graduate students from
other countries, which may be-
come long-term collaborators
after their PhD study, is also a
great asset of the School.

In Brussels, the School greatly
benefits from the assistance of
the International Solvay Insti-
tutes, both through financial
and organizational supports.

The School has now reached
maturity, with an excellent or-
ganization, thoroughly chosen
topics and a smooth transition
between the trainings offered
at the different nodes. All the
participants seem extremely
enthusiastic about this pro-
gramme and we are looking
forward to welcoming the
students next year.

FRANK FERRARI

“The purpose of my teaching at the doctoral school was to provide the students with tools that
would allow them to better understand current gravitational theories.

The list of such tools includes:

e Differential geometry concepts

® An advance presentation on black holes in general relativity
e A presentation on current cosmology themes (mainly inflation and black energy). *

Annual Report 2011- The International Doctoral School
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"Quantum Ficld Theory, Strings and Gravity"

The Brussels Organizing
Committee
Riccardo Argurio uLB

Ben Craps VUB
Frank Ferrari ULB

Participating Institutions

¢ Institute for theoretical physics, Universiteit van
Amsterdam, the Netherlands

e | aboratoire de physique théorique, Ecole
Normale Supérieure (Paris), France

e Physique théorique et mathématique, ULB /

Theoretical particle physics, VUB, Brussels,
Belgium.

Programme Brussels 2011

e String Theory — Alberto Lerda (Torino, ltaly);

* General Relativity, Cosmology and Black Holes
— Nathalie Deruelle (AstroParticule Cosmologie,
Paris VII, France);

e Advanced Quantum Field Theory - Adel Bilal
(ENS Paris, France);

e Supersymmetric gauge theories and curved
superspace — Nathan Seiberg (Princeton, USA).

Participants

Borsato Riccardo Universiteit Utrecht,
the Netherlands

Busch Xavier Université Paris Sud, Orsay,
France

de Lange Paul  Universiteit van Amsterdam,
the Netherlands

Dugard J-Philippe Université Paris-Sud 11,
France

Hortner Sergio  Université libre de Bruxelles,
Belgium

Karlsson Anna  Chalmers University of
Technology, Sweden

Kelm Maximilian ETH Zurich, Switzerland

Knoops Rob CERN, Switzerland/
K.U.Leuven, Belgium

Kramer Manuel  Universitat zu Kéln, Germany

Laidet Julien Ecole polytechnique,
France

Mayerson Daniel Universiteit van Amsterdam,
the Netherlands

Mosk Benjamin  Universiteit van Amsterdam,
the Netherlands)

Pinzani F. Natalia  Universiteit van Amsterdam,
the Netherlands)

Taels Pieter Vrije Universiteit Brussel,
Belgium

Vanel Thomas Université Paris 6 (UPMC) -
laboratoires LPTHE &
LPTENS, France

Vanhoof Joris Vrije Universiteit Brussel,
Belgium

Vollenweider Carl ETH Zurich, Switzerland

Annual Report 2011- The International Doctoral School
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A Long and Complicated Friendship:
Albert Einstein & the Solvay Conferences,

1911-1933

Professor

Diana K. BUCHWALD
Caltech, Pasadena, USA

15t February 2011
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Abstract

As one of the few participants
of the First International Solvay
Congress in Physics held in
Brussels in 1911, Albert Ein-
stein was then a relatively un-
known young scientist, present
thanks to the foresight of H.A.
Lorentz. He was both honored
to be invited and yet skeptical
of the meeting’s stated goal of
resolving the challenge be-
fore them, namely the issues
posed by the newly formulated
quantum theory. By the time
he left Europe in 1933, Einstein
had become a distinguished
attendee, whose occasional
absences were always
lamented. Why did Einstein

choose to attend some, but
not all conferences? What

role did he play in their orga-
nization, in the formulation of
topics, and in the research
agenda of the Solvay Institute?
And how did the significance
and reach of the Solvay Con-
gresses evolve before the Sec-
ond World War? This exami-
nation will draw upon original
documentary evidence from
Einstein’s correspondence and
writings with scientists, family,
and friends, as well as recent
scholarship in the history of
physics.



Colloquia

Invisible Cloaks & a Perfect Lens

Professor
John PENDRY
Imperial College London, UK

1st March 2011

B

Abstract

Electromagnetism encompass-
es much of modern technol-
ogy. Its influence rests on our
ability to deploy materials that
can control the component
electric and magnetic fields.

A new class of materials has
created some extraordinary
possibilities such as a nega-
tive refractive index, and lenses
whose resolution is limited only
by the precision with which we
can manufacture them. Cloaks
have been designed and built
that hide objects within them,
but remain completely invisible
to external observers.

The new materials, named
metamaterials, have properties

determined as much by their
internal physical structure as
by their chemical composition
and the radical new proper-
ties to which they give access
promise to transform our ability
to control much of the electro-
magnetic spectrum.

Annual Report 2011- Colloquia




Professor ..

Klaus MULLEN
Max-Planck-Institute for
Polymer Research, Mainz,
Germany

22 March 2011

Annual Report 2011- Colloquia

The Polymer Chemistry of
Carbon Materials and Graphenes

Abstract

Research into energy technolo-
gies and electronic devices is
strongly governed by the avail-
able materials. We introduce a
synthetic route to graphenes
which is based upon the cyclo-
dehydrogenation (“graphitiza-
tion”) of well-defined dendritic
(8D) polyphenylene precursors.
This approach is superior to
physical methods of graphene
formation such as chemical
vapour deposition or exfoliation
in terms of its (i) size and shape
control, (i) structural perfection,
and (iii) processability (solution,
melt, and even gas phase).
The most convincing case is
the synthesis of graphene
nanoribbons under surface
immobilization and in-situ
control by scanning tunnelling
MICroSCcopy.

Columnar super structures
assembled from these nanog-
raphene discs serve as charge
transport channels in electronic
devices. Field-effect transistors
(FETs), solar cells, and sensors
are described as examples.
Upon pyrolysis in confining ge-
ometries or “carbomesophas-
es”, the above carbon-rich
2D- and 3D- macromolecules
transform into unprecedented
carbon materials and their
carbon-metal nanocompos-
ites. Exciting applications are
shown for energy technolo-
gies such as battery cells and
fuel cells. In the latter case,
nitrogen-containing graphenes
serve as catalysts for oxygen
reduction whose efficiency is
superior to that of platinum.



Colloquia

New Tools for Forecasting Old Physics

at the LHC

Professor

Lance DIXON

SLAC National Accelerator
Laboratory, Menlo Park, USA
& CERN, Geneéve, Switzerland

26 April 2011

i

Abstract

The Large Hadron Collider at
CERN is now exploring the en-
ergy frontier of particle physics,
searching for new particles and
interactions.

For the LHC to uncover many
types of new physics, the

“old physics” produced by

the Standard Model must be
understood very precisely. For
decades, the central theo-
retical tool for this job was the
Feynman diagram. However,
Feynman diagrams are just too
slow, even on fast computers,
to allow adequate precision

for complicated LHC events
with many jets in the final state,
events that are already visible
in the initial LHC data. Over the
past few years, alternative

methods to Feynman diagrams
have come to fruition. These
new “on-shell” methods are
based on the old principle of
unitarity. They can be much
more efficient because they ex-
ploit the underlying simplicity of
scattering amplitudes, and re-
cycle lower-loop information. |
will explain how and why these
methods work, and present
some of the recent state-of-
the-art results that have been
obtained with them.
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Professor

Lars BERGSTROM

Stockholm University, Swe-

den

17 May 2011

5
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Abstract

The problem of the identity

of dark matter belongs to the
most important ones in phys-
ics and cosmology. Pres-
ently, three different methods
are used for its identification:
Accelerator searches, direct
detection and indirect detec-
tion. In this talk, | will describe
the situation in this rapidly
developing field, discussing
advantages and drawbacks
of each method, and discuss
strategies to combine them in
order to get closer to a solu-

tion of this enigmatic problem.

Particular focus will be given
to weakly interacting massive
particles such as those

Models and detection methods
for dark matter

implied by supersymmetric
models, but other candidates
will also be discussed. Future
prospects for experimental
progress in this field will be
discussed.



Colloquia

Photonic Metamaterials:
Challenges and Opportunities

Professor

Costas M. SOUKOULIS
lowa State University, Ames,
lowa, USA & University of
Crete, Heraklion, Greece

24 May 2011

Abstract

In the last decade, a new
area of photonics research
has emerged, that has given
the ability to produce
materials with entirely novel
electromagnetic properties.
These new materials are
known as “metamaterials” for
their ability to take beyond
conventional materials. Clear-
ly, the field of metamaterials
can develop mould-breaking
technologies for a plethora of
applications, where control
over light (or more generally
electromagnetic radiation) is
a prominent ingredient—
among them telecommunica-
tions, solar energy harvesting,
biological and THz imaging

and sensing, optical isolators
and polarizers.

In this talk, | give an introduc-
tion into this emerging field,
review recent progress, and
highlight remaining challenges
and opportunities.
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Professor

Nathan SEIBERG

Institute for Advanced Study,

Princeton, USA

4 QOctober 2011

Annual Report 2011- Colloquia

Abstract

The Large Hadron Collider, a
particle accelerator and the
world’s largest experiment has
started operating. It allows us
to explore the laws of phys-
ics at shorter distances and

at higher energies than ever
before. The LHC is expected
to provide further information
about the standard model of

The World’s Largest Experiment

2011 International Jacques Solvay Chair in Physics
Inaugural Lecture

particle physics, which de-
scribes the elementary par-
ticles and the forces acting
between them. Among the
potential discoveries the LHC
may yield are new insights
about the origin of mass, the
physics of the early universe,
new symmetries of nature and
extra space dimensions.



Colloquia

Bioinspired chemistry and artificial
photosynthesis: from hydrogenases
to catalysts for water splitting and
hydrogen production

Professor
Marc FONTECAVE Abstract

Université Joseph Fourier,

Grenoble, France & College One of the grand challenges active sites, which leads to

de France, Paris, France of twenty-first century chem- remarkable nickel- and iron-
istry is to convert abundant based as well as cobalt-based

25 October 2011 energy-poor molecules to (photo)catalysts for hydrogen
energy rich molecules using production and oxidation.

sunlight as the energy source.
Hydrogen from water is such
a solar fuel. However its
production and use currently
depend on noble metals such
as Platinum which is expensive
and not abundant enough.
Viable renewable energy sys-
tems will require new catalysts
made from earth-abundant
materials, cheap and robust.

We will describe our bioin-
spired strategy, aiming at
reproducing hydrogenase

Annual Report 2011- Colloquia



Colloquia

Organic Electronic Materials: A Bright Future
2011 International Solvay Chair in Chemistry

Inaugural Lecture

Professor

Jean-luc BREDAS
Georgia Institute of
Technology, Atlanta, USA

29 November 2011

Annual Report 2011- Colloquia

Abstract

The origin of the field of or-
ganic electronics can be traced
back to the 1976 discovery of
high electrical conductivity in
polyacetylene, which led to the
2000 Nobel Prize in Chemistry.
After reviewing some of the
progress made over the past
thirty years, we will describe
the current state-of-the-art in
organic electronics and photo-

nics. We will discuss in particu-
lar the applications of organic
electro- active and optically-
active materials as active
components in devices such
as field-effect transistors, light-
emitting diodes, photovoltaic
cells, or all-optical switches.
The future of organic electronic
materials is bright indeed!



Colloquia

Quantum criticality, high Tc

superconductivity and the AdS/CFT
correspondence of string theory

Professor

Jan ZAANEN

Lorentz Institute for Theoreti-
cal Physics, Leiden University,
the Netherlands

13 December 2011

Abstract

The general nature of mat-

ter formed from fermions is
mysterious. The established
methods of many body quan-
tum physics fail and empirically
one finds that the phenomeno-
logical Fermi-liquid and BCS
theories fail: non Fermi-liquid
quantum critical metals are
observed in heavy fermion
systems and cuprate high Tc
superconductors. Remarkably,
it appears that the mathemat-
ics of string theory is capable
of describing such states of
fermion matter. The AdS/CFT
correspondence translates
this problem into an equiva-
lent general-relativity problem
involving the propagation

of classical fields in an

Anti-de-Sitter space-time with
a black hole in its center. Trig-
gered by the succes of AdS/
CFT predicting the low viscos-
ity of the quark-gluon plasma,
the focus shifted very recently
to the fermions, creating much
excitement. It appears that
both emergent Fermi-liquids
and non Fermi-liquids can be
gravitationally encoded, as well
as ‘holographic’ superconduc-
tors having suggestive traits in
common with the real life high
Tc variety.
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Colloquium on “Cosmology :
The Science of the Universe”
19 March 2011

10:00 Introduction by Professor Alexander Sevrin (Vrije Universiteit Brussel),
President of the Colloquium

10:10 Professor Carlos Frenk (Durham, UK)

Recreating the cosmos in a supercomputer: the evolution of
galaxies and larger scale structures

11:20 Professor Ariel Goobar (Stockholm University, Sweden)
Observational Cosmology and Supernovae

12:30 Lunch

Poster Session with contributions of the Belgian research groups working in the Cosmology
and Particle Astrophysics

14:00 Professor Paolo De Bernardis (Sapienza-Universita di Roma, Italy)
Cosmic Microwave Background Radiation and the Big Bang

15:10 Professor Joseph Silk (Oxford University, UK)
Particle cosmology, dark matter and dark energy

16:30 Closing Reception

The big F*F-’-.-;}-

Dark matiar

.:'\-

. o
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Colloquium on "Cosmology: The Science of the Universe”

THE ROYAL ACADEMIES FOR SCIENCES AND THE ARTS OF BELGIUM
COLLOQUIUM

COSMOLOGY: THE SCIENCE OF THE UNIVERSE
19-03 - 2011

09.30 - 17.30

Paleis der Academién - Palais des Académies
Hertogsstraat 1 - 1 rue Ducale
Brussel - Bruxelles
Organisation:
Nationaal Comité voor Zuivere en Toegepaste

Natuurkunde - Comité National de Physique Pure et
Appliquée

J—— Recreating the cosmos in a supercomputer]
the evolution of galaxies and larger scale
structures

Observational Cosmology and Supernovae
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Cosmic Background Radiation and the
Big Bang

Particle Cosmology, dark matter and dark
energy

Inschrijvingen — Inscriptions : -

Door storting van 10 EUR als bijdrage in de onkosten
(inclusief lunch en receptie) véér 10-03-11 op rekening MWH
679-2008025-28, met de vermelding “D6-10/206” en de

naam van deelnemer.

Par versement de 10 EUR comme participation aux frais g .
(lunch et reception compris) avant 10-03-11 sur le ”‘GMAM\“
compte 679-2008025-28, avec la mention “D6-10/206"

et le nom du participant.
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Workshops sponsored by the Institutes

Workshop on “Cosmological
Frontiers in Fundamental Physics”

14 - 17 June 2011 - APC, Paris

The purpose of this informal workshop was to discuss and exchange ideas on recent develop-

ments at the interface of modern cosmology and fundamental physics.

Scientific Areas: Cosmology, String Theory, Particle Physics, Quantum Gravity

This workshop was the fifth in a series organized jointly by the Perimeter Institute (Waterloo, Cana-
da), the International Solvay Institutes (Brussels, Belgium) and APC (Denis Diderot University, Paris,
France). The last edition was at the Perimeter Institute in June 2010

Local Organizing Committee

Thomas Hertog
David Langlois
Daniele Steer
Sarodia Vydelingum

APC, France
APC, France
APC, France
APC, France

Scientific Advisory Committee

Alessandra Buonanno
Latham Boyle

Ben Craps

Thomas Hertog

David Langlois
Viatcheslav Mukhanov
Misao Sasaki

Alexei Starobinsky
Paul Steinhardt

University of Maryland,
USA

Perimeter Institute,
Canada

VUB/Solvay, Belgium
APC, France

APC, France

LMU, Germany

Kyoto University, Japan
Landau Institute, Russia
Princeton University, USA

Confirmed speakers

Niayesh Afshordi

Daniel Baumann
losif Bena
Adam Brown

Alessandra Buonanno

Cliff Burgess

Xingang Chen
Neil Cornish

Curt Cutler
Thibault Damour
Gia Dvali

Ken Ganga

Gary Horowitz
Scott Hughes
Jean-Luc Lehners
Liam McAllister
Rob Myers

Alberto Nicolis
Misao Sasaki
Bernard Schutz
Alexei Starobinsky
Takahiro Tanaka
Benjamin Wandelt

David Wands
Jun’ichi Yokoyama

Annual Report 2011- Workshops sponsored by the Institutes

Perimeter Institute,
Canada

IAS, USA

CEA Saclay, France
Princeton University,
USA

University of Maryland,
USA

Perimeter Institute,
Canada

Cambridge University, UK
Montana State University
USA

JPL, USA

IHES, France

LMU, Germany/NYU, USA
APC, France

UCSB, USA

MIT, USA

MPI Potsdam, Germany
Cornell University, USA
Perimeter Institute,
Canada

Columbia University, USA
Kyoto University, Japan
AEIl, Germany

Landau Institute, Russia
Kyoto University, Japan
IAP, France/University of
lllinois, USA

University of Portsmouth, UK
Tokyo University, Japan



4t MHD Summer Program
31 July - 12 August 2011

The 4" MHD summer pro-
gram in Brussels, organized

by the “Service de Physique
Statistique et des Plasmas”,
took place between the 31

of July and the 12" of August
2011. For this edition, 15 guest
scientists were accommmodated
at ULB to work on projects
related to the modeling and
simulation of hydro- and mag-
netohydro- dynamic flows.

As in the previous editions of
this event, the objective was
not to have lectures or semi-
nars but to spend most of the
time on research projects and
benefit from the proximity of
fellow workers to collaborate
and exchange ideas.

Participants

Benos Lefteris
Boeck Thomas

lImenau
Cambon Claude
Cassart Benjamin ~ ULB
Dechamps Xavier ULB
Degrez Gérard uLB

Dimopoulos Dimitrios University of Thessaly
University of Thessaly
Karlsruhe Institute of
Technology
University of Thessaly

Dritselis Chris
Gordeev Sergej

latridis Alexandros
Kakarantzas Sotirios ULB
Knaepen Bernard  ULB
Kornet Kacper

University of Thessaly
Technische Universitat

Ecole centrale de Lyon

Topics and projects

¢ usage of the OpenFoam CFD
library for fusion resistive non-
linear plasma simulations;

e dynamic simulations of
Lorentz force velocimetry with
magnetic dipoles;

e finite element simulations of
liquid-metal flows at high Hart-
mann numbers;

* magnetic field effects on
three dimensional stability of
natural convection flows in dif-
ferentially heated cavities;

e particle transport in MHD
turbulent channel flows;

e modeling of free surface
lithium flows; simulation of
magnetohydrodynamic flows in
toroidal ducts;

* spectral methods for wall
bounded MHD flows; MHD
instabilities in aluminum reduc-
tion cells;

Krasnov Dmitry

e study of energy transfers in
quasi-static MHD turbulence;

* impact of scale separation on
the non-linear energy transfers
in MHD turbulence;

e algorithms for the magnetic
induction equation on unstruc-
tured grids;

e study of anisotropy in MHD
ring to ring transfers.

For the Service de Physique
Statistique et des Plasmas,
hosting such an event allows
its members, and in particular
young post-docs and PhD
students to collaborate and
network with leading scien-
tists in their fields of research.
Given the renewed success of
the programme, a 5th edition
is likely to be organized

in 2013.

Technische Universitat
[lmenau

Lessines Thomas ULB

Molokov Sergei
Petrisor lulian
Potherat Alban
Reddy Sandeep
Teaca Bogdan

Tympel Saskia

Vantieghem Stijn

Verma Mahendra

Coventry University

Annual Report 2011- Workshops sponsored by the Institutes

Coventry University
University of Craiova
Coventry University

[. 1. T. Kanpur

Ecole Polytechnique
Fédérale de Lausanne
Technische Universitat
[Imenau

ETH ZUrich

[. 1. T. Kanpur
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Seminars

The list below gives the joint
inter-university weekly
seminars co-organized by
the International Solvay
Institutes and the research
groups in theoretical and
mathematical physics of the
ULB, the VUB, the KUL and
the UMons-Hainaut. It also
gives the group seminars of the
research team of the Director.

Massive Gravity, Viatcheslav
Mukhanov (Arnold Sommerfeld
Center, Munich) — 2 February
2011.

Type IIB consistent truncations
and their applications to holog-
raphy, Davide Cassani (Padua
University) — 2 February 2011.

Transport in holographic
(supen)fluids, Piotr Surowka
(VUB) - 9 February 2011.

Thermalization of strongly cou-
pled field theories, Ben Craps
(VUB) — 9 February 2011.

Negative refractive index and
anti-M2 branes, Davide Forcel-
la (ULB) — 16 February 2011.

Static supersymmetric black
holes in AdS4 with spherical
symmetry, Stefan Vandoren
(Utrecht) — 16 February 2011.

String Theory and The Velo-
Zwanziger Problem, Rakibur
Rahman (Scuola Normale Su-
periore) — 17 February 2011.

D-brane non-perturbative ef-
fects and geometric deforma-
tions, Anatoly Dymarsky (Princ-
eton) — 23 February 2011.

Annual Report 2011- Seminars

Holographic quantum critical-
ity induced by magnetic fields,
Eric D’Hoker (UCLA) — 23
February 2011.

A U-duality supermultiplet,
Martin Cederwall (Chalmers) —
2 March 2011.

Holographic Superconductors
and Negative Refractive Index,
Massimo Siani (KUL) — 2 March
2011.

Massive and critical (super)
gravities in d > 3, Jan Rosseel
(Groningen) — 9 March 2011.

Supersymmetry breaking in
conifold throats, Nick Halma-
gyi (LPTHE, Paris) — 9 March
2011.

Interpreting and eliminating
infrared divergences via a lo-
cal theory of observables in
inflationary cosmology, Diego
Chialva (UMons) — 16 March
2011.

An action principle for Vasiliev’s
faur-dimensional higher-spin
gravity, Nicolas Boulanger
(UMons) — 16 March 2011.

Warped AdS/(C)FT correspon-
dences and a digression on
Chiral(og) gravity, Stéphane
Detournay (ULB) — 23 March 2011.

Non-local F(R) gravity or SFT
motivated cosmology, Alexey
Koshelev (VUB) — 23 March
2011.

Wall-Crossing from Moduli Dy-
namics, Sungjay Lee (DAMTP)
— 30 March 2011.

Fusion of line operators, and
quantum integrability in AAdS/
CFT, Raphael Benichou (VUB)
— 30 March 2011.

Monopole operators and duali-
ties in 3d CS matter theories,
Mauricio Romo (UC Santa
Barbara) — 6 April 2011.

A non-compact elliptic genus,
Jan Troost (LPTENS Paris) — 6
April 2011.

Superstring Sigma Models
Computation Using the Pure
Spinor Formalism, Oscar
Bedoya (Sao Paulo) — 11 April
2011.

Matrix models for random
partitions: integrability and
applications, Alexander Alex-
androv (CEA, Ecole Normale
Supérieure, ITEP) — 27 April
2011.

Electroweak Vector Boson
Production in Association with
Jets at the LHC, Lance Dixon
(SLAC) — 27 April 2011.

Black Hole Enigmas in AdS3/
CFT2, Borun Chowdhury (Am-
sterdam) — 4 May 2011.

2De gravity and Kahler metrics,
Semyon Klevtsov (ULB) - 4
May 2011.

Randomized Wilson loops,
reduced models and the large
D expansion, Oleg Evnin (ITP,
Beijing) — 11 May 2011.

Anatoly Konechny (Heriot-Watt
University, Edinburgh) — 11
May 2011.



Seminars

High Density Holographic
Baryons, Dmitry Melnikov (Tel
Aviv University) — 16 May 2011.

Jock McOirist (DAMPT) — 25
May 2011.

Giulio Bonelli (SISSA) — 25 May
2011.

Topics on 3d gravity and AdS/
CFT, Alan Garbarz (University of
Buenos Aires) — 31 May 2011.

Effective action in a higher-spin
background, Xavier Bekaert
(Tours U., CNRS) — 1 June 2011.

The supermagic triangle is 30,
Bernard L. Julia (Ecole Nor-
male Supérieure) — 30 June
2011.

New Results on Supersymmet-
ric Solitons in String Theory,
Eric A. Bergshoeff (University
of Groningen) — 30 June 2011.

Trace Anomaly Matching
and the a-Theorem, Adam
Schwimmer (Weizmann In-
stitute of Science, Israel) - 7
September 2011.

Holograms of Conformal
Chern-Simons Gravity, Hamid
R. Afshar — 12 September
2011.

Curved Superspace, Nathan
Seiberg (IAS, Princeton) — 5
October 2011.

Thermodynamics and insta-
bilities of a strongly coupled
anisotropic plasma, David
Mateos (Barcelona) — 5 Octo-
ber 2011.

Mellin amplitudes in AAS/CFT,
Miguel Paulos (LPTHE, Paris) —
12 October 2011.

Holographic Correlators of
Giant Gravitons, Konstantinos
Zoubos (Niels Bohr Institute,
Copenhagen) — 12 October
2011.

Two Dimensional Quantum
Gravity Revisited, Frank Ferrari
(ULB) — 17 October 2011.

Global Aspects of F-theory
GUTs, Sakura Schafer-Nameki
(King’s College London) — 26
October 2011.

Supergravity as Generalised
Geometry, Daniel Waldram —
26 October 2011.

Thermalization and entangle-
ment following a non-relativistic
holographic quench, Esko
Keski-Vakkuri (Helsinki Univer-
sity) — 9 November 2011.

M-theory and generalised
geometry, David Berman
(Queen Mary) — 9 November
2011.

Higher-spin theories in odd
dimensions, Shailesh Lal
(Harish-Chandra Research
Institute) — 16 November 2011.

M5’s, D4’s, 5D SYM and in-
stantons, Neil Lambert (CERN
Theory Division) — 16 Novem-
ber 2011.

Dimensional reductions of
Double Field Theory, Diego
Marqués (CEA Saclay) — 23
November 2011.

Holographic no-boundary
measure, Thomas Hertog
(K.U.Leuven) — 23 November
2011.

