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Editorial

BY BERTRAND GIRARD, DIRECTOR OF CNRS’S 

INSTITUTE OF PHYSICS

On April 8, 1911, a Dutch physicist 
 observed that mercury, cooled to a 
few degrees above absolute zero, lost 
all electrical resistance. He had just 
 discovered superconductivity. 

In 1986, another revolution occurred 
with the discovery of new materials that 
became superconductors at much higher 
temperatures, paving the way for a host of 
applications. France is a world leader in 
the field, with several dozen laboratories 
devoted to this area of research. And 
CNRS is fully committed to  improving 
both public awareness and understand-
ing of superconductivity.

In the 21st century, superconductivity 
has become essential. Medical MRI 
(magnetic resonance imaging) systems, 
which produce images of the brain and 
other organs that are invisible through 
X-ray examination, rely on intense 
 magnetic fields that can only be generated 
by superconductor coils. These same  
coils are required to curve particle paths 
in the Large Hadron Collider, the  
particle  accelerator operating at CERN in 
Geneva (Switzerland). Superconductor 
devices are also used to map the faint 
magnetic fields produced by the brain. 
Not to  mention the superconducting 
electrical transmission line currently 
undergoing real-condition tests— 
capable of delivering electricity with no 
loss of power.

These are just a few of many  
examples. In terms of basic research, 
superconductivity, a macroscopic 
manifestation of quantum physics, is a 
complex field in which progress is slow 
but steady. Scientists are busy inves-
tigating the fundamental and applied 
aspects of  superconductivity, developing 
and  characterizing new materials, and 
 elaborating theoretical models. 

In this issue’s cover story, CNRS Inter- 
national Magazine explores the facets of 
what remains one of the great modern-
day enigmas in the world of physics.
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w� CNRS was ranked second out of 
50 institutions worldwide in 
terms of scientific papers 
published by the scientific journal 
Nature. This was reported on its 
website Nature Publishing Index. 
Last year, CNRS research featured 
in 182 scientific papers. It comes 
second only to America’s Harvard 
University, and is ahead of 
Germany’s Max Planck Institute, 
which takes third place. 

“
Alexandria once was one of 
the world’s first scientific 
capitals, a reminder that 

 science was born in the Mediterranean,” 
Daniel Rondeau, France’s ambassador  
in Malta, told a CNRS delegation on  
March 29. The reason for that visit was 
the scheduled signature of an agreement 
with the University of Malta for the es-
tablishment of a CNRS office on the 
university campus. The office, whose 
reach includes all the Mediterranean 
countries, aims to “support CNRS’s 
 international activity with regard to the 
Mediterranean countries of southern 
Europe, North Africa, and the Middle 
East,” says Arnaud Lalo, its director. 

“We will be promoting multilateral 
cooperation among all our Euro-
Mediterranean partners. We are also 
keen to strengthen bilateral cooperation 
with certain Mediterranean countries to 
enhance their scientific and technologi-
cal potential.” Why choose Malta? “This 
small EU country lies at the geographic 
center of the Mediterranean,” Lalo 
 explains. “Furthermore, Malta’s culture 
and language make it a bridgehead 
 between both sides of the Mediterranean 

basin.” Like CNRS’s other ten offices 
abroad, the Malta office will act as an 
intermediary between CNRS and its 
partners. It will undertake  scientific, 
technological, and institutional 
 monitoring of the region, and help 
 organize seminars and conferences. In 
fact, the inauguration of the Malta office 
coincided with the international 
MISTRALS1 symposium. Initiated by 
CNRS and IRD,2 MISTRALS is a 10-year 

interdisciplinary research and observa-
tion program aimed at studying the 
 environment in the Mediterranean basin 
and its evolution as a result of global 
change. 

01.  Mediterranean Integrated STudies at Regional And 
Local Scales.

02. Institut de recherche pour le développement.

CONTACT INFORMATION:
CNRS Malta Office.
 Arnaud Lalo
 >  arnaud.lalo@cnrs-dir.fr 

cnrs makes the headlines i

 ONLINE.
> www.natureasia.com/en/publishing-index/global/

CNRS Office in Malta

q Results obtained 
by teams involving 
CNRS researchers 
were featured on 
Nature’s front cover. 

CNRS Makes 
Nature’s Top Three

STRENGTHENING 
LINKS WITH CHINA
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q  Speaker Etienne 
Ruellan , CNRS 
co-director of 
MISTRALS.

w� The 13th French-Chinese 
joint scientific and technical 
commission was held in Paris 
on May 30, to assess both 
countries’ collaboration in terms 
of science and technology. It 
brought together China’s 
Science and Technology 
Minister Wan Gang and Valérie 
Pécresse, then France’s Higher 
Education and Research 
Minister. Six scientific fields, 
including biodiversity, energy, 
and computer science, were 
defined as priorities and will be 
the subject of bilateral seminars 

with the objective of elaborating 
a three-year action plan and 
determine future joint research 
projects. The first foreign 
organization to have signed a 
cooperation agreement with the 
Chinese Academy of Sciences 
(CAS) in 1978, CNRS has since 
maintained very structured 
relationships with China. Minister 
Wan Gang paid tribute to the 
“fruitful collaboration between 
CNRS and its Chinese partners,” 
and expressed the wish to 
strengthen exchanges while 
nurturing young researchers.
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� 70x1012
�is the approximate number of collisions accumulated by the 
Large Hadron Collider (LHC) experiments ATLAS and CMS in 
2011. This milestone, which was the target set for the entire 
2011 run, was reached much earlier than expected:  
at 10:50 a.m. on June 17. “This is a superb achievement, which 
demonstrates the outstanding performance of the 
accelerator and of the operation team,” said Fabiola Gianotti, 
spokesperson for the ATLAS experiment. 

w� Located in central France at the Nançay 
Radio Astronomy Observatory,1 the French 
component of the European LOw-Frequency ARray 
for radio astronomy (LOFAR)—the largest radio 
telescope in the world—was officially inaugurated 
on May 20. Made up of an array of around 50 groups 
of antennas, this huge interferometer, which covers 
thousands of kilometers throughout Europe, will 
make it possible to observe a wide range of 
astronomical objects simultaneously, and in various 
directions at once.
01. CNRS / Observatoire de Paris / Université d’Orléans.

LOFAR’s  
French Launch

q  Low frequency 
antennas in the 
LOFAR array set up at 
Nançay, in France’s 
Centre region. 
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w� Roberto Macchiarelli, professor of paleoanthropology 
and researcher at the HNHP,1 a unit of the French National 
Museum of Natural History (MNHN) dedicated to prehistoric 
man, was awarded the prestigious Fabio Frassetto 
International Prize for Physical Anthropology by 
Italian President Giorgio Napolitano. The author 
of over 160 publications, Macchiarelli uses 
innovative techniques such as X-ray 
microtomography to study human fossils, mainly 
Homo ergaster-erectus and Neanderthals, as well 
as fossil populations of anatomically modern 
Homo sapiens. This non-destructive imaging 
technique can be used to recreate the volume of 
an object from consecutive sections. Through 
excavations carried out over the past 25 years at sites in the 
Middle East and East Africa, Macchiarelli has reconstructed 
the dynamics of human populations in eastern Africa and the 
Arabian Peninsula during the Pleistocene (approximately  
1.8–10 million years BP) in relation to climate variations. 
w� Alain Tressaud, director emeritus at the ICMCB2 in 
Bordeaux received the “2011 ACS3 Award for Creative Work 
in Fluorine Chemistry” at the last meeting of the ACS, held in 
Anaheim, California (US), in March. The prize recognizes an 

outstanding contribution to the field  
of fluorine chemistry. After completing 
his PhD in physical sciences at the 
University of Bordeaux in 1969, Tressaud 
went to the University of California, 
Berkeley, for his post-doc. There, he 
studied under Professor Neil Bartlett, 
who, by using fluorine, had just 
discovered the first rare gas 
compounds. Tressaud’s scientific work 

covers a wide range of fields in the synthesis, characterization, 
and applications of fluorinated materials. In 2002, CNRS made 
him head of the French Fluorine Network, which promotes 
research related to fluorine and fluorinated products in all 
areas of chemistry, the life sciences, new technologies 
(microelectronics and optoelectronics), and the environment. 
w� Patricia Bouyer-Decitre of the LSV4 received the 
Presburger award 2011, given by the European 
Association for Theoretical Computer Science 
(EATCS). She was rewarded for her major contribu-
tion to the theory and applications of timed 
automata as a fundamental model of real-time 
systems. Born in 1976, Bouyer presented her PhD 
thesis in 2002. In 2007, she received the CNRS 
Bronze Medal, awarded for outstanding achieve-
ments by a junior researcher. Her publication 
record includes some 70 research papers in 
leading international journals and conferences. 

01. Histoire naturelle de l’homme préhistorique (CNRS/ MNHN).
02.  Institut de chimie de la matière condensée de Bordeaux (CNRS / Université 

Bordeaux-I)
03. American Chemical Society.
04.  Laboratoire spécification et vérification (CNRS / ENS de Cachan).

D
R

©
 V

. M
AC

CH
IA

R
EL

LI

©
 A

. T
R

ES
SA

U
D



CNRS I INTERNATIONAL MAGAZINE6w Spotlight |    Live from the Labs

BY VAHÉ TER MINASSIAN

I
t’s the only instrument of its kind in 
the world. This monumental  4-hectare 
 installation in the town of Caumont 

(Ariège region), comprises 48 cages of  
100 m2 each, connected by 76 corridors, 
each 20 meters long. This complex of 
steel, nets, and plastic, which became 
fully operational in May this year, is 
called the Métatron. Its objective is to 
allow ecology experts to conduct full-
scale experiments on populations of ter-
restrial species and observe the migration 
of individuals from one area to another 
in reaction to variations in their environ-
ment. One example involves testing the 
way in which species adapt to climatic 
changes or, on the contrary, flee altered 
climates to colonize new, more  welcoming 
habitats. For the first time, researchers will 
be able to measure, under controlled condi- 
tions and on a large scale, the effect of a rise 
in temperature or atmospheric humidity 
on the dispersion pattern of animal 
 populations. They thus hope to identify the 
characteristics of the individuals that can 
best adapt to climate change.

A GIGANTIC COMPLEX 
This installation, which cost an estimated 
€1 million, is located a few kilometers 
outside Caumont at the Moulis 
Experimental Ecology Station (SEEM),1 
directed by Jean Clobert. Each of the 48 
distinct areas—or units—will house a 
community of animal and plant species 
upon which researchers will be able to 
impose specific temperature and humid-
ity conditions. A digital system accessible 
via the Internet or from a computer 
 located in a dedicated shelter will be used 
to activate a sprinkler system or deploy 

shade awnings. These parameter  settings 
will then be continuously monitored 
and controlled by computer throughout 
the year. 

In addition to being a technical tour 
de force, the Métatron is above all an 
unprecedented type of service that opens 
a wide range of research possibilities: 
evaluating the effect of parasites or preda-
tors on various ecosystems, studying how 
bees pollinate fields, interpreting the 
 behavior of  morphs  of a given species or, 
of course, assessing the consequences of 
climate change.

In fact, global warming is at the heart 
of the current experiments undertaken 
by the SEEM team, pending the creation 
next September of a steering committee 
that will select projects from around the 
world to be conducted at the Métatron. 

ADAPT OR RELOCATE
Experiments began before the instru-
ment was fully complete, in summer 
2010, with only half the cages 
 operational. A year later, these studies 
are entering a new phase. They focus on 
two model species, the lizard and the 
butterfly, which are also research targets 

for Jean Clobert, head of the French 
network of experimental ecology 
 stations, and Michel Baguette, professor 
at the French National Museum of 
Natural History (MNHN). “Although 
they are run independently, these 
 experiments share the same goal,” 
Baguette explains, “namely to find out 
how climate change selects individuals, 
and according to what criteria.”

In this particular case, biologists 
using the Métatron examine the way in 
which these two species react to a 
 variation in temperature or atmospheric 
humidity. Will they stay where they are 
and adapt by reducing their fertility, or 
will they migrate to a new habitat via  
the corridors? Each day, throughout the 
 entire duration of the experiment, the 
researchers catch the butterflies that 
venture into other cages, and check traps 
placed in the corridors to retrieve any 
juvenile lizards trying to escape. They 
then subject those animals to batteries 
of physiological and behavioral tests to 
characterize the  migrant group. The 
 ultimate goal is to infer, using statis-
tics, how climate change affects the 
fauna in general.

Ecology In southwestern France, the Métatron will allow large-scale 
experiments on the movements of species as a function of their environment.

A Life-Size
 Ecology Testing Facility

 MORPH.
A subpopulation 
of individuals of 

the same species 
 differentiated 
by anatomical 

and behavioral 
 characteristics.

01 02 Reconstitution of a mown prairie (left) and of an unmown wet prairie (right) in the Métatron. Temperature, humidity, 
and light sensors are installed in the middle of the two cages.
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OTHER ONGOING PROJECTS 
The Métatron was built on the site of a 
former underground laboratory, which 
was opened in 1948 to study cavernico-
lous species. The Métatron team still uses 
the two equipped caves in which it farms 
Pyrenean newts, and has also developed 
the world’s only  olm  farm, housing the 
eyeless and colorless salamanders known 
as “human fish.”

Although research on troglophiles, 
troglobites, and trogloxenes will contin-
ue, the site’s overall activity has been 
 reoriented toward a broader, more topical 
issue, which Clobert defines as “the im-
pact of perturbations on meta-ecosys-
tems.” These perturbations can be of 
 climatic origin or induced by human 
 activity, in particular as man-made 
 installations split up animal populations 
and damage or destroy their habitats. 
According to Olivier Guillaume, a 
 research engineer at the laboratory, the 
center now focuses on “the in-depth 
study of the consequences of these 
 upheavals by applying new techniques to 
habitat models for continental terrestrial 
and aquatic species. We would also like to 

develop new tools for protecting biodiver-
sity in the spirit of the green and blue 
belts, the botanical and aquatic corridors 
stipulated by the 2007 French 
Environment round table.” 

A project contract that runs through 
2013, backed by the EU, the French gov-
ernment, regional authorities, and CNRS, 
will provide the necessary funding to 
transform the research center into a 
leading-edge experimental site open to 
researchers from around the world. 
Current plans involve the construction of 
two new buildings, which started in May, 
the outfitting of a number of laboratories 
(genetics, molecular biology, physiology, 
cellular biology, and phenotyping),  
and the installation of a 550 m2 aviary as 
well as a 700 m2 greenhouse. Another 
 upcoming project is the creation of two 
mesocosms, temperature-controlled 
 installations using man-made pools to 
simulate river and lake environments. 
With all this new scientific facilities, the 
Moulis site is bound to become a natural 
habitat for ecology experts.

01.  Station d’écologie expérimentale du CNRS à Moulis 
(CNRS / MNHN).

CONTACT INFORMATION:
SEEM, Moulis. 
 Jean Clobert
 > jean.clobert@ecoex-moulis.cnrs.fr
 Olivier Guillaume
 > olivier.guillaume@ecoex-moulis.cnrs.fr

MNHN, Brunoy. 
 Michel Baguette
 > baguette@mnhn.fr

03 Aerial view of the 
first 24 cages of the 
Métatron.
04 05 Lizards and 
butterflies (with 
numbered wings) 
were marked to 
allow researchers to 
monitor their 
movements from 
one cage to another 
within the Métatron.

 OLM.
This cave-dwelling 

amphibian is 
blind, although it 

perceives vibrations 
in water, and has 

totally depigmented 
skin. It grows to 

lengths of 15 to 25 
centimeters and can 

live for as long as 
100 years.
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A photo report on the Métatron 
can be viewed  on the online version 

of CNRS magazine.  
> www.cnrs.fr/cnrsmagazine

Brunoy

Moulis
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BY ELAINE COBBE

F
ew natural phenomena wreak as 
much havoc as earthquakes. Part 
of the reason why they are so 

 destructive is due to the element of 
 surprise: rarely do seismologists have 
more than a few seconds’ warning that 
the Earth is about to move.

Yet scientists studying the 1999 
earthquake in Izmit (Turkey) believe they 
have identified a seismic signal that was a 
precursor to the devastating tremor.1 Their analysis of 
previously overlooked data shows that the 7.6 magnitude quake 
was  preceded by a seismic signal of long duration that came 
from the hypocenter, the precise point where an earthquake 
originates, located right below the surface’s epicenter. The signal 
consisted of a succession of repetitive seismic bursts, which ac-
celerated with time, and increased low-frequency seismic noise. 

Seismologists’ observations reveal that there was a full 44 
minutes of slow slip occurring at the base of the brittle crust of 

the North Anatolian fault. This finding, 
says team leader Michel Bouchon of the 
ISTerre,2 could lead to the development of 
much earlier warning signals for popula-
tions at risk. The Izmit earthquake 
 devastated part of northwest Turkey, 
 killing more than 17,000 people.

