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Editorial

BY GUY MÉTIVIER, DIRECTOR OF CNRS’S INSMI.

Mathematical research relies heavily 
on contacts and exchanges. 
Mathematicians across the world have a 
strong tradition of collaborating to 
 improve knowledge within their 
 discipline. The French school of 
 mathematics is particularly dynamic and 
successful, as illustrated by its prominent 
position worldwide. Out of 52 Fields 
Medal laureates so far, France boasts  
11 winners. The country claims 9% of all 
international mathematical publications, 
compared with less than 6% on average 
for other disciplines put together.  

CNRS takes an active part in mathe-
matical  research, both at the national and 
international level. In this regard, the 
National Institute for Mathematical 
Sciences (INSMI) was set up in late 2009, 
as one of the organization’s ten thematic 
institutes. One of INSMI’s priorities is  
to develop partnerships with universities 
and  research centers abroad. With this 
 commitment in mind, many joint 
 programs have been set up throughout 
the world, particularly in Europe and 
Latin America. CNRS now seeks to 
strengthen cooperation with emerging 
countries. In India, an International Joint 
Unit centered on applied and industrial 
mathematics should be created in 
Bangalore by the end of 2011. In China, 
an International Research Network  
in mathematics applied to biology is  
in the pipeline. 

Such programs follow the evolution 
of modern mathematics, where interac-
tion with other disciplines plays a key 
role, as illustrated by this issue’s cover 
story. Such evolution also entails close 
international cooperation. In this respect, 
CNRS’s multidisciplinarity and interna-
tional strategy are invaluable tools to take 
up future challenges.
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S
urvivors of the Gulag, whose lives began 
in Poland, the Ukraine, the Baltic coun-
tries, Romania, or Hungary, remember 

their plight in Soviet labor camps or remote 
 villages in Siberia. Their testimonies, in French, 
English, Russian, and Polish, will now live  forever 
in a virtual Internet museum named “Sound 
Archives–European memories of the Gulag.”  

The museum was created at the initiative of 
CERCEC,1 in collaboration with Radio France 
International, the Centre Marc Bloch in Berlin, 
CEFRES2 in Prague, and the Franco-Russian 
Center for the Humanities and Social Sciences 
in Moscow.

“Before and after the Second World War, 
nearly a million Europeans were deported,” says 
Alain Blum of CERCEC, one of the three found-
ers of the project. “Today’s digital technologies 
allow us to reconstruct a collective history on 
the basis of individual testimonies.” 

The project, funded since 2007 by the 
French National Research Agency (ANR), 
brought together 13 European researchers— 
anthropologists, geographers, historians, and 
sociologists—of 8 different nationalities. They 
set out to find survivors of the Gulag in their 
countries of origin, in their host countries, or 
even in Siberia and Kazakhstan for those who 
had remained where they had been deported 60 
years earlier. In the end, they only found 160 
survivors. Members of the elite of the newly-

annexed countries, collaborators (actual or al-
leged) of the Nazis, nationalist fighters or sus-
pected of helping them, they tell of the hunger, 
diseases, and exhausting work in the fields, 
sawmills, and mines. When Stalin died in 1953, 
the camps were liberated, but the return home 
was fraught with difficulty: the ex-prisoners 
were isolated, and their property had been 
seized. Some  remained where they were, 
whether by choice or necessity.

In this virtual museum, 
all their stories—together 
with documents, photo-
graphs, and films—com-
bine to create a history that 
many Europeans are un-
aware of, but which is 
henceforth  part of their 
shared memory. 

01.  Centre d’études des mondes 
russe, caucasien et centre-
européen (CNRS / EHESS).

02.  Centre français de recherche en 
sciences sociales (CNRS / 
Ministère des affaires 
étrangères).

CONTACT INFORMATION:  
 Alain Blum
 >  blum@ehess.fr
 Marta Craveri
 >  m.craveri@noos.fr

Voices from the Gulag

  
w� In France, the American company Google and CNRS have entered into an 
unprecedented partnership aimed at promoting research in information technology. 
Teams from five laboratories1 specialized in combinatorial optimization will share 
funding of nearly €325,000 provided by Google. In parallel, CNRS will allocate two 
three-year thesis grants in the field and provide a technology transfer engineer to 
promote joint projects. 

Optimization applications are useful for tasks like finding the shortest route to 
a holiday destination, managing a fleet of delivery vehicles, or distributing 
calculations across a network of processors. Current optimization techniques 

often rely on shared databases that 
can cover a wide variety of fields.

01.  Laboratoire d’informatique de Paris-VI (CNRS / 
UPMC), Laboratoire d’informatique de Nantes 
Atlantique (CNRS / Université de Nantes / Ecole des 
Mines de Nantes), Laboratoire d’informatique 
fondamentale de Marseille (CNRS / Université Aix 
Marseille-I and -II), Laboratoire CNRS d’analyse et 
d’architecture des systèmes de Toulouse, 
Laboratoire d’informatique de Grenoble (CNRS / 
Université de Grenoble-I,-II, and -III / IPG).

Google and CNRS support IT research 

@To receive 
CNRS International Magazine
directly in your inbox, email us at:

> cnrs-magazine@cnrs-dir.fr

q Archive pictures of deportees to Soviet 
Gulags and isolated villages in Siberia. 

 ONLINE.

> http://museum.gulagmemories.eu
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  Recent Events 
in Japan
w� We here at CNRS wish to 

express our deepest sympathy 

to the people of Japan 

following the devastating 

earthquake that struck the 

country on March 11, and its 

dramatic consequences.  

CNRS has strong ties with the 

Japanese scientific community, 

including a permanent office in 

Tokyo, three International 

Joint Units (two in Tokyo and 

one in Tsukuba), a research 

center in humanities jointly 

run by CNRS and the French 

Ministry of Foreign and 

European Affairs, and a host of 

other structured and individual 

collaborations.  

Our hearts go out to our many 

Japanese friends and 

colleagues.

  

cnrs makes the headlines i

Flipper Bands Hinder King Penguins
w�A 10-year study recently published in Nature1 shows that 
flipper bands have dramatic effects on both the reproduction 
and survival rates of king penguins. The Franco-Norwegian 
team, led by CNRS researcher Yvon Le Maho,2 monitored a 
hundred penguins equipped with electronic tags implanted 
under their skin, half of which were also fitted with flipper 
bands. Over the last decade, the 50 banded penguins produced 
39% fewer chicks, and their mortality was 16% higher than that 
of non-banded birds. Furthermore, flipper banding introduces 
an important bias when studying how climate change affects 

the dynamics of penguin populations, 
since banded and non-banded penguins 
react differently to changes in sea tem-
perature. Although French researchers 
put a stop to this practice in the 1990s, 
this study calls into question the numer-
ous banding campaigns that are still ongoing.  

01.  C.  Saraux et al., “Reliability of flipper-banded penguins as indicators of climate 
change,” Nature, 2011. 469: 203-6.

02.  Institut pluridisciplinaire Hubert Curien (CNRS / Université Strasbourg-I).

ng.  

q The University of 
Malta, in Msida, 
where the new CNRS 
office is located.
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CNRS OPENS NEW 
OFFICES ABROAD
w� CNRS has recently 
opened three new 
offices abroad, in India, 
Malta, and South Africa. 

The CNRS office in 
India, headed by 
aeronautics researcher 
Dominique Aymer de la 
Chevalerie, is hosted by 
the scientific and 
technological mission of 
the French Embassy in 
New Delhi. It aims to 
strengthen CNRS’s already 
extensive cooperation 
with Indian researchers 
and help create new joint 
research structures. CNRS 
has already signed three cooperation agreements with the Departments of 
Science and Technology, Biotechnology, and Scientific and Industrial Research  
of India’s Ministry of Science and Technology. 

The new office in Malta is in charge of promoting cooperation among 
researchers in all Mediterranean countries. It is located at the University of Malta 
in Msida, and will be headed by Arnaud Lalo, a chemical engineer with a PhD in 
materials science. 

Finally, a new office jointly operated by CNRS and IRD1 has opened in 
Pretoria, South Africa, to replace the former CNRS office in Johannesburg. 
Directed by IRD senior researcher Yves Savidan, the joint office is located in the 
city’s Innovation Hub near two key CNRS partners: the University of Pretoria and 
the South African National Research Foundation. 

01. Institut de Recherche pour le Développement. 
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Astrophysics The AMS detector should soon be installed in the International Space 
Station to track down the most mysterious components of matter in the Universe.

 Giant Detector
Heads for Space 

 THE INTERNATIONAL SPACE STATION

Orbiting at an altitude of around 360 kilometers, the 
International Space Station (ISS) is the result of a 
collaboration between space agencies worldwide, 
including the US, Russia, Canada, and Europe. 
Following on from the old Soviet space station 
Mir, its first module was placed in orbit by Russia 
in 1998. Since then, a handful of astronauts have 
continuously been present on board. One of their 
missions is to carry out scientific experiments that 
require reduced gravity or a lack of atmosphere. 

 THE AMS DETECTOR

To identify the high-energy particles present in 
cosmic rays, AMS boasts equipment comparable 
to the most powerful particle detectors on Earth. 
Until the end of the experiment, between 2020 
and 2028, this technology-packed detector will 
seek to shed light on the origin of these particles 
which constantly bombard our planet from space.  
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BY MATHIEU GROUSSON

A
MS, short for Alpha Magnetic 
Spectrometer, weighs 7.5 tons, 
is 4 meters high, 5 meters wide, 
and worth $2 billion. The ex-

pected performance of this massive  
detector places it in the same category as 
those lurking deep inside particles 
 accelerators like the Large Hadron 
Collider (LHC) in Geneva. Yet what 
makes AMS rather special is that it will 
be hitching a ride on the US space shuttle’s 
last f light to the International Space 
Station (ISS), scheduled for April 2011. 
AMS will become the first-ever giant 
particle detector to be placed in orbit. Its 
mission is to track down any possible 
signs of the existence of the most 
 mysterious components of matter in the 
Universe, including antimatter, strange 
matter, and dark matter.

LIVE FROM SPACE
For theoreticians, such signs might be 
found in the cosmic rays that  continuously 
bombard the Earth. Cosmic rays are 
particles—electrons, protons, atomic 
 nuclei of every kind, positrons (antielec-
trons), or antiprotons—whose energy is 
often far greater than that of the particles 
 observed in accelerators. When they 
enter the atmosphere, these particles 
produce large showers of secondary 
 particles. Instruments like the Auger 
Observatory in Argentina, an interna-
tional collaboration including seven labo-
ratories from CNRS’s IN2P3 Institute,1 
can detect these secondary particles and 
reveal some characteristics of the cosmic 
rays that gave rise to them. But this is only 
indirect detection. The best method for 
direct detection is to place a powerful 
particle detector in orbit. And this is 
precisely what AMS is: a powerful  circular 
magnet, 1.15 m in diameter, used to bend 
the path of particles entering it and steer 
them towards a stack of  detectors. AMS 
should be able to detect all the particles 

passing through it up to an energy level of 
around one teraelectronvolt (1012 electron-
volts), and spot a single positron among a 
million protons. This represents a 100 to 
1000-fold increase in  performance 
 compared with the Pamela satellite, which 
was placed in orbit in 2006. 

A UNIQUE EXPERIMENT
“Using AMS, we will be able to compare 
the characteristics of all the charged 
particles that bombard the Earth,” 
 enthuses Jean-Pierre Vialle, researcher at 
the LAPP.2 “This should give us an 
 indication of whether dark matter really 
exists. Although never detected, dark 
matter is believed to make up 85% of all 
matter in the Universe. Furthermore, if 
no antinuclei are detected, we will be able 
to conclude that there is no antimatter in 
the entire observable Universe.”

AMS, which is about to become the 
only physics experiment onboard the ISS, 
fills astroparticle specialists with excite-
ment. It is one of the most ambitious 
projects aboard the space station, which 
was sometimes criticized for its low 
 scientific output. Yet it has come a long 
way. Initiated in 1994, the project pro-
duced its first detector in 1998. It stayed 
twelve days in orbit aboard the space 
shuttle Discovery, in order to provide 
proof of principle. “It was a real success,” 
Vialle recalls. “Although it was purely a 
test mission, it led to the publication of 
five scientific papers.” As a result, plans 
for the current version of AMS began a 
year later.

Unfortunately, the 2003 Columbia 
disaster called into question the entire US 
shuttle program, and the AMS project 
was shelved. “This was followed by a 
fierce political battle whose successful 
outcome owes a great deal to the efforts 
of the experiment’s spokesman, physics 
Nobel Laureate Samuel Ting.” It ended 
with the 2008 vote by the US Congress to 
place the detector in orbit. Though AMS 
is obviously tied to US space policy, it is 

1. SHED LIGHT ON ANTIMATTER

Wherever they look in the sky, astrophysicists 
only ever observe matter. And yet, according 
to cosmologists, matter and antimatter were 
created in the same proportions during the Big 
Bang. Therefore, for many theoreticians, the key 
question is to determine the mechanisms that 
caused antimatter to disappear, probably in the 
primordial Universe. Other scientists believe that 
the Universe may still abound in “antiworlds” 
(antistars, antigalaxies, etc.). The detection of 
just a single atomic antinucleus by AMS would 
provide evidence of their existence. 

3. TRACK DOWN STRANGE PARTICLES

In normal conditions, nuclear matter, such as 
protons and neutrons, is made up of two types of 
quark, known as “up quarks” and “down quarks.” 
Yet some researchers believe that, under the very 
special conditions existing within certain stars 
such as neutron stars, particles may contain a 
third type of quark called “strange quark.” If this 
is actually the case, AMS will be ideally positioned 
to catch chunks of these so-called “strangelets.”

4. UPDATE CLASSICAL PHYSICS

While exotic physics researchers are thrilled 
about AMS, astrophysicists specializing in more 
ordinary objects will not be left out. Stars, 
galaxies, quasars, and supernovae are all likely 
to produce and accelerate large quantities of 
charged particles and atomic nuclei ejected into 
space. Their detection by AMS should therefore 
provide a great deal of information on the 
properties of such astronomical bodies and the 
mechanisms that take place within them. 

2. DETECT DARK MATTER

Visible matter only represents 15% of the total 
matter in the Universe. Not only is the remainder 
invisible, but its nature is unknown. This matter, 
known as dark matter, may be composed of 
particles which have never yet been observed, 
but whose existence has been postulated by 
physicists to maintain the coherence of their 
theories. One of the possible candidates is a 
particle called neutralino, whose annihilation 
could give rise to an excess of positrons (the 
antiparticle of the electron), an event that could 
be detected by AMS. 

 The Four Goals of AMS:
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also an international project involving 
600 researchers from some 50 
 organizations, including three laborato-
ries of the IN2P3 institute of CNRS, 
across 16 countries.3 “Officially, AMS is a 
project led by the US Department  
of Energy (DOE),” Vialle adds. “But  
95% of the  instrumentation comes from 
Europe and Asia.” Indeed, the AMS 
control  center, which will collect the data 
sent by the Space Center in Houston,  
will be located at CERN, in Geneva,  
the European Mecca of particle  
physics. This is no coincidence. AMS may 
be an astronomical observatory,  
but it is also an experiment that has  

CONTACT INFORMATION: 
LAPP, Annecy-le-Vieux. 
 Jean-Pierre Vialle
 > jean-pierre.vialle@lapp.in2p3.fr

truly been designed along the lines of 
particle physics.  

AN EXTENDED MISSION
One of the implications is that whereas 
the information collected by a scientific 
observation satellite usually falls into the 
public domain after one year, the AMS 
data will remain the property of the 
 collaboration, like all data gathered by an 
accelerator. Similarly, while the construc-
tion of most scientific satellites is 
 entrusted to industry, AMS was entirely 
designed and assembled in laboratories, 
as is the case for large ground-based 
particle detectors. 

This may be why it was possible to 
make a last-minute adjustment to the de-
tector as a result of turnarounds in US 
policy. In spring 2010, after AMS had 
undergone all the validation tests in 
Geneva and the Netherlands, the ISS 
 mission was extended to 2020, and 
 possibly to 2028. As Vialle explains, the 
problem was that “the lifespan of the AMS 
superconducting magnet matched that of 
the space station as initially planned, and 
was therefore designed to operate for two 
to three years. Consequently, we took the 
decision to bring the detector back to 
CERN, dismantle it completely, and 
 replace its magnet by a permanent one 
that has a much longer lifespan.” 

READY FOR LIFT-OFF
As a result, AMS underwent a final series 
of tests in the Geneva-based accelerator’s 
particle beam last summer, just in time to 
be loaded on August 26, 2010, onto a US 
Army C5 aircraft, and head for the 
Kennedy Space Center, in Cape Canaveral 
(Florida) to board the space shuttle. 

Once in orbit, the giant detector, after 
a ten-year wait, will look up to the stars at 
last. The showers of particles that it will 
gather may then reveal some of the secrets 
of the Universe, weaving new connec-
tions  between the infinitely large and the 
 infinitely small. 

01.  Institut national de physique nucléaire et de physique 
des particules.

02.  Laboratoire d’Annecy-le-Vieux de physique des 
particules (CNRS / Université de Savoie).

03.  Laboratoire de physique subatomique et de 
cosmologie de Grenoble  (CNRS / Université Joseph-
Fourier / Grenoble INP), Laboratoire d’Annecy-le-Vieux 
de physique des particules (CNRS / Université de 
Savoie), and Laboratoire univers et particules de 
Montpellier (CNRS / Université Montpellier-II).