T-duality for massive stringy
States: A world sheet perspec-
tive, Jnanadeva Maharana
(Bhubaneswar, India) — 30
November 2011.

A ten-dimensional action for
non-geometric fluxes, Magda-
lena Larfors (LMU, Munich) —
30 November 2011.

Unbalanced Holographic Su-
perconductors and Spintron-
ics, Francesco Bigazzi (Univer-
sity of Florence and INFN) — 7
December 2011.

Trivertices and SU(2)’s, Amihay
Hanany (Imperial College Lon-
don) — 7 December 2011.

Momentum space entangle-
ment and renormalization in
quantum field theory, Vijay
Balasubramanian (University of
Pennsylvania) — 14 December
2011.

Observing holographic super-
conductivity in the laboratory,
Jan Zaanen (Leiden) — 14
December 14, 2011.
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Research on Gravitation, Strings and Cosmology

Researchers

Permanent Members

Riccardo Argurio (ULB)
Glenn Barnich (ULB)
Andrés Collinucci (ULB)
Ben Craps (VUB)

Frank Ferrari (ULB)

Marc Henneaux (ULB)
Thomas Hertog (APC Paris)
Axel Kleinschmidt (ULB)
Alexander Sevrin (VUB)

Postdoctoral Members

Raphael Benichou (VUB)
David Chow (ULB)

Neil Copland (VUB)
Sophie de Buyl (ULB)
Stephane Detournay (ULB)
Davide Forcella (ULB)
Phillip Grajek (VUB)
Sung-Soo Kim (ULB)
Semyon Klevtsov (ULB)
Alexey Koshelev (VUB)
Manuela Kulaxizi (ULB)
Alberto Mariotti (VUB)
Kentarou Mawatari (VUB)
Jakob Palmkuvist (ULB)
Rakibur Rahman (ULB)
Piotr Surowka (VUB)
Daniel Thompson (VUB)
Amitabh Virmani (ULB)

Graduate Students

Alice Bernamonti (VUB)

Karen De Causemaeker (VUB)
Francgois Dehouck (ULB)
Federico Galli (VUB)

Sergio Hortner (ULB)
Pierre-Henry Lambert (ULB)
Elias Leite Mendonca (ULB)
Josef Lindman Hérnlund (ULB)
Gustavo Lucena Gomez (ULB)
Micha Moskovic (ULB)

Bettina Oexl (VUB)

Diego Redigolo (ULB)

Antonin Rovai (ULB)

Wieland Staessens (VUB)
Dimitri Terryn (VUB)

Cedric Troessaert (ULB)

Joris Vanhoof (VUB)

Master Students

Zino Boisdenghien (VUB)
Laura Donnay (ULB)
Martin Hendrick (ULB)
Blagoje Oblak (ULB)
Pieter Taels (VUB)
Thomas in ‘t Veld (VUB)
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Research Summary

Of all the fundamental forces
(electromagnetism, gravita-
tion, weak and strong nuclear
forces), gravity remains the
most mysterious. In spite of
its remarkable successes,
Einstein’s general theory of
relativity, which has led to an
unprecedented geometriza-
tion of physics, is an unfinished
revolution. Fully unravelling the
mysteries of the gravitational
force is a long-term research
goal.

The group has a long-standing
interest and a demonstrated
expertise in quantum gravity,
quantum field theory, string
theory and M-theory, black
holes, cosmology, the cosmo-
logical constant problem (“dark
energy”) and the novel math-
ematical structures underlying
these questions. These chal-
lenging areas raise many of
the most profound issues in
theoretical physics.

A central thread in the study
of gravity and the fundamental
interactions is the concept of
symmetry (global and local).
Some of the general back-
ground is given below.



Researchers & Research Summary

General Framework

The standard model of particle
physics is based on quantum
field theory, a framework that
reconciles Poincaré invariance
with quantum mechanics and
allows one to understand the
electromagnetic and the two
types of nuclear interactions.
The fourth fundamental inter-
action, gravitation, is described
by Einstein’s theory of general
relativity. Experiments as well
as theoretical arguments indi-
cate that neither the standard
model, nor general relativity
can be complete.

Purely theoretical attempts

at generalizations are con-
strained, of course, by math-
ematical consistency and the
need to incorporate the previ-
ous theories in the domains
where they have been suc-
cessful. Additional guiding
principles are needed, though.
Symmetry is such a principle
and pervades most of the
research carried out in theoreti-
cal high energy physics.

The Yang-Mills type theories for
the three microscopic forces of
elementary particle physics are
invariant under Poincaré sym-
metries, the symmetry group of
flat space-time. These theories
admit in addition certain internal
symmetries known as gauge
symmetries. In general relativity,
gravitation arises when going
from a flat to a curved spacet-
ime, and Poincaré symmetries
become part of the gauge
group of diffeomorphisms.

In models that go beyond the
existing theories, other sym-
metries come to the front.

Supersymmetry

Supersymmetry is a natural
extension of Poincaré symme-
try in the presence of fermionic
matter fields. Supersymmetric
extensions of the standard
model will be tested at the
experiments planned in the
Large Hadron Collider at CERN
in Geneva.

Supersymmetry is also an
important ingredient of string
theory, a model for unification
of the four fundamental inter-
actions and for a microscopic
formulation of gravity. At low
energy, higher dimensional
theories of gravitation emerge
that include supersymmetry
as part of their gauge group
together with supersymmetric
extensions of Yang-Mills gauge
theories.

Dualities

One of the first theoretical
extensions of Maxwell’s theory
of electromagnetism has been
the inclusion of magnetic
sources. The introduction of
such sources is motivated by
the desire to preserve invari-
ance under duality rotations,

a symmetry of the source-free
equations. The solution that

is dual to the Coulomb solu-
tion describing a static point-
particle electron is a magnetic
monopole. In some sense,
black hole solutions in gravita-
tional theories are the analog

of the Coulomb solution to
Maxwell’s theory.

In nonlinear theories like Yang-
Mills theories, dualities relate

a strongly coupled regime to
one at weak coupling, where
standard perturbative com-
putations may be performed.
In supersymmetric situations,
these dualities become trac-
table. Finally, dualities between
different string theories as well
as holographic duality between
gauge and gravity theories fea-
ture prominently in most of the
recent developments in string
theory.

Hidden symmetries

Hidden symmetries in gravity
and string theory arise in com-
pactifications of supergravity
theories and among the string
duality groups. The algebraic
structure of these symmetries
is related to infinite-dimensional
Lorentzian Kac-Moody alge-
bras, in particular those of E10
and E11.

Research carried
out in 2011

We have continued our re-
search along the general
directions outlined above. This
has led to 71 published papers
and preprints submitted for
publication. These are listed
below. Specific achievements
by some researchers from the
group are also described in the
subsequent pages.
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Research on Gravitation, Strings and Cosmology

Davide Forcella
Postdoctoral Member (ULB)

One of the ultimate goals of
String Theory is to give a con-
sistent theory of quantum grav-
ity (the description of gravity at
the microscopic scale) coupled
with the Standard Model

(the theory that describe the
interactions of the fundamental
particles) or some extension

of it, and to give insights into
non-perturbative and strong
coupling dynamics of field
theories. String theory indeed
contains gravity and gauge
theory. In particular it contains
non perturbative objects like
D-branes and M-branes. They
are extended massive states
that deform the space-time
and a gauge theory lives on
their world volume. For this
reason branes can be inter-
preted as links between gravity
(geometry) and gauge theories.

Some of the major insights in
the relation between gravity
and gauge theory come from
the study of systems in which
the gravity decouples from

the gauge theory dynamics,
but the geometry still encodes
important information about
the field theory. The relevant
setups are local models: the
branes sit at a geometrical
singularities and they extend

in the four/three dimensional
space-time. The properties of
the field theory are encoded

in the geometrical data and
the gravity decouples from the
gauge theory due to the fact
that the geometry is non-com-
pact. This is the basic setup
that realizes the celebrated
gauge/gravity correspondence:
the effective action of a strong-
ly coupled four/three dimen-
sional gauge theory is classical
geometry and string theory in a
parent ten/eleven dimensional
space-time. In this setup,
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string theory is able to describe
very exotic states of mat-

ter and the strongly coupled
phase of many field theories for
which we have nowadays very
few other tools.

In 2011, | investigated this
setup to gain new insights into
two main problems: the under-
standing of non-supersymmet-
ric strongly coupled phase of
M-theory, and the investigation
of new exatic electromagnetic
properties of charged fluids.

Non-supersymmetric
M2 branes

The gauge/gravity correspon-
dence is quite well understood
if supersymmetry (a symmetry
of nature that map boson into
fermions and vice-versa) is
preserved. Unfortunately in our
world supersymmetry seems
to be broken at low energy.
For this reason, if we want to
gain insight into the strongly
coupled dynamics of realistic
field theory, we are supposed
to study the gauge/gravity
correspondence in the non-
supersymmetric regime.

In collaboration with professor
Alberto Zaffaroni, in University
of Milano Bicocca, | obtained,
for the first time, an infinite set
of non-supersymmetric three
dimensional field theories with
a very well defined strong
coupling dynamics. We studied
part of the spectrum of their
observable and we explained
the relation of these field theo-
ries with the dual geometry.
These field theories live on
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anti-M2 branes at the tip of a
eight dimensional geometrical
singularities and they could
shed new lights on some of
the fundamental properties of
M-theory, a still quite mysteri-
ous theory supposed to com-
plete string theory at strong
coupling. Moreover these
theories are part of the models
that are supposed to describe
the strongly coupled phase

of some three dimensional
condensed matter systems
and high temperature super-
conductors, and they can,

for these reasons, contribute
to offer a new prospective on
such systems.

Electromagnetic
properties of
charged fluids

Electromagnetic waves in
continuous media have been a
large field of investigation in
the last years. Indeed light

waves have an amazing be-
havior in a new class of artificial
materials (metamaterials), cre-
ated in laboratories about a
decade ago. One of the

most attractive properties is
the negative refractive index:
namely the energy flux and

the phase velocity of a wave
packet propagate in opposite
directions for a certain range of
frequencies. This behavior led
both to promising physical ap-
plications and to interesting
theoretical developments.

In 2011, in collaboration with
other researchers from VUB,
Leuven and San Diego (Cali-
fornia) University, | have shown
that negative refraction is a
generic phenomenon in
homogeneous and isotropic
systems that have a finite non
zero charge density and that
admit a low energy descrip-
tion in term of hydrodynamical
equations. This conclusion
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is valid both for normal and
super conducting fluids, and
for relativistic or non relativistic
systems. Before our study,
negative refraction was sup-
posed to exist only in artificial
materials constructed in the
laboratory. Our discovery
points towards the presence
of negative refraction in natural
materials and in particular in
the conducting bands of some
metals, and in the Quark Gluon
Plasma, a strongly coupled
plasma at finite charge density
that should be created in high
energy physics colliding experi-
ments.

It could give life to the first
experiments motivated by
string theory and the discovery
of new exotic electromagnetic
phenomena both in strongly
coupled phases of field theory
and in condensed matter set-
ups.
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Pierre-Henry
Lambert

Second year PhD student
(ULB)

All the known physical phe-
nomena can be described us-
ing two different mathematical
theories: the theory of general
relativity (describing the gravi-
tational interaction) and the
quantum theory of fields (de-
scribing the weak, strong and
electromagnetic interactions).
Nowadays in 2012, it's not
quite clear to see how these
two pillars take part in the
same edifice whose building is
a big challenge for his archi-
tects that are the theoretical
physicists. In others words,
one of the important goal in
theoretical physics is to con-
ceptually unify the quantum
and the gravitational worlds.

Symmetries and
holography

In such a quest of unification
one of the key obstacles con-
sists in understanding the role
(and also the number) of the
quantum degrees of freedom
of the gravity.

A progress along this direction
was made in 1986 in', where it
was showed that the asymp-
totic symmetry group of gravity
with a negative cosmological
constant (called Anti de-Sitter)
in three dimensions (AdS_3)

is generated by two copies of
the Virasoro algebra which is,
moreover, the algebra of the
conformal group in two dimen-
sions. Physically this result
shows that an effect normally
thought to be quantum

(the central extension of the
Virasoro algebra) arises from a
classical computation. This is
quite remarkable. In 1998, An-
drew Strominger implemented
the value of the central charge
of 'in the Cardy formula to
give a microscopic derivation
of the Bekenstein-Hawking
entropy formula for black holes
whose near horizon geometry
are locally AdS_3 (BTZ black
holes).

The work of Brown et al' is

an anticipation of the so-
called holographic principle
(proposed by 't Hooft and
Susskind in 1993) according
to which a gravitational theory
of a certain world volume (in
d+1 dimensions) is completely
equivalent to a quantum theory

1 - J.D. Brown and M. Henneaux, Commun. Math.
Phys. 104 (1986) 207.
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living on the boundary surface
of that volume (so in d dimen-
sions).

Asymptotically flat
spacetimes at null infin-

ity

Motivated by the results of
Brown et al' and of Strominger
in three dimensions at spatial
infinity, my research (led with
my PhD director Glenn Bar-
nich) aim to shed some light on
the role played by the quantum
degrees of freedom of the
gravity in four dimensions without
a cosmological constant. So
the goal of my research is to
build a holographic theory dual
to asymptotically flat space-
times at null infinity in four
dimensions (what Edward
Witten called in 1998 “the
structure X”).

Symmetries of asymptotically
flat spacetimes are well known
since the sixties when physi-
cists were studying gravitation-
al radiation in general relativity.
At that time, focalization was
made on globally well defined
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transformations, which singled
out SL(2,R), that is isomorphic
to the Lorentz group. However
in 2010, it was showed in
Barnich et al® that if one
doesn’t require the finite
transformations to be glob-
ally well defined then, at the
infinitesimal level, the algebra
(bms) contains the infinitesimal
local conformal transforma-
tions (Virasoro subalgebra)
instead of the Lorentz subalge-
bra. They furthermore showed
how this algebra bms acts on
physical quantities (mass and
angular momentum) in the so-
lution space and they built the
associated surface charges,
which is a highly non trivial
task (because at null infinity,
the surface charges are neither
integrable nor conserved).

Considering a different defi-
nition for asymptotically flat

2- G. Bamnich and C. Troessaert, JHEP 1005: 062
(2010).

spacetime (Newman-Unti's
one instead of the usual
Bondi-Metzner-Sachs’ one),
Glenn Barnich and | showed
in 20112 that the previous
results (the infinitesimal local
conformal transformations
instead of the usual Lorentz
subalgebra, action on solution
space, surface charge and
the field dependent central
charge) are still valid in that
case. Moreover these results
were found using the so called
Newman-Penrose formalism
(which is a complex null tetrad
formalism) and his extension
(Geroch-Held-Penrose formal-
ism which is more compact).
These two formalisms are
geometrically constructed to
describe infinity in the lightlike
regime in a very natural way, so
that all the results (transforma-
tion laws, central charge,...)

3- G. Barnich and P.-H. Lambert, A note on the
Newman-Unti group, arXiv:1102.0589.

Annual Report 2011- Research on Gravitation, Strings and Cosmology

are written in a more elegant
way in these formalisms. In the
future we would like to apply
these results to compute for
instance the surface charge for
the Robinson-Trautman solu-
tions. One open question we
would like to address in the
near future is to understand

in more details the presence
of the field-dependent of the
central charge, and also the
non-integrability of the surface
charges which is inherent to
the null regime.

So my research allows for
having a better understanding
of the symmetries of asymp-
totically flat spacetimes, which
is the first step in view of a
holographic description of
gravity without a cosmological
constant.

Iconographical credits:

- “The illusion of gravity”, Juan
Maldacena, Scientific American
Report, 2005.

- “Baryons and Branes in Anti

de Sitter Space”, Edward Wit-

ten, talk given at Strings 1998.
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Bettina Oexl
PhD Student (VUB)

Supersymmetric
signatures at the LHC

With the start of the Large
Hadron Collider (LHC) in 2010
the most exciting period in
search for unknown particles
and phenomena at the tera-
electronvolt (TeV) energy scale
has begun. The LHC is with
27 km circumference the
world’s largest particle
accelerator, located at CERN
in Geneva, Switzerland. It
collides two proton beams at
currently 7 TeV and 14 TeV in
the future, and analyses the
particles produced by

the collisions, searching e.g.
for the yet undiscovered
Brout-Englert-Higgs boson.
The goal of the LHC is to gain
insight into the fundamen-

tal structure of the universe
and to test the predictions of

different theories in particle
physics. The interpretation of
the data delivered by the LHC
is a difficult challenge, which
we aim to address with our
research.

The Standard Model (SM) of
particle physics is currently
the best description of strong
and electroweak forces, as
quantum field theories with
gauge symmetries, up to the
electroweak scale. However,
there remain still lots of open
questions, for example the
origin of mass, dark matter,
the hierarchy problem etc.,
whose answers require phys-
ics beyond the SM (BSM).
One of the most promising
candidates for BSM physics is
supersymmetry (SUSY). The
Minimal Supersymmetric ex-
tension of the Standard Model
(MSSM) addresses the hierar-
chy problem, shows a pre-
cise unification of the gauge
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couplings at high scales, and
provides a suitable candidate
for dark matter.

SUSY models assume a
symmetry between bosons
and fermions. As a conse-
quence, each of the known
fundamental particles has a
superpartner with spin differ-
ing by 1/2 unit. If SUSY were
an exact symmetry of nature,
these superparticles would lie
in the same mass range as
the known particles, which
has not been observed in
experiments. Hence, in any
SUSY model that attempts to
describe the observed par-
ticle physics phenomenology,
SUSY should be broken at
low energy. Depending on the
SUSY breaking mechanism
and parameters, the mass
spectrum at the low scale can
change significantly and ac-
cordingly lead to very different
collider signatures. Therefore,
guidelines to identify mod-

els are necessary for SUSY
searches in experiments,
which we aim to provide with
our research: starting from a
theoretical model, we try to
gain insight in the phenome-
nology of particle spectra and
couplings, resulting in propos-
als for typical signatures at the
LHC.

In 2011, we concentrated

our research on gravitino
phenomenology at colliders.
The gravitino is the spin-3/2
superpartner of the graviton in
local SUSY extensions of the
SM. In spontaneously broken
SUSY, it becomes massive via
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the super-Higgs mechanism
by absorbing the goldstino,

in the same way as the weak
bosons acquire mass by ab-
sorbing the goldstone boson
in the Higgs mechanism.
Therefore, the gravitino mass
is directly related to the SUSY
breaking scale, and it can
take a wide range of mass
values, depending on the
SUSY breaking mechanism. In
low-scale SUSY breaking sce-
narios, e.g. gauge mediation
models, the gravitino is often
the lightest supersymmetric
particle (LSP), and can play an
important role at colliders.
The specific collider signature
depends strongly on what

is the next-to-lightest SUSY
particle (NLSP), which decays
into a LSP gravitino and a SM
particle.

In collaboration with Dr. K.
Mawatari (VUB) and Mr. Y.
Takaesu (KEK, Japan), we
studied associated light gravi-
tino productions in a neutrali-
no-NLSP scenario at a future
electron-positron collider as
well as a selectron-NLSP sce-
nario at an electron-photon
collider. The resulting signals
will be a mono-photon plus
missing energy and a single
electron plus missing energy,
respectively, where the miss-
ing energy is carried away by
two gravitinos. We calculated
the helicity amplitudes for the
production processes and
gained a deep insight into the
dependence of the cross sec-
tion and angular distributions
on the SUSY parameters. We
showed that the total cross

section provides information
about the gravitino mass,
while the mass of the NLSP
as well as of the t-channel
exchange SUSY particles can
be explored from the energy
and angular distributions of
the (measurable) final state
particles.

Thereafter, we have been
extending our studies to

Fig.1: Aerial View of the Cern,
including an artistic representa-
tion of the beam pipe.

© 2005 CERN

the LHC, together with Prof.

F. Maltoni (UCL) and Ms. P.

de Aquino (KUL). Our cur-

rent interest is a gluino NLSP
scenario, giving rise to a jets
plus missing energy signal.
The basic processes remain
similar to the ones investigated
before. However, we have to
deal with additional features in
hadron collisions, e.g. parton
showering and hadronization.
Furthermore, we have to treat
carefully extra jets that arise due
to initial and final state radiation
by employing a matrix-element
and parton shower match-

ing scheme, since those may
modify the signal distributions.

The coming few years will be
a very crucial period for the
field of high energy particle
physics — already at the end of
last year, the ALTAS and CMS
experiments at CERN report-
ed a significant progress in the
search for the Higgs boson.
We expect more exciting
results from the LHC soon,
either in the search for the
Higgs boson, SUSY particles
or other new physics phenom-
ena, which might revolutionize
our understanding of the fun-
damental particles and forces.
| feel it is a big fortune to live
in the era of the LHC and |
would like to contribute to the
unique opportunities provided
by the LHC experiments.

Fig.2: A typical candidate event
in the Brout-Englert-Higgs boson
search of the CMS experiment
at the LHC. The two red towers
depict hight-energy photons,

the yellow lines are the mesured
tracks of other particles pro-
duced in the collision.

© 2011 CERN
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Daniel C. Thompson
Postdoctoral Member (VUB)

A fundamental question in
physics is to understand what
happens when the curvature
of space-time is of the same
scale as quantum fluctuations,
for instance near the singu-
larities of a black-hole or in the
very earliest moments of the
universe. To address this, one
must combine the classical
theory of gravity, General Rela-

tivity, with quantum mechanics.

Superstring Theory is a leading
candidate to achieve this and,
moreover, has the possibility of
unifying gravity with the other
fundamental forces. Despite
its relatively simple premise,
replacing point particles with
extended strings, superstring
theory has proven to possess
a remarkable unforeseen rich-
ness and deep hidden struc-
ture and presents a radically
different description of our uni-

verse and one which requires
us to question classical notions
of geometry. The questions
that | find interesting to re-
search are those that concern
the behavior of string theory
when conventional geometrical
notions are not sufficient; in
other words, | am interested

in studying the most “stringy”
signatures of string theory.

Superstring theory makes
many surprising predictions.
Perhaps the most striking is
that in addition to the 4 di-
mensions of space-time that
we know of from day to day
experience, the universe com-
prises a number of additional
dimension in which the string
can move. Typically these
extra-dimensions are assumed
to be compact (rather like the
surface of a doughnut) and
small so as to be only detected
at extremely high energies.
Somewhat related to this is the
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discovery of dualities in string
theory; the five superficially
distinct superstring theories
(Types |, lIA, 1IB, HO and HE)
developed during the 1980’s
are now understood to be
related through an intricate

set of connections or "duali-
ties’, suggesting that they may
be different parts, or vacua

of, a single all-encompassing
theory known as M-theory. In
order to fully understand string
theory it is paramount to de-
velop a refined understanding
of its dualities, symmetries and
hidden structure.

Duality Symmetric
Approaches to
M-theory and String
Theory

One particular element of this
web of dualities, T-duality, is
a phenomenon intrinsic to
string theory and a charac-
teristic “stringy’ signature. In
its simplest form, it states an
equivalence between a boson-
ic string on a circle of radius

R and that of 1/R. Though its
history is long, T-duality con-
tinues to provide great insight,
a recent example being its use
together with the AdS/CFT
correspondence to give an
explanation of the scattering
amplitude/Wilson-loop con-
nection displayed by a certain
supersymmetric gauge theory.
T-duality also indicates that
geometry from the point of
view of string theory may be
very different from our classi-
cal intuition: an example being
the T-fold, or non-geometric,
string backgrounds in which
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locally geometric patches are

glued together with T-dualities
- the space-time is no longer

well described by Riemannian
geometry.

Recently, | have been studying
and developing a framework
with which one can formulate
string theory in a way which
exposes this hidden structure
of T-duality by promoting it to
the level of a manifest symme
try. This approach has the vir-
tue of being able to treat both
geometric and non-geometric
space-time on equal footings.
Alongside this, one finds a re-
lated set of hidden symmetries
in supergravity theories which
only become apparent upon
dimensional reduction. A key
research interest of mine is the
development of a formulation
of supergravity theories that
make these hidden symmetries
manifest and to understand

its relationship with the duality
symmetric approach to string
theory.

s

Strings can wind or wrap
around compact extra-dimensions.

Novel Dualities and
Sxmmetries of String
Theory and Gravity

A natural question, and one
which is poorly understood,
is whether T-duality has gen-

eralizations beyond the radial
inversion duality described
above, for instance to spaces
with large amounts of sym-
metry such as spheres. Such
space-times occur frequently
in string theory, the most well
studied being those that are
used in the AdS/CFT cor-
respondence. A technical
challenge is that these types
of geometries involve not just
the gravity field but also a
number of Ramond-Ramond
fields (which may be thought of
as string theory extensions of
the electro-magnetic field). An
ongoing programme of mine

is to generalize the notion of T-
duality to accommodate these
very symmetrical spaces with
Ramond-Ramond fields. Go-
ing forward | hope to examine
the interplay of these novel
dualities with the AdS/CFT cor-
respondence and notions such
as integrability.

Supersymmetry and
Extra-Dimensions

A key component of super-
string theory is supersymme-
try - a postulated symmetry
between the bosonic and
fermionic particles of nature.
Whilst integral to string theory,
supersymmetry also provides
one of the most promising ap-
proaches to physics beyond
the standard model. Indeed it
is hoped that the first signs of
supersymmetry may be experi-
mentally confirmed in the com-
ing years at the Large Hadron
Collider in CERN.

However, if supersymmetry

is realized in nature, it is cer-

tainly broken at the scales that
we can observe. One of my
interests is to understand the
mechanism by which super-
symmetry is broken in the con-
text of the extra dimensions
that string theory supplies us.

| have recently explored how
supersymmetry can be broken
by means of “gauge media-
tion” in string theory inspired
models with extra dimen-
sions. In these models the
visible universe is located on a
4-dimensional brane (or slice)
within a 5-dimensional space
time. The supersymmetry is
broken on a second 4-dimen-
sional brane and the effects of
supersymmetry breaking are
transmitted (or mediated) to
the visible universe via gauge
fields propagating through the
five dimensional bulk. Re-
cently | considered the case
where the bulk geometry is anti
de Sitter space in which the
extra dimension is not flat but
is “warped” -- this has direct
phenomenological appeal
since such warped scenarios
can be used to generate hi-
erarchy of scales that we find
in nature and have interesting
theoretical applications in view
of the AdS/CFT correspon-
dence.
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Cooperation with
Chile

The international collaboration
with the Centro de Estudios
Cientificos (Valdivia, Chile),
based on a collaboration
agreement between the Insti-
tutes and the Center in Chile,
was active in 2011.

