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Editorial

BY   ISABELLE TRATNER, EDITOR 

OF CNRS INTERNATIONAL MAGAZINE

CNRS International Magazine  is proud 
to celebrate its fi ft h anniversary with a 
more accessible layout and a refreshed 
content list—including a number of 
 updated sections. Yet its objective 
 remains unchanged: to report on the 
 latest and most outstanding results 
from CNRS laboratories, inform of 
 existing and  future collaborations, and 
help you— researchers and students 
across the world—establish links with the 
largest fundamental scientifi c institution 
in Europe.

As we step into the 21st century, all 
economic, social, and scientifi c challenges 
have become global. Th is is why CNRS 
has set international cooperation and 
communication at the heart of its agenda. 
Its  international magazine not only re-
fl ects this commitment, but is an essential 
part of its communication policy. 

To optimize cooperations, CNRS 
continues to operate and set up new 
 offi  ces across the world (see back cover). 
In 2010, it opened an offi  ce in Rio de 
Janeiro (Brazil). This brings to 9 the 
number of CNRS offi  ces abroad, spread 
across Europe, Africa, America, and Asia.

With this well-established interna-
tional presence in mind, CNRS 
International Magazine will continue to 
keep you updated on the latest interna-
tional partnerships, scientifi c news,  and 
results—at the forefront of current and 
future research.
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published in Science in 20053—holds the 
world record for most cited article in 
scientifi c chemistry journals.

Th e author of more than 500 articles, 
Férey has already received a dozen 
 national and international scientific 
prizes, including this year’s prize from 
the Fondation de la Maison de la Chimie.4 
His accomplishments are the result of a 
rational approach to the synthesis of 
compounds, down to the atom, that sets 
his work apart from conventional chem-
istry and is no doubt his greatest contri-
bution to the discipline. Congratulated 
by CNRS president Alain Fuchs for “his 
exceptional achievements,” the medal 
winner declared: “Receiving this distinc-
tion, mindful of my illustrious predeces-
sors, is an immense honor that I owe to 
CNRS, to my team, and to my students.” 
Th e Gold Medal presentation ceremony 
will take place in Paris this December.
01.  CNRS / Université de Versailles Saint-Quentin-en-

Yvelines.
02.  Materials of the Institut Lavoisier.
03.  G. Férey et al., “A chromium terephtalate-based 

solid with unusually large pore volumes and 
surface area,” Science, 2005. 309: 2040-2.

04.  Jointly with Jean Fréchet (Berkeley, US).

C
hemist Gérard Férey is the 2010 
recipient of the CNRS Gold 
Medal,  France’s highest  distinction 

in scientific research. Director of the 
materials research center at the Lavoisier 
Institute,1 Férey is a member of the French 
Academy of Sciences. After an early 
 career devoted to fl uorides, Férey turned 
his attention to porous solid materials 
and founded the Institut Lavoisier 15 
years ago to carry out his investigations. 
Today, the team led by this world- 
renowned specialist is at the cutting-edge 
of research in the fi eld. 

Férey’s team was able to create 
 crystallized solids made up of inorganic 
or hybrid organic-inorganic frameworks 
and pores in the shape of tunnels or cages 
that have substantial absorption 
 properties. Th ese so-called MILs2 can 
trap unprecedented quantities of gases 
and drugs, and allow for controlled 
 delivery of medicinal substances—with 
 promising applications in sustainable 
development and healthcare.

According to Science Watch maga-
zine, Férey’s MIL-101 material— 

Gérard Férey    
 2010 CNRS Gold Medalist
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w�The discovery of 250 fossils  in excellent 
 condition in a quarry in Gabon made the cover of 
Nature last July.1 Indeed, this study could prove that 
multi-cellular organisms already existed 2.1 billion 
years ago, thus dispelling the commonly-held belief 
that the fi rst complex organisms only appeared 600 
million years ago. This exceptional find was 
 uncovered by an international team coordinated 
by Abderrazak El Albani of the HydrASA laboratory.2 
These new fossils, of various shapes and sizes—up 
to 12 centimeters—suggest that the appearance 
of organized, complex lifeforms could be much 

older than previously thought. 
01.  A. El Albani et al., “Large colonial organisms with coordinated growth in oxygenated 

environments 2.1 Gyr ago,” Nature, 2010. 466:100-4.
02.  Laboratoire Hydrogéologie, argiles, sols et altérations (CNRS / Université de Poitiers).

Billion Year-Old Fossils
cnrs makes the headlines i Death of Georges Charpak

French physicist and 1992 Physics Nobel Prize Laureate Georges 

Charpak passed away on September 29, 2010, aged 86. An expert 

in nuclear physics and high-energy particle 

physics, he had started his career at 

CNRS in 1948, as a pupil of Frédéric 

Joliot-Curie. In 1959, he joined CERN 

in Geneva where he developed, 

in 1968, the multiwire proportional 

chamber that earned him the 1992 

Nobel Prize. This invention is at the 

origin of most detectors used in 

particle physics today.  “He was 

an innovative, humanist thinker. 

He made an immense contribution 

to research in France and 

worldwide,” stressed 

CNRS President 

Alain Fuchs. 
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Mathematics: French Researchers Get Top Honors
w�August 19, 2010, was a good day for 
French mathematics.  Cédric Villani and 
Ngô Bao Châu were awarded the 2010 
Fields Medal, the world’s highest distinc-
tion in mathematics, during the opening 
ceremony of the International Congress 
of Mathematicians in Hyderabad (India). 
This brings to 11 the number of French 
laureates out of a total of 52 since the 
prize was established in 1936. The con-
gress also honored a third French mathe-
matician, Yves Meyer, who was awarded 

the 2010 Gauss Prize for Applications of Mathematics. This is the 
second edition of this prize, created in 2006.

Villani, a professor of mathematics at the ENS (École 
Normale Supérieure) in Lyon and director of the Institut Henri 
Poincaré,1 conducts research at the crossroads of analysis, 
probability, statistical physics, and more recently differential 
geometry. He was selected by the Fields Committee for his 
work in optimal transport and the kinetic theory of the 
Boltzmann equation. Villani was already presented with two 
awards in 2009: the Fermat Prize and the Henri Poincaré Prize 

from the International Association of 
Mathematical Physics.

Ngô is a professor at the Orsay Mathematics 
Laboratory,2 currently visiting the Institute for 
Advanced Study in Princeton, New Jersey (US). His 
Fields Medal comes in recognition of his proof of 
the fundamental lemma, the cornerstone of a 
theory establishing relations between arithmetic 
and group theory. His proof, which exceeds 150 
pages, was hailed by Time magazine in December 
2009 as one of the top ten scientifi c discoveries of 
the year.

Lastly, Meyer, professor emeritus at the ENS 
Cachan and member of the Center for Mathematics 
and its Applications,3 received the Gauss Prize for 
his key role in the development of wavelet theory, 
which has many applications, in image processing 
and compression in particular.

01. CNRS / Université Paris-VI. 
02.  Laboratoire de Mathématiques d’Orsay (Université Paris Sud-XI / 

CNRS).
03.  Centre de Mathématiques et de leurs applications (CNRS / ENS 

Cachan).

q Cédric Villani (above)
and Ngô Bao Châu (right).
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w�The “seafaring researchers” of the 
Tara Oceans mission  have every reason 
to be pleased. Their fi rst nine months at 
sea have already resulted in numerous 
scientific discoveries, including 
 previously unidentified genes and 
 viruses, a new animal species, and new 
data about ocean currents.

The Tara Oceans expedition was 
launched on September 5, 2009, to study 
planktonic marine ecosystems. Eric 
Karsenti, CNRS researcher at the 
European Molecular Biology Laboratory 
(EMBL) and co-director of the mission, 
points out that “very few studies have 
been undertaken on marine microor-
ganisms, although they are crucial 
markers of the state of our oceans and 
climate. Besides, they produce half the 
oxygen we breathe and they trap 
 carbon dioxide, thus contributing to 
 climate regulation. Moreover, they form 
the basic nutrients at the bottom of the 
entire food chain.” 

Funded by a public-private partner-
ship, the Tara Oceans project is orga-
nized around the Tara, a sailing vessel 
that will eventually cover some 150,000 

kilometers over three years. Its tour of 
the world’s oceans began with the 
Atlantic coast of Europe (the Tara set sail 
from Lorient in Brittany, France), fol-
lowed by the Mediterranean and the 
Indian Ocean. Each month, more than a 
ton of living samples are sent to dry land, 
where some 20 laboratories take over 
from the on-board researchers. So far, 
several new bacteriophage species have 
been identifi ed. The genome sequencing 
of the organisms gathered by the Tara 
teams is carried out at the Genoscope in 
France. Over 90% of the genes had never 
been documented before. Furthermore, 
a new species of Amphioxus, a small 
worm-like animal with an elongated 
translucent body, has been discovered. 

While marine biology is Tara Oceans’ 
primary focus, physical oceanography is 
also part of the mission. Using a fl eet of 
six submarine gliders, the researchers 
have been able to characterize with un-
precedented precision a small eddy 
south of Cyprus. This type of investiga-
tion will continue throughout the ves-
sel’s long voyage, improving our under-
standing of the oceanic structures that 

separate entire marine ecosystems. 
Moored all summer in Cape Town, South 
Africa, for a complete overhaul, the ship 
will head out across the southern 
Atlantic in September.

q   Marine 
microorganisms are 
at the basis of the 
food chain, and are 
associated with a 
number of physico-
chemical processes 
now being studied.
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Tara Oceans: First Results
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Sustainable Development  Researchers at a site near Lyon are working on 
next-generation “green” buildings. A guided tour of our future homes.

High Energy 
 Efficiency Buildings

BY  DENIS DELBECQ

I
t’s the dead of winter  in Villeurbanne 
(France), but the sun still shines on the 
Doua science  campus. “Th e classrooms 

in the building you see here might over-
heat today,” says Jean-Jacques Roux from 
Lyon’s Thermal Sciences Center 
(CETHIL).1 “Its insulation is so eff ective 
that the accumulated energy can’t be 
 released.” Roux, a  researcher who has 
specialized in the thermal behavior of 

buildings for over 25 years, manages the 
BHEE,2 a joint laboratory dedicated to 
this field, together with his colleague 
Jean-Luc Hubert, who works at the R&D 
department of EDF (France’s energy 
provider). A venture between EDF and 
CETHIL, the BHEE was created fi ve years 
ago following a cooperation agreement 
that was recently renewed for another 
four years. Since its creation, the joint 
laboratory’s staff  has doubled to approxi-
mately 50 research fellows. Th eir  objective 

01 Minibat is a room whose climatic environment is fully controlled. One of its walls is made of 
glass bricks fi lled with a PCM, and lit with lamps simulating sunlight.
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AT A GLANCE

NAME   Bâtiments à haute 
efficacité énergétique 
(BHEE).

CREATED   2005. The contract has 
been renewed until the 
end of 2012.

FOUNDERS  EDF and CETHIL

RESEARCH   Development of low and 
efficient energy-
consumption buildings.

PUBLICATIONS      52
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is to design low and effi  cient energy–consumption buildings 
through the  development of reliable energy behavior models 
integrating precise data on the materials used.

Th eir work is aimed at developing construction standards 
for “positive-energy” buildings (i.e., buildings that produce 
more energy than they use), as proposed by France’s Environ-
ment Round Table (Grenelle de l’Environnement) as a bench-
mark for 2020. “Until now, the focus had been on the heating 
period,” Roux explains, “with a tendency to build heavily- 
insulated shells. But the pitfalls of this approach are now appear-
ing. On the one hand, it reduces solar input during winter, yet 
in  summer it traps the excess heat produced inside, which is 
diffi  cult to evacuate.” Furthermore, why  reduce winter heating 
bills if the building needs air conditioning in spring and fall? 
Th ese buildings must save energy through-
out the year, whatever the weather.

The BHEE teams are focusing on 
buildings’ outer shells (outside walls and 
roof) and on the best way these can 
 integrate solar technology. Th eir main tool 
is Minibat, a “dwelling” with a fully- 
controlled climate environment. Minibat 
is a 6 x 3 meter room with a 2.5 meter-high 
ceiling. One of its side walls is exposed to a 
climate generator. Th is device integrates 
powerful lamps simulating sunlight and a 
compartment in which airfl ow  circulates 
to recreate outdoor conditions. The 
temperature and  humidity can be 
 regulated to reproduce a building’s 
 environment, allowing fully-controlled 
and perfectly-reproducible experiments. 

Each wall is equipped with sensors to 
monitor the temperature and heat fl ows. 
Minibat was recently provided with a new 
facade made of glass bricks filled with 
a  phase change material  (PCM). For Roux, 
PCMs are “an important line of investiga-
tion for high energy effi  ciency buildings.” 
In winter, the PCM melts, absorbing excess 
energy from the building to prevent any 

overheating. Th is energy is then released 
at night, as the material solidifi es, and is 
used to preheat the inside air, thus 
 reducing the need for heating. In  summer, 
the system can be used to reduce—or 
even avoid—the need for air conditioning 
by absorbing excess heat, and releasing it 
outside the building.

One of the researchers’ tasks is to 
determine the best PCM for this purpose. 
It must melt at about 22°C and endure 
countless melting/solidifi cation cycles. So 
far the best candidates are petroleum-
derived paraffi  ns or botanical fats. “We 
have worked with American chemicals 
group DuPont and with EDF, among 
others, on panels containing small cap-
sules of PCM installed on a Minibat setup 
and on real buildings,” Roux explains.

Th e BHEE also focuses on “double-
skin walls,” such as those equipped with 
photovoltaic solar panels. Th e panels are 
mounted a few centimeters away from the 
walls so that they can be cooled from the 
back. “Th e performance of the photovol-
taic cells decreases as their temperature 
rises,” Roux explains, “so they must be 
ventilated, naturally if possible. In winter, 
the heat fl ow evacuated can be used to 
pre-heat the building. In summer, it has 
to be kept out.” An experimental system 
consisting of an entire facade covered 
with alternating solar panels and glass 
surfaces is currently being tested.  

Phase-change walls, double-skin 
walls... the development of these new 
structures requires modeling and simula-
tions. For several decades, CETHIL has 
specialized in the “hygro- thermo- 
aeraulic” modeling of buildings, i.e. the 
study of heat exchanges, air and humidity 

fl ows. Th e models must integrate not only 
the confi guration of the building and its 
materials, but also its environment— 
sunlight, shade, wind, moisture levels, 
and even radiation from the sky and 
clouds—by day and by night. It must also 
take into account the ventilation systems 
and of course, the atmospheric humidity, 
since condensation can rapidly alter 
 materials and their performance. Lastly, 
it must integrate the heating and air 
conditioning  systems and their regula-
tion. “All these elements are combined in 
 simulation soft wares. Simulations last at 
least one year, taking local meteorological 
data into account,” Roux explains. 

Th orough as it may seem, modeling 
cannot foresee occupants’ behavior. “In 
the ‘eco-city’ of Freiburg (Germany), the 
annual energy consumption per square 
meter varies by a factor of 1 to 5 from one 
similar dwelling to another,” says Roux. 
In other words, user awareness is 
essential.

In the short term, the BHEE resear-
chers and technicians hope to obtain 
funding for the “33  project:” a three-meter 
side cube placed in a fully-controlled 
 environment (air pressure, hygrometry, 
temperature, etc.).  It should be equipped 
with a cutting-edge imaging system, 
called particle tracking velocimetry 
(PTV), that tracks air  movements in 
the room. These are fixed high-speed 
video cameras (120 frames per second) 
that monitor the movements of tiny 
h elium-fi lled soap bubbles. “Until now, 
 measuring the airfl ows in a room with 
velocity fi eld sensors took an entire week, 
but with ‘33’ we’ll be able to do it in less 
than an hour and with greater accuracy,” 
says Roux. This system is already 
 operational in Minibat and should be 
available in ‘33’ by 2012.
01.  Centre de Thermique de Lyon (CNRS / Insa Lyon / 

Université Claude-Bernard).
02. Bâtiments à haute effi cacité énergétique.

CONTACT INFORMATION: 
CETHIL, Lyon.
Jean-Jacques Roux 
 >  jean-jacques.roux@insa-lyon.fr

EDF, Lyon.
Jean-Luc Hubert 
 >  jean-luc.hubert@edf.fr

 PHASE CHANGE. 
 MATERIAL. 

 A substance that 
melts when 

trapping heat and 
solidifi es when 

releasing it.

02 This experiment makes it possible to study how heat is conveyed from a solar panel to the wall. 03 Thermal study of a 
thin partition containing PCM capsules aimed at trapping excess heat released in a building.

02 03
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Paris

BY  ELAINE COBBE

w� Her enigmatic smile  has enthralled art lovers 
from all over the world. It’s now science’s turn to 
 revisit a key aspect of Leonardo da Vinci’s Mona Lisa. 

Researchers at the LC2RMF,1 a laboratory based 
at the Louvre Museum in Paris, in collaboration with 
the European Synchrotron Radiation Facility, used 
non-invasive X-ray fluorescence spectroscopy to 
 examine Mona Lisa’s face and better understand da 
Vinci’s sfumato painting technique, in which lights 
and shades are blended to create a smoke-like effect. 
“The Mona Lisa is an exceptional painting that 
evokes strong emotions in its viewers,” comments 

Da Vinci’s Sfumato 

Philippe Walter, director of the LC2RMF, who led the 
study. “This is partly due to the technique, to the 
 association of light and texture,” he adds.  

 Researchers measured the number and thick-
ness of layers of paint used by the master on the Mona 
Lisa and six other paintings. “It’s the first time that 
technique has been used quantitatively,” Walter 
 explains. His team’s results show that the painter 
achieved the characteristically luminous flesh tones 
on his subjects’ faces by superimposing several layers 
of paint, no thicker than one or two micrometers 
each.2 The priming layer was made of lead white, 
 followed by a pink layer based on a mixture of lead 
white, vermilion, and earth. He then applied a third 
“shadow” layer, using a translucent glaze or an opaque 
paint (with dark pigments). The top layer was varnish.