Seismologists currently working in 
known earthquake zones rarely have 
more than a few seconds to sound the 
alarm. This time lapse is however suffi-
cient for local authorities, provided they 
have set up effective emergency measures, 
to stop trains, alert airports, and get 
schoolchildren to take cover under their 
desks. If they had tens of minutes, much 
more could be done to save lives.

“The challenge now is to be able to 
identify the signal before a tremor,” ex-
plains Bouchon, “at the moment, we still 
can’t.” The instruments currently used 

aren’t precise enough to pick up the sig-
nal, barely perceptible on the surface. Yet 
the researcher believes technological 
 advances could make it possible within a 
few decades.

Although the 44-minute slow slip 
process was recorded at the time, only 
one seismometer recorded more than one 
foreshock. It was also directly opposite 
the spot where the fault started to rupture 
so the input was not considered likely to 
be very useful. Bouchon’s team was the 
first to take a close look at all the informa-
tion from the Izmit quake. They used 
techniques which have been developed 
since 1999 to analyze the particular set of 
data that recorded the slow slip. 

The team included researchers from 
CNRS,3 as well as from Turkey’s Kandilli 
Observatory (Istanbul) and Tubitak 
Marmara Research Center. Bouchon says 
the next step is to examine data from 
other earthquakes, including the one  
that struck Japan last March, to find  
out whether similar abnormal seismic 
 activity can be detected. He believes  
that such signals are more likely to be 
found in other interplate events, by far the 
most common and most destructive 
types of quake. However, the seismologist 
also wants to check whether this type of 
activity can be detected in intraplate 
processes, where the tremor results from 
a fault within one plate.

01.  M. Bouchon et al., “Extended Nucleation of the 1999 
Mw 7.6 Izmit Earthquake,” Science, 2011. 331: 877-80.  

02.  Institut des sciences de la terre (CNRS / Universités 
Grenoble-I and Chambéry / IRD / LCPC).

03.  Institut des sciences de la terre, Institut de physique 
du globe de Strasbourg (CNRS / Université de 
Strasbourg) and Institut de physique du globe de 
Paris (CNRS / UPMC / Université Paris Diderot). 

CONTACT INFORMATION: 
ISTerre, Grenoble. 
 Michel Bouchon
 > Michel.Bouchon@ujf-grenoble.fr

Seismology Researchers have discovered early seismic signals that could 
significantly help populations prepare for an imminent earthquake. 

Quakes’ 
 Early Warning Signals

q Location where 
one side of the fault 
was uplifted by  
4 meters (1999 Izmit 
earthquake). In 
insert, the vibrations 
(a few micrometers 
in amplitude) 
produced at the level 
of the hypocenter 
some 20 minutes 
before the 
earthquake.

Grenoble
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BY CLÉMENTINE WALLACE

w� An international consortium 
 including researchers from CNRS has 
discovered a new way of categorizing 
 individuals based on the types of bacteria 
found in their gut.1 This categorization, 
they say, could help make headway in the 
field of disease prevention.

“It’s only been a few years since we 
understood that a detailed understand-
ing of human biology requires not only 
knowledge of the human genome, but 
also of the human metagenome: the ge-
nomes of human-associated microor-
ganisms,” explains Stanislav-Dusko 
Ehrlich, 2 coordinator of the 
Metagenomics of Human Intestinal Tract 
(metaHIT) project,3 financed by the 
European Commission under the 7th 
Framework Programme. 

For the past three years, Ehrlich’s 
team has been collecting and analyzing 
the genomes of microbial populations in 
the human gut. The researchers used 

What Enterotype Are You?
three different genetic sequencing tech-
niques to compare the gut metagenomes 
of patients from different continents.

“Whatever method we used, we 
found that patients systematically fell 
into three categories, which we called 
enterotypes,” says Ehrlich. “These entero-
types are based on the relative abun-
dance of the different types of bacteria 
present in the individual’s digestive tract, 
and on the functions coded by their 
genes.” Enterotypes are independent of a 
person’s origin, age, and nutrition habits, 
“a bit like blood types,” he adds. 

According to the authors, such 
 categorization can help identify patients 
at risk of developing diseases linked to 
imbalances in their intestinal flora. In 
 recent years, evidence has indeed 
 accumulated to show that the develop-
ment of many health conditions —includ-
ing bowel inflammation, allergies, 
 diabetes, cancers, but also neural 
 disorders such as autism—are   
influenced by the gut flora.

The team is currently studying 
 correlations between the metagenome 
of patients and their risk of developing 
conditions such as inflammatory bowel 
disease and obesity. “This should help 
provide a much more targeted prognosis 
to identify people at risk, compared to 
that based solely on our own genes,” 
adds Ehrlich.

The authors also hope such findings 
will eventually lead to approaches in 
which an individual’s microbiota can be 
modulated to optimize health and 
well-being.

01.  M. Arumugam et al., “Enterotypes of the human gut 
microbiome,” Nature, 2011. 473: 174-80. 

02.  Unité de recherche génétique microbienne, INRA, 
Centre Jouy-en-Josas.

03.  www.metahit.eu

Genomics

CONTACT INFORMATION: 
INRA, Jouy-en-Josas. 
Stanislav-Dusko Ehrlich 
 > Dusko.Ehrlich@jouy.inra.fr

w� Nanomotors of the future, like their macro 
counterparts, will require pistons to work. One of 
the major challenges involved in manipulating a 
nanopiston’s sheath over its rod has been resolved1 by a 
Franco-Chinese collaboration.2 The newly-developed  
nanopistons not only self-assemble, but also offer a 
precision unmatched by other nano-fabrication 
techniques.

Ivan Huc and his colleagues at IECB2 in Bordeaux 
were able to induce a helically folded molecule to wrap 
itself around a molecular rod. The result resembles a 
spring that can move along the rod, which in turn has 
“caps” at each end to prevent the helix from sliding free.

This “sheath” can be made to move along the rod by 
altering the acidity of the environment, which will 
change the sheath’s chemical affinity for one or the 
other end of the rod. This movement could be used to 
actively modify the surface qualities of different 
materials—for instance, switching between hydro-
phobic or hydrophilic states as required. Such pistons 
could also power moving nanomachine components: if 
linked together, they could form a chain that expands 

and contracts, mimicking the action of a muscle.  
The chemical interactions involved in these 

nanopistons are rather well understood. “There are 
hydrogen bonds acceptors on the rod and hydrogen 
bond donors on the helix. These anchor points are 
located at defined distances in space, which must 
match,” explains Huc. 

Linking rods of known size to nano components—and 
thus establishing exact distances within 
nanomachines— could facilitate precise engineering 
at the nano-scale. Because the helical molecules  
that constitute the piston sheath may 
conduct electrons, they could not only 
provide thrust to nanomachines, but also  
be used as made-to-measure nanowires.                
01.  Q. Gan et al., “Helix-Rod Host-Guest Complexes with 

Shuttling Rates Much Faster than Disassembly,” 
Science, 2011. 331: 1172-5.

02.  Institut européen de chimie et biologie (Université de 
Bordeaux) and the Beijing National Laboratory for 
Molecular Sciences.

CONTACT INFORMATION: 
IECB, Bordeaux. 
Ivan Huc 
 > i.huc@iecb.u-bordeaux.fr

Self-Assembling Nanopistons BY MARK REYNOLDS
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BY LAURE CAILLOCE

w� Scientific opinion remains divided about 
what caused Neanderthals to disappear. Several 
hypotheses exist: they may have been wiped out by a 
colder climate, or they could have failed to compete 
with modern humans. Today, Jean-Pierre Valet,  
senior researcher at the IPGP1 in Paris, and Hélène 
Valladas from the LSCE2 in Gif-sur-Yvette offer an 
 alternative explanation: Neanderthals may have 
been the  victims of increased UV-B solar radiation 
due to a drop in the Earth’s magnetic field.3

The scientists noticed that the last major geo-
magnetic excursion—an aborted reversal of the 
Earth’s magnetic field—which occurred between 
40,000 and 33,000 years ago, coincides with the 

The Sun Factor
 period of extinction of Neanderthals. Could there be 
a link? Valet gives his scenario. “All along this excur-
sion, the intensity of the geomagnetic field, which 
sustains the magnetosphere that protects us from 
solar protons, decreased ten-fold,” explains Valet. 
“Therefore, the protons emitted during solar flares 
probably managed to penetrate the lower layers of 
the atmosphere, leading to production of nitrogen 
monoxide, which is known to attack the ozone layer.” 
Thinned not only over the poles, but also down to 
European latitudes where the majority of 
Neanderthals were settled, the ozone layer was no 
longer able to effectively block UV-B radiation. 

According to recent studies, Neanderthals had 
fair skin and the same amount of hair over their body 
as modern man, making them very vulnerable to the 

BY MARK REYNOLDS

w� Imagine a dying society, clinging to 
survival in the far frozen reaches of 
the Earth, thousands of years after it 
was thought to have vanished. For 
Ludovic Slimak, paleontologist at the 
TRACES laboratory,1 this haunting 
thought may well have been the fate of 
the last Neanderthals.2

Together with Russian and 
Norwegian colleagues, Slimak identified 
a site filled with evidence of   Mousterian 
technologies, the stone-based tool-mak-
ing characteristic of Neanderthal societ-
ies. The tools and mammoth bones date 
back 28,500 years—eight millennia after 

the last Neanderthals were thought to 
have  disappeared. The site is in Byzovaya,  
near the Arctic Circle in Russia’s Ural 
Mountains, much further North than 
Mousterian technology was thought to 
have coped.

Slimak admits that, having found no 
Neanderthal bones at the site, it is impos-
sible to rule out that Homo sapiens could 
have been the source of the remains. 
Every other Mousterian site in Europe 
has been linked to Neanderthals: 
 whether Byzovaya is evidence of the  
last Neanderthals or a heretofore 
 unknown human Mousterian society in 
Northern Europe is equally exciting. 

 “I would say that this Arctic 

Mousterian society was probably much 
more complex technically and sociologi-
cally than we could imagine,” explains 
Slimak. “Life in the Arctic requires a strong 
social organization to cope with the ex-
treme climate. This means that the site 
could not have been completely isolated. 
Others must exist, possibly between 
Byzovaya and the Kara and Barents sea.”

01.  Travaux et recherches archéologiques sur les 
cultures, les espaces et les sociétés (CNRS / 
Université de Toulouse le Mirail).

02.  L. Slimak et al., “Late Mousterian Persistence near 
the Arctic Circle,” Science, 2011. 332: 841-5.

CONTACT INFORMATION: 
TRACES, Toulouse. 
Ludovic Slimak 
 > slimak@univ-tlse2.fr

01 Mousterian stone 
artefacts found in 
Byzovaya.

Paleoanthropology  Recent research on Neanderthals is shedding new light on 
various aspects of their history, from their origin to their disappearance.

On the Trail of
Neanderthals
Late Artefacts

Gif-sur-Yvette
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noxious effects of UV-B radiation, including 
 induction of skin cancer, weakening of the immune 
system, and damaging of eye tissue. This may have 
accelerated the disappearance of the Neanderthals, 
already on the decline. Modern humans may have 
survived  because they were more widespread 
across the world, down to lower latitudes.  

01.  Institut de physique du globe de Paris (CNRS / IPGP / UPMC / 
Université Paris-Diderot / Université de la Réunion). 

02.  Laboratoire des sciences du climat et de l’environnement (CNRS / 
CEA / Université de Versailles-Saint-Quentin-en-Yvelines). 

03.  J.-P. Valet and H. Valladas, “The Laschamp-Mono lake geomagnetic 
events and the extinction of Neanderthal: a causal link or a 
coincidence?,”  Quaternary Science Reviews, 2010. 29: 3887-93. 

CONTACT INFORMATION: 
IPGP, Paris. 
 Jean-Pierre Valet  
 > valet@ipgp.fr 
LSCE, Gif-sur-Yvette. 
Hélène Valladas   
 > helene.valladas@lsce.ipsl.fr

BY LAURE CAILLOCE

w� One of the challenges—and not the 
least—facing today’s paleoanthro-
pologists is to determine the most recent 
ancestor shared by modern humans 
(Homo sapiens, a species that emerged in 
Africa about 200,000 years ago) and 
 Neanderthals (who appeared in Europe 
some 300,000 years ago). 

The complete re-examination by a 
Franco-Italian team1 of Homo heidelber-
gensis (700,000 – 300,000 years ago), who 
certain researchers already believed to 
be a precursor to the Neanderthals, 
shows that this hominidae population 
could in fact be the genetic reservoir link-
ing the two species. Ceprano, an Italian 
skull cap fossil that was recently added to 
the Heidelbergensis family, lends weight 
to this hypothesis.2

First described in 1908 on the basis of 
a single mandible, Homo heidelbergensis 
had never since been subjected to a  taxo-
nomic  update , despite the many discov-
eries of other specimens that followed. To 
fill this gap, Aurélien Mounier, an  associ-
ate researcher at the biocultural anthro-
pology unit in Marseille, undertook the 
enormous task of comparing the mor-

phological characteristics of nearly 200 
fossils from various eras. Using  innovative 
methods allowing both the statistical 
identification of fossil species as a group 
and the description of their morphologi-
cal characteristics, he could define the 
primary traits of Homo heidelbergensis. 
In light of this new analytical grid, 
Mounier confirmed the addition of new 
members to the family, including 
 individuals found outside Europe. Thus 
reclassified, the Kabwe, Bodo, and 
Tighenif fossils (respectively from 
Zambia, Ethiopia, and Algeria) extend the 
settlement of Homo heidelbergensis to 
Africa, making it a potential ancestor of 
both Homo sapiens and Neanderthal.

The case of the Ceprano fossil, which 
was discovered in Italy in 1994, supports 
the hypothesis of a shared ancestor. In 
the course of his examinations, Mounier 
noticed that its morphology did not 
 correspond to its presumed age of 
900,000 years. Following a reassessment 
of the fossil’s age by the University of 
Rome and another morphological exami-
nation, the hominid is now believed to  
be “only” 400,000 years old and a member 
of the Heidelbergensis family.

Yet the rather archaic morphology of 
this Homo heidelbergensis led the team 
to draw a new and unexpected conclu-
sion. For Mounier, “Ceprano’s features are 
sufficiently undifferentiated to have 
given rise to both Neanderthals and 
Homo sapiens.” This undeniably attrac-
tive explanation is now causing a stir in 
the paleoanthropology community.

01.  Anthropologie bioculturelle (CNRS / Université Aix 
Marseille-II / EFS Alpes Méditerranée) and Giorgio 
Manzi from the Sapienza University of Rome (Italy).

02.  A. Mounier et al., “The Stem Species of Our Species: A 
Place for the Archaic Human Cranium from Ceprano, 
Italy,” PloS ONE, 2011. 6: e18821.

CONTACT INFORMATION: 
Anthropologie bioculturelle, Marseille. 
Silvana Condemi 
 > silvana.condemi@univmed.fr
Aurélien Mounier 
 > aurelien.mounier@gmail.com

 TAXONOMY. 

The science 
that identifies, 

groups, and 
names organisms 
according to their 

established natural 
relationship.

02 H. heidelbergensis, represented by the Italian skull Ceprano, would 
be the common ancestor of modern humans and Neanderthals.
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03 Face of a 
Neanderthal woman 
reconstituted from 
the cast of a skull 
found in Charente 
Maritime (France).

Our Last Common Ancestor?
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CONTACT INFORMATION: 
CRCC, Paris. 
Véronique Rouchon  
 > rouchon@mnhn.fr

BY FUI LEE LUK

w�Iron gall inks, widely used from an-
tiquity to the early 20th century, are 
now endangering the world’s manuscript 
collections. Compounding natural ageing 
processes, these inks can worsen paper 
decay by causing it to brown, crack, or 
even crumble—literally reducing to dust 
valuable parts of our heritage. Until re-
cently, this “ink burn” was traced to two 

Oxygen as Main Culprit in Manuscript Decay 
processes thought to cause paper cellu-
lose to depolymerize: acid-catalyzed 
 hydrolysis, and oxidation through expo-
sure to oxygen. A team involving CRCC1 
and Antwerp University researchers2 has 
found that oxygen is the main culprit.3

The study was a two-step process. To 
gauge the influence of ink ingredients, 
paper samples were dipped into mixtures 
made up of different proportions of the 
three main elements of ink (gum arabic, 
gallic acid, and iron sulfate) and were 
then compared.   

To ascertain the impact of the envi-
ronment, inked sheets were stored at 
varying oxygen and humidity levels. 
Véronique Rouchon of the CRCC was 
“most surprised to be able to witness 
decay in real time” as the sheets were 
soaked in ink.  