Visits of Belgian Scientists to
Chile

Professor Marc Henneaux
10-20 March 2011
15-25 June 2011

Visits of Chilean Scientists to
Belgium

Professor Claudio Bunster
14-21 May 2011
16-24 October 2011

Professor Andrés Gomberoff
5-10 July 2011

Professor Cristian Martinez
22 March-2 April 2011
5 -12 December 2011

Dr. Alfredo Perez
11-15 August 2011

Dr. David Tempo
2-15 August 2011

Professor Ricardo Troncoso
22 March-8 April 2011

2-15 August 2011

5-12 December 2011

Joint Publications and Pre-
prints

C. Bunster and M. Henneaux,
Can (Electric-Magnetic) Dual-
ity Be Gauged?,” Phys. Rev.
D 83, 045031 (2011) [arX-
iv:1011.5889 [hep-th]].

C. Bunster and M. Henneaux,
The Action for Twisted Self-Du-
ality,” Phys. Rev. D 83, 125015
(2011) [arXiv:1103.3621 [hep-
th]].

C. Bunster, A. Gomberoff
and M. Henneaux, Extended
Charged Events and Chern-
Simons Couplings,” Phys.
Rev. D 84, 125012 (2011)
[arXiv:1108.1759 [hep-th]].

M. Henneaux, C. Martinez
and R. Troncoso, Asymp-
totically warped anti-de Sitter
spacetimes in topologically
massive gravity,” Phys. Rev.
D 84, 124016 (2011) [arX-
iv:1108.2841 [hep-th]].

C. Bunster and M. Henneaux,
Sp(2n,R) electric-magnetic du-
ality as off-shell symmetry of in-
teracting electromagnetic and
scalar fields,” arXiv:1101.6064
[hep-th].
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Cooperation with
Russia

Cooperation with the Lebedev
Physical Institute (Moscow
Russia).

This collaboration favors
scientific exchanges of visitors
between Belgium and Rus-
sia of scientists affiliated with
the signing institutions or with
neighbouring ones working in
similar areas.

Visits of Russian Scientists to
Belgium

Professor Andrei Slavnov
(Steklov Mathematical Institute)
6-26 April 2011

Professor Maxim Grigoriev
(Lebedev Physical Institute)
3-10 July 2011




Institutional Collaborations

Other Visits
Professor James Hartle

In addition to the visitors
coming to Brussels in the
framework of existing collabo-
ration agreements, the Insti-
tutes greet many scientitsts
for short, medium or longer
research visits. These are very
fruitful. Instead of giving the list
of all these visits, we just quote
here one testimony, from Pro-
fessor James Hartle (University
of California at Santa Barbara),
who spent 10 days in October
at the Institutes :
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“[...] I had not properly
thanked you for supporting my
visit before and after the Sol-
vay Conference to work with
Thomas (Hertog) and Stephen
(Hawking). This worked out
very well. The main subject
was a potential holograhic
formulation of the no-boundary
wave function and its implica-
tions for eternal inflation. [...]
There is nothing like an actual
visit to make progress. [...]

Rescarch on Gravitation, Strings and Cosmology
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Appraisals & Prizes

* Dr. Daniel Thompson suc-
cessfully applied for a pres-
tigious FWO postdoctoral
fellowship and was ranked first
among all scientists (coming
from all Flemish universities)
applying in the physics com-
mission.

* Dr. Sophie de Buyl success-
fully applied for a prestigious
FNRS postdoctoral fellowship
(“Chargé de Recherches”).

* Dr. Alexey Koshelev success
fully applied for a 3-year exten-
sion of his FWO postdoctoral
fellowship.

* Dr. Andrés Collinucci suc-
cessfully applied for a pres-
tigious permanent FNRS
research position (“Chercheur
Qualifié) and joined the ULB

group.

e Prof. Dr. Alexander Sevrin
received a three year appoint-
ment as guest professor at the
University of Antwerp and a
five year appointment as guest
professor at the University of
Leuven.

e Mr. Joris Vanhoof obtained a
FWO “aspirant” PhD fellowship.

* Mr. Federico Galli obtained
an extension of his FWO “aspi-
rant” PhD fellowship.

e Prof. Marc Henneaux re-
ceived a 5-year ERC Advanced
Resarch Grant (2011-2015).
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Theses defended in
2011

Wieland Staessens obtained
his PhD titled: “Aspects of
Type Il Superstring Theory:
Supersymmetric D-branes,
T-duality, and Holographic
Thermalization” on June 27,
2011. Promoters were Prof. Dr.
Ben Craps (VUB) and Prof. Dr.
Alexander Sevrin (VUB).

Cédric Troessaert obtained his
PhD titled: “Aspects of Duality
in Gravitational Theories” on
June 6, 2011. Thesis director:
Glenn Barnich (ULB).

Josef Lindman Hérnlund ob-
tained his PhD titled: “Sigma-
Models and Lie Group Sym-
metries in Theories of Gravity”
on July 1, 2011. Thesis direc-
tors: Laurent Houart (ULB) and
Marc Henneaux (ULB).

Francois Dehouck obtained his
PhD titled: “Electric and Mag-
netic Aspects of Gravitational
Theories” on September 23,
2011. Thesis director: Ricca-
rdo Argurio (ULB).
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Invited talks at Conferences,
Seminars and Schools

January 4, 2011: Amitabh
Virmani, Microscopics of Kerr
from spinning M5 branes -
Indian Strings meeting 2011
(ISM 2011) - Institute of
Physics, Bhubaneswar -

Puri, India.

January 7, 2011: Sung-Soo
Kim, D=5 Super Yang-Mills
in light-cone superspace -
HEP Seminars - Sungkyunk-
wan University - Suwon,
Korea.

January 12, 2011: Amitabh
Virmani, Black Holes in String
Theory - Colloquium, Insti-
tute of Physics, Bhubaneswar
- Institute of Physics, Bhu-
baneswar - Bhubaneswar,
India.

January 13, 2011: Amitabh
Virmani, G2 Dualities, Black
Strings, and Kerr CFT -
Seminar, Institute of Physics,
Bhubaneswar - Institute of
Physics, Bhubaneswar -
Bhubaneswar, India.

January 19, 2011:

Sung-Soo Kim, Maximally
supersymmetric Yang-Mills in
five dimensions in light-cone
superspace - String theory
group seminars - KIAS - Seoul,
Korea.

January 19, 2011: Alexey Ko-
shelev, Non-singular bounce
in non-local gravity - Arnold
Sommerfeld Center, LMU -
Munich, Germany.

January 20, 2011: Kentarou
Mawatari, Gravitino phenome-
nology at colliders - UCL/CP3
- Louvain-la-Neuve, Belgium.

January 21, 2011: Sung-Soo

Kim, Maximally supersymmetric
Yang-Mills in five dimensions in
light-cone superspace - CQUeST
seminars - CQUeST - Seoul, Korea.

January 31, 2011: Raphael
Benichou, Fusion of line op-
erators and Quantum inte-
grability in Conformal sigma
models on supergroups - ENS
Lyon seminar - Lyon, France.

February 8, 2011: Riccardo
Argurio, A Pseudo-Goldstino
in Gauge Mediation - Theory
group seminar - University of
Amsterdam - Amsterdam, the
Netherlands.

February 10, 2011: Glenn
Barnich, Asymptotic symme-
tries form the point of view
of Lie algebroids - University
of Stockholm - Stockholm,
Sweden.

February 16, 2011: Ben Craps,
Thermalization of strongly
coupled field theories - North
British Mathematical Physics
Seminar - Edinburgh University
- Edinburgh, UK.

February 17, 2011: Ben Craps,
Thermalization of strongly
coupled field theories - String
Journal Club - Durham University
- Durham, UK.

February 17, 2011: Neil
Copland, Renormalisation of
doubled theories - CQUeST -
Seoul, South Korea.

February 18, 2011: Neil
Copland, Thermalisation of
strongly coupled field theory
via AdS/CFT - CQUeST -
Seoul, South Korea.

February 18, 2011: Phill
Grajek, Dark Matter Indirect
Detection and Uncertainty
in CR Propagation - U.
Heidelberg seminar - Heidel-
berg University - Heidelberg,
Germany.

February 22, 2011: Phill Gra-
jek, Dark Matter Indirect De-
tection and Uncertainty in CR
Propagation - IIHE Seminar

- lIIHE, Vrije Universiteit Brussel
- Brussels, Belgium.

February 23, 2011: Marc
Henneaux, Asymptotic
Structure of three-dimension-
al gravity - IPMU Workshop
on Black Holes - Institute for
the Physics and Mathematiccs
of the Universe, University of
Tokyo, Japan.

March 2, 2011: Raphael
Benichou, Fusion of line
operators and Quantum inte-
grability in AdS/CFT - King’s
College seminar - King’s Col-
lege - London, UK.

March 3, 2011: Glenn Barnich,
Aspects of the BMS/CFT
correspondence - APC
Université de Paris 7 - Paris,
France.
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March 8, 2011: Kentarou
Mawatari, Gravitino phenome-
nology at colliders - Chalmers
University of Technology -
Gothenburg, Sweden.

March 9, 2011: Marc
Henneaux, Asymptotic struc-
ture of three-dimensional
anti-de Sitter gravity - |IAFE

- University of Buenos Aires -
Buenos Aires, Argentina.

March 14, 2011: Davide
Forcella, Negative Refrac-

tive Index in Hydrodynamics
and AdS/CFT - Conference
on Quarks, Strings and the
Cosmos - Ecole Polytechnique
- Paris, France.

March 15, 2011: Riccardo
Argurio, A Pseudo-Goldstino
in Gauge Mediation - Theory
group seminar - Scuola Nor-
male Superiore - Pisa, Italy.

March 16, 2011: Riccardo
Argurio, Lectures on Dynami-
cal Supersymmetry Breaking -
Theory group lecture - Univer-
sita di Firenze - Firenze, Italy.

March 24, 2011: Stephane
Detournay, WAdJS/(C)FT
correspondences, and a di-
gression on Chiral(og) gravity
- Rencontres théoriciennes -
Institut Henry Poincaré - Paris,
France.

March 25, 2011: Davide
Forcella, Negative Refractive
Index in Hydrodynamics and
AdS/CFT - Univeridad de
Santiago de Compostela -
Santiago de Compostela,
Spain.

March 26, 2011: Jakob
Palmkvist, Unifying N=5 and
N=6 - The 27" Nordic Network
Meeting on “Strings, Fields and
Branes” - University of Stock-
holm - Stockholm, Sweden.

March 28, 2011: Raphael
Benichou, Fusion of line
operators and Quantum
integrability in AdS/CFT -
LPTENS seminar - LPTENS -
Paris, France.

March 29, 2011: Davide For-
cella, Non Supersymmetric
Chern Simons theories with
gravity duals - Jussieu Univer-
sity - Paris, France.

March 29, 2011: Daniel
Thompson, On Non-Abelian
T-duality in Ramond Back-
grounds - CPHT Ecole Poly-
technique - Paris, France.

March 31, 2011: Alberto
Mariotti, PseudoGoldstini in
Field Theory - Nordita - Stock-
holm, Sweden.

April 1, 2011: Kentarou
Mawatari, The top window for
dark matter - ULB - Brussels,
Belgium.

April 5, 2011 : Riccardo
Argurio, Pseudo-Goldstini in
Field Theory - Joint theory
seminars - Weizmann Institute
of Science - Neve Shalom,
Israel.

April 7, 2011: Bettina Oexl,
Gravitino productions at col-
liders - IIHE, Vrije Universiteit
Brussel - Brussels, Belgium.
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April 11, 2011: Ben Craps,
Holographic Thermalization -
High Energy Theory Seminar
- University of Pennsylvania -
Philadelphia, USA.

April 12, 2011: Neil Copland,
Thermalisation of strongly
coupled field theory via AdS/
CFT - Institute of Physics of
the ASCR - Prague, Czech
Republic.

April 14, 2011: Riccardo
Argurio, Gaugino masses and
Semi-Direct Gauge Mediation
- Journal Club - Tel Aviv Uni-
versity - Tel Aviv, Israel.

April 15, 2011: Alice
Bernamonti, Holographic
Probes of Thermalization -
Seminaire de matrices, cordes
et geometries aleatoires - IPhT
- Saclay, France.

April 18, 2011: Alberto

Mariotti, PseudoGoldstini in
Field Theory - Torino University
- Torino, Italy.

April 20, 2011: Alberto
Mariotti, PseudoGoldstini in
Field Theory - Padova Univer-
sity - Padova, ltaly.

April 21, 2011: Amitabh
Virmani, G2 Dualities, Black
Strings, and Kerr CFT - Semi-
nar, Institute for Theoretical
Physics - Utrecht University -
Utrecht, the Netherlands.

May 3, 2011: Wieland
Staessens, Holographic
Thermalization - Johannes-
Gutenberg Universiteit Mainz
- Mainz, Germany.
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May 6, 2011: Kentarou
Mawatari, Gravitino
phenomenology with Mad-
Graph/MadEvent - MadGraph
Spring 2011 - Fermilab -
Batavia, USA.

May 10, 2011: Phill Grajek,
Antiproton Flux in Cosmic
Ray Propagation Models
with Anisotropic Diusion -
Pheno Symposium - UW
Madison - Wisconsin, USA.

May 10, 2011: Kentarou
Mawatari, Gravitino
productions at colliders -
2011 Phenomenology
Symposium - Madison
Wisconsin, USA.

May 16, 2011: Alberto
Mariotti, PseudoGoldstini in
Field Theory - SUSY break-
ing 2011 - CERN - Geneva,
Switzerland.

May 25, 2011: Davide Forcella,
Negative Refractive Index in
Hydrodynamics and AdS/CFT
- Padova University - Padova,
Italy.

May 27, 2011: Alberto Mariotti,
Supersymmetry - Tweedaagse
van de Theoretische en Math-
ematische Fysica - Oostdu-
inkerke, Belgium.

May 28, 2011: Federico Galli,
Hairy black holes in AdS

- Tweedaagse van de
Theoretische en Mathema-
tische Fysica - Oostduinkerke,
Belgium.

June 9, 2011: Antonin Rovai,
Spacelike Singularities and

Locally Carroll Invariant The-
ory - PandA Doctoral School

- Université Libre de Bruxelles
- Brussels, Belgium.

June 14, 2011: Davide For-

cella, Non Supersymmetric

Chern Simons theories with
gravity duals - Torino Univer-
sity - Torino, Italy.

June 20, 2011: Riccardo
Argurio, Gaugino masses and
Semi-Direct Gauge Mediation
- workshop on String Phe-
nomenology - Nordita - Stock-
holm, Sweden.

June 23, 2011: Ben Craps,
Cosmological singularities

in string theory - Quantum
Theory and Gravitation - ETH -
Zurich, Switzerland.

June 30, 2011: Neil Copland,
Relating T-duality invariant
theories - Strings 2011
(Gong Show) - Uppsala,
Sweden.

July 21, 2011: Alexey
Koshelev, On non-local
modification of gravity: exact
solutions and perturbations -
Supersymmetry and Quantum
Symmetry 2011 (SQS’11) -
JINR - Dubna, Russia.

July 25, 2011: Piotr Surowka,
Transport in holographic fluids
- University of Washington -
Seattle, USA.

August 12, 2011: Neil
Copland, Connecting T-duality
invariant theories - QTS7

2011 - Prague,

Czech Republic.

August 19, 2011: Raphael
Benichou, First-principles
derivation of the AdS/CFT Y-
systems - Integrability in String
and gauge Theories 2011 -
Perimeter Institute - Waterloo,
Canada.

August 19, 2011: Ben Craps,
Holographic thermalization -
Conference on Cold Materials,
Hot Nuclei, and Black Holes:
Applied Gauge/Gravity Duality
- |ICTP - Trieste, Italy.

August 23, 2011: Glenn
Barnich, Asymptotically flat
general relativity as an ex-
tended conformal field theory
- XLléme Institut d’été, Labo-
ratoire de Physique Théorique,
ENS, Paris.

August 25, 2011: Frank
Ferrari, Two Dimensional
Quantum Gravity Revisited:
Kéhler Potentials, Bergman
Metrics and Gravitational Ef-
fective Actions - XLIth summer
institute of the Laboratoire de
Physique Théorique de I'Ecole
Normale Supérieure: Strings,
Particles and the Universe -
ENS- Paris, France.

August 30, 2011: Alexey
Koshelev, Modified non-local
gravity - Balkan summer Insti-
tute 2011 (BSI 2011) - Lepen-
ski Vir, Serbia.

September 5, 2011 : Raphael
Benichou, First-principles
derivation of the AdS/CFT
Y-systems - XVII European
Workshop on String Theory
2011 - Padua University -
Padua, Italy.
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September 7, 2011:
Sung-Soo Kim, 56D Super
Yang-Mills on Light-Cone -
StringVac 2011 -String
Phenomenology Conference
- Pusan University - Busan,
Korea.

September 10, 2011: Kentarou
Mawatari, MadGolem: autom-
atized next-to-leading order
calculations for BSM - Work-
shop on Monte Carlo Tools for
LHC - YITP - Kyoto, Japan.

September 10-22, 2011:
Alexander Sevrin, Several
informal lectures on gener-
alzed Kahler geometry - Pro-
gram on Complex Geometry
and Generalized Geometry
with Applications to Physics -
Simons Center for Geometry
and Physics - Stony Brook, USA.

September 28, 2011: Kentarou
Mawatari, Associated pro-
duction of light gravitinos at
future linear colliders - 2011
International Workshop on Fu-
ture Linear Colliders - Granada,
Spain.

October 21, 2011: Frank Ferrari
Two Dimensional Quantum
Gravity Revisited: Kéhler Po-
tentials, Bergman Metrics and
Gravitational Effective Actions -
High Energy theory seminar -
University of Southampton -
Southampton, UK.

October 24, 2011: Glenn Bar-
nich, Theoretical Aspects of
Black Hole Physics - Cycle de
conférences “Les Chercheurs
Luxembourgeois a I'Etranger”,
Institut Grand-Ducal - Luxembourg.

November 8, 2011: Alberto
Mariotti, PseudoGoldstini in
Field Theory - University of
California San Diego - San
Diego, USA.

November 11, 2011:
Alexander Sevrin, Supersym-
metric WZW-models and
generalized Kéhler geometry

- Geometry of Strings and
Fields - NORDITA - Stockholm,
Sweden.

November 15, 2011: Alberto
Mariotti, PseudoGoldstini in
Field Theory - Santa Cruz
Institute for Particle Physics
(University of California Santa
Cruz) - Santa Cruz, USA.

November 17,2011: Marc
Henneaux, Higher Spin Gauge
Fields and Extended Kac-
Moody Symmetries - KIAS -
Seoul, South Korea.

November 18, 2011: Jakob
Palmkvist, Weyl groups,
division algebras and auto-
morphic forms - Automorphic
Forms and String Theory, Karl-
stad, Sweden.

November 18, 2011: Marc
Henneaux, Electric-Magnetic
Duality, Twisted Self-Duality
and Action Principle - Seoul
National University - Seoul,
South Korea.

December 1, 2011: Jakob
Palmkvist, Tensor hierarchies,
Borcherds algebras and E11 -
The 28" Nordic Network Meet-
ing on “Strings, Fields and
Branes”, Stockholm,

Sweden.
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December 6, 2011: Glenn
Barnich, BV cohomology | -
Workshop on Covariant Field
Theory, Université du
Luxembourg - Luxembourg.

December 7, 2011: Glenn
Barnich, BV cohomology Il -
Workshop on Covariant Field
Theory, Université du
Luxembourg — Luxembourg.

December 7, 2011: Karen De
Causmaecker, Fourth genera-
tion aspects and supersym-
metry - Pheno-meeting CP3 -
UCL/CP3 - Louvain-la-Neuve,
Belgium.

December 9, 2011: Kentarou
Mawatari, The top window
for dark matter - Top@Brus-
sels meeting - Vrije Universiteit
Brussel - Brussels,

Belgium.

December 9, 2011: Karen

De Causmaecker, Fourth
generation aspects and su-
persymmetry - Top@Brussels
meeting - IIHE, Vrije Universiteit
Brussel - Brussels,

Belgium.

December 13, 2011: Daniel
Thompson, Duality Invari-
ance in M-theory and String
Theory - Centre for Quantum
Spacetime, Sogang University
- Seoul, South Korea.

December 14, 2011: Daniel
Thompson, On Non-Abelian
T-duality in Ramond Back-
grounds - Centre for Quantum
Spacetime, Sogang University-
Seoul, South Korea.



Invited talks at Conferences, Seminars and Schools
& List of Publications

December 15, 2011: Daniel
Thompson, Duality Invariance
in M-theory and String Theory
- Korean Institute for Advanced
Studies - Seoul, South Korea.

December 22, 2011: Alexey
Koshelev, Modified non-local
gravity - Steklov Mathematical
Institute - Moscow, Russia.

December 30, 2011: Alexey
Koshelev, Can non-local
gravity resolve the cosmologi-
cal puzzles? - JINR - Dubna,
Russia.

List of Publications

1- A. Amariti, L. Girardello, A. Mariotti and M. Siani, “Metastable
Vacua in Superconformal SQCD-like Theories,” JHEP 1102
(2011) 092 [arXiv:1003.0523 [hep-th]].

2- A. Amariti, D. Forcella, A. Mariotti and G. Policastro,
“Holographic Optics and Negative Refractive Index,” JHEP
1104 (2011) 036 [arXiv:1006.5714 [hep-th]].

3- A. Amariti, D. Forcella, A. Mariotti and M. Siani, “Negative
Refraction and Superconductivity,” JHEP 1110 (2011) 104
[arXiv:1107.1242 [hep-th]].

4- D. Anninos, S. de Buyl and S. Detournay, “Holography For
a De Sitter-Esque Geometry,” JHEP 1105, 003 (2011) [arX-
iv:1102.3178 [hep-th]].

5- R. Argurio, Z. Komargodski and A. Mariotti, “Pseudo-
Goldstini in Field Theory,” Phys. Rev. Lett. 107, 061601 (2011)
[arXiv:1102.2386 [hep-th]].

6- V. Balasubramanian, A. Bernamonti, N. Copland, B. Craps
and F. Galli, “Thermalization of mutual and tripartite information
in strongly coupled two dimensional conformal field theories,”
Phys. Rev. D 84 (2011) 105017 [arXiv:1110.0488 [hep-th]].

7- V. Balasubramanian, A. Bernamonti, J. de Boer, N. Copland,
B. Craps, E. Keski-Vakkuri, B. Muller and A. Schafer et al.,
“Holographic Thermalization,” Phys. Rev. D 84 (2011) 026010
[arXiv:1103.2683 [hep-th]].

8- V. Balasubramanian, A. Bernamonti, J. de Boer, N. Copland,
B. Craps, E. Keski-Vakkuri, B. Muller and A. Schafer et al.,
“Thermalization of Strongly Coupled Field Theories,” Phys. Rev.
Lett. 106 (2011) 191601 [arXiv:1012.4753 [hep-th]].

9- G. Barnich and C. Troessaert, “Supertranslations call for su-
perrotations,” PoS C NCFG2010, 010 (2010) [arXiv:1102.4632

[gr-acl].

10- G. Barnich and C. Troessaert, “BMS charge algebra,” JHEP
1112, 105 (2011) [arXiv:1106.0213 [hep-th]].

11- R. Benichou, “Fusion of line operators in conformal sigma-

models on super- groups, and the Hirota equation,” JHEP 1101
(2011) 066 [arXiv:1011.3158 [hep-th]].
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12- R. Benichou, “First-principles derivation of
the AdS/CFT Y-systems,” JHEP 1110 (2011)
112 [arXiv:1108.4927 [hep-th]].

13- A. Bernamonti, “Two-point function probes
of thermalization,” Nucl. Phys. Proc. Suppl. 216
(2011) 216.

14- A. Bernamonti and R. Peschanski, “Time-

dependent AdS/CFT correspondence and the

Quark-Gluon plasma,” Nucl. Phys. Proc. Suppl.
216 (2011) 94 [arXiv:1102.0725 [hep-th]].

15- T. Binoth, D. Goncalves Netto, D. Lopez-
Val, K. Mawatari, T. Plehn and I. Wigmore,
“Automized Squark-Neutralino Production to
Next-to-Leading Order,” Phys. Rev. D 84 (2011)
075005 [arXiv:1108.1250 [hep-phl.

16- C. Bunster and M. Henneaux, “Can (Elec-
tric-Magnetic) Duality Be auged?,” Phys. Rev.
D 83, 045031 (2011) [arXiv:1011.5889
[hep-th]].

17- C. Bunster and M. Henneaux, “The Ac-
tion for Twisted Self-Duality,” Phys. Rev. D 83,
125015 (2011) [arXiv:1103.3621 [hep-th]].

18- C. Bunster, A. Gomberoff and

M. Henneaux, “Extended Charged Events
and Chern-Simons Couplings,” Phys. Rev.
D 84, 125012 (2011) [arXiv:1108.1759 [hep-
th]].

19- K. Cheung, K. Mawatari, E. Senaha, P. V.
Tseng and T. C. Yuan, “Top window for dark
matter,” Int. J. Mod. Phys. D 20 (2011) 1413.

20- G. Compeére, F. Dehouck and A. Virmani,
“On Asymptotic Flatness and Lorentz Charges,”
Class. Quant. Grav. 28, 145007 (2011) [arX-
iv:1103.4078 [gr-qc]].

21- G. Compere and F. Dehouck, “Relaxing the
Parity Conditions of Asymptotically Flat Grav-
ity,” Class. Quant. Grav. 28, 245016 (2011)
[arXiv:1106.4045 [hep-th]].

22- B. Craps and O. Evnin, “Light-like Big
Bang singularities in string and matrix theories,”
Class. Quant. Grav. 28 (2011) 204006 [arX-
iv:1103.5911 [hep-th]].

23- B. Craps and O. Evnin, “Adiabaticity and
emergence of classical space-time in time-
dependent matrix theories,” JHEP 1101 (2011)
130 [arXiv:1011.0820 [hep-th]].