 ONLINE.
> www.ams02.org
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01 The AMS detector 
(inside the cage at 
the center of the 
image) underwent a 
battery of tests in 
this chamber.  The 
chamber’s walls are 
designed to absorb 
radiation to facilitate 
the interpretation of 
results.  
 02  Diagram of the 
various components 
that make up the 
AMS detector.
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TOF Time of Flight 

RICH Ring Imaging 
Cherenkov Counter 

ECAL Electromagnetic Calorimeter 

TRACKER

MAGNET

01

02 AMS-02 DETECTOR



N°21 I QUARTERLY I APRIL 2011 9Live from the Labs    | w

BY IAN CLAYTON

w� It’s a fresh insight into a major 
Arctic pollutant. A French-American 
 research team found that mercury con-
tamination in the Arctic marine food 
chain may be influenced by sea ice cover.1

Mercury (Hg), a by-product of certain 
industrial processes like coal-fired  
power plants, is carried north by air 
 currents and deposited on snow and ice 
in polar regions. Following spring snow 
melt, the  mercury present in water is 
converted by bacteria into toxic 
 methylmercury (MeHg), which is partly 
 degraded by solar UV radiation, and 
partly accumulates along the food chain, 
in fish and then in birds. Eggs of murre 
seabirds make excellent  biomonitors  to 
measure the extent of Hg pollution,” says 
Jeroen Sonke of the GET/OMP laboratory2 
in Toulouse. 

Sonke’s team analyzed the  isotopic  
characteristics (or signatures) of the 
MeHg present in murre eggs from several 
colonies, from the North Pacific Ocean, 

The Arctic Mercury Cycle
Bering Sea, and Western Arctic Ocean. 
They observed that the presence or 
 absence of ice cover near the seabirds’ 
breeding areas affected the isotopic 
 content of the eggs. “The absence of ice 
cover favors the solar degradation of 
MeHg, something that is reflected in  
the isotopic content of the eggs,”  
explains Sonke.

Researchers came to the conclusion 
that, by blocking MeHg solar  degradation, 
ice cover plays an important role in the 
Arctic’s mercury cycle. “Of course, we 
 cannot simply infer that global warming 
and the melting of ice caps will actually 
reduce overall marine mercury  pollution,” 
explains Sonke, “as climate change is 
bound to affect other aspects of the 
Arctic Hg cycle.”

01.  D. Point et al., “Methylmercury photodegradation 
influenced by sea-ice cover in Arctic marine 
ecosystems,” Nature Geoscience, 2011. 4: 188-94.

02.  Géosciences environnement Toulouse  (CNRS / IRD / 
Université Paul Sabatier Toulouse-III / Observatoire 
Midi-Pyrénées).

Environment

CONTACT INFORMATION: 
GET, Toulouse. 
Jeroen Sonke  
 > jeroen.sonke@lmtg.obs-mip.fr
David Point 
 > david.point@lmtg.obs-mip.fr

 BIOMONITOR. 
A species that 

shows measurable 
responses to 

changes in the 
environment, 

such as changes in 
pollution levels for 

example.

 ISOTOPES.

are atoms that 
contain the 

same number of 
protons, but have a 
different number of 

neutrons.

BY MARK REYNOLDS

w� Imagine a future in which cars could 
be coated with a water and mud-repelling 
nanomaterial, or in which kitchen and 
bathroom surfaces could quickly be 
sprayed with anti-bacterial agents to 
keep them germ free for months at a time. 
According to Gero Decher1 and his 
 colleagues, such nano-functional “smart 
surfaces” could be part of your life sooner 
than you think.

Nanoscale films have been around 
for a while, but they are difficult to apply. 
The major breakthrough for their 
 effective application was made some 20 
years ago by the same research team. The 
process required that the target surface 
be immersed in solution and washed 
after the application of each nanolayer—

a time-consuming procedure unsuitable 
to industrial production. 

Decher’s lab has now found a way to 
cover a large number of different surfaces 
with specific coatings using a simple 
 nanofilm spray.2 His team showed that 
the simultaneous spraying of nano- 
components is only slightly less precise 
than the initial method, but radically 
speeds up the process, and targets an 
even wider range of materials.

Nanoscale films can already be used 
for a range of applications: anti-bacterial 
coatings on medical devices, antistatic 
films to keep dust off computer screens, 
or catalytically active textiles to destroy 
odors. New multi-functional “smart” 
 nano-coatings are bound to change 
products even further.

Decher says the new process is not 

only  reliable, but also quicker and 
 cheaper than current methods, with the 
added bonus of being environmentally 
friendly. “At less than $10 per spray bottle, 
we can compete with the multi-million 
dollar equipment currently used to make 
nano-coatings. Furthermore, we have a 
larger choice of components than any 
other existing coating technology.  
It took us less time to apply the layer  
than it did to control its characteristics 
afterwards,” he adds.

01.  Institut Charles Sadron (CNRS).
02.  M. Lefort et al., “Spray-on organic/inorganic films: A 

general method for the formation of functional 
nano- to microscale coatings,” Angewandte Chemie, 
2010. 49: 10110-3.

Spraying Nanofilms
Chemistry

CONTACT INFORMATION: 
ICS, Strasbourg.  
 Gero Decher 
 > decher@ics.u-strasbg.fr

q The eggs of common murres are used 
to monitor the mercury cycle in the Arctic 
biosphere.

Strasbourg

Toulouse
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For a photo report on the Institut Fresnel, 
click on this icon on the online version of 

CNRS magazine:
> www.cnrs.fr/cnrsmagazine

VAN GOGH’S DARKENING YELLOW    BY FUI LEE LUK

w� Dutch painter Vincent Van Gogh 
 (1853-1890) was mad about bright yellow. Yet 
to the distress of art lovers, years of exposure 
to sunlight have tarnished areas of chrome 
yellow (lead chromate) pigment in his 
works—ironically not sparing his famous 
Sunflowers series (1887-1888). 

An international team associating Dutch 
and Italian institutions to the European 
Synchrotron Radiation Facility (ESRF) and the 
C2RMF1 in France, has pinpointed the 
chemical reaction behind the color shift, 
which could help preserve works at risk.

The study was carried out in two steps.2 
First, samples of chrome yellow paint from 
three distinct historic paint tubes were 
artificially aged by exposure to 500 hours of 
UV lighting to reproduce the effect of sunlight 
and heat. Only one of the samples, that used 
by Belgian painter Rik Wouters (1882-1913) 
turned from yellow to brown. An array of 
synchrotron-based and conventional X-ray 
spectroscopy techniques traced the change to 
a transition in the oxidation state of chro-
mium, which undergoes reduction from Cr(VI) 
to Cr(III). 

In the second study, similar X-ray analysis 

was applied to chrome yellow flakes from two 
Van Gogh landscapes: Banks of the Seine 
(1887) and View of Arles with Irises (1888). It 
confirmed that the darkening of yellows in 
these paintings was due to the reduction of 
chromium, and identified an aggravating 
factor: the presence of sulfate anions, likely to 
derive from the barium sulfate that Van Gogh 
added to his paint as an extender. The use of 
this extender explains why not every chrome 
yellow is affected.

Now that barium sulfate, along with UV 
exposure, is pegged as a darkening agent, the 
team is exploring the effects of other 
pigments mixed with chrome yellow. 
Understanding this mechanism should help 
protect the world’s artistic heritage from 
further degradation.

01.  Centre de recherche et de restauration des musées de 
France (CNRS / Ministère de la Culture et de la 
Communication).

02.  L. Monico et al., “Degradation Process of Lead Chromate in 
Paintings by Vincent van Gogh Studied by Means of 
Synchrotron X-ray Spectromicroscopy and Related 
Methods. 1. Artificially Aged Model Samples and 2. Original 
Paint Layer Samples,” Analytical Chemistry, 2011. 83: 1214-23 
& 1224-31.

CONTACT INFORMATION: 
C2RMF, Paris. 
Marine Cotte 
 >  cotte@esrf.fr

BY SEBASTIÁN ESCALÓN

w� This is a long-awaited improvement in micros-
copy: 3D images that are as precise in all three 
 dimensions of space. A team from the Institut  
Fresnel1 in Marseille has recently managed to triple 
depth resolution, a dimension that has until now 
lagged behind in terms of precision.2 

To obtain very high-resolution images, current 
microscopes scan the volume of objects with a 
 concentrated spot of light. The smaller this light spot, 
the more precise the image. Yet the lenses currently 
used to focus the light always produce a light spot 
that is stretched out along the axis of observation. As 
a result, the image reveals much less detail in depth 
than in the  transverse direction. 

The Institut Fresnel researchers managed to 
produce a quasi-spherical light spot that allows  
equivalent resolution in all directions of space. “We 
illuminate the object using a superposition of two 

Enhanced Microscope Resolution
light waves. One is concentrated directly on the 
 object, while the other converges on it indirectly, 
after being reflected by a mirror placed behind the 
object. Both waves reach the same point at the same 
time, and their interaction produces a spherical light 
spot,” explains Patrick Ferrand, who participated in 
the work. This very unusual double wave is formed 
using a spatial light modulator, a device that allows 
the light wave to be fashioned at will. This method, 
which has recently been patented, is likely to have 
numerous applications. “It is particularly suited to 
the study of biological cells, as they are  
relatively transparent and can be placed on a  mirror,” 
concludes Ferrand.

01.  CNRS / Université Paul-Cézanne / Centrale Marseille /  
Université de Provence.

02.  E. Mudry et al., “Isotropic Diffraction-Limited  
Focusing Using a Single Objective Lens,”  
Phys. Rev. Letters, 2010. DOI: 10.1103/
PhysRevLett.105.203903.

Optics

q  The system includes a light modulator (left) 
and a mirror (right). It generates a small, 
quasi-spherical light spot, which improves 
microscope resolution.

CONTACT INFORMATION: 
Institut Fresnel, Marseille. 
Patrick Ferrand 
 > patrick.ferrand@fresnel.fr

q Browning of original 
chrome yellow paint from the 
period, exposed to UV light for 
500 hours.
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Parasitology A new subtype of mosquito, particularly sensitive to malaria infection, 
is challenging current methods for fighting the disease in sub-Saharan Africa.

 Outdoor Malaria 
Transmission

BY CLÉMENTINE WALLACE

w�Each year, malaria claims over 
700,000 lives in Africa alone, which 
 accounts for 90% of deaths worldwide. 
The most dangerous form of the disease 
in that region is caused by a parasite 
called Plasmodium falciparum, which is 
carried by mosquitoes, especially of  
the Anopheles gambiae species. 
Mosquitoes start their life cycle as larvae 
in pools of stagnant water. Then the 
 female adults become hosts of the 
 disease as well as transmission vectors 
by biting human hosts.

Until now, it was commonly believed 
that these bites mainly occurred indoors, 
where adult mosquitoes are thought to 
rest. Consequently, most efforts to 
 collect and fight malaria mosquitoes 
have so far been conducted indoors. But 
this strategy has failed to prevent the 
disease from spreading. 

Ken Vernick, a CNRS parasitologist at 
the Pasteur Institute in Paris, hypothe-

sized that transmission might also occur 
outdoors. “There is growing evidence 
that not all mosquitoes transmitting ma-
laria rest indoors,” he says. “So we might 
have to seriously rethink our strategy.”

Vernick and his colleagues1 collected 
mosquitoes indoors, but also larvae sam-
ples in puddles around human habitats, 
along a 400-kilometer strip of land in 
Burkina Faso. Back in the lab, they used 
genetic tests to check for markers 
 commonly used to identify A. gambiae.2

They found that 43% of the larvae 
 inside the puddles were genetically 
 identical to the adult mosquitoes found 
indoors. However, the remaining 57% 
corresponded to a previously unde-
scribed sub-group of Anopheles, which 
the team named Goundry, after a local 
village where they discovered the first 
samples. The researchers then fed the 
mosquitoes a warm meal of human 
blood spiked with malaria parasites, to 
launch the infection process.

After eight days, the team analyzed 
the presence of parasites in the 
 mosquitoes’ stomachs, and discovered 
that 58% of the Goundry type had 
 become infected, compared with only 
35% of the home dwellers. “The new sub-
group turned out to be much more 
 susceptible to infection than the indoor 
type. Now we need to determine their 
biting preference in nature—humans or 
 cattle—in order to find out how much 
they contribute to the transmission of 
malaria in humans,” says Vernick. 

01.  Unité de recherche Génétique et génomique des 
insectes vecteurs (CNRS / Institut Pasteur).

02.  M. M. Riehle et al., “A cryptic subgroup of Anopheles 
gambiae is highly susceptible to human malaria 
parasites,” Science, 2011. 331: 596-8. 

CONTACT INFORMATION: 
Institut Pasteur, Paris. 
Kenneth Vernick 
 > kenneth.vernick@pasteur.fr

French researchers1 have 
developed an oral vaccine 
candidate capable of 
protecting mice against 
malaria infection.2 This 
vaccine could become a 
simple, safe, and cheap 
alternative to current 
treatments, especially in 
developing countries. 
The team genetically modified 
the green algae, 
Chlamydomonas reinhardtii, 
to express an antigen known 
to protect mice against 
malaria. They then fused this 
antigen with an enzyme 
produced in the plants’ 
starch. “Since starch is in the 

form of granules, it protects 
the enzyme, and thus the 
antigen, against digestive 
degradation,” says Stan 
Tomavo, lead author of the 
study. Indeed, mice that were 
fed the grains developed the 
necessary antibodies in their 
blood and were protected 
against infection.
“Now that we’ve shown that 
the delivery mechanism 
works, the next step is to 
determine which antigens 
should be used to protect 
humans,” he says. The fact 
that starch is easily purified, 
present in most foods, and 
resistant to changes in 

temperature, makes this 
delivery mechanism an easy 
and cheap form of 
vaccination. This method 
would also eliminate the need 
for syringes—a known vector 
of HIV contamination.
01.  Centre d’infection et d’immunité 

de Lille (CNRS / Inserm / Institut 
Pasteur de Lille / Université Lille), 
Unité de glycobiologie structurale 
et fonctionnelle (CNRS / 
Université Lille).

02.  D. Dauvillée et al., “Engineering the 
Chloroplast Targeted Malarial 
Vaccine Antigens in 
Chlamydomonas Starch Granules,” 
PloS One, 2010. 5(12): e15424.

CONTACT INFORMATION: 
Institut Pasteur, Lille. 
 Stan Tomavo
 > Stan.Tomavo@pasteur-lille.fr

STARCH-BASED VACCINE AGAINST MALARIA

q Laundry scene in 
Burkina Faso, a 
situation where 
individuals are 
particularly at risk of 
contracting malaria 
from mosquito bites. 
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BY CLÉMENTINE WALLACE

S
ome soil-borne fungi and  bacteria 
 are able to establish symbioses with 
plants, and these associations 

 benefit both the plant and the 
 microorganism. Several types of 
 symbioses have been identified. When 
the process  involves a Glomeromycete 
fungus and plant roots, the symbiosis is 
called an “arbuscular mycorrhiza.”  
Some 70-90% of all land plant species participate to the forma-
tion of arbuscular mycorrhizae, which help plants capture water 
and micronutrients from the soil. 

“We believe that this type of symbiosis already existed 400 
million years ago and played a crucial role in the colonization 
of lands by plant species,” says Jean Dénarié, from the LIPM1 in 
Toulouse. But despite the widespread importance of arbuscular 
mycorrhiza, the mechanisms underlying its formation are only 
beginning to unravel their secrets.

Recent evidence had already shown that Glomeromycete 
fungi produce diffusible symbiotic molecular signals. “The 
challenge was to purify these molecules and characterize their 
biological activity,” says Dénarié. Using analytical chemistry 

techniques, his team purified and deter-
mined the structure of these molecular 
signals, which they named Myc factors 
(for “arbuscular mycorrhiza”).2

In vitro experiments showed that Myc 
factors stimulate the formation of arbus-
cular mycorrhiza and root system devel-
opment in the model legume, Medicago 
truncatula, but also in species belonging 
to other plant families such as marigolds 
(Asteraceae) and carrots (Apiaceae).

Now the team intends to perform 
large-scale tests of Myc factors in agro-
nomic conditions, hoping these factors 
might improve yields of crops such as 
cereals, corn, wheat, barley and rice, thus 
reducing the need for chemical 
fertilizers.

Similar techniques that rely on seed 
treatment by other signaling factors 
 already exist. For instance, seed 
 inoculation with Nod factors—signals 
known to promote symbiosis between 
nitrogen-fixing bacteria and leguminous 

plants—help reduce the amounts of 
 nitrogen fertilizers. Today, Nod factor 
treatment is used on more than 3 million 
hectares across the US, South America, 
and Europe. 

But Myc factors could benefit a much 
wider range of plant species in  agriculture. 
“Since arbuscular mycorrhizae are so 
widespread,  Myc factors should have an 
even broader spectrum of action than 
Nod factors. They may actually work  
on the majority of cultivated plants,” 
concludes Dénarié.

01.  Laboratoire des interactions plantes micro-
organismes (CNRS / Inra).

02.  F. Maillet et al., “Fungal lipochitooligosaccharide 
symbiotic signals in arbuscular mycorrhiza,” Nature, 
2011. 469: 58-63.

Plant Biology Newly-identified fungi signals that stimulate root growth in a variety of 
plants could be used to curb the use of chemical fertilizers.