 “This research was not carried out to demystify 
the Mona Lisa, but rather to provide art historians 
and the public with a different perspective on the 
painting,” Walter insists. Already quite familiar with 
the sfumato technique, Walter was still surprised at 
the “fi nesse and precision” with which the layers 
were applied. 

The data was collected in just six hours of 
 scanning—starting in 2004—but took four years to 
 process. “When you realize that the entire composite 
layer of paint is thinner than a human hair, it’s really 
quite astonishing,” Walter concludes.

01.  Laboratoire du centre de recherche et de restauration des musées 
de France (CNRS / Ministère de la culture et de la communication).

02.  L. de Viguerie et al., “Revealing the sfumato technique of Leonardo 
da Vinci by X-ray fl uorescence spectroscopy,” Angewandte Chemie 
International Edition, 2010. doi: 10.1002/anie.201001116

Chemistry

CONTACT INFORMATION: 
LC2RMF, Paris.
Philippe Walter 
 >  philippe.walter@culture.gouv.fr

q�Analysis was 
carried out directly 
at the Louvre 
Museum, home of 
da Vinci's Mona 
Lisa.

THE SKY UNVEILED 
BY THE PLANCK SATELLITE

w� This is no doubt one of the most fascinating images  in the 
history of astrophysics. It shows the first complete map of the sky 
made by Planck, the satellite launched in 2009 to observe the first glow 
of the universe—known as cosmic background radiation (CBR).  CNRS 
is closely involved in the project. The image was created to highlight 
the two most important microwave radiation sources in our sky: the 
Milky Way and the relic radiation—the remnants of the first light 
emitted by the universe when it was just 380,000 years old. At the 
center of the image, the dazzling disc of our own galaxy is surrounded 
by a sort of haze due to the interstellar medium, a mixture of gas and 
dust that fills the Milky Way. Analyzing this radiation will give us a 
better understanding of how stars form in our galaxy, and will help 
remove the foreground emission from the CBR.
At the very top and bottom of the image, the granular structure that 
characterizes this afterglow may be observed. It corresponds to the 

small 
variations 
in density 
that existed 
within the 
universe when it was 
still only an extremely hot and 
dense soup of particles. These density variations, which later gave birth 
to stars and galaxies, are of great interest to cosmologists. This 
amazing image, published by the European Space Agency and the 
Planck Consortium, is an exciting foretaste of the rich harvest of 
discoveries that Planck promises to collect. 
CONTACT INFORMATION :
IAP, Paris.
 François Bouchet 
 >  bouchet@iap.fr
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BY  CLÉMENTINE WALLACE

R
etinitis pigmentosa, which currently affects up to two 
million people worldwide,  is a group of inherited 
 degenerative disorders leading to progressive loss of 

  vision. In its most common form, degeneration develops in two 
stages. A chain of events is triggered by one or many genetic 
mutations inside the retina’s rod photoreceptors—one of two 
types of photosensitive cells that turn visual stimuli into electri-
cal  signals. Because rods are responsible for night vision, patients 
start by losing their vision in dim light. Th e disease then spreads 
to cones, the second retinal photoreceptors, which are 
 responsible for color and high-acuity daytime vision. Th is can 
eventually lead to complete blindness.

“Th e entire process takes 10 to 20 years in humans, and 
there is currently no cure,” says José-Alain Sahel, director of 
France’s center for retinal degenerative diseases1 and head of the 
Vision Institute,2 who participated in the study. Researchers led 
by Serge Picaud, also from the Vision Institute, and Botond 
Roska, from the FMI3 in Switzerland, concentrated on fi nding 
ways of restoring vision in blind patients.

As Sahel explains, when the disease spreads from rods to 
cones, the latter are not instantly wiped out. Th ey fi rst lose their 
outer segment—the extremity involved in photoreception. By 
losing this segment, the cells enter what is called “a dormant 
state” during which they are alive with intact connections, but 
lose their ability to receive visual stimuli, and thus to transmit 
visual information to the optical nerve. 
Cones can remain in this state for years.

Th e researchers hypothesized that if 
these light-insensitive cells could be reac-
tivated, the fl ow of information might be 
restored. To do so, the team used a light-
activated protein called halorhodopsin, 
found in specifi c bacteria. “Cells express-
ing halorhodopsin respond to light in the 
same way as healthy human photorecep-
tors: they hyperpolarize and convert the 
energy of a photon into an electric signal,” 
says Sahel. “Th is made halorhodopsin a 
good candidate for our experiments.”

As described in their study,4 the 
halorhodopsin gene was incorporated to 
a viral vector together with a gene 
 encoding a f luorescent protein. The 

 vector was then injected under the retina 
of a mouse model suff ering from retinitis 
pigmentosa. “We used specific mice 
models,” says Sahel. “Depending on their 
age, we knew exactly what stage of 
 degeneration they had reached.” 

Aft er three weeks, the researchers 
used immunofl uorescence imaging tech-
niques to visualize the expression of the 
fl uorescent protein and thus halorhodop-
sin inside the mouse retina. When they 
recorded the electrical activity of cones 
expressing halorhodopsin, they  witnessed 
the re-activation of all downstream 
 pathways and circuit functions. Th ese 
mice were also capable of performing 
behavioral visual tests. 

Next, using a virus vector adapted to 
human cells, the team transferred halor-
hodopsin inside cultures of retinal tissue 
from deceased human donors. “Th ere 
too, we found high levels of halorhodop-
sin expression after a few days of 
 incubation. We also recorded electrical 
activity, which proves that halorhodopsin 
can activate human cone photoreceptors 
properly,” says Sahel.

The final aim is to perform gene 
therapy on blind patients with persisting, 
light-insensitive cones. Screening a data-
base of patients’ retinal images acquired 
by optical coherence tomography, the 
team has identifi ed nine patients whose 
cones, although presenting no visible 
outer segments, have intact cell bodies, a 
prerequisite to benefi t from this kind of 
therapy. “We hope to launch the fi rst gene 
therapy clinical trial by 2012-2013,” 
 concludes Sahel. 
01.  Centre de référence des dystrophies rétiniennes 

d’origine génétique.
02.  Institut de la vision (CNRS / Inserm / UPMC).
03.  Friedrich Miescher Institute for Biomedical Research 

(Basel, Switzerland). 
04.  V. Busskamp et al., “Genetic reactivation of cone 

photoreceptors restores visual responses in retinitis 
pigmentosa,” Science, 2010. 329: 413-7.

Gene Therapy An international group of researchers has managed to restore vision in 
mice suffering from retinitis pigmentosa. They hope to start clinical trials by 2013.

Restoring Vision 
in Blind Mice

CONTACT INFORMATION: 
Institut de la vision, Paris.
José-Alain Sahel
 >  j.sahel@gmail.com
Serge Picaud
 >serge.picaud@inserm.fr
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01 Cross section of a 
degenerated retinitis 
pigmentosa retina. 
The archaebacterial 
halorhodopsin is 
produced in the only 
remaining row of 
cone photoreceptor 
cells (green). 02 Cross 
section of a healthy 
retina. 
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archeology i 
The fi rst-ever absolute 
chronology of Dynastic Egypt 
(about 2700-1100 years BC)1 was 
recently completed by an 
international team involving 
CNRS researchers. Carbon-14 
dating was performed on 211 
specimens of Egyptian artifacts 
(seeds, baskets, textiles, plants, 
and fruits) collected from 
numerous European and 
American museums. The 
chronology thus obtained, 
although mostly in line with 
previous fi ndings, makes some 
historical rectifi cations 
necessary.
1. Science. 2010. 328:1554-7.

biology i
Resveratrol is a natural 
substance known for its 
anti-ageing properties. 
A French team just demonstrated 
it also reduces weight gain in 
non-human primates.1 They 
observed that lemurs, after four 
weeks of a diet that included 
resveratrol, had reduced their 
food intake by 13% and increased 
their resting metabolic rate (i.e., 
their energy expenditure) by 29%. 
This result may help better 
understand and fi ght obesity, a 
disease involving imbalance 
between energy intake and 
expenditure.
1. BMC Physiol. 2010. 10:11.

astrophysics i
HESS, the Namibia-based 
gamma ray detector, will 
soon boast a fi fth telescope 
equipped with a high-
sensitivity camera. This new 
eye, twice as sharp as the 
cameras already installed 
on HESS, was designed and 
built in France. The 
enhanced performance of 
HESS, renamed HESS-II, will 
help discover new high-
energy sources in the 
universe, such as 
supernovas, black holes, or 
active galactic nuclei.  

Latest CNRS news: www.cnrs.fr

BY  MARION GIRAULT-RIME

w� For the past six years, the Cassini space probe 
has been exploring Saturn,  its rings and some of 
its tiny satellites—called Pan, Atlas, Janus, Pandora, 
Prometheus, and Epimetheus—located just outside 
the main ring system. Their proximity to Saturn’s 
rings suggests that they are much younger than the 
rest of the system, as tidal interactions drive the 
 satellites away from the planet, their distance 
 doubling every ten million years. In addition, high-
defi nition images from Cassini show these moons 
have a clean bright surface with very few craters. 
If they had formed at the same time as the rest of the 
Solar System, some 4.5 billion years ago, they 
would have been bombarded by meteorites, and 
would show a blackened surface covered with 
 craters. Furthermore, the images indicate a low 
 density (less than 1 gram per cm2) and icy   
composition similar to that of the main rings. This 
supports the hypothesis that the moons were made 
of clumps of icy ring and dust particles, a theory 
which was  impossible to prove until now, due to 
 insuffi cient computing power. 

Sébastien Charnoz and a team of French astro-
physicists from the AIM1 and the Nice Observatory  
performed simulations that explain the Cassini ob-
servations, and created a simplifi ed model of the 
moonlets’ formation process.2 The researchers were 
able to demonstrate that the viscosity of Saturn’s 
rings allows them to spread outwards, as far as 
138,000 km from Saturn’s center, within a zone called 
the “Roche limit,” where the rings’ particles become 
gravitationally unstable and agglomerate into 
clumps or “protomoons” that assemble together to 
form new moons. 

 “The next step,” reveals Charnoz, “is to fi nd out 
whether all the other icy satellites of Saturn (with the 
exception of Titan, Phoebe, and Hyperion—whose 
chemical compositions differ from the rings) were 
formed in the same way.  After that, we’ll see whether 
this model can also be applied to the moons of 
Uranus and Neptune.” 

01.  Astrophysique, instrumentation et modélisation (CNRS / CEA 
Saclay / Université Paris-VII).

02.  S. Charnoz et al., “Recent origin of Saturn’s moonlets and F-ring 
from rings viscous spreading,” Nature, 2010. 465: 752-4.

Astrophysics

CONTACT INFORMATION: 
AIM, Saclay.
 Sébastien Charnoz
 >  charnoz@cea.fr

q  The material that 
crosses the Roche Limit 
(01), beyond the rings, 
aggregates in
clumps which 
themselves 
agglomerate to form 
new moons (02 to 04).

Saturn’s Moonlets 
Reveal their True Nature
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Physics  Researchers have discovered that one of the fundamental building 
blocks of matter—the proton—is 4% smaller than previously thought. 

Smaller Proton 
Rocks Particle Physics

BY  ELIAS AWAD

T
he size of a proton  is an essential 
value used in the equations that 
make up the theory of quantum 

electrodynamics. Its radius was known to 
measure 0.8768 femtometers (1 fm = 10-15 
meter), until a 32-strong international 
team, including researchers from the 
Laboratoire Kastler Brossel (LKB)1 in 
France, Germany’s Max Planck Institute, 
and the Paul Scherrer Institute in 
Switzerland, decided to re-examine this 
complex measurement. According to 
these new calculations, protons are 
 indeed 4% smaller.2

Until now, physicists used hydrogen 
atoms to measure the size of a proton. An 
atom is made of a nucleus—protons and 

neutrons—orbited by electrons. Electrons 
have a set of specifi c orbits, each corre-
sponding to a well-defi ned energy. An 
orbiting electron can either jump to a 
higher energy level when it absorbs 
 energy (e.g., from a laser beam), or drop 
to a lower one if it emits one photon.

Hydrogen atoms present the advan-
tage of having a single proton orbited by 
a single electron, making calculations 
easier. Scientists used to measure the 
 energy absorbed or released by the 
 electron, and derived the radius of the 
proton using calculations based on 
 quantum electrodynamics. 

Yet as far back as the 1970s, it was 
suggested that replacing the orbiting 
electron by another negatively-charged 
particle, a muon, would make it easier to 

measure the radius of the proton. Because 
it is some 200 times heavier than an 
electron, a muon would orbit much closer 
to the nucleus, and its energy levels would 
be more sensitive to the size of the 
proton. 

Forty years later, researchers have 
succeeded in testing this hypothesis. 
They created hundreds of muons per 
second from the particle accelerator at the 
Paul Scherrer Institute in Switzerland 
and fed them into a cavity fi lled with 
 hydrogen gas. Th ere, some muons were 
able to kick the electrons off  the hydrogen 
atoms and orbit the stripped protons—for 
2 millionths of a second at most. Th is 
operation was made possible by a specifi c 
laser designed by researchers at the LKB. 
Th is laser was not only capable of fi ring 
ultra-short and powerful beams, but their 
wavelength could be finely tuned to 
match the energy needed to make the 
muon jump to a higher energy level. Th e 
device was also able to detect whether the 
beam had produced the expected eff ect, 
which was demonstrated by the X-ray 
produced whenever a muon would fall 
back to its previous energy level. 

“Th is result challenges our under-
standing of what a proton really is,” 
comments Paul Indelicato, head of the 
LKB. “It will be confi rmed through a new 
experiment that should take place within 
two years, using helium instead of 
hydrogen.”
01.  CNRS / ENS / Collège de France / Université Pierre 

et Marie Curie. 
02.  R. Pohl et al., “The size of the proton,” Nature, 2010. 

466: 213-6.

CONTACT INFORMATION: 
LKB, Paris.
Paul Indelicato 
 >  paul.indelicato@lkb.ens.fr 

01 Illustration of a hydrogen atom with its nucleus (a proton, pink) and an electron orbiting in a wavy path (light blue). The 
blue sphere represents the basic spherical orbital of the hydrogen atom, where an electron is likely to be found.  02 Part of 
the complex system of lasers used to determine the radius of a proton. 
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BY CLÉMENTINE WALLACE

w� So far, biologists have been able to 
study  organelles,  and the exchanges 
that occur between them, at the molecu-
lar level. But they could not  visualize their 
spatial organization at whole-cell level. 

“To get a global picture and to detect 
subtle changes in cellular compartment 
organization, you need to be able to 
compare many cells,” says Bruno Goud, 
head of the CDC1 lab at the Institut Curie. 
“The problem is that in standard cultures, 
cells adopt so many different shapes 
that they cannot be compared.”

To overcome this problem, Goud’s 
team used a technique called micropat-
terning to reduce cell-to-cell variability. 
Each cell is placed on a tiny chip contain-
ing proteins that bind receptors on its 
 membrane and force the cell to adopt a 
specifi c geometry—a disc, a crossbow, 
etc. Placing one cell per pattern and 
“using the same pattern each time, you 
end up with cells that all have similar 
shapes,” says Kristine Schauer, fi rst au-
thor of the study.2 “Only then is it possible 

Cellular Interior Design
Cell Biology

q  A mammalian cell spread on a circle-shaped pattern, and stained by immunofl uorescence 
for early endosomes (red), multivesicular bodies (green), and the nucleus (blue).

BY  CLÉMENTINE WALLACE

w� While arsenic is generally thought 
of as a dangerous poison,  records 
 indicate it has also been used in medicine 
for over 3000 years. 

In the 1990s, Chinese scientists 
 discovered its remarkable efficacy in 
 curing promyelocytic leukemia (APL)—a 
rare form of blood cancer—inducing re-
mission in 85 to 90 percent of cases. Now a 
team of French researchers led by Hugues 
de Thé1 is shedding new light on the mo-
lecular mechanisms behind this process.2

APL occurs following a genetic 
 alteration inside blood cells, which trig-
gers the expression of an abnormal fusion 
protein, called PML/RARA. De Thé’s team, 
together with their long-term Chinese 

Arsenic, a Double-Edged Sword
 collaborators,3 investigated the mecha-
nism of  action of arsenic in these cells. 
They  observed that arsenic could bind 
 directly to PML/RARA and induce the 
 aggregation of PML/RARA proteins inside 
pockets called “nuclear bodies.” “These 
events culminate in the degradation of 
the  abnormal proteins, the underlying 
process behind arsenic’s curative effect,” 
says de Thé.

The researchers had already identi-
fied most of the biochemical events 
 involved in PML/RARA degradation, yet 
“no one knew how arsenic initiated PML/
RARA aggregation,” explains de Thé, 
whose team has just solved the mystery. 

Generally speaking, when arsenic 
penetrates cells, it is known to trigger the 
production of “free radicals”—i.e., highly 

reactive molecules that promote the for-
mation of specific types of bonds, called 
“disulfide bonds,” between proteins. “Since 
such bonds can easily be identified, we 
 decided to test for them,” says de Thé.

Working on human leukemic cells, the 
scientists indeed observed the appearance 
of disulfide bonds between PML/RARA 

Pharmacology
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q  Disulfi de bonds 
between PML/
PARA proteins 
target them for 
degradation.
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 ORGANELLES. 
Organelles are 

specialized 
sub-cellular 

 compartments 
delimited by their 

own membrane. 
Mitochondria, 

for instance, 
are organelles 
 specialized in 

generating the 
cell’s energy. 

The  endoplasmic 
reticulum is 

an organelle 
responsible for 

protein synthesis.
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to systematically compare their  internal 
 organization. We did so using our own 
quantitative imaging tool.”

The scientists used fluorescent anti-
bodies  targeting well-known marker-
proteins of the  organelles’ membranes. 
Using a computerized mathematical al-
gorithm called “density estimation,” they 
generated 3D images of dozens of human 
cells, and measured the size, volume, and 
location of the organelles inside each 
cell—thereby creating 3D  density maps.

“We used these tools to evaluate 
the average structural organization 
within normal cells, and we observed 
how different drugs affect this organi-
zation,” says Schauer, who will next 
focus on how  spatial organization is 
modifi ed within tumor cells.