24- T. Damour, A. Kleinschmidt and H. Nico-
lai, “Sugawara-type constraints in hyperbolic
coset models,” Commun. Math. Phys. 302, 755
(2011) [arXiv:0912.3491 [hep-th]].

25- F. Dehouck, “Gravitational duality in Gen-
eral Relativity and Supergravity theories,” Nucl.
Phys. Proc. Suppl. 216, 223 (2011) [arX-
iv:1101.4020 [hep- th]].

26- S. Detournay, D. Israel, J. M. Lapan and
M. Romo, “String Theory on Warped AdS3 and
Virasoro Resonances,” JHEP 1101, 030 (2011)
[arXiv:1007.2781 [hep-th]].

27- F. Ferrari, S. Klevtsov and S. Zelditch,
“Random Geometry, Quantum Gravity and the
Kahler Potential,” Phys. Lett. B 705, 375 (2011)
[arXiv:1107.4022 [hep-th]].

28- F. Galliand A. S. Koshelev, “Perturbative
stability of SFT-based cosmological models,”
JCAP 1105 (2011) 012 [arXiv:1011.5672 [hep-
th]].

29- Ginis V, Tassin P, Craps B, Veretennicoff |,
Frequency Conversion by the Transformation-
Optical Analogue of the Cosmological Redshift,
Proceedings of SPIE: Conference on Metama-
terials - Fundamentals and Applications IV, San
Diego, CA, USA, 21-25 August 2011; Proceed-
ings of SPIE, Volume: 8093, Article Number:
80931M, DOI: 10.1117/12.894065 ISSN: 0277-
786X.

30- Ginis V, Tassin P, Craps B, Veretennicoff
[, The cosmological redshift inside the trans-
formation-optical analogue of the Robertson-
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Walker metric, Proceedings of CLEO: 2011
- Laser Science to Photonics Applications,
Baltimore, MD, USA, 1-6 May 2011; Optical
Society of America, QTuM4 ISBN: 978-1-
55752-910-7.

31- Ginis V, Tassin P, Craps B, Veretennicoff |,
Mimicking the Cosmological Redshift with Time
Dependent Transformation Optics; Proceed-
ings of the 3rd International Topical Meeting on
Nanophotonics and Metamaterials (NANOME-
TA), Seefeld, Austria, 3-6 January 2011; Euro-
pean Physical Society, WED4f.10 ISBN-ISSN:
2-914771-65-7.

32- Ginis V, Tassin P, Craps B, Veretennicoff |,
Time dependent transformation optics: frequen-
cy conversion using the dielectric analogue of
the Robertson- Walker universe; Proceedings of
CLEO/Europe-EQEC, Munich, Germany, 22-26
May 2011; European Physical Society, EJ.P.1
ISBN: 978-1-4577-0533-5.

33- K. Hagiwara, K. Mawatari and Y. Takaesu,
“HELAS and MadGraph with spin-3/2 par-
ticles,” Eur. Phys. J. C 71 (2011) 1529 [arX-
iv:1010.4255 [hep- ph]].

34- A. Hanany, D. Forcella and J. Troost, “The
covariant perturbative string spectrum,” Nucl.
Phys. B 846, 212 (2011) [arXiv:1007.2622 [hep-
th]].

35- J. Hartle, S. W. Hawking and T. Hertog,
“Local Observation in Eternal inflation,” Phys.
Rev. Lett. 106, 141302 (2011) [arXiv:1009.2525
[hep-th]].

36- M. Henneaux, C. Martinez and R. Troncoso,
“Asymptotically warped anti-de Sitter spacet-
imes in topologically massive gravity,” Phys.
Rev. D 84, 124016 (2011) [arXiv:1108.2841
[hep-th]].

37- C. P. Herzog, N. Lisker, P. Surowka and A.
Yarom, “Transport in holographic superfluids,”
JHEP bf 1108 (2011) 052 [arXiv:1101.3330
[hep-th]].

38- L. Houart, A. Kleinschmidt and J. Lind-
man Hornlund, “An M-theory solution from null
roots in E11,” JHEP 1101, 154 (2011) [arX-
iv:1101.2816 [hep-th]].

39- A. Kleinschmidt, “Counting supersym-
metric branes,” JHEP 1110, 144 (2011) [arX-
iv:1109.2025 [hep-th]].

40- A. S. Koshelev and S. Y.Vernov, “Analysis
of scalar perturbations in cosmological mod-
els with a non-local scalar field,” Class. Quant.
Grav. 28 (2011) 085019 [arXiv:1009.0746
[hep-th]].

41- S. S. Kim and J. Palmkvist, “N=5 three-
algebras and 5-graded Lie superalgebras,”
J. Math. Phys. 562, 083502 (2011) [arX-
iv:1010.1457 [hep-th]].

42- J. Lindman Hornlund, “On the symmetry or-
bits of black holes in non-linear sigma models,”
JHEP 1108, 090 (2011) [arXiv:1104.4949
[hep-th]].

43-Y. Lozano, E. O. Colgain, K. Sfetsos and D.
C. Thompson, “Non-abelian T-duality, Ramond
Fields and Coset Geometries,” JHEP 1106
(2011) 106 [arXiv:1104.5196 [hep-th]].

44- K. Mawatari, B. Oexl and Y. Takaesu, “As-
sociated production of light gravitinos in e+e—
and e-"Y collisions,” Eur. Phys. J. C 71 (2011)
1783 [arXiv:1106.5592 [hep-ph]].

45- K. Mawatari and Y. Takaesu, “HELAS and
MadGraph with goldstinos,” Eur. Phys. J. C 71
(2011) 1640 [arXiv:1101.1289 [hep-ph]].

46- J. Palmkuvist, “Unifying N=5 and N=6,”
JHEP 1105, 088 (2011) [arXiv:1103.4860 [hep-
th]].

47-J. V. Rocha, M. J. Rodriguez and A. Vir-
mani, “Inverse Scattering Construction of a
Dipole Black Ring,” JHEP 1111, 008 (2011)
[arXiv:1108.3527 [hep-th]].
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48- A. Sevrin, W. Staessens and D. Terryn,
“The Generalized Kahler geometry of N=(2,2)
WZW-models,” JHEP 1112 (2011) 079 [arX-
iv:1111.0551 [hep-th]].

49- K. Sfetsos and D. C. Thompson, “On non-
abelian T-dual geometries with Ramond fluxes,”
Nucl. Phys. B 846 (2011) 21 [arXiv:1012.1320
[hep-th]].

50- D. C. Thompson, “Duality Invariance: From
M-theory to Double Field Theory,” JHEP 1108
(2011) 125 [arXiv:1106.4036 [hep-th]].

51- A. Virmani, “Asymptotic Flatness, Taub-
NUT, and Variational Principle,” Phys. Rev. D 84,
064034 (2011) [arXiv:1106.4372 [hep-th]].

Preprints

52- A. Amariti, D. Forcella and A. Mariotti,
“Negative Refractive Index in Hydrodynamical
Systems,” arXiv:1107.1240 [hep-th].

53- R. Argurio, K. De Causmaecker, G. Ferretti,
A. Mariotti, K. Mawatari and V. Takaesu, “Col-
lider signatures of goldstini in gauge mediation,”
arXiv:1112.5058 [hep-ph].

54- G. Barnich and P. H. Lambert, “A note on
the Newman-Unti group,” arXiv:1102.0589 [gr-

qcl.

55- R. Benichou and J. Estes, “The fate of
Newton’s law in brane-world scenarios,” arX-
iv:1112.0565 [hep-th].

56- R. Benichou and J. Estes, “Geometry
of open strings ending on backreacting D3-
branes,” arXiv:1112.3035 [hep-th].

57- C. Bunster and M. Henneaux, “Sp(2n,R)
electric-magnetic duality as off-shell symmetry
of interacting electromagnetic and scalar fields,
arXiv:1101.6064 [hep-th].

58- N. B. Copland, “Connecting T-duality invari-
ant theories,” Nucl. Phys. B 854 (2012) 575
[arXiv:1106.1888 [hep-th]].

Annual Report 2011- Research on Gravitation, Strings and Cosmology



Preprints

59- F. Dehouck, “Electric and magnetic aspects

of gravitational theories,” arXiv:1112.3962 [hep-th].

60- S. Detournay, J. M. Lapan and M. Romo,
“SUSY Enhancements in (0,4) Deformations of
AdS3 /CFT2 ,” arXiv:1109.4186 [hep-th].

61- F. Ferrari, S. Klevtsov and S. Zelditch, “Ran-
dom Kahler Metrics,” arXiv:1107.4575 [hep-th].

62- F. Ferrari, S. Klevtsov and S. Zelditch,
“Gravitational Actions in Two Dimensions and
the Mabuchi Functional,” arXiv:1112.1352 [hep-th].

63- F. Ferrari, S. Klevtsov and S. Zelditch,
“Simple matrix models for random Bergman
metrics,” arXiv:1112.4382 [hep-th].

64- D. Forcella and A. Zaffaroni, “Non-super-
symmetric CS-matter theories with known AdS
duals,” arXiv:1103.0648 [hep-th].

65- J. Hartle and T. Hertog, “Arrows of Time
in the Bouncing Universes of the No-boundary
Quantum State,” arXiv:1104.1733 [hep-th].
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66- M. Henneaux, A. Kleinschmidt and H. Nico-
lai, “Higher spin gauge fields and extended Kac-
Moody symmetries,” arXiv:1110.4460 [hep-th].

67- A. S. Kosheley, “On non-local modification
of gravity: exact solutions and perturbations,” To
appear in proceedings of SQS’11

68- A. S. Kosheley, “Modified non-local gravity,”
arXiv:1112.6410 [hep-th].

69- J. Palmkvist, “Tensor hierarchies, Borcherds
algebras and E11,” arXiv:1110.4892 [hep-th].

70- R. Rahman, “Helicity-1/2 Mode as a Probe
of Interactions of Massive Rarita- Schwinger
Field,” arXiv:1111.3366 [hep-th].

71- D. Redigolo, “On Lorentz-Violating Su-
persymmetric Quantum Field Theories,” arX-
iv:1106.2035 [hep-th].
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Rescarch in Chemistry

Researchers

Permanent Members

De Wit, Anne ULB

Postdoctoral Members

Budroni, Marcello ULB
Haudin, Florence ULB
Rongy, Laurence ULB

Doctoral Members

Gérard, Thomas ULB
Lemaigre, Lorena ULB
Riolfo, Luis uLB

These defended in 2011

Thomas Gérard: “Theoretical
study of spatiotemporal dy-
namics resulting from reaction-
diffusion-convection processes”.
Supervisor: A. De Wit, ULB
(2011).

Research Summary

Chemical reactions are able to
influence or more drastically
trigger fluid flows as soon as
the reaction changes a physi-
cal property of the solution like
its density, viscosity or surface
tension. Our research aims at
studying by combined theo-
retical and experimental ap-
proaches the properties of the
chemo-hydrodynamic patterns
and instabilities resulting from
the coupling of such reactions
with hydrodynamic motions.

In vertical set-ups, buoyancy-
driven flows can result from the
presence of gradients of den-
sity in the gravity field. In reac-
tive solutions, such gradients
in density can be triggered

by compositional changes

and can therefore be influ-
enced by reactions. We have
shown in the past that the
buoyancy-driven patterns that
are obtained in the presence
of reactions can be different
from those obtained in non-
reactive systems. This year, we
have moreover investigated the
role of color indicators show-
ing that these species are not
merely passive to the dynamics
but, on the contrary, actively
change the density gradients

in the system and hence the
related convective patterns

(Fig.1).

Such buoyancy-driven hydro-
dynamic instabilities are also
important in CO2 sequestra-
tion techniques which aim

to reduce the amount of this
greenhouse gas in the atmo-

Fig.1: Convective flows de-
velopping when a transparent
acid solution lies on top of an
alkaline solution containing a
color indicator in the gravity field.
Convective plumes rise in the
upper solution above the contact
line. In the lower part, a smaller
wavelength pattern appears in
the reaction zone between the
orange and dark blue zones. This
pattern is related to the contribu-
tion of the color indicator to the
local density gradient.

sphere by its capture at the
exit of power plants and its
subsequent sequestration in
deep underground soils or
aquifers. We have started
investigating theoretically the
influence of buoyancy-driven
motions on the efficiency of
CO2 dissolution in salted wa-
ter. Our objective is to analyze
in the future the potential effect
of chemical reactions on such
Processes.

In parallel, we have also ana-
lyzed to what extent surface-

Research in Chemistry carried out in the group of Professor Anne De Witt




Researchers & Research Summary

tension gradients in reactive
systems can trigger so-called
Marangoni fluid flows. On

one hand, we have numeri-
cally studied how Marangoni
convection triggered by com-
positional or thermal gradients
across autocatalytic fronts can
deform and accelerate these
fronts. On the other hand, we
have shown experimentally
that a simple A+B-->C reaction
impacting the surface tension
at the liquid-air interface of a
thin film can induce fingering
(Fig.2).

Reactive CEsw3 L:}
of Thin o T
Liguida o ="01

Films _—

Fig.2: Mechanism of a reaction-
driven destabilization of the
interface between a solution of a
reactant B spreading on a glass
plate prewetted by a solution of a
reactant A.

The experiment consist in
letting a drop of a given solu-
tion of a chemical B spread on
a glass plate prewetted by a
solution of another reactant A.
At the contact between both
solutions, a chemical reaction
produces a species C with dif-
ferent surface tension proper-
ties. The related gradients in
surface tension trigger then an
instability of the contact line
between both solutions leading
to fractal-like fingers (Fig.3).

Eventually, we also analyze the
impact of reactions on viscos-
ity changes and on related
viscous fingering hydrodynam-
ic instabilities. Our approach
based on combined theoretical
and experimental approaches
aims at characterizing the vari-
ous patterns and instabilities
that can be observed in reac-
tion-diffusion-convection sys-
tems, at the heart of numerous
industrial and environmental
applications.

Fig.3: Chemically-driven instabil-
ity at the contact line of a droplet
of hexyl acrylate spreading on
top of a glass plate prewetted by
a thin film of a secondary amine.
The reaction produces a tertiary
amine and surface-tension gra-
dients at the origin of the Maran-
goni-driven fractal-type fingering
observed.

Annual Report 2011- Research in Chemistry carried out in the group of Professor Anne De Wit



Rescarch in Chemistry

Research Interests of some Members

Luis Riolfo
3 year PhD student (ULB)

Viscous fingering is a hydrody-
namic instability occurring as
soon as a given fluid displaces
another more viscous fluid in
porous media. It is typically
encountered in soils during oil
recovery or pollutant spreading
when less viscous and hence
more mobile water displaces
the oil or the contaminant. It

is also observed in chromato-
graphic columns when the dis-
placing eluent is less viscous
than the displaced sample
containing the analytes to be
separated. This instability leads
to a deformation of the inter-
face between the two fluids in
the form of “fingers” (Fig.1a)
hence the name “viscous
fingering”.

Because of the increased
mixing between the two fluids
induced by the fingering pro-

cess, the efficiency of the oil
displacement out of the soils
is reduced. On the other hand,
in contaminant spreading or
chromatographic separations,
fingering leads to enhanced
dispersion of the sample and
thus larger polluted areas and
bad column performances
respectively.

In this context, my research
aims at analyzing both experi-
mentally and theoretically to
what extent chemical reactions
can influence the properties

of viscous fingering patterns.
Using polymer solutions the
viscosity of which depends on
the pH of the solution, we have
shown this year that chemical
reactions can modify a finger-
ing pattern or even induce a
fingering instability in a system
otherwise stable.

We have also demonstrated
that a chemical reaction can

AN
L’k]

—
>

Fig.1: Displacement of a solution
of polymer by dyed water: (a) in
absence of any reaction, viscous
fingering is observed because of
the unfavorable viscosity gradi-
ent; (b) in presence of a chemical
reaction decreasing the viscos-
ity in the reactive zone at the
miscible interface between water
and the polymer, a reduction of
the fingering instability and hence
a more efficient displacement is
obtained.

The dark thick line to the left is
the shadow of the injection tube.

be used to control the flow in
viscously unstable conditions
(Fig.1). Indeed, if a reaction
leads to a decrease of the vis-
cosity in the miscible zone be-
tween two reactive solutions,
a non-monotonic viscosity
profile can build up in time. The
local minimum in viscosity acts
then as a buffer zone in which
the more mobile displacing
fluid is diluting its destabilizing
influence. As a result, fingering
is largely decreased (Fig.1b)
and the efficiency of the fluid
displacement is enhanced.

| am currently working on opti-
mizing such a use of chemical
reactions to control unstable
flows. Moreover, | also plan to
study the influence of non-ideal
mixing properties of fluids on
hydrodynamic fingering insta-
bilities.
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Invited talks at Conferences, Seminars and Schools

Invited talks at Conferences, Seminars and Schools

January 11, 2011: Anne
De Wit, Recent advances on
chemo-hydrodynamic insta-

bilities - Workshop on chemo-

hydrodynamic pattern forma-
tion at interfaces - Szeged,
Hungary.

January 11, 2011: Laurence
Rongy, Mixing from diffusion
and natural convection in
non-equilibrium binary and
multicomponent fluid phases
- ESA Topical Team Meeting -
Szeged, Hungary.

January 31, 2011: Anne
De Wit, Reaction-driven

viscous fingering - Séminaire -

ESPCI - Paris, France.

April 12, 2011: Anne De Wit,
Reaction-driven viscous
fingering - British Applied
Mathematics Colloquium -
Birmingham, UK.

April 12, 2011: Laurence
Rongy, Mixing from

diffusion and natural convec-
tion in non-equilibrium binary
and multicomponent fluid

phases - British Applied Math-

ematics Colloquium
2011 - Birmingham, UK.

April 29, 2011: Luis Atilio
Riolfo, Reaction-driven mis-
cible viscous fingering -
Ecole Doctorale Thématique
CHIM - FNRS - Ulg - Liege,
Belgium.

May 3, 2011: Anne De Wit,
Chemically-driven hydrody-
namic instabilities -
Colloguium at the Chemisch-
Physikalische Gesellschaft -
Vienna, Austria.

May 2011: Laurence Rongy,
Mixing from diffusion and
natural convection in non-
equilibrium binary and multi-
component fluid phases -
Reservoir Engineering Re-
search Institute 22" Annual
Workshop - Palo Alto, USA.

May 19, 2011: Anne
De Wit, Chemically-driven

hydrodynamic instabilities - 7"

Intern. Workshop on Math. in
Chemical Kinetics and
Engineering - Heidelberg,
Germany.

October 20, 2011: Thomas
Gérard, Miscible viscous fin-
gering induced by a A + B ->
C chemical reaction -

BPI Department seminar -
Cambridge University - Cam-
bridge, UK.

November 21, 2011: Anne

De Wit, Reaction-driven vis-
cous fingering - 64" Annual
Meeting of the Division of Fluid
Dynamics of the American
Physical Society - Baltimore,
USA.

November 21, 2011: Laurence
Rongy, Mixing from diffusion
and natural convection in
binary non-equilibrium fluid
phases - 64" Annual Meeting
of the APS Division of Fluid
Dynamics - Baltimore,
Maryland, USA.

November 22, 2011: Luis Atilio
Riolfo, Buoyancy-driven insta-
bilities of acid-base fronts: the
case of a color indicator - 64"
Annual Meeting of the APS
Division of Fluid Dynamics -
Baltimore, USA.
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Books

G.R. Fleming, G.D. Scholes and A. De Wit, Edi-

tors, Quantum effects in Chemistry and Biology,

Proceedings of the 22nd Solvay Conference on
— Chemistry, (Procedia, Elsevier, 2011).

o | -
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List of Publications

Publications

1- C. Almarcha, Y. R’Honi, Y. De Decker, P.M.J.
Trevelyan, K. Eckert and A. De Wit, Convec-
tive Mixing Induced by Acid-Base Reactions, J.
Phys. Chem. B 115, 9739-9744 (2011).

2- D.A. Bratsun and A. De Wit, Buoyancy-
driven pattern formation in reactive immiscible
two-layer systems, Chem. Eng. Sci. 66, 5723-
5734 (2011).

3- T. Gérard and A. De Wit, Stability of exother-
mic autocatalytic fronts with regard to buoyan-
cy-driven instabilities in presence of heat losses,
Wave motion 66, 814-823 (2011).

4- S. Kuster, L.A. Riolfo, A. Zalts, C. El Hasi, C.
Almarcha, PM.J. Trevelyan, A. De Wit and A.
D’Onofrio, Differential diffusion effects on buoy-
ancy-driven instabilities of acid-base fronts: The
case of a color indicator, Phys. Chem. Chem.
Phys. 13, 17295-17303 (2011).
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5-Y. Nagatsu and A. De Wit, Viscous fingering
of a miscible reactive A + B —> C interface for
an infinitely fast chemical reaction: Nonlinear
simulations, Phys. Fluids 23, 043103 (2011).

6- L. Rongy, K.B. Haugen and A. Firoozabadi,
“Mixing from Fickian diffusion and natural con-
vection in binary non-equilibrium fluid phases”,
A.1.Ch.E. Journal, DOI 10.1002/aic (2011).

7- G. Rousseaux, M. Martin and A. De Wit,
Viscous Fingering in Packed Chromatographic
Columns: Non-Linear Dynamics, J. Chromatog-
raphy A 1218, 8353-8361 (2011).

8- P. M. J. Trevelyan, C. Aimarcha and A. De
Wit, Buoyancy-driven instabilities of miscible
two-layer stratifications in porous media and
Hele-Shaw cells, J. Fluid Mech. 670, 38-65
(2011).
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Newspapers

Robert Brout, Honorary member of the Solvay Institutes

ULB Intralettre n° 158
11 May 2011

ute [intrallettre

N° 158 11/05/2011
Recherche

Disparition du physicien Robert Brout

Le professeur Robert Brout est décédé le 3 mai, a I'dge de 83 ans. Physicien brillant, le nom
de Robert Brout est étroitement associé a celui de Frangois Englert et de Peter Higgs.

Conjointement & I'Ecossais Peter Higgs, les deux professeurs de I'ULB ont expliqué la
différence entre les interactions fondamentales par un mécanisme appelé brisure de
symétrie qui conduira au modéle unifié des interactions électromagnétiques et faibles.

Fascinante, leur théorie présuppose une particule, le boson scalaire que le collisionneur LHC
du CERN pourrait découvrir. Une telle découverte pourrait valoir le prix Nobel aux auteurs du
"boson" ; hélas, Robert Brout disparait avant elle.

Professeur émérite de I'ULB, Robert Brout a, dés 1979, co-dirigé avec Frangois Englert le
Service de physique théorique de la Faculté des Sciences. Leurs travaux fondamentaux en
physique des particules élémentaires leur ont valu le Prix Wolf de Physique en 2004 et le
prix J.J. Sakurai de physique en 2010.

Podcast 'Paroles de chercheurs': I'entropie des trous noirs

La gravité exercée par la Terre fait tomber les pommes sur le sol, celle du Soleil détermine
les orbites des planétes, etc. A plus grande échelle dans I'Univers, on peut s'intéresser a la
gravitation engendrée par les trous noirs. C'est la le domaine de recherche de Stéphane
Detournay, du Service de physique mathématique des interactions fondamentales (Faculté
des Sciences). Il y travaille via une approche bien précise: celle de I'entropie des trous noirs.
"L'entropie d'un systéme est une mesure de son désordre", rappelle le chercheur.

Et de poursuivre, "plus précisément, l'entropie compte le nombre de configurations
microscopiques donnant lieu au méme état macroscopique d'un systéme. Prenons I'exemple
d'un verre d'eau. Macroscopiquement, I'eau contenue dans le verre est décrite par un petit
nombre de quantités: sa température, sa densité, son énergie. Néanmoins, on sait que I'eau
est constituée de nombreuses molécules qui peuvent s'arranger de nombreuses maniéres
différentes pour donner a l'eau le méme aspect macroscopique, c'est-a-dire la méme
température. C'est ce nombre que mesure I'entropie. Plus un systéme est compliqué, plus il
y a de maniéres différentes d'organiser ses composantes pour lui donner le méme aspect
extérieur, et plus son entropie est grande".

Avec les trous noirs, Stéphane Detournay tente de tenir le méme genre de raisonnement.
Mais les questions qui se posent sont alors: quels sont les constituants microscopiques du
trou noir responsables de cette entropie ? Et quel est I'équivalent des molécules d'un verre
d'eau pour un trou noir ?

Découvrez la gravitation des trous noirs en compagnie de Stéphane Detournay, Service de
physique mathématique des interactions fondamentales (Faculté des Sciences) dans "Paroles
de chercheurs", le podcast de la recherche a I'ULB. Vous retrouverez les autres podcasts sur
le site de I'ULB ou sur iTunes. Vous pouvez aussi vous abonner aux flux RSS.