New Plant-Fungus 
Symbiosis Factor

CONTACT INFORMATION: 
LIPM, Toulouse. 
Jean Dénarié 
 > jean.denarie@toulouse.inra.fr

Toulouse

q Treatment of 
Medicago Truncatula 
with Myc factor 
(right) increases root 
growth, as compared 
to untreated plants 
(left).
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BY ANNA MOREAU

w� The first ever Europe-wide survey 
on children’s exposure to risks on the 
Internet dispels several preconceptions. 
Funded by the European Commission as 
part of its Safer Internet program, the EU 
Kids Online study1 was conducted in 25 
European countries by a network of 
 researchers under the supervision of the 
London School of Economics. 

Between May and August 2010, some 
25,140 Internet users aged 9-16 and at 
least one of their parents were surveyed 
at home. CNRS researcher Dominique 
Pasquier,2 head of the French team, 
 explains that risks are overstated:  
“A small minority of children said they 
had been confronted with disturbing 
content, and only a few felt affected 
 afterwards.” Regarding face-to-face 
 encounters with someone met online, in 
90% of cases, children said they met with 

people of their own age group. The study 
highlights new trends, however, that 
could create new threats. 

Some 49% of European children have 
access to the Internet in their bedroom—
especially in Scandinavian countries—
and 23% of 11-12 year-olds and 36% of 
15-16 year-olds admit they spend too 
much time online. “This problem is often 
associated to online gaming, where 
 children say that they get to the point 
where they can’t stop,” says Pasquier. The 
survey also shows that first access to the 
Internet tends to occur at a younger age,  
7 years in Denmark and Sweden, and 
9 years on  average across the EU. “In the 
near future, first access will take place 
even earlier, resulting in a host of differ-
ent issues.” The use of social networks at 
a younger age is symptomatic of this 
trend, as over a quarter of the 9-10 year-
olds surveyed have a profile page. “This is  

an ideal ground for ‘social drama’ as 
friendship is literally staged online, which 
can be destabilizing for a younger 
 population. When it comes to  restrictions, 
the survey shows that 85% of parents 
keep and eye on their children’s online 
personal data and 57% monitor the 
 content they download,  although only 
28% of families use filters. Pasquier 
 outlines that the Internet causes fewer 
conflicts than television and that 
 dialogue between parents and children is 
generally preferred to monitoring.

01.  “Risks and safety on the Internet, the perspective of 
European children,”  January 2011. (www2.cnrs.fr/
sites/communique/fichier/rapport_english.pdf)

02.  Laboratoire traitement et communication de 
l’information (CNRS / Télécom Paris Tech).

Children’s Online Risks Overstated
Sociology

CONTACT INFORMATION: 
LTCI, Paris. 
 Dominique Pasquier
 > dominique.pasquier@telecom-paristech.fr

Microelectronics

BY ARBY GHARIBIAN

w� French researchers have succeeded in creat-
ing a conductive layer on the surface of strontium 
titanate (SrTiO3), a very promising material for the 
development of future microelectronics applica-
tions. Transition-metal oxides such as SrTiO3 are seen 
as potential replacements for silicon, the  principal 
element used to manufacture today’s semiconduc-
tors. The chief interest of SrTiO3 is that, despite being 
an  insulator, its interface with other insulating oxides 
(LaAlO3 or LaTiO3) forms two-dimensional metals. 

These metals display both considerable 
 conductivity and many of the notable properties of 
transition-metal oxides, such as superconductivity, 
magnetoresistance, and thermoelectricity. Yet a 
major hurdle is that these oxide interfaces are 
 technically difficult to produce. 

By breaking a piece of SrTiO3 under vacuum, 
 researchers from Paris-XI University and CNRS1 unex-
pectedly created a metallic two-dimensional 
 electron gas at its surface,2 thus circumventing the 
technical obstacle of an interface. This electron gas, 

whose existence was observed using angle- 
resolved photoemission spectroscopy (ARPES), 
is two nanometers thick and forms part of the 
material itself. A leap forward in the emerging 
field of oxide electronics, it allows for the integra-
tion of multiple functionalities in one microelec-
tronic device. The process is simple and inexpen-
sive, while SrTiO3 is non-toxic and its components 
are widely available in nature.

“This discovery is remarkable not only because it 
could give rise to a number of exciting applications, 
such as non-volatile ferroelectric memory or transpar-
ent touch screen circuits,” says Andrés Santander, who 
led the study, “but also because it was the result of an 
accidental observation in fundamental research, 
which shows the importance of giving scientists the 
freedom to explore all aspects of natural phenomena.”

01.   Centre de spectrométrie nucléaire et de spectrométrie  
de masse (CNRS / Université Paris-XI); Laboratoire de physique  
des solides (CNRS / Université Paris-XI); Unité mixte de  
physique (CNRS / Thales); Institut d’électronique fondamentale 
(Université Paris-XI / CNRS).

02.   A.F. Santander-Syro et al., “Two-dimensional electron gas with 
universal subbands at the surface of SrTiO3,” Nature, 2011. 469: 189-93.

CONTACT INFORMATION: 
CSNSM, Orsay. 
 Andrés Santander
 > andres.santander@csnsm.in2p3.fr

q Quantum energy 
levels (shown here as 
a raised pattern) of 
the two-dimensional 
electron gas 
occurring at the 
surface of insulating 
SrTiO3.
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Astronomy New observation methods, using space and ground-based instruments, 
are collecting increasingly precise data on the observable universe.

 Postcards from 
Outer Space  BY SAMAN MUSACCHIO

T
he first high-resolution radio 
telescope image of a quasar 
7 billion light years away (3C196) 

has already confirmed, by its stunning 
detail, the promising discoveries in store 
for the International Low Frequency 
Array (LOFAR) Telescope (ILT). The 
ILT combines signals from omni-direc-

tional dipole antennas spread across the 
Netherlands, Germany, the UK, and 
France.1 Once complete, it will become 
the largest radio telescope array ever 
built, with some 48,000 antennas spread 
over 1000 km. The ILT not only has a 
huge field of vision equivalent to 1000 
times the size of the full moon—but is 

Ultra-Sharp Image of a Quasar

q Map of the 
whole sky 
(Northern and 
Southern 
Hemisphere) 
derived from 
the SDSS-III 
image. 

Largest-Ever Image  
of Space

T
he Sloan Digital Sky Survey-III (SDSS-III), a program 
which includes researchers from CNRS and CEA,1 has just 
released the largest-ever map of the sky. This terapixel-res-

olution five-color image was pieced together from 7 million high-
resolution pictures, taken over a period of 10 years at the Apache 
Point Observatory in New Mexico (US). Scientists will now mea-
sure the spectra of extragalactic sources detected on this image, 
which should shed light on the larger structures of the universe.

01. Commissariat à l’Energie Atomique et aux Energies Alternatives.

CONTACT INFORMATION:  
IN2P3, Paris.  
 Eric Aubourg
 > aubourg@in2p3.fr 

3D Observation  
of a Supergiant

A 
new 3D imaging technique elabo-
rated by a French-German team1 
 reveals why the hot supergiant star 

HD62623, which is at the end of its life, is 
surrounded by a dust-forming disk.2 Disks 
usually surround very young stars, and super-
giants are so bright that their photons are 
believed to push out strong stellar winds that 
prevent matter from condensing around them. 

Using ESO’s VLT interferometer in Chile, researchers created a virtual 
130-meter diameter telescope.  The images produced not only show unprec-
edented detail, but also reveal for the first time motions of the material in 
the disk. These movements are Keplerian, like those animating the planets 
in the solar system. From this, scientists were able to infer that a central 
cavity between the star and the gas disk could hide a companion star—the 
size of our Sun—most likely responsible for supporting the disk. 

01.  Laboratoire Hippolyte Fizeau (CNRS / Observatoire de la Côte d’Azur /Université Nice Sophia-
Antipolis) and the Max-Planck Institute for Radio Astronomy (Germany).

02.  F. Millour et al., “Imaging the spinning gas and dust in the disc around the supergiant A[e] star 
HD62623,” A.&A., 2010. 526: A107.

CONTACT INFORMATION:  
OCA, Nice.  
 Florentin Millour, 
 > fmillour@oca.eu 

q Colors indicate the 
motions of the material 
around HD 62623: incoming 
(blue) and receding (red).
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Renewed Hope  
for an HIV Vaccine
BY CLÉMENTINE WALLACE 

w� A new vaccine candidate against HIV is raising hopes 
after researchers1 showed it protected female monkeys 
against sexual contamination. The novel approach relies 
on stimulating the synthesis of antibodies right at the site 
of infection, on vaginal and cervical surfaces.

Most research efforts surrounding a potential anti-HIV 
vaccine are aimed at triggering the production of 
antibodies inside the blood. “But since HIV infections are 
mainly transmitted sexually, a prophylactic vaccine should 
block the virus before it enters the body, disseminates, and 
creates reservoirs,” notes Morgane Bomsel, CNRS 
researcher, immunologist at the Cochin Institute in Paris, 
and lead author of the study.2

Bomsel’s team designed a vaccine based on a protein 
called gp41, present at the surface of the HIV virus. This is 
the key protein that allows the virus to pass through the 
vaginal and cervical walls. The researchers vaccinated five 
macaque monkeys through routes known to trigger the 
production of antibodies at mucosal sites. “We know that 
the vaccination must occur via the nasal route or through 
the muscle to induce a vaginal immune response,” says 
Bomsel. “We did both to ensure the best response.”

Then the vaccinated animals and six monkeys 
vaccinated with a placebo were exposed to repeated 
doses of HIV by vaginal inoculation. Six months later, 
analyses revealed that all five vaccinated females 
remained HIV-negative, while all placebo-vaccinated 
monkeys had become infected. The protected animals 
presented gp41-specific antibodies with various anti-HIV 
activities in their vaginal secretions, but not in their blood. 
“These results show that blood antibodies are not 
essential to protect against HIV, and that defense at the 
site of infection appears sufficient,” says Bomsel.

The vaccine now has to be tested for efficacy on the 
other sexual transmission pathways (the anal and oral 
mucous membranes) in both females and males. 
Moreover, scientists have yet to determine how long the 
protective immune effects last after vaccination.

01.  From CNRS, Inserm, Institut Cochin, Université Paris Descartes, and in 
collaboration with US biotechnology company Mymetics Corp.

02.  M. Bomsel et al., “Immunization with HIV-1 gp41 Subunit Virosomes Induces 
Mucosal Antibodies Protecting Nonhuman Primates against Vaginal SHIV 
Challenges,” Immunity, 2011. 34: 269-80.

CONTACT INFORMATION: 
Institut Cochin, Paris. 
Morgane Bomsel 
 > morgane.bomsel@inserm.fr

ope 
Vaccine

CE 

q Schematic 
representation of 
the virosome vesicles 
used for vaccination, 
carrying the HIV 
surface protein gp41 
(purple coils).  

©
 M

. B
O

M
SE

L

Paris

also very sensitive due to its 
 capacity to operate at very low 
frequencies (30-250 MHz). 

01.  Station de radioastronomie de Nançay  (CNRS / 
Observatoire de Paris / Université d’Orléans).

CONTACT INFORMATION:  
LPC2E, Orleans.  
 Michel Tagger, 
 > michel.tagger@cnrs-orleans.fr

Venus

Earth February 2011

Mercury

Stereo A

Stereo B
Sun

q Reconstitution of the 
side of the Sun invisible 
from Earth (top), 
obtained when the two 
STEREO probes were 
aligned with the star 
(bottom).

q Observation of quasar 3C196 by 
the ILT has shown that it consists of 
two slightly extended components.

First 360° Snapshot of  
our Sun

F
or the first time ever, scientists were able to capture a 360° view 
 of the Sun, an achievement that was made possible by the twin space-
craft of the STEREO (Solar terrestrial relations observatory) mission, 

launched by NASA in 2006. Three of the four instruments on board the 
probes were developed in collaboration with French laboratories1 with the 
backing of the French national space agency CNES.2

The STEREO mission is the first to observe the Sun in its entirety—includ-
ing the side invisible from Earth—because both spacecraft, launched in slightly 
different orbits, are currently facing each other on opposite sides of the star. 

01.  LESIA (Observatoire de Paris / CNRS / UPMC /Université Paris Diderot) , LCFIO (CNRS / Université  
Paris-Sud XI / IOGS), IRAP (CNRS / Université de Toulouse-III), and IAS  (CNRS / Université Paris-Sud XI).

02. Centre National d’Études Spatiales.

CONTACT INFORMATION:  
OBSPM, Paris.  
 Carine Briand, 
 > carine.briand@obspm.fr
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Paris

Villeneuve-d'Ascq

Villeurbanne

BY XAVIER MÜLLER

w� This small step for green chemistry 
could soon turn into a giant leap. A 
team of scientists from UCCS1 in 
Villeneuve-d’Ascq and the C2P22 labora-
tory in Villeurbanne recently developed a 
cleaner method to make the plastics that 
we use every day. Plastics are currently 
produced by  polymerization , using toxic 
catalysts such as nickel or chrome. But 
researchers have now managed to per-
form polymerization without the help of 
such highly-polluting heavy metals,3 
which could result in cleaner and cheaper 
plastics.

During polymerization, catalysts link 
the chemical units—hydrocarbons—to-
gether in a long molecular chain. While 
looking for new catalysts, Mostafa 
Taoufik, from the C2P2 lab  decided to test 

an aluminum oxide (Al2O3)—a chemical 
compound used to produce aluminum—
with chemically grafted molecular 
 islands composed of one atom of alumi-
num and one of hydrogen. Scientists at 
UCCS then used a new solid-state nuclear 
magnetic resonance (SSNMR) technique 
to study these molecular islands. “We 
were surprised to discover that the 
 aluminum-based material was a good 
catalyst, even though it was much less 
effective than the ones currently used,” 
reports Régis Gauvin of UCCS.  

“We noticed that the aluminum- 
hydrogen bond in the islands was 
 abnormally strong,” explains Laurent 
Delevoye, a UCCS physicist also involved 
in the study. It seems that this is what 
makes the aluminum-based material 
such an effective catalyst. The fact that 
this catalyzing power is weaker than that 

of metals is not a problem for industrial 
mass production. Aluminum is easy to 
use, cheap, and virtually harmless, which 
would easily offset its low catalyzing 
power, researchers believe.

01.  Unité de catalyse et de chimie du solide (CNRS / 
Université Lille-I / ENS Chimie Lille / Centrale Lille / 
Université d’Artois).

02.  Chimie, catalyse, polymères et procédés (CNRS / 
Université Claude-Bernard-Lyon-I / CPE Lyon).

03.  E. Mazoyer et al., “Heteronuclear NMR Correlations 
To Probe the Local Structure of Catalytically Active 
Surface Aluminum Hydride Species on y-Alumina,” 
Ang. Chemie, 2010. 49: 9854-8.

Greener Plastic Manufacturing
Chemistry

CONTACT INFORMATION: 
UCCS, Villeneuve-d'Ascq. 
 Laurent Delevoye
 > laurent.delevoye@ensc-lille.fr
C2P2, Villeurbanne. 
 Mostafa Taoufik
 > taoufik@cpe.fr

 POLYMERIZATION.
A chemical reaction 

that binds several 
molecules together 

to form a single 
larger molecule.

BY CLÉMENTINE WALLACE

w� Researchers have discovered that the food-
borne bacteria Listeria monocytogenes, responsible 
for listeriosis, a serious infection, can hijack their 
host’s immune system by acting directly on 
its   chromatin -remodeling machinery. A few years 
ago, while searching for factors involved in the 
pathogenicity of Listeria, Hélène Bierne and 
 colleagues, from Pascale Cossart’s laboratory at the 
Pasteur Institute in Paris, discovered a new Listeria 
protein. They called it Listeria nuclear-targeted 
 protein A (LntA), because it accumulates in the host’s 
nucleus when expressed.

Searching for LntA’s target inside human cells, 
they identified a nuclear component called BAHD1.  
The researchers then investigated the effects 
 triggered by the LntA-BAHD1 association,1 knowing 
that BAHD1 is a silencing factor that blocks the 
 expression of certain genes2 through chromatin 
compaction. 

They worked on human epithelial cells that they 
infected with LntA-expressing Listeria or with 
Listeria modified to lack the protein. Using whole-
genome DNA arrays—molecular biology tests used 

Bacterial Attack on Chromatin
to measure changes in genetic expression—they 
discovered the host genes specifically induced by 
LntA. “We identified a group of genes involved in 
 immunity, usually expressed in response to viral 
 infections,” says Bierne. “This result suggests that 
LntA-BAHD1 interaction prevents BAHD1’s 
 compaction activity, leading to the expression of 
these immunity genes.” 

The bacterium probably chooses whether or not 
to synthesize LntA according to its best interest. 
Despite the apparent contradiction, the expression 
of host immunity genes can indeed benefit the bac-
teria in some instances. “For example, it may be 
 involved in deregulating communication signals 
 between cells, or lead to hyperinflammation,” says 
Bierne. “Yet these hypotheses need to be tested.” 

01. A. Lebreton et al.,  “A Bacterial Protein Targets the BAHD1 Chroma-
tin Complex to Stimulate Type III Interferon Response,” Science, 2011. 
331: 1319-21.
02. H. Bierne et al., “Human BAHD1 promotes heterochromatic gene 
silencing,” PNAS, 2009. 106: 13826-31.

Microbiology

CONTACT INFORMATION: 
Institut Pasteur, Paris. 
Hélène Bierne 
 > hbierne@pasteur.fr

q The LntA bacterial 
protein (green), 
located in the 
nucleus of human 
cells (purple).
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 CHROMATIN. 
The combination of 

DNA and associated 
proteins, which 

makes up 
chromosomes 

inside the nucleus.
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Metz

by ruth SurrIdge

E
very summer, botanist Serge 
Muller, from the LIEBE laboratory,1 
flies to North America to visit... 