01.  Compartimentation et dynamique cellulaires 
(CNRS / Institut Curie).

02.  K. Schauer et al., “Probabilistic density maps to 
study global endomembrane organization,” Nat. 
Methods, 2010. 7: 560-6.

CONTACT INFORMATION: 
CDC, Paris.
 Bruno Goud
 >  bruno.goud@curie.fr

BY  SARAH MACKENZIE

w� Some of the giant reptiles  that  inhabited 
the Earth’s waters during the Mesozoic era—
some 200 to 65 million years ago—were 
probably warm-blooded. This surprising conclu-
sion was reached by geochemists from the 
PEPS,1 a laboratory specialized in paleoenviron-
mental research. 
             “The  metabolic status of extinct reptiles is 
the subject of debate,” explains Christophe 
Lécuyer, one of the PEPS researchers. While to-
day’s reptiles are cold-blooded with body tem-
peratures that vary  according to those of their 
surrounding environment, the tooth morpholo-
gy, stomach  contents, and bone structure of 
many dinosaurs of the Mesozoic are consistent 
with  predatory behavior, associated with a 
warm-blooded metabolism. This means that 
they were able to maintain a constant and high 
body temperature, and thus survive in environ-
ments colder than their internal temperature.

Researchers used an innovative  approach 
to address this issue in three giant marine 
 reptiles: ichthyosaurs,  plesiosaurs, and 
 mosasaurs. The oxygen isotope composition of 
tooth enamel phosphates is known to refl ect 
both their body temperature and that of the 
water they ingested. The amount of oxygen iso-
topes in skeletons from these three lineages 
was compared to that of  marine fi sh and  reptiles 
known to inhabit waters of the same latitude 
and whose skeletons were recovered from 

worldwide sedimentary deposits ranging from 
the Triassic to the Cretaceous.2 The  results show 
that these reptiles  maintained a constant and 
high body temperature regardless of the 
 temperature of the waters they  inhabited. While 
 estimated temperatures of their marine 
 environments ranged from 12°C to 36°C, the 
body temperatures of the reptiles are estimated 
to have been between 35°C and 39°C for 
 ichthyosaurs and plesiosaurs, and around 30°C 
for mosasaurs. 

By understanding thermoregulation in 
these giant marine reptiles, scientists have been 
able to gain insights into their feeding habits, 
ecology, and evolution. Indeed, maintenance of 
body temperature above that of the surround-
ing  environment refl ects a high metabolic rate, 
requiring access to large amounts of high- 
quality food, and an ability to store large 
 quantities of energy. This profile fits with a 
predatory lifestyle, and suggests that some of 
these marine ancestors could also move quickly 
over long  distances offshore. 

01.  Paléoenvironnements et paléobiosphère (PEPS, CNRS / 
Université Lyon-I).

02.  A. Bernard et al., “Regulation of body temperature by some 
Mesozoic marine reptiles” Science, 2010. 328: 139-1382.

CONTACT INFORMATION: 
PEPS, Lyon.
 Christophe Lécuyer
 >  christophe.lecuyer@univ-lyon1.fr

 Warm-Blooded 
Mesozoic Reptiles

Paleontology

q Artist's rendering 
of a mosasaur (left) 
and a plesiosaur. The 
latter, identifi ed by 
its long neck, belongs 
to the Sauropterygia 
family, closely 
related to 
Lepidosauria (lizards 
and snakes).

proteins after treatment with arsenic. 
When a disulfide-bond inhibitor was ad-
ministered, the subunits could not aggre-
gate, and degradation did not take place.

The team hopes this detailed knowl-
edge of arsenic’s mechanism of action will 
promote its wider usage as a first-line 
 therapy. It is currently used as such in China 
and the United States, but not in Europe.

01.  Pathologie et virologie moléculaire (CNRS / INSERM / 
Université Paris-VII).

02.  M. Jeanne et al., “PML/RARA oxidation and arsenic 
binding initiate the antileukemia response of As2O3,” 
Cancer Cell, 2010. 18: 88-98.

03.  Led by Professor Chen Zhu (Shanghai Institute of 
Hematology, Rui-Jin Hospital). 

CONTACT INFORMATION: 
UMR7212, Paris.
 Hughes de Thé
 >  dethe@univ-paris-diderot.fr
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BY  MARK REYNOLDS

E
ntangled photons are one of the 
most bizarre phenomena  of 
quantum physics. A photon pair is 

entangled when the state of one photon 
reveals the state of the other, no matter 
how far apart they are. 

Researchers are very interested in the 
possible use of such photons in 
 cryptography and quantum computers, 
which use quantum physics to perform 
super-fast calculations. Yet the current 
techniques used to generate these 
 oddit ies—frequency conversion 
 crystals—yield less than one entangled 

photon pair for every 100 light pulses.
Pascale Senellart1 and her colleagues 

recently developed a technique capable of 
creating the brightest source of entangled 
photon pairs ever recorded, producing 12 
photon pairs for every 100 pulses using a 
quantum dot.2 Senellart believes the 
 system could be improved to near a one-
to-one ratio.

Quantum dots are tiny semicon-
ducting nanocrystals (10-30 nanometers in 
diameter) small enough to  display the 
properties of atoms. When excited by an 
energy source, like a laser, they can emit 
entangled photons at a high rate. 
However, quantum dots emit their 

 photons in all directions, so only 10-4 of 
the entangled photon pairs they generate 
can be captured.

Senellart and her team have found a 
way to dramatically increase the rate of 
capture. “If you put your quantum dot in 
an optical cavity—two mirrors that trap 
the light, for example—you can collect 
the photons emitted by the quantum dot. 
Th is is known as the Purcell eff ect,” says 
Senellart. Yet this is diffi  cult to achieve 
with entangled photon pairs, because 
attempts to control their direction can 
destroy their entanglement. 

A process recently developed by the 
team, called “in situ photolithography,” 
has made it possible to build an optical 
 cavity—which resembles two pillars— 
around each quantum dot in a way 
shaped to each dot’s individual  properties. 
“What we have found is a geometry that 
gives us this Purcell effect for both 
 photons, and that we can control,” 
 explains Senellart.  

In the near future, this exciting 
breakthrough  will be combined and 
tested with a technique from Toshiba 
laboratories (UK) that has created a weak 
source of entangled photons from electri-
cal pumping (using electrons, rather than 
photons, to excite the quantum dots). 

“Combining the two technologies 
will enable us to create an ultrabright 
solid-state entangled photon pair emitter 
that could be a breakthrough for the 
 development of super-fast quantum 
computation,” concludes Senellart.
01.  Laboratoire de photonique et de nanostructures 

(CNRS). 
02.  A. Dousse et al., “Ultrabright source of entangled 

photon pairs.” Nature, 2010. 466: 217-20.

Physics A new technique can produce entangled photons at high rate. This could 
give quantum computing a significant boost.

Ultrabright Source 
 of Entangled Photon Pairs

CONTACT INFORMATION: 
LPN, Marcoussis.
 Pascale Senellart
 >  pascale.senellart@lpn.cnrs.fr

q Scanning electron 
microscope image of 
the source which 
consists of two 
identical 
micropillars, one of 
them embedding a 
single 
semiconductor 
quantum dot.

3 µm
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BY  VALERIE HERCZEG

w� In Marseille, which lost over half of 
its population  to the Great Plague of 
1720, five researchers of the URMITE1 
 laboratory have found a new way to fi ght 
this endemic disease. They have shown 
that Lovastatin, a  naturally-occurring 
molecule used to  reduce LDL-cholesterol, 
can protect mice against the deadly 
 effects of plague.2

Lovastatin is one of six statins 
 administered to patients at risk of devel-
oping cardiovascular disease as a result 
of hypercholesterolemia. While statins 
are already known to keep the mortal 
and morbid effects of Gram-negative 
 bacilli infections at bay, Lovastatin’s 
 effect on plague-infected animals had 
never been investigated before. 

Small rodents were administered the 
drug for six days prior to inoculation with 
Yersinia pestis, the bacterium causing 
plague—the very one that triggered the 

Treating Cholesterol... like the Plague
1720 outbreak after fleas carrying the 
bacillus spread from the cargo of a mer-
chant ship from Syria. The team, led by 
Didier Raoult and Michel Drancourt, ob-
served a signifi cant decrease in mortality 
in treated mice, compared with untreated 
specimen. By alleviating the inflam- 
matory reaction causing septicemia, the 
deadly phase that can follow the inocula-
tion of Y. pestis by an ectoparasite (rat 
flea or human louse), Lovastatin 
 protected  animals against the fatal 
 effects of plague, although in vitro assays 
showed it has no antibiotic effect per se.

With 2000-5000 cases reported each 
year, the plague is on the upsurge—
mostly in Africa—killing around 20% of 
infected individuals. The early stages of 
the disease—during which  infl ammatory 
lymph nodes, called buboes,  develop—
can be treated with antibiotics. But there 
remain resistant strains. Moreover, the 
only vaccine is not commercially 
 available and requires frequent boosters. 

Hence the need to explore alternative 
prophylactic avenues. 

“The next step will be to compare the 
percentage of plague infections in 
 patients taking statins and in untreated 
individuals,” says Drancourt. “We hope 
that our work will prompt other teams in 
countries at risk to undertake 
 epidemiological fi eld studies.” This would 
be a major step forward in terms of 
 prevention. Combined with better 
 hygiene in parts of the world, it could at 
long last make plague-related deaths a 
thing of the past.

01.  Unité de recherche sur les maladies infectieuses et 
tropicales émergentes (CNRS / Université de la 
Méditerranée Aix-Marseille-II).

02.  S. Ayyadurai et al., “Lovastatin protects against 
experimental plague in mice,” PLoS ONE, 2010. 5(6): 
e10928 DOI: 10.1371/journal.pone.0010928

Biology

CONTACT INFORMATION: 
URMITE, Marseille.
Didier Raoult  
 >  didier.raoult@gmail.com
Michel Drancourt 
 >  michel.drancourt@univmed.fr

BY  FUI LEE LUK

w� In the rainforests of French Guiana, 
 a locust landing on a Cecropia (or  trumpet 
tree) leaf is immediately  engulfed by 
 legions of tiny Azteca  andreae ants. This 
amazing example of ambush strategy—
in which the size of the prey is irrelevant—
led Alain Dejean1 to uncover how this ant 

Velcro® Ambush Strategy 

species capitalizes on the principle 
 behind an iconic 20th century human 
 invention: Velcro®.2

Research focused on the symbiotic 
relationship between Azteca andreae 
and Cecropia obtusa: nesting in the tree’s 
hollow stalks, the ants in turn defend the 
host from defoliating insects that they 
hunt for food. Noting that the ants can 
capture their prey by using the “limited 
available hunting area” of foliage, Dejean 
and teams from France3 and Spain4 
sought an explanation in the Cecropia 
leaf structure. The researchers found 
that a Velcro® effect ensues when ants—
hiding side by side beneath the leaf’s 
edges waiting for their prey—dig their 
hooked claws in loops on the leaf’s 
downy underside. An ant crew can thus 
firmly anchor itself when swarming a 
larger insect, after which “support” ants 
join in to stretch, slice, and lug away their 
prey. This is no mean feat, as it involves 
around 850 ants for each leaf.

By testing ants’ strength with differ-
ent weights, the study5 shows that the 

Velcro® effect enables a single ant to bear 
5714 times its weight. This capacity is 
 further boosted by group impetus, with a 
lone ant being able to carry up to 13,350 
times its weight during ambush, as in the 
recorded case of an 18.61 g locust.

The species’ wily tactics do not stop 
here. The team recently established that 
when an A. andreae colony outgrows a 
host tree, its queen can sneak into an 
Azteca ovaticeps ant colony on a nearby 
tree, deposing the host queen and using 
host workers to tend its eggs.

01.  Laboratoire Écologie des forêts de Guyane (CNRS / 
Université Antilles-Guyane / INRA / AgroParisTech).

02.  The registered trademark Velcro®is now a generic 
term for textile hook-and-loop fasteners, rapidly 
affi xed by pressing together or detached by pulling 
apart.

03.  Laboratoire Microorganismes: génome et 
environnement (CNRS / Université Blaise Pascal); 
Laboratoire d’écologie fonctionnelle (CNRS / 
Université Paul Sabatier / INP Toulouse).

04. Doñana Biological Station (Sevilla).
05.  A. Dejean et al., “Arboreal ants use the ‘Velcro® 

principle’ to capture very large prey,” PloS One, 2010. 
5: 6: e11331.

Ethology

CONTACT INFORMATION: 
ECOFOG, French Guiana.
Alain Dejean 
 >  alain.dejean@wanadoo.fr 

q Azteca andreae ants at work under a leaf. They have captured a black 
wasp, and are now tearing it apart.
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When submitted to light, an electron 
transfers through the ligand from the 
iron to the cobalt ion, and the non- 
magnetic compound turns into a magnet. 
When heated (>150 K), it returns to its 
 initial non-magnetic state.

Hashimoto’s discovery triggered 
worldwide enthusiasm in the field of 
 coordination chemistry. Yet a new chal-
lenge lay ahead: to fi nd single molecules 
easy to handle and process—rather than 
entire network assemblages—that 
would exhibit the same switching prop-
erties. A fi rst milestone was reached in 
2008, when the Franco-American team 
managed to prevent the formation of a 
whole three-dimensional network by 
blocking certain coordination sites in the 
iron and cobalt ions, and obtained one 
molecular cube [Fe4Co4] with the same 
switching effect. In May this year, they 
pushed  miniaturization even further and 
 obtained one single isolated face [Fe2Co2] 
of that cube 1.8 nm in size—i.e., over ten 
times smaller than the smallest and 
 latest  devices on the IT market today. 

Can we expect a “molecular” chip for 
our computers anytime soon? “Although 
applications are not our primary goal, I am 
convinced that other research groups will 
achieve it in the future,” Clérac concludes.

01. Centre de recherche Paul Pascal (CNRS). 
02.  Institut de chimie de la matière condensée de 

Bordeaux (CNRS).
03.  Department of Chemistry and Biochemistry 

(University of Missouri-St. Louis, US).
04.  Y. Zhang et al., "Reversible thermally and 

photoinduced electron transfer in a cyano-bridged 
{Fe2Co2} square complex," Angew. Chem. Int. Ed., 2010. 
49: 3752-6. 

Molecular Memory 
in Computers

Chemistry

CONTACT INFORMATION: 
CRPP, Bordeaux.
 Rodolphe Clérac
 >  clerac@crpp-bordeaux.cnrs.fr

ICMCB, Bordeaux.
 Corine Mathonière
 >  mathon@icmcb-bordeaux.cnrs.fr

BY  ELIAS AWAD

w� An international collaboration 
  including teams led by Rodolphe Clérac,1 
Corine Mathonière,2 and Stephen M. 
Holmes3 have designed a single molecule 
capable of switching at will from a non-
magnetic to a magnetic state, and vice 
versa.4

Coordination chemistry researchers 
play a special kind of Lego®. While chil-
dren build castles using plastic bricks, 
coordination chemists use metallic ions 
(iron, manganese, copper, etc.) that they 
organize at will, with the help of small 
 organic molecules called ligands. 
Although this can result in countless mo-
lecular assemblies, chemists are able to 
combine the right set of metal ions and 
ligands to generate an assemblage with 
useful properties (magnetic, optical, 
 electrical, etc.). Coordination chemistry 
thus makes it possible to control, shape, 
and study matter at the molecular level 
by creating functional molecules—all 
this by using simple and low-cost 
 techniques like chemistry in solution.

Among other interesting physical 
properties, the reversible switch  between 
the non-magnetic and magnetic state 
triggered by light and temperature has 
attracted a great deal of attention since it 
was discovered in the late 1990s by a 
Japanese team led by Kazuhito 
Hashimoto (University of Tokyo). 

This property immediately brings to 
mind the binary code (zeros and ones) 
used by memory devices. The Japanese 
team worked on a compound made of a 
three-dimensional assembly of iron and 
cobalt ions bridged by cyanide ligands. 

q  Schematic view of 
the synthetic strategy 
used to obtain square 
molecules capable of 
switching at will 
(using light or 
temperature) 
between non-
magnetic (“0”) and 
magnetic (“1”) states. 

POP GOES THE BUBBLE MYTH
BY  MARION GIRAULT-RIME

w� From a glass of sparkling water to the far 
reaches of the ocean, bubbles are 
everywhere.  A team of physicists from 
Harvard,   Princeton, and the Rennes-based 
IPR,1  recently uncovered what really happens 
when a bubble bursts. “It all started in Howard 
Stone’s lab at Harvard,”  explains Laurent 
Courbin, from the IPR. “James C. Bird and I 
were studying how bubbles spread out on 
different surfaces when we noticed that the 
bursting bubble left a ring of multiple bubbles, 
about ten times smaller. Each of these bubbles 
then burst, creating even smaller ones: we had 
just witnessed a bubble-bursting cascade that 
neither of us could explain.” Three years later, 
the physicists have solved the mystery by 
capturing the bursting process with high-
speed cameras (10,000 frames per second).2 A 
bubble is a pocket of air trapped in a thin 
liquid fi lm. When it pops, this thin fi lm folds in 
on itself, trapping a donut-shaped ring—called 
a torus—of air. Surface tension then causes 
the torus to break into a ring of smaller 
bubbles, which themselves break into even 
tinier ones. The researchers were able to 
develop a mathematical model to reproduce 
the dynamics at play, demonstrating that this 
phenomenon occurs for a wide range of 
bubble sizes or liquid viscosities. They were 
able to repeat their experiment with liquids 
up to 5000 times as viscous as water, but hit a 
wall with honey, which was too viscous.
� These results could prove highly benefi cial to 
biotechnology or glass manufacturing 
industries. Moreover, climatologists and 
oceanographers could also use these fi ndings 
for their research: an estimated 1018 to 1020 
bubbles burst every second across the oceans, 
transporting gases and biological particles to 
the atmosphere, thus infl uencing the climate. 

01.  Institut de Physique de Rennes (CNRS / Université Rennes-I).
02.  James C. Bird et al., “Daughter bubble cascades produced by 

folding of ruptured thin fi lms,” Nature, 2010. 465: 759-62.