Appendix: Outreach



Prof. Marc Henneaux
received a 5-year ERC
Advanced Resarch Grant
(2011-2015)
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RECHERCHE B RECONMMSSANCE

ERC Advanced Grant
pour Marc Henneaux
Au croisement de la physique
et des mathématiques

Directeur des Instiuts Sodvay o professeurs andinaie § 'ULE, Marc Henneaux décroche wn
ERC Advanced Grant (Consedl européen de la recherche] pour son projet visant § approches
une thifarie londamentale de b gravitation par Métude de ses symétries.
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Newspapers

Press about the 100"
Anniversary of the First
Conseil de Physique
Solvay

La Capitale, 6 September
2011

La Libre Belgique, 7 Septem-
ber 2011

Nederlands Tijdschrift voor
Natuurkunde, September 2011
(The Netherlands)

Europhysicsnews, September /
October 2011

EOS Magazine, 1st October
2011

ULB, 5 October 2011

LLe Cercle de Lorraine, October
2011

De Morgen, 15 October 2011

De Standaard, 17 October
2011

Le Soir, 15/16 October 2011

NWT Magazine, October 2011
(The Netherlands)

["Echo, 15 October 2011

Le Monde, 15 October 2011
(France)

Webzine Solvay S.A.-N.V.
October 2011

Volkskrant, 17 October 2011
(The Netherlands)

De Tijd, 15 October 2011

La Libre Belgique, 15 October
2011

La Libre Belgique, 17 October
2011

La Libre Belgique, 18 October
2011

La Derniere Heure, 18 October
2011

La Libre Belgique, 19 October
2011

La Libre Belgique, 25 October
2011

Akademos, October/Novem-
ber 2011

Frankfurter Allgemeine
Sonntagszeitung, 30 October
2011 (Germany)

Le Journal du médecin, 28
October 2011

NRC, 5 November 2011 (The
Netherlands)

Business Club Belgo-Luxem-
bourgeois en Suisse, Novem-
ber 2011 (Belgium, Luxem-
burg)

The Bulletin, 21 October — 3
November 2011

Esprit Libre, November 2011

EOS Magazine des Sciences,
November 2011

FEB Magazine, November
2011

FNRS news, December 2011

Annual Report 2011- Appendix: Outreach

Radioand TV
programmes

Audio:

Interviews with Franklin Lam-
bert (11/10/11 and 12/10/11),
Radio Campus ULB

Interview with Henri Eisendrath
(14/10/11) on “De Ochtend”,
Radio 1, VRT

Interview with Marc Henneaux
(14/10/11) on “Bruxelles Matin”,
Vivacité

Interview with Alexander Sevrin
and Robbert Dikgraaf 8/10/11)
on “Vandaag”, Radio 1, VRT

“100 ans de Conseils Solvay”
(18/10/11) RTBF, La Premiere

Interviews with Pierre
Marage”Histoire des premiers
Conseils” (23/10/11, 30/10/11
and 6/11/11), “Semences de
curieux”, RTBF

Interviews with Marc Henneaux
“Le 25° Conseil de Physique

Solvay” (13/11 and 20/11/11),
“Semences de curieux”, RTBF

Télévision:

RTL-TVI JT(18/10/11)

RTBF JT (19/10/2011)
RTBF JT (22/10/11)

“100 ans de Conseils de
Physique Solvay”, (10/12/11),
Télétourisme, RTBF

In addition to the various
programmes above,a photo
gallery of the event is available
on Didier Reynders’website
(18/10/11)
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rmaﬁmum
le mendiale de 1a

en ociobre, i 'occasion du cendé-
me anniversaire du Con-
seil de Physique Solvay. Les Insti-
dePhysigueet
de Chimie, fondés par Emest Sok
vay, organiseront des activitds ex-
ceptionnellesqui réunirontd émi
nentes personnalités du monde
scientifique. et économi
que dans la capitale belge.
Notomsd"une part, laséanceacadé
mique consacrée & limportance
de la recherche fondamentale ot &
son impact sur les progris de la
sociérd, Elle réunira, le 18 octobre
it I'nbtel Plaza, d'éminentes per
sonnalités parmi lesquellesquatre
Prix Mobel er se déroulera en pré-

sence du ol Albert I indique les
Instituts Internationaux de Physi-
que et de Chimie. Bt d'autre par.
10 Consedl de Physique
nelsurlethéme " The Theory olthe
Quiantum World " quiscdéroulera
du19a0 22 octobrea histel Méme-
pole, i olaeu lieule premier Cou-
scilen 1911, La séanced ovvertune
seraelle, organisée i I'Hiel de'Vil-
le de Bruxelles.

Le 25-Consoil de Physique sera
sidé par Davifigd Gross, Prix Nobel
dePhysique 2004 ctun grand nom-
bre de scientifiques prestigicous,
dont une quinzaine de Prix Nobel,
¥ participeront.

Sans oublier une expo. un collo-
que, une conférence et une pitce
de théitre, «

September 06, 201 1- La Capitale

September 07, 201 1- La Libre Belgique

Sommet mondial
de physique

* Les prestigieux conseils
Solvay féteront lewrs
cent ans avec faste,

| ¥ a juste cent ans se déroulait a

Bruxelles le premier ef prestigieux

m&eﬂdephgﬂwt&o}u{mm
mmtdédmf'énmmm
sique neuve qui a
compréhension de lunivers,
Pour fiter 'évenement, de nombren-
ses activités sont prevues  Bruxelles en
octobre. Bruxelles sera transformée en
capitale mondiale de la ph
Parmi ces événements, il ¥ a dabord
le 15 octobre, une séance académique
avec de nombreux prix Nobel mais
aussi des grands industriels comme
Gérard Mestrallet (Suez), Craig Mundie
(chiefl research and a Micro-
soft) ou Shoichiro Tovoda (ancien pré-
sident de Toyota), Les débats seront
consacrés & limportance de la recher-
che fondamentale et & son impact sur
bes progres de la sociéré, Elle se dérou-
lera en pré du roi Albert 1. Dans
la foulée, du 19 au 22 octobre, un eon-
seil de ue e 25
depuis cefui de 191 1. se tiendra a 1'hi-
tel Métropole (13 ob s'était tenu le -

mier) sur le théme “The Theory

Quammnm :nqudplmn.pu'om
de prix Nobel. De quoi

munlﬂrquif"h:mtd'tumnu.h ren-

tmtdumﬂmusurmu:rﬂe'

perdu de leur pertinence.

Par ailleurs, une exposition sur la mé-
camigque quantigue et Ihistoine des Ins-
tituts “Remuc-meéninges a Bruxelles -
Cent ans de conseils de physique Sol-
vay") se tiendra d octobre & décembre
ou palais des Academies, De plus, un
rdhqnwmrh*mmmmﬂs&:l-
vay ef Vmvenement de I'ére
aura liew le 14 octobre, La piéce de
theatre " mettant en
seéne le celebre

15h i Flagey et les exposés porteront  car
les ivms de la
EerEnTer i
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XX sigcle, Elle commence en 1911, Er-
nest Solvay, le grand industriel et me-
céne, avail alors invite & Bruxelles, déja
a I'hitel Métropole, les 25 meilleurs
seientifigues du moment. Une oélébre
photo d'époque les montre attablés. On
¥ reconnait Max Planck, Marie Curie et
Einstein, tout jeunc et intimidé d'éere
15, Plus de la moitié des
avaient eu ou suront le prix Nobel de
iue. Emest Solvay les avait invités
pour er de la “théorie du rayon-
nement et les quanta®, s furent roqus
ensaite par le roi Albert et s reine Flisa-
beth. Cette demniéere contimua d'silleurs
& soutenir activernent ces conseils Sol-
vay, devenant méme une amie trés pro-
che d'Einstein avee qui elle jouait du
e des it 1 Sagimt o par
e 1| s'agissait au dé
détudier les m
dErmest Solvay, mais celul-o 8'était vite
rendu compte que lintépét d'an tel
conseil était surtout de mettre ensem-
bile la fine fleur de la science mondiale.
Ces conseils Solvay se réunissent nor-
malement tous les trois ans. Mais les
humunmu.m
i Berlin, n'a pu revenir a
Bruxelles qu'en 1927 ol on le voit cette
fois au centre de la photo avec l'assu-
m&mﬁmuﬁ?ﬂelﬂﬁx
rent sans doute les plus prestigieus. Le
R e
I
Puiaste. Le second il clibee poc n
que qui opposa Niels Bohr et Al-
t Rinatuin “‘Pmkmﬁk dela
mécanique quantique et pride-
minant du hasard en dessous d'une cer-
taine dimension, “Dieu e jone pas aiex
des”, s'ctait exclamé Einstein, mais i
avait tort, comme il le reconnut plus

wtdmnnﬁmi
e la mecanique quantique
¥ eul en tout, ﬂmsdkﬁnh:}'

Certains furent

Oppenbei-
met (I homme qui conduisit e projet de
bombe ue américain avanl de
devenir le fer de lance du pacifisme) et
Wheeler sur les conséquences de 'ef-
fondrement gravitationnel d'une éoile,

O peut se demander si un tel collo-
gue a encore un sens alors que des mil-
liers de colloques et réunions ont liew
et que les scientifiques di en
dmwwcumlrnjmdt
oes réunions d'octobre: montrer
mmnuihmphnmhm
um jourss, p:‘mmmmlw.imquuim
[ en
autour d'un tableau noir, de discuter au
plus haut niveaw
Guy Duplat

= puisolpayinstinates be
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De eerste Solvay Raad:

een ‘heksensabbat’
in de fysica

150

Honderd jaar geleden op 19 oktober 1911 startte de eerste Solvay Raad,

welke een icoon in de geschiedenis van de moderne natuurkunde zou

worden. Herdenkingen zullen binnenkort in Brussel plaatsvinden; een

tﬂmsb"h is op Ilj“ F'l“'h. Frits Berande en Frankl.n Lambert

Een verrassende uitnodiging

Midaden tuni sgir stunede Ernese s
vy Di%aR-rgaa, industricel, mocenas
on Hethebber vim Je wetenschap, aan
1% vodranstnmde  pamarkandipen
et senrouwelilhe  witnodiping 1o
deelname wan cen =Intermmionale
wetrhschappeliiker Raad am enkiels
e Kwestios op we belderen B Jde
mehvubiiee ¢n kinetisclie thearieen”
e hrveet v wrer Kosmmjes s ols volyr sa-
men e vaien . U an g thevried

er bawarmel sorading en soorselijhe

WURMINSs =k mmign nier amer e O
rirent overeen. Als in de eweging
van ielronelt en atomen beperkin-
gen worden opgetemd. dan verdudim
goals Iflanck oo Grsretn Weiven gan
st de regenspraak, Wel gt eer
tumlamenele Weerieming van de gheno-
rie poondzakelilk gijn. Tk hoop wardt
et wat de Raad eon wop Kan haren
mdar e oplossing. Leden v ande Rand

1wt sinderwerpen voor Jezingen en

Whing i, et Larreinimr s vasoerinor
wokden 10 e brlet geneemad. Kosten
e vk pekening van seduis: v
uewoord moet men rich ochien
‘ol de W, Kernsn e Reclipn

Hue Bigriiler v die lvidf ™ etz m

Lirmifi

e potunrkmmde  comterenei
d i

slevhis eon plast=gevonden, mpmelijk

was wikrnnderlijk, want oof dag ha
I s i sgoe, et 00 750 Jeckne
mers it 24 ianden, Leere bideenkoms
wils eorpanisoend doorde Franse Ma-
vk o disee Yoerrmping @ obet wawt

FEnTE s Dioarsmre voos b rasesusing

sel Interitionake Rsosche orgmisg-

i, vl Jie besovisd roeen meet, Al

daapom al was selvay’s Consell den
VETTIsSINE. Echwer or WA mever b
fiamdere aspeteten. Shechee vier geno
il woren tevoren ap dee hoagte cn
slaarom rullen de anderen
cen Janral raken hebben aigeveiapd

h ecker

o

govdias b de teesrand (g e oateurkisn -
e 2o ermstin” e i die ligst van e

diggden antsran” Warom: in Brossel

s e goen Belgische namarkundisen
deeinemen? Waarom Nernse anmaggs
den, als sobcay wirmesdige? Woar 2al et
restubial van 2o nnepeanierentie 2ijn”
Ferughlikkend kunoen we die soagen
[ T steeds srelien en hun beantwvoor

ding wilien we it arokel aan hoed
Lttty kovnteen,

Groepsloto wan de ee-11e Sobvay Raad

rjnaher 3mi

De quantumthearie in

de periode 1900-1910

In vergelijking mer rdntzensoraling en
radivactiviteit rokken metingen van
gwarte straling wemig aandavin, -
Lomwewe! miet Planvks strslingssormile
bl de beschriving dasmun senn op-
merkelilk speees was sehocke. Lie tor-
e wata o oktober 1gee voopscaeld
N n |J1_'.,'\,1'.1h T f|1|'|1-'t'ril.|.:| Ir_:l.':Till-.
e valgende faren blewf die afleiding
tussen enkele fysicn een punt van dis-
fussiy. Koy vmig Lowenitz gich o hoe
essenitiee]  Mlancks  verondesuclilng
was il Cresonatoren’ van orm spevi-
ek trequentic encrgie alloen in veel-
veuden van viste enarheelomenten
ijuantal spoemen of algeven

o sgeg tiet Lorenez zien Jdar die vlick-

September 201 1- Nederlands Tijdschrift voor Natuurkunde (The Netherlands)

Annual Report 2011- Appendix: Outreach



Newspapers

tromenthenee voor lange goelllengten
overeenstemds met Plancin formule.
Cwverigens was Lorentz’ formule in
essentie deselfde die Rayleigh sir de
equipantitiewet i juni goe had af-
geleid en door leans was heronrdeki
in 1gos. iTen was Emstem die in 1gog
tnt het revolutionaine concept van het
lichtquantum kwam. waarmee hij het
foto-elekensch effect kon beschnpren,
Startpunt was  Wiens  sealingsfor-
iule, die julst voor keete golllengten
geide

[nn oy prste Emstemn Plancks idecén
over energieoverdracht van nesonato-
rent toe op de trillingen van atomen en
co op soortelijke warmeoes. Daarmee
kon hij de bij lagere emperamren be-
stmande afwilkingen van de klasseke
wet van Dulong en Petit begrijpelijie
maken, Dit waren de belangnijksie
wa penfelten van de vioege quantum-
theurie [1], toen de fsisch-chemicus
Mernst in het gebied rececht kwam.

Mernst ontdekt Einstein

Eind 1go5 stelv Nernst (1364-1941).
een brkende Beriiinse hooglerar, ijn
warmtetheorema op, die nu bekend s
dls de dende hoofilwet van de thermo-
dymamica. e door hem voorgeseelde
wet blijft echrer lange tijd controver-
sieel en or s hem dechalve veel adn
gelegen de consequenties van die wet
te toetsen. Met name raakt hij geinte-
resseerd in her gedrag van soomelijkhe
warimtes, die wolgens bhem b dubemde
temperatunr naar eenselfde lhmiet-
waarde rovden moeten gaan. Zijn me-
fingen &tarten in 1909 en de resultaten
hij lagers wempermuur komen begin
iyta beschikbaar. Kwulitatiel blilken
de MECNZen tWerodh e stlemmen met
Fimeteine  voarspellingen,  Hicrdoor
neemt wiin belangseelling vooe Ein-
steifs soortelfjke warmte theorie toe
¢n doarmee ook zijn interesse o de
ynaiumithevrie

Bepin maart 1910 besluit Nermnst Ein-
stein te Bezoeken, dic don buitenge-
woan hoagleraar 8 in Zirch. Hoe
Nermnst dat besock srvaan, blijkr it
glin briet 12] die hi] daarna schrijit
ann Schuster in Manchester: ~Her was
voor mij oo extreem stimulerende
en interessante ontmoeting. lk ge-
loof dat we voor de onowikkeling van
de marunckunde erg gelukkig kun-
nen eijn 2o'n arginele jonge denker
te hiehben, sen “Holemann sediviou’;
dreelfde zekerheid on snelheid van
denken; grote vermetelheid in de

o S T

Thnegs Flysies

| | s i

Wiabid TR L1 alabliawry * L

Trew Rewevd Bemsissr

i mmqﬂ-\-_-|
n—n-llnn'#huu-—ﬂhTﬂu—
mﬂh‘lilhl“hh“‘“
iabes o) m1mETigee @ b8 eeddies.

Aanhel van Solvay's ulinodigingsiriel, exermplasr ubl Noord. Hollands Aschied, Archiel van
pral. dr, HA, Lovants (1853-1928), 1B66-v3a, invne. 73

Las sujets 49 conféremcs tralldes seraient Les

oml vanis

i= lh-uuuhi"-uum-u“_i
2 - ml—ﬁhlﬂiﬂtﬂdﬂ-lﬁ—m|
svec las résultats de 1 expérience.

L “W

Lijst wam onderwerpen in wltnedigingibelel, NHA, Archief HA. Lorertz, iminr, 33 De daarbly
latar sangezochte rapportaurs worden in het artivel in dezeiide volgorde gencemd als dete
scht onderwerpen. In de uitnodighng worden de onderwerpen wanrover Wirburg, Hubens an
Largewn rallen rappartenen nog niet vermsld

theorie, war geen kwand kan, omdat
mauw confact met her experiment be-
wwaard blijfft. De ‘quantumbypothese’
van Einstein bekoont waarschijnlijk
tot de meest opmerkeliike gedachten-
constrncties ooty als her just s, dan
preft het volledig nleuws wegen voor
de zogeniamde frsica van de ether en
voor alle moleculaire cheareen; s he
anfuist, wel, dan zal et voer aluijd een
muoole herinnerng bliven.”

Begin april 110 peescneeent Nemst n
(*arijs =mijn metngen en onderstroep
het belang wn Blosteins theorke yoor
het warmtetheorema [ 3). Deze buiten-
landse contacten 2ullen Nemmst gest-
mmleerd hebben over de guantamthe-

BEEbEYBET 101+

orie een ‘Koazil', ofwel een 'Coneile”
of “Consell' re organiseren.

Het plan van Nernst

voor een Konzil

MNermst polst Planck, Knudsen en
Lerentz en sif zeggen hun medewer-
king toe. alhoewel Manck zijn twijfels
houdr. Hij wil eigenlijk een jnar wach-
ter bt e eriais nog groter . Boven-
dien maskt hij kantekeningen bij de
lijst van beoopde deelnomers, wane de
meeste souden geen echie mieresse
in de 1= bespreken kwesties hebben
l4]. Nemst zet toch door en wordt
daarby geholpen door 2ign veeizidipe
Redgische medewerker Galdschmide,

Foungn aund TuBSowe T vaos M e wsis
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752

Croepafoto van de tweede 5ovay Raad "Strocture de la Matidre’, in het Solvay Insthtuut voor
Fyslolsgie, oktober 173 (gereproduceerd met toestemming van de Internationale Sobvay
nititalen veor Fysicaen Chemie, gesticht door E. Solvay, Brussel)

traisch-chemicus, wirvinder en een
goede kennis van solvene Tenslome
= er begin jull wgia in Bagsses een
ammoeting mssen Solvay, Nernst en
Goldschmide

Find juli 1gro stun Nemst 2an sol-
varw con uirgewerke plan vivor cen Raasd
151, Ui de teksr blijke dar Nemst een
abwijzing voor mogelifk houde, Tm-
mers Nerist schriifv fets in de trane
van: “Mochr hif (3ahay) om war voor
reden dan ook picts (o et voorstel
zien, dan kan hif het restig in de Pa
piurkord gooien.”™ Toch is er al oen
whinodiginpshrict  hifgeoead.  nog
slechis oo Solvay e ondermekenen.
Mernst benadruke dar hifpell op de
achrergrond wil bliven en wil zeker
et s inimaror genoemd worden. 1)
wtelt youer dat Gl sehmide in Rrossel
de eaken eal repelens Nernst hechr er
kennelijk veel belang aan am op ney-
TRkl ferredin, in het toen Jl invernario-
nale Rrussel, en op iginiatics van gen
mnpartiidige mecenas, de guanmm-
theorie intemativnaal door geeagheb-

I AT TLOMEWRITT YO0 NETULEKL NDs
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bende fyslel besproken i ziv

solvay paar akkoord, moar wil de
Consed] wor larer houden., In derossen-
tijd sermdenen het voorriterschap en
die deelnemerslijst enkiele mlen = sal-
vay vindr bitvourbesld nwee Fronsen re
welniig B vijt Duitsers en res Lritten.
Als Loty in mei 1gun bt soorzitter-
schap manvaardr, verzoeke hip ook Ka-
meslingh Onnes wir te nodigen.

How s her mogelijk dat de naam van
Memst giteindelijk roch in de wicno-
diging voorkom? Wel, Ji jumi sgis
verrrekt  Goldschmudy  voor  enige
maanden naar Belgisch-Conge om
daar e mogelijkheden viwor draadlio-
we telegrane e ondermoeken, Ok o s
MNernst geirrineend. hil kan er miets aan
veranderen, want Goidschmudr reist
op verzoek van kiming Albert, Nemse
a4 aelf de comespondemie mer Je
devinemers moeten voeren,

De Raad in

hotel Métropole

Yun de 27 gpenodigden zeugen vier
firitren en Yan der Waale af,
Guldsehmide, M. Je Brogile en
Kemsts  Engelse  medewerker
Lindemann mungeren als seere
farssen, N de openingsioes
aproken van Solvay, arenty o
Nemnst pressareren grdunemde
viit” dapen de sprekers hun al
villt tevarch verspreide cappor-
ren Als speekers voor de onder-
L en it Sabvay's hrief warnen
pevonden: Lorentz, Knudsen,
Perrin, feans, Manck, Einsiein,
Sosrminterfeld en Nernst, Verder
rapperrteren Rubens en Warburg
wver  pwarte-stralingsdara  on
Langevin over magncisme. Ti-

sepiemiber 2on

dems de vowrdrachten vinden iteoeri-
g = gemileerds = dscussics plaats.
et geheel versehijne Lamer als L stra-
lagsthearic en e qusta (6], Kamerlingh
Onnes’ artikel over supergeleiding is
gebaseerd op an discussicbhijdrage bi
de lezing van Nernst. Terwiji de recen-
e ontdekking van supergeleiding te
sprake kwam, Meet cen andere mijl-
putatl wi rgur omvermeld. In discussies
werl] soms het atommmodel van Haas
of Thamsan genoemid, maar niet et
recente wan Rurtherfiond. Die aweeg,
vermoodelijk wegens de klassicke

instabilleir van zijn model. L'as il
e vweede Baad in o 3 noemde kil in
discussirs her model, Naast bovenpe-
noemde declnemers waren 1anwezig:
M, Brillowing M, Curie, Hasenidhri,
Potocare en Wien,

Hiw deze bijeenkomst van de Raa! is
geweest, o5 Joor sommigen wel be-
setureven, binstein grapreover het Kon-
2l i prive-brivver (7] als cen =Hesen-
sabbath™ of “En Dedicie ficr diabolishe
|suttenpairn”™,  Zifn commentaar op
diverse declnemers cindigt mer “aber
wissen (bl Kevmer sra”. Steerimpres-
sles klinken dosr in Brillouine waor-
den (81 “Thidens de Lnge en moei-
same vergaderingen. in Je klele, een
beetie iververhitre. aal van et honel
Merropode, verlivren elbe dag opnicuw
Jeans en Rutherford ans rond theetijd
en namen enkele mamenten rast, L
Annderen ondervonden regen zessen e
hehoette eon luchtie we scheppen op de
boulevard Anspach. de geest cen beer-
€ Tusl I Fﬂ cn illlﬂl'll.ll:"l VIET (N J'l'
it de sessbe opgewarpen pooblomen
e henprehen...... Bif 20°0 wwowarneind
thema hestond et pevazr dar Je klei

pe eaal cen waar Babel zou worden.
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Maar Lorentz valgde alles, anderbrak
de spreker als zijn wat moellijk ve vat-
ten uitconzetting ann een van ans leck
IE OmEgAnN, TN Vare net cssenmdle, =
filterd door zijn heldere intelligentic
stmen i1 de twee nationale talen van
e anderen. En ledereen kon zonder
moeite — maar niet zonder vooredu-
rende sandachr - de beweringen en
EEeNWETpInEEn, de argumenten en
bezwaren volgen en vooml seggen wal
hij niet begreep en kon min of meer
bevredigende witleg krijgen.”

Gevolgen Solvay Raad

e gevolgen van de Raad zhin divers.
e guantumtheorie krijgr bekendheid.
Eén deelnemer, Poincard, publiceert
ecn artikel over het essentiéle karakoer
van de quantumdiscontinuites voor
Plancks stralingswet dar Jeans zal
beinvioeden lg). Rutherfords nicuwe
medewerker Bohr hoort over de Sol-
vy Raad (1o] en past in 1923 guanta in
tijo theorie e, De notulist Mauarice
de Broglic maakt zijn pg-jarige broer
Jouls 2o enchoosiasy dat deze nutuue-
kunde gaar sruderen,

RBovendien is er her effect op de loop-
baan van Einstein, Inmiddels wel
hoogleraar in I'raag, zou hij dat lie-
ver aan de Eidgendssische Techni-
sche Hochschule 2in, waar er echtes
gren hasst wordt gemaske. Onder de
indruk van Einsteins optreden in de
Raad, schriiven Poincard en M, Curie
sanbevelingsbrieven, Dit helpt woor
de¢ benoeming n Zirich, waar hij in
jull 1or2 begint, Masr diezelfde nitsre-
kende ndruk bekort ook zijn verblijf
alduar. [n 1913 weten de vier Berlijners
wit de Basd een aantrekkeljke posine
voor Einstein w creéren. Na een be-
eoek van Planck en Nernst accepteert
Einstein hun sanboed en verhuist hij
begin 1914 naar Berlijn

Institut International

de Physique Solvay

Vioor een opmerkelijk tesultant van de
hijeenkomst werd op de [aaste dag de
kiem gelegd n een prive-onderhoud
van Solvay met cokele declnemers:
Solvay zal steun verlenen aan experi-
metmen oves de besproken problema.
tick, Om dit vorm te geven verzoeke
Solvay aan Lorentz cen plan voor cen
internationaal insriruur op e srellen
Begin janmari 1913 rendt Lorentz zijn
concept muzr Sabay, die bier ln pein-
cipe mee instemt, Hij stuure son me-
dewerker nuar Leiden am de statuten

48 Wounsrock Roan.

i

Dxronrp,
Diaw 3ov
S enetge 2 e il
Irasar. Fntor &~

Toslichting van Moseley bi) specificatie van gijn ultgeves van subsidiegelden {archief Centre
de ressources historigues de |'ESPCI ParisTech, decumant L11/33).

voor het mmstmeot op te sicllen. Na
verder overleg wordt op + mel 1912
het Solvay Imernational Instieute of
Physics esn feir De fysica zou intes-
nationaal gestimuleerd worden door
subsidies te verstrekken en Raden e
organiseren, terwljl met studiecheus-
zen jonge Belpen onderzockservaring
konden opdoen.