Relative humidity and pH levels 
showed little effect on the progress of 
cellulose depolymerization, thus dis-
counting acid hydrolysis as the main 
cause for ink burn. Oxidation emerged as 

the guilty mechanism, triggered by the 
presence of iron—whose changes in oxi-
dation state were measured by spectrom-
etry at the SOLEIL (France) and HASYLAB 
(Germany) synchrotrons—and boosted 
by gallic acid’s pro-oxidative action.

Rouchon notes that “it was long 
deemed sufficient to deacidify” threat-
ened manuscripts written in iron gall ink. 
The study now points to the particular 
importance of additional anti-oxidant 
conservation treatments—the current 
focus of the research team.

01.  Centre de recherche sur la conservation des 
collections (Muséum National d’Histoire Naturelle / 
CNRS / Ministère de la Culture et de la 
Communication).

02.   Headed by Koen Janssens, Department of 
Chemistry.

03.    V. Rouchon et al., “Room-Temperature Study of Iron 
Gall Ink Impregnated Paper Degradation under 
Various Oxygen and Humidity Conditions: 
Time-Dependent Monitoring and XANES 
Measurements,” Anal. Chem., 2011. 83: 2589-97.

History

q Paper samples 
are dipped in baths 
containing various 
amounts of oxidative 
compounds (right), 
and oxidation is 
followed using the 
SOLEIL synchrotron 
(left). 

Paris

THE MANY VIRTUES OF SNAKE VENOM        BY FUI LEE LUK

©
CR

CC

w�Snake remedies have existed 
since antiquity, but only in recent 
decades has venom been used 
pharmacologically. Its proteins 
(enzymes, neurotoxins, and 
coagulants) can affect the human 
nervous, cardiovascular, and 
neuromuscular systems, as well as 
blood coagulation. Convinced that 
these properties are largely 
underexploited, a team comprised of 
systematists, biologists, and 
pharmacologists has produced a joint 
study showing why snakes deserve far 
more attention.1

Firstly, the researchers realized 
that only a fraction of useful snakes 
had been identified. Of the 2700 
advanced snake species to emerge 
after the cretaceous-tertiary 
extinction event (also known as K-T 
extinction) that occurred 65 million 

years ago, research has focused on the 
600 “venomous” snakes, neglecting 
the remaining “colubrids” that lack  
the formers’ front fangs to inject 
venom. 

Nicolas Vidal,2 who led the study, 
blames the erroneous inference that 
colubrids are nonvenomous for this 
group’s oversight. It is now known that 
many colubrids do in fact produce 
venom, thus markedly widening the 
pool of drug ingredient candidates.  

Moreover, the team lays emphasis 
upon venom’s amazing diversity. 
Factors such as diet, developmental 
stage,and gender can prompt shifts in 
composition not just between species, 
but even between littermates. 
Naturally, the higher the venom’s 
variability, the greater its molecular 
richness—and the wider its medical 
potential. 

As the study reveals, new 
technologies can help unlock this 
potential. In particular, High 
Throughput Screening, used to mass 
sequence venomous gland genes, 
could make it possible to predict a 
molecule’s biochemical activity and its 
usefulness for drug design.

“Snake conservation must become 
a priority if we are to continue this 
research,” explains Vidal. “It is 
astounding that only 26 of the total 
2700 advanced snake species are listed 
as being at risk by the Convention on 
International Trade in Endangered 
Species (CITES).” 

01.  F. Vonk et al., “Snake venom: From fieldwork to 
the clinic.” Bioessays, 2011. 33: 269-79.

02.  Laboratoire Systématique, adaptation, évolution 
(MNHN / UPMC / CNRS/ IRD). 

CONTACT INFORMATION: 
UPMC, Paris. 
Nicolas Vidal 
 > nvidal@mnhn.fr



N°22 I QUARTERLY I JULY 2011 13Live from the Labs    | w

Nanotechnology  Physics researchers explain 
why water flows so quickly in nanometric tubes. 

The Surprising
 Behavior of 
Water in Nanotubes
BY  XAVIER MÜLLER 

T
he mystery of the extraordinary 
fluidity of water in nanotubes 
has been solved. According to a 

joint French-German team, this 
 phenomenon is linked to the geometric 
properties of the internal surface of 
nanotubes. 

This property—so surprising that it 
even appeared suspicious—had first been 

observed in 2005 and 2006 by two teams 
of physicists. While trying to make water 
pass through a membrane composed of 
nanotubes, they noticed that water flowed 
infinitely more quickly—up to 10,000 
times faster—than would be expected 
given the narrowness of the tubes. 

Kerstin Falk, Laurent Joly, and 
Lydéric Bocquet of the nanostructure-
specialized lab LPMCN1 in Lyon, together 
with physicists from the Technical 
University Munich, have now confirmed 
this finding in theory, and can even 
 provide an explanation.2 

FRICTION IN QUESTION 
“In parallel with our analytical calcula-
tions, we conducted a numerical experi-
ment, whereby a computer reproduced 
the microscopic movement of thousands 
of water molecules to predict the friction 
between water and the walls of nano-
tubes,” explains Bocquet. The diameter of 
a water molecule is 0.3 nanometers, while 
that of a nanotube varies from a fraction 
of a nanometer to several tens of nanome-
ters: one could therefore expect that water 
would not flow easily inside a nanotube. 
Yet from their simulations, the scientists 
discovered that “friction drops consider-
ably when the radius of the nanotubes 
falls below 10 nanometers, and entirely 
cancels out at radiuses slightly below  
1 nanometer,” Bocquet adds. In other 
words, for the smallest nanotubes, no 
force whatsoever hinders the flow of 
water. According to the theoretical study, 
this phenomenon mainly stems from the 
planar sheet of carbon atoms that makes 
up the internal wall of the nanotubes: 
while it is rough in flat graphene, this 

planar sheet becomes practically smooth 
when highly curved in nanotubes. “It is a 
bit like an egg box,” says Bocquet. “Open, 
it is full of bumps, but if you close it, the 
bumps line up nose to tail and create a flat 
surface.”

POTENTIAL APPLICATIONS 
The desalination of seawater could be-
come the first application of this super-
fluidity in nanotubes. Desalination is in 
fact carried out by filtering seawater 
through membranes with tiny pores that 
block large salt molecules. Friction in the 
pores limits the flow of water, making the 
process very costly. Research on water 
flow in nanotubes could benefit filtration 
membrane technology, and lead to 
 membranes with zero, or almost zero, 
friction. A very attractive perspective for 
arid countries, like the United Arab 
Emirates or Israel, which consume large 
amounts of desalinated seawater.  

01.  Laboratoire de physique de la matière condensée et 
nanostructures (Unité CNRS / Université 
Claude-Bernard-Lyon-I ).  

02.  K. Falk et al., “Molecular Origin of Fast Water 
Transport in Carbon Nanotube Membranes : 
Superlubricity versus Curvature Dependent 
Friction,” Nano Letters, 2010. 10:4067-73.

CONTACT INFORMATION: 
LPMCN, Lyon. 
 Lydéric Bocquet
 > lyderic.bocquet@univ-lyon1.fr 
 Laurent Joly
 > laurent.joly@univ-lyon1.fr 

q Computer model 
of water molecules 
flowing inside a 
carbon nanotube. 
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q Coelognathus 
radiata, a slightly 
venomous type of 
rattlesnake found 
in Asia's tropical 
forests. 
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And more news...

BY ANNA MOREAU AND ISABELLE TRATNER

w� Through CO2 absorption, the ocean captures 
30% of human-induced carbon emissions. This is 
done through two so-called “pumps:” the biological 
one, linked to the uptake of carbon for photosynthe-
sis by phytoplankton, and the physical one, linked to 
the circulation of water masses. 

A CNRS team including researchers from the 
LOCEAN1 laboratory has just showed that the physi-
cal pump is 100 times more active than the biological 
one in the absorption process in the Northeast 
Atlantic.2

The physical pump is a complex combination of 
various processes. During winter, cold water masses, 
which absorb more CO2, get their characteristics 
through exchanges—of heat, moisture, and dis-
solved gases—with the atmosphere. In spring, water 
at the surface heats up, and deeper cold waters be-
come isolated from exchanges with the atmosphere. 
Ocean circulation can move these cold CO2 rich wa-
ters over large distances, sometimes thousands of 
kilometers, a phenomenon known as subduction. 

“This process is difficult to observe as it varies 
and takes place at the small temporal and spatial 

scale of the eddies. We have developed model simu-
lations to fully understand the mechanisms at play,” 
says Marina Lévy, who co-authored the study. For 
this, the team collected a host of physical and bio-
chemical data as well as satellite observations. This 
research was part of the POMME  program,3 dedicat-
ed to studying the role of eddies on subduction and 
carbon fluxes. It involved four cruises between 
August 2000 and October 2001 in an area known to 
be a CO2 sink, near the Azores Archipelago.

“Because these carbon-loaded waters are rich in 
nutrients, their movements also affect phytoplank-
ton blooms,” explains Levy. “Subduction is thus not 
only important for the CO2 cycle, but also for ocean 
productivity.” 

01.   Laboratoire d’océanographie et du climat : expérimentations et 
approches numériques  (CNRS / Université Paris-VI / MNHN / IRD). 

02.  P. Karleskind et al., “Subduction of carbon, nitrogen, and oxygen in 
the northeast Atlantic,” J. Geophys. Res., 2011. 116: C02025, 
doi:10.1029/2010JC006446. 

03.  Programme océan multidisciplinaire méso échelle.

Oceanography

CONTACT INFORMATION: 
LOCEAN, Paris.  
Marina Lévy 
 > marina@locean-ipsl.upmc.fr

Ultra-Fast Trap
w�The aquatic carnivorous plant Utricularia can catch its prey in less than 

a millisecond. Using high-speed video imaging and special microscopy 

techniques, a team from the LIP1 observed the precise mechanism of the 

suction trap that operates right below the water surface.2 During a first 

stage of several hours, the plant slowly pumps out the liquid in the trap. 

Placed under negative pressure, the trap walls accumulate elastic 

energy. When an unwary animal touches its sensitive hairs, the trap door 

buckles. This reverses its curvature and creates a suction vortex with 

accelerations of up to 600 g, leaving the prey little chance to escape. 

01. Laboratoire interdisciplinaire de physique (CNRS / Université Grenoble-I)
02. O. Vincent, et al., Proc. R. Soc. B, 2011. DOI: 10.1098/rspb.2010.2292

Cooling of 
Mars 
w��Mars has cooled down more slowly 
(30-40°C per billion years) than the 
Earth (70-100°C per billion years), 
 reveals a team from CNRS and the 
University of Toulouse.1,2 This conclusion is 
based on maps of the abundance of 
silicon, iron and thorium, on the surface of 
Mars, obtained through the Gamma Ray 
Spectrometer on board NASA’s Mars 
Odyssey spacecraft. Volcanic rock 
compositions are consistent with a 
thickening of the lithosphere over time, 
pushing magma production to increasing 
depths and leading to a potential drop in 
the temperature of the mantle. 
01.  Institut de recherche en astrophysique et planétologie 

(CNRS / Université Paul Sabatier).
02. D. Baratoux et al., Nature, 2011. 472: 338–41.

Major CO2 Uptake by the Physical Pump 

q Numerical 
simulation of the 
opening of the 
suction trap elastic 
door.
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BY ARBY GHARIBIAN

w� Physicists are finally catching up 
with the speed of light. Researchers at 
the LCAR1 were able to demonstrate that 
light travels faster in one direction than in 
the opposite direction when submitted 
to an electromagnetic field. This phenom-
enon had been predicted as early as the 
1970s, but scientists lacked the tools to 
confirm it. Current technology has now 
closed that gap.

The LCAR team was able to measure 
the difference in speed by designing an 
improved optical cavity, a device consist-
ing of a chamber in which light travels 
between mirrors. By using a specific 
 arrangement of reflective surfaces and 
lasers, researchers succeeded in circulat-
ing light continuously in the same direc-
tion for a longer period than ever before. 
They then used the unprecedented preci-
sion of their instruments to record the 
one billionth of m/s (10-9 m/s) variation as 
light travelled in one direction, and then 

The Speeds of Light

its opposite, through a nitrogen gas 
under the influence of an intense 
 electromagnetic field. Also called non-
reciprocity, the infinitesimally small  
figure represents just one quintillionth 
(10-18 m/s) of the speed of light itself 
(299,792,458 m/s). 

Despite this major breakthrough, 
some questions are still unanswered. It is 
certain that the medium through which 
light travels, in this case nitrogen, is a key 
element for the existence of the 
 directional variance. Yet the details of the 
mechanism of interaction between the 
light, the medium, and the electromag-
netic field remain in dispute. Researchers 
hope to learn more as they reproduce the 
experiment using different media, 

 including other gases and solids such as 
transparent crystals.

“Such measurements could have 
 important theoretical implications in par-
ticle physics,” concludes Cécile Robilliard, 
the project leader. “This could lead to new 
applications in optical telecommunica-
tions or computing, for example to build 
faster and more stable memories.”

01.   Laboratoire collisions agrégats réactivité (CNRS / 
Université Paul Sabatier Toulouse-III).

02.   B. Pelle et al., “Magnetoelectric directional 
nonreciprocity in molecular nitrogen gas,” Physical 
Review Letters, 2011. 10: 193003.

Physics

CONTACT INFORMATION: 
LCAR, Toulouse. 
Cécile Robilliard 
 > cecile.robilliard@irsamc.ups-tlse.fr

Weighing Trains
w� It is now possible to weigh a train in motion. This new technology was 
developed by a team from CNRS and the University of Bordeaux.1 
Patented last April, the weighing system is based on the use of steel 
beams of different shapes and lengths as accurate oversize scales. The 
steel structure acts as sensor and supplies a unique electrical signal 
directly proportional to the weight of the load. Placed at the level of a rail, 
the system gives the weight of a train to an accuracy of within 0.5 %. 

01.  Centre d’études nucléaires de Bordeaux-Gradignan (CNRS / Université Bordeaux-I).

RECORD OZONE LOSS
w� This year’s extremely cold and persistent winter has resulted in 
significant ozone destruction in the polar region. This was revealed by 
observations and simulations performed by researchers at LATMOS.1  Although 
the extent of the ozone loss has reached the unprecedented level of 40%, it would 
have been considerably worse without the Montreal Protocol (signed in 1989), 
which regulates the production of chemicals responsible for ozone depletion. 

01. Laboratoire atmosphères, milieux, observations spatiales (CNRS / UVSQ / UPMC).

Mastery of Fire
w� Even though the first hominoids arrived in 

Europe more than a million years ago, the 

mastery of fire in that part of the world dates 

back a mere 400,000 years. This is the 

conclusion of a wide-ranging survey carried 

out at 141 prehistoric sites1 in which 

Bordeaux’s PACEA2 laboratory took part. This 

finding raises the question of how the first 

hominoids who arrived in Europe could have 

survived winters and glacial periods 

without fire. It also suggests that 

Neanderthals and their 

contemporaries were the first 

to add fire to the technological 

arsenal of humanity.

01.  W. Roebroeks and P. Villa, PNAS, 2011. 
108: 5209-14.

02.  De la préhistoire à l’actuel: culture, 
environnement et anthropologie 
(CNRS / Université Bordeaux-I / INRAP).

q Difference in light 
speed travelling in 
opposite directions 
(orange / pink arrows) 
when submitted to 
electromagnetic fields 
(green / yellow arrows).

Toulouse
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q This silex from the 
Campitello site (Italy) 
shows traces of an 
adhesive produced 
by burning birch 
bark, indicating 
mastery of fire.
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BY SAMAN MUSACCHIO

w� The international Nearby Super-
nova Factory (SNF) collaboration1 led 
by CNRS researchers just showed that the 
dust present in the Milky Way is similar to 
the one found in distant galaxies.2 This 
should enable more  accurate measure-
ments of cosmological distances.

For years, astronomers have used a 
type of supernovae called type Ia as 
“standard candles” to estimate the 
 distance of their host galaxies. Since 
these stars are believed to release 
 identical amounts of light when they 
 explode—visible up to 10 billion light 
years away—measuring their brightness 
tells us how far they are. Yet this  
method has a substantial margin of error 
due to unexplained 40% variations in 
 luminosity between supernovae. 

Dimming Supernova Variations
“Only two things can cause these 

variations,” explains Emmanuel Gangler, 
from the IPNL.3 “The first is that these 
stars are not identical in composition, the 
other is that there is dust between super-
novae and our observation point.” This 
leads to “interstellar reddening,” not to 
be confused with redshift. It  occurs when 
dust blocks blue light waves, making 
stars seem redder than they are. If dust 
extinction rates are  already known for 
the Milky Way, they have never been 
 accurately determined for distant 
 galaxies until now.

The SNF researchers used the 
Supernova Integral Field Spectrograph 
(SNIFS) installed in Hawaii in 2004—the 
first to record the entire spectra of dis-
tant supernovae with great precision. 
After six years of observations and the 
analysis of 76 supernovae, scientists were 

able to prove that extinction by dust is 
similar in distant and near galaxies. “By 
accurately accounting for dust extinction 
between the supernova and our observa-
tion point, we were able to reduce unex-
plained brightness variations to 16%,” 
explains Gangler. Improving the standard 
candles model is especially important for 
investigating dark energy, thought to 
 accelerate the expansion of the universe.

