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Editorial

BY  JEAN-FRANÇOIS STÉPHAN,*  

DIRECTOR OF THE CNRS NATIONAL INSTITUTE FOR 

EARTH SCIENCES AND ASTRONOMY (INSU)

In Stockholm last September, the 
Intergovernmental Panel on Climate 
Change (IPCC) disclosed the contents of 
its Fifth Report (AR5), which assesses the 
state of scientific knowledge on the Earth’s 
climate system and the changes affecting 
it (Working Group I). Greater awareness 
of the interactions between the various 
components in the system, a more sophis-
ticated observation strategy encompassing 
the natural and historical archives of the 
past, and sustained international effort in 
making climate models more accurate (the 
CMIP5 project), have helped climate sci-
ence progress significantly since the  
previous report in 2007. This enhanced 
capacity has made it possible to confirm 
the basic trends discussed in the Fourth 
Report—and indeed anticipated since the 
1990s. In this cooperative effort, the re-
search conducted by CNRS and its key 
partners (Météo France, CEA, CNES, 
IRD, and a host of universities) provides a 
vital contribution and displays France’s 
expertise in the field.

In parallel, the scientific community is 
increasingly called upon to describe and 
explain the regional and local impact of 
global climate change, in order to put 
forward a range of adaptive measures for 
decision-makers. This is the mission of  
the IPCC Working Group II, whose  
report will be released later this year. It 
represents a new key challenge for re-
search, with a host of ancillary issues, such 
as the combination of spatial and temporal 
scales, the improvement of local and  
regional models, and the integration of a 
whole array of complex processes and  
interactions. The search for solutions  
involves many CNRS disciplines, from 
mathematics to the humanities and social 
sciences. Our organization is thus very 
well positioned to take up the challenges 
raised by the Fifth IPCC Report.

*  Our colleague  Jean-François Stéphan passed away on 
December 21, 2013.
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CO2 at a Glance
w� Everything you always wanted to know about CO2 emissions is 
now accessible on the Global Carbon Atlas, a new online platform 
designed to “explore, visualize, and interpret global and regional 
carbon data arising from both human activities and natural 
processes.” 

The Global Carbon Atlas was completed through the combined 
efforts of over 30 laboratories worldwide. It was coordinated by 
Philippe Ciais from the LSCE1 and sponsored by the Climate 
Initiative Program of the BNP Paribas Foundation. The platform 
compiles and provides data on CO2 emissions from various energy 
sources (oil, coal, gas, etc.) in 216 countries and territories. The 
attractive and playful design makes it a very efficient tool for 
informing all citizens, from politicians to the general public.

01. Laboratoire des sciences du climat et de l’environnement (CNRS / CEA / UVSQ).

w� On November 22, 2013, the European 

Space Agency (ESA) successfully launched 

three identical SWARM satellites from the 

Plesetsk spaceport in northern Russia. For 

four years, these will monitor the Earth’s 

magnetic field, measuring precisely  

the signals originating from the Earth’s  

core, mantle, crust and oceans, as well  

as its ionosphere and magnetosphere.

Two of the satellites will fly side by side 

(approximately 150 km apart) at an initial 

altitude of 460 km, while the third will rise 

up to an initial altitude of 530 km. This 

constellation will make it possible to 

collect simultaneous data from three 

different local times and locations,  

and help distinguish the sources of the 

various magnetic signals detected.

The satellites carry the same instruments, 

three of which are exclusively dedicated 

to the study of the magnetic field.  

The Absolute Scalar Magnetometer, 

specifically designed by French teams,1 

can measure the strength of the magnetic 

field with unprecedented accuracy. 

The Earth’s magnetic field originates from 

every magnetic source—electric currents 

and magnetic matters—present inside it, 

on its surface, and in its close spatial 

environment. It acts as a protective shield 

against solar winds, cosmic radiation,  

and charged particles that bombard our 

planet. It is currently weakening over  

the South Atlantic and Southern American 

regions. It has also been known to 

periodically reverse orientation,  

a phenomenon preceded by a progressive 

worldwide decrease in its intensity.  

A better understanding of its mechanism 

is therefore vital to anticipate changes.  

01.  From CEA-Leti, Centre national d’études spatiales, 
and Institut de physique du globe de Paris.

CONTACT INFORMATION:
IPGP, Paris. 
 Gauthier Hulot 
 >  gh@ipgp.fr

Earth’s Magnetic Field under SWARM Scrutiny

q  Artist’s view of 
SWARM, the ESA’s 
three-satellite 
constellation.

qPictured here,  
a map showing 
tons of CO2 
emitted per 
person in 2012 
from natural gas 
consumption. 