Een internationaal coming scientif-
que met voorzarer Torentz hield zich
met het tockennen van onderzoeks-
sibsidies bezig, terwijl een Belgische
commissic over beurzen, Anancién cn
udministratie ging. Tot de eerste we-
reldoorlog ontvingen ongeveer veer:
ng onderzockers cen subsidic. Zes
dadrran wonnen later de Nobelprijs
von Laue, W.L. Rrage. Barkla, Stark,
Frnck en Herrz. Ben andere, Moscley,
werd voor de Nobelprijs in 1915 geno-
meneerd, maar sneuvelde bij Gallipoli
Ue oocleg bracht grote verbittering cn
isnleerde de centeale mogendheden
Pas i agat shagde Lorentz met zijn
yereaenin gspogingen, topn — voor de
vifide Rasd. in wgenstelling o de
derde en vierde - weer experts ui alle
landen konden worden wirgenodigd
B alle sleutelfiguren van de quan-
rummechanics waren In 1927 danwe
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Einstein's witches' sabbath:
the first Solvay council on physics

® Frits Berends - professar of thearetical physics emeritus, Universiteit Leiden - DE: 16,1051 repai 201 1502
® Franklin Lambert - profesor of theoretical physics emeritus, Veie Universiteit Brussel and Sobvay Institutes

One hundred years ago, on 29 October 1911, a very special event took
place in Brussels: the opening of the first Solvay Council, a meeting which
would become a milestone in the history of modern physics.

nomikd- June 1911, invitations were sent (o 23 promi

nent physicasts (o take part in 3 ‘Conseil scientifique

international’ Its aim was 1o ‘elucidate some actual

problems regarding the mokecular and kinetic thea-
ries. The confidential lewer, signed by Ernest Solvay
(1838-1922) - a wealthy Belgan ndustrialist and scenti-
fic philanthropist - stressed that the existing theonics
coatkd not account for the observed properties of radianon
and specific heats. It recalled that Mlanck and Einstein
had shown that the contradictions between theory and
experiment could be salved by imposing limitatsons 1o the
mation of electrons and atoms, 20 ASsUMpPLen requiring &
fundamental revision of current theories. The meeting
was said to be convened in the hope that it would pave the
way to a solution to the problem. Eight subjects were to be
discussed under the chairmanship of Hendrik Antoon
Lorentz (1853-1928). The names of the imvited members
were listed Replies to the imvtation were to be sent 1o Prof.
De. WiNernst in Berdin,

What was so special about this letter?

An international conference an physics was maost unu-
sual. Only one had taken place before: the 1900
Conference in Paris, with 750 participants from 24
countries, which had been convened by the French Phy-
sical Society, not by an international physics
arganization - as pone existed.

Yet. more things were special Among the invited mem
bers only four had been previously informed. The
others must have been purzled What was so critical in
physics? Why this sudden concern? Why Brussels. if no
Belgian physicists were involved? What would be the
outcome of such a ‘summit? Why was it called by Sol-
vay, and what about Nernst? These questions are still
relevant woday, This note will try o answer them.

The quantum theory between 1900 and 1910
In spite of its success, Planck's result on black-body
radiation in 1900 did not attract much attention. s
derivation remained a matter of discussion between a
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few experts, including Lorentz. How essential was the
assumption that Planck’s oscillators could only absorb
and emit energy by indivisible ‘unus’ (quanta)?

In 1903, Lorentz showed that the electron theory could
only account for the long-wave behaviour of Planck's
formula, i sccordance with what Rayleigh had dedu-
ced from the equipartition theorem - a result also
obtained by leans and by Einstein in 1905.

Starting from Wien s radiation fornula, which accoun-
tedd for the short -wave regime, Einstein was led in 1905
to the formulation of his revalutionary cancept of ‘light
quantd, 4 heunstic view which provided a simple des-
cription of the phatoelectric effect. In 1907 Einstein
applied quantum ideas to matter, treating the ascillating
atoms in & solid as Planck-oscillators. He this oblained
a specific heat formuda which expluined the observed
deviations from the classical law of Didong-Petil
This was the state of the art in the early quantum theory
[1], when the physical-chemist Walther Nernst (1864
1941) entered the feld.

Nernst discovers Einstein

Late in 1905 Nernst announced hisheat theoren or the
“third law of thermodynamics, a bold proposition with
far-reaching implications. It predicted a decrease of spe-
cific heats with temperature, and their convergence
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toward the same limit at absolute sero. In order to find
evidence for his theorem, Nernst started a programme
of specific heat measurements in 1909, Promising
results - down o liquid air temperatures - started accu
mulating in 1910, They agreed qualitatively with the
Einsten formula, boosting thereby Mernst's confidence
in 'Einistein’s quantum theory!
Early March 1910, Nernst - a major authority in Berlin
decided to pay a visit 1o Einstein, who was a relatively
unknown associate professor in Zirich. Shortly after the
myeeting, Nern#t expressed his enthustasm in a letter [2)
to his Manchester colleague, Arthur Schuster: "It was for
me an extremely stimulating and interesting encounter
| believe that , as regards the development of physics, we
can be very happy to have such an original voung thin
ker, a "Boltzmann redivivus’; the same certainty and
speed of thought; great boldness in theory, which howe-
ver cannol harm, since the most intimate contact with
experiment s preserved. Emstein's ‘quantum hypothesis
is probahly among the most remarkable thoughi
constructions ever; if it is correct, then it indicates
completely new paths both for the so-called ‘physics ol
the ether’ and for molecular theortes; is it false, well,

then it will remain for all tunes a ‘beautiful memory™
On 1 April Nernst spoke in Paris, about his theorem, the
results of his measurements and their agreement with
Einstein's formula | 3], Stimulated by his findings and by
his foreign contacts, Nernst concerved the idea of orga-
mzng 8 Koneil on quanta, a sumemt, in other words a
Concile' or Conseil

Mernst's plan for a Konzil

Nernst discussed his idea with Planck, Knudsen and
Lorentz. They agreed to participate, but Planck prefer.
red to wait one more year for the emergence of new
elements that would even increase the crists. He also
expressed concern about the proposed list of partici-
pants, indicating that most of them would not be
seriously interested in the subject. In spite of this, Nernst
decided to go ahead with the help of his Belgian colla
borator Goldschmidt, a chemist. an inventor and a
personal acguaintance of Sobvay

Early in July 1910 Nernst met the industrialist at Gold-
schmudt's home in Brussels. Later that month he
submitted a detaed proposal for a Komzil, asking Sobay
to throw it in the waste- paper basket in case of disap
proval. The proposal contained a letter of invitation
which Solvay only needed (0 sign

Nernst also msisted for not being named as the initiator of
the prodect. He was otniously eager to have the quantum
theary discussed by internationally recognized authori
ties, brought together on neutral ground by a fair-minded
patron of science. Brussels seemed therefore perfectly
suited. Sobvay accepted the proposal. but asked for some
deferment. Meanwhile, several alterations were made in
the list of invited members and in the Council's chair
manship. For instance, Solvay wanted to have a balance
between the numbers of German, French and British par
ticipants, When Lorentz became the charman, in May
1911, he arranged for Kamerlingh Onnes to be imvited
Why did Nernst's name show up on the letter of invita
tion? Quite simply because Goldschmidt left for the
Congo, in fune 1911, to st up wineless telegraphy, at King
Albert's request. The irritated Nernst had no other chice
than to take care himself of the correspondence.

The Council in hotel Métropole

Among the 23 imvited members. five chose 1o stand aside
Larmor, Lord Rayleigh, Schuster, Thomson and Van der
Waals. Goldschmidt, M. de Broglie and Lindemann,
Nernst's British collaborasor, acted as secretaries. Opening
speeches were delvered by Solvay, Lorentz and Nernst

11 reports and a letter from Rayleigh were discussed.
five on black-body radiation and six on the properties
of matter. The rapporteurs were: Lorentz. Knudsen, Per

rin, Jeans, Planck, Einstein, Sommerfeld, Nernst,
Warburg, Rubens and Langevin. The proceedings
appeared in 1912 under the title "The Theory of Radia-
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tion and the Quants. Kamertingh Onnes's contribulion
on the discovery of superconductivity was based on
what he had said during the discussion of Nernst's
report. Rutherford did not mention his remarkable
alpha-scattering results, notwithstanding the fuct that
atomic models were discussed during the reports of
Planck and Sommerfeld. The ather participants were
M Brillouin, M.Curie, Hasenahrl, Poincaré and Wien.
Thie meetung was described by several participants. Etnsten
joked, in ketters [4] o his friends, about the ‘witches' sabbath’
whach would have been a ‘delight 1o diabolic lesuit fatherd
Brillowin reported [5] an the atmosphere during the long
discussions whuch wok place in the overheated ittle room
of hotel Métropole. He described Lorentz’ brillaan: perfor-
mance as chairman and translator, who used his wonderful
tact and intelligence to intervene whenever a dlarification
was needed. and who managed 1w summarize the oulcome
af the many discussons.

Consequences of the Council

The Rrussels meeting was rich in consequences. It made
a large group of scientists aware of the importance of
quantum problems. One member, Poincaré, produced
a proof that Planck's law was bound to introduce an
essential quantum discontinuity. This had a decisive
influence on Jeans |6]. As he visited Manchesier Bohr
was told by Rutherford of the Solvay Council discus-
sions [7]. In 1913, he used Planck’s quantum of action
with success. Louis de Broglie's enthusiasm for quanta
was aroused by his reading of the Council's minutes
which had been noted by his brother Maurice.

The Sobvay Council had also 4 mayor impact on Enstein's
academic career. His move in 1912 from Prague to the
ETH in #iinch was made easier by M Curie's and Poin-
caré's strong recommendations, which were sent shortly
after the conference. The next step, which brought hum
to Berlin, as a member of the Prussian Academy, toak
place in 1913, when the four Berdiners from the Sabvay

Council sgned the pivotal election proposal

Institut international de physique Solvay
The arigin of the Council's most remarkable achieve-
ment - the founding by Solvay of the International
Institute of Physics in May 1912 - was a private meeting
on the last day of the conference, at which Solvay, Lorentz
and some members discussed experiments for which Sal-
vay would provide the necessary means, Lorentz was
asked 10 work out a plan for an international instinue On
4 January, he presented hus concept of the tnstitute. Sobvay
agreed with 1L in principle, and sent one of his co-wor-
kers tor Leiden to draw up the statutes.

The Institute's main purpose was to stimulate research in
physics at an international level, by means of grants. Regu-
lar Councils would be organized, and young Belgians
would et travelling scholarships. The grants would go to
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rescarchers selected by an international commuttee, chai-
red by Lorente. A bocal commitiee would take care of the
budget, the scholarships and the administratson.
Research subsidies were granted until the outbreak of
WWI Among the 40 beneficianes, six would get a
Nobel Prize: von Lave, W. L Bragg, Barkla, Stark, Franck
and Hertz. Moseley, wha also obtained support, was
nominated in 1915 for the Prize but died on the battle
field near Gallipoli

The war gave rise 10 a ot of bitterness, and led to the iso-
Lation of the Austro-Crerman sclentists, In spite of Larents’
efforts (o schieve international reconciliation, it was only
in 1926 tha experts from all countries could be uwited in
cantrast to the third and fourth Councils. $o it was not
until the fifth Sobvay Councll in 1927 that maost key-deve-

kopers af quantum mechanics gathered in Brussels w

[H]TE, Murw, Block-Sody Theory and the Quantum Discontinuy,
T 1910, The Universty of Ohecago Press Crecago (1978)

[2] Diara Kormos Barkan, Scaence o Conde? 6 (1993) 62
[3]W. Marnst, Journal de Physigue, So Sévia, X (1910] 48

[4] Lttory 2606, 303 en 305 in The collected popers of Aibert Eimstein,
Vol 5, rormespondence 1902-1904, sdy ML, Ao,
R Scmimann, Princeton University Presa. Princeton (199,

151 ML Brillown, Prymco® 19251 30,

[&] Aussed McCormmach, Henn Poincar and tne Cuanmum
Theoey, lsis 58 (1967 37.

71 MBobw, Exeays 1958-1 962 on Alomic Physics ond Humon
Knowiedige | 1563} 31
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Octobre 2011 - Bruxelles, capitale mondiale de la physique

A |'occasion du centieme anniversaire du légendaire premier Consell de Physique Solvay qui a margue le
développement de la physigue actuelle, les Instituts internationaux de Physique et de Chimie fondés par
Ernest Solvay organisent plusieurs activités toumées vers le grand public et les jeunes du secondaire en
particulier.

Exposition "Remueméninges" au Palais des Académies a Bruxelles du 14 ctobre au 21 décembre
L'exposition expliquera, a travers différents récits, comment les Conseils Solvay ort contribue a établir les
bases du mande technologique d'aujourdhui et fera découvrir au public le cété passionnant de la recherche
scientifique. Congue par des enseignants et chercheurs de I'ULB et de la VUB, I'exposition, divisée en cing
chapitres, propose un parcours de la physique classique aux pnincipes de la mécanigue guantique ot aux
applications de celle-ci. De nombreuses cxperiences et des vidéos permettent de rendre concrets et
d'appréhender sans complexe des concepts qui vont a I'encontre de l'intuition ordinaire.

Piéce de théitre "Copenhagen” le 17 octobre a I'Espace Flagey a Ixelles

Catte plece est une reconstitution dramatique de la rencontre qui s'est dérpulée dans le plus grand secret,
en 1941, entre le scientifigue danois Niels Bohr et son ancien éléve et collegue, le sclentifique allemand
Wemer Heisenberg, Au centre du conflit: la bombe atomigue.

Exposés de vulgarisation "Le futur de la physique" le 23 octobre a 'Espace Flagey a Ixelles

Les exposés de William Phillips et Frank Wilczek, tous deux Prix Mobel de Physique, porteront sur les
grandes guestions de la physigue actuelle et sur plusieurs de ses applications qui ont révolutionng notre vie
guotidienne. Les exposés seront suivis d'un débai mené par David Gross, Prix Nobel de Physique et
Docteur honoris causa de I'ULB, sur le theme "Le futur de la Physique”.

Collogue “Les premiers Conseils Solvay et I'avénement de |'ére quantique” |e 14 octobre au Palais
des Academies a Bruxelies

Cette journée d'étude sera consacree aux aspects historiques de |'origine et de I'impact des Conseils Solvay,
en présence d'historiens des sciences et physiciens de renommée mondiale,

Plus d'information: Nitp://wwe salvayinstilutes. be

October 05, 2011- ULB (intra) lettre
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Centieme anniversaire
du Conseil de Physique Solvay

m

A I'occasion du 1007 anniversaire du 17 Consed de Physigue Solvay, les Instituts iInternationaus de
Physique o de Chimie, fondés par E. Sobay, organiseront des activités excaphionne Bn octobee 2011
Efes réuniront 4 Bruxelles d'éminentes personnalités du monde scientifique, politique, et dconomigue
Ces avenements, qui osdsbrarcnt un sacle o axcellence scentifique, feron! de Bruxalles la capetale mondiale de a physgue

und actobre 4 19 h 0 Mard 1B octobre & 14 b 30

Théitre Séance académique
Copenhagen Why “curiosity-driven”
Ecrt par Michasl Frayn SCIEHCE ?

L a8 pesce de thadtre mat en scéne le fameux cébat de ¥ Institul Solvay organise UNe seance académique con-
1841 entre Bohr &t Eisenberg sur la bombe atomigue sacrée a l'importance de la recherche fondamentale et
a s0n impact sur |Bs progras de la sockala
Las roles de Bobr et Rasenberg Sseronl nlerprales par
les prix Nobel Alan Heeger (Chimie 2000) et David Gross Des reprasentants du monde politique, de la Commussion
(Phnysique 2004) eurnpeanne, des sciantifiques eminents, des philanthropas
el des capitaines d'industne partageant la vison toujours
La pece sera suivie d'un débat st d'une récephon auxoguels d'actualte d'Ernest Solvay prendront part 4 cette séance
participeront Vautaur, la meatieyse an scéne e les acleurs
En présence de Sa Majesté ke Roi Alber I
La pisce est en anglais. Projection du texte an francais et en
néariancaes sur écran @aleal

Adresse du jour Adresse du jour :

Flagey-501

AN L s

A celte occasion, en coliaboration avec I'institut Solvay, le Cercle vous offre 100 places pour assister i la pléoe de
théditre « Copenhagen = et 100 piaces pour assister 3 la séance académigue Why “curiosity driven ?°

October, 2011- Cercle de Lorraine
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1911, het wonderjaar van de wetenschap

Watson (links) en Crick presenteerden hun model van
de DNA-structuur (zie onder) in 1953 in Brussel.
Credit: IMAGEGLOBE-11888911

Het vijffde Solvaycongres in 1927, met onder anderen
Albert Einstein en Marie Curie. Maar liefst 17 van de
-~ 29 aanwezigen schopten het ot Nobelprijswinnaar

. Credit: Science Photo Library

Egas&ein en Nieis Bohr op een vervoigcongres in
1 L
Credit; rv

Herfst 1911. Er hangt mist in de straten wanneer Einstein - hoed op het hoofd, warme legerjas aan - amiveert
in Brussel. Met wat nog overblijft van de 1.000 francs die hij heeft gekregen van Emest Solvay voor zijn
reiskosten, gaat hij op zoek naar Hotel Metropole. Daar moet hij zijn. Daar zal de eerste wereldconferentie
iympltﬁwudm

"Ik kan het goed vinden met Einstein. die het meest indruk op mij heeft gemaakt. Al heeft hij geen goede
manieren - hij houdt zijn legerjas aan tijdens het diner - hij bedenkt wel theorieén waar hij succes mee oogst.
En dan zegt nij dat hij heel weinig kent van wiskunde.” Dat schrijft de jonge Frederick Lindemann, die het op
eer dag zal schopper: tot wetenschappelijk adviseur van Churchili, in een brief aan zijn vader, gedateerd 4
november 1911,

Ja, we zouden er graag bij geweest zijn, daar in Hotel Metropole. Om met onze eigen ogen te zien hoe
Einstein. een jong broekje van 32 jaar oud, het aan de stok krijgt met de eminente heer Poincaré over
guantumfysica. Om er de hand te schudden met Marie Curie, die net de Mobelprijs heeft gekregen voor haar
ontdekking van de elementen radium en polonium, Om samen met de briljaniste geesten van de de twintigste
eeuw de voeten onder tafel te schuiven voor het diner en de ober de glazer wijn nog eens te laten bijvullen.

Want Ermnest Solvay keek niet op een franc. Dat hoefoe ook niet. De geestelijke vader van de eerste
wereldconferentie fysica had zijn fortuin gemaakt mel sodazout. Zijn imperium strekte van Amerika tot
Rusland, zijn ambities nog verder. Hij wilde ce wereld veranderen. De geeslen verichten.

October 15, 201 1- De Morgen
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Solvay had een idee dat zijn tijd vooruit was. Om welenschappers samen over ideeén die hun tijd vooruit
waren te laten praten. "Un conseil scientifique international pour élucider quelques questions d'actualité des
théories moléculaires et cinétiques”, zo beschreef Solvay hel doel van zijn eerste congres. in een brief die hij
in juni 1911 verstuurde naar de grote natuur- en scheikundigen der aarde. Zijn brief trof doel. Huidige en
toekomstige Nobelprijswinnaars gingen op zijn uitnodiging in en stapten op 29 oktober over de drempel van
Hotel Metropole in Brussel.

Dubbele helix

Deze week herdenkt Solvay een eeuw vol wondere ontdekkingen. Met een congres. zoals 100 jaar geleden.
"De Solvaycongressen waren keerpunten in de geschiedenis van de modemne wetenschap”, zegt Peter
Galison. professor geschiedenis van de welenschap aan Harvard University. "Het lijkt onwaarschijriijk dat de
ontdekkingen die onze kennis van de wereld veranderden niet één keer, maar verschillende keren
plaatsvonden op een paar kleine. kortdurende congressen.” Vandaag hebben congressen bijlange niet
dezelfde impact als een esuw geleden. Wij vinden het evident dat wetenschappers wereldwijd samenwerken.
Wie wil weten waar anderen mee bezig zijn. hoeft de deur niet meer uit. Die leest gewoon de samenvattingen
van de artikels van Nature, Science of Reviews of Modern Physics op internet.

Van 1911 tot 1953 was dat wel anders. Voor je erover dacht om jouw doorbraak te publiceren in een
prestigieus vakblad als Nature, ging je naar Brussel en stelde je de ontdekking die de wereld ging veranderen
voor op het Solvaycongres. Crick en Watson deden het in 1953. Hun model van de dubbele helix van de
DNA-structuur werd eerst in Brussel gepresenteerd, en enkele maanden later pas in Nature gepubliceerd.

Die ontdekking is een van de grootste wetenschappelijke doorbraken van de twintigste eeuw. De meest
memorabele editie van een Solvaycongres is 1927, toen maar liefst 17 van de 29 aanwezigen huidige of
toekomstige Nobelprijswinnaars waren. In 1927 sprak Einstein er ook de beroemde woorden uit: "God speelt
niet met dobbelstenen”. Waarop fysicus Niels Bohr repliceerde: "Einstein, hou op met God te vertellen wat hij
moet doen.”

Maar terug naar die kille herfstdag in 1911. toen Einstein liever zijr warme legerjas aanhield voor het diner.
De Nederlandse natuurkundige Heike Kamerlingh Onnes (1853-1928). hoogleraar in Leiden. kon de kou niet
deren. Onnes had iets met extreem lage temperaturen. Bij zulke temperaturen slaagde hij er in 1508 in helium
vloeibaar te maken. Van een beetje herfstkou was hij niet bang, hij had immers eerder in 1911 temperaturen
ontdekt die dichtbij het absolute nulpunt liggen (nu: graden Kelvin of -273 graden Celsius).

Op deze temperaturen neemt de elektrische weerstand van metalen hee! sterk af. zo constateerde hij. Onder
een kritische temperatuur verdwijnt die weerstand zelfs he.emaal. Kamerlingh Onnes ontdekie zo het
fenomeen van de supergeleiding: elektrische stroom kan zonder verlies worden getransporteerd. Hij praatte
erover op het eerste Solvaycongres, en won er de Nobelprijs vocr Natuurkunde mee in 1913

Gemengde gevoelens

Onnes was niet de enige rijzende ster in Hotel Metropole. Ernest utherford, eer fysicus uit Nieuw-Zeeland.
zat er ook aan tafel. Hij had voor hij naar Brussel afreisde in zijn 'aboratorium alfadeeltjes op goudatomen
afgeschoten. Uit de manier waarcp de dubbel positief geladen deeltjes werden verstrooid, maakte hij op dat
net atoom bestaat uit een positief geladen kern waarrond zich in een ijle ruimte negatief geladen deeltjes
{e’ektronen) bevinder. En voila, het eerste atoommodel was geboren. Later zou dit atoommodel door Nie.s
Bohr, Werner Heisenberg en Erwin Schridinger. die trouwens ook in Hotel Metropole aar tafel zaten. worden
geperfectioneerd.

Naast rijzende sterren schoven ook de grote eminenties van die tijd aan tafel voor het diner. Vioor Marie Curie
was de reis naar Hotel Metropole wat korter dar: voor Ernest Rutherford. Curie had net haar tweede
Mobelprijs in de wacht gesleept. Haar eerste Nobelprijs kreeg ze in 1903, samen met haar echigenoot Pierre
Curie en Henri Becquerel voor hun onderzoek naar stralingsverschijnselen. In 1911 kreeg ze de prijs
toegekend als ontdekster van de elementen radium en polonium en omdat ze erin was geslaagd zuiver
radium te berasiden.

Al lijkt het voor ons overduidelijk hoe vernieuwend en geniaal de ideegn waren die op het eerste
Solvaycongres gespuid werden. de deelnemers gingen met gemengde gevoelens naar huis. "Niemand lijkt
het eens met elkaar, en hoe langer we discussieren, hoe meer onduidelijk wordt", schrijft Lindemann aan zijn
vader na de discussie over quantumfysica te hebber bijgewoond.
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Einstein is ook niet gelukkig met hoe Poincaré, verantwoordelijk voor de synthese van de sessie over
guartumfysica, hun discussie samenvat. "Mijn ervaring met Poincaré is in het algemeen negatief te noemen.
Hij heeft geen inzicht in de situatie®, klaagt Einstein.

In 1911 lijkt de mist waaruit de moderne wetten van de fysica zullen ontstaan, van relativiteitstheorie tot
higgsmechanisme, verre van opgeklaard. Maar &&n man ziet met zijn ronde brillenglazen door de nevelen van
de toekomst. Die man is Hendrik Lorentz. professor theoretische fysica in _eiden. Als voorzitter van het
Sclvaycongres behoort hij tot de éminences grises, maar hij ziet het licht in de duisternis. Hij onderscheidt het
genie var: de gissingen. "Ik word ouder, de kracht van mijn creativiteit is tanende”. schrijft Hendrik Lorentz aan
Einstein in februari 1912, vier maanden na afloop van het congres. "Hoe bewonder ik je goede ideéen, jouw
enthousiasme en creativiteit, jonge man. Het is mijn stille wens dat je mij opvo:gt.”

'Sterft, gij oude gedachte’

Hendrik Lorentz beschrilft treffend de gevoelens waarmee hij op 4 november, na afloop van het congres, van
Brussel naar Leiden vertrekt. "Het is alsof we door een doodlopende straat lopen. De oude theorieén zijn niet
meer bij machte om de schaduwen die ons overal omringen te doen verdwijnen. Hoe veraf is het succes en

ce voldoening die we tien, twintig jaar geleden nog voelden taen we de theorie van de beweging van gassen
kenden uitbreiden tot vioeistofien en tot het systeem van de elektronen.”

Maar er flikkert licht in de duisternis: "de hypothese van de energie-elementen. die meneer Planck voorstelt,
en die Einstein en Nemnsl vandaag toepassen om andere fenomenen te verklaren. Ik begrijp echter vo.kamen
dat in de toekomst de nieuwe wetten van de fysica zullen afwijken van de ocude wetten van de mecharica.
Een Nieuwe Bewegingsleer zal de plaats innemen van de oude. Sterft, gij oude vormen en gedachten. De
wereld steunt op nieuwe krachten. Kennis heeft ons aangeraakt.”