01.  CNRS / CRAL / IPNL/ LPNHE / IN2P3 computing center 
/ France-Berkeley Fund / Explora-Doc Program 
(Rhône-Alpes).

02.  N. Chotard et al., “The reddening law of type Ia 
supernovae: separating intrinsic variability from 
dust using equivalent widths,” A&A, 2011. 529: id.L4.

03.  Institut de physique nucléaire de Lyon (CNRS / 
Université Lyon-I).

Astronomy

CONTACT INFORMATION: 
IPNL, Lyon. 
Emmanuel Gangler 
 > gangler@in2p3.fr

 ONLINE.
> http://snfactory.lbl.gov/
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BY CLÉMENTINE WALLACE

w�Researchers from the Institut Pasteur in Paris1 
 have discovered that immediately after birth, a pre-
mature force of the immune system is solicited to 
control the development of the digestive tract.2

Until now, the immune system was thought to 
develop entirely after birth, once the organism gets 
into contact with germs. This so-called “adaptive” 
system then builds up slowly as it is taught to react 
to various antigens. Yet the new findings demon-

strate that there also exists an 
innate force, characterized by 
the release of white blood 
cells called “innate lymphoid 
cells” (ILCs) that can convey an 
inflammatory response lead-
ing to the elimination of inva-
sive bacteria. While fighting 
most bacteria, this system al-
lows some to colonize the 
 intestine, creating a symbiotic 
relationship necessary to 
many physiological functions. 
“How the immune system ac-
tually selects the right bacte-

The Birth of Intestinal Symbiosis
ria is still unclear,” explains team leader Gérard Eberl. 

To reach their conclusions, researchers used trans-
genic mice expressing ILC fluorescent markers. They 
followed the activity of the innate system from birth by 
measuring the number of ILCs and the strength of  
their inflammatory response, reflected by the   
presence of inflammation proteins called cytokines.

Their results showed that the immune response 
peaks at birth and then declines. This decrease 
seems to result from a crosstalk between the gut 
flora and intestinal wall cells, which release 
 messengers to inhibit the immune response.

“We hypothesize that the peak of ILC expression 
coincides with the urge to select the right partners. 
Then, as the gut flora develops, a complex dialogue 
takes place: the flora sends messages to regulate the 
immune system, thereby contributing to the 
 development of the intestine,” concludes Eberl.

01.  Laboratoire Développement des tissus lymphoïdes (CNRS URA 1961 
/ Institut Pasteur)

02.  S. Sawa et al., “ROR-t+ innate lymphoid cells regulate intestinal 
homeostasis by integrating negative signals from the symbiotic 
microbiota,” Nat. Immunol., 2011. 12: 320-6.

Immunology

CONTACT INFORMATION: 
Institut Pasteur, Paris. 
Gérard Eberl 
 > geberl@pasteur.fr

q ILC cells (green) 
associated in 
cryptopatch within 
the small intestine 
wall.

Paris
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BY RUTH SURRIDGE

H
ervé Quénol, a geographer and 
climatologist at the LETG1 in 
Rennes, has been studying the 

effects of global warming on 22 local 
vineyards in 13 countries, including New 
Zealand, Argentina, Chile, and France. 
With some 50 local partners, including 
wine growers, agronomists, oenologists, 
but also physicists and atmospheric mod-
elers, he is helping the industry cope with 
this major current and forthcoming chal-
lenge. Rising temperatures change the 
rhythm of vineyards and the character-
istics of a wine by modifying sugar and 
alcohol levels. Vines also flower earlier in 
the season,  increasing the risk that buds 
may be  damaged by cold snaps.

Geographical location and terroir—
the soil and microclimate that give each 
wine its unique character—are among 
the most important aspects of viticulture. 
This is why Quénol specializes in collect-

ing data on a fine scale. He relies on 30 
weather stations around the globe that 
monitor temperatures, humidity, wind, 
hours of sunshine, and precipitation, but 
also on 300 data-logging sensors that re-
cord temperatures every hour. The sen-
sors are positioned according to topo-
graphical factors such as gradient, expo-
sure, and proximity to water. “There is a 
substantial difference between fine-scale 
data collected from points 200 meters 
apart, and traditional data collected from 
points 50 kilometers apart,” he explains.

This very localized information lets 
wine growers adjust their practices within 
their own vineyards. For example, they 
might decide to postpone pesticide treat-
ment if rain is forecast. In the coming 
years, Quénol hopes to create a website 
where both researchers and growers will 
have access to information about wind, 
humidity, and temperatures in real time. 

ANTICIPATING CHANGE
The data collected can also be used to 
create computer simulations of future 
climate change. Such predictions are 
produced for the short term, medium 
term (10-15 years), and long term  
(2050 to 2100), using pessimistic,  
average, or  optimistic  greenhouse-gas 
emission scenarios.

These simulations provide wine 
growers with short and long-term strate-
gies that help them adapt to the evolution 
of climate over time. Long-term simula-
tions are crucial in this field, since vines 
are planted to last at least 30 years. 

01.  Littoral, environnement, télédétection et 
géomatique (CNRS / Universités de Nantes, 
Rennes-II, Caen, and Brest).

Adapting Vineyards 
 to Climate Change

CONTACT INFORMATION: 
LETG, Rennes. 
 Hervé Quénol
 >herve.quenol@uhb.fr

Environment Collecting data from vineyards across the world, Hervé Quenol helps 
winegrowers adapt to climate change. 

Rennes

The Stellenbosch vineyard is one of two experimental vineyards that 
have been equipped with extra sensors to study the effects of climate 
change on a fine scale. More than 40 data loggers have been installed 
since 2008. “The Agricultural Research Council and the Department of 
Viticulture of the University of Stellenbosch have already been 
collecting data there for a long time,” explains Valérie Bonnardot, one 
of Quénol’s colleagues, who has been studying the area since 1997, 
after the weather stations were first installed. “It’s a region where 
climate change has already had an impact.” Acting on data collected 
by the sensors, wine growers have already started planting their 
vines at higher altitudes or closer to the sea, seeking cooler 
temperatures. One wine grower switched from white to red grapes, 
which are better suited to higher temperatures.

STELLENBOSCH, SOUTH AFRICA

01 One of the 
vineyards studied, in 
Chile’s  Casablanca 
Valley.  
02 A temperature 
sensor in the 
Stellenbosch 
vineyard.
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A photo report is available on the online 
version of CNRS international magazine.  
> www.cnrs.fr/cnrsmagazine
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BY STÉPHANIE ARC

R
esembling a 19th century poet, with his long straight 
hair, lavalliere cravat, white shirt, and elegant suit 
adorned with a gleaming spider-shaped brooch, Cédric 
Villani is one of France’s most brilliant mathemati-

cians—he has recently received the highest international  
distinction in the discipline, along with three other laureates, 
including the French-Vietnamese researcher Ngô Bao Châu. 
“Since winning the Fields Medal, I’ve been in such demand that 
I haven’t had time for any research,” admits the 37-year old  
researcher. But far from complaining, he says it has been a 
“rather extraordinary” experience, allowing him to “meet 
people from all walks of life, including politicians, journalists, 
students, and all those who have expressed an  interest in his 
work—a wide and heterogeneous fan base, to say the least. 

For Villani, winning the Fields Medal is “an honor and a 
tremendous encouragement.” His devotion to mathematics 
dates back to his high-school days. “I was immediately drawn 
by the playful aspect of math,” he remembers. He was also 
 fortunate enough to have imaginative teachers who ventured off 
the beaten path. “I was fascinated by what I discovered,” he adds.

AS LUCK WOULD HAVE IT 
Nonetheless, the young Villani did not think of mathematics as 
a career and hoped he would become a paleontologist. Yet after 
a preparatory class at Lycée Louis le Grand in Paris, he enrolled 
at the prestigious École Normale Supérieure (ENS). As he puts 
it, “in the French education system, it’s as though the path is all 
mapped out.” ENS proved to be a major phase in his develop-
ment, the place where he found himself. “I had always been quite 
reserved, but my time there made me very sociable,” says Villani. 

“And I discovered the arts, especially music, which remains one 
of my passions.” It was at ENS that he chose to specialize in 
analysis as part of his math course. “It was more by luck than by 
choice,” he adds, “because when the algebra classes started, I 
needed to unwind.” Guided by his tutor Yann Brenier, and 
working under the supervision of Pierre-Louis Lions, himself a 
Fields Medal laureate in 1994, Villani dedicated his thesis to the 
Boltzmann equation. “No doubt the best-known equation in 
kinetic theory, it describes the behavior of particles in a low-
density gas,” Villani explains. With this early work, he was 
 already interested in entropy,2 an essential concept in  physics 
and the theme running through his research.

FOCUS ON PHYSICS
After completing and brilliantly defending his thesis in 1998, 
Villani published with his colleague Felix Otto an article on 
optimal transport, another recurrent theme in his research. 
Eager to help his interviewer understand the concept, the math-
ematician grabs a piece of chalk and begins drawing curves on 
the blackboard. “Optimal transport? Imagine you have a mound 
of earth to move at an excavation site. Moving each grain of soil 
entails transport costs. How can you spend the least money 
possible?” After this publication, Villani was invited to teach at 
Georgia Tech in Atlanta (US) for six months. “Optimal trans-
port wasn’t my main field,” he admits, “but teaching something 
is a great way to learn more about it.” He retrieves two 
 prodigiously thick treatises from a nearby shelf and continues  
“there were hardly any reference works on the subject back then, 
so my books filled a void.”3

Mathematics Cédric Villani was awarded the prestigious Fields Medal 
in 2010. Since 2009, he has been director of the Institut Henri Poincaré,1 
where he continues his exceptional, high-flying scientific career. 

 Cédric Villani
A Man who

     Counts

“I was immediately drawn by  
the playful aspect of math. I was 
fascinated by what I discovered.”
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Villani sees mathematical research as being largely a matter 
of human interaction. He recounts how, based on an idea 
 proposed by Otto, the two worked together to explore a link 
between optimal transport and gas diffusion. Continuing this 
momentum, in collaboration with John Lott, an American 
specialist in the Ricci curvature, a differential geometry notion, 
he created a link between optimal transport and curvature 
study. This is Villani’s forte: finding connections between fields 

that seem completely unrelated. 
However, he harbored no  
doubts about his calling: “I was 
no good at physics,” he laughs. 
“Even though most of my work 
is inspired by physics, I can only 
understand it from a mathema-
tician’s point of view.”

In 2000, he returned from 
Atlanta and became a professor 
at ENS Lyon. “I felt that I had to 
get out of Paris,” he says, “and I 
did the right thing. ENS Lyon is 

based around a small but top-level versatile team.” He soon took 
on new responsibilities, becoming chairman of the specialists’ 
commission and forming a top-notch probability team with 
Alice Guionnet. Villani’s new position enabled him to exchange 
ideas with mathematicians specialized in a wide range of fields. 
“In Lyon, I could talk about anything with anyone,” he remem-
bers. He would stay at ENS nine years, dividing his time between 
teaching, institutional activities, and, above all, research— 
a period during which he made great progress in his work.

ACCOLADES AND AWARDS 
Villani’s achievements did not go unnoticed: in 2009 he was 
named director of the prestigious Institut Henri Poincaré (IHP), 
 focused on mathematics and theoretical physics, after winning 
the prize of the same name.4 This was followed by the Fields 
Medal in 2010, in recognition of his recent research on Landau 
damping. With Clément Mouhot, he was able to corroborate the 
work of the Russian physicist Lev Davidovich Landau, who in 
1946 showed, although with incomplete proof, that plasmas 
converge to  equilibrium without increasing entropy, unlike 
gases. Since then, Villani has devoted himself to the supervision 
of the IHP, inviting researchers from across the world. He is 
busy thinking up future research projects, “there are still many 
issues I would like to solve,” he muses. This problem-solver has 
always put his heart, passion, and intuition into his work. Much 
like a poet.

01. CNRS / UPMC.
02.  Entropy is a physical quantity describing the state of disorder of a system. 

Boltzmann held that molecules proceed from an orderly state toward a less 
orderly state, meaning that entropy is constantly increasing.

03.  Cédric Villani, Topics in Optimal Transportation (Providence: American 
Mathematical Society, 2003) and Cédric Villani, Optimal Transport. Old and New 
(Berlin: Springer, 2008).

04.  Bestowed by the International Association of Mathematical Physics.

CONTACT INFORMATION:
IHP, Paris. 
 Cédric Villani
 > villani@ihp.fr

1973   Born in Brive la Gaillarde 
(southwestern France)

1998    PhD in mathematics from 
the University of Paris-IX

2008   European Mathematical 
Society Prize 

2009   Director of the 
Institut Henri Poincaré

2010   Fields Medal Recipient

CÉDRIC VILLANI IN 5 KEY DATES
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 When cooled down to extremely low 
temperatures, certain materials take on an 
amazing property: they become 
superconductors. Superconductivity, one of  
the rare cases where quantum physics is 
observed on a macroscopic scale, is currently  
the subject of considerable research.  
In laboratories around the world, scientists  
are striving to understand its causes, studying 
and looking for new superconducting materials, 
exploring the phenomenon at the nanometer 
scale, and seeking out new applications.  
To celebrate the hundredth anniversary of  
its discovery, CNRS International Magazine 
surveys the latest research into one of today’s 
most promising technologies.
REPORT BY MATHIEU GROUSSON

The Revolution that Came in from the Cold 21 i 
Highly-Promising Materials 24 i 
Surprises at the Nanoscale 28 i

Current Trends in 
Superconductivity

01
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J
ust one hundred years ago, every-
thing that was known about 
electricity, or at any rate about the 
resistance of materials to electric 

currents, was turned upside down by the 
discovery of superconductivity. Until 
then, scientists had observed that even 
the most conductive electric wires expe-
rienced resistance and wasted electricity 
by turning it into heat. But in 1911, a 
Dutch physicist by the name of Heike 
Kamerlingh Onnes witnessed the com-
plete disappearance of electrical resis-
tance in mercury. This was no ordinary 
mercury, however, but mercury that had 
been cooled down to a temperature close 
to  absolute zero. 

Superconductivity was born, and 
appeared to affect a large number of 
 metals and alloys. A hundred years on, it 
represents a market of some €4.5 billion.1 
Superconductivity isn’t caused by some 
mysterious transformation of materials at 
low temperatures, but by the behavior of 
electrons in matter at these temperatures, 
something that can be explained by 
quantum physics. Over the years, 
 research has revealed many other aston-
ishing properties. In particular, super-
conductivity and magnetism don’t mix:  

a superconductor excludes any magnetic 
field imposed on it from outside. This is 
known as the Meissner effect, after the 
name of its discoverer (see box p. 22). 
“Indeed, it is this ability that makes a 
 superconductor something quite differ-
ent from a simple ideal conductor,” points 
out Georges Waysand, of the LSBB2 in 
Rustrel (southeastern France), a specialist 
in the history of superconductivity. 

UNLIMITED CURRENT 
Superconductivity’s two main properties, 
the disappearance of electrical resistance 
and the exclusion of magnetic fields, un-
derpin its numerous applications. Inject 
current into a coil of superconducting 
wire, and it will keep on going indefinitely 
without losing energy. Greatly increase 
the strength of the current in the coil and 
it will generate just as big a magnetic field, 
without any risk of overheating. Or place 

 ABSOLUTE ZERO.
A temperature of 

-273.15 °C, the 
lowest possible in 

the universe, at 
which all particles 

become motionless 
and only quantum 

effects are 
observed. 

�01 Particle detection, matter 
analysis, levitation: 
superconductivity has a host of 
applications. 
�02 In an electric circuit, a battery 
generates current by setting 
electrons in motion. The electrons 
collide with imperfections in the 
conductor and slow down, giving 
up energy to the material, which 
heats up (A). This is known as 
electrical resistance. In a 
superconductor, this resistance is 
non-existent (B).  The electric 
current continues to flow 
indefinitely, even when the 
battery is disconnected (C). 

The Revolution
that Came in from the Cold

KEY DATES

1911
While investigating electrical 
resistance in metals at very low 
temperatures, Dutch physicist  
H. Kamerlingh Onnes discovers 

that below -268.95 °C,  
the resistance of mercury 
suddenly falls to zero.  

1913 
Kamerlingh Onnes is 
awarded the Nobel Prize 
in Physics for his work on 
helium liquefaction and 
on the properties of 

matter at low temperatures.  
At the time, superconductivity is 
still nothing more to scientists 
than a laboratory oddity. 

1920s
Quantum mechanics 
revolutionizes physics. The solid 
state becomes the testing 
ground for the new theory, 
which in 1928 establishes the 
existence of free electrons in 
metals, causing their electrical 
conductivity.  