CONTACT INFORMATION: 
Laurent Courbin  
 > laurent.courbin@univ-rennes1.fr

q  When popping, a centimeter-size bubble can create a 
ring of numerous smaller bubbles, an event that occurs 
within milliseconds.
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BY  SEBASTIÁN ESCALÓN

T
he abyssal zone has never seen 
such a wave of research projects.   
Two successive international 

 missions,  both involving a number of 
CNRS laboratories,1 set out  earlier this 
year to explore the mysterious ecosystems 
of the ocean fl oor. MESCAL,2 specialized 
in life around deep-sea  hydrothermal 
vents, explored the East Pacific Rise, 
while BIG (Biodiversity In the Guaymas 
Basin) focused on the Gulf of California.

Th e MESCAL mission, led by CNRS 
and Paris-VI University, was completed 
on May 30, 2010, aft er 40 days at sea, 250 
nautical miles off  the Mexican coast. On 
board the Atalante, the research vessel of 
Ifremer (French Research Institute for 
Exploitation of the Sea), some 30 French, 
American, and Austrian researchers 
studied the fauna living at depths of 2500 
meters around the hydrothermal vents of 
the East Pacifi c Rise, where proximity to 
the Earth’s magma makes water gush out 
at  temperatures as high as 350°C.

One of MESCAL’s goals was to study 
Alvinella pompejana, an annelid worm 
emblematic of these thermal spring eco-

systems. Aptly called the Pompeii worm, 
it is a model of resistance to extreme en-
vironments. Protected by a protein tube, 
it thrives in the thin layer where sulfur-
saturated water devoid of oxygen and ex-
ceeding 100°C mixes with cold seawater. 
In addition to shedding light on its adap-
tation mechanisms, the researchers also 
sought to understand how “Alvinella, 
a pioneer species, modifi es the thermal 
and chemical conditions of its habitat, 
allowing other animal species to colonize 
it in turn,” explains Nadine Le Bris, direc-
tor of LECOB3 and coordinator of the 
MESCAL mission’s first phase. The 
 second phase was headed by François 
Lallier4 from the Roscoff  Marine Biology 
Station (Brittany). Th e goal was to better 
understand the symbiosis between the 
bacteria, that draw energy from the 
 oxidation of the sulfi des emanating from 
hydrothermal vents, and invertebrates 
such as the giant tubeworm Rift ia pa-
chyptila or the  bivalves Bathymodiolus 
thermophilus and Calyptogena magnifi ca. 
Th ese animals provide the microorgan-
isms with a stable and hospitable environ-
ment in which they can live, while feeding 
on them in return. Many questions 

 remain regarding the symbioses that have 
enabled life to take hold in these deep 
waters. Th e MESCAL program will use 
molecular biology techniques to 
 thoroughly investigate these ecosystems’ 
mechanism.

No sooner had the MESCAL 
 researchers returned to dry land than the 
30 members of the BIG expedition took 
over the Atalante and set sail for the 
Guaymas Basin in the Gulf of California, 
where they stayed until July 10. Th ere are 
numerous hydrothermal vents in this 
area. But there are also cold vents that 
release fl uids rich in light hydrocarbons 
like methane. Such chemical compounds 
provide an energy source for certain 
 microorganisms, thus enabling 
 fl ourishing ecosystems to form.

“One of the mission’s objectives was to compare the ecosys-
tems of hydrothermal vents with those of cold vents,” reports 
Anne Godfroy, a researcher at the LM2E5 and director of the 
project. “Similar species with comparable symbiosis between 
invertebrates and bacteria, for example, can be found in both 
ecosystems. We want to improve our understanding of how 
these animals and microorganisms interact.” Ifremer’s sub-
mersible “Nautile” performed 29 dives to carry out in situ 
chemical analyses,  collect organism samples, and take core 
samples of the  sediments. Th e wealth of new scientifi c data 
gathered by these two missions should help scientists under-
stand how  organisms can strive in one of the most isolated and 
extreme  environments on Earth. 
01.  For a complete list of partners of the MESCAL and BIG projects: 

www.sb-roscoff.fr/Ecchis
02.  Milieux extrêmes: stratégies de colonisation et d’adaptation en environnement 

hydrothermal.
03.  Laboratoire d’écogéochimie des environnements benthiques (CNRS / Université 

Paris-VI).
04.  Laboratoire Adaptation et diversité en milieu marin (CNRS / Université Paris-VI). 
05.  Laboratoire de microbiologie des environnements extrêmes (CNRS / Université 

de Brest / Ifremer).

Oceanography   Last summer, two marine scientific expeditions plumbed the depths of 
the oceans to gather data on the ecosystems that thrive far below the surface.

Life in the Abyss

CONTACT INFORMATION: 
LECOB, Banyuls sur Mer. 
 Nadine Le Bris
 >  lebris@obs-banyuls.fr

AD2M, Roscoff.
 François Lallier
 >  lallier@sb-roscoff.fr

LM2E, Plouzane.
 Anne Godfroy
 >  anne.godfroy@ifremer.fr

q Riftia Pachyptila, a worm that is host to a number of bacteria, is common around 
hydrothermal vents.
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Cosmology  Winner of the 2006 Nobel Prize in Physics, the American 
researcher moved to Paris to conduct large-scale projects in cosmology.

BY  EMILIE BADIN

L
ast July, Paris played host to ICHEP,  the largest 
 international conference on particle physics. George 
Fitzgerald Smoot, eager to attend a talk, had misplaced 
his badge. “Surely you don’t need a badge, Mr. Smoot!” 

one of the organizers exclaimed, hastily letting him into the 
convention center. Being a Nobel Prize Laureate in Physics has 
its advantages. He shared the 2006 prize with his colleague John 
Mather for their 1992 groundbreaking discovery. It involved 
detecting something that the scientifi c community had been 
hoping to fi nd for many years: minuscule fl uctuations in the 
cosmic background radiation (the very fi rst light emitted by the 
 universe), the microscopic “seeds” of future galaxies.

Despite his accomplishments, Smoot remains modest. His 
tall, square-shouldered fi gure, strong voice, pale bearded face, 
and cheerfulness make him a formidable presence. One that 
does not go unnoticed when he makes it to such events, greeting 
colleagues, friends, and journalists.

George Smoot is obviously a busy man. In February 2009, 
the now 65-year-old American was appointed to the prestigious 
Blaise Pascal chair,1 at the Paris-VII University, where he  became 
a professor a year later, as well as a researcher at the Astroparticle 
and Cosmology laboratory (APC).2 Last spring, he developed a 
new module entitled “L’Univers et Moi-même” (“Th e Universe 
and Myself”) on the links between man and the cosmos. 
Lectures are given in English, which is “essential for attracting 
brainy students from other countries,” he explains. 

With this objective in mind, Smoot founded a cosmology 
center in Paris two years ago.3 Its purpose is to federate Paris’ 

George Smoot

The Universe 
 and Him

“Today, cosmology is at a 
turning point […] A new kind of 
physics is emerging.”

cosmology laboratories and their world-renowned expertise, 
and attract talent from around the world. “Today, cosmology is 
at a turning point, because the theories that have been developed 
for decades on dark matter and antimatter, and more recently 
on dark energy, have a chance of being tested not only in the 
heavens but also at the particle level using the Large Hadron 
Collider (LHC) at CERN,” Smoot explains. “A new kind of 
 physics is emerging, making a center like this more necessary 
than ever.”

Th is is not George Smoot’s fi rst cosmology center. He has 
already launched similar projects in the US (in Berkeley, 
California), Mexico, and South Korea. While the cultures and 
mentalities diff er in each case, the primary objective remains 
the same: fi nding donors who can fund the construction of a 
satellite, the development of a computer system, or the salaries 
of postdoctoral fellows. “One of our projects is to develop a high 
school program in cosmology,” says Smoot. “We need to get 
students interested at an early age if we don’t want them to turn 
their backs on scientifi c studies.”

Born into a family that valued knowledge, he took his own 
studies very seriously. Smoot was a brilliant university student, 
fascinated by physics and mathematics. In 1970 he earned a 
doctorate in particle physics from MIT, but his curiosity went 
beyond the subatomic world. “I wanted to understand every-
thing,” he recalls. One question in particular fascinated him: 
How did the fi rst galaxies and galaxy clusters form from the 
ultra-hot soup of elementary particles created by the Big Bang?

Scientists believed that there must have been tiny density 
fl uctuations in the newly-formed universe, which should still be 
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perceptible today in the form of slight temperature variations, 
or anisotropies, in the cosmic background radiation. It was just 
a matter of detecting them—a goal that Smoot pursued with 
unfailing determination for over 20 years. “Yes, I am very 
 persistent,” he adds with a smile, “but frankly, I would never 
have started this research if I had known how much time and 
eff ort it would take.” 

In 1976 he devised an experiment to detect anisotropies 
from a high-altitude aircraft , but no seeds of future galaxies 
were to be found. So he decided to aim higher, and convinced 
NASA to launch a satellite dedicated to this task. Aft er several 
years of preparation, the Cosmic Background Explorer (COBE) 
satellite was launched on November 18, 1989. Th is time, Smoot 
hit the jackpot: on April 23, 1992, his team announced the 
discovery of minuscule fl uctuations in the cosmic background 
radiation. Since then, he has been actively involved in the Planck 
mission, another, more recent satellite able to track anisotropies 
with greater precision.

When he’s not thinking about cosmology, he ponders on the 
possibility of extraterrestrial civilizations or the issue of 
 consciousness. “I oft en wonder whether it’s a form of matter,” 
he says. Not camera-shy, he also recently played himself in an 
episode of Th e Big Bang Th eory, an American TV comedy series 
based on the lives of two geeky astrophysicists. As Smoot puts 
it, “just because you’re a Nobel prize-winner doesn’t mean you 
can’t have a sense of humor.”
 01.  Each year, the government-funded Blaise Pascal chairs bring fi ve top scientists 

to work at an institution in the Paris region. 
02.  Laboratoire astroparticule & cosmologie (CNRS / CEA / Observatoire de Paris / 

Université Paris-VII).
03.  Paris Center for Cosmological Physics (PCCP).
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CONTACT INFORMATION: 
APC, Paris.
 George Smoot
 >  gsmoot@apc.univ-paris7.fr

KEY DATES

1945  Born in Yukon, Florida (US)

1989  Launch of the COBE satellite

1993   Discovery of anisotropies in 
the cosmic background 
radiation

2006   Nobel Prize in Physics with 
John Mather

2008   Creation of the Paris Center 
for Cosmological Physics 
(PCCP) 
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Debunking Myths 21 i 
How Caesar conquered Gaul 25 i 
Under Roman Rule 27 i 

 Were the Gauls really the crude barbarians they’re often made out to be? For historians 
and archeologists, this picture is clearly outdated. Whether it be in farming, craftwork, 
trade, or art, evidence is fast building up that the Gauls had reached an advanced level 
of civilization long before Roman rule. So who were they really? What was their way of 
life? How were they subjugated by Rome and what were the consequences of the 
invasion? Join CNRS International Magazine as we travel back in time to ancient Gaul.      
SPECIAL REPORT BY  PHILIPPE TESTARD-VAILLANT 

GaulAncient
Revisiting 
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T
he French, who are taught in school  that they are 
all descendents of the Gauls, tend to imagine them 
as the good-natured comic-strip hero Asterix, his 
best friend Obelix the menhir deliveryman, and 
their somewhat boorish companions. 
Unfortunately, neither these jolly characters nor the 

bloody barbarians oft en depicted in old documents have much 
in common with what researchers now know about the real 
Gauls. “Over the past 20 years,” explains Pierre Ouzoulias, from 
the ArScAn laboratory,1 “archeologists and historians have been 
attempting to show that the radical opposition between civilized 
Romans and primitive Gauls, as they were systematically 
 depicted during the 18th century, the Second French Empire 
(1852-1870), and the Th ird Republic (1870-1940), is totally 
 obsolete,” even if this negative preju-
dice still pervades a number of school 
textbooks. Gaul before Caesar “wasn’t 
an untamed territory cut off from 
 civilization, but rather an area that 

had undergone some of the evolutionary 
processes that gave rise to the Greco-
Roman civilization a few centuries 
 earlier,” explains Christian Goudineau, 
who held the Chair of National 
Antiquities at the Paris-based Collège de 
France for 25 years, and a tireless propo-
nent of this new historical view. Indeed, 
the archeological discoveries made in the 
last few years, coupled with laboratory 
studies in fi elds like osteology or anthro-
pology, have profoundly altered our 
 understanding of Gallic culture and civi-
lization. Gauls had a densely-occupied 
and developed  countryside, structured 
towns, a high technical level of craft s, a 
rich artistic production, a complex set of 
religious beliefs, and last but not least, 
intensive trade links with Rome.

AN INACCURATE PICTURE OF GAUL 
In fact, to speak of “Gaul” as a clearly 
defined territory with a semblance of 
cultural unity is already contentious. In 
the fi rst century BC, on the eve of Roman 
conquest, the vast geographical area that 
covered what is now France, Belgium, 
Luxembourg, part of Germany, and the 
Netherlands, was inhabited by a patch-
work of over a hundred distinct peoples, 
federations, associations, and small 
 communities, whose size, political 
 organization, and relations with Rome 
were extremely diverse (see box p. 22). 
Caesar’s famous “all of Gaul is divided 
into three parts,” (Th e Gallic Wars) was a 
gross oversimplifi cation.

Within the area that the Roman 
General defi ned as Gaul, the Celts inhab-
ited a territory that stretched from the 
Garonne River to the Seine and from the 
Lower Rhine to the Atlantic Ocean. Th e 
Belgae tribes lived north of the Seine, 
while the Aquitani inhabited the area 
between the Pyrenees mountain range 
and the Garonne. 

01 Reconstruction of a Gallic farm at the end of 
the Iron Age (around 800 to 50 BC). 02 Map of 
Gaul based on the description given by Julius 
Caesar in The Gallic Wars.
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Historians and archeologists, who long accepted Caesar’s 
portrayal of Gaul, are today more aware of the wide diversity 
that actually prevailed. In fact, each of these peoples was eager 
for independence and had its own government and army. “More 
oft en than not, these were organized as representative democra-
cies ruled by two councils: a senate reserved for the nobility, and 
a civic assembly, probably inherited from ancient warrior as-
semblies,” explains Jean-Louis Brunaux, of the AOROC 
 laboratory.2 Th ese councils were in charge of passing laws and 
designating a civil magistrate and a military strategist. In 
 conclusion, although extremely diverse, the 
multitude of peoples of Gaul nonetheless shared 
highly-advanced knowledge in many fi elds. 

Th e following is an overview of the state of 
our knowledge of the Gallic peoples in light of 
the latest archeological discoveries.

ROME AND GAUL: THE ROOTS    OF

For archeologists, the fi rst forms 
of cultural differentiation that 
may have led to the emergence 
of the Celts as individual 
populations appear around 
1000 BC. 
The word “Celt” comes from 
“Keltoi,” which was how 
Herodotus—a Greek historian 
from the fi fth century BC—
named the peoples he identifi ed 
as living between the south of 
the Iberian peninsula and the 
Danube. He was the fi rst to 
distinguish them from the vast 
throng of “barbarians” who lived 
beyond the so-called “civilized 
world” (for the Greeks, then for 

 CRAFTS 
The Gauls were good metalworkers, and 
their mastery of iron metallurgy gave them 
unquestionable superiority as weapon-makers 
and as cartwrights (artisans who built wheels 
and bodywork of carts). At Bibracte, capital of 
the Eduan people, located on Mont Beuvray in 
Burgundy, “we are excavating an area where 
metalworkers plied their trade, and this helps 
us understand how such workshops were 
organized,” explains Jean-Paul Guillaumet, 
from the ARTeHIS laboratory.3 
The Gauls were also remarkable carpenters, 
joiners, box-makers, bushel-makers (makers 
of buckets and tubs), and potters. Finally, 
craftwork of skins and furs (tanning, saddlery, 
shoemaking, etc.) as well as fibers, bark, and 
wool (ropemaking, weaving, basketwork, etc.) 
seemed highly developed. “On the other hand, 
the Gauls didn’t know how to blow glass,” 
Guillemet observes. “They worked glass in a 
pasty state to make necklaces, bracelets, 
or beads. And they used all types of 
animal bones to make dice, buttons, 
pendants, box ornaments, tool 
handles, and so on.” 

The Gauls enjoyed the good things 
in life, and were fond of lavish 
feasts washed down with copious 
amounts of wine, though their 
traditional drinks were beer and 
mead, an alcoholic beverage made 
from fermented honey and water. 
The Phocaean Greek seafaring 
traders, who founded Marseille in 
600 BC, imported and distributed 
Greek and Etruscan wine on a 
small scale, but they also cultivated 
vineyards on their own territory. 
The many grape pips discovered in 
the subsoil beneath the Place 
Jules Verne in Marseille bear 
witness to these first plantations. 
Although the wine was initially 
produced for the settlers’ own 
personal consumption, they began 
selling it to neighboring peoples in 
the middle of the sixth century BC. 
By the second half of that century, 
Marseille wine would take over the 
Gallic market for the next 200 years.

At the end of the third century 
and during the second and first 
centuries BC, the Greek monopoly 
declined, while the “Tyrrhenian 
coast (Italy) became covered 
in vineyards,” explains Fanette 
Laubenheimer, from the ArScAn 
laboratory. “To meet Gallic 
demand, the Italian peninsula 
started producing phenomenal 
quantities of wine and building 
huge ships that could carry as 
many as 10,000 amphorae.” Millions 
of hectoliters of wine flooded into 
Gaul. “Archeologists have identified 
two main distribution routes,” 
Laubenheimer continues. “The 
first, known as the Aude-Garonne 
route, was used to carry wine from 
Narbonne—on the southwestern 
coast—to the nearby territories of 
the Volcae and the Ruteni peoples 
(roughly today’s Languedoc-
Roussillon region). The second, 
an inland trade route from the 
Mediterranean, provided wine to 
central and northern Gaul via the 
Rhône and Saône valleys.
Apparently, the Romans, who 

preferred white wine, exported 
almost exclusively red table wine 
to Gaul.” One such shipment—
consisting solely of red wine—was 
found shipwrecked off the coast of 
Marseille in the 1960s.