October 15, 2011- De Morgen
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Eeuwfeest
voor de fysica

Vaarwel oude tysica, welkom nieuwe natuurkunde

Een eeuw geleden kwamen voor het eerst zwaar-
I.{f_'-'_*_i._ hten uit de ‘x;t,i.f d *.‘-I|1_",_'1 | Op het
Op een schoolbord in een Brussels zaaltje

veranderde de tysiCa VOOrgoed. Deor Maarten Muns

52 AWl magarine

CiAL VERBAASD MOET IV

e Altwert Elostesin gt

e tosizn il ergens i jund 1911

U L sIgINE OTiVITE vin

Frmesl Sodvay, cen slecrni ke
inilustries] wit Hrossel. Sobory wibide de
winiig voomadaimsie wetensc happers il
e chermie en die fysbca bn een beshoten
ratancl” {comsasi] ) bdjeerburemgen om e peaben
o een vragstuk dar spees s meser nator
kundtieen - incluseef Binstein - indie did
bt el nammelijk dat van de kedns
Wi st nles van malenie on struli 1

Tine=ry Finstein bas wie o albemanl aamws

e eonaden sipn in Biussel was hi) hilemnaal
ek stonmlisnd pesdagen | b vissr T van
de bijeenkomst zou nbemand minder dan
le Nederiander Henarik Lorente #ijo
mdsschben wel de groarste nanmrkonsdigs:
vian zijn il Max Planck e i 1900 voe
el ewerst vermokisdde dat er zobsis als

TR TR |'.uL|'l|! 4 Ol Lnia hestonben. i

October, 2011- NWTmagazine (The Netherlands)
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komen, Clok die grote Fronse wiskundigs
Herm Poinceikre en Marde Conie - diie in

10 Y ey Nk lptgs by v Bnoa

ondersoek naar rdivactivites - stonden
opr ol gsteniipst. Viogelfsprekend maoest
Firstistn erhi) gijn. Ben bjeenkormst me al
e growe namen sou wel sens mjn defo
tieve dosorbrmak Kunnen bitekeien
Heterrual amdleraan de bhrief stond nog een
verzoek. Finstein moest ojn bommst bavestd
gen bij Walter Nermst, hoogglensarn e
dhirecieur van het prostigieues Tnstitu R
Physikailische O hemie i Berlijn. Elnstein

il e sterk vermoeden ding de antmodd

girig was gesclreven door Mermst. Salvay
hasid enkel #im handiekening pgesaest

Eeenn jusair eerchier hagd Mernst de et
salvay bemadend et de vroag of de
madustree! i kon helpen met het
Hoancheren van een bijeenbkomsi van di
beelangrijhste wetrnschappers van ool

rmammend. Salviy had pedurende de |

I
, \

CLW e immeeres ot vergaei ol oo
e industriede ioepassing van een methods
am poedkoop sodn e produceren. Hij
vound dat de wetenschap als voomaamsis

taak hod voomoigang te boemgen i il

rnatbsctuapg ) Als seebgesteld man imad

salvay dan ook regelimatiy op als pledths
worgeer voor de wetenschap, Hi stichne in
TSR s Irvsadpuanin v Pysanlogee e
DR esem st d tuanan visosr sodcialongi

At bt By van e e eeuw sl
ot dhe ebte hust idee dat de verschillends

witenschappen een hitrarchisch bouw

4
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i De genodigden van het eerste fysica
congres ter wereld, het consedl Solvay, van
30 okiober tol 3 november 1971, De spon-
sor, Ernest Solvay, il op de onderste rij.

erde van links. Zign hootd ikt opvallend
Ir-pf_\l. Mogelijk is rijn portrel er later
In gemantesrd, omdat hij zelf niet bij
fotomament annwerig kon zijn

werk vorrmiden, hij Solvay was dad nket
pders. Do moeder aller wetenschnppen
wils dee Fvsdeze Alls de wertmuatigheden van
dher namunrkomde: eevomaal wisren onideka
sunichen de antwoomden op syTagen wil de
hbsbivgie en de masischappijwetenschay
diaaruin vanzell voorvioeken. Hel stoords
Solviry daaromm des e mees dan in zjin
thpsstind Hrussel nunselijks namureandl
gen waren e vinden. Belmgrjk natur
Rumdig orwderaoek wend aan bet begin van
e My poww goetlaan in Nederlomd, Enge
larwcd enn et vanrvwe | hanisband
Walther Nemst, het ioonbeckl van de

Prodsische aristocratie, hod 2o djn cigen
beweegredenen om Solviy (e benadenes
T 1P hned Mt wvosor Fiet il 2ign
wanmietheone gelormmileerd. Deze thieo

=, il Later ke werd als de derde wet
van de therrmody mamica, steldi dad ol
Deweging tol stilstand komil wanieet

e pesrrpermiir b akvsalute molpnt

b f o mwimagarine 53

Annual Report 2011- Appendix : Outreach




Newspapers

ANNO

[-273°C of @ k) bereikt. He bleek echoer

ormiogelijk om dese theorie door middel
vl expeerin m
nar erkenning. Dat hij ondanks gebrek
aan bewijs aan #zjn warnmtetheorie bleel

1o besten. Mermst sochi

vasthouden, leverde hem hoon en kritek
op it de weterschappaeli ke gemeenschap,

Zaaltje
Eveneens in 1905 was Alben Einstein bevig
miest een formube waarin hij in navolging
van de energieguanta van Planck, voor het
eerst de hypothese opwierp dat ook licht uit
kbeine dewitjes bestamt

Toen Nemwst de latere vergelijkingen van
Einstein toepaste op zijn eigen ldeeén over
wasrmmite, bleek dat hij de vitkoemsten van zijn
experimenten beter kon verklaren door
pebruik te maken van Einsteins guaniam
theorbe. Nemst bedache dat hij wel cens
e wlbegen inoeen klap kon slaan. Als
Einsteins ideein over quanta op een
imtermationale bijeenkomst van topweten
schappers werden bevestigd, betekende do
ook zjn elgen gelijk wat betreft die wanmie-
theorhe, Nermst moest op eoek naar ven
geldschieter om 2o bijeenkomst te kun
nen organiseren, en ol viteindelijk Solvay.

[ perste Solvay-conferentie werd van
A0 oktober tot 4 november gehouden i et

et Métropole Hoted in Brossel. Na
een woelkomstwoornd van Solvay elf ging
de hijeenkomst van start. Al na de
ihag werd duddelifk da
groiat sapcces won worden. Lorentz bleek
een witstekende voorziter, Dmdat hij
vioeiend Frans, Duits en Engels sprak, trad
hij teveens oga als wlk, Het was de eerste
kewr dan ineernationabe deskundigen bijeen
kwamen om in een seer select geselschap

54 nwitmagazine

aktobar 2011

over een specifiek probbeem in de namr
kunide te praten

Voorheen was het beroep van theonetisch
matunerkardige rogl ceremam, maar di
kv v el verandering in. In het
kbesinne wanltje wend levendig gediscussiesnd
Heet swintigtal verdmng sch mondom een
proat schoolbesrd om met formubes hun
argumenten krachit bdj te setten. De eersie
Sobviry-conferentie leek in nivts op de
minssnke weterschoppelijloe congressen
woels die anmo 200 | worden gehouden,

Hiet afficiée thima van de conferentiv
wans 't theorie van straling en quanta In
1900 ondekae Mox Planck dan hij de manier
WIITUP CEN FWAT Voorwerp warmitestraling
itrercht langs het elektromagnetisch
spectrurm, nict valledig kon vedkdaren met de
hestaande natuurkundige wetten. Uit
wanhoop bedacht Manck wen een “tjdedi)
ke, ennvorthescbose: oplossingg: Fj Formbeende
vt grehwel nbeuwe wet, waarin hij aannam
dat een voorwerp alleen enengie kan opne
e e uitstraben in de vorm van gua,
parkkitjes enengie van een beperkie groote

Enstein ging in 1905 bets verder, en
parstte bvet e vion die energiepakketjes toe
oy Hichie. Hienmee wilde hij verklaren
wanrroim licht dat op een metalen plaat vali
elekronen van die plaa kin losslaan
Violgens Einstein koo dat alleen als apfon
derlijke Tichigpuanta, mogeheten fotonen,
genoeg enengie bevanen. Sowel voor
Einstein als voor Planck was bt idee van
yusanta vesrrlopdyg ni

s meer dan een
hypothese - maar dion wel een waarmes
omverklaarbare verschijnselen zich woch
lieteen verklamen

Vioor Nernst waren hiet spannende
dagen. Hij had het thema bewust gekoeen

Samen bij Solvay

Een Solvay-congres anno nu: een grotere
groep genodigden, maar nog steeds in hat
Brusselse Hotel Métropole. Naast Salvay-
congressen voor lysica worden ook
congressen woor chemee gehouden
Warmwege het jublleum zal koning Albert I
dit jaar op 18 oktober bi| de opening van
het '.\"D-'l'-'a'.- ~COMENES 3AMNEITE fjn
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+ De Duitse fysisch-chemicus Walter
Mernst (1864-1941) kwam op het ides om
twintig rwaargewichten uit wetenschap
bijeen te brengen - onder meer om zijn
eigen ideein te toetsen.

oamt guania in de theoretische namrkonde
e introduceren. Het was weliswaar geluks
Eirstein en vele andere grote nomen it die
wetenschappelijle wereld noar Brossel w
krijgen, maar Mernst was zich er als geen
ander van bewust hoe controversiee! de
gpurtummitheorie op dat marment nog was.
et howe Klein dee ks wis dat de idesin van
Einstein werkelijk zouden worden beves
tigd door de aanmwesigen

Cip e kst cag kwam het werk van
Eirsaein aan bod. #e sproken lang over zijn
guaniumbypothese. Fen voor een wenden
e wetenschappers gewonnen voor hist
Il chaat e cpuaEE Serie TS MOest emen
Mu ag Nernst adjn kans schoon. Hij wees
Firvsaein on dee rest erop dat de quantumiy
sica zijn etgen warmitetheorie onderbouw
e, Hae
Einstering: ‘Nec, Dt heeft u volledig verkeend
geden. Up geen enkele manier volgt uw
warmmitet heore wt mijn fommles,

M che comlerenie volgde cen vinnige
hrivfwisseling Op de begradenis van Nernst
i 19 e Einstein: ' T waardeerde hem om
2ijn experimenteerdoift, masar van de theorie
had hij aarvaendijk minder koas gegeten”

Die gersie Subvany -ooaferentie betekende
e goroste doarbwaak van Einswedn - me dank
i Nernst, die aelf grotendeels van haet

e even seil, oiar boden e
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o] venthween: Cok betelende de confie

vritie e waade reverlutie o et el van
b Pysica Lichit kon miet oweor simpelbwey
wuorthen pesien abs enked een godd, Bt b
ik eagenischuppen van deslges. Dok
soalvay winren ol preseste wele s laupapsers
g ervan bewust poworden dat de klassie
ke matuarkumide ndest e vildesd en et de
Pt tijl s voar oo nieuwe hesica

e s sk igge Henr Pyosinacarne
s S pbenwe s B ove gt
dhirery wit ve werkien toen hij teruge was in
Panijs kot no zijn mnkoms: werd hij erostig

LTI ek €0y wes nsaer et e kaeribioe

|-u-|||-f TEREIT vl wr et dlacrin e ikl
vorw een peragghehbend tijcdschrift. Hig
sclvmesed vl bed onver dhe “misuswe nanuirkunide
Iy vegerstelling it de ‘owude nauurkunds
Lhjn prudtshcatie betebasnde Ol ook Frsikrk

B e wins vor che e fysica

October, 2011- NWTmagazine (The Netherlands)
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* Albert Einstein was als 31-jarige van de
partlj op het eerste Solvay-congres

Posincan® zoni hest giekenhoes cchiter nas
mieer kevend verlnoen

Mt ddjn oprerechen op de Solviry-ouni
reeanbie venrn D91 humed Firvsassin waeliswann
vaster et revolutie gezorgd, helemaal
IvTeden was Ik ket over ot nbeiwe
natuirkumde. e voeemide cigenschapypen
van ibe gt e knamgen aan
Finstesdn. Iy che ndestowe natunarkumide was
hipveorbeeld cen grote mil weggelego voor
stptistick. heoretch konden albeen mog
o iy e van swaaatscbdjo gkl
sjr ehrn over de uitkomst van een lormdl

Finstein, maar ook Planck. hadden dedr
b grTsorrsae pooeine e Saun et e vaam
the M e ehchin moen dat de natuirkom
ih njru oiTpaleel wiks. Ma Solvay” ran ol
nanirkunde eens met uillooe onbean
s erile VTIERI Fhast wwerned pnnesbeesti o |.‘|'!.|L

dhiat bt it b olit e comggres kinn blipven

Succes
e Bobieeed Bwaet adowry ool vt Don 05003 oomganns
arvrruler Sy e e bngesmbon st
| asrerite was wesheromm voorsier §hiso feit ot
de meeste matu rll.lil'.l.1||.."l BT CAAFNRUINY [LONAr
Brumssed aimeisodon, wossnodde aan dat de Solvay
IS o1 sUTes winrert. Pas na de
Fasrste: Weniehiboorhogg krewen de detbatien
AT CplaniEmiRICs eon nieuwe i

i Sobvary -conberenties van 1921 e

weerrdl omprrnenw dhepazravernd gedisoissieend
over de nieuwe nanrkaandie

I fumndlameniele debaten op de Sabon
conpilerrnties, gover ooy e T gy ann
b onmbwellkeadong vann des muiderne natr
kol et diank san Walther Sermst due
hoewe] vooral gedeven door 2ijn persoon
i||L- sowekiuchil noar erkennige, et indiatied
ruatres v e boeriiomale bijesikoms
[LIERTE u|.h| Fomormt il il o sbeeds meer
vrngen ontstonden. Hondend jaar later, v
130 ot 2% akeoeber 2000 1 vinad dhe 25 Sapbvay
wo e rerith ||I.| Wi Ml prvised o ale® ik
st vy ewsnn klein ranadipe el eesn s Faosed
bsered, e et o VETTLEE varn che kruapsi
I--|'-|:|| i in ol gErntee colerentiezmnl vun el
Murtropeali ool i Brossel, Heet theema din
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Découvertes

# Phiysigue | Centiéme anniversaire des Conseils Solvay (IT)

Le combat du siecle: Einstein fa

* Les Conseils Solvay
connurent des débats
acharnes sur la physigque.

* Le plus oflebre se demanida :
“Diieu joue-t-il aux dés *™ Alain
Aspert le raconte.

i, e <635, v saone defi qui e fuat
resahu_ que des decenmnies [
Lanimient par be phshoen Alasn

La Libre Belgioue - hund 37 octobre 2013
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Culture
Les cent ans du conseil Solvay (III)

Energie et matiere noires, le H

Quels somi bes delis
anjourd T en physigquoe 2
Tronver e boson de Higys,

Matis aussi expligquer les
myvsteres de lenergie noire,
Rene Ramend explinue.
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iggs: les défis de la physique
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Conseil Solvay:
au programme

Les cent ans du conseil Solvay

Ce 18 petobre. ine séance Académi-
que avec de nombreus prin Nobel mais
aussi des grands indusisiels comme
Gy Masstranlbel { Swez). Crakg Misn-
die (chiel research asd sirategy &
Microsolt) cu Shoichire Toyoda jan:
ciem présidem de Toyota), dibatira de
Fimponance de la recherche fonda-
mentale et & de son influence sur e
progrés de la societe. Elle se dernuldera
en prisence du roi Albert 11,

Dw 19 su 22 octobre. wn consedl de
phpslgue excaptionned, le 25 dopuis
celui do 1911, ¢ tiendra & [hotel
Miiropole (W 00 s'dail tera le pre-
imier] s le thisne “The Theary of the
Qusnitiim Warld™ auguel pariiciperar
ume quineabae dis pris Nobel.

U exposition sur la métanigue
quantique ¢ [histodre des imstiturs

[ Remue-méninges b Branelles - Cem
ans. de consells de physigue Sotvay ™)
SE llend docicbre 4 decembre au
painks des Aradémiss.

Le 23 octobee 3 150 a Flagey se tien-
dra une conférence destinde au grand
pubdic et consacrée @ la valgasisaon
de la science. Les exposis pomenont
sur s graniies gquestions de la physi-
que actuelle. Trois prin Nobel (William
Phillips, Frank Wilcoek el David Gross)
nipondront aux questions du public.
Iaftg - werre Sofvopiaititules. Ar

mardi 1B ocishre 3011 - Ls Libee Seldyinuee m
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October 18, 2011- La Derniére Heure
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A Copenhague--

9“33 hon fiiiall

BRUXELLES Jusqu’au 21 dé-
cembre, au palais des Acadé-
mies-Ecuries royales, il sera
possible de découvrir ce que
fut, voici un siécle, le légendai-
re premier Conseil de physique
Solvay. Les Instituts interna-
tionaux de physique et de chi-
mie fondés par Ernest Solvay
organisent des activités tour-

Cent ans des conseils Solvay

a

- m -
jé vieille de plus de ving!
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nées, co west pus e qui

les gens 8¢ SO
est ce doT de”

-

nées vers le grand public et les
jeunes du secondaire en parti-
culier. L'expo Remue-méninges
a Bruxelles - Cent ans de Con-
seils de physique Solvay est le
fruit d'une collaboration entre
les Instituts internationaux de
physique et de chimie, ensei-
gnants et chercheurs de 'ULB
etdela VUB. J.B.

October 19, 2011- La Libre Belgique
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¥} Scis Cent ans des Consejls Sotvay

“Passionn €Z-voys, ”
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Brainstormen in Brussel

Tentoonstelling over 100 jaar Solvayraden voor Fysica en hoe ze de wereld hebben veranderd
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De geboorte van de kwantumfysica
De Solvayraad vam 1911 hee WELe i | i i rar ¢ [ i swanrschipnbijkhesdugolifs 10
shwanium v s I e i Fir A — -
ENEIgIEs i ” : . 2 19734
ook moct geiden voor ket elekirom i ) 1927 Wernes Henenberg
e structuwr van hel aloom [ e lp"'.':llf:_|.||'|__- Paubi
i, Futherine witsluitingsprincipe . L et wimpekerheis
arincpes M
1013 en 1821 He ¥ 102 ontdewis " i i
de spin van het elektron
|
Iater et neulran genoemd t e n"'ll1-"'l--|n.‘| wan e apm hesft il
toegelaten de meetl gekende vormen var
magnelisme te begrippen. Ferro en para I 1928 wwrantumthrars
magnehisme njn maver kwantumeffecten var hel clekiron
Maar hoe knn men de sdeeltje-golfs duas qoten, dank t ( Pl AM. Dirnc
liteit interpreteren? [k . | {
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0937

1823
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October, 201 1- Akademos

Annual Report 2011- Appendix : Outreach



Newspapers

belgrsche Inalsimiclle Froest Salva J:nlclllrl I II wik mach Prassd cip
II g I|I e I:I| e, il Wisenachafrsgeschichae -uI|r|I Dhoch warum rai er e |a'.' w Raniohiusipr

[== Glpfeltreffen der Groﬁhlrne

Winssnial [l

s e

Mt
i

October 30, 201 1- Frankfurter Allgemeine Sonntagszeitung (Germany)
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Expositions

Le Journsl gu mégecin | 2195 | Vendredi 28 ociobre 2001

Un probléme Solvay

Expo trés instructive et didactigue & I'usage des jeunes et moins jeunes
geénérations, Remue-meéninges 4 Bruxelles commeémaore 4 sa fagon la premiére
édition, voici cent ans (du 30 octobre au 3 novembre 1911), des conseils
Solvay et mesure leur impact sur nos connaissances actuelles en physique,

notamment au niveau de la mécanique quantique.
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Une «premiere »
mondiale en
physique: le Consell
Solvay de 1911

Il y & cent ans, le 29 octobre 1911, debutait un
avénement unigue dans I'histoire des sciences du
¥¥# sidcle: le premier Consell de physique Solvay.

Consacré a I'examen d'un problame particulier, ce
Conseil fut le coup d'envol qui donna naissance
al'lnstitut international de physique Scivay. Il sar-
vit ainsi de modéle aux Conseils ultédeurs de phy-
sique et de chimie. Le Conseill de Bruxelles
constitua surtout un tournant dans 'une des ré-
volutions les plus profondes de la pansée scien-
tifigue: la révolution des gquanta. Au moment de
célébrer le centenaire de cet événement my-
thique, il convient d'évoquer son origine, sa spé-
cificile, et ses conséquences les plus notoires.

8'il fut convoqué par Ermest Solvay, fondateur de
l'industrie de la soude et mécéne passionné de
physique, le Conseil dut son existence au chimiste
berlinois Walther Nernst, auteur en 1906 d'un am-
bitieux «théoréme de la chaleur-. Enthousiasmeé
par sa découverte des travaux quantiques o'Ein-
stein, dont il venait de vérifier la validité dans le do-
maine des chaleurs spécifiques, Nems! congul le
projel de réunir un «Caoncile-, desting a valider la

Eine « Weltpremiere »
in der Physik:

die Solvay-Konferenz
von 1911

Vor hundert Jahren, am 29. Oktober 1911, wurde
eine in der Geschichte der Wissenschall des XX,
Jahrhunderts einmalige Veranstaltung durchge-
filhrt: die ersle Solvay-Physikkonferenz.

Aulgrund dieser Konferenz, die der Uberpriifung
eines besonderen Prablems gewidmet war, wurde
das Internalionale Solvay-Institut fir Physik (IIPS)
gegriindel. Diese erste Konferenz diente auch als
Modeall fir die folgenden Physik- und Chemiekon-
terenzen. Die Konferenz von Briissel leitete insbe-
sondere mit der Revolution der Quantentheorie
@ine grundlegende Wende im wissenschaftlichen
Denken ein, Die Felern zum 100, Geburtstag sind
ein Grund, sich mit dem Ursprung, den Besonder-
heilen und den wichtigsten Folgen dieser mythi-
schan Veranstaltung zu befassen, Die Konferenz,
die von Emest Solvay, Griinder der Soda-Industrie
und begeisterter Mizen der Physik, einberufen
wiurde, verdankt ibr Bestehen dem Berliner Chemi-
ker Walther Nernst, dem Autor des ambitionierten
« Thearems der Warme» (1908). Nemnst war begeis-
tert von den Quantenarbeiten Einsteins, die er ge-
lesen halle und deren Glilligkeit er im Bereich der
spezifischen Wérme Uberprifen konnte. So be-

Emast SOLVAY entourd o' vinigtaine de savants dminents, dont Mane GURIE, Aber! EINSTEIN, Emast RUTHERFOAD ot
Hizrd POINCARE
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théone des quanta et a faire reconnaitre, par la
méme occasion, la pertinence de son théoréme,
Présidé par H. A. Lorentz, les délibérations du
«Concile» ou Conseil eurent un grand retentisse-
ment. Elles influencérent les travaux d'autres sa-
vants éminents, teis que N. Bohr et L. de Broglie,
el contribuérent & lancer la carriére académique
d'Einstein,

Fondation de I'lPS

Le succés du Conseil fut le fruit de son originalité:
discussion approfondie d'un nombre limilé de rap-
parts sur des sujets précis. Ce succes, lié & la pré-
sence de Lorentz et sa capacité de concevoir et
de diriger un « Conseill scientifique international »,
persuadérent Solvay d'assurer la pérennité de I'en-
treprise par la fondation en 1912 de 'institut inler-
national de physigue Solvay (IIFS). Sa premiére
pricrite fut de stimuler la recherche en physique
par l'oclroi de subsides 4 des chercheurs de di-
varses nationalités. Celle initiative inédite s'élendit
sur trois exercices budgétaires, de 1912 4 1914,
Elle permit de soulenir une quarantaine de projets,
dont six &manaient de futurs prix Nobels *.

L'aulre activité principale de I'IPS est celle qui
s'est poursuivie jusqu'aujourd'hui: 'organisation
réguliére de Conseils & I'image de celui de 1911.
Parmi ceux-ci, on note les Consails qui margué-
rent la naissance d'une nouvelle discipline, tels
qu'en 1813 (physique atomique, et physique de
I'état condensé), 1927 (mécanique quantique) et
1833 [physique nucléaire). Rares sont les créateurs
de ces nouveaux domaines qui ne participérent
pas a l'un ou & plusieurs Conseils Solvay!s

Prof, Frankiin LAMBERT
Lirnversite Libre ol Bruvetes (VUB) &
instituts intarmationawxs SOLVAY

* s intzenatonilsme  scantifaee o revolmion  guantigue s,
Revue Gormanigue intamationalke, Fans, CNARS doibons,
1910, p, 158 173
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Die Solvay-Konferenz von 1911 :

schioss er, eine « Konferenz » ainzuberufen, welche
die Quantentheorie validierte und gleichzeilip die
Relevanz seines Theorams anerkannte. Die Taqung
wurde prasidiart von H. A. Lorentz und die Ergab-
nisse der Konferenz fanden grossen Anklang, Sie
beeinflussten die Arbeiten anderer herausragencer
Wissenschafiler wie M. Bobr und L. de Broglie und
legten dan Grundstein zu Finsteins akademischar
Laufbahn,

Griindung des IPS

Der Erfolg der Konferenz berulte aul ihrer Origina-
litdt: vertiefte Diskussion einer beschifinkten An
zahl Wissenschaftler (iber prazise Themen. Dieser
Erfolg, verbunden mil der Anwesenhait von Lorentz
und seiner Fahigkeit, eine «internationale wissen-
schaflliche Konferanz- zu planen und zu leilen,
ibarzeuglen Solvay davon, den Fortbesiand der
Veranstallung durch die Grindung des Internatio-
nalen Sclvay-Instituts fiir Physik im Jahre 1912 20
gewdhreisten (IIPS). Seine erste Priorildt war die
Fiwderung der physikalischen Forschung durch die
Gewidhrung von Subvenlionen an Forschar ver-
schiedener MNationalitten. Diese génslich neus
Form der Fbrderung erstreckte sich auf drel Ge-
schiifisjahre, von 1912 bis 1914. Sie ammbglichte
die Unterstitzung von rund vierzig Projekien.
Sechs davon stammien von kunftigen Nobaelpreis-
Iriigem®. Die zweite Priontét des IIPS hal sich bis
heute nicht veriindert: die regelméssige Organisa-
tion von Konferenzen nach dem Vorbild der ersten
Konferenz aus dem Jahre 1911. Besonders harvor-
zuheben sind dabei die Konferenzen, aus denan
neue Disziplinegn entslanden sind: 1913 (Atomphy-
sik und Physik der kondensierten Matere), 1927
{Quantenmechanil]) und 1933 (Nuklearphysik). Die
meisten Grinder dieser neusn Bereiche hab»en an
einer odar an mehreren der Solvay-Konferenzen
tellgenommen la

Prof, Franklin LAMBERT
Uirwenrsate Libve o Brisedes (VIH) &
Intstituts intamatonats ST VAY

*« infernabongksme scentiigue e révolliban guaninpne -
Fevue Germanioue termationale, Pars, Vadag CNRS, 1910,
5.159-173
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Talkin’ ’bout a quantum

revolution

Classical physics collapsed in complete confusion

in Brusse

00 years ago. We look at the first

and most famous Solvay conference, its founder

and his vast legacy

BY KRISTOF DAMS

hey were all there for the photo op: Albert

instein, Max Planck, Ernest Rutherford,

Marie Curie, Henri Poincaré and a handful

of other luminariesof 20th-century physics.