 ONLINE.
> www.globalcarbonatlas.org
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Nomination

French Mathematician 
Heads the ERC
w� On January 1st, 2014, French 
mathematician Jean-Pierre 
Bourguignon  became the new president 
of the European Research Council (ERC).

Bourguignon studied at France’s 
prestigious Ecole Polytechnique, and 
obtained his PhD in mathematics at 
Paris-VII University. He spent his entire research 
career at the CNRS, and also held a professorship  
at the Ecole Polytechnique from 1986 to 2012. 
Between 1994 and 2013, he was director of the 
Institut des Hautes Études Scientifiques (IHÉS).  
This international research institute, whose  
visiting professors include many Fields Medal 
recipients, contributes significantly to French 
excellence in mathematics.

Bourguignon sits on the scientific board of 
several European institutions. He was also president 
of the Société Mathématique de France (1990-1992) 
and of the European Mathematical Society (1995-
1998). He is a foreign member of the Royal Spanish 
Academy of Sciences and has been a member of the 
Academia Europaea since 1996. He was elected 
honorary member of the London Mathematical 
Society in 2005, made Doctor Honoris Causa of Keio 
University (Japan) in 2008, and Doctor Honoris Causa 
of Nankai University (China) in 2011.
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AwardT
he 2013 Nobel Prize in Physics 
was awarded to theoretical 
physicists François Englert and 
Peter W. Higgs  who, together 

with Robert Brout (who died in 2011), 
imagined and developed the Higgs boson 
theory 50 years ago.

The existence of the Higgs boson was 
confirmed in 2012 by the ATLAS and 
CMS experiments at CERN’s Large 
Hadron Collider (LHC), near Geneva. The 
timing of this award is therefore a wel-
comed acknowledgement of the tremen-
dous efforts undertaken by the interna-
tional physics community to make the 
theoretical Higgs boson a reality. 

A substantial number of French re-
searchers played an important role in the 
experimental aspects of the discovery. 
Indeed, teams from the CNRS and CEA 
who participated in the ATLAS and CMS 
experiments have been heavily involved  
in the LHC physics program over the past 
20 years, and some of their analyses  
have proved decisive in the search for  
the boson. 

As for the LHC itself, French engineers 
helped design and supervise the manufac-
ture of the superconducting magnets, 
which focus and guide the particle beam 
in the accelerator. In addition, detectors 
designed and built by CNRS teams (in 
partnership with French industry) played 
a crucial role in the discovery. A great deal 
of work also went into developing soft-

ware, understanding the performance of 
the detectors and calibrating them. This 
made it possible to achieve the experimen-
tal precision required to detect the boson.

During the most intensive period of 
simulation and data analysis, the 
Worldwide LHC Computing Grid, which 
links up computing centers around the 
world, proved well up to the task, routinely 
processing up to 200,000 simultaneous 
physics analysis requests. France played 
an active role in this process, with the in-
volvement of one of the largest computing 
centers in the world, the CNRS National 
Institute of Nuclear and Particle Physics’ 
Computing Center (CC-IN2P3) in Lyon, 
as well as eight other regional sites. 

As regards funding, France, as a mem-
ber of CERN, participates in the organiza-
tion’s budget to the tune of 15%. Teams 
from CNRS and CEA laboratories played 
a pioneering role in the project, which was 
carried out by a collaboration of more 
than 7000 scientists from all continents. A 
total of 210 physicists from the CNRS and 
CEA are taking part in the LHC project. 
Several hundred engineers and techni-
cians—most of whom have worked on  
the four experiments ALICE, ATLAS, 
CMS, and LHCb from the outset—joined 
them while the detectors were being  
built. Key components of these large  
detectors bear the stamp of this contribu-
tion, which draws on strong technical, 
engineering, and production expertise. 

w� For his pioneering work on lithium 
ion battery technology, CNRS senior 
researcher Rachid Yazami has been 
awarded the Charles Stark Draper 
Prize for Engineering by the American 
National Academy of Engineering 
(NAE). He shares this distinction with 
John Goodenough (US), Akira Yoshino 
and Yoshio Nishi (both from Japan), 
who all participated in the 
development of rechargeable lithium 
ion batteries over the past 35 years.

Born in Fez (Morocco), Yazami 
graduated from the Institut National 
Polytechnique (INP) in Grenoble (France) 
in 1978. In 1980, during his PhD studies, 
he was the first to 
successfully insert 
lithium into graphite  
in a reversible manner. 
A CNRS researcher since 
1985, he has spent 10 
years at Caltech (US) 
and has been 
working at the 
Nanyang 
Technological 
University 
of 
Singapore 