1933 
German physicists W. Meissner 
and R. Ochsenfeld discover  
that superconductors exclude 
from their 
interiors an 
externally 
applied 
magnetic field 
(something 
called 
diamagnetism 
and known as 
the “Meissner effect”). 

1935 
F. London, a German physicist 
exiled in Paris, puts forward the 

first theory of 
superconductivity: 
“A superconductor 
behaves like a 
single big 
diamagnetic atom.”  
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1950  
 In the USSR, V. Ginzburg (Nobel 
Prize in 2003) and L. Landau  
improve on London’s theory by 
applying it to the transition from 
the ordinary conducting state to 
the superconducting state. 

1956 
J. Bardeen, L. N. Cooper, and J. R. 
Schrieffer, three US physicists, 
describe the mechanism 
responsible for superconduc-
tivity: the pairing of electrons. 
This discovery, known as the BCS 
theory, will earn them the Nobel 
Prize in Physics in 1972.

1960 
I. Giaever and B. Josephson 
(Nobel Prize in 1973) show that 
electrons can cross an insulating 
barrier between two 
superconductors or between a 
superconductor and a metal 
through the Josephson or 
tunneling effect. This is the basis 
for the entire field of 
superconducting electronics. 

1986 
The physicists J. G. Bednorz and 
K. A. Müller discover new copper 
oxide-based superconductors 
called cuprates, whose 
transition temperature is up to 
five times that of the highest 
ever observed in metals. This 
discovery, which will earn them 
the Nobel Prize in Physics in 
1987,  shakes up the entire field 
of superconductivity.

2008
A team led by Professor H. 
Hosono, of the Tokyo Institute of 
Technology, discovers 
iron-based compounds called 
pnictides. They become 
superconductors at 
temperatures higher than those 
observed for metals, but display 
different properties than 
cuprates. 

|    Focus CNRS I INTERNATIONAL MAGAZINE22w

a magnet above a superconductor and 
watch it levitate. Potentially, the fields that 
could benefit from superconductors not 
only include energy, transportation, 
telecommunications, security, and health 
technologies, but also research in physics, 
astronomy, neurology, geology, and 
archeology. Not to mention all the funda-
mental contributions of superconductiv-
ity, which have entirely transformed the 
field of condensed matter physics.  “Since 
the 1980s, the number of articles 
including the word ‘superconductor’ has 
increased steadily,” says Julien Bobroff, of 
the LPS3  in Orsay. That said, “none of the 
theories of superconductivity can predict, 
a priori, whether a particular compound 
will be a superconductor,” adds Waysand. 
“Which is why, in parallel with theoreti-

cal work, it is research—often empirical, 
sometimes intuitive, or even accidental—
that has led to the discovery of new 
superconductors.”  

JUST THE BEGINNING 
With unusual names like “pnictides” and 
“cuprates,” these new superconductors 
operate at higher temperatures than 
 metals, i.e., up to -135°C. Researchers are 
currently trying to understand what 
causes such “high-temperature” super-
conductivity (see p. 24) in the hope of 
improving it, or even discovering room-
temperature superconductors that would 
forego cooling entirely. So the future 
looks bright. And it looks even brighter 
considering the recent convergence 
 between the fields of superconductors 
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A phenomenon that is both magnetic...
A magnet (seen here in silver-grey) generates a 
magnetic field that passes through any 
non-magnetic material such as the black disk. 
When the black disk becomes superconducting  
at low temperatures, it excludes the magnetic 
field. As a result, a force is exerted on the 
magnet which makes it levitate: it is called the 
Meissner effect.

 ...and electric
At the microscopic scale, quantum physics 
tells us that in a metal, electrons (A) behave 
like waves independent of one another and 
spread out over several atoms. As soon as a 
defect is encountered, or if one of the atoms 
in the crystal lattice vibrates, the waves are 
scattered. At very low temperatures (B),  

HOW DOES SUPERCONDUCTIVITY WORK?

ntum physics 

in the crystal lattice vibraates, the waves are 
scattered. At very low tempmperatures (B), 

�ELECTRON PAIR

�ELECTRONS

B C

A
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CONTACT INFORMATION:
 Julien Bobroff
 > bobroff@lps.u-psud.fr
 Georges Waysand
 > waysand@orange.fr

SUPERCONDUCTIVITY CAN BE USED TO...

ACCELERATE PARTICLES
Superconductivity is one of the 
mainstays of large particle 
accelerator technology. Without 
superconductivity, the circumference 
of CERN’s Large Hadron Collider  
in Geneva would be 110 km (instead 
of 27 km). In other words, it wouldn’t 
exist. Strong magnetic fields are 
necessary to accelerate and bend the 
paths of particles. These fields are 
generated by extremely high 
currents that flow around 
superconducting coils, a property 
that prevents them from 
overheating. The LHC ring is 
equipped with 7500 kilometers of 
superconducting cables cooled down 
to  -271 °C, which generate a magnetic 
field of 8.3 teslas (T). 

CONTACT INFORMATION:
 Philippe Lebrun
 > philippe.lebrun@cern.ch

q The LHC’s superconducting quadrupole magnets generate 
a magnetic field which focuses the beams of particles.  

and nanotechnology (see p. 28), which 
will lead to a host of novel phenomena to 
understand and harness. Through its 
high potential for basic research and ap-
plications, superconductivity is still only 
in its infancy.

01.  Source: Conectus (Consortium of European Compa-
nies Determined to Use Superconductivity). 

02.  Laboratoire souterrain à bas bruit (CNRS / Univer-
sité Nice-Sophia Antipolis / Observatoire de la Côte 
d’Azur). 

03.  Laboratoire de physique des solides (CNRS / Univer-
sité Paris-Sud-XI).  

 UNCOVER MATTER’S INNERMOST SECRETS
When it comes to revealing the molecular structure of a sample,  
nuclear magnetic resonance (NMR) spectroscopy is unrivalled.  
This technology is based on the use of a magnetic field: the stronger 
the field, the more precise the measurement. This is the reason why,  
in 2009, the CRMN1 in Lyon acquired a spectrometer with one of the 
latest and most advanced superconducting magnets. Immersed  
in 1500 liters of liquid helium at -271 °C and powered by a current  
of 300 A, it provides a record magnetic field of 23.5 T, to the delight of 
chemists, biologists, and materials physicists. 
01.  Centre de résonance magnétique nucléaire (CNRS / ENS-Lyon / Université Lyon-I). CONTACT INFORMATION:

 Lyndon Emsley 
 >  lyndon.emsley@ens-lyon.fr

 Anne Lesage
 >  anne.lesage@ens-lyon.fr

q  To analyze the fine 
structure of matter, this 
superconductor-based 
spectrometer needs to 
be cooled down to 
extremely low 
temperatures.  
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when a metal becomes superconducting, its 
electrons form pairs. These then stack up (C) 
to form a single quantum wave that occupies 
all the material (D). This very special type of 
wave is unaffected by defects in the material: 
the defects are too small to slow it down as a 
whole. Electrical resistance disappears.  

when a metal becomes superconducting, its

the defeects are too small to slow it down as a 
whole. ElElecte rical resistance disappears. 
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F
or a metal to become a superconductor, its tempera-
ture has to be very close to absolute zero. So the dis-
covery, in the late 1980s, of materials that were supercon-

ducting at higher temperatures shook the physics community 
to the core. What if superconductivity could also be envisaged 
at room temperature? The idea of conveying electricity without 
any loss of energy, or producing very strong magnetic fields 
without expensive and unwieldy cooling systems fired the 
imagination of many scientists. 

But before reaching this Holy Grail, the secrets of high-
temperature superconductivity must first be unlocked.  
“High-temperature” here simply means temperatures slightly 
higher than those observed so far. 

DISCONCERTING RESULTS 
The first high-temperature superconduc-
tors discovered were cuprates, 
 compounds based on copper oxide. The 
record for the highest transition 
 temperature to the superconducting 
phase held by a cuprate is -135 °C. For  
the past 20 years, physicists have been 
trying to understand this “unconven-
tional” superconductivity. So far, they 

cannot say that the phenomenon is 
 identical to that observed in metals, 
 although experiments show that, as in 
metals, pairs of electrons are formed, 
which cause the material’s electrical 
 resistance to disappear.

The problem is that the formation of 
these electron pairs cannot be explained 
by the famous Bardeen, Cooper, and 
Schrieffer (BCS) theory, first developed in 
1956.  It stipulates that superconductivity 
is an effect caused by a condensation of 
pairs of electrons at very low tempera-

�03 Colorized 
microscope image of 
a cuprate. This 
copper oxide is the 
best superconductor 
discovered so far. 
�04 The multi-layered 
atomic structure of 
cuprates.  

�

�05 LNCMI’s 600 
capacitors can 
generate powerful 
magnetic pulses. 
�06 LNCMI researcher 
Cyril Proust 
preparing the 
measuring system in 
which the samples of 
superconducting 
material are placed.  

200 μm

03

Highly-Promising 
Materials

tures and only applies to metals. This is 
all the more challenging that physicists 
have problems understanding the 
 behavior of electrons in non-supercon-
ducting cuprates. The  situation is so 
 disconcerting that Philippe Bourges, of 
the LLB1 in Saclay, sums up the first 
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 IMAGE THE HUMAN BODY 
In hospitals, superconductivity lies at 
the heart of nuclear magnetic resonance 
imaging devices (MRI), which analyze 
patients’ tissues. Superconductivity makes 
it possible to inject into such instruments 
strong electric currents that persist 
without losing energy, producing stable 
magnetic fields of 1.5 to 3 T. The strength 
of the magnetic field may even reach  
7 T or more in certain scanners dedicated 
to brain research. In the near future, 
superconductors may also be used to 
enhance the performance of the antennas 
that collect the signal emitted by the 
tissues during a scan. Prototypes at the 
IR4M laboratory1 in Orsay should soon be 
marketed to image small animals used in 
preclinical studies. 
01.  Imagerie par résonance magnétique médicale 

et multimodalités (CNRS / Université 
Paris-Sud-XI).

 tentative explanation of superconductiv-
ity in cuprates as follows: “All the 
straightforward ideas that people came 
up with failed.” These materials turn out 
to be particularly bewildering. As Julien 
Bobroff, of the LPS2 in Orsay, explains, 
“when every copper atom in a cuprate 
carries an electron, the material is com-
pletely insulating at any temperature. 
And yet, all you have to do is remove one 
atom in 20, through a chemical change 
called doping, and the cuprate becomes a 
superconductor.”  But that’s not all, insists 
Bobroff. “In the insulating state, a cuprate 
is a magnetic material. In fact, this is  
one of its main  characteristics. On the 
contrary, a  conventional superconductor 
is non-magnetic. In this light, how can we 
 explain that a tiny adjustment in the 
electronic properties of a cuprate is all it 
takes to change it from a magnetic state 
to a superconducting state?”  

SEVERAL EXPLANATIONS 
“Physicists now mostly agree on the ex-
perimental facts. But there is little con-
sensus when it comes to interpreting what 
we see,” says Antoine Georges, of the 
CPT3 in Palaiseau. In fact, Georges has 
his own views on the question: “Though 
not everyone agrees, it is tempting to 
 believe that the formation of electron 
pairs has something to do with 
 magnetism.” Other researchers point out 
that within a cuprate, the electrons can 
exist in  different configurations, just as 
there are various ways of piling up 
 oranges on a market stall, for instance. 
The competition between such different 
configurations could result in instability, 

q Model of the 11.7 T MRI scanner at the NeuroSpin 
research center (south of Paris), which should be 
operational in 2012.

CONTACT INFORMATION:
 Luc Darrasse
 > luc.darrasse@u-psud.fr

 STORE ENERGY
Because a superconductor has no electrical resistance, 
it can keep a current going indefinitely. Researchers 
are developing superconducting coils that use this 
effect to store electric energy.
While the amount of energy stored is not yet 
substantial, the time it takes to deliver it can be very 
short. Superconducting coils could thus supply very 
powerful electrical impulses. It is possible to imagine 
using such impulses in electromagnetic launchers 
able to fire a projectile faster than a firearm, or even 
to launch microsatellites. Several teams at CNRS are 
involved in this cutting-edge research. 

CONTACT INFORMATION:
 Pascal Tixador
 > pascal.tixador@grenoble.cnrs.fr

q Energy storage system using high critical 
temperature superconductors (CNRS / DGA / 
Nexans collaboration). 
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 LEVITATE TRAINS
Set in 2003, the current world speed record for a magnetically levitated train (also 
known as maglev) is a staggering 581 km/h. In theory, the idea is simple: the train is 
levitated a few centimeters above the track to eliminate friction. This technology is 
based on magnetic levitation created by a large number of coils and magnets—some 
superconducting—placed in the train and on the track. The major drawback is that 
this technology is still very expensive and complex. 

qThis 28 meter-long 
maglev train, which 
weighs 30 tons, can 
reach a speed of  
581 km/h.
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which would be eliminated by the onset 
of superconductivity.

Cyril Proust, of the LNCMI4 in 
Toulouse, has provided major experi-
mental support for this theory, using 
strong magnetic fields that suppress su-
perconductivity in cuprates. “By doing 
this, we have uncovered properties that 
the material would have in the absence of 
a superconducting phase, and revealed 
the competitive effect aforementioned,” 
Proust explains. Various electronic con-
figurations remain to be described. Do 
they take the form of stripes? Or of 
 current loops? Here again, hypotheses 

abound. Experiments carried out in 
particular by Marc-Henri Julien of the 
LNCMI and by Bourges have revealed the 
existence of a variety of possible forms, 
which are still very difficult to relate to 
superconductivity. 

SYNTHESIZING KNOWLEDGE 
So just when will physicists get to the 
bottom of the mystery of high-tempera-
ture superconductivity? “It won’t be next 
year,” Georges believes, “but it’s likely to 
be in less than 30 years’ time.” For 
Bourges, “several tens of thousands of 
articles have been published on the 
 subject. What we have to do now is syn-
thesize all this knowledge.” This could 
give rise to a complete theory of super-
conductivity in cuprates, “a combination 
of a number of theories that have already 
been proposed,” suggests Alain Sacuto, of 
the MPQ laboratory.5 To further 
 complicate matters, in 2008, a novel type 
of high-temperature superconductors 
was  discovered: pnictides. These are iron-
based compounds with a transition 
temperature to the superconducting 

�07 The physics of 
pnictides is entirely 
different from that 
of cuprates, although 
their multi-layered 
structure is very 
similar.  
�08 Colorized 
microscope image of 
a pnictide, an 
iron-based critical 
high-temperature 
superconductor.    

200 μm
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A THEORETICAL CHALLENGE FOR PHYSICISTS

In the mid-1980s, the theoretical 
tools required to describe the 
recently discovered cuprates 
were cruelly lacking. 
If, in a normal metal, electrons 
are considered to be completely 
independent from one another, 
in a cuprate they appear to be 
strongly correlated: they get in 
each other’s way, block each 
other’s motion, and only move 
collectively. 
To be able to describe these 

phenomena theoretically, 
condensed matter physics has 
undergone a complete 
conceptual revolution over the 
past 20 years. “This required to 
take complementary 
approaches, whether theoretical 
or computational, and to borrow 
from both chemistry and 
quantum field theory,” explains 
Antoine Georges, a specialist in 
strongly correlated electrons 
who holds the recently created 

Chair of condensed matter 
physics at the Collège de France. 
This revolution, whose effects 
are being felt well beyond the 
field of cuprates, has led to a 
better understanding of the 
complex behavior of electrons in 
solids such as oxides, rare 
earths, actinides, etc. 

CONTACT INFORMATION:
 Antoine Georges 
 > antoine.georges@cpht.polytechnique.fr
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CONTACT INFORMATION:
 Julien Bobroff
 > bobroff@lps.u-psud.fr
 Philippe Bourges
 > philippe.bourges@cea.fr
 Cyril Proust
 > cyril.proust@lncmi.cnrs.fr
 Alain Sacuto
 > alain.sacuto@univ-paris-diderot.fr

phase of around -220 °C. “For the first six 
months, we thought that their physics 
was similar to that of cuprates,” Bobroff 
explains. “But then we realized that they 
showed a number of unusual features.” 
This was a stroke of luck for specialists, 
who took advantage of the huge amount 
of research that already existed to achieve 
in just two years what had taken 20 years 
for cuprates. Furthermore, it looks as if 
the physics of pnictides might turn out to 
be slightly less complex than that of their 
copper oxide-based cousins. For instance, 
many scientists expect that in pnictides, 
magnetism might be the only force that 
enables electric charges to form pairs. 

This scenario has been bolstered by 
Bobroff who showed, using for the first 
time a nuclear magnetic resonance 
 experiment, that magnetism and super-
conductivity can sometimes co-exist in a 
pnictide at the atomic scale. “This 
 property has never been clearly evidenced 
in a cuprate,” he explains.   