France. Yes, that’s right. The archipelago 
of Saint Pierre and Miquelon, a French 
territorial collectivity 20 km south  
of Newfoundland, is only accessible  
from Canada.

Muller has been involved in the pro-
tection of the archipelago’s rare flora and 

fauna since his first mission there in 2006, 
sponsored by the French Ministry of 
Ecology. The islands show extreme envi-
ronmental diversity, including peatland, 
heathland, tundra, dunes, salted marsh-
land, and  boreal forests  (also known as 
taiga). “As a botanist, I am interested in 
the unique vegetation and the multitude 
of ecosystems present there. All these 
need to be protected,” says Muller. He 
assessed in this archipelago the existence 
of tundra ecosystems at very low latitude 
(47°N) and  altitude (less than 240 m), and 
set up a system to monitor their  dynamics 
in relation to climate change.

One of Muller’s projects is to create a 
natural reserve on the islands of Petit  
and Grand Colombier, due to the pres-
ence of rare nesting birds including 
Leach’s Storm-petrels (Oceanodroma 
leucorhoa), Atlantic puffins (Fratercula 
arctica), Razorbills (Alca torda), and 
other unique bird species.2 The reserve 
would cover 47 hectares of land and 420 
hectares of ocean, but the project, started 
in 2007, is on hold due to local   
inhabitants’ worry that it would restrict 
hunting and fishing. 

ForEStS in dangEr
The year 2010 marked the beginning of 
an important new Franco-Canadian 
scientific research collaboration on Saint 
Pierre and Miquelon. The France-Canada 
Research Fund3 gave Muller and his col-
league, geographer Martin Lavoie from 
Laval University (Quebec City) a grant to 
study the archipelago’s boreal forests—in 
fact France’s only boreal forests. “This 
project is also an opportunity to reinforce 
the ties between Saint Pierre and 
Miquelon and Quebec,” says Muller.

These boreal forests, comprised 
mainly of balsam firs—a small-size ever-

Biodiversity  A Franco-Canadian scientific research collaboration on the archipelago 
of Saint Pierre and Miquelon explores the unique vegetation of boreal forests.

 Protecting 
the French boreal Forest

green tree—cover 40% of the archipelago. 
But they are currently threatened by 
 excessive logging, insect outbreaks, and 
especially by the introduction of non-
native animal species. Both the white-
tailed deer (Odocoileus virginianus), 
 introduced in the archipelago in 1953, 
and the snowshoe hare (Lepus 
 americanus), introduced in 1881, 
 continue to proliferate unchecked— 
damaging the islands’ boreal forests. 
Studies show that the forest on Langlade 
Island shrunk by 37% between 1952 and 
2005. So in 2010, for the first time, Muller 
and Lavoie took samples of both the 
 forests and the island’s peatland. These 
samples will be analyzed by Lavoie, an 
expert in paleoecology. By studying the 
pollen and vegetal remains in the peat 
samples, the researchers hope to learn 
more about the long-term evolution of the 
boreal forests’ composition.  

Both scientists are excited to continue 
their research next summer, in their 
 desire to study and protect this small, but 
exceptionally biodiverse part of France, 
off the coast of Canada.  
01.  Laboratoire des interactions écotoxicologie, 

biodiversité, écosystèmes (CNRS / Université Paul 
Verlaine-Metz).   

02.  Mission report on Biodiversity at Saint-Pierre-et-
Miquelon (in French). Muller S., 2010. http://www.
liebe.univ-metz.fr/rapports/20101129-5e-rapport-
SPM.pdf

03.  Fonds France-Canada pour la Recherche: This fund 
was created in 2000 by the French embassy in 
Canada and 16 Canadian universities to encourage 
exchanges and to support and finance scientific 
projects between the two countries.

CoNtaCt INformatIoN: 
lIeBe, metz.  
 Serge Muller 
 > muller@univ-metz.fr

 borEaL ForEStS. 
Coniferous 

forests located 
in high northern 

latitudes (50 to 
70°N) between the 

tundra, and the 
temperate forest.

q Peat sampling for palynologic studies
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Didier Raoult

 Against the Current

Biology Ranked among the top 10 French scientists by Nature magazine in 
terms of publications, this virologist has just received the 2010 INSERM1 Grand Prix.
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1952    Born in Dakar, Senegal.

1981    MD/PhD from the 
Marseille Faculty of 
Medicine.

1984    Founding of the rickettsias 
research unit.

2003    Discovery of the first giant 
virus.

2010    INSERM Grand Prix award .

DIDIER RAOULT IN 5 KEY DATES
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BY GRÉGORY FLÉCHET

H
is imposing frame, tousled hair, and impassioned 
speech make a strong and instant impression. 
“I was still in secondary school in Marseille when I 
decided to leave everything behind to spend time at 

sea,” Didier Raoult recounts, “first on board a merchant marine 
ship and then on yachts, taking them from one continent to 
another for their owners.” But a quick glance around his office 
reveals that he didn’t make a career of it. Instead of photos  
of lavish sailing boats, the walls abound with covers of  
the world’s most prestigious scientific journals—Nature, 
Science, The Lancet, The Journal of Infectious Diseases, etc.—
heralding his greatest breakthroughs. Obviously, this 
 physician and CNRS senior researcher is driven by a  compelling 
and  permanent craving for knowledge.

Upon his return to Marseille in the early 1970s, the young 
 seaman went back to school. After finishing high school with a 
 baccalauréat in literature , he enrolled in medical school, not by 
vocation, but because medicine was the only discipline his 
 father was willing to finance. “Today I find it amusing that I made 
my career in medicine, as at first it didn’t appeal to me at all,” 
Raoult admits. A conscript in the French army during his intern-
ship, he was stationed in Tahiti to work at Papeete’s Mamao 
Hospital. It is probably there, in the tropical mugginess of that 
Pacific island, confronted for the first time with  patients 
 suffering from ailments like dengue fever and malaria,  
that Raoult found his calling as a pioneering researcher in 
 infectious diseases.

DISCOVERING GIANT VIRUSES
A growing curiosity for pathogenic microorganisms, further 
 increased by his early experience in the field, prompted Raoult 
to found his own research unit in Marseille in 1984. His work 
 focused on rickettsias, a little-known family of bacteria that 
causes typhus. “Back then, the scientific community was losing 
interest in these diseases, which were no longer a problem in 
our part of the world,” he recalls. Raoult had an open playing 
field to make a name for himself. He decided to explore 
 uncharted realms of microbiology and virology, those  
where no researcher had dared to venture. As he puts it, “If you 
want to discover something really new, you have to go off the 
beaten track.”

It was while doing so that in 2003, a team headed by Raoult 
discovered a strange microorganism that would make him a 
household name in the world of virology. Until then, the detec-
tion of new viruses relied on the quasi-empirical principle of 
microfiltration. Developed by the French biologist Charles 
Chamberland in 1884, this technique is based on the separation 

of microorganisms through a 0.2-micrometer pore-size mem-
brane. In this way, viruses can be isolated from bacteria which 
are too large to pass through the membrane. Raoult and his 
team had the  intuition to examine this seemingly improbable 
frontier zone, and made an unexpected discovery: a giant virus 
lodged in an amoeba, a unicellular organism of the protozoan 
family with a proper nucleus, unlike bacteria. “Despite what we 
saw under the microscope, we could hardly believe that it really 
was a virus,” Raoult says, “because it had so many of the 
 characteristics of a bacterium.” This mimesis was so striking 
that the  researchers decided to call their discovery Mimivirus, a 
 contraction of Mimicking Microbe Virus.

THE HUNT FOR RARE PATHOLOGIES
This discovery was soon followed by others, which were given 
similarly picturesque names, including Sputnik, the first “satel-
lite virus” capable of infecting another virus (the Mimivirus, as it 
happened), whose description was published in Nature in 2008. 
Then came the Marseillevirus, another giant virus isolated in an 
amoeba in 2009, which can exchange its genetic material with 
other microorganisms hosted by this protozoon. With these 
scientific achievements under his belt, Raoult was named 
 director of the URMITE2 two years ago. At this Marseille-based 
infectious disease lab, he continues to supervise some 100 
 researchers and technicians, cultivating microorganisms with 
the care and skill of an experienced horticulturist.

Relying on cutting-edge equipment—theirs was the first 
laboratory in Europe to install an automated gene sequencer—
Raoult and his team have already identified and described 94 
new pathogenic agents. The unit has also become a worldwide 
 reference for certain rare pathologies, including Whipple’s 
 disease and Q fever. Dividing his very busy schedule between 
lecturing on infectious diseases at the Marseille Faculty of 
Medicine, his practice at La Timone hospital in Marseille, and his 
managerial role at the URMITE, Raoult still finds time to publish 
nearly a hundred articles every year. “I’m a literary person,” he 
explains. “I never get tired of writing.”

01. Institut national de la santé et de la recherche médicale.
02.  Unité de recherche sur les maladies infectieuses et tropicales émergentes (CNRS / 

Université de la Méditerranée / IRD / AP-HM).

“If you want to discover 
something really new, you have 
to go off the beaten track.”

CONTACT INFORMATION:
URMITE, Marseille. 
 Didier Raoult
 > didier.raoult@gmail.com

A photo report on 
URMITE’s latest research 

can be viewed  
on the online version of  

CNRS Magazine   
> www2.cnrs.fr/en/384.htm
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Mathematics permeates all 

scientific disciplines. While it has long 

been used to unravel the mysteries 

of physics, it is just as valuable for 

studying biodiversity, modeling 

epidemics, understanding brain 

mechanisms, or uncovering the secrets  

of our planet. CNRS International 

Magazine investigates a discipline  

at the heart of science.

A SURVEY BY MATHIEU GROUSSON AND XAVIER MÜLLER
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BIOLOGY, ECOLOGY, ASTRONOMY...

The Math
 Behind it All 
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W
hen you ask him to de-
scribe the current state 
of mathematics, 2010 
Fields Medal Laureate 

Cédric Villani, currently director of the 
Institut Henri-Poincaré1 in Paris, answers 
without hesitation: “It’s never been better.” 
And the reason for this is simple: in 
 today’s high-tech world, there’s hardly any 
human activity that does not require 
 calculating, structuring, predicting, or 
optimizing increasingly complex and 
abundant data. To such an extent that for 
Amy Dahan, a science historian at the 
Paris-based Centre Alexandre-Koyré,2 
“today, the entire world has become the 
playing field of mathematics.”

If math is doing so well, it is primarily 
due to the nature of the discipline itself 
and to those who work in it. The number 
of mathematicians has grown from a few 
hundred to several tens of thousands in 
less than a century. And since this 
 community has always been used to 
working together in small, flexible, and 
scattered groups, it is totally at ease in a 
globalized world where information is 
exchanged at the click of a mouse.

For mathematics as such, this is a 
particularly fruitful time, characterized 
by “the emergence, with unrivalled inten-
sity and rapidity, of new connections 
 between different mathematical fields,” 
explains Jean-Pierre Bourguignon, direc-
tor of IHÉS,3 a research institute centered 
on mathematics and theoretical physics 
in Bures-sur-Yvette, near Paris. Yet this 
does not mean that the traditional way in 
which the discipline is divided up 
 (geometry, topology, algebra, analysis, 
and probability) has suddenly become 
obsolete, but rather that “just as in music, 
learning the classical forms makes it pos-
sible to go beyond them,” as Villani 
 explains. This is how, in 2003, the Russian 
mathematician Grigori Perelman 
 managed to solve a purely topological 
problem, the Poincaré conjecture, with 
the completely unexpected contribution 

A Universal Discipline 21 i 
Modeling Biodiversity 22 i 

Epidemics in Equations 24 i 
Physics: Addicted to Math 25 i 

Math in the Brain 27 i 
Tuned into Earth 28 i

A Universal 
Discipline

01 The annual Mathematical Games and 
Culture Exhibition, in which CNRS takes part, 
attests to the general public’s interest for the 
discipline.

01
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of metric geometry. This mathematical 
puzzle concerning the characterization of 
three-dimensional spheres had been set 
out a century earlier by Henri Poincaré, 
and was one of the seven Millennium 
Prize Problems, whose solutions are 
 rewarded $1 million each by the  
US-based Clay Mathematics Institute. 

INTERTWINING RESEARCH
The constant exchanges between the vari-
ous fields of mathematics are second only 
to its interaction with other disciplines. 
The most important of these is physics, 
which has not only been a stimulus for 
mathematics, but has also benefited from 
it for centuries. Villani believes that today 
still, “the greatest expectations can be 
found in areas where mathematics meets 
other disciplines.” This is particularly 
true of partial differential equations, 
where major progress could have 
 repercussions in many areas from fluid 
mechanics to climate research. 

From there, it’s only a short step to 
imagining that mathematics might 
 become a universal resource. Especially as many scientific dis-
ciplines (biology, economics, sociology, or decision theory) 
make increasing use of sophisticated mathematical techniques 
and concepts. “The abstract nature of mathematics makes it a 
universal discipline,” explains Bourguignon. “Yet it’s impossible 
to reduce other fields to nothing else but math.” Michel Morange, 
from the Centre Cavaillès4 in Paris, fully agrees: “You have to 
be wary of statements like ‘math is the future of biology.’  
Mathematics has a lot to contribute in a number of fields, but it 
would be naive to believe that it could take over other scientific 
disciplines.”

FRANCE IN THE LEAD
Math remains one of the most thriving fields in science today. 
So much so that it now has followers outside specialist circles 
crunching numbers. Séverine Leidwanger, from the Jussieu 
Mathematics Institute5 in Paris, who co-organizes events for the 
annual French Science Festival, has observed a renewed interest 
in the discipline. “Our lectures aimed at the general public 
 attract large audiences, including people who have bad 
 memories of math at school and suddenly realize they can un-
derstand more than they thought.” Is this enough to encourage 
students to opt for a career in mathematics? With a tradition of 
making math an educational cornerstone of its elite, France 
remains a hub for the discipline. And it shows: 13 of the 49 
 laureates in the history of the Fields Medal—mathematics’ most 
prestigious prize, awarded every four years—have come from 
French institutions. Yet Bourguignon is concerned about the 
future: “Research careers aren’t attractive enough, whatever the 
field. The number of mathematics students is on the decline. If 

this trend continues over the next ten 
years, it could prove detrimental to  
the future of the discipline.” Villani, on 
the other hand, remains optimistic: “The 
problems have been identified and I  
am confident that we will find the right 
solutions. The message we want to get 
through is that mathematics is by no 
means a dusty old science set in its  
 ways. Math today is bubbling with 
 excitement, and what it needs above all is 
imagination.” 

01.  CNRS / Université Paris-VI.
02.  CNRS / EHESS Paris / MNHN / Cité des sciences et de 

l’industrie.
03.  Institut des Hautes Études Scientifiques.
04.  CNRS / ENS Paris / Inserm.
05.  Institut de mathématiques de Jussieu (CNRS / 

Universités Paris-VI and -VII).

A
t a time when biodiversity is 
declining at an unprecedented 
rate, ecologists now have a power-

ful ally in mathematics. Making use in 
particular of probability theory and 
random processes, they have succeeded 
in integrating major mechanisms of 
evolution into models. This will help 
quantify the biological resources of our 
planet and its evolution, and possibly find 
ways of protecting it.

Before proceeding any further, it is 
essential to agree on what biodiversity 
really means. Intuitively, it seems that the 
more species there are, the more abun-
dant the biodiversity. But for Vincent 
Bansaye, from the CMAP,1 things are 
actually more complex. “What is the 
contribution to biodiversity of, on the one 
hand, two species of ants, and on the 
other, an ant species and a hedgehog 
 species?” he wonders.

The answer to this question is not as 
straightforward as it seems. As is the 
question of whether biodiversity is more 

Modeling 

CONTACT INFORMATION: 
Jean-Pierre Bourguignon
>  jpb@ihes.fr
Amy Dahan
>  dahan@damesme.cnrs.fr
Séverine Leidwanger
>  leidwang@math.jussieu.fr
Michel Morange
>  morange@biologie.ens.fr
Cédric Villani
>  villani@ihp.fr
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affected by the disappearance of two iconic mammal species, or 
by that of an obscure beetle that plays a key role in the ecosys-
tem. And this is exactly the type of question that complex 
mathematics can help to answer, by introducing rigorous tools 
into a science that has traditionally been empirical. 

Sylvie Méléard, also from the CMAP, believes that although 
“it would be presumptuous to say that mathematics is going to 
radically change the study of biodiversity, it certainly provides 
a fresh approach.” For instance, she has recently developed a 
model able to describe the processes leading to the emergence 
of new species.2 “To do so, we integrated an incredibly wide 
variety of phenomena, ranging from the genetic mutations that 
arise during reproduction of a single individual, to the influence 
of the environment on an entire population,” she explains. “And 
by using rigorous theoretical demonstrations, we have managed 
to frame the conditions that lead to evolutionary steps or to the 
emergence of new species.” 

IMPROVING SPECIES INVENTORIES 
Méléard, who also holds the Chair of Mathematical Modeling 
and Biodiversity,3 decided to push the analysis even further by 
trying to determine the threshold below which a species is 
condemned to disappear. For her, “conventional models fail to 
answer this question because they are not appropriate for small 
populations. But by taking into account the genetic variability 

of individuals in a small group, we are 
beginning to understand how the 
 appearance of mutations that would have 
had no effect in a large group, can speed 
up the disappearance of a small 
population.”