 THE WINE TRADE 

 AGRICULTURE 
The rapid development of field archeology has dispelled the myth of Gauls hunting 
wild boar in dense forests. The Gauls’ forests were probably nothing as big as they are 
in France today. Since at least the third century BC, the countryside had been farmed 
through a dense network of smallholdings and large farms. Far from being archaic, 
agriculture was the main economic activity, and was characterized by outstanding know-
how for growing cereals (millet, barley, spelt, wheat, etc.) and rearing animals (cattle, pigs, 
sheep, poultry, etc.). 
The Gauls also excelled in the extraction and processing of ores, which led to the 
development of specific tools for agriculture (scythes for hay, axes and billhooks for 
wood, etc.). 

03 Shipwreck of the "Madrague de Giens" (1st 
century BC) discovered off the coast of 
Marseille in 1967. 04 Set of Gallic glass jewelry 
dating from the second or fi rst century BC. 
05 Gallic coins: a Remi potin (right) and a gold 
stater of the Parisii.  06 Reconstruction of the 
Rebout Gate, the entrance to the fortifi ed 
town of Bibracte. 
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The expansion of towns, trade, 
and crafts naturally boosted the 
introduction of money into Gallic 
societies. The Celts, recruited as 
mercenaries by many Greco-Roman 
cities following their expansion 
southwards at the end of the 
fourth century BC, introduced 
money into their own society 
when they returned home. “The 
first Gallic coins, which probably 
date from the third century BC, 
were therefore mostly imitations 
of Philip II of Macedonia’s gold 
staters, or the silver drachmas used 
in the Greek trading posts along 
the Mediterranean coast,” explains 
Katherine Gruel, deputy director of 
the AOROC laboratory. “These coins 
were too valuable for everyday use 
and were in all likelihood used for 
lavish purchases, such as a son’s 
first suit of armor or first horse, or 

to pay a dowry, and so on.” In the 
second century BC, an increasing 
number of local administrations 
began issuing currency. To raise 
taxes, every sizeable town in Gaul 
had its own individual currency, 
which only circulated within the 
issuing area. 
Towards 150 BC, stronger economic 
bonds were created between 
central and east-central Gaul and 
the Roman world. “To facilitate 
exchanges,” explains Gruel, “the 
Aedui, the Sequani, and the Lingoni 
minted silver coins, which were 
imitations of the Roman denarius, 
and founded a vast monetary 
federation whose borders 
stretched to the Helvetian peoples 
and to the Rhine. Other monetary 
unions have been discovered, 
especially in west-central Gaul, 
showing that the use of money 
was much more widespread in 
the Gallic economy of the second 
and third centuries BC than had 
hitherto been supposed.” 

 GALLIC MONEY 

TS    OF ROMANIZATION 

the Romans, the word 
“barbarians” applied to all 
foreign peoples). 
Between the eighth and fi fth 
centuries BC, Celtic cultural traits 
became more pronounced 
through the Hallstatt culture, a 
period of economic development 
which seems to have been 
profi table to a class of powerful 
aristocrats who controlled small 
principalities. 
Towards the beginning of the 
fi fth century BC, the territories 
inhabited by the Celts were 
shaken up by signifi cant 
population migrations, which 
would eventually impinge on 

their Mediterranean neighbors. 
This expansion spread out 
towards southeast Gaul, giving 
birth to a novel Celto-Ligurian 
civilization. It then crossed the 
Alps at the beginning of the 
fourth century BC, spreading 
through northern Italy, then 
controlled by the Etruscans. 
The Gauls pushed on to Rome 
and invaded the city around 
390 BC. This episode long 
embittered the Romans, who 
perpetuated the notion of 
“invincible Gallic barbarians” for 
centuries.
The Gauls of Italy were fi nally 
subjugated at the end of the 

third century BC. After 
conquering Cisalpine Gaul 
(northern Italy), the Romans 
invaded southern Gaul, also 
known as Transalpine Gaul, from 
125 to 118 BC, essentially for 
strategic reasons. “They needed 
a land route between the Italian 
peninsula and Hispania—the 
Iberian peninsula—which they 
had annexed. They provided 
the newly-conquered territory 
with a road going from the Alps 
to the Pyrenees (the Via 
Domitia), the fi rst Roman road 
built outside Italy,” explains 
Michel Py, from the ASM 
laboratory.1 “However, it took 

them a century (from 125 BC 
onwards) to subjugate the 
‘natives’ of this region of Gaul. 
Contemporary documents 
indicate there were at least ten 
revolts.” At the same time, a 
number of Gallic peoples further 
north maintained diplomatic 
and trade relations with Rome, 
as shown by the agreement 
signed in the second century BC 
between the Romans and the 
Aedui, who inhabited most of 
what is now Burgundy and 
adjoining regions. 
1.  Archéologie des sociétés 

méditerranéennes (CNRS / Université 
Montpellier-III / Ministère de la Culture 
et de la Communication / Inrap). 

 FOOD 
Practically all food-related trades could be 
found in Gaul, and these were to survive until 
the industrial revolution. Animal remains 
found recently at Titelberg (Luxembourg), 
by archeozoologist Patrice Méniel from the 
ARTeHIS laboratory, have revealed evidence of 
abattoirs where meat was prepared and sold. 
The coastal populations, on the other hand, 
were sailors who carried out deep-sea fishing, 
as shown by recent excavations on the island 
of Ouessant (Brittany). Led by CRAF4 director 
Jean-Paul Le Bihan, they have uncovered the 
remains of various fish (pollock, sea bream, 
bass, cod, etc.). 

 THE FIRST TOWNS 
The fundamentally rural character of these populations did 
not prevent the emergence and development of the first 
towns, called “oppida.” “These seem to have appeared quite 
late in Gaul—in the middle of the second century BC—
although excavations show that some of them were built 
on older settlements, like the one in Bourges,” Guillaumet 
points out. Each Gallic people had a principal oppidum 
—a sort of capital—where several thousand people lived. 

Usually established at the center of a network of roads or rivers, this oppidum did not merely serve as a refuge for 
the surrounding population in the event of danger, as has often been written. It was also a center for trade, crafts, 
and religious and civic activities. Bibracte, the capital city of the Aedui, is one of the best-known examples of such 
oppida. It was a large fortified settlement enclosing some 200 hectares. Inside its walls were wooden dwellings, a 
few stone houses built in the Roman fashion, and even some public buildings. 

CONTACT INFORMATION:   
Michel Py, 
 >  michel-py@orange.fr
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07 Bronze statuette 
of a Gallic warrior 
god, discovered at 
Saint-Maur in 
northern France. 08 
Painting by 
Henri-Paul Motte 
(1900), depicting the 
picking of mistletoe, 
a famous druidic rite. 
09 When writing, the 
Gauls often used 
foreign alphabets, as 
on this block of 
stone, which bears a 
Gallo-Greek 
inscription. 10 This 
sculpture of two 
heads joined at the 
rear of the skull (300 
BC) was discovered 
at Roquepertuse in 
southeastern France.

 ARTISTIC PRODUCTION 
The Gauls had a number of outstanding artists 
whose work we can still admire on coins, 
jewelry (bracelets, torques, and fibulae—
brooches used to fasten clothing), decorated 
weapons, vases, and other objects from 
the period. “The high quality of these small 
objects suggests that works of art of greater 
caliber, and decorated just as richly, must 
have existed,” says Germaine Leman, from 
the HALMA-IPEL laboratory in Lille.5 Indeed, 
stunning wooden statues were recently 
discovered at Fellbach-Schmiden, in Baden-
Württemberg (southeast Germany). They 
depict animals held by an individual of whom 
only a hand remains—on the hindquarters 
of a sort of ibex (wild mountain goat). 
“Unfortunately, most of these works have 
disappeared, since wood is only preserved 
under exceptional conditions.” 
Gallic art tends to be abstract. Depictions of 
humans and gods are extremely rare, while 
landscapes and human constructions are 
non-existent. The most common depictions 
are of fantastic beings, like strangely-shaped 
animals, specific body parts (eyes, beaks, paws, 
etc.), as well as a host of extremely complex 
geometrical compositions of high symbolic 
meaning. Gallic art reached its peak between 
the fifth and third centuries BC, before 
descending into realism with little originality. 

 RELIGIOUS BELIEFS 
The Gauls venerated a host of deities such as Taranis, the god of thunder, 
Teutates, the god of war, and a variety of more “specialized” gods like 
Cernunnos, a god of fertility often depicted wearing antlers, Epona, the 
protector of horses, or Lugus, the guardian of fire. 
Each people had their own deities, though several important figures 
might have been shared. Death meant a journey to the upper world, or 
for those who couldn't make it, a descent of the soul to the underworld, 
waiting for reincarnation. 
As for human sacrifice, a recurrent theme in ancient texts that sought 
to disparage the Gauls, there is virtually no archeological evidence 
to support it. “This practice almost certainly existed before the fifth 
century BC, but on a very small scale,” explains Brunaux. “It subsequently 
disappeared and was replaced by domestic animal sacrifices (bulls, 
cows, oxen, sheep, or pigs) as shown, for instance, by the large number of 
bones unearthed at the Gournay-sur-Aronde sanctuary, north of Paris.” 
The druids were part of the Gallic elite. They were not only scholars 
skilled in the observation of the stars—mostly for divination—or in 
mathematics, geometry, and the pharmacopoeia, but also philosophers, 
theologians, and when needed, judges. Their knowledge was passed on 
through oral tradition to the children of noble families. Druidism held 
sway in Gaul from the fifth to second centuries BC, until its decline and 
final disappearance at the beginning of the Christian era.

 THE LANGUAGE 
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 58 BC: HELVETII EXODUS 
TRIGGERS WAR

In March 58 BC, the Helvetii, a Gallic tribe who lived on 
the Swiss plateau, just beyond the northern borders 
of Transalpine Gaul, decided to leave their 
homeland. Th ey claimed to be heading for 
the territory of the Santoni (today Saintonge, 
in eastern France). Th e reasons for this 
great migration are still unknown, but the 
route they had chosen forced them to cross 
Transalpine Gaul. A few months earlier, 
this territory, together with Cisalpine 
Gaul, had been placed under the author-
ity of Caius Julius Caesar, who was its 
proconsul. Caesar  belonged to one of 
the most illustrious Roman families, 
and even claimed the goddess Venus 
was one of his ancestors. “He was an 
ambitious man who wished to wield 
great power in Rome, and to achieve 
that, he needed military victories,” 
 explains Yann Le Bohec, from the 
O&M laboratory.1 “Extremely intel-
ligent and an excellent strategist, he 
was able to maneuver and move his troops 
at astounding speeds.” Like all Romans, 
his primary objective in war was to collect 
booty, and he was prepared to attack any 
enemy to this end. He therefore success-
fully used the exodus of the Helvetii as a 
pretext for war. Taking advantage of Rome’s 
atavistic distrust of the Gauls, Caesar forbade 
the Helvetii to enter Transalpine Gaul. Forced 
to pass further north, they headed towards 
the territory of the Aedui who, feeling threat-
ened, asked for Caesar’s assistance, relying on 
the treaties that bound them to Rome. Caesar 
immediately set off  to engage the Helvetii, and 
crushed them near the great city of Bibracte. 
He continued his campaign by attacking 
Ariovistus, the leader of the Suebi and other 
allied Germanic tribes, who had settled in 
the territory of the neighboring Sequani. 
Th e Gallic Wars had begun. i

CONTACT INFORMATION:
 Jean-Louis Brunaux, 
 >  jean-louis.brunaux@wanadoo.fr 
 Christian Goudineau, 
 >  christian.goudineau@college-de-france.fr
 Katherine Gruel, 
 >  katherine.gruel@ens.fr
 Jean-Paul Guillaumet, 
 >  jean-paul@guillaumet.fr
 Pierre-Yves Lambert, 
 >  lambert.pierre-yves@wanadoo.fr
 Fanette Laubenheimer, 
 >  fanette.laubenheimer@mae.u-paris10.fr
 Germaine Leman, 
 >  germaine.leman@univ-lille3.fr
 Pierre Ouzoulias, 
 >  pierre.ouzoulias@mae.u-paris10.fr

How Caesar
Conquered Gaul

11 Statue of Julius Caesar (100-44 BC), represented as 
an imperator, with his breastplate and his 
paludamentum (cloak). This title was given to 
victorious Roman generals.

What was the language spoken by Gauls? 
Linguists lack information on the subject. Only 
a few short texts—economic or religious—and 
a few magical curses have survived. There is 
no trace of proper literature, either epic or 
mythological. 
The Gauls seldom wrote, and when they 
did, used the alphabets of the peoples they 
traded with: first, the Etruscans, in northern 
Italy, then the Greek settlers in Marseille, 
and finally the Romans. “Gaulish should be 
comparatively studied with related languages 
like Welsh, Breton, and Old Irish,” says Pierre-
Yves Lambert, from the AOROC laboratory. 
“For instance, to reconstruct the Gaulish 
lexicon we have very few common nouns, but 
a lot of proper nouns, whose etymological 
meaning can only emerge using a comparative 
method.” Everything indicates that the various 
Gallic peoples spoke very closely-related 
dialects. “After Caesar’s conquest, a period of 
bilingualism seems to have lasted for several 
centuries in Gaul,” Lambert continues. 
“Discovered just east of Paris in 1997, the 
Châteaubleau tile bears testimony to the 
late survival of the language in Gallo-Roman 
society. Made between the end of the second 
century and the beginning of the third century 
AD, it carries an eleven-line inscription, one of 
the longest written Gallic texts. 
Gaulish no longer survives in today’s French 
except in a few syntactic phrases such as “C’est 
que…” (it’s that), in place names like Verdun, 
where the toponymic element “-dun” (from 
dunum) is Gaulish for fort, and two hundred 
words at most, like “ardoise” (slate) or “caillou” 
(pebble). 

1.  Archéologies et sciences de l’Antiquité (CNRS / 
Universités Paris-I and -X / Ministère de la Culture et 
de la Communication). 

2.  Archéologies d’Orient et d’Occident et textes anciens 
(CNRS / ENS Paris). 

3.  Archéologie, terres, histoire, sociétés (CNRS / 
Université de Bourgogne / Ministère de la Culture et 
de la Communication). 

4.  Centre de recherche archéologique du Finistère.
5.  Histoire, archéologie, littérature des mondes 

anciens–Institut de papyrologie et d’égyptologie de 
Lille (CNRS / Université Lille-III / Ministère de la Culture 
et de la Communication). 
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In 57 BC, Caesar challenged the peoples living north of the Seine 
and Marne rivers, the Belgae, and defeated them one aft er the 
other. A year later, he also launched a land and sea campaign 
against the Veniti, who occupied what is now southern Brittany, 
and vanquished them at sea. Yet all this he accomplished with 
the help of other Gauls. For six years, from 58 to 52 BC, “a vast 
majority of the Gallic peoples (the Aedui, Remi, Sequani, and 
others) assisted Caesar in subjugating the relatively independent 
regions in the north and west, in return for rewards in kind, 
promotions, or civic rights, for example,” explains Michel 
Reddé, from the HAMA laboratory.2 

In 55, 54, and 53 BC, Caesar raided the area east of the Rhine 
known as Germania, and crossed the Channel to Britannia, 

Th is was a decisive year for the Roman campaign. A large 
number of Gallic leaders began an insurrection, the signal for 
which was given by the Carnuti, who slaughtered Roman 
 merchants in Cenabum (present-day Orléans, southwest of 
Paris). Led by Vercingetorix, who had become chieft ain of the 
Arverni, this rebellion brought sudden change to how the 
Romans waged their campaigns, since 
they oft en relied on support from various 
Gallic tribes. What had begun was a 
genuine Gallic War. So what caused this 
momentous turnaround? “Aft er years of 
relatively easy military victories, the 
benefi ts the great Gallic chieft ains had 
anticipated in return for their support 
were fewer than expected,” explains 

getting beyond the Th ames. In battle, 
“Gauls fought in a ‘phalanx,’ in other 
words shoulder to shoulder, to present an 
unbroken line to the enemy. Roman 
 tactics, on the other hand, had long been 
based on cohorts, which gave them more 
fl exibility,” Le Bohec explains. A legion—
around 5,000 men—was split into ten 
separate cohorts divided in three rows. 
Th e  soldiers in each cohort were also split 
into three rows: the soldiers fi ghting in 
the fi rst two rows would alternate when 
they were tired, while those in 

the back row acted as the last line of 
 defense.“ If the Gauls’ weapons were no 
more  rudimentary than those of the 
Romans, these were however less 
 homogeneous, since every soldier bought 
his own armament. According to Caesar’s 
Th e Gallic Wars, the Gauls had never seen 
such siege  engines as catapults, which 
hurled  projectiles weighing several tens of 
 kilograms as far as 300 meters, and 
 scorpions, which shot arrows with 
 formidable force and accuracy. i 

Reddé. “Th eir war eff ort, which consisted 
in providing supplies, horses, and help in 
suppressing revolts, started to run out of 
steam. Even the Aedui, the Romans’ most 
faithful allies, defected. In 52 BC, the 
pro-Roman  parties in the senates that 
governed the Gallic territories lost their 
seats to  opponents of Rome.” 

Yet this revolt proved too weak 
against the might of Rome. It only took 
Caesar a few months to obtain the 
 surrender of the Gallic troops at Alesia, 
thanks to his 40,000 to 50,000 
 perfectly-trained soldiers, together with 
auxiliary troops (especially cavalrymen) 

and an extensive logistical supply chain 
 (servants, slaves, and grooms). 
“Vercingetorix’s forces no doubt outnum-
bered the Romans, but they were poorly-
led and did not function as a  homogeneous 
army,” Reddé explains. How many Gauls 
lost their lives during this seven-year 
conflict? “It would be impossible to 
 estimate,” says Reddé. Yet the number of 
prisoners—both military and civilian—
that were subsequently sold as slaves was 
considerable. Caesar claimed that 
 following the battle of Alesia, he rewarded 
each of his soldiers with a Gallic slave. 