A LONG WAY TO GO 
Could all this research ever lead to room-
temperature superconductors? “I don’t 
really believe so,” says Bourges. “And in any 
case, the material still has to be invented, a 
challenge in which chemists will play a key 
role.” Sacuto is more optimistic: “I don’t 
see any obstacle in principle. The absolute 
necessity is to work hand in hand with 
chemists in a field that requires materials 
of very high crystalline quality.” 

01.  Laboratoire Léon Brillouin (CNRS / CEA). 
02.  Laboratoire de physique des solides (CNRS / Univer-

sité Paris Sud-XI).  
03.  Centre de physique théorique (CNRS / École 

polytechnique). 
04.  Laboratoire national des champs magnétiques 

intenses (CNRS / INSA Toulouse / Université Paul-
Sabatier / Université Joseph-Fourier). 

05.  Laboratoire Matériaux et phénomènes quantiques 
(CNRS / Université Paris-Diderot). 

Today, transporting electricity still incurs energy 
loss. If the cables were superconducting, the 
loss would be minimal, and it would be possible 
to carry a thousand times as much current. Yet 
without doing away with major cooling systems, 
no progress can be made.
It is, however possible at a small scale: on Long 
Island (US), 300,000 homes are powered by  
600 meters of high-temperature (a cool  
-196 °C) superconducting cables, a project 
involving Nexans and Air Liquide. CNRS 
laboratories are also collaborating with Nexans  
to develop these new superconducting cables.
The industrial future of superconductors also lies 
in current limiters, which are similar to large-scale 
fuses that operate over an entire power grid. As 
part of the Eccoflow project, which involves the 
Institut Néel (CNRS) and the LGE in Grenoble,1 new 
superconducting current limiters will soon be 
tested in Mallorca and Slovenia.

 01. Laboratoire en génie électrique (CNRS / Grenoble INP / 
Université Joseph-Fourier).

CONTACT INFORMATION:
 Jean-Maxime Saugrain 
 >  jean_maxime.saugrain@nexans.com

 Pascal Tixador
 >  pascal.tixador@grenoble.cnrs.fr

 TRANSPORT ELECTRICITY

q Superconducting cables can be smaller and 
more efficient than conventional cables to carry 
large amounts of electricity. 

CONTACT INFORMATION:
 Jérôme Lesueur
 > jerome.lesueur@espci.fr
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 DETECT HIDDEN OBJECTS
The detection of electromagnetic waves has a host of 
applications. But it becomes quite difficult when they reach high 
frequencies of several hundred gigahertz. The most sensitive 

detectors are based on superconducting circuits 
cooled to a temperature close to absolute zero. 
Devices of this type are in use on board the 
Herschel satellite.1 To extend the scope of such 
instruments, a team led by Jérôme Lesueur, of 
the LPEM2 in Paris, is developing circuits based 
on high critical temperature superconducting 
materials, able to operate from -253 °C to  
-193 °C, i.e., with a relatively lightweight cryogenic 
system, and right up to terahertz frequencies. 
This could pave the way for new applications, 
especially in the field of security. Indeed, many 
molecules (pollutants, explosives, etc.) have 
an electromagnetic signature in the terahertz 
range that can pass through clothes and is thus 
ideal for spotting hidden objects using specific 
detectors. Such detectors could also be used to 
make cameras that see through fog, given that 
certain terahertz waves are hardly absorbed by 
water molecules.  
01.  Operated by the French Space Agency (CNES), the 

French Atomic Energy Commission (CEA), and CNRS.
02.  Laboratoire de physique et d’étude des matériaux 

(CNRS / ESPCI / UPMC).

q  The use of superconductors could improve the 
quality of security systems, especially the scanners 
used in some airports.  
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P
hysicists are a long way from understanding the 
 origin of superconductivity in a host of materials. Yet 
the advent of nanotechnology has raised another question: 

how does this phenomenon affect objects with sizes of around 
a millionth of a millimeter? “And does superconductivity  
mean anything at this scale?” wonders Hélène Bouchiat of the 
LPS1 in Orsay.

A CONTAGIOUS PROPERTY 
In materials with one or two dimensions, electrons repel each 
other so violently that it is hard to imagine them forming the 

electron pairs integral to the supercon-
ducting state. However, the researchers in 
Bouchiat’s team have made a surprising 
discovery. They have shown that when a 
nanometer-sized molecular conductor—
such as a carbon nanotube, graphene, 
fullerene, or a strand of DNA—is con-
nected to a superconductor, it can itself 
acquire this unusual property. “It is said 
to become a superconductor by proximity 
effect,” Bouchiat explains. “This is a 

fragile state, because there is no ‘glue’ to 
hold together the electron pairs that 
generate superconductivity, but it is 
 observed in materials where it does not 
occur naturally.” And the surprising 
 reactions of nanomaterials to supercon-
ductivity don’t end there. The team led by 
Dimitri Roditchev, of the Paris Institute 
of Nanoscience (INSP)2 is investigating 
the effect of a magnetic field on nanos-
cale samples of superconductors. The 
 researchers are particularly interested in 
the tiny current loops, called vortices, 
that appear in  superconductors when the 
field exceeds a certain strength. 

RESISTANCE TO MAGNETIC FIELDS
As Roditchev underlines, “in the case of 
massive superconductors, the vortex 
density increases with the magnetic field, 
and above a certain strength, the vortices 
are so tightly packed together that they 
end up destroying superconductivity. 
However, we have observed that, in the 
case of a nanoscale sample, the vortices 
can get much closer to one another. This 
enables nanoscale superconductors to 
 resist fields 4 to 20 times stronger.” And 
nanoscale superconductors aren’t merely 
of theoretical interest. For instance, 
Jérôme Lesueur of the LPEM3 in Paris, is 
studying the properties of nanoscale 
films of various oxides on a strontium 
titanate substrate. Although these mate-
rials are not superconductors—they are 
in fact insulators—their interface 
 becomes superconducting. Admittedly, 

Surprises
at the Nanoscale

�10 Samples of 
superconducting 
materials are placed 
in a magnetic field 
under a scanning 
tunneling 
microscope in order 
to study 
superconductivity at 
the nanometer scale.  
�11 Carbon nanotubes 
(in red) placed on an 
insulating substrate 
(in black) and 
connected to  
superconducting 
electrodes (in grey) 
acquire 
superconductivity 
via the proximity 
effect. 

09 This measuring 
device is used to study 
the fundamental 
electronic properties 
of a thin film of 
superconducting  oxide 
(in the center of the 
yellow sample holder). 

©
 B

. R
AJ

AU
/C

N
R

S 
PH

O
TO

TH
ÈQ

U
E

©
 C

. F
R

ÉS
IL

LO
N

/C
N

R
S 

PH
O

TO
TH

ÈQ
U

E

©
 R

. D
EB

LO
CK

1 μm

10 11

09



>>>N°22 I QUARTERLY I JULY 2011 29Focus    |

this effect only occurs below a tempera-
ture of -272.85°C, currently making any 
 potential practical applications out of 
reach. But as Lesueur points out, “this is 
yet another of the many remarkable 
properties of thin oxide films.” It will 
certainly capture scientists’ imagination 
at a time when superconductivity has 
hardly begun to scratch the surface of the 
nanoworld.  

01.  Laboratoire de physique des solides (CNRS / Univer 
sité Paris Sud-XI).

02.  Institut des nanosciences de Paris (CNRS / Univer-
sité Paris-VI). 

03.  Laboratoire de physique et d’étude des matériaux 
(CNRS / ESCPI ParisTech / UPMC). 

CONTACT INFORMATION:
 Hélène Bouchiat
 > bouchiat@lps.u-psud.fr
 Jérôme Lesueur
 > jerome.lesueur@espci.fr
 Dimitri Roditchev
 > dimitri.roditchev@insp.jussieu.fr

 MAP TINY MAGNETIC FIELDS
Seeing the brain function in real time is one of the astounding 
applications of SQUIDs (Superconducting Quantum Interference 
Devices). These are extremely sensitive magnetometers which 
yet again rely on superconductivity. SQUIDs are able to map 
on the skull’s surface tiny magnetic fields caused by neuronal 
activity, even though these 
are a billion times weaker 
than the Earth’s magnetic 
field. The subject of much 
research, this technique—
which, albeit spatially less 
precise, complements MRI—
makes it possible to take 
an image every millisecond. 
The sensitivity of SQUIDs 
makes them particularly 
suitable for the study of 
the terrestrial magnetic 
field, with applications 
in paleomagnetism and 
archeology.  

q SQUIDs are used in 
magnetoencephalography 
to measure the activity of 
neurons.  

 OBSERVE THE INFINITELY LARGE
Superconductivity is also used to study the universe. At certain wavelengths, such 
as the far infrared or millimeter radiation, the energy of photons is too weak to 
be detected by conventional devices. Instead, astrophysicists use bolometers— 
detectors whose performances are improved when they are made superconducting. 
These commonly used ground-based instruments are being widely developed for 
satellites. For instance, they will equip the SAFARI instrument—a project which 
involves the IRAP1 in Toulouse—installed on the future Japanese SPICA satellite, 
which will be dedicated to observing the formation of galaxies and star systems. 
They will also be placed on board the Core satellite, which may be one of Planck’s 
successors for the study of fossil radiation. 
01. Institut de recherche en astrophysique et planétologie (CNRS / Université Paul-Sabatier).

q�The SPICA space 
telescope will carry an 
instrument equipped 
with superconducting 
bolometers. 

CONTACT INFORMATION:
 Michel Piat
 >  michel.piat@apc.univ-paris7.fr

CONTACT INFORMATION :
 Denis Schwartz
 > denis.schwartz@upmc.fr

 Jean-Pierre Valet
 > valet@ipgp.fr

MORE ON 
SUPERCONDUCTIVITY
books  i
“The Large Hadron Collider: a Marvel  
of Technology” Lyndon Evans, ed.  
(Lausanne: EPFL Press, 2009). 

 "Superconductivity of strongly 
correlated systems"  in Comptes Rendus 
de l’Académie des Sciences–Physique.  
J.P. Brison and A. Bouzine, eds. (Issy  
les Moulineaux: Elsevier Masson SAS,  
in press).
Some content already available online :  
> www.em-consulte.com/en/revue/
comren/s200/5181

videos  i
100% conductive: superconductors
 > http://videotheque.cnrs.fr/index.
php?urlaction=doc&id_doc=2745

 8th April 1911, The Coldest Day
 > http://videotheque.cnrs.fr/index.
php?urlaction=doc&id_doc=2776 

online  i
>   www.supraconductivite.fr/en/index.php

Selected films from the video catalog 
and a photo gallery from the CNRS image 

database can be viewed online.
> http://videotheque.cnrs.fr
> http://phototheque.cnrs.fr
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A photo gallery of the LPEM can be viewed 
on the online version of CNRS magazine. 
> www.cnrs.fr/cnrsmagazine
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Start-ups With thousands of patents to its name, CNRS is a gold mine for the 
creation of innovative businesses. 

BY EMILIE BADIN AND JEAN-PHILIPPE BRALY

S
ince 1999, nearly 600 French 
firms have been set up in 
 collaboration with CNRS, 300 
of which have benefited from 

technology transfers. The most promis-
ing applications are in healthcare and 
biotechnologies (40 to 50% of all start-
ups), followed by IT, and the environment 

and renewable energy. CNRS has 
 acknowledged this facet of research 
by launching its Medal of Innovation. 

The first three prizewinners are 
economist Esther Duf lo, 
 robotics specialist François 
Pierrot, and physicist 
Mathias Fink. Following are 
a few examples of compa-
nies that directly stem from 
CNRS laboratories.  

Turning Lab Work 
into Business

w� We do not buy as much water or, of all things, mozzarella, if it 
is raining, if it is dry, or if there is a heat wave. Analyzing how 
weather affects consumer behavior is Climpact’s core business.

Created in 2003 by Harilaos Loukos, a former postdoc at the 
Institut Pierre-Simon-Laplace,1 this Paris-based company has 19 em-
ployees and an annual turnover of €1.5 million. “We analyze, on behalf 
of our clients, the correlation between sales of their products and 
weather information in a specific region, provided by several meteo-
rological stations throughout France,” explains Climpact’s founder. 
The results are invaluable statistics that enable industrial firms to 
optimize their production and supply chains. “We also provide stud-
ies on the impact of climate change on various parameters such as 
the development of renewable energies, erosion of the coastline, 
evolution of biodiversity, etc.,” adds Loukos. “This service is mainly 
used by institutions and regional councils.” 

01.  CNRS / UPMC / UVSQ / Cnes / CEA / IRD / ENS Paris / 
École Polytechnique / Université Paris-Diderot / Upec.

CONTACT INFORMATION:  Harilaos Loukos,  dir@climpact.com

Climpact  I  STUDYING THE IMPACT OF 
WEATHER ON SALES

w� Since its creation in 2002, the 
Amplitude Systèmes start-up has 
expanded and now boasts more than 
50 employees throughout interna-
tional offices in the US, Germany, and 
Taiwan. Located in Pessac (France), the 
company develops ultrashort pulse 
 lasers based on technology  jointly 
patented by CNRS. “Our lasers concen-
trate light energy in just several 
 hundreds of femtoseconds, which con-
siderably boosts their optical power 
without releasing unwanted heat,” 

 explains company CEO Éric Mottay. 
Extremely precise, compact, reliable, 
and using very little electricity, these 
lasers are used in cellular imaging, 
chemical analyses, advanced micro-
machining, and eye surgery. Pessac is 
also home to Eolite Systems, a start-up 
that commercializes short pulse  
lasers. Created in 2004, it focuses on 
optic fiber technology stemming from 
the work carried out at the CELIA.1 
“These fibers confer numerous advan-
tages to our lasers, such as precision, 

high efficiency, and limited thermal ef-
fects, making them particularly well 
suited for micromachining very thin 
 materials such as glass and silicon,”  
says François Salin, Eolite Systems’ 
 managing director. The company has 
 already won over leading industrial  
firms involved in the etching of photovol-
taic cells and electronic components. 
01.  Centre des lasers intenses et applications (CNRS/ 

Université Bordeaux-I / CEA). 

CONTACT INFORMATION:  
 Éric Mottay,     emottay@amplitude-systemes.com
 François Salin,  francois.salin@eolite.com

Amplitude Systèmes/Eolite Systems  I  DEVELOPING ULTRA PRECISE  LASERS
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q From left to right: 
Mathias Fink,  
Esther Duflo, and 
François Pierrot.

> www.amplitude-systemes.com

> www.climpact.com
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> www.mcphy.com

w� McPhy-Energy, launched in 2008 by several partners including 
Daniel Fruchart, emeritus researcher at CNRS, develops materials and 
reservoirs capable of safely storing hydrogen in solid form. Located in 
a small village in the French Alps, the company has customers 
worldwide. 

Hydrogen is an energy vector whose combustion efficiency is 
three times that of oil, but which takes up a lot of space as a gas. Using 
technology developed at CNRS’s Institut Néel, McPhy-Energy can 
transform 0.5 m3 of gaseous hydrogen into a very small, 1 cm-thick 
compact cake measuring 30 cm in diameter. “If the electricity 
 generated at night by wind farms is unused, it can be affected to the 
production of hydrogen by electrolysis of water. Stored in the form of 
hydrogen cakes, this electricity can be used after re-conversion when 
there is a peak in demand,” explains Fruchart.

McPhy-Energy’s portfolio already includes the Italian electricity 
company Enel and the leading gas distributor in Japan, Iwatami. 
CONTACT INFORMATION:  
 Daniel Fruchart,  daniel.fruchart@grenoble.cnrs.fr

McPhy-Energy  I  STORING HYDROGEN

What are the “botanical fingerprints” developed 
by Gingko Sfere? 
Didier Tousch: They combine plant-based 
molecules conserved at the CPID with polymers 
to form a complex and unique mix. Affixed to an 
object—as varnish, paint, spray, etc.—they provide 
a biological molecular code as reliable as a genetic 
fingerprint. Patented by CNRS, this  eco-friendly 
process has a range of applications in the art 
market, textile industry, or pharmaceuticals, to 
name but a few.
How can these imprints be authenticated? 
D. T.: By using a portable reader that analyzes 
the fluorescence emitted by certain molecules,  
or by taking photos of the plant-based 
fingerprinting microstructures with a portable 
magnifying camera. Alternatively, 
a molecular analysis may be 
carried out after sampling. 

01.  Centre de pharmacologie pour l’innovation 
dans le diabète (CNRS / Université 
Montpellier-I / CHRU de Montpellier).