Another example is the development 
of mathematical tools that can determine 
the size of a population with only partial 
information. Bansaye neatly sums up this 
problem: “Let’s say I’m walking in the 
forest and I see a roe deer. Twenty  minutes 
later, and about one kilometer further, I 
spot a second one. What significant 
 information can I infer about the entire 
roe deer population from the collection 
of this type of data?” Such ongoing 
 research could have a significant impact 
on the inventory of species that are diffi-
cult to observe. With his colleague 
Amaury Lambert, from the LPMA4 in 
Paris, Bansaye is also studying the effect 
of habitat fragmentation on the evolution 
of populations. This work could result in 
drawing up better conservation measures 

in a context of increasingly scarce land 
resources allocated to wildlife.  

As Denis Couvet, director of the 
conservation biology research unit 
CERSP5 concludes: “Biodiversity can’t be 
reduced to simple equations. But it’s true 
that mathematical models do contribute 
to an impartial and objective approach to 
ecosystems.” 

01.  Centre de mathématiques appliquées de l’École 
polytechnique (CNRS / École polytechnique).

02.  Collaboration with Régis Ferrière (laboratoire 
Ecologie et évolution, École Normale Supérieure, 
Paris), and Nicolas Champagnat (INRIA, Sophia-
Antipolis).

03.  Muséum national d’histoire naturelle, Veolia 
Environnement, and École polytechnique.

04.  Laboratoire de probabilités et modèles aléatoires 
(CNRS / Universités Paris-VI and -VII).

05.  Conservation des espèces, restauration et suivi des 
populations (CNRS / MNHN).

Math could play a key role in 
understanding genetic 
neuromuscular diseases. 
Alessandra Carbone,1 who 
has been involved since 2006 
in the international program 
against muscular dystrophy, 
is carrying out research on 
the proteins associated with 
such conditions. “Although 
researchers have identified 
some of the genes involved 
in these diseases, they don’t 
understand the precise role 
of the proteins they code for, 
which cause these 
dysfunctions,” explains 
Carbone, a recent laureate 
of the Irène Joliot-Curie 
“Woman Scientist of the 
Year” award. In a bid to solve 
this problem, she has 
embarked on a highly 
ambitious research program 
to specify, using computer 
modeling, the way in which 
approximately 2000 proteins 
present in the human body 
interact with one another.  
A difficult task since two 
randomly chosen proteins 

can position themselves in 
relation to one another in 
100,000 to 500,000 different 
ways. Even the hundreds of 
thousands of computers 
that make up the World 
Community Grid would take 
centuries to check all the 
different combinations. 
Researchers therefore need 
to limit the number of 
configurations to be tested. 
This can be done by 
“guessing” the location of 
the active sites—those with 
a biological function—on 
each protein, so as to only 
model parts that have a 
greater chance of interacting 
with other proteins. Of 
course, this is not complete 
guesswork.   
During evolution, the active 
parts of proteins have often 
been conserved between 
species, and so have the DNA 
sequences that encode 
them. By coupling existing 
information with probability 
theory to process several 
hundreds of billions of DNA 

sequences stored in the 
world’s gene banks, it is 
theoretically possible to 
identify, to a reasonable 
degree of probability, the 
conserved DNA fragments 
and therefore the active 
sites of proteins that they 
encode. The latter will then 
be tested in priority in the 
interaction program. “With 
such preparatory work, we 
should have finished 
processing the data by 
November 2011,” Carbone 
reckons.
01.  Génomique des micro-

organismes (CNRS / Université 
Paris-VI).

CONTACT INFORMATION:  
 Alessandra Carbone
 > alessandra.carbone@lip6.fr

WHEN MATH MEETS GENETICS

Biodiversity
04 Statistics applied to genome 
analysis, for example to identify 
putative chemically-active protein 
sites, can help accelerate research on 
genetic diseases.

CONTACT INFORMATION: 
Vincent Bansaye
  >  vincent.bansaye@polytechnique.edu
Denis Couvet
  >  couvet@mnhn.fr
Amaury Lambert
  >  amaury.lambert@upmc.fr
Sylvie Méléard
>  sylvie.meleard@polytechnique.edu

02 Mathematics 
can help ecologists 
calculate the 
number of fawns 
in a given forest.
03 Mathematics of 
chance are used to 
model 
evolutionary 
processes, such as 
the emergence of 
chaffinch species 
that differ by the 
size of their beaks.

04

©
 C

O
LL

EC
TI

O
N

 É
C

O
LE

 P
O

LY
TE

C
H

N
IQ

U
E

©
 A

. C
A

R
B

O
N

E



24w |   Focus CNRS I INTERNATIONAL MAGAZINE

W
hy are diphtheria and polio a thing of the past in 
a number of countries? Why do we believe that 
malaria and tuberculosis can be eradicated from the 

planet? The answer, of course, lies in the existence of public 
health policies and in the action carried out by healthcare 
 organizations. But however comprehensive it may be, a 
 vaccination campaign will never stop infected individuals from 
slipping through. In fact, the invisible partner of vaccination 
campaigns is a mathematical equation that crops up in every 
model of infectious disease propagation. To spread, an epidemic 
needs a minimum number of infected people in a specific 
 location. Below this threshold, the disease dies out—like a fire 
without oxygen. 

HIGH-FLYING STATISTICS
In epidemiology, as this example shows, mathematics helps us 
understand the mechanisms of contagion. Why are certain 
 epidemics cyclical? Why did influenza  
A H1N1 turn into a pandemic that rap-
idly spread across the planet? Without 
mathematics, we wouldn’t have the 
 answers to these questions. In 2008, using 
a mathematical model, an international 
team which included the theoretical phys-
ics lab LPT1 in Orsay demonstrated that 
the air transport  network broadly matched 
the map of worldwide epidemics. 

And mathematics also helps in un-
derstanding the cause of epidemics of 
non-infectious diseases like cancer. The 
key discipline in this field is statistics. 
“The textbook case of a cancer detected 
statistically is lung cancer,” explains 
Jacques Istas, a professor at the LJK2 in 
Grenoble, and the author of  Mathematical 
Modeling in the Life Sciences (Springer, 
2005). “In the 1930s, German doctors 
noticed a connection between lung 
 cancer and  tobacco consumption, though 
they didn’t understand why,” says this 
specialist in Brownian motion—a jack-
of-all-trades mathematical model that 
can describe such widely diverse 
 phenomena as  osteoporosis, Internet 
 traffic, or the spread of an epidemic. 
Creutzfeld-Jakob disease and diabetes are 
among the vast group of non-contagious 
infections that were  detected by statistical 
methods long before the underlying causes 
were discovered by biologists. 

Yet just because statistics are  routinely 
used does not mean they have broken free 
from their mathematical heritage. And 
this is fortunate, as Bernard Prum of the 
LSG,3 and an expert in the genetics of 

epidemic diseases, explains: “Statistics 
are an endless source of pitfalls. Let’s say 
that you undergo a test to find out 
whether you suffer from a disease that 
affects one person in 10,000, and this test 
turns out to be positive. Like all tests, it 
has a margin of error. Suppose this test in 
particular gives the right result 99 times 
out of 100, for both diseased and healthy 
people: what are the chances that you 
have the disease? You may think it’s 99%, 
but you’d be mistaken. The answer is less 
than 1%, as calculated using Bayesan 
statistics.” Analysis of epidemiological 
data is full of traps of this kind.

DISILLUSION IN NUMBERS
Now that we are able to search  in the ge-
nome for aggravating factors of diseases, 
statistical analyses have also become far 
more complex. Indeed, one should bear 
in mind that  monogenic  diseases are 
the exception. Most diseases,  especially  
cancers, are due to the  expression of 
dozens of genes that need to be sought out 
among the 30,000 genes in the  patient’s 
genome. 

“Once gene expression is taken into 
account, the number of parameters that 
need to be considered can easily reach 
several tens of thousands,” points out 
Philippe Besse,4  a specialist in the appli-
cation of statistics to biology. “The diffi-
culty lies in that it is always  possible to 
find statistical connections between the 
symptoms and the genes that supposedly 
cause the disease, without necessarily 

knowing whether such  connections are 
relevant or not.” Recent research, mostly 
in the field of artificial intelligence, has 
led to the development of algorithms able 
to distinguish between significant 
 connections and misleading ones. Called 
“boosting” or “bagging” algorithms, they 
allow modeling with better predictive 
qualities. 

Besse and his colleagues are also 
 developing mathematical tools to help 
biologists understand the role of specific 
genes and proteins in cells. Recently, the 
team’s research has shown that  
bisphenol A, a chemical compound used 
in baby bottles and suspected of being 
toxic, affects the hormonal balance of 
mice, even when ingested at low doses. 

Whether using statistics or complex 
algorithms, for epidemiology or for 
 genetics, mathematicians agree that in 
the 21st century, the life sciences will 
prove as important a source of inspiration 
as physics was in the last century.

01.  Laboratoire de physique théorique d’Orsay (CNRS /
Université Paris-XI).

02.  Laboratoire Jean-Kuntzmann (CNRS / Universités 
Grenoble-I and -II / Institut polytechnique de 
Grenoble).

03.  Laboratoire statistique et génome (CNRS / 
Université d’Évry).

04.  Institut de mathématiques de Toulouse (CNRS / 
Universités Toulouse-I and -III / INSA Toulouse).

Epidemics in Equations

CONTACT INFORMATION: 
Philippe Besse
  > philippe.besse@insa-toulouse.fr
Jacques Istas
  > jacques.istas@imag.fr
Bernard Prum
  > bprum@genopole.cnrs.fr

 MONOGENIC. 
 DISEASE. 

A disease 
caused by the 

mutation of a single 
gene, as opposed to 

polygenic.

05 The computer 
model elaborated in 
Orsay uses air traffic 
data to predict the 
propagation of 
epidemics and 
pandemics, like the 
2002-03 SARS outbreak, 
represented here. Line 
widths correspond to 
the probability of the 
associated path.
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“
The book of Nature is writ-
ten in the language of 
mathematics.” The quote is 

from Galileo, and ever since the 17th 
century, numbers and abstract ideas have 
become inseparable from physics. So 
what is it that draws physicists to mathe-
matics? It is its “unreasonable effective-
ness,” a statement by the 1963 Nobel 
Laureate in Physics, Eugene Wigner. By 

this, he meant its effectiveness at produc-
ing unity and fundamental laws, when 
mere observation only reveals disorder 
and the irregular nature of phenomena. 
Nothing could illustrate this better than 
a specific example that CNRS researchers 
have recently brought back into the lime-
light. In the mid-1970s, the renowned 
English physicist Stephen Hawking 
 predicted that  black holes, cosmic objects 

believed to trap even the smallest particles 
of light, actually emit weak radiation. 
Theoretical physicists were delighted, as 
this prediction is one of the few that, on 
paper, brings together general relativity 
(Einstein’s theory of gravitation) and 
quantum mechanics (the realm of the 
infinitely small). But experimental 
 physicists were discouraged: the  intensity 
of Hawking radiation is so weak that no 
measuring device would ever be able to 
detect it. Yet mathematics would soon 
come to the rescue.

UNDULATING BLACK HOLES
In 1981, William Unruh, of the University 
of British Colombia (Canada), showed 
that the “ingredients” of Hawking radia-
tion were not specific to the physics of 
black holes. More precisely, the same 
physics is obtained by replacing, on paper, 
gravitation by the flow of a liquid, and 
light waves by the ripples on the water’s 
surface. “In this case, mathematics 
 provided quantitative evidence of the 
equivalence of two apparently very 
 different phenomena, in that they are 
governed by exactly the same equations,” 
explains Germain Rousseaux, of the 
LJAD1 in Nice. Indeed, Rousseaux has 
recently set out to detect Hawking 
 radiation in a wave basin belonging to the 
Nice-based company ACRI, which  
 specializes in coastal engineering. In this 
experiment, Hawking radiation should 
take the form of ripples produced in an 
area of the basin where the propagation 
of a wave is stopped dead in its tracks by 
a current f lowing in the opposite 
direction. 

THROUGH THE MAGNIFYING GLASS
For this specific application, mathematics 
will also be used to sift through the  
large amount of data generated by  
the experiment.  “We have included in the 
theoretical description of our study the 
mathematical tools of dynamic systems, 
which are traditionally used to study the 
evolution over time of systems such as 
planets of the Solar System,” Rousseaux 
explains. “This tends to show that the 

Physics: 
Addicted to Math

06 CNRS mathematicians are trying to 
understand the elusive astrophysical 
phenomenon of black holes using a wave 
basin. 

 BLACK HOLE. 

An astronomical 
object so dense that 

nothing, not even 
light, can escape 

from it.
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more you resort to complex mathematics 
to study a phenomenon, the more details 
you reveal. Math acts like a magnifying 
glass for physics.” 

In some cases, math may even be the 
only way of gaining access to certain 
phenomena—like those that will take 
place in the future International 
Thermonuclear Experimental Reactor 
(ITER), currently under construction in 
Cadarache, France. ITER is a prototype 
designed to verify the feasibility of nuclear 
fusion as a new source of energy. In the 
reactor, an ionized gas confined by a 
powerful magnetic field will be heated to 
a temperature of around 100 million °C, 
which no sensor could ever withstand. 
The only solution is to collect data 
 measured indirectly at the surface of the 
plasma, and  incorporate it into a 

 mathematical model to perform a 
 numerical computation of what’s 
 happening inside. “To do this, it was 
necessary to develop an approximation of 
the equation to be solved,” explains 
Jacques Blum, also from the LJAD. “Here, 
the role of mathematicians is to verify the 
extent to which the equation remains 
valid for studying the initial problem. 
Besides, with ITER, we want to  apprehend 
the internal parameters of the plasma in 
real time, to be able to continuously 
monitor the experiment. This makes it  
necessary to develop new algorithms that 
are both fast and reliable.”

INVENTING NEW TECHNIQUES
Admittedly, the equations that govern the 
ITER plasma  have long been known, and 
come from the field of hydrodynamics. 

Yet new mathematical techniques 
 constantly need to be invented to solve 
these complex equations in the  conditions 
that will prevail in the ITER facility. “This 
requires the development of genuine 
mathematical engineering,” explains 
Pierre Degond, a researcher at the 
Toulouse Mathematics Institute,2 who is 
also involved in the ITER program. “It is 
necessary to deal with the complex 
 interactions between different spatial  
and temporal scales, from that of an atom 
to the entire plasma.” Today, philosophers 
of science still question the real 
 significance of Galileo’s words. But one 
thing is  certain: if it weren’t for 
 mathematics, physics as we know it 
 simply wouldn’t exist.

01.  Laboratoire Jean-Alexandre-Dieudonné (CNRS / 
Université Nice-Sophia Antipolis).

02.   Institut de mathématiques de Toulouse (CNRS / 
Universités Toulouse-I and -III / INSA Toulouse).

CONTACT INFORMATION:  
 Jacques Blum
 > jblum@math.unice.fr
 Pierre Degond
 > pierre.degond@math.univ-toulouse.fr
 Germain Rousseaux
 > germain.rousseaux@unice.fr

Surprisingly, the equations 
used to launch rockets have 
been known since the 17th 
century. But today’s space 
industry resorts to 
cutting-edge mathematics, 
in particular to calculate 
trajectories precisely. The 
launch of the European 
Ariane rocket involves a 
French collaboration 
between the mathematics 
research hub MAPMO1 in 
Orléans, the University of 
Orléans, and EADS Astrium 
in Les Mureaux. “The 
software used to calculate 
the optimal trajectory of an 
Ariane launcher has to 
compute hundreds of 
trajectories before selecting 
the best one. This process 

requires a huge amount  
of computing time,” 
explains Emmanuel Trélat, 
who is currently tackling 
this problem with  
Thomas Haberkorn at the 
MAPMO. 
When weather conditions 
change, for example, a 
launch may be postponed 
by a few days. To be able to 
adapt in real time to 
unforeseen events, Trélat is 
developing new software 
capable of making a 
preliminary selection of 

possible trajectories,  
before fully calculating the 
parameters of the chosen 
solution. “The principle 
underlying this method 
dates from the 1950s,” 
indicates Trélat. “But it 
requires a great deal of 
expertise to implement it in 
specific situations.” The 
new software should be 
operational in late 2011.
01.  Mathématiques - analyse, 

probabilités, modélisation - 
Orléans (CNRS / Université 
d’Orléans).

HELPING ARIANE FIND ITS WAY

07 08

07 08 The JET reactor 
(left) in Culham (UK), 
makes it possible to 
study thermonuclear 
fusion. Its 
combustion 
chamber contains a 
plasma (pink), whose 
complete 
characteristics are 
calculated using the 
Equinox software 
(right).

09 Complex and 
sophisticated 
mathematics plays a 
key role in 
determining the best 
trajectory of a rocket 
(in this case Ariane 5).

CONTACT INFORMATION: 
 Thomas Haberkorn 
 > thomas.haberkorn@univ-orleans.fr  
 Emmanuel Trélat
 > emmanuel.trelat@univ-orleans.fr
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A
s biologists know only too well, 
mathematics has become an 
essential tool to explore and 

understand the brain’s complex 
mechanisms. “Not only does the brain 
contain roughly 100 billion neurons of 
various types,” explains Pascal Chossat, a 
mathematician at the LJAD,1 “but in 
 addition, these neurons are closely 
 interconnected.” On average, each 
 neuron links to 10,000 other neurons. 
They form circuits with highly variable 
structures, and connections that change 
over time. Besides, dynamic aspects are 
 essential. For  instance, the electrical 
 signals that enable neuron inter- 
communication can either reinforce or 
interfere with one another.  