It is now evident that Caesar used the 
conflict with the Gauls for personal 
gain—both political and material. But for 
the Roman world, crossing the Rhine (a 
god, like all rivers) and then the Channel 
(the realm of Neptune), were fabulous 
achievements. Caesar was the fi rst person 
throughout the “civilized world” to have 
crossed the “Ocean,” to have reached the 
edge of the world, under the protection of 
Venus. “He had become a myth, like 
Alexander the Great,” concludes Le 
Bohec. i
1.  Laboratoire Orient et Méditerranée (Unité CNRS / 

Universités Paris-I and -IV / EPHE / Musée du Louvre). 
2.  Histoire et anthropologie des mondes antiques 

(CNRS / Universités Paris-I and- VII / EPHE / EHESS). 

CONTACT INFORMATION: 
 Michel Reddé
 >  redde.michel@yahoo.fr 

 Yann Le Bohec
 >  yann.le_bohec@paris-sorbonne.fr

57 TO 53 BC: CAESAR ADVANCES NORTH

52 BC: GAULS SURRENDER AT ALESIA

12 This statue of 
Vercingetorix 
overlooks the 
MuséoParc Alésia, 
scheduled to open in 
2011. However, there 
is no ancient statue 
representing this 
Gallic warrior. 
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A
lthough the fi rst decades under Roman rule  were 
 relatively troubled and marked by the legions’ brutal re-
pression, Gaul would soon become an integral part of the 

Latin world. Th is process of acculturation—or Romanization—
was key to ensuring stability. Being pragmatic, the Romans 
forced most towns to pay tribute, but they did not modify the 
territorial structure, or found any settlements (except in the 

territory of the Helvetii and in Gallia 
Narbonensis, formerly known as 
Transalpine Gaul). “Populations who felt 
that they were Aedui, Carnuti, or 
Coriosilitae were not forced to mingle 
with their neighbors,” explains Christian 
Goudineau, from the Collège de France.  
As a result, they had less of an impression 
of being colonized. “Furthermore,” he 
adds, “Rome entrusted the administra-
tion of the country to the Gallic chieft ains 
who had remained faithful to the 
Empire—the only ones left  standing—
and earned their goodwill by granting 
them Roman citizenship. And being a 
Roman had its advantages, like not 
 paying taxes, being allowed to trade on a 
large scale, or move freely throughout the 

13 Watercolor 
depicting the city of 
Arles in the fourth 
century AD, painted 
by Jean-Claude 
Golvin, researcher at 
the Institute on 
Antiquity and the 
Middle Ages (IRAM).   

Under Roman Rule
Empire, for example.” The rest of the 
population presumably had to make do 
with lesser rights, although no Latin 
document refers to Gauls of more lowly 
birth, and their rights before the Roman 
conquest remain unknown. 

“This ‘colonizing machine’ was 
 perverse and faultless, attractive and 
 insidious,” according to Goudineau, 
“since Rome succeeded in turning Gallic 
chieft ains into willing and enthusiastic 
representatives of Roman policies.” In 
this way, Rome established a regime that 
hardly anyone questioned, and which 
conferred rights and external signs of 
wealth, so that “all those who could, 
longed to be part of it. Within just a few 
years, the entire Gallic aristocracy spoke 
Latin, had monuments built in the 
Roman style, and tombstones covered 
with inscriptions in Latin.” 

INCREASED URBANIZATION
A key pillar of the Romanization of Gaul 
was the importance given to urban 

 centers, existing or sometimes built from 
scratch, like Autun, in the territory of the 
Aedui.

Th e territories of the former tribes, 
connected by a road network that the 
Romans were busy extending, were each 
provided with a capital—a large town that 
served as a political, administrative, 
 religious, and economic center. In these 
towns, the entire range of Roman-style 
monuments could be found:  meeting 
places, temples, markets, game and enter-
tainment facilities (such as amphitheaters, 
arenas, or baths), not to mention civil 
engineering works (bridges, aqueducts, 
etc.). “Gallo-Roman urban planning was 
to reach its peak between the last quarter 
of the fi rst century and the middle of the 
second century AD,” says Jean-Luc 
Fiches, from the ASM laboratory.1 
“Theoretically, the towns were self- 
governed except for matters of foreign 
policy, currency, and taxation. Rome 
pressed the Gallic dignitaries to own a 
town house, but the stroke of genius was 
to create competition between the towns. 
To show its allegiance to Rome, every 
town tried to build the most beautiful 
monuments and off er the most modern 
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amenities. At the close of the fi rst century, 
for instance, the city of Arles, in the south 
of France, built an amphitheater 
modeled on the Coliseum. Its neighbor, 
Nîmes, immediately retaliated by 
 building an amphitheater of the same 
type and capacity. ”

REVIVAL OF THE CRAFT INDUSTRY
Prior to Roman rule, the Gauls were not 
accustomed to working with stone. Th ey 
would erect buildings supported by a 
framework of wood and earth, with a roof 
made of thatch, reeds, or wood. Romans 
brought new building techniques like 
lime mortar, a thick mixture that could 
be used to bind stones of every shape and 
build walls of great height able to support 
heavy-tiled roofs. 

“Th ese new techniques were adapted 
to the large buildings needed for Roman 
urban planning. They were used in 
 particular to erect very high vaults with 
extremely wide spans, like those found in 
public baths,” explains Dominique Tardy, 
from the IRAA,2 a specialized institute on 
antique architecture. “As for architectural 
decoration, using the various Roman-

imported designs as models, the Gallic 
workshops created original compositions 
that they used for a variety of moldings 
and friezes on capitals and cornices.”

Furthermore, the construction 
 industry benefited from improved 
 technologies, such as scaff olding, or the 
ability to lift  specifi c devices to cut marble 
and other hard stone into slabs. 

Craftsmen also began decorating 
buildings with mosaics, a Roman art. In 
woodwork and metalwork, new tools 
(saws, planes, or nail wrenches) and 
hardware (hooks for suspended ceilings 
or T-clamps to hold heating pipes in 
baths) modified both the working 
 routines and the products manufactured. 
“Glassblowing workshops soon spread 
across the whole of Gaul, which began 
producing containers, urns, bottles, and 
fl asks,” says Jean-Paul Guillaumet, from 
the ARTeHIS laboratory. Pottery also 
underwent a genuine revolution. Large 
production centers were established in 
Gallia Narbonensis and then in central 
and northeastern Gaul, aimed mainly at 
producing the most sought-aft er type of 
Roman pottery: terra sigillata, a type of 
plain or decorated tableware recognizable 
by its glossy red surface. Run like genuine 
mass-production plants by their rich 
owners, these factories churned out huge 
numbers of standardized products that 
fl ooded the Roman Empire. Gallo-Roman 
terra sigillata vases have been found as far 
away as the Indian subcontinent.

WINE PRODUCTION
Following Roman occupation, vineyards 
rapidly spread across southern Gaul, 
mostly around the towns of Arles, Nîmes, 
Orange, Fréjus, and Béziers, which 
 became major wine-producing centers.

 These regional wines became 
 extremely popular in Rome. Th is success 
was linked to the development of inten-
sive trade, a good example of which was 
the booming pottery industry. Over 50 
workshops were manufacturing ampho-
rae in Gallia Narbonensis during the 
second half of the fi rst century BC. “Th e 

most recent archeological fi ndings indi-
cate that Gallia Narbonensis was covered 
with vineyards throughout the High 
Roman Empire (from the reign of 
Augustus, who died in 14 AD, to the 
 beginning of the third century),” says 
Jean-Pierre Brun, director of the Centre 
Jean Bérard, in Naples.3 “It seems that 
during that period, wine was the main 
driving force behind agricultural 
 development in that province, and most 
farms allocated part of their farmland to 
vines. Viticulture became a profi table 
business due to increased demand from a 
fast-growing population—especially in 
the towns—and to new and efficient 
 distribution networks.”

At the peak of production, in the 
second and third centuries, vineyards 
were found throughout Roman Gaul: in 
Burgundy, Aquitaine, Normandy, the 
Loire and Rhône valleys, the Paris region, 
the Moselle valley and, of course, in 
Provence and Languedoc where wine was 
exported to Italy and countries to the 
East, as far as the Indian peninsula.

RURAL AT HEART
All things considered, Gallo-Roman 
 society remained essentially rural. 
Far from being archaic, a perpetuated 
myth, “Gallo-Roman agriculture was 
capable of great productivity, and 

14 This six-sided glass bottle was made by 
Gallo-Romans between the fi rst and second 
centuries AD. 15 Excavations at Sallèles-
d'Aude, located in the former Gallia 
Narbonensis, have revealed the presence of a 
village of potters, with dumps full of Gallic 
amphorae. 16 This sculpted ship dates back to 
220 AD. It was discovered at Neumagen, an 
ancient village in Belgian Gaul where large 
quantities of wine were produced. 
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above all, it showed an outstanding 
 capacity for  innovation,” explains 
Pierre Ouzoulias, from the ArScAn 
 laboratory. Th is was true of all facets of 
agriculture, including crops (new 
wheat varieties, acclimatization of 
Mediterranean plants), animal 
 husbandry (larger herds and better 
 livestock with the introduction of hardier 
breeds), tools (the plow), and farming 
techniques (crop rotation and green 
 manure). As Ouzoulias is keen to point 
out, the development of the Gallic coun-
tryside owes relatively little to the Romans. 

Historians and archeologists have long argued that the most 
famous type of Roman rural dwelling—the villa—was the ve-
hicle for this technical and cultural revolution. Yet these large 
farms (sometimes several tens of hectares in size), which oft en 
included comforts like hot baths, under-fl oor heating, or indoor 
gardens, and employed a signifi cant workforce, were never the 
“main farming system used in Roman Gaul,” adds Ouzoulias. 

“Excavations show that even in areas 
where they were fairly widespread, such 
as the extensive plains of Picardy, the 
 villas—usually controlled by powerful 
landowners who also monopolized power 
in towns—never represented more than 
a third of farms. Small farms or individual 
plots of land (worked by peasants living 
in neighboring towns) made up most of 
the countryside—much like it had been 
prior to Roman rule.

Th e incorporation of Gaul into the 
Roman Empire did, however, irreversibly 
boost the development of the  countryside. 
Th e Romans introduced new methods of 
production management, they off ered far 
bigger consumer markets to large land-
owners, and they provided more effi  cient 
transport infrastructures, not to mention 
the rapid demographic increase in the 
towns, which in return stimulated 
 demand for farm products. 

PROGRESSIVE ACCULTURATION 
Although imperceptibly, the Gauls’ 
everyday life was gradually  changing.  
Th e Romans introduced new dishes and 
ways of cooking. Rather than boiling and 
roasting food, they brought in the art of 
slow cooking and frying, and all types 
of novel ingredients like olive oil, peppers, 
aromatic herbs, oriental spices, or sauces 
and condiments. There was little 

CONTACT INFORMATION: 
 Véronique Brouquier-Reddé, 
 >  vredde@ens.fr 
 Jean-Pierre Brun, 
 >  berard@unina.it 
 Jean-Luc Fiches, 
 >  jean-luc.fi ches@wanadoo.fr 
 Dominique Tardy, 
 >  dtardy@wanadoo.fr

17 3D reconstruction 
of the sanctuary to 
the god Mars Mullo 
in Allonnes, carried 
out by the AOROC 
laboratory.

resistance to this culinary domination, 
since Gallic aristocrats wanted to eat as 
the Romans did. Something similar was 
 occurring in the arts: the literary and 
musical works written by Gauls 
 conformed to Latin and Greek genres. 

As for spiritual sustenance, the Gallo-
Romans worshipped at thousands of 
small temples scattered across the coun-
tryside and at a few monumental shrines, 
like those of Barzan, Allonnes, and 
Ribemont-sur-Ancre. “These massive 
religious complexes, built at the turn of 
the fi rst century AD, were erected on the 
sites of Gallic sanctuaries. Th ey had a 
large courtyard with a temple, and long 
porticoes along the sides,” explains 
Véronique Brouquier-Reddé, from the 
AOROC laboratory. “Obviously, Roman 
deities were venerated there, although 
worshiping the old Gallic gods was not 
forbidden.” 

In every fi eld, albeit imperceptibly, a 
new civilization was being born. The 
conquest of Gaul comes across as one of 
the most successful in the history of 
Roman colonization, partly because the 
Gallic societies had reached a level of 
 development close to that of the invader. 
All these peoples, in their respective cities, 
ended up feeling part of the same political 
entity and sharing its fundamental values. 
Th is lasted until the fi ft h century, when 
the Burgundians, Vandals, Alamanni, 
Visigoths, and other “Barbarians” sealed 
the fate of a worn-out Roman Empire. Th e 
inhabitants of Gaul were about to face 
challenging times, as they would need to 
welcome and integrate peoples from 
many diff erent horizons.
1.  Archéologie des sociétés méditerranéennes (CNRS / 

Université Montpellier-III / Ministère de la Culture et 
de la Communication / Inrap). 

2.  Institut de recherche sur l’architecture antique (CNRS 
/ Université Aix-Marseille-I / Université Lyon-II / 
Université de Pau). 

3.  CNRS / École française de Rome. 
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 Biotechnology  AlgoSource Technologies is a start-up dedicated to the production 
of microalgae. Jean Jenck, its CEO, describes this bioresource of the future.

Optimizing 
 Microalgae Production

INTERVIEW BY  CHARLINE ZEITOUN

Set up in 2008, AlgoSource Technologies sells nothing but 
its know-how. What exactly does this mean?
We are an engineering and consulting company specialized in 
the production and industrial exploitation of aquatic  microalgae. 
Like other chlorophyllic plants, these microscopic algae are 
capable of photosynthesis: they consume CO2 and release 
 oxygen while producing biomass, which can be used as a source 
of proteins, oils, or chemical ingredients, etc. In other words, 
they use light to transform undesirable CO2 into useful 
 materials. From an environmental standpoint, the value of these 
algae is that their yield per hectare could be many times greater 
than that of ordinary plants, without competing for arable land 
and fresh water supplies. However, yields 
can vary considerably depending on 
cultivation conditions. AlgoSource 
Technologies thus off ers solutions that 
are tailor-made for each customer. 

Could you give us an example?
First of all, we try to identify optimal 
conditions in terms of temperature, 
sunlight exposure, and salinity. Th en, 
depending on the type of microalgae to 
be grown, and on what the customer 
wants to produce (lipids, sugars, proteins, 
pigments, etc.), we defi ne the best type of 
reactor. Th ese range from large tanks in 
the open air or in greenhouses, to closed 
tubular photobioreactors (in which the 
microalgae grow). Photobioreactors are 
safer, because they are less exposed to 
contamination, but they are also more 
expensive. Companies may ask us for an 
environmentally-friendly and economi-
cally-viable solution to eliminate the 
chemicals they produce, like nitrates or 
phosphates, since microalgae may absorb 
such chemicals. In this case, our role is to 

facilitate collaboration between these 
companies and producers of microalgae 
or derived substances.

Is scientifi c research in this area 
crucial to your expertise?
It certainly is. Some of our research is led 
by Jack Legrand, director of the GEPEA 
laboratory,1 one of the four partners in 
the company. Research focuses in par-
ticular on optimizing photobioreactors 
 according to various factors like available 
light, CO2 levels, or the shape of the tank. 
For example, we know that photons only 

q Jean Jenck at AlgoSource Technologies’ headquarters, in Saint-Nazaire.
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“The value of 
these algae is that 
their yield per 
hectare could be 
many times greater 
than that of 
ordinary plants.”

Saint-Nazaire
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penetrate the surface of water, and that 
the less water there is to fi lter, the easier 
harvesting will be. Th erefore, we are now 
trying to use only a thin fi lm of water 
which is run down a slope so that it 
 circulates without leaving any sediment. 
This project forms part of the ANR 
Biosolis project, for which at least four 
patents are to be fi led by the GEPEA and 
its partners.2

What is the current status of 
AlgoSource Technologies?
We are targeting sales of about €300,000 
in 2010. Our fi rst employee, a researcher 
in biological engineering, is studying the 
benefi ts of microalgal protein consump-
tion for animals. Our customer portfolio 
happens to include a world leader in the 
animal feed industry. We actually partici-
pated in the registration of microalgae on 
the list of products recommended by the 
European Algae Biomass Association 
(EABA) for use in animal feed in Europe. 
We have also been elected associate 

 member of the EABA, which 
represents a true recognition 
of our eff orts. 

What are your future 
projects?
We are awaiting various in-
novations, mainly related to 
the harvesting of microalgae. 
Above all, I would like to dedi-
cate research to the refi ning 
process to make the best pos-
sible use of all the elements 
extracted from harvested 
biomass. As for AlgoSource 
itself, we want to extend our 
activities to the production 
and trading of algal biomass.

01.  Génie des procédés-environnement-
agroalimentaire (CNRS /Université de 
Nantes / Ecole des Mines de Nantes / 
ENITIAA (Nantes)).

0 2.  Laboratoire procédés, matériaux et 
énergie solaire (UPR CNRS, 
Perpignan), Gepea (Saint-Nazaire), 
Laboratoire de génie chimique et 
biochimique (Clermont-Ferrand), 
Enki Innovation (Sainte-Foy), and 
Saint-Gobain (subcontractor).

CONTACT INFORMATION: 
LIMSI, Orsay. 
Jean-Luc Gauvain 
  >  gauvain@limsi.fr

 TRY VOXALEAD.
> http://voxaleadnews.labs.exalead.com/

BY  JULIEN BOURDET 

w� French company Exalead  is defi nitely 
one step ahead: its new search engine, 
Voxalead, allows users to find specific 
videos by typing words found in their 
audio track. This novel service, which 
uses technology developed by a team in-
cluding CNRS researchers, transcribes 
into text every spoken word in a video, 
thus making it possible to quickly find 
relevant information. Simply by typing 
a word or an expression, the user is 
taken  directly to the part of the video 
where the word in question is spoken. For 
the  moment, Voxalead indexes videos 
from news channels, in six languages: 
French, English, Chinese, Arabic, Spanish, 
and Russian. In a few years’ time, more 
video sources and languages should 
 become available.