CONTACT INFORMATION:  
 Didier Tousch
 > didier.tousch@univ-montp1.fr

Gingko Sfere  I  
FIGHTING COUNTERFEITS
w� Didier Tousch, researcher at a pharmacology 
center (CPID),1 tells us about Gingko Sfere, 
the company that he co-founded in Montpellier 
in 2009.

w� Leosphere is a company 
specialized in atmospheric 
monitoring technology. Its 
activity is based on the use of 
LIDA R s y stems (Light 
Detection and Ranging), 
which work on the same prin-
ciple as radar. It is based on the 
emission and the reception of 
a wave in the atmosphere in 
the visible domain of the elec-
tromagnetic spectrum. “When 

particles suspended in the atmosphere come into contact with the emitted 
wave, they re-emit light,” explains Alexandre Sauvage, who co-created the 
company with his brother, a former researcher at the Institut Simon-Laplace. 
“By analyzing this light, we can measure the optical characteristics of the 
 particles as well as the wind speed.” 

Leosphere now has 60 employees and an annual turnover of €8.5 million. 
The company has a wide customer portfolio. Wind farm developers, for  
example, need information on atmospheric conditions to find out where to 
 install their wind turbines. Weather forecasting agencies need to know the 
 distribution of aerosols to improve their forecasts. The same goes for airports 
that track dangerous winds, or city authorities that monitor air pollution.

CONTACT INFORMATION :  Alexandre Sauvage, info@leosphere.fr

Leosphere  I  
MONITORING  
THE ATMOSPHERE

> www.eolite.com

qLasers developed 
by Amplitude 
Systèmes (left), and 
Eolite Systems (right). 

q Gingko Sfere creates 
reliable and eco-friendly 
“bar codes” from plants. 

Photo reports on 
Gingko Sfere,  

Amplitude Systèmes,  
and Eolite Systems  

are available on the online 
version of CNRS magazine. 

> www.cnrs.fr/cnrsmagazine

q The Windcube v2 
LIDAR in a wind farm 
in Canada. 

> www.gingkosfere.com > www.leosphere.com

©
 K

A
K

SO
N

EN
/C

N
R

S 
PH

O
TO

TH
ÈQ

U
E

/E
O

LI
TE

 S
YS

TE
M

S

©
 C

. F
R

ÉS
IL

LO
N

/C
N

R
S 

PH
O

TO
TH

ÈQ
U

E

©
 L

EO
SP

H
ER

E



|    In Images CNRS I INTERNATIONAL MAGAZINE32w

History Combining architecture and multimedia, researchers have created a 
virtual model of the Petit Trianon, a former royal residence on the grounds of Versailles 
Palace. Yet this is only the latest in a series of monuments that have already entered 
the digital age.

 The Petit Trianon 
Goes Virtual
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BY PHILIPPE TESTARD-VAILLANT

I
n less than 30 seconds, the walls of the grand 
dining room are adorned with moldings, 
 mirrors, and paintings, while a parquet floor is 
laid. Three chairs and a statuette standing on a 

console suddenly appear, and sunlight pours in 
through the windows. Welcome to the upper main 
floor of the Petit Trianon, the stately building on the 
grounds of Versailles that Louis XVI presented as a 
gift to Marie Antoinette in 1774. Or, to be precise, 
welcome to its three-dimensional reconstitution, 
created with  strikingly realistic precision by the 
digital simulation wizards of the MAP laboratory1  
in Marseille.

Online since September 2010 and after two-
years’ work, the Petit Trianon website offers a virtual 
stroll through the main rooms of this masterpiece of 
French architecture. A few months from now, it will 
also be possible to see how these same apartments 
were refurbished for Empress Marie-Louise in 1811, 
or for the Duchess of Orléans in 1839. The project is 
an excellent example of MAP’s philosophy: to offer 
3D representations of important historic structures 
in order to understand them better and explain them 
to the public. This new feat is only one of over 20 such 
projects already completed by the laboratory, 
 including the 3D reconstructions of the Château 
Comtal of Carcassonne, the upper frieze of the Arc 
de Triomphe, the Pompidou Center in Paris, and the 
Capitol in Dougga, Tunisia.

These minute reconstitutions take each build-
ing’s formal and historical complexity into account. 
“Every model is enriched by new knowledge that we 
gather on the building, and is intended to be used as 

01 This menu page offers virtual access to the 
queen’s apartments.

02 3D reconstruction of the Petit Trianon’s 
grand dining room.

03 This 3D database contains all the furniture 
from the Petit Trianon, now held by the 
National Museum of Versailles, the Getty 
Museum in Los Angeles, and the National 
Trust Waddesdon Manor in the UK.

04 05 The reconstitution of the queen’s 
bedroom required the detailed 

modelization of the woodwork, the 
fabrics, and the reflective properties of the 
mirror.

06 The complexity of this wrought iron 
banister, a masterpiece by the ironsmith 
François Brochois, proved to be the most 
difficult aspect of the digitization of the 
Petit Trianon’s grand staircase.

07 As with the other rooms, the virtual 
furnishings in this 3D rendering of the 
anteroom are based on hypotheses 
formulated by the monument’s curators.

03

04 05

01

06

07

 ONLINE.
> www.map.archi.fr/3D-monuments/
> www.map.archi.fr/3D-monuments/site_trianon/
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a scientific tool by architects, historians, and 
 curators,” says MAP deputy director Michel 
Berthelot. “And that’s just the tip of the iceberg. For 
each building, we also compile information into an 
extensive database accessed from a platform called 
Nubes that can be used to break down the structure 
into components. For example, we can isolate a single 
column or vault to study its spatial arrangement and 
technical characteristics.”

So how is a 3D model made? It all starts with the 
acquisition of a maximum amount of spatial data on  
the building using, among other tools, a laser 
 scanner. “All this data recreates the edifice’s 
 dimensional aspects in the form of a cloud 
 comprising several million points in space,” explains 
MAP researcher Livio De Luca. The next step is  
to convert this bulk of data into a kind of  
skeleton that defines the proportions and positions 
of the main architectural elements (arches,  voussoirs, 
volutes, etc.).

“To develop the initial 3D version, we examine 
all the technical documentation that can give us 
 insights into the principles that governed the 
 building’s design and construction,” De Luca adds. 
“If the building is partially destroyed, we include 
hypothetical restorations with the help of  
specialists in the period and in the building itself.” 
The final step, called texture extraction and 
 projection,  consists in projecting onto the 
 geometrical model the photographic information 
obtained from terrestrial and aerial operations using 
a remote-controlled  helicopter or airship. Today, 
MAP is concentrating its efforts on the 3D 
 modelization of the bridge of Avignon and its 
 surroundings, a total area of about 50 km2. The goal, 
for Berthelot, is to  “visualize the site as it was during 
the medieval period.”

01.  Modèles et simulations pour l’Architecture, l’urbanisme et le 
Paysage (CNRS / Ministère de la culture et de la communication).

08 The digitization of this bust of 
Emperor Joseph II was created using a 
short-range 3D laser scanner.

09 The roofing of the Fortress of Salses, 
in southwestern France, was 
photographed from the airship, while a 
long-range 3D laser scanner was used to 
survey the building’s structure.

10 Matching a laser scan-generated 3D 
point cloud against three photographs 
of the Hotel de Sully in Paris.

11 12 This hypothetical reconstruction 
highlights the Baroque opulence of the 
Carthusian church in Villeneuve-lez-
Avignon as it might have looked in the 
18th century.

CONTACT INFORMATION:
MAP, Marseille. 
 Michel Berthelot
 > michel.berthelot@map.archi.fr
Michel Florenzano 
> michel.florenzano@map.archi.fr
 Livio De Luca
 > livio.deluca@map.archi.fr

0908

10
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BY ÉMILIE BADIN

“
Marie Curie, a feminist?” 
wonders Hélène Langevin-
Joliot, her granddaughter 

and emeritus  senior researcher at CNRS. 
“Although she never made any claims, 
she was convinced of intellectual equality 
between men and women.” Without this 
intimate conviction, which contradicted 
the social attitudes of the times, Marya 
Sklodowska, who arrived in Paris from 
Poland in 1891, could not have won two 
Nobel Prizes. First in Physics, in 1903, 
with her husband Pierre Curie for their 
work on radioactivity, a prize that the 
couple shared with Henri Becquerel. 
Then in Chemistry in 1911—the prize 
whose centenary is celebrated this year—
for discovering  polonium and radium, 
and isolating the latter. Although today 
her career is  legendary, it was fraught 
with obstacles erected by the champions 
of a paternalistic society threatened by 
Marie Curie’s genius. Without the inter-
vention of a Swedish academician and 
Pierre Curie’s insistence, she would not 
have been  associated with the 1903 Nobel 
Prize, “despite the fact that it was she,” 
Langevin-Joliot points out, “who estab-
lished the atomic character of uranium 
radiation and gave the name radioactivity 
to the phenomenon of spontaneous emis-
sion that she observed in several elements, 
including polonium and radium.” In 
1906, her husband’s sudden death caused 
such a stir that despite the pervading 
conservatism, Marie Curie was asked to 
take over the physics course that he had 
been teaching at the Sorbonne. She 
 became the first woman to hold a Chair. 
As Langevin-Joliot mentions, “in a then 
famous French weekly, L’Illustration, a 
columnist took this  opportunity to mock 

the male  chauvinism of the time, and 
wrote: ‘today is a great victory for 
 feminism. If a woman is  allowed to teach 
both men and women, where does that 
leave supposed male  superiority? I tell 
you in truth, the time is near when 
women will become human beings.’”

Marie was well aware that she sadly 
owed this “victory” to the death of her 
husband. All the more so as she was 
 refused entry to the French Academy of 
Sciences in 1911. She continued her 
 research regardless. “She was shy by 
 nature, but became more confident over 
the years,” says Langevin-Joliot. “At 
 meetings abroad, she defended her 
 laboratory so fiercely that some deemed 
her overbearing.” 

Obviously, her reputation as heroine 
of science spread across the world, and 
her example has undoubtedly encour-
aged women to take up scientific careers. 

But success was never a goal in itself for 
Marie Curie. With her husband and 
daughters, she had found a balance 
 between research and leisure. “What 
 really mattered to her and Pierre—and 
later on to my parents—was the pleasure 
of discovery, whatever its significance,” 
recalls her granddaughter. During the 
inauguration of the International Year of 
Chemistry at UNESCO in January 2011, 
Langevin-Joliot, faithful to her 
 foremother’s modesty, put young people 
at ease:  “Marie Curie should not become 
a myth,” she insisted. She was quite 
 simply a great lady of science.

CONTACT INFORMATION:
IPNO, Orsay. 
 Hélène Langevin-Joliot
> langevin@ipno.in2p3.fr
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Anniversary Exactly 100 years ago, Marie Curie received her second Nobel Prize. 
Hélène Langevin-Joliot revisits her grandmother’s emblematic career. 

The Legacy of 
 Marie Curie

HÉLÈNE
LANGEVIN-JOLIOT

 The granddaughter 
of Pierre and Marie 
Curie, this physicist 
is an emeritus 
senior researcher 
at CNRS. She has 
recently published 
a book on her 
family (Lettres, 
Marie Curie et ses 
filles, Pygmalion 
Editions, 2011).
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BY VALERIE HERCZEG

W
hatever the magic its name conjures up, there 
is more to India than marble palaces, shim-
mering fabrics, and luscious fragrances. The 
country, emerging as one of the world’s leading 

economies, has its feet firmly on the ground. With an  average 
annual economic growth of 7% since 2000, it owes its tremen-
dous commercial and industrial potential to the development 
of its own independent scientific and technological  resources 
over the past 60 years. 

ORGANIZATION OF RESEARCH 
India has developed a number of admin-
istrative structures to support its ambi-
tions. Three departments have been set 
up under the authority of the Ministry of 
Science and Technology: the Department 
of Science and Technology (DST), estab-
lished in 1971 to coordinate and support 
scientific and technological activities in 
the country as well as to foster new areas 
of research; the Department of Scientific 
and Industrial Research (DSIR), created 
in 1985 to promote Indian technologies 
and facilitate technology transfer and 
commercialization; and the Department 
of Biotechnology (DBT) set up in 1986 to 
develop research infrastructures and 
implement biosafety policies with regard 
to genetically-modified organisms. 

The Council of Scientific and  
Industrial Research (CSIR), the Indian 
equivalent of CNRS, created in 1942, 
oversees some 40 institutes and laborato-
ries in practically all fields of science. The 
only exceptions are nuclear research,  
which is monitored by the Department of 
Atomic Energy (DAE), and space research, 
which falls under the remit of the 
Bangalore-based Department of Space.  
The other two main civil research organiza-

tions are the Indian Council of Agricultural 
Research (ICAR) and the Indian Council 
for Medical Research (ICMR). 

CURRENT FOCUS
The country has heavily invested in infor-
mation technology in recent years. Its 
Science and Technology Entrepreneurs 
Parks (STEP), initiated by the DST in 
1984 and established on university cam-

The Rise
 of an R&D Giant

India The tenth largest economy and second most densely populated 
country in the world is setting its sights on becoming Asia’s major research hub.

01 Bangalore, which hosts many Indian IT companies, 
is dubbed “India’s Silicon Valley.” ©
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puses across the country, have become major technological 
centers that benefit from state, bank, and industry funding. 

The southeastern town of Bangalore, dubbed India’s “Silicon 
Valley,” has grown into a global center for science and research, 
illustrating the country’s investment in the IT, biochemistry, 
and aerospace sectors. The city hosts approximately 100 of the 
estimated 350 biotechnology companies in the country. A 
wealth of technology companies from around the world have 
set up facilities there, including giants like IBM, Google, or 
Microsoft, to name but a few. 

EDUCATION AS A PRIORITY
Despite its worldwide influence, Indian research lacks both 
human and financial resources. Due to low enrollment in 
 scientific courses and a long-standing “brain drain,”  researchers’ 
positions only total 155,000, or 0.35 out of 1000 people in the 
working population (compared with 1.8 in China and 7.6 in 
France). Moreover, while R&D expenditure in 2011 rose by 18%1 
on the previous year, it still only represents around 0.9 % of GDP. 
The government intends to increase this share to 2% of GDP in 
the coming years. With over half of its one billion-strong 
 population under 25 years of age, India is well aware that sig-
nificant emphasis must be put on higher education to sustain 
rapid economic growth. In addition to the existing 274 state 
universities (financed by each state), 42 “central” universities are 
funded by the Indian government. The hope is that the student 
population will rise from today’s 15 million to over 30 million 
within the next 15 years.

FOREIGN COLLABORATION
Increasing international scientific collaborations would also be 
an asset, notably with France, which is not the most obvious 
partner in view of India’s traditionally anglo-saxon leaning. 
Indeed, France only ranks sixth in terms of scientific exchanges 
with India, behind Russia, the US, the UK, Japan, and Germany. 
Yet the two countries are keen to expand their cooperation, as 
highlighted by the official visit last year of CNRS President Alain 
Fuchs, alongside France’s head of state, Nicolas Sarkozy.

The major existing tool in this collaboration is the Indo-
French Center for the Promotion of Advanced Research 
(CEFIPRA-IFCPAR), created in 1987 to develop cooperation 
between India and France in all fields of fundamental  
and  applied research. Financed by the French Ministry of 
Foreign Affairs (MAEE) and the Indian DST, it had a  
€3.1 million budget in 2010. Since the late 1980s, it has  
evaluated 1190  research proposals, approved 406 projects 
 (including 46 CNRS projects in 2010) and published some  
1800 articles in international journals. 

 More recently, a consortium of European and Indian 
 research organizations called New INDIGO was created. 
Backed by the EU Commission, it has been coordinated by 
CNRS for the past three years. It involves a number of CNRS 
teams selected to participate in projects on biotechnology, 
health and water research, including wastewater management 
and purification. 

Keen to participate in the development 
of French-Indian scientific cooperation, 
CNRS decided to open an office in New 
Delhi this year. Headed by aeronautics 
 researcher Dominique Aymer, its role is to 
identify the best Indian laboratories, set  
up new collaborative projects and  
boost scientific exchanges. “Our greatest 
asset is CNRS’s notoriety,” Aymer says. 
“Opportunities are rife in ‘Incredible India,’  
provided we make the effort to  
grab them.” 

Structured collaboration between 
CNRS and Indian labs started almost a 
decade ago with the creation of the 
 Indo-French center for organic synthesis, 
an international research network (GDRI) 
set up in 2003. Between 2005 and 2010, 
three international associated laboratories 
(LIAs) were created in chemistry.2 A fourth 
LIA, signed in December 2009, deals with 
nuclear science and involves the French 
Atomic Energy Commission (CEA).

Other projects include an interna-
tional joint unit (UMI) scheduled to open 
in Bangalore in September and a new LIA 
focused on formal methods for critical 
software evaluation. 

In social and human sciences, two 
French Research Institutes Abroad 
(UMIFRE) were set up in 2007 by CNRS 

and the French Ministry of Foreign and 
European Affairs (MAEE). They involve 
around 130 researchers, some of whom 
from CNRS. The French Institute of 
Pondicherry, in particular, concentrates  
on Indian studies, biodiversity, and  
social sciences. 