As was considered proper at the time, they all posed

solemnly and self-assurediv. According to Mare Hen-

neaux, a physicist and the present director of the Inter-

national Solvay Institutes for Physics and Chemistry,
their composure belied an inner bafflement.

“The 1911 conference was essentially about confu-
sion. It has acguired a legendary status, beeause up
until then theories propounded by physicisls had com-
pletely failed to explain newly ohserved phenomena
at an atomic bevel, like atomic radiation, for instance.
Indications that theold physies [ramewark would have
togohad been detected before, but it wasn tuntilign that
physicists felt they needed tocomeup with aradical new
theary to explain them,” says Henneaux. “1f you read
the attendees' impressions of the conference, you can
see that they fell they were on the eve of a revolution.”

The conference, says Henneaux, dashed the hopes
af those who thought the newly diseovered phenom:-
ena could be Rtled neatly in the old edifice of classical
physics. The 191 Salvay Conference, held in the Hatel
Métropole, went on to become famous not so much
for a scientific breakthrough but rather for a scientific
breakdown,

In the 15 years following the conference, the much-
anticipated revolution took place: quantum physies

Annual Report 2011- Appendix: Outreach

was born. Early in 1927, German physicist Werner
Heisenberg formulated his Uneertainty Principle
[key to the development of quantum theory], and at
the 5th Solvay Conference in the autumn of that year,
he and Danish physicist Niels Bohr declared to their
eolleaguesthatquantum mechanics were now “camplete
and irrevocable”,

“This closed the chapter begun in 1901, savs Hen-
neaux. “1f1911 was about confusion, 1927 was about an
aceamplished theoretical construction. Not that quan-
tum physies was thoroughly mastered - research into
{he field continues loday. Butthe principles of quantum
mechanics that were formulated then are still taught
today.” Not that everyone was in agreement. Einstein,
for one, was not convinced, Says Henneaux: "You see,
in 1911 Einstein was one of the younger generation. By
1927 he was an authority who didn’t agree with the
work of the younger physicists like Heisenberg, Born
or Schridinger.” It was at the 1927 Solvay Conference
that Einstein is alleged to have asserted to Heisenberg:
“God doesn’t plav dice with the universe.,” To which
Bohr retorted: “Einstein, stop telling God what todol”

kimming through the records af Salvay confier-
ences can be a pleasure, says Henmeaux, who
isincharge of organising the scientific gather-
ings today. “Another important ane was held
in1958, where there was a lengthy discussion between
Robert Oppenheimer, father of the atomie bomb, and
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Erwesr Selvay,
fewnder of a soda
ash gmpire and
ihe Solvay plyrics
eantferences

the American physicist jJohn Wheeleron the possibility
of black hole formation. Wheeler argued that a star
eould notcollapse into a black hole, while Oppenheimer
argued the opposite. We now know, of course, that it
can. And Wheeler changed from being an opponent
of the idea (o its main champion.”

The era of superstar physicists might be over, says
Henneaux, but every few years, the Solvay conference
still assembles Nobel Prize-winners and other top
physicists to diseuss ongoing issues, “Discussion has
alwavs been a central aspect ofthe Solvay conferences.
They are at least as important as the presentationa. A

speaker presents the state of theart ina given domain,
and then there is a discussion.” This vear, the confer-
ence is in its 25th edition; the title “T'he Theory of the
Quantum Warld.'

In the official group photo of the 1911 Solvay Conler-
ence attendees, one man is doubly out of place. First,
because hewasn'ta physicist - in fact he had nevereven
been touniversity. Second, because he wasn'teven there
Hecouldn'tmakeit to the photo-shaaot and had someone
sit in For him; his fce was pasted onto the picture later,
Even for those pre- Photoshopdavs, it wasa hatelet joby;
his head appears much oo hig for his hody, The missing

Annual Report 2011- Appendix : Outreach
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man was Ernest Solvay, a wealthy industrialist and
philanthropist, whowasalso the conference organiser
and subsequent founder of the International Solvay
Institutes for Physicsand Chemistry, which continues
to organise the conferences,

Born in 1838 in Rebecy, Walloon Brabant, Solvay
suffered from acuie pleurisy for most ofhis adolescence,
and subsequently missed out on university. At 22, he
became assistant manager af his uncle's chemical fae-
tory in Schaerbeek, where he spent most ofhis free time
studyingand experimenting. 1n 1861, he developed the
sa-called Solvay process for the manufacture of soda
ash from brine and limestone. (Soda ash is needesd ina
varietvofindustrial products, most notably
glass), He founded hisowncompany in 1863,
and patented his procedure. Solvay & Cie
soon expanded to the UK, Germany and

CAPITAL OF PHYSICS

The Irterrational
Soivey Institutes for |

THE BULLETIN

“If'you read the attendees’
impressions of the 1911 conference,
you can see that they felt they were
on the eve of a revolution”™

Almost 90 years alter the death of this steely man,
how are his company and his many institutes doing?
And what, if anything, links them? Says Henneaux:
“Basically, we share the same ancestor. The Interna-
tional Solvay Institutes for Physics and Chemistry,

however, is a non-profit organisation that
| i= not affiliated to the chemical company,
. eventhoughseveral membersofthe Sohray
family siton ourboard afdirectors, We have

the United States, turning its owner intoa  Physics and | good relations with thechemical company,
man of considerable means. :::L“r:_‘_’r{'qhh ¢ which provides us with funding, but our

centanary with o I
seties of events tho, |
organisers say, will
turn Brussels imto

the “world capitalof |

ut money did not soften his
characier. Solvay always clung
to the rugged philosophy of the

. research work is of little practieal value to
them.*

i TheInstitute for Sociology, founded by
i Bolvay, never carried hisname, and in 1960

self-made man: hard work and ~ physice” for the i becamea part of Brussels Free Lniversity
discipline. He rose at 5 am o exercise and i?:;“;'::‘;:‘m“ full {ULB), as foreseen by its founder. Its origi-

wentiobed around 1o pm. Hedid not smoke,
and had one glass of wine with lunch. His
anly real forms of relaxation were walking (he loved
to walk the 3okm from his house in Brussels to his
estate in La Hulpe and back) and his annual six weeks
af mountaineering in the Alps. Pelitically active lasa
senator forthe Liberal party)and socially aware (many
labour regulations were applied in his companies be-
fare they became compulsory), he developed a social
philasaphy which embraced two theories that he called
‘productivism’ and ‘comptabilism’. The basic tenets
of the philosophy were that every man should be as
productive as possible, and should own nomore than
the [ruits of his own labour.

In other wards, svery man had the right to prosper
through his own efforts, Since this right was denied
to almost all in a system of hereditary capitalism, the
system had togo. One'sinheritance, Salvay held, should
not pass down through the family; it should go to the
state. He was also of the opinion that the inancial see-
tor did not add anything to national wealth, but only
subtracted from it and caused chaos, thus impeding
productivity. Therefore, the financial sector had to be
eliminated, oo, This could be achieved, aceording to
Solvay, by abolishing the concept of money and replac-
ing it with a system he ealled ‘national accountancy’. In
order to advance his views, Solvay founded and bank-
rolled several institutions, such as the Solvay Institure
of Sociology and the Ecole de Commeree Solvay,

November 201 1- The Bulletin
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solvoy nstitutes. be,

¢ nallocation, the Selvay Library in Leapold

Park, still carries his name, but is now an
independent events hall. The Ecole de Commerce - re-
cently renamed Salvay Business School of Economics
and Management - isalsoa part of ULB and arguably
the most prestigions business school in the country.

How to eliminate the inancial sector, though, is not |

high om the curriculum.

nd then there is the Solvay Chemicals

company. Though a relatively small player

compared tochemical giants suchas BASE,

uPont or Diow Chemical, it is still a muajor
muliinational company with its HQ in Brussels and
devision centres around the world. Flving somewhat in
the face of the founder’s philosophy, the company isstill
in the hands of the Sobvay family, but like its founder,
still wants to base its actions on social research. Atthe
presentation oftheannual report earlier this vear, CEO

Christian Jourguin said: “As Solvay has done sinceit |

was founded in 1863, we are positioning ourselves in
the flow ofhistory.” Today, hesays, thismeansseanning
the world - this chaotic place - to distil mega-irends,
and to work from there. To him, there are three such

muga-irends: elimate change, the demand for natural 1

resourcesoutstreiching the supply, and the structural
competition of emerging economies,

In order to meet these challenges, Solvay wants to
focus on whal it sees as its core business, sustainable
chemistry. Salvay recently underwent n major restruc-
turing, which involved selling off its pharmaceutical
branchand using the money toseguire French chemi-
cal firm Rhodia, which, they say, is equally focused
on sustainability. Solvay is also a main partner in the
sun-powered Solar Impulze plane which Mew from
Switzerland to Brussels earlier this year and aims to
fly around the globe in 2013-14. B

Inside rhe Sulfvay
Literary in Lespold
Purk, tap; velegates
atrbe 1927 Solvay
comference, frons
rows, Marie Corie
(chird fefi}, Albert
Einstein, cemire
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100 ans

Premies congnés inlernational de phy-
sique consacré & 'examen d'une ques-
tion spécifigue, ce Consell constitua un
tournant discislf dans I'une des révolu-
tions les plus profondes de la pensée
scientifique: la révolution des quanta
et ke développement de la mécanigue
guantique. Cette théorie gul décrit le
monde & "échelle atomigue &1 subato-
mique a nan seulement bouleversd les
conceptions physiques existantes, mais
@ aussi conduit & une foule d'applica-
tipns qui ont envahl notre vie quoti-
dienne. Réunis & Bruxelles par Emest
Solvay, les pius grands physiciens de
I'épogue (Mme Curie, Einstein, Lorentz,
Planci, Poincaré et Rutherford entre
autres) ont tous participé & ce Conseil
mythigue.

Les Instituts internationaux de Physigue
et de Chimie fondés par Emest Solvay
célébrent cette année le centenaire du
Conseil de 1911, qui marqua le début
de leur propre histoire, Depuls leur
fondation, les Instituts bénéficient du
soutien de la famille Solvay et des
unbversités bruselloises ULB et YUB,

BRUKELLES, CAPITALE MONDIALE
DE LA PHYSIQUE

A cette accasion, bes Instituts Interna-
tignaux Solvay organisaient en octobre
2011 des activités exceptionnelles qul
ont réunl & Bruxelles d"éminentes per-
sonnalités du monde schentifique, poli-
tigue et fconomique. Ces événements
ont célébré un sitcle d'excellence
scientifigue feront de Bruxelles la
capitale mondiale de la physigue.

SEANCE ACADEMIQUE : WHY
“CURIOSITY-DRIVEN" SCIENCET

line séance académigue consacrée &
['impartance de la recherche fondamen:
tale et & son impact sur le progrés de la
sockété, s'est tenue le 1B octobre 2011
&n présence de Sa Majesté le Roi Albert.
Le riile des Instituts Solvay depuis 1911
¥ a éé indiqué, Des représentants du
mande politigue, de la Commission
eurapéenne, des scientifigues éminents,
des philanthropes, des capitaings
d'industrie partageant la vision toujours
d'actualité d'Ernest Solvay ont pris part
b cette séance.

25" CONSEIL DE PHYSIQUE

un conseil exceplionnel s'est par ailleurs
tenu du 19 au 22 octobre 2011 sur le
thime « The Cuantum World » || éait
présidé par David Gross, Priz Nobel de
Physique 2004, Un grand nombre de
scientifiques prestigieus v ont participé
dont plus d'une dizaine de Prix Nobel.
De nombreuses activités gratuites
étasent par alileurs onganisées gracieu-
sement pour le grand public,

COLLOQUE,

THEATRE...

Congue par des enseignants & cher
cheurs de FUniversité libre de Bruselles
et de la Vrije Universiteit Brussel, une
exposition sur la mécanique guantique
et I"histoire des Instituts « Remue- M-
ninges 4 Brunelles - Cent ans de
Conseils de Physique Solvay » &tait
proposie pour Foccasion au Palais des
Académies § Bruxelles,

November 201 1- Esprit Libre, ULB
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Un collogue ayant pour théme « Les
premiers Conseils Solvay el Favéne-
ment de I"ére quantique » s'est égale-
ment teny au Palais des Académies &
Bruxelles. Des historiens des sciences
et des physiciens de renommée mon-
diale sont venus des Etats-Unis

et de toute I'Europe pour contribuer &
cette journde détudes consacrée aux
aspects historigues de lMorigine et de
Iimpact des Conseils Solvay

Par ailleurs, une lecture de la pléce de
thidtre « Copenhagen » de Michael
Frayn, a remis en scbne pour I"occasion
le fameus débat de 1941 entre Bohr et
Heisenberg (participanis réguliers aux
Conseits Solvay) sur la bombe atomigue.
Les roles de Bohr et Helsenberg éraient
Interprétés par les Prix Nobel Alan
Heeger (chimie 2000} # David Gross
(physique 2004). Le rile de Mme Bohr
I'&tait par la grande actrice shakespea-
rienne Fiona Shaw. La mise en scine
#tant assurbe par NMancy Kawalek [Uni-
versité de Californie et the Professional
Artists Lab). La pidce fut suivie d'un
diébat et d'une réception au Studio &
de Flagey.

Enfin, les Instituts organisaient, comme
thaque année, une conférence destinge
d un large public. Cette demi-journée
de vulgarisation de la science a porté
sur les grandes guestions de la phy-
sigue actuelle et sur plusieurs de ses
ppplications gui ont révolutionné notre
vie quotidienne. Willlam Phillips et
Frank Wilczek, physiciens exceplionnels,
tous les deux Prix Mobel de Physique
ont donné des exposés sur les thémes
sulvants : « Time and Einstein in the
215t Century = et = Quantum Beauty » ;
exposés sulvis d'un débat mené par le
Prix Nobel David Gross sur le théme

= Le Futur de la Physique », lors duguel
Ie public était invité b poser des
guestions,
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November 2011 - EOS, Le magazine des sciences

WEXPOS

-
REMUE-MENINGES

5 on ne':!. iniérease pas muEntenant, plons guand” Cest oefte année. en effel, qu'est celébee e
centenaine du prernier Coneed de Plynague Sobvay, auguel pamciperent, entre autres, Bobr Mane
Curse. Eimsten, Hemenberp, Planch ef Schiddinger. Les nsbtuts nternationaaus de Phyisque ef de
Chimie fondés. par Ermest Solvay organisent phutssurs sctwibés escepionnelles ioumée vers e grand
public et les jrunes du secondasre en particulber (exposibon  peice de thélire - expotés de vulgan
sation - collaquiel Parmi oo svenements | eupoaition “Remue-rensmges” explicue 3 ravers diffe
rents nécts, comement les Conseils Solvay ol comnibnie b erabde s hases du monde technolopgue
o aujound i o1 raconte [histoe de L isvohutan quantigue Les sspenenoes 4 la poniée du pubbc ne
trlnguaen pas. et donment loccasion non seulement @en apprendne touours plus man également
de frivher ke rronde des chercheums ainsi gue ke apphicabom pratnes e ur deoouneries
Rrnie-memnges d Boevelles, pusquan 21 devembre 2001, Palan des Acadomses Enmes Rovalr,
ruw [hucale |, 10N Bruvelies

November 201 1- Esprit Libre, ULB

Expo Remue-Méninges
A l'occasion du centiéme anniversaire
du légendaire premier Conseil de
Physigue Solvay (1911 & Bruxelles -
voir p. 13) gui a marqué le développe-
ment de la physigue actuelle, les Insti-
tuts internationaux de physigue et de
chimie fondés par Emest Solvay organi-
sent I'Exposition « Remue-méninges a
Bruxelles - Cent ans de Conseils de
physique Solvay » au Palais des acadé-
mies de Bruxelles. Une exposition 3
découvrir jusquau 21 décembre 2011.
Le visiteur découvrira les principes de la
physigue moderne au développement
de laguelle les célébres Conseils Solvay
ont spectaculairement contribué. Un
parcours historique fascinant au travers
dune guinzaine d'expériences et des
simulations qui illustrent le comporte-
ment étrange de la lumiére, des atomes
et de la nature a I'échelle subatomigue,
et qui plongeront chacun au coeur de la
# révolution quantique ».

December 201 1- FEB magazine

REMUE-MENINGES
A BRUXELLES

1060 ams de Comsenls

de Physique Soloay

Tusgu'au 21 décembre au Palan
dfes Académies, Rue Ducale 1,
T Bruxelles

Lu-sa de Oh g 16030, Fermé

e dimanche. Entrée graturte.
Visttes guaddes pour les groupes
{max. 15p.): 30 EUR
réservation obligatoire par Muter-
nel ;i solvavinstitutes b
A parur de 2012, exposition
itmirante dans les provinces
famandes et wallonnes

Remue-méninges 4 Bruxel-
les commémore le 100¢ anni-

ver-saire du premier Conseil
Solvay. Llexposition est une
initiative des Lnstituts interna-
tionaux de physigue et de chi-
mig, fondés par Ernest Solvay
en 1912. Elle montre au grand
public a quel point les Conseils
Solvay ont éé importants. s
ont en effet permis le dévelop-
pement de visions  révoluti-
onnaires qui ont conduit 4 la
phyvsigque quantigque. Remue-
mennges & Bruxelles monire
¢galement que la recherche
scientifique est une activiié
humoine captivante pleine
d'étonnement, de victoires el

Rermivie-meénin s

f

de défaites, de passions et de
conflits,

L'exposition méne le visiteur
des  théories classigues de
Newton et Maxwell aux fam-
ecux Consecils Solvay entre 1911
et 1930, De la naissance de la
théorne guantigue aux applica-
tions high-tech du 21 siécle
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PHYSIQUE

Les coriseilsgi®lvay
et notre fute
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Le centenaire du Conseil de Physigque Solvay o

été I'occasion d'une semaine de travail pour les
chercheurs et de manifestations culturelles et
scientiiques autour de I'événement. C'est 'occasion
aussi d' évoquer avec le Pr Marc Henneaux,
responsable de I'unité de Physique mathématique
des interactions fondamentales de |I'Université Libre
de Bruxelles et Directeur des Instituts Solvay...
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December 2011 - FNRS news

mian 7 « Nos entmeiaens S8 concentent sur
un poind parculer de ko physique ochuelle
qui mous semble parficuligrement dificle
Lovs de lo réunson de 2005, nows ovions
posé lo queshon de o éusScobon de o
grraighon & la méoonique  quanhique
Cest une queshon qui oocupe les phy
siciens depuis 1930 o nous e sommas
lougours pod arfis 3 DDhener i Ahponse,
miTE B Oed ploposihors SO0l ke
santes & dhudior @ qui NOLS dvond fait des
peoagrds Ces BeStamsiong nous permatiend
de changer de poind de vue o8 qui peut
e imporon! pour misu 85 opprahen:
el s

el [ [}

C est @ outant plus diffcle gue foule hio-
e quanhioue des chomps dod posséder
comme foute théone scientifigue. lo pos-
il détre vinifids epénmenialement
« [P ons| que oaviomes thidones. comme
o thiotie des oomdes. qua n'est Ainolement
ENCOE QU uNE iée puisque DEfe thixone
r'est pos écnte lomelement. wiifient s
quit l'on comnail disd grice & d oulnes
Indorigs Quieles mepodwsen! dons ke
imites ou Ces Theéones sont valobies Cast
donc inds mssumnt pour |ovenit. Guslie
oquer s0if lo Ehbone an queshon, nous de
vons Duours de jouke maree i
ume pohideence maémangue. « O, = on
appiigue Wemallernent les mothdmahques
de lo thione guanhgue des chamgs 4 ko
relotvité géndale, ey soenibgues armenl
G des incohisences. « | foul dire gue pen
dont irés longiemps o relgivalé généeoie o
Gl DONSIGEEE COMIME UN omusement” o
mafémaeticiens. cor ies Mesures de fermgs

Ln voul
I'lmportance de
la confrontatios

directe dies
idees lors de
cns consails de
physique. »

u La l'fl'}"mllﬂul* n esl
discipline le

lhi\ Luneg

Irmee comine b

montre le chemin parcouru

depuls 1911 »

ne son! gevenues suffisamment précies
que dans les onnées &0 Cest en eflet 4 ca
momend-i gu'on o pu winfier en poficulie
une des présdichons imporonies de |o el
ke pénérole. & sovoir que des hodoges
SyChiousess ou epoN denennen] o
chiongs seion qu'elies soeerd O prosimité
ou dogndes du oenire de lo Tere. « On
pourmil @ dee que lo conbodetion antne
i quantiquis des chomips © el
QN e nous infuenos pos dans ot
vig e fous koS [Durs. Mo pow les plhysi
o & led mathémahciens dous thbo
rigs conhodiciolies ne peuend pas e
coreces smuliondment. Les problémes
se posen iorsgue | infimment petd &t 1'inf-
nimenl grond s rejoigrenl. Ainsl dons les
Wows nowrs Ou powe o compréhension des
loul débuts de Miniers. lo grovilolion &
s effets quantigues puent fous ceus des
pies importonts. « Loes du | éme Consedl
Soly en 1958, Dopenhesmar eshma que
lors de I'effondrement d'une dlode. oucun
phénomdéne plysigue ne pourn [orntes
jusqu'd la formotion d'un tou noir alors
que d'outes comme Wheslar pensaisnt
qué doulres phinoménes physoues
aniramient & U poll empécher oelo
Le conoept didendu par Oopenharmar et
largement occephd aujousd hat. . On voit
donc il l'imporfance de lo confromfahon
dinecie des idées lor de o consails de
DRSS »

Acheliement. oucune synihése cohérente

memsle de k1 méconigue quonhque of
de o growiighon. « Nous nous houwons o
e gn omont de n'imporie guels chomps

d'opplcokon de |'unificolon de 0es deur
Ehéovies 1| 5 oge d un probléme fonadamen
fol &l 50 Soluhon S8 ivohalomnaing 50u
venond-nows du confit enire o théone de
Goliée el celle do Maowel, Pour Meanwell
o wilEsse O o humidie 5 mvoionie o
gue pour Gallée o vikesss de i lumide
peut &' oodifionner O lo wiesse d un mobile
De lo ésolution de ce confid entre ks dou
a5t nisit ba el sestredrrie | Fuis on § est
opesCy que oalo enboil &n confiodclion
ovec lo théone newlonienng g 0g @ esh
née |0 reagivieg génésole 0l |'espoce e
1RITIRG N SONT Dius ADES. M DN SOoumis
 das codems dynomigues repondant gus
lois de lo physique. .« Ceci n'éloll que
des Maboties 4 Népogue d'Eirslein dont an
connall aujourd’ T lés applicalions dans
nobe guatidien * les GPS, par esemple

Lo echesche fondomentole connalt dong
souvent des opphoolions, mais O es
longue échionoe « Confromement & ce
Qui 58 posse ochuelemant gun USA nous
somames: conimints en Eurcpe @l en o
Qu e conceme én Belgaue 4 une lour-
deur adminisintve s imporarie qui
comtitue un bein & lo rechasche B sl
been enfendu indispensoble de peoduire
des mppors # guil sisie un coniile de
cE qué font les chemchaurs avec Monganl
oicul. mais pour i pluport d'entre NoS
nous sommes proliquement incopobles
de dire O nows Mminera lo recherche 2 ou
3 ons & I'ovonce. B y 0 phus. d'nsiviutions
oux UISA ou ko liberté & |'moépendance
des chemheun sont présenses que ches
o, dans natng domaine de rechenche en
oul cos. =
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En St TNGONOUE. &S oMY likes
oux brevets por exemple n'exsient pas, oo
'opplicabiliié d'ure dbcouvene el Nk
Eoghde dond le lempd. « Cext ce gui iod
Que ks dsulaly Of nos echaiches som
baiin souvent ocoassibies sur le Wb avand
miémi que I'omicle onginal né S0if Soumis
8 une v Calo moniee Gu'dl Wy 9 pas de
cultung du secred en physgue INSoRguE
En #flat. foud le mondas o ocods dux conir
butiond ded difiérenis ropponews ovani
Que n'oit beu ke consedl, 38 manides O o8
Qe CROCUN Puisse [PEpO0TEY DU MG K
dscussions. » Closf une couluma dssar
coulonie puisque les msuliols o Cpena
Qus 0. sembile-1-d, montnk Qu k&S neulinos
pousme dépasser i viessa 08 o lumsde
oml & rendus pubbc: I mpademen
Amenfion i ny 0 pos encoe d explications
voldas o o8 phénoméng ni mime qu'dl
0 ue emsience iéele Peul-Bie 5 oged
d'une Emeur de colcul ou de méhodolo-
ge?

o Loy plwsigus n'es! pos ung ciscipling 1ed
Frolla CONMIMEE | IO b CREmin panoury
dapuis 1917 En 1911, personne ne pou
voil petchie |2s quEsSiOns Que Nous Nous
POSONS ouolId il Il Ay O JuCun signe
qui ool $amile & physague conmine
ment & 0@ qui ['on pansodt au |9 neck
Lo phySigue NOUS NESENE encole 0es
prises. 61 elies pournmant venir du LHC Je
pense éeliement que les Consils Sokay
fitgron! eur diux cenhdme onnrensoee
OV 5 QUEShONS Qe MOUS SBRI0NS Mol
pobies de comprende maerienan!, cor kes
concepty ouront dvolud C'est inéssond
de s mppeder que longuEmest Sohay
e les instiluts Soboy 8 lo suile du o
s du Consail de 19118 leur donnait 25
ons d'eslence. pensan!  probobiment
qui loul seaDil Mésolu @ OB MOMmeEn-a
Auijoned P il n'est pas ceron que dans e
coie 3¢ I'unihcalion di ko melolié ging
il @ de o physigue QuonhouEe, o oun
I niponse 4 Iouhes lES QUESHONS. meme &
les progrés sonf rdels | « oonchul ke Pr Mar
Henneoux

Pierre Dewoele
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