While several attempts have already 
been made on the Web to provide this 
type of service, Voxalead is the first 
search engine to achieve highly accurate 
audio-tagging and offer as many 
 languages. “This technology is the result 
of 20 years’ research on speech recogni-
tion, in multiple languages,” says Jean-Luc 

Gauvain, researcher at the LIMSI labora-
tory1 in Orsay, where the technology was 
developed. “Using the complete diction-
ary of a language, the way in which each 
phoneme is pronounced according to its 
place in a word, and how words are orga-
nized to form a sentence, we developed a 
statistical model that makes it possible 
to identify, from a spoken phrase, the 
most likely sequence of words. Each lan-
guage has its own challenges, such as 
pronunciation in English, or syntax in 
French. These particularities must be 
taken into account in our models.”

The method is particularly effective 
when the speaker has clear diction. The 
commentary of a television news pre-
senter, the voice-over on a news report, or 
a political speech2 can therefore be tran-
scribed with very few errors. However, 
when the language used is spontaneous 
(vox-pop interviews, live debates, etc.), 
speech transcription  becomes less accu-
rate. LIMSI researchers are currently 
working on improving this aspect by fur-
ther refining their model. Ultimately, 
Voxalead should be able to transcribe all 
types of video. “Having started with news 
programs, it will soon be possible to offer 
this service for podcasts and online lec-
tures,” notes Gauvain. In the long run, this 
technique could be applied to any video 
posted on the Web, making a huge 
amount of content easier to explore.

01.  Laboratoire d’informatique pour la mécanique et les 
sciences de l’ingénieur (CNRS / Universités Paris-VI 
and -XI).

02.  The French government’s website (www.elysee.fr) 
has been using Voxalead since March 29, 2010, 
to index all the President’s speeches.

Search Engine for Videos 
Voxalead 

q  Using Voxalead, Internet users can now search through 
the audiotracks of news video segments.
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AlgoSource Technologies, Saint-Nazaire.
 Jean Jenck
 >  jean.jenck@algosource.com

Orsay
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Physics The 2010 edition of the International Conference on High 
Energy Physics (ICHEP) was held in Paris this summer.

BY  XAVIER MÜLLER

I
t would have been quite diffi cult to fi nd a 
particle physicist  in their laboratory last 
 summer between July 22 and 28, since they had 
all left  for their biennial migration to ICHEP 

(International Conference on High Energy Physics), 
which was held this year at the Palais des Congrès in 
Paris. Th is not-to-be-missed meeting of minds in 
high energy physics attracted 1100 participants from 
around the world, including 500 speakers. It had 
been 28 years since France last hosted the prestigious 
conference. On this occasion, French President 
Nicolas Sarkozy,1 made an exceptional address to 
stress the crucial need to invest in science in general, 
and in fundamental sciences, such as high energy 
physics, in particular.

“It is at ICHEP that physicists working on fl ag-
ship experimental programs traditionally break the 
fi rst news of their results,” points out Guy Wormser, 
LAL2 researcher and organizer of the event. We 
learned about the new limits put on the mass of the 
Higgs boson by the Tevatron experiments, and found 
out more about the data collected by the Planck satel-
lite, which was put into orbit in May 2009 to carry 
out precise measurements of the cosmic microwave 
background, a relic of the Big Bang.  We were also 
briefed on the Franco-Italian Opera experiment, 
which studies the oscillation of neutrinos. But the 
undisputable star of ICHEP was obviously the Large 
Hadron Collider  (LHC) , CERN’s particle accelera-
tor, which became operational in December 2009.

Hot Summer for 

 Particle Physics

 LHC. 
The world’s largest 
and most powerful 

particle accelerator. 
It mainly consists of 

a 27 km ring of 
thousands of 

superconducting 
magnets buried 100 

meters 
 underground, and 

cooled down to 
about -271°C. 

An event within the event, the first “public 
 showing” of the LHC benefi tted from conferences 
dedicated to each of its four key experiments: 
ATLAS, CMS, LHCb, and ALICE. Th e accelerator 
has been running since last March and has produced 
proton-proton collisions at unprecedented energy 
levels of 7 tera-electron-volts (TeV). “We were 
stunned by the exceptional quality of the data 
 already collected,” says Wormser. “We thought it 
would take a year or two to reach that level of 
precision.” 

Th e LHC is scheduled to reach its best perfor-
mance by 2013 with collisions at 14 TeV. “We’re in 
the ramp-up phase,” explains Yves Sirois,3 CMS head 
for CNRS. Th is means that every day, physicists are 
increasing the number of colliding protons within 
the LHC. Th e  researchers have already  detected the 
production of top quarks, and of Z and W bosons, 
the elementary particles that mediate the weak force.    
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01 and 02 The Planck satellite is currently 
mapping, with unrivaled precision, the relic 
radiation (the false-color streaks across the 
map of the sky) emitted shortly after the Big 
Bang. 

03 On March 30, LHC protons collided at the 
unprecedented energy level of 7 TeV. The 
colored jets of particles show the event as 
seen by the ALICE detector. The aim of the 
experiment is to better understand the 
matter-antimatter asymmetry. 

04 The LHCb detector control center, on 
March 30. 

05 The same experiment, as seen by the LHCb 
detector. 

06 View of the CMS detector, one of the four 
LHC experiments, which tracks 
supersymmetric particles and the Higgs 
boson.  06  ©
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The other three LHC teams also took this 
 opportunity to report that their respective 
 experiments were progressing very well, and that 
they had observed their fi rst particles. ATLAS, the 
gigantic 20,000 m3 detector, has given unexpected 
results: while studying the fi rst of so-called inelastic 
 collisions, in which part of the kinetic energy of 
protons is transformed into internal energy, the 
characteristics of some of the particles produced 
were slightly diff erent from theoretical predictions. 

Th ese initial results confi rm that the LHC is now 
truly up and running. Today, the number of colli-
sions between protons producing “interesting” 
events is several dozens a day. Th is is scheduled to 
rise to 100,000 by the end of the year. And the greater 
the number of collisions, the better the chances of 
 observing the rare events tracked by the LHC, such 
as the Higgs boson or supersymmetrical particles. 
Th e LHC is therefore expected to intensify its  activity 
by the end of the year, as ALICE also  becomes 
 operational. Th is somewhat offb  eat experiment will 
not only study the exchanges of protons, but also 
those of heavy lead ions. As Yves Schutz, head of the 

ALICE project for CNRS, explains: “As far as we are 
concerned, the new physics will start at the end of 
this year.”

ICHEP was also the focus for another interna-
tional scientifi c experiment of high energy physics, 
the EDELWEISS project. Nestled at the heart of 
Mont Fréjus, within the Modane underground labo-
ratory, EDELWEISS scans cosmic particles in search 
of  hypothetical components of dark matter. In its 
current version, researchers have observed several 
events over the last few months: “Basically, we de-
tected the particles we were looking for. Yet when we 
analyzed our results in detail, we realized that the 
recorded signals could stem from residual back-
ground noise, due in  particular to neutrons whose 
origin is still poorly understood,” explains Stefanos 
Marnieros of Orsay’s CSNSM,4 one of the laborato-
ries involved. A third version of EDELWEISS  with 
increased sensitivity was also announced at ICHEP. 
Th is should let researchers get rid of background 
noise once and for all. 
01.  Can be viewed at : 

http://www.ichep2010.fr/
Allocution_N-Sarkozy.html

02.  Laboratoire de l'accélérateur 
linéaire (Université Paris-Sud / 
CNRS / IN2P3).

03.  Laboratoire Leprince-Ringuet 
(CNRS / CEA). 

04. Centre de spectrométrie 
nucléaire et de spectrométrie 
de masse (CNRS / Université 
Paris-XI).

07 The OPERA detector comprises around 150,000 
units—called bricks—each equivalent to a sophisticated 
camera. It is the elementary particles produced by the 
interaction of neutrinos with the bricks that researchers 
are seeking and measuring. 

08 This yellow plume, produced by the OPERA experiment, 
is possibly the fi rst-ever observation of the transformation 
of a neutrino from a muon-type neutrino (as emitted by 
the CERN particle accelerator) to a tau-type neutrino (as 
detected by the Opera detectors, in Gran Sasso, Italy).

09 Physicists working on the ATLAS experiment, standing 
at the entrance of their 20,000 m3 detector. 

10 The EDELWEISS experiment tracks dark matter particles 
with several  800 g germanium detectors. 

CONTACT INFORMATION:
CPPM, Marseille.
 Élie Aslanides
 >  aslanides@cppm.in2p3.fr
LAL, Orsay.
 Daniel Fournier
 >  fournier@lal.in2p3.fr
CSNSM, Orsay.
 Stefanos Marnieros
 >  stefanos.marnieros@csnsm.in2p3.fr
CERN, Geneva. 
 Yves Schutz
 >  schutz@in2p3.fr
LLR, Palaiseau.
 Yves Sirois
 >  yves.sirois@in2p3.fr
LAL, Orsay. 
 Guy Wormser
 >  wormser@lal.in2p3.fr
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Biodiversity  This year marks the UN International Year of Biodiversity (IYB). 
Ecologist Robert Barbault explains why we must act now.

Life’s 
Insurance Policy

variety of socioeconomic scenarios to 
identify probable ecological trends for the 
21st century. Th ough some scenarios are 
much less foreboding than others, all 
predict a continuous loss of biodiversity 
by 2050. Obviously, the international 
community’s 2010 deadline for stopping 
this erosion will not be met. Worse still, 
some researchers believe that species’ 
extinction rates during the next 40 years 
will be 10 times the current rate. Only a 
radical change in our way of life can re-
verse the trend. Now is the time to adopt 
an ecocentric vision of the world—our 
survival depends on it. 

What consequences will an ever-diminishing biological 
diversity have for mankind?
R.B.: Biodiversity provides us with many “ecosystem services,” 
which can be divided into four main categories: provisioning 
(food, water, wood, fibers, therapeutic substances, etc.), 
 regulating (water purifi cation, breakdown of wastes, fl ood 
prevention, carbon storage...), self-maintenance (soil formation, 
photosynthesis, nutrient cycles...) and cultural services 
 (recreational, esthetic, etc.). All of which are under threat. In 
fact, the Millennium Ecosystem Assessment forecasts an even 
more rapid degradation of most of these services between now 
and 2050. Maintaining our quality of life will become increas-
ingly expensive, and the most vulnerable countries will be the 
fi rst victims. Failing to protect biodiversity may lead to our 
 ultimate downfall.
01.  Interconnected habitat areas, often within an urban environment, that allow 

the circulation of animal and vegetal species.
02.  Laboratoire Conservation des espèces, restauration et suivi des populations 

(MNHN / Université Paris-VI).

INTERVIEW BY  JEAN-PHILIPPE BRALY

The International Year of Biodiversity 
aims to raise awareness on the 
decline in biological diversity. What 
are the scientifi c community's latest 
observations?
Robert Barbault: According to the latest 
statistics from the International Union 
for Conservation of Nature (IUCN), 36% 
of the evaluated species are currently 
threatened with extinction. Mammals, 
amphibians, birds, reptiles, freshwater 
fi sh, plants, and invertebrates—the phe-
nomenon aff ects every category of living 
beings included in the IUCN’s  monitoring 
program. Th e situation among  vertebrates 
provides a telling example: while their 
natural extinction rate is about one 
 species every 100 years, nearly 260 species 
vanished in the 20th century. Th e quan-
titative decline in certain populations, 
considered in terms of time and space, is 
also quite worrisome. For example, 
Europe lost 20% of its population of 
 common birds in 20 years.

What are the main causes behind this 
ongoing erosion of biodiversity?
R.B.: Unlike the fi ve known extinction 
crises that the Earth has already experi-
enced, this one results primarily from 
human activity. Th e trend started in the 
Paleolithic period, gained momentum dur-
ing the Industrial Revolution, and acceler-
ated in the second half of the 20th century. 
It can be attributed to a  combination 

of fi ve major factors. First is the alteration 
of natural habitats due to intensive farm-
ing, deforestation, urbanization, etc. Th e 
second has to do with the introduction, 
intentional or otherwise, of invasive plant 
and animal species. Th ird is the excessive 
concentration of nitrogen and phosphorus 
from agricultural  fertilizers and household 
wastes in soil and water. Another factor is 
the overexploitation of living resources 
through intensive fi shing, logging, or tour-
ism. Lastly, climate change plays a role be-
cause it disrupts the biological cycles of 
many species, forcing them to migrate 
northward or to higher altitudes.

What solutions are being deployed to 
counter this phenomenon?
R.B.: Several initiatives are already un-
derway, such as the creation of a growing 
number of protected areas throughout 
the world, while encouraging greater in-
volvement of local human populations. 
Certain countries, like Brazil and 
Indonesia, are willing to curb deforesta-
tion. In terms of land planning, the 
 concept of green and blue corridors1 is 
gaining wider acceptance. More biodiver-
sity-friendly techniques are being adopted 
in agriculture. Th ere are also eff orts to 
reintroduce animal species, but these are 
essentially symbolic. To  succeed, we must 
understand why the species disappeared 
in the fi rst place, analyze the ecosystem’s 
capacity to accommodate it, and secure 
the commitment of the local communi-
ties. If these conditions are not met, the 
eff ort is liable to fail.

Are these measures suffi cient?
R.B.: The Millennium Ecosystem 
Assessment (a UN-commissioned inter-
national work program) has examined a 

 ROBERT BARBAULT 
is an ecologist at 
the CERSP,2 a labora-
tory dedicated to 
species monitoring, 
and the director of 
the Department 
of Ecology and Bio-
diversity Manage-
ment at the French 
Museum of Natural 
History (MNHN). 

CONTACT INFORMATION: 
MNHN, Paris.
Robert Barbault 
>  barbault@mnhn.fr
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BY  ELAINE COBBE

O
ver the past few years, Brazil has been actively 
 promoting  investment and developing its scientifi c 
 resources. Th is policy is paying off , as the country is fast 

increasing its prominence in a number of scientifi c fi elds, and 
securing its position as scientifi c leader in South America. 

Its size and recent economic growth make Brazil a key 
player in the region. Furthermore, it is one of the best- performing 
countries among the BRICs (Brazil, Russia, India, and China), 
a group of developing  nations that economists believe will 
 command a signifi cant share of the world’s economic growth 
in the coming decades.

Brazil’s strongest research fi eld is agricultural science. In 
2000, a consortium based in São Paulo became the fi rst in the 
world to sequence the genome of a plant pathogen, the Xylella 
fastidiosa bacterium, responsible for the destruction of citrus 
crops. But other scientifi c fi elds are well represented, including 
plant and animal sciences, microbiology, pharmacology 
and toxicology, as well as ecology and the environment. Th e 
country is now broadening its spectrum, allocating 
more resources to other fields such as mathematics, for 
example. 

Th e Brazilian Ministry of Science and Technology (MCT)1 
is the main driving force behind the country’s eff ort in scientifi c 
research. Unusually, Brazil’s Minister of Science and Technology, 

Sergio Rezende, is a professor and 
 physicist who pursues his ongoing 
 research while in government. Th e MCT 
is responsible for the country’s Action 
Plan for Science, Technology and 
Innovation,2 launched by President Luiz 
Inácio Lula da Silva in 2007. Th is plan has 
an allocated budget of €18 billion 
(41 billion Reals) for 2007-2010. Brazil 
currently dedicates 1.1% of its GDP to 
research, with a view to increasing this 

share to 1.5% by 2012. (France allocates 
2% of its GDP to research.) 

Th e main priorities of this Plan are to 
increase and consolidate investment in 
science, technology, and innovation—in 
both the public and private sectors—with 
particular emphasis on strategic areas, 
like biotechnology, biofuels, and 
biodiversity. 

Over the past decades, Brazil has 
faced two major problems: a constant 
brain drain, and a failure to attract 
 students in master’s degrees or PhD 
programs. In March 2007, the Education 
Ministry launched a Plan for 
Development and Education. Th is called 
for an entire overhaul of the education 
system from primary school to further 
education. In terms of fundamental 
 research, the number of scientifi c papers 
authored by at least one Brazil-based 
 researcher has increased almost ten-fold 
over a 19-year period, from 3176 papers 
in 1989 to more than 30,000 in 2008. 
Among the BRIC partners, Brazil is 
 second only to China (more than 112,000 

Brazil  One of the fastest-growing economies in the world is actively seeking to 
commit both resources and brainpower to scientific research.

Making its Mark
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KEY FIGURES

 198  million inhabitants 
(2009)

 € 20  billion or 1.43% of GDP 
allocated to R&D (2008)

 210,716  researchers (2008) (72% 
in higher education and 
25% in industry)

 30,021  scientific publications 
(2008)

 490   co-publications with 
CNRS (2008)
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papers published in 2008) with regard to publication growth 
rate during that  period. France is Brazil’s second largest partner 
in science publishing, aft er the US.

France and Brazil have a long history of cooperation, dating 
back to the days of Oswaldo Cruz (physician), Claude-Henri 
Gorceix (geologist), and Claude Levi-Strauss (ethnologist). Th e 
two countries recently collaborated in the fi eld of biodiversity, 
through the creation of the Franco-Brazilian Center for 
Amazonian Biodiversity. 

Brazil is CNRS’s leading partner in Latin America. CNRS’s 
involvement in the country dates back to 1975 when it signed its 
fi rst agreement with the Brazilian National Council for Scientifi c 
and Technological Development (CNPq),3 which was extended 
in 2007 to include tools for structured cooperation. 

CNRS currently operates an international joint unit (UMI) 

with IMPA,4 in Rio de Janeiro, one of the 
top mathematics institutes in the world. 
Th e country also boasts two existing LIAs 
(International Associated Laboratory). 
Th e fi rst, associating CNRS and FioCruz5 
in Rio de Janeiro, focuses on immunology 
and biomedical research while the 
 second, named IPAF,6 coupled with 
UESC7 and based in Ilhéus, specializes in 
chemical analyses. 

A third LIA specialized in electro-
magnetism and magnetic modeling 
(called MAXWELL) should soon be 
launched. It will bring together CNRS, 
São Paulo University, UFSC8 in 
Florianópolis, and UFMG9 in Belo 
Horizonte.