PROSPECTS
Yet there is room for improvement in 
terms of Franco-Indian collaboration. 
The vast majority of Indian scientific 
publications are authored by Indian labo-
ratories alone, with only 17.9% involving 
foreign scientists. The number of Indian 
students in French universities remains 
low (647 in 2008), making up a mere 0.3% 
of the country’s foreign students. It may 
be a long way, but the right conditions 
and mutual desire are there for France 
and India to come together and build  
a joint scientific future. 

01. Not indexed for inflation (9%).
02.  The Indian-French Laboratory of Solid State 

Chemistry (LAFICS); Joint Laboratory for Sustainable 
Chemistry at Interfaces (JLSCI); and Indo-French 
Laboratory Catalysis for Sustainable and 
Environmental Chemistry.

CONTACT INFORMATION: 
CNRS Office, New Delhi.
 Dominique Aymer
 > dominique.aymer@cnrs-dir.fr

02 The CEFIPRA-IFCPAR, located at the India 
Habitat Centre (New Delhi). 03 Bronze statue 
photo of the Goddess Amman, courtesy of the 
French Institute of Pondicherry.
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BY  DENIS DELBECQ

“
This partnership is first and 
foremost about research-
ers who share the same 

 interests,” says Microsoft France 
President Eric Boustouller about the 
“Optimizat ion for Sustainable 
Development” (OSD) chair, created in 
2009 for a two-year period. 

The OSD chair stemmed from infor-
mal connections between Youssef 
Hamadi, of the Microsoft Research 
European laboratory in Cambridge (UK) 
and Philippe Baptiste, now director of  
the INS2I,1 who were joined by Leo 
Liberti of the LIX2 at École Polytechnique. 
Following up on fundamental research 
initiated by Microsoft back in the  
1990s, the Microsoft Research organiza-
tion now involves over 1000 researchers 
working on a wide variety of topics in 
eight centers worldwide.

The OSD chair’s main objective is 
clearly defined: optimize industrial pro-
cesses to reduce their impact on the envi-
ronment and resources. “Fundamental 
research in computer science can defi-
nitely provide new alternatives in this 
area,” explains Boustouller.

FROM TRAFFIC TO SMART GRIDS
“At first, we mainly specialized in optimi-
zation processes,” recalls Liberti. “We 
identified two major areas where optimi-
zation methods could promote sustain-
able development: energy and transpor-
tation, which both impact the planet.” For 
transportation, this can mean optimizing 
the management of a fleet of trucks to 
reduce mileage, while improving overall 
delivery time. “This is a particularly 
complex problem,” he points out. “We 

Optimizing 
a Fruitful Collaboration

have foreseeable data, such as the average 
traffic density. But there are always un-
predictable events—like accidents or bad 
weather—that can alter traffic conditions. 
So we try to develop methods that are 
based on known factors, but that can 
easily adapt to unforeseeable events.”

In the energy sector, it is vital to re-
duce the impact of energy consumption 
on the environment. “Smart grids are one 
of the means to do so,” adds Liberti. By 
receiving information directly from 
consumers’ electric meters, they would 

Partnership The Optimization for Sustainable Development chair, jointly created in 
2009 by CNRS, Microsoft, and the prestigious École Polytechnique, reaps success. 

make it possible to avoid feeding current 
into the network when consumers are not 
using electrical devices at the other end. 
“We are developing tools to manage such 
complex networks.”   

CHALLENGE WINNER
A similar approach earned the OSD team 
the 2010 Roadef3 challenge senior prize. 
Roadef, an organization aimed at 
 promoting operational research and 
providing assistance in decision-making, 
asked 50 international teams to solve a 
problem set by French electricity provider 
EDF on the management of energy 
within its nuclear installations. “Our 
team was the only one to offer a viable 
solution,” says Liberti.  

With this success under its belt, the 
OSD chair now hopes to consolidate its 
position by finding other industrial 
partners. Discussions are currently 
 underway with companies like EDF, 
Alstom, Veolia, and others, who are 
 already working on optimization. “While 
we can’t predict the outcome of these 
discussions, we have great confidence in 
the chair’s future,” concludes Liberti.

01.  Institut des sciences informatiques et de leurs 
interactions.

02.  Laboratoire d’informatique de l’École 
Polytechnique (École Polytechnique Information 
Technology Laboratory–CNRS / Inria / École 
polytechnique ParisTech).

03.  Société française de recherche opérationnelle  
et d’aide à la décision.

CONTACT INFORMATION: 
Microsoft France, Issy-les-Moulineaux. 
 Eric Boustouller
 > ericbou@microsoft.com
LIX, Palaiseau. 
 Leo Liberti
 > Liberti@lix.polytechnique.fr

q Optimizing 
destination routes 
for commercial 
trucks, for example, 
is one of the chair’s 
dedicated areas of 
research.
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BY SEBASTIÁN ESCALÓN

w� A new phase has begun for the IPAL 
 laboratory,1 the International Joint Unit (UMI) that 
gives CNRS and French research a precious foothold 
in Singapore in the field of IT. On February 8, 2011, the 
laboratory was renewed for four years and joined by 
two new French partners: the Paris-based university 
UPMC,2 one of the top-ranked  universities in France, 
and the Institut Télécom, an institution devoted to 
information and training in telecommunications. 

IPAL is structured around two lines of research. 
The first one focuses on the analysis and understand-
ing of medical images. Projects  include developing a 
software platform for the  analysis of large-scale  

microscopic images, providing pathologists with a 
knowledgeable second opinion for breast cancer 
prognosis. The second  research area is the develop-
ment of ambient intelligent tools for assisting  
patients with mild cognitive or visual  disorders.

Impressive figures illustrate the laboratory’s 
 success. Since it became a UMI five years ago, its staff 
has grown from 10 to 30 researchers. Over 200 arti-
cles have been published in scientific journals, and 
the lab has hosted over a hundred French and 
European students for internships. In addition to its 
own resources, the laboratory has successfully 
raised about €2.5 million for its projects. This funding 
was provided both by French agencies like the 
National Research Agency (ANR), and Singaporean 
agencies, like the Agency for Science, Technology, 
and Research (A*STAR).

“For a decade now, Singapore has been investing 
heavily in R&D, particularly in health and biomedical 
technology,” says Daniel Racoceanu, co-director of 
IPAL. “The UMI offers a unique opportunity for French 
students to gain valuable experience in this new 
 scientific capital. Conversely, by forging links 
throughout South-East Asia, it encourages some of 
the region’s top-level researchers to come to  
France, or join French and European networks of 
 excellence,” he concludes.

01.  Image and Pervasive Access Lab (CNRS / Agency for Science, 
Technology and Research (Singapore) / National University of 
Singapore / Université Joseph-Fourier / Université Pierre et 
Marie-Curie / Institut Télécom).

02. Université Pierre et Marie Curie. 

CONTACT INFORMATION: 
IPAL, Singapore. 
 Daniel Racoceanu
 > daniel.racoceanu@ipal.cnrs.fr

Four More Years for the French-Singaporean Lab 
IPAL

 ONLINE.
> http://ipal.i2r.a-star.edu.sg/

q IPAL researchers 
develop tools to 
assist people with 
disabilities.
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w� June 7 marked the 20th 
anniversary of the CNRS office in 
Moscow. On this occasion, officials  
signed but also renewed a number 
of cooperation agreements with 
Russia. Four new International 
Associated laboratories (LIA) were 
created. Three of them are directly 
related to local issues, such as 
atmospheric analyses in Siberia, oil 
pollution of the Azov seacoasts, and 
the human-environment 
relationship in Oriental Siberia.  

The fourth LIA focuses on the 
genetics of neuromuscular 
pathologies and potential therapies. 
In the field of humanities, the LIA 
Könisberg-1812 will continue to 
investigate anthropological and 
archeological data on the Patriotic 
war of 1812. Two International 
research networks (GDRI) were 
renewed for a 4-year period. One 
studies the Franco-Russian cultural 
links that existed between the 17th 
and 19th centuries. The second 

focuses on 
contemporary 
nomadism in Turkish-
Mongolian Siberia and 
involves two teams 
from Kyrgyzstan.
Prestigious Russian scientific 
institutions are involved, including 
the Russian Academy of Sciences in 
Moscow, Tomsk, and Vladivostok, as 
well as the Lomonosov Moscow 
State University and the federal 
universities of Rostov and Yakutsk.

RUSSIA
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q Joël Bertrand (left), 
CNRS chief research 
officer, and 
Alexander Andreev 
(right), ASR 
vice-president.
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BY  JEAN-PHILIPPE BRALY

w� Since its creation in 1971, CRIOBE,1 
the environmental center located on 
Moorea island (French Polynesia), has 
become a major scientific stakeholder 
with a worldwide reputation. It annually 
awards over 100 postgraduate degrees, 
produces approximately 160 impact 
studies on the Polynesian environment, 
hosts some 220 visiting scientists from 
across the world, and issues 1200 
 scientific publications. On June 24, 
this research unit—the only one CNRS  
has in the Pacific—celebrated its 40th 
 anniversary on site. 

  Several personalities took this op-
portunity to review the history of scien-
tific research on Polynesian coral reefs, 
CRIOBE’s main focus.  “We’ve come such 
a long way since 1971,” commented 
Director Serge Planes. During its first 
years of operation, the center, which 

was then a branch of the French 
National Museum of Natural History, 
only hosted a handful of French and 
foreign scientists. At the time, they 
 concentrated on the discovery and 
 description of the coral ecosystem, 
which was still poorly understood. By 
the 1980s, research accelerated. 
Detailed inventories were drawn up, the 
spatial distribution of the reefs’ flora 
and fauna was closely investigated, and 
biological cycles were described. 
Researchers could at last study these 
ecosystems’ underlying mechanisms 
and start  monitoring their evolution 
over the long term. This remained the 
objective throughout the 1990s.

  “Since the year 2000, CRIOBE has 
continued its research with new tools, 
such as molecular biology,” says Planes. 
“Furthermore, we have worked hard to 
gradually bring human and social 
 sciences into the equation as a support 
to biological conservation programs for 
these ecosystems. Now our research 
area covers the entire Pacific Islands.” 

01.  Centre de recherches insulaires et observatoire de 
l’environnement (CNRS / EPHE).

40 Years of CRIOBE Research
Anniversary

CONTACT INFORMATION: 
CRIOBE, Moorea. 
 Serge Planes
 > serge.planes@criobe.pf

01 Researchers at 
CRIOBE study cloned 
corals to avoid 
destructing natural 
ones.  02 Left to right: 
René Galzin, Serge 
Planes, and Bernard 
Salvat, respectively  
former director, 
director, and creator 
of CRIOBE, 
celebrating 40 years 
of research.

02

 ONLINE.
> www.criobe.pf

01

CZECH REPUBLIC I
w� The European Associated 
Laboratory on Nuclear 
Astrophysics and Grids (LEA 
NuAG) was created on May 16 
in Prague by CNRS, the 
Academy of Sciences of the 
Czech Republic (AVc̆R), and the 
French National Large Heavy 
Ion Accelerator (GANIL).  
It aims to develop structured 
cooperation in nuclear physics 
modeling and technical 
solutions to the use of intense 
lasers at GANIL, as well as 
optimize grid networks.  
On the same day, the scientific 
cooperation agreement that 
had linked the two countries 
since 1993 was renewed. 

CANADA I
w� On June 27, a new 
International Joint Unit 
(UMI) for micro and 
nanotechnologies was signed 
between CNRS, scientific 
institutions in Lyon (France), 
and Sherbrooke University in 
Quebec (Canada). Following up 
on a three-year collaboration, 
the UMI will be based on 
interdisciplinarity between 
chemistry, biochemistry, 
electronics, optics, and 
materials. In collaboration  
with European and Canadian 
industrials, it will focus on 
various aspects of microchips, 
including biochips, packaging, 
3D integration, and energy 
management.

q From left to right: Jan r̆ídký 
(AVc̆R IoP director), Jacques Martino 
(CNRS IN2P3 director), Sydney Gales 
(GANIL director) and Jan Dobeš 
(AVc̆R NPI director).
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LEA LIPES Researchers from France and Luxembourg join forces to advance 
knowledge in plasma physics. 

At the Forefront of 
Plasma-Surface Interaction 

BY ELAINE COBBE

W
hen teams from two separate 
laboratories work closely on 
research projects, at some 

point they’re likely to realize that pooling 
their resources together and formalizing 
this relationship makes better sense. 

This was the case for the European 
Associated Laboratory (LEA) LIPES.1 
Created in January 2010, it combines 
teams from the Institut Jean Lamour 
(IJL)2 in Nancy and the Centre de 
Recherche Public (CRP)–Gabriel 
Lippmann in Luxembourg. 

It wasn’t a rushed marriage—the 
teams spent two years in negotiations 
before signing on the dotted line. The two 
laboratories had been collaborating suc-
cessfully for the preceding decade, nota-
bly on the TRASU project, a research 
program on surface treatments, which 
produced several co-supervised theses on the topic. The hope is 
that this new LEA will enable the researchers to advance their 
knowledge in plasma-surface interactions. 

Cold plasmas are reactive gaseous environments that 
modify the surface properties of materials. They are widely used 
in industry, so understanding their mechanism of action on 
material surfaces could open up many new opportunities for 
their use. 

A MATCH MADE IN PLASMA
The LIPES brings together the ESPRITS3 team from Nancy 
(eastern France) and the SAM4 department at the CRP–Gabriel 
Lippman, in Luxembourg. The ESPRITS group has expertise in 
plasma  physics, chemistry, and engineering—including plasma 
 diagnostics, plasma kinetic modelling, and numerical 
 simulation. The SAM department is a laboratory that is both a 
fundamental and applied research facility. It provides 
 technological research and development assistance to more  
than 100 industrial and academic partners worldwide.

“Their complementary approaches and resources made 
them a good match,” says Thierry Belmonte, deputy director of 
the IJL. “The ESPRITS and SAM labs both have resources for 

the technical analysis of how cold  plasmas 
interact with surfaces. But while ESPRITS 
has more general resources, SAM has the 
kind of specialized equipment we needed. 
So getting together made a lot of sense,” 
he adds.

For its initial four-year term (2010-
2013), this “laboratory without walls” will 
work on studying the interactions 
 between a plasma source and the top-
most surface of various materials. The 
scientists will focus on “building” the top 
surface, from the single plasma species 
deposited on the material up to the com-
plete monolayer. In this way, they hope to 
better understand the behavior of any 
isolated species as it touches the surface.

The LIPES currently involves the col-
laboration of some 25 researchers and 
technicians around five research projects 
carried out by PhD students. It hopes to 
develop more ambitious studies, aimed at 

understanding plasma-surface interac-
tions at the atomic scale, something that 
has never yet been investigated. 

This LEA also has a significant train-
ing program. The Nanobeams PhD 
School5 aims to train specialists in the 
field of nanoanalysis. A plasma module 
was opened in 2010 to provide students 
and engineers with a basic knowledge of 
plasma science.

01. Laboratoire d’interaction plasma–extrême surface.
02. Universités de Metz et Nancy-I / INPL Nancy.
03.  Expérience et simulation des plasmas réactifs: 

interactions plasma-surface et traitement des 
surfaces.

04. Science et analyse des matériaux.
05. www.nanobeams.org

CONTACT INFORMATION: 
ESPRITS, Nancy. 
 Thierry Belmonte
 > Thierry.Belmonte@ijl.nancy-universite.fr 

q Microwave-
induced nitrogen 
plasma at 
atmospheric 
pressure. ©
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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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KEY FIGURES

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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Crystal Pearls
BY ARBY GHARIBIAN

w� Only a microscope can reveal the full beauty of this 
thin film of liquid crystal, which otherwise offers little 
to the eye. A field of dull grey, shading here and there into 
white. But apply a little heat, and this blank “canvas” is 
suddenly illuminated by a galaxy of dots in pearly hues of 
brown and blue. These are in fact inclusions, or particles, 
that are part of the liquid crystal membrane itself  
and  become visible when the temperature is raised by a  
few degrees.
Researchers at the CRPP1 conduct such experiments to 
 observe the subsequent behavior of the inclusions, 
 especially a process known as self-organization, in which 
they structure themselves in a specific pattern. 
Liquid crystal is a state of matter where molecules are  
organized in solid crystals but flow like liquids. Since 
 biological cell  membranes are structured like liquid 
 crystals, deciphering the process of self- organization in 
one could help unlock the other. A clear understanding of 
the behavior of particles in liquid crystals could, for 
 example, help explain that of protein  inclusions in the 
membranes of living cells.
01.  Centre de recherche Paul Pascal (CNRS / Université Bordeaux-I).

CONTACT INFORMATION:
CRPP, Pessac. 
 Philippe Cluzeau
 > cluzeau@crpp-bordeaux.cnrs.fr©
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A photo report is available on the online 
version of CNRS international magazine.  
> www.cnrs.fr/cnrsmagazine
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