Biologists, with the help of mathema-
ticians, are working flat out to decipher 
this complexity. “The application  
of mathematics to brain research is 
booming,” adds Chossat, member of a 
team of researchers currently using 
mathematics to understand the visual 
network, a  project led by Olivier Faugeras 
of the LIENS.2 In fact, the visual network 
 perfectly mirrors the tree-like structure 
of the brain: according to their  location 
on the retina, nerve impulses from the 
eyes are dispatched to various regions of 

Math in the Brain
the visual cortex which are themselves 
 subdivided into areas that specialize  
in a specific task, like detecting a color  
or a shape. 

Chossat, a specialist in bifurcation 
theory, a discipline that aims to describe 
sudden changes in the behavior of 
 systems, is seeking to apply his knowledge 
to the visual hallucinations experienced 
by schizophrenics as well as by people  
under the influence of certain drugs like 
LSD. “We want to understand how an 
image spontaneously appears in the 
 visual  cortex,” Chossat says. His research 
has revealed that some mechanisms at 
work in the visual cortex can be 
 represented by functions defined in a 
hyperbolic space, a strange type of space 
where two lines parallel to a third can in 
fact intersect. “This is the first time that 
this type of object has cropped up in 
 biology,” Chossat enthuses.

IMAGING AID
If mathematics plays an increasingly 
important role in neurobiology, it is 
partly due to the  imaging  techniques  
used to see neurons in action. These 
techniques, based on the recording of the 
particles emitted in the brain, are highly 
dependent on applied mathematics.

To determine which regions of the 
brain emit the particles, the machines use 
a mathematical operation called 
 inversion—which basically reverses their 
paths to the source. Seismologists use the 
same kind of mathematical tool when 
they trace seismic waves back to the 
source of an earthquake. 

COMPLEXITY IN OUR VEINS 

By the time you have read this sentence, 
your bone marrow will have produced 
several million blood cells. This 
phenomenon, known as hematopoiesis, 
is an incredibly productive and complex 
machinery, involving thousands of 
factors such as genes, proteins, or 
hormones. This is why biologists have 
trouble understanding hematopoietic 
dysfunction, which may lead to 
leukemia or chronic anemia (a shortage 
of red blood cells). To help them get a 
clearer picture, Vitaly Volpert and his 
colleagues at the Institut Camille-
Jordan1 in Villeurbanne are developing 
models where bone marrow cells are 
represented as tiny spheres within the 
extracellular matrix, which is regarded 
as being a uniform environment where 
molecules can diffuse and affect cells. 
Their research has already shown that a 
single type of imbalance in this complex 
system can cause a host of disorders, 
which may in addition vary considerably 
from one individual to another. No 
wonder doctors find it so hard to 
establish a precise diagnosis. “Currently, 
we are still trying to understand these 
underlying mechanisms,” says Volpert. 
“But in the long term, we hope that this 
model will help cure diseases and 
develop customized treatment for each 
patient.” 
01.  CNRS / Université Lyon-I / École centrale de 

Lyon / INSA Lyon.

CONTACT INFORMATION: 
 Vitaly Volpert
 > volpert@math.univ-lyon1.fr

 IMAGING. 
 TECHNIQUES. 

Electroence- 
phalograms and 

magnetic resonance 
imaging (MRI) 

detect photons, 
while positron 

emission 
tomography (PET) 

focuses on protons, 
and so on.
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10 Mathematical representation of a type of 
brain activity that can occur spontaneously 
and provoke hallucinations.
11 12 Numerical simulation of photoacoustic 
imaging performed on a Shepp-Logan 
phantom, a well-known representation of the 
human brain widely used to test medical 
imaging techniques (original (left) and 
reconstructed (right) images). 
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I
n Earth sciences as in other fields, 
mathematics is key to helping  
researchers untangle the  complexities 

of our planet, as shown in the following 
examples.

The first one concerns tsunamis, a 
phenomenon that regularly affects the 
wellbeing—and often survival—of popu-
lations of the Pacific and Indian Oceans. 
How do these deadly waves form, and 
how do they travel across the ocean? Is it 
possible to prevent the flooding they 
cause? In an effort to answer these ques-
tions, several tsunami prevention groups 
throughout the world use hydrodynamic 
numerical models. But classical models 
frequently get bogged down in the calcu-
lations, and are incapable of dealing with 

atypical situations, such as extremely 
jagged coastlines or highly uneven 
 seabeds. 

The VOLNA numerical model devel-
oped in 2008 by Denys Dutykh and his 
colleagues at the Mathematics 
Laboratory1 of the University of Savoie 
has no such drawbacks. “Our model uses 
the latest advances in numerical comput-
ing, which had never been used before in 
this field,” Dutykh explains. This model 
is also able to correctly reproduce 
 tsunamis that propagate across the ocean 
while the sea floor is still active, like the 
one that struck the Indonesian island of 
Sumatra in 2004. It was caused by an 
earthquake that lasted 10 minutes and  
led to an  extremely complex situation in 

Tuned into Earth

CONTACT INFORMATION: 
 Habib Ammari 
> habib.ammari@polytechnique.edu
 Claude Boccara 
 > claude.boccara@espci.fr
Pascal Chossat 
  > chossat@unice.fr
Olivier Faugeras 
  > olivier.faugeras@ens.fr
 Mathias Fink 
  > mathias.fink@espci.fr

The images obtained through various 
techniques like MRI or magnetoencepha-
lography also require sophisticated 
mathematics to be interpreted. Is this 
white patch on an MRI a benign or a 
malignant tumor? The image alone 
 cannot give the answer. “The problem is 
that MRIs give no information on 
 physical parameters like hardness or 
electrical conductivity that can point to a 
tumor,” says Habib Ammari of the DMA-
ENS,3 who is developing mathematical 
and numerical models for new medical 
imaging systems. This is true of a wide 
range of other imaging techniques. To 
help doctors make a diagnosis, mathe-
matical models of the response of brain 
tissue to imaging methods have therefore 
been developed. These models help 
 anticipate how diseased regions will look 
like on the actual images. 

Another way to improve diagnoses is 
emerging, namely the combination of 
different imaging techniques. Together 
with teams led by Mathias Fink and 
Claude Boccara, both physicists at the 
Institut Langevin4 in Paris, Ammari and 
his group have  developed new imaging 
methods that combine the use of sound 
waves (as in ultrasound scans) and 
 electromagnetic waves. When applied to 
breast cancer, these methods show excellent 
selectivity, giving virtually no false positives 
and providing incomparably sharp images. 
In the future, similar combinations of 
multi-wave  techniques could very well 
bring about radical changes in medical 
imaging. Since reconstructing images is a 
highly complex undertaking, mathemati-
cians will play a key role in this revolution.

01.  Laboratoire Jean-Alexandre-Dieudonné (CNRS / 
Université Nice-Sophia Antipolis).

02.   Laboratoire d’informatique de l’École normale 
supérieure (CNRS / ENS Paris / INRIA).

03.   Département de mathématiques et applications de 
l’École normale supérieure (CNRS / ENS Paris).

04.   CNRS / ESPCI ParisTech / Universités Paris-VI and -VII.
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13  Diagram of the 
thermal convection 
movements that 
take place within 
the Earth’s core.
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terms of propagation. But earthquakes 
are not the only natural disasters that 
generate  tsunamis. The team studied the 
case of submarine landslides in the Saint 
Lawrence River in Quebec (Canada). 
Such  landslides give rise to high waves 
that then sweep onshore, flooding homes. 
The researchers were able to use their 
 expertise to produce flood maps for the 
areas at risk.  

INVALUABLE ALGORITHMS 
Water can also be devastating in land-
locked areas. Although the consequences 
are less dramatic, the runoff of rainwater 
from fields is a real scourge for farmers 
and local residents. Runoff can wash up 
to several tens of tons of earth down-

stream per year and per hectare, leading 
to a significant fall in crop yields, or caus-
ing flooding and mudslides. A number of 
anti-erosion measures have been taken in 
France over the past few years, such as 
planting vegetation during cropless peri-
ods—so that the ground is not left bare—
or restoring hedgerows. But are such 
measures really effective? That’s what the 
METHODE project, which brings to-
gether hydrologists, mathematicians, 
agronomists, and computer  scientists, is 
trying to find out by  developing novel 
numerical models of surface runoff.

“What’s difficult about simulating the 
flow of water across a plot of land is that 
the sheet of water has a thickness similar 
to that of the imperfections of the ground, 
basically a few centimeters,” explains 
Cédric Legout, of LTHE2 in Grenoble. 
The presence of small-scale turbulence, 
the separation of the flow into pools, and 

the flooding of furrows in the ground 
make it difficult to predict the total runoff 
from the plot. It is up to the group’s physi-
cists to simplify these phenomena, and 
 identify those that play a leading role on 
a given scale. “The mathematicians then 
have to ensure that the algorithms are 
compatible with the physicists’ simplifi-
cations,” Legout adds. Scientists hope that 
such research could make planning 
 policies more efficient in the future, thus 
protecting people and crops from water’s 
devastating effects. 

AVOIDING OVERSIMPLIFICATION
It is not always possible to strip a physical 
system down to its bare essentials. This is 
true for the convective motions within 
the Earth’s core, which produce the 
 terrestrial magnetic field through a 
 self-excited dynamo effect. The origin of 
the field and some of its properties—it 
reverses approximately every 100,000 
years—are still debated. “We have a series 
of mathematical theorems that show that 
if the models of the terrestrial dynamo 
are oversimplified, these mysteries 
 become impossible to solve,” explains 
Emmanuel Dormy of IPGP/ENS.3

The research group he belongs to 
studies phenomena such as ocean and 
atmospheric circulation, or the terrestrial 
dynamo which involve flows of matter on 

different scales, but that have a mutual 
effect on one another (e.g., ocean currents 
or winds). The researchers are trying to 
identify which of the processes involved 
can be simplified without losing their 
essential features.  Since they can’t tackle 
the geodynamo problem in its entirety, 
the team has focused on the friction  
between the flow of liquid metal and the 
core-mantle boundary, roughly 3000 km 
below the surface. By doing so, they have 
reached the counterintuitive conclusion 
that the friction is less intense on this 
rough surface than if the same surface 
had been smooth. It’s by stacking up this 
kind of data that the geodynamo will 
eventually be deciphered. As the famous 
saying goes, “the devil is in the details.” 
So is mathematics. 

01.  Laboratoire de mathématiques (CNRS / Université 
de Savoie).

02.   Laboratoire d’étude des transferts en hydrologie et 
environnement (CNRS / Université Grenoble-I / 
Institut polytechnique de Grenoble / IRD).

03.   CNRS / Equipe MAG / ENS / Institut de physique du 
globe de Paris.

CONTACT INFORMATION: 
Emmanuel Dormy
  > dormy@phys.ens.fr
Denys Dutykh
  > denys.dutykh@univ-savoie.fr
Cédric Legout
> cedric.legout@ujf-grenoble.fr

RECENTLY PUBLISHED
 Elements of 
Computational 
Systems Biology. 
Huma Lodhi and 
Stephen 
Muggleton,Eds. 
(Hoboken: John Wiley 
& Sons Ltd, 2010). 

 Evolutionary 
Conservation Biology. 
 Régis Ferrière, Ulf 
Dieckmann, Denis 
Couvet, Eds. 
(Cambridge: Cambridge 
University Press, 2009). 

14 Map of the Saint 
Lawrence riverbed, 
in Canada. This data 
was used by Denys 
Dutykh to study 
flood risks resulting 
from river 
landslides.

 An Introduction to 
Mathematics of 
Emerging Biomedical 
Imaging. Habib 
Ammari (Berlin: 
Springer, 2008). 

 Mathematical 
Aspects of Natural 
Dynamos.  Emmanuel 
Dormy & Andrew M. 
Soward, Eds. (Boca 
Raton: CRC press, 
2007). 
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INTERVIEW BY GRÉGORY FLÉCHET

After Lehman Brothers declared bankruptcy in September 
2008, the international financial system found itself at the 
brink of disaster, triggering a severe global financial 
crisis. Three years on, what is your assessment of the 
current situation?
Élie Cohen: 2010 was the year of the rebound. Encouraged by 
the recovery of international trade and sustained demand from 
emerging countries, companies in developed countries started 
investing again. Yet the outlook for 2011 is more uncertain, 
because public incentives—like the massive bailouts seen 
around the world—are no longer there to support growth, 
which is now sustained only by corporate economic activity and 
household consumption. There are a number of indications that 
the European economies will see a consolidation in 2011, and 
not an acceleration of their growth. On the contrary, countries 
like India and China should be in a better position to weather 
this transition period, because their economies are powered 
both domestically, with large-scale development plans and 
growing consumption, and by external factors, with a steady 
demand from the West.

Would you say that today’s market economy has learned 
its lesson from the recent turmoil?
E.C.: No. In response to the crisis, rather radical scenarios for 
reforming the system have been envisaged, like a new tax on 
financial transactions to prevent—or at least discourage—un-
sound speculation. Similar to what was done after the crash of 
1929, there are also proposals to segregate the various financial 
activities by forcing banks to specialize in one or the other. In 
the darkest days of the crisis, there was even talk of nationalizing 

them! But ultimately, individual governments preferred to give 
the system a quick bailout by providing the funds it needed to 
resume activity. Since then, the banks have decided to restore 
their financial security as rapidly as possible. And to do that, it’s 
more profitable for them to speculate on commodities—like 
electricity or sugar—than to grant loans to French SMEs, for 
example.

In recent months, the collapse of the Irish economy 
reminded us that the crisis isn’t over. Where did the Celtic 
Tiger go wrong?
E.C.: By betting on a very attractive strategy in terms of corpo-
rate regulation and taxation, Ireland was able to be at the cutting 
edge in the IT and biomedical sectors. That’s how it became the 
second richest country in the EU after Luxembourg in just 20 
years. Then finance took over, feeding a colossal speculative 
bubble in real estate. Ireland’s financial sector swelled to three 
times the value of the country’s gross domestic product (GDP). 
Then, in the wake of the crisis in the US, the Irish government, 
which had decided to offer unlimited guarantees on the Irish 
banks’ commitments, was simply not able to absorb their losses. 
As a result, the Irish must now cover their bank losses by taking 
on debts at increasingly high rates.

Is there a danger of this “contamination” spreading to 
other countries this year, especially within the European 
Union?
E.C.: Within the eurozone, some countries’ deficits and debts 
are growing fast, and the gap between them and Germany, the 
most economically sound country in the EU, continues to 
widen. In a normal situation, a country has two options to 
 become more competitive: boost its exports, or devalue its 
 currency—hence making these exports cheaper. But in a single 
currency zone, devaluation is not an option. As for the second 
solution, industry in most EU countries simply can’t compete 
with cheap labor abroad. These countries will not be able  
to repay their debts, which will continue to grow each year.  
In the coming months, Portugal and perhaps Spain could  
find  themselves facing the same insolvency problem as Ireland 
and Greece.

Economics  Asked by the government to study possible remedies to the economic 
crisis, CNRS senior researcher Élie Cohen shares his views on the current recession.

 Uncertain 
Economic Outlook for 2011

“It is of utmost importance for France  
to meet its commitments in terms  
of budgetary and fiscal control,  
including a 3% deficit by 2013.”
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CONTACT INFORMATION: 
CEVIPOF, Paris. 
 Élie Cohen
 > elie.cohen@wanadoo.fr

What about France?
E.C.: In 2009, France resisted the crisis better than any other EU 
country. There were two reasons for this. First of all, France’s 
two safety nets—social welfare and the redistribution of public 
funds—cushioned the blow. The second reason is that the 
French economy is diversified. Since France is not a big indus-
trial power and exporter like Germany, it was less affected by 
the upsets of 2008-2009. Yet now that we’re starting to pull out 
of recession, this non-specialization is also a disadvantage. 
France cannot meet the increasing demand from emerging 
countries in terms of capital goods—machinery or equipment. 
For the future, given the amount of its debt and deficits, it is of 
utmost importance for France to meet its commitments in 
terms of budgetary and fiscal control, including a 3% deficit by 
2013. Failing this, its debt situation will deteriorate and it will 
face tougher financing conditions—the more debts a country 
has, the more expensive it is to borrow money. 

The French Prime Minister has asked you to prepare a 
report on how to bring France out of the crisis. Can you 
tell us about it?
E.C.: With my fellow colleagues at France’s economic analysis 
council (CAE),1 Gilbert Cette, Jean Pisani Ferry, and Philippe 
Aghion, I had already drafted a report on growth drivers in 
2007. Today we are going to update that report in light of the 
crisis, the more stringent budgetary constraints, and the new 

configuration of Europe. We are going to explore various 
 channels for stimulating growth, especially in the industrial 
sector, by studying the economic potential of our businesses in 
relation to a better adapted production model.

In your opinion, one unexpected consequence of the 
crisis has been the recent pension reform in France...
E.C.: That’s right. When he was running for president in 2007, 
Nicolas Sarkozy promised not to reform the pension system. Yet 
he had no idea that a financial crisis would cut this deeply into 
our tax and social revenues. With increased unemployment, 
payroll taxes were reduced at a time when the share of the social 
budget for financing pensions continued to rise. In order to limit 
public spending, the government calculated that reforming 
pensions would be more widely accepted than tackling 
 healthcare or unemployment insurance. In my opinion, pushing 
back the age of retirement is still nowhere near enough to ensure 
the sustainable financing of pensions. We either need to adopt 
an “à la carte” retirement plan, like they have in Sweden, or 
 resign ourselves to taxing the ageing baby-boomers, considering 
that their generation has benefitted from long careers and an 
unprecedented accumulation of wealth.

1. Conseil d’Analyse Economique.

©
 P

H
O

TO
S:

 C
. F

R
É

SI
LL

O
N

/C
N

R
S 

P
H

O
TO

TH
ÈQ

U
E

THE FINANCIAL CRISIS IN 5 KEY DATES

SEPTEMBER 2008
Lehman Brothers Bank files for 
bankruptcy, the largest bank failure in 
US history.

NOVEMBER-DECEMBER 2008
The recession devastates the automotive 
sector in the US and Europe.

JANUARY-FEBRUARY  2009
Unemployment rates surge in developed 
countries.

MAY 2010
Greece is bailed out of bankruptcy by 
eurozone members and the 
International Monetary Fund (IMF).

NOVEMBER 2010
Ireland’s public deficit reaches a record 
level of 32% of GDP.
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BY VAHÉ TER MINASSIAN

w� Deep sea fish observation can be extremely 
hazardous. A major risk, called decompression sick-
ness (DCS), can occur when divers surface too quickly, 
causing micro-bubbles of gaseous nitrogen to form 
in the tissues and then in the blood. It can lead to 
problems ranging from simple joint pains to partial 
or total paralysis. Despite safety procedures, which 
ensure that the diver makes several decompression 
stops, there are 1 to 5 accidents of varying severity 
for every 10,000 dives worldwide. This figure could  
be reduced by a novel technology jointly developed 
by the LMA,1 specialized in acoustics research, and 
 diving safety expert BF Systèmes. 

The two  partners, who have been collaborating 
since last September on the BORA project (Bubble 
Occurrence and Risk Attrition), partly financed by 
the French Defense (DGA), are developing a technol-
ogy capable of measuring the level of bubbles in an 
individual during an underwater dive. Their sensor, 
when placed against the skin, emits ultrasounds—
like those used for a scan. This specially-devised 
acoustic sounding system makes it possible to de-
tect and count micro-bubbles. “Currently, this data 

can only be determined by an operator when the 
diver comes out of the water, which means the diver 
must follow resurfacing procedures defined in 
 advance,” explains Axel Barbaud, managing director 
of BF Systèmes. “But carrying out this operation in an 
automated manner both during and after the dive 
could lead to adapting decompression stops to each 
diver’s  physiology, which could help reduce the 
number of accidents.” 

The system is currently being tested, with 
 improvements already in the pipeline. One of these 
would be to adapt it to other professions, such as 
tunnellers or persons subjected to a hyperbaric 
 environment, for example during certain medical 
treatments. 

01.  Laboratoire de mécanique et d’acoustique (CNRS / Université 
Aix-Marseille / Centrale Marseille).

Safer Diving
BORA Project

CONTACT INFORMATION: 
LMA, Marseille. 
 Philippe Lasaygues
  > lasaygues@lma.cnrs-mrs.fr

BF Systèmes, Toulon. 
 Axel Barbaud
 > contact@bf-systemes.fr

q New technology 
could lower the risk 
of decompression 
sickness.
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BY LAURE CAILLOCE

w� The rapidly expanding field of nano-
filtration offers an innovative means to 
treat wastewater and industrial efflu-
ents, and perhaps even to desalinate 
 seawater. This technique, as its name sug-
gests, consists in filtering water through a 
membrane perforated with nanometric 
pores. Yet assessing the efficiency of the 
process is no small feat. Full-scale tests 
are very expensive and companies some-
times have to build large facilities just to 
test membrane performances. 

To get around this problem, CNRS 
 researchers have spent several years 
 developing “Nanoflux,” a computer 
 program that simulates nanofiltration 
processes. This decision making software 
can be used to estimate the number and 
surface area of membranes needed for 

Nanofiltration Simulation Software
any project. Work on this software began 
when John Palmeri—currently a 
 researcher at the LPT1 in Toulouse—
joined the IEM2 in Montpellier in the early 
1990s to model transport  through 
 nanofiltration membranes. With their 
nanosized pores, these membranes trap 
the largest molecules, like pollutants or 
organic compounds present in wastewa-
ter, and let the water molecules and 
 certain ions through. This eliminates the 
need for toxic chemicals and renders the 
entire process environmentally-friendly.

The Nanoflux software, developed 
with Patrice David, design engineer at 
IEM, is constantly being improved. Its 
creators have also made it more user-
friendly, which facilitates the work of 
 researchers. Nanoflux includes a 
 database of  membranes already on the 
market and can simulate the behavior of 

most of the important existing molecules 
and ions, based on size and electrical 
charge  criteria. “We realized that 
Nanoflux could also be of interest to 
 industry,” adds Palmeri. The software has 
joined the  patent portfolio of the high-
tech  company FIST, a CNRS subsidiary 
dedicated to the promotion of research. 
The developers have since been proved 
right: five licenses, two of which abroad, 
have already been sold, and interest in 
Nanoflux continues to grow.

01.  Laboratoire de physique théorique (CNRS / 
Université Paul-Sabatier).

02.   Institut Européen des membranes (CNRS / ENSCM / 
Université Montpellier-II).

Nanoflux

CONTACT INFORMATION: 
LPT, Toulouse. 
John Palmeri 
 > john.palmeri@irsamc.ups-tlse.fr
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Flexitouch A Toulouse-based laboratory is developing pliable touch-sensitive 
surfaces, which could revolutionize the portable electronics market.

BY JEAN-PHILIPPE BRALY

w� If you still find tablet PCs too bulky, 
wait a bit. You could soon be reading 
your newspaper on a thin electronic 
screen that can be folded or rolled up, and 
controlled by the touch of a finger. This is 
just one of the potential innovations that 
could come out of the physics lab LPCNO.1 
The Nanotech research group there has 
 developed a method for producing 
touch-sensitive surfaces on flexible 
 substrates, in particular pliable sheets of 
a plastic—polyethylene terephthalate—
that is approximately 100 microns thick. 
“Our technique involves coating the plas-
tic sheet with gold nanoparticles synthe-
sized by LPCNO chemists,”  explains 

Laurence Ressier, the physicist who 
heads the group. “The solution forms an 
array of nanoparticle wires two  microns 
wide, which is one-fiftieth the thickness 
of a human hair,” she adds. “When 
 pressure is applied, the nanoparticles 
move farther apart or closer together, 
varying the wire’s  electrical resistance. 

This  extremely sensitive signal can be 
 detected and located by electrodes, 
which makes it possible to precisely 
 determine the position and  intensity of 
the contact.”

Since August 2010, this nanotechnol-
ogy has been protected by a patent jointly 
held by the LPCNO and the Toulouse-
based startup Nanomade. Founded by 
Motorola executives in 2009, Nanomade 
is in charge of canvassing manufacturers 
who might be interested in the process. 
Last November, the LPCNO-Nanomade 
joint research project FlexiTouch, 
 initiated only a year earlier, came first in a 
French competition for innovation. “The 
project aims to perfect a flexible touch-
sensitive surface prototype measuring  
5 cm x 7 cm by spring 2011,” Ressier 
 explains. “Our invention is smaller, more 
sensitive, and less costly to produce than 
the alternative technologies currently in 
development. It should appeal to the 
hard touchscreen and electronic paper 
sectors.” These flexible, touch-sensitive 
surfaces could have many other 
 applications, such as ultrasensitive pres-
sure sensors, TV remote control “patches” 
on sofa armrests, or even medical 
 applications. The first products could be 
on the market as early as 2012.

01.  Laboratoire de physique et chimie des nano-objets 
(CNRS / INSA Toulouse / Université Toulouse-III).

CONTACT INFORMATION: 
LPCNO, Toulouse. 
 Laurence Ressier
 > laurence.ressier@insa-toulouse.fr

 ONLINE.
> www.nanomade.net
> http://lpcno.insa-toulouse.fr/

Toward Flexible 
Touchscreens

01 The sensitive 
surface prototype of 
the FlexiTouch 
project. The 
nanoparticles are 
deposited on the tiny 
frame at the center 
(in gold).
 02 Atomic force 
microscopy image of 
the nanoparticles on 
the flexible plastic 
surface.
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The Rainforest's

Hidden Colors

Physics Last summer, 
researchers combed the 
Amazon rainforest for 
insects that gleam with 
iridescent colors when 
exposed to light. They are 
now trying to reproduce this 
phenomenon with the aim 
of manipulating light on a 
small scale and creating 
new colored materials. 
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ence, on the surface of their bodies, of tiny structures 
of highly varied shapes—cylinders, spheres, 
 hexagons, etc.—separated from one another by a 
mere hundred nanometers or so,” explains the joint 
leader of the expedition Serge Berthier, a researcher 
at the INSP1 and professor at Paris-Diderot 
University. “The size of these structures corresponds 
to a precise wavelength which is then reflected in 
certain directions, creating an intense color.” 

“Controlling light on such a small scale has 
 become a major challenge,” Berthier adds. And this 
is what pushed him to study these little creatures. 
“Across the world, scientists are attempting to 
 develop so-called photonic devices—systems that 
can manipulate photons, the tiny elementary 
 particles that make up light. Insects, which over the 

BY JULIEN BOURDET

I
n September 2010, on the banks of the 
Approague River, in the Regina region of 
French Guiana, scientists armed with butterfly 
nets could be seen prowling around a clearing in 

the heart of the Amazon rainforest, trapping any 
insects that passed within their reach. Some of these 
insects were released, while others were kept for 
subsequent examination. These researchers, who for 
two weeks put up with mosquitoes and the  sweltering 
heat of the rainforest, were collecting specimens not 
for a museum, but to study how some of these tiny 
creatures manage to gleam with  shimmering colors 
in sunlight. 

The most promising specimens were taken back 
to the base camp and examined from every angle. 
While still alive, they were placed in a spectrometer 
to precisely measure the entire range of wavelengths 
of light that they reflect. White light is made up of 
many colors, each corresponding to a different 
wavelength, which explains the wide range of colors 
that these insects exhibit. Back in the laboratory, they 
were examined under a scanning electron micro-
scope to reveal the finer details of their structure. 
“What makes these insects so ‘colorful’ is the pres-
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01 02 03 04 The collection of insects studied by 
the researchers is impressive. They include the 
spectacular blue Morpho butterfly, the 
Pyrophorus beetle which emits its own light,  
a large bluish moth, and a golden beetle that 
turns red when attacked by a predator.

05 Capturing such colorful insects was done 
by day and by night. To attract nocturnal 
species, a white sheet lit from behind by 
powerful lights was set up. In a very short 
time, the trap would be covered with 
hundreds of small insects. 

06 07 08 Armed with butterfly nets, the 
researchers looked for new specimens along 
the paths and in the undergrowth of the 
Amazon rainforest. Once caught, insects were 
carefully placed in containers for subsequent 
examination at the base camp. 
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CONTACT INFORMATION: 
INSP, Paris. 
 Serge Berthier
 > serge.berthier@insp.jussieu.fr

course of millions of years of evolution have devel-
oped genuine, highly-efficient photonic structures, 
are sources of inspiration.” And Berthier’s favorite 
example is the Morpho, a large butterfly found in the 
Amazon rainforest, and the undisputed champion 
of coloration effects. In flight, when light strikes its 
wings at a specific angle, they exhibit a spectacular 
blue metallic sheen. This insect holds virtually no 
secrets for Berthier, who has already dedicated a field 
campaign to it and is trying to reproduce the but-
terfly’s microscopic structures in the laboratory. 
Such a biomimicry-based approach has already led 
to practical applications in partnership with indus-
try. These range from designing forgery-proof  
features for banknotes to developing pigment-free 
colored cosmetics, thus avoiding any toxicity associ-
ated with these substances. 

Berthier, with no intention to leave it at that, has 
already set his sights on other marvelous creatures. 
On this expedition, carried out with his colleague 
Jean-Pol Vigneron, from the University of Namur 
(Belgium), he has discovered insects with astonish-
ing optical properties. Some, including a type of 
grasshopper, have ephemeral colors, so-called 
 because they fade away once the insects die. Others 
are able to change color, such as a tiny golden beetle 
that turns red when attacked by a predator. “In both 
cases, the phenomenon involves not only a photonic 
structure, as in the Morpho, but also a chemical 
substance of unknown nature that the insect injects 
into the structure,” Berthier explains. Understanding 
this mechanism could lead to the design of  
new materials whose colors would change  depending 
on the light or the temperature. For this type of 
 research, these insects could prove an endless source 
of inspiration.

01. Institut des nanosciences de Paris (CNRS / UPMC).

09 Physicist Serge Berthier, studying under the 
microscope the finest details of the wings of 
his favorite species, the Morpho, a butterfly 
with a bluish metallic sheen and a champion 
when it comes to coloration effects. 

10 11 12 The secret of the Morpho lies in the 
tiny structures on the surface of its wings. 
These structures, which are separated from 
one another by a mere hundred nanometers 
or so, are able to reflect the blue component 
of light in particular directions. As seen 
through the microscope, these lamellae 
together form ridges, which themselves make 
up the scales that cover the butterfly’s wings. 

13 To uncover the Morpho’s secrets, it was 
placed in an acetone bath. The chemical 
replaced the air in the wing’s nanoscale 
structures causing the blue color to vanish.

14 In their nets the researchers managed to 
catch a grasshopper with ephemeral colors: 
the lateral green stripes vanish a few minutes 
after the insect’s death.
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BY MARION GIRAULT-RIME

W
hat do airbags, medical implants, flight-control 
instruments, and smart phones have in common? 
They all use so-called MEMS (microelectromechani-

cal systems), tiny integrated devices that can act as sensors (for 
measuring), actuators (for controlling a mechanism), or 
 transducers (for converting a type of energy into another). 
MEMS and their smaller counterparts NEMS (nanoelectrome-
chanical systems) have applications in highly competitive sec-
tors like defense, automobile, and aerospace, but also show great 
promise for healthcare and environmental monitoring systems. 
Ongoing research in this field is being carried out by the 
European Associated Laboratory (LEA) 
“SmartMEMS/NEMS for Advanced 
Communications and Sensing,” whose 
objective is to find innovative solutions 
for advanced radio-frequency (RF) 
 communications and sensing systems. 

This LEA is the brainchild of Robert 
Plana, from the LAAS-CNRS,1 Georges 
Konstantinidis, from IESL-FORTH2 in 
Greece, and Alexandru Müller, from 
Romania’s IMT.3 The three researchers 
hit it off instantly when they first met in 
1998 at a MEMWAVE workshop.4 In 
2003, they were already pioneering one of 
the first and largest European projects on 
RF-MEMS, called AMICOM.5

SmartMEMS was launched in 2009, 
backed by both FP6 and FP7.6 It is recog-
nized today as one of the world’s leading 
authorities on RF-MEMS, and has been 
instrumental in setting up and 
 coordinating many projects in the field, 
including the Health and Usage 
Monitoring Systems (HUMS) for the 
aerospace industry, or a host of biomedi-
cal applications like the European MNT-
ERANET “MEMIS” (MEMS Based 
Millimeterwave Imaging System) project. 
The latter is at the forefront of millimeter 
wave imaging technology, which prom-
ises to enhance performance (with higher 

resolution and sensitivity), reduce size 
and cost, and achieve higher safety 
standards. 

But millimeter wave technology also 
holds great promise for commercial 
 applications in the aeronautic (near-all-
weather vision landing), security 
 (concealed weapon detection), automo-
tive (collision avoidance systems), and 
biomedical (tumor detection) fields.

The three joint labs involve a total of 
45 researchers, 19 from the LAAS, 16 
from FORTH, and 10 from IMT. Each 
team is focused on a different, but com-
plementary aspect of the research. 
Ongoing work ranges from creating new 
components and next-generation “smart” 
materials— such as graphene and carbon 
nanotubes for building new ultrafast and 

reconfigurable microwave and millime-
ter wave devices—to integrating them 
into  wireless networks, and predicting 
their behavior through experimental and 
 theoretical research. 

01.  Laboratoire d’analyse et d’architecture des 
systèmes (CNRS).

02.  Microelectronics Research group (IESL-FORTH, 
Greece).

03.  Laboratory of Micromachines Structures, 
Microwave Circuits and Devices (RF-MEMS), IMT, 
Romania. 

04.  MEMSWAVE workshops are annual international 
forums specialized in RF-MEMS.

05. http://www.amicom.info/
06.  The EU’s Framework Programmes for Research and 

Technological Development.

LEA SmartMEMS   Scientific pioneers in microsystems have created a network of 
excellence in nanotechnology by bringing together highly-specialized European labs.

European Microsystems  

 Research Leader

CONTACT INFORMATION: 
LAAS, Toulouse.
Robert Plana
 > lana@laas.fr

q Wireless sensor 
network on a flexible 
polymer substrate 
developed by 
researchers from the 
LAAS.
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BY VALERIE HERCZEG 

O
f all the terms that come to mind when evoking 
Taiwan, “unique” could be the one that best describes 
it. Perhaps because its many facets make it quite 
 difficult to describe at all. The island, which only 

 covers an area of 36,000 km2, has a population of some 
23 million, whose various origins stem from a rich and complex 
history. Yet a multicultural society and wide variety of languages 
are not the only peculiarities in this land of contrasts. 

While Taiwan has become one of the most successful 
 innovation-driven economies in Asia, its prosperity has been 
somewhat overshadowed by the craze for mainland China. 
Indeed, Taiwan has experienced remarkable economic growth 
and gained tremendous scientific strength over the past 60 
years. A world leader in cutting-edge technologies, it is at the 
forefront in both ICT and the life sciences, and can look forward 
to excellent prospects in the biotechnology sector.

TRAINING AND RESEARCH
The so-called “Taiwanese miracle” is not down to chance 
though. In 2010, Taiwan devoted 2.57% of its GDP to research, 

of which one third was financed by the 
public sector and two thirds by the private 
sector. By comparison, the US R&D 
 expenditure amounted to 2.85% of its 
GDP for the same year. 

Researchers make up 10% of the 
workforce, a percentage that is on the 
increase. The island’s economic success 
since the 1950s has been led by managing 
executives trained in the US, the UK, and 
Japan, who have contributed to the 
 development of an effective educational 
and research system.

With access to 180 public and private 
universities and professional institutes—
many of international repute—the 
Taiwanese population is highly educated. 
The National Science Council (NSC), es-
tablished in 1959, sets scientific and 
technological policies and priorities. It 
has grouped a number of scientific orga-
nizations into 11 National Applied 

Research Laboratories (NARLs) and has 
nurtured the creation of several science 
and technology parks. The Hsinchu 
Science Park, for instance, hosts some of 
the world’s top semiconductor foundries, 
approximately 450 high-tech companies, 
two universities, a space agency, a 
 synchrotron radiation facility, and the 
Industrial Technology Research Institute 
(ITRI). Set up in 1973, ITRI is in charge 
of developing new technologies and 
 finding industrial applications for 
 academic research. Its spin-off  
companies have often contributed to 
Taiwan’s  economic success abroad.

EUROPEAN COLLABORATION
While its scientific relations are histori-
cally steered towards the US and Japan, 
Taiwan is seeking to develop partnerships 
with Europe. The island has been eligible 
for the European Framework Programme 

Taiwan One the richest economies in Asia, Taiwan is banking on research and 
innovation to broaden its scientific expertise and develop new industrial applications. 

Treasure Island

02
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23  MILLION 
INHABITANTS (2009)

1,326,029 STUDENTS (2007)

2.57%   OF GDP ALLOCATED 
TO RESEARCH (2010)*

16,370   SCIENTIFIC 
PUBLICATIONS (2008)*

240  CNRS MISSIONS TO 
TAIWAN IN 2010

 * Source: SCI data (DVD Edition; Thomson Reuters); R&D Mag.
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(FP) since 2003, through the joint 
 financing of research projects by the NSC 
and the European Commission. 

France, although not among Taiwan’s 
top ten commercial partners, ranks 
 second behind the US in terms of joint 
scientific projects. Most French research 
organizations, including CNRS, have 
established partnerships with the NSC. 
What’s more, CNRS is the NSC’s second-
biggest partner worldwide.

CNRS has several scientific initiatives 
with Taiwan. In 2008, it signed a frame-
work agreement with the prestigious 
governmental multidisciplinary research 
institution Academia Sinica—its 
Taiwanese equivalent. A CNRS 
International Associated Laboratory 
(LIA) called ADEPT (Active Deformation 
and Environment Programme for 

Taiwan), was set up in 2007. It brings 
 together French and Taiwanese 
 universities and research institutions 
specialized in  geoscience to study plate 
tectonics and associated hazards. 

Last year, an International Program 
for Scientific Cooperation (PICS) in 
 physics was launched. The program 
 focuses on electronic spectroscopy. An 
international research network was also 
created with the NSC, enabling laborato-
ries to carry out joint research on the 
preservation of coral reefs. Furthermore, 
the Taipei office of the Hong-Kong-based 
French Center for Research on 
Contemporary China (UMIFRE)1 
 explores the political, economic, social, 
and cultural developments in the 

 contemporary Chinese-speaking world, 
in collaboration with the French research 
network on Taiwanese studies.

CNRS also participates in the Hubert 
Curien Partnership (PHC) “Orchid” 
 exchange program, set up in 2006 by the 
NSC and the French Institute in Taipei, 
an institution devoted to promoting 
 scientific and cultural collaboration 
 between France and Taiwan. Besides, 
CNRS and Taiwanese teams are able to 
tap into  financial support of over 
€200,000 from the NSC and the French 
National Research Agency (ANR) for 
three-year collaborative scientific proj-
ects. Finally, the “Frontiers of Science”2 

 initiative brings together research 
 institutions (including CNRS) from 
France and Taiwan to  encourage 
 interaction between young scientists 
through symposia in  multidisciplinary 
fields. The next  symposium will be held 
in Nice, France, on June 13-15, 2011.

WHAT LIES AHEAD
“Cooperation opportunities are still not 
exploited to the full, despite the existing 
potential for structured projects in fields 
like biodiversity, new energies, and 
 biotechnology,” explains Chantal Khan-
Malek, CNRS deputy director for the 
Asia-Pacific. 

Over 1000 Taiwanese students choose 
France every year to pursue their studies. 
The country, which is the sixth  destination 
worldwide and the first in continental 
Europe for Taiwanese students, hopes to 
boost these exchanges. Some 160 partner-
ships have thus been established between 
French and Taiwanese universities. 

Taiwan, on the other hand, is eager to 
host joint laboratories and extend its 
 scientific cooperation with France. This 
mutual interest and will to work together, 
combined with the island’s scientific 
 excellence, bodes well for future 
 exchanges and fruitful collaboration in 
all fields of science.

01.  French Research Institute Abroad, jointly created by 
CNRS and the French Ministry of Foreign and 
European Affairs.

02. www.sciencefrontiers.fr

The Paris-based Taiwan-France 
Scientific Foundation was set up in 
1999 by the French Science 
Academy–Institut de France and the 
NSC. Its annual prize rewards 
researchers working on projects of 
scientific interest to both Taiwan 
and France. 
Since 2004, the prize has been 
awarded to joint teams composed 

of French and Taiwanese scientists 
working on a wide variety of 
disciplines, such as mathematics, 
chemistry, biology, physics, 
astronomy, environmental and 
material sciences, medicine, and 
computing. The jury, composed of 
an even number of French Science 
Academy and NSC members, meets 
in Taiwan and France, alternatively. 

Laureates are entitled to financial 
support of €38,200 from the NSC. 
They are expected to promote 
scientific exchanges between 
France and Taiwan and can organize 
conferences and symposiums for 
that purpose. Former prize 
recipients include many researchers 
from CNRS or associated 
laboratories. 

THE TAIWAN-FRANCE SCIENTIFIC FOUNDATION PRIZE

CONTACT INFORMATION: 
DERCI, Paris. 
Chantal Khan-Malek
 > Chantal.Khan-Malek@cnrs-dir.fr

01 Ongoing research 
at the Taiwan 
Semiconductor 
Manufacturing 
Company. 02 Hsinchu 
Science and 
Industrial Park 
administration 
building. 03 National 
Synchrotron 
Radiation Research 
Center (NSRRC), in 
Hsinchu. 
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International The CNRS office in Washington is a dynamic hub for North American 
partnerships. CNRS International Magazine met its director Jean Favero.

 CNRS Exports 
its "French Flair"

INTERVIEW BY MATHIEU GROUSSON

What is this office’s main agenda?
Jean Favero: In coordination with the 
scientific department of the French 
 embassy in Washington and with the 
local offices of other French research 
 organizations, it has a dual purpose: 
 scientific monitoring, and institutional 
mediation between CNRS and North 
American research and teaching 
 organizations. Our role is both to 
 decipher the scientific priorities of the 
host country—a particularly important 
task  after a change of administration, 
such as the election of Barack Obama—
and to serve as a link between French and 
North American research, which covers 

the US, Canada and, since October 2010, Mexico. One of our 
core missions is to help promote collaboration between French 
and North American researchers.

What form do these collaborations take in America?
J.F.: CNRS provides several institutional tools. These include 
International Associated Laboratories  (LIAs) —there are cur-
rently six in partnership with the US and three with Canada—
and International Joint Units  (UMIs) , including five in the US 
(two more are in the pipeline) and two in Canada. These UMIs 
make it possible to set up international collaborative structures 
where scientists from partner countries can put their expertise 
to best use. Eventually, we hope to create antennas of these UMIs 
on French university campuses in order to entice foreign 
 researchers—in this case, North American researchers—to 
come and work in France. We seek to promote exchanges and 
avoid one-way collaborations.

How do American scientists feel about these partnerships 
and about French research in general?
J.F.: LIAs and UMIs were commended for their effectiveness 
during the November 2008 EU-US meeting in Atlanta.  
Wherever I go, I can see that French researchers are highly 

 appreciated. So much so that the Vice Chancellor of the 
University of California Riverside (UCR), which is already home 
to a UMI, mentioned that the university would eventually 
consider hosting another. The UCR governing body even  
named one of the university courtyards “Place du CNRS.” 
Similarly, Canada has just awarded an Excellence Research 
Chair to the French director of the polar research UMI at Laval 
University, Quebec.

Your activities are also targeted at young French 
researchers working in North America...
J.F.: Absolutely. With the French National Institute for Health 
and Medical Research (Inserm), we publish a monthly 
 newsletter, “Le Fil de Marianne,” sent to over 1500 young French 
students and postdocs in North America. It keeps them 
 informed about the evolution of French research, as well as job 
vacancies,  research organizations’ recruitments, and calls for 
tender. With the same proactive attitude, and in order to prevent 
the  much-talked about brain drain, we are present at the 
 numerous employment forums organized by major American 
universities to inform young researchers, whether French or 
American, about research opportunities in France.

Finally, are any of your activities aimed at the general 
public?
J.F.: We organize conferences called “Les rendez-vous du 
CNRS” every three months in Washington. French researchers 
 participate in these events, targeted at the general public. During 
their visit, speakers are also invited to meet the students at the 
Lycée Rochambeau, the French International School in 
Bethesda, Maryland. These visits are part of the CNRS Clubs 
program, which our office has also established in partnership 
with the French schools of San Francisco and Montreal. They 
give  students the opportunity to get involved, within their 
school, in scientific projects overseen by CNRS experts. Our 
goal is that French culture, which is so popular here in the US, 
is also valued for its scientific output.

CONTACT INFORMATION: 
CNRS office in Washington. 
 Jean Favero
 > jean.favero@cnrs-usa.org

 LIA.  
Laboratories 

"without walls" 
that allow 

long-term collabora-
tions between 

French and foreign 
teams.

 UMI. 
CNRS laboratories 

implanted in a 
foreign university, 

whose staff 
include CNRS 

researchers as well 
as engineers, 

technicians, and 
administrative 

staff.  
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BY JULIEN BOURDET

w� French astronomers are over the 
moon. The age-old dream of reaching out 
and “touching” the Sun is to become real-
ity at last. The instruments developed by 
the LESIA1 in Meudon and by the LPC2E2  
in Orléans have just been selected by 
NASA to equip its future Solar Probe Plus 
spacecraft. Due for launch in 2018, this 
will be the first probe to ever enter the 
Sun’s outer atmosphere, the corona.  

Scientists hope this mission will help 
them solve two mysteries of solar physics:  why does the Sun’s 
temperature, which is a mere 6000°C at its surface, rise to over 
1 million degrees Celsius in the corona? And how does solar 
wind, a plasma of electrons and protons ejected by the corona 
that cause the aurorae here on Earth, reach speeds of over  
800 km/s? In a bid to answer these questions, the US spacecraft 
will be equipped with an array of instruments protected by a 
shield able to resist the Sun’s hellish temperatures and intense 
 radiation. Among these are two large electric antennas whose 
receivers were designed by LESIA. “These antennas will let us 
measure the temperature of electrons and the speed of protons 
in the various regions of the corona,” explains Milan Maksimovic, 
a researcher at LESIA. As for the magnetic search coils developed 
by LPC2E, they will be used to determine the variations in the 
magnetic field generated by these particles. All this will provide 

Reaching for the Sun
data essential to understand the phenom-
ena that cause the heating of the corona 
and the acceleration of the solar wind. 

“Today, several theories have been 
put forth to explain these mysteries,” 
points out Vladimir Krasnoselskikh, a 
 researcher at LPC2E. “By making direct 
measurements, we should be able to  
turn theory into fact, and thus better 
 understand the innermost workings  
of our Sun.” But astronomers will have  
to be  patient. After its launch in 2018, 
Solar Probe Plus will need another  
six years to make its closest approach to 
the Sun, some 6.5 million kilometers from 
its surface. 

01.  Laboratoire d’études spatiales et d’instrumentation 
en astrophysique (CNRS / Observatoire de Paris / 
Universités Paris-VI and-VII).

02.  Laboratoire de physique et chimie de 
l’environnement et de l’espace (CNRS / Université 
d’Orléans).

Instruments

CONTACT INFORMATION: 
LPC2E, Orléans. 
 Vladimir Krasnoselskikh
 > vkrasnos@cnrs-orleans.fr 

 LESIA, Meudon. 
 Milan Maksimovic
 > milan.maksimovic@obspm.fr
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q Computer-
generated image of 
the Solar Probe Plus 
spacecraft 
approaching its 
target, the Sun.

sweden i
Scientific cooperation 
between France  
and Sweden reached 

a milestone with the signing 
of six new agreements in 
Stockholm on December 13, 
2010. In France, the programs 
involve four CNRS-associated 
laboratories and focus on 
accelerator technology, 
climate research, and 
nuclear instrumentation. The 
agreements are part of the 
French-backed construction 
in Sweden of the world’s most 
powerful neutron source, the 
European Spallation Source (ESS), 
which should be operational by 
2020. 

mexico i
On January 17-20, a CNRS 

delegation led by chief research 

officer Joël Bertrand traveled 

to Mexico with the aim of 

strengthening existing ties 

between French and Mexican 

researchers. In addition to 

renewing the framework 

agreement between CNRS and 

the Mexican National Council 

of Science and Technology 

(CONACYT), the CNRS delegates 

also toured the French Center for 

Mexican and Central American 

Studies (CEMCA), a French 

research institute abroad created 

by CNRS and the French Ministry 

of Foreign and European Affairs. 

CNRS is also extending its 

cooperation with several Mexican 

research organizations: the 

National Polytechnic Institute, 

with which a framework 

agreement will take effect this 

year, the Research and Advanced 

Studies Center of the National 

Polytechnic Institute (CINVESTAV), 

which hosts an international 

joint unit (the French-Mexican 

computer science laboratory 

LAFMI), and the National 

Autonomous University of Mexico 

(UNAM), with which CNRS has set 

up an international associated 

laboratory in mathematics.
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�Founded in 1939 by governmental 
decree, CNRS is the largest 
fundamental research organization 
in Europe. 

CNRS is involved in all scientific 
fields through ten specialized institutes 
dedicated to: 
q Life sciences
q Physics
q Nuclear and Particle Physics
q Chemistry 
q Mathematics 
q Computer science
q Earth sciences and Astronomy
q Humanities and Social sciences
q  Environmental sciences and 

Sustainable development
q Engineering

CNRS research units are either fully funded  
and managed by CNRS, or run in partnership with 
universities, other research organizations, or 
industry. They are spread across France, and employ 
a large number of permanent researchers, 
engineers, technicians, and administrative staff. 

The CNRS annual budget represents one-
quarter of French public spending on civilian 
research. This budget is co-funded by the public 
sector and by CNRS, whose revenue streams include 
EU research contracts and royalties on patents, 
licenses, and services provided. CNRS’s 2011 budget 
is of €3.2 billion.  

CNRS employs some 34,000 staff, including 
11,400 researchers and 14,200 engineers and 
technicians. Nearly 1100 research units (90%) are 
joint research laboratories with universities  
and industry.

�DERCI, an office dedicated to 
European and international 
collaborations.

CNRS carries out research activities 
throughout the world, in collaboration 
with local partners, thus pursuing an 
active international policy.

The European Research and 
International Cooperation Office 
(Direction Europe de la recherche et 
coopération internationale (DERCI)) 
coordinates and implements the policies 
of CNRS in Europe and worldwide, and 
maintains direct relations with its 
institutional partners abroad.

To carry out its mission, the DERCI 
relies on a network of 9 representative 
offices abroad, as well as on science and 
technology offices in French embassies 
around the world.

CONTACT INFORMATION: 
> derci@cnrs-dir.fr

WEBSITE: 
> www.cnrs.fr/derci
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CNRS SUPPORTS 572 SCIENTIFIC 

COLLABORATIVE STRUCTURED PROJECTS 

ACROSS THE WORLD

     343   International Programs for 
Scientific Cooperation (PICS)

     114   International Associated 
Laboratories (LEA + LIA)

       93   International Research 
Networks (GDRE + GDRI)

       22    International Joint Units 
(UMI)
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 Musical Snake 
BY ARBY GHARIBIAN

w� Consider the sinuous curvature of its form, 
 its sheath of glowing scales, or its coiling web of lasers, 
and you will understand why this distinctive harp, 
 inspired by the Ming Dynasty Legend of the White 
Snake, would make even Apollo green with envy.

The term “bright sound” also takes on new 
meaning in this collaborative project between 
 researchers at LAAS-CNRS1 and Laura Couto-
Rosado, an art student in Toulouse.2 By plucking 
any of sixteen laser “strings” beaming across a 
curving frame, the harpist can play the individual 
notes of a number of different musical instruments, 
 including a flute or a horn. A second function, 
 created by composer/researcher Jean Fanchon, 
blends notes and sounds to simulate soundscapes 
ranging from the ocean to the forest.

The music, generated by a sound system wired to 
the harp, is triggered when the player’s hand 
 prevents a laser emitted by a diode from reaching its 
corresponding detector, the photodiode. These 
 cutting-edge lasers could be integrated into a host of 
chip-based microsystems with new applications, 
such as the detection of greenhouse gases.

01.   Laboratoire d’analyse et d’architecture des systèmes (CNRS / 
Université de Toulouse).

02.  École supérieure des beaux-arts de Toulouse.

CONTACT INFORMATION: 
LAAS-CNRS, Toulouse.
 Françoise Lozes
 > francoise.lozes@laas.fr
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