CNRS and Brazilian institutions are 
involved in a number of other collabora-

tions including 9 PICS (International 
Programs for Scientific Cooperation), 
and 26 bilateral and 16 regional projects 
 promoting researcher exchanges. CNRS 
is also part of an important Franco-
Brazilian Network in mathematics. 

In 2010, CNRS took its commitment 
further by establishing an offi  ce in Rio de 
Janeiro. Th is is the second CNRS offi  ce in 
Latin America, and the fi rst in the region 
to be dedicated to a single country (see 
box). Th is should help to strengthen the 
numerous existing ties between the two 
countries.
01. Ministério da Ciência e Tecnologia.
02.  Plano de Ação de Ciência, Tecnologia e Inovação 

(CT& I) para o Desenvolvimento Nacional 2007-2010.
03.  Conselho Nacional de Desenvolvimento Científi co e 

Tecnológico.
04. Instituto Nacional de Matemática Pura e Aplicada.
05. Fundação Oswaldo Cruz.
06. Instituto de Pesquisa e Análises Físico-químicas.
07. Universidade Estadual de Santa Cruz.
08. Universidade Federal de Santa Catarina.
09. Universidade Federal de Minas Gerais.

CONTACT INFORMATION: 
CNRS Offi ce, Rio de Janeiro.
 Jean-Pierre Briot 
 >  contato@cnrs-brasil.org
Deputy director for the Americas, Paris. 
 Claire Giraud
 >  claire.giraud@cnrs-dir.fr
Program assistant for Latin America, Paris.
 Antonia Alcaraz 
 >  antonia.alcaraz@cnrs-dir.fr

 ONLINE.
> http://www.cnrs-brasil.org 

 NEW RIO OFFICE FOR CNRS

Last June, the new 
CNRS office in Brazil 
was officially 
inaugurated in Rio 
de Janeiro. For the 
time being, CNRS 
Brazil is run 
single-handedly by 
bureau director 
Jean-Pierre Briot. Yet 
the establishment of 
the new office 
underlines CNRS’s 
commitment to 
Brazil as a key 
partner in Latin 
America. Up to now, 

all CNRS action in 
Latin America was 
coordinated by the 
regional office in 
Santiago de Chile. 
That office, which 
opened in 2002, 
continues to oversee 
CNRS activities in the 
region, now with the 
exception of Brazil. 
“Brazil is a country 
that has greatly 
increased its 
strategic importance 
in recent years,” 
Briot explains. 

The new director 
says his main 
objective is to help 
build more 
structured 
cooperative projects 
between the two 
countries. “There are 
strong links between 
the scientific 
communities in 
France and Brazil.” 
While many joint 
projects already 
exist, he would like 
to see more of them 
develop formal 

structures, like LIAs, 
GDRIs, or UMIs. Briot 
sees his role as 
representing both 
CNRS in Brazil, and 
Brazil’s scientific 
potential for CNRS. 
His objectives also 
include identifying 
collaboration 
opportunities and 
helping Brazilian and 
French scientists in 
ongoing cooperative 
projects.

01 Rio de Janeiro. 02 Ongoing research with 
the UFMG. Measurement of the 
electromagnetic effect of an electric cable on 
a maintenance electrician, on a colored scale 
from no effect (blue) to high effect (yellow).
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BY  MATHIEU HAUTEMULLE

I
n the race to develop new energy 
technologies,  so-called “concentrated 
solar energy” (or concentrated solar 

power, CSP) could take off in an 
 unexpected manner. Solar power is still 
today dominated by photovoltaic panels, 
which instantly convert solar radiation 
into electricity. CSP works diff erently, as 
it can store this heat and convert it into 
electricity when needed. 

Although minor today, concentrated 
solar radiation could  account for at least 
11% of the world’s electricity production 
by 2050, the  equivalent of the contribu-
tion expected from photovoltaic panels at 

that time.1 This is great news for the 
SolLab European Research Network 
(GDRE), created in October 2004 “to 
boost concentrated solar energy produc-
tion,” explains Gilles Flamant, initiator of 
the project and  director of CNRS’s 
PROMES laboratory,2 one of the five 
GDRE members alongside German, 
Spanish, and Swiss laboratories. 

Six years aft er its creation, the SolLab 
 alliance is radiant: its fi eld of research, 
neglected since the mid-1980s, has seen a 
sudden surge of interest. Construction of 
industrial-scale power plants has already 
begun in Spain, the US, and China. 

“Although competition is increas-
ingly present in this fi eld, laboratories are 

still able to work together on joint 
 research programs and in think tanks,” 
continues Flamant. 

In this emerging field, which still 
needs to establish norms, researchers 
have, for example, standardized tools, 
methods, and measurement conditions 
in order to properly evaluate and compare 
the power-generating  capacity of 
 installations. “Industry needs extremely 
accurate data on the  energy effi  ciency of 
a site. A 2% discrepancy can completely 
change an annual balance sheet,” explains 
the physicist.

SolLab, which has brought together 
300 researchers, engineers, technicians, 
and administrative staff, facilitates 

SolLab  Five European laboratories have been actively working in the field of 
concentrated solar energy, a technology with a very promising future.

Concentrated 

 Solar Radiation 
 CONCENTRATED.  

 SOLAR ENERGY. 
Process by which an 

array of parabolic 
mirrors focuses 
sunlight onto a 
small area. The 

concentrated heat 
can be stored or 

converted into 
electricity.

01 Final check of the 159 hexagonal mirrors of the solar furnace at the German Aerospace Center (Koln, Germany), partner of the GDRE SolLab. 02 The solar tower of the 
Thémis solar plant (Targasonne, France). 
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 exchanges between scientists. GDRE 
teams share their respective equipment 
with other researchers: “Each SolLab 
laboratory has a solar concentration 
unit.” PROMES, for example, works in 
Font-Romeu-Odeillo-Via (southwestern 
France) with several solar furnaces. 

The aim of this joint effort is to 
 improve each and every step of the entire 
chain for converting solar radiation into 
electricity or into hydrogen. Researchers 
work, for instance, on the quality and 
lifetime of the materials used to harness 
and concentrate solar beams. Th ey study 
heat transfer by the fl uids—such as air or 
water—that convey the energy inside the 
conversion system. 

Researchers also strive to increase 
energy storage times—an area where 
concentrated solar radiation already has 
an advantage over photovoltaic or wind 
power sources—and improve the safety 
and environmental impact of these 
 various techniques.

Th e “hard core” of SolLab has also 
established close ties with other laborato-
ries in Italy and Israel. Th is extended 
network, known as SFERA (Solar 
Facilities for the European Research 
Area), an EU-funded research project 
within the 7th Framework Research and 
Development Program, aims to improve 
SolLab’s imposing infrastructures and 
make them accessible to all researchers 
on the planet. SFERA was set up with the 
backing of the European Commission 
which, as Flamant states, “has supported 
concentrated solar energy for a long 
time,” and now recognizes SolLab as a 
key European leader in the fi eld.
01. Source: International Energy Agency, May 2010.
02.  Laboratoire Procédés, matériaux et énergie solaire 

(CNRS).

CONTACT INFORMATION: 
PROMES, Font-Romeu-Odeillo-Via.
Gilles Flamant 
 >  gilles.fl amant@promes.cnrs.fr

The Kastler Foundation 
(FNAK): Helps foreign 

researchers settle in France and 

maintains contact after their 

departure. 

> www.fnak.fr

Foreign embassies and 
consulates in France: 
> www.diplomatie.gouv.fr/annuaire/

French embassies and 
consulates abroad: 
> www.expatries.diplomatie.gouv.fr/

annuaires/annuaires.htm

Association Bernard 
Gregory: This association helps 

young PhDs from any discipline find 

employment. 

> www.abg.asso.fr

France Contact will help you 

plan and arrange your stay 

in France. 

> www.francecontact.net

Edufrance: Information on 

France’s higher education 

programs—course enlistment, 

grant and fellowship applications.

> www.edufrance.fr

 working in a french lab, practical information:

euraxess i
This portal provides information 

on grants, fellowships, or positions 

available throughout Europe 

as well as practical information 

(accommodation, childcare and 

schools, healthcare...) for each 

country.

> http://ec.europa.eu/euraxess/ 

cordis i
Cordis is the gateway to European 

research and development. It lists all 

information on the funding allocated 

by the 7th European Framework 

program (FP7). 

> http://cordis.europa.eu

égide i
Égide is a non-profit organization 

that manages French government 

international mobility programs. 

Many funding opportunities are 

listed on the website, and most of 

the content is in English.

> www.egide.asso.fr

 Grants / Fellowships

 

ELI UPDATE

w�The Extreme Light Infrastructure (ELI) project  aims to provide 
Europe with the most powerful lasers in the world. Spread across four 
complementary sites, these lasers will deliver pulses with power levels 
approaching 200 petawatts (200 x 1015 watts). 

The fi rst three sites, scheduled to become operational by late 2015, 
have just been selected. They are located in the Czech Republic (outskirts 
of Prague), in Hungary (Szeged), and in Romania (Magurele). The fourth site, 
which will be equipped with the highest-intensity laser, will be selected in 
2012, and should be operational by 2017. 

q Illustration of the 
future ELI nuclear 
physics facility in 
Magurele (Romania).

 ONLINE.
> www.eli-beams.eu
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BY GÉRALDINE VÉRON

w� The bell tower of Saint-Martin’s collegiate 
church in Angers was not built in the 11th century, 
as specialists long believed, but at the end of the 
9th century. This is one of several important 
 historical rectifications made by the “Ceramic 
Building Materials and New Dating Methods” 
European Network (GDRE TCA), which involves 12 
teams from CNRS and other European laborato-
ries (Italy and the UK). Following these results, the 
GDRE was recently renewed until the end of 2012, 
ensuring that the 30 or so experts can continue to 
revisit the history of 6th to 11th century medieval 
monuments.

The GDRE was created in 2005 by archeologist 
Christian Sapin, from the ARTeHIS research unit,1 

Dating Experts Revisit History
and physicist Pierre Guibert, from the IRAMAT.2 

Both specialists believed in the need for archeolo-
gists, art historians, and dating specialists to 
structure their research and be able to evaluate 
the dating of building materials from emblematic 
sites, using high-performance methods.

These include carbon dating, for charcoal in a 
mortar; dendrochronology, to date wooden 
 objects; thermoluminescence, which can specify 
when bricks were fired; and archeomagnetism, 
which can determine when materials were last 
heated. “By crossing results from these various 
methods, we can obtain startling information 
about how materials were produced, how they 
were re-used, and the chronology of monuments 
such as the Notre-Dame-sous-Terre chapel at 
Mont-Saint-Michel (Normandy),” explains Guibert. 
Driven by such exciting conclusions, researchers 
are working to refine and expand the scope of 
these techniques, and to extend their activities to 
eastern France and Italy. “Our objective,”  affi rms 
Sapin, “is to continue building an international 
network focused on this type of research.”

 
01.  Archéologie, terre, histoire, sociétés (CNRS / Université de Bour-

gogne / Ministère de la Culture et de la Communication).
02.  Institut de recherche sur les archéomatériaux (CNRS / Université 

Bordeaux-III / Université d’Orléans / Université de technologie de 
Belfort-Montbéliard).

European Network

CONTACT INFORMATION: 
ARTeHIS, Dijon.
Christian Sapin
 >  sapin.christian@wanadoo.fr
IRAMAT, Bordeaux.
Pierre Guibert
 >  guibert@u-bordeaux3.fr
DERCI, Paris.
Francesca Grassia 
 >  francesca.grassia@cnrs-dir.fr

q    These brick 
samples can be 
dated by analyzing 
their magnetic 
fi eld—a sort of “time 
code” that was 
imprinted when they 
were fi red.  

e IRAMAT.2

archeolo-
cialists to
o evaluate
mblematic

Dijon

Bordeaux

Paris
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w Jules Hoffmann, research director emeritus at CNRS 
 and professor at Strasbourg University, was awarded the 
2010 Keio Medical Science Prize for his work on insect 
innate immunity. Hoffmann and his colleagues discovered 

that the Drosophila Toll receptor acts 
as a microbial sensor and activates 
intracellular signaling pathways, 
thereby inducing anti-microbial 
response. This fi nding represents a 
major step forward in the 
understanding of animals’ immune 
system.

franco-vietnamese 
cooperation i
 The creation of the 
international associated 
laboratory (LIA) FV-PPL1 was 
signed on September 16 at 
the CNRS headquarters in 
Paris. The LIA will strengthen 
cooperation in various fi elds 
of physics, including high-
energy physics, nuclear 
physics, astrophysics, as well 
as in computation methods. 
It is also aimed at promoting 
education and training in 
these fi elds.
01. France Vietnam Particle Physics Laboratory.

q  From left to right : Philippe Chomaz, of the 
French atomic energy commission (CEA), 
Minh-Hà Pham-Delègue,  director of CNRS’s  
international offi ce (DERCI), Lê Dinh Tiên, 
Vietnam’s Vice-Minister for Sciences and 
Technologies, and Jacques Martino, Scientifi c 
Director of CNRS’s IN2P3. 
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BY  PATRICIA CHAIROPOULOS

I
n the imposing Parisian building 
 that has housed its offi  ces ever since its 
creation, the Human Paleontology 

Institute (IPH)1 celebrated its centennial 
this year. Th e festivities included a series 
of lectures aimed at the general public, a 
travelling exhibition, the launch of a 
Franco-Monacan commemorative 
stamp, and an international conference 
(June 2-6) that brought together 78 
 researchers from various fi elds (geology, 
paleontology, paleobotany, etc.) and from 
24 countries to discuss the lives and 
 lifestyles of our remote ancestors.

Th e IPH is entirely dedicated to shed-
ding light on the very fi rst humans. Who 
were they? How did they live from day to 
day? What were the consequences of 
major technological breakthroughs such 
as the development of stone tools or the 

domestication of fi re? Th ese are some of 
the mysteries that the members of the 
IPH have been striving to solve since its 
creation in 1910.

The institute’s founder was none 
other than Prince Albert I of Monaco. 
“A learned, erudite man, he was keenly 
interested in the origins of man—both 
from a scientific and a philosophical 
point of view,” explains Henry de Lumley, 
IPH director since 1981. “Aft er seeing the 
Paleolithic cave paintings at Cantabrie 
(Spain) in July 1909, and upon the advice 
of the Abbot Henri Breuil and of 
Marcellin Boule, a professor of 
 paleontology at the Museum of Natural 
History, the prince decided to fi nance the 
institute, which he conceived as an 
 independent entity with no ties to any 
other institution.

At its recently-renovated 1200 m2 
headquarters, the IPH houses an exten-

sive collection of tens of thousands of prehistoric objects and 
bones that are available to researchers from around the world. 
It also incorporates a research structure associated with CNRS, 
as well as a constantly-evolving technological platform that 
applies medical scans and 3D imaging to paleontology. Th is 
extends to the recently-launched “scannothèque”—an image 
bank that already boasts the medical scans of some 15 fossil 
specimens from Europe and Asia. 

In its quest to fi nd the earliest traces left  by our forebears, 
the IPH plays an active role in the fi eld, coordinating and fund-
ing leading-edge research projects. Prehistoric sites in France 
(the Tautavel and Le Lazaret caves), Africa (Ethiopia and 
Mauritania), and Asia (India, China, South Korea) are analyzed 
using an array of methods including magnetostratigraphy, 
geochronology, or even palynology (the study of pollens and 
spores). “In every project, the primary goal is to improve our 
understanding of early humans and their daily life on diff erent 
continents,” de Lumley explains. The results are often 
 remarkable. For example, explorations in the Fejej region of 

southern Ethiopia in 2002 led to the 
 discovery of remains of ancient hominids 
of the Australopithecus anamensis type. 
“Based on the associated fauna, these 
human remains are probably between 4.2 
and 5 million years old,” says de Lumley. 
“Th ese were the very fi rst humans, who 
probably subsisted as scavengers.” 
01.  Institut de Paléontologie Humaine (CNRS / MNHN). 

www.fondationiph.org

Paleontology  From on-site excavations to the dissemination of knowledge, the 
Human Paleontology Institute is dedicated to studying the history of early humans.

In the Footsteps of 
Mankind

CONTACT INFORMATION: 
IPH, Paris.
Henry De Lumley 
 >  iph@mnhn.fr

01  Painting by Louis Mayer, illustrating the decision by prince Albert I of Monaco to open the 
Institute of Human Paleontology.  02 Jawbone fragment of Australopithecus anamensis, a 
4-million-year-old bipedal hominid, born in Ethiopia.
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�Founded in 1939 by governmental 
decree, CNRS is the largest 
fundamental research organization 
in Europe. 

CNRS is involved in all scientifi c 
fi elds 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 2010 budget 
was €3.1 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 offi ce 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 Offi ce 
(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 
offi ces abroad, as well as on science and 
technology offi ces in French embassies 
around the world.

CONTACT INFORMATION: 
> derci@cnrs-dir.fr

WEBSITE: 
> www.cnrs.fr/derci
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 Nanowaves 
w These tiny undulations, though very 
esthetically-pleasing, spell disaster for 
scientists. The picture, taken using scan-
ning electron microscopy, represents 
photoresist wires, about 350 nm wide and 
1 µm thick, on a silicon substrate. It won 
Lino Eugène, post-doc in the CRN21 labora-
tory at the University of Sherbrooke 
(Quebec, Canada), the second prize of the 
2010 scientifi c picture contest organized 
by the LIA-LN2.2

Photoresists are light-sensitive mate-
rials used by the semiconductor industry 
to form patterned coatings on substrates 
through a process called photolithogra-
phy. Practically, a photoresist is exposed 
to light through the patterns of an optical 
mask, which makes the areas exposed to 
light either soluble (positive photoresist), 
or insoluble (negative), to a specific 
chemical developer.

In this particular experiment, the 
wires, designed to be straight, were 
deformed after development, probably 
due to the release of residual stresses in 
the resist. 

01.  Centre de recherche en nanofabrication et en 
nanocaractérisation. 

02.  Laboratoire international associé en 
nanotechnologies et nanosystèmes. 

CONTACT INFORMATION: 
 Lino Eugène 
 >  lino.eugene@usherbrooke.ca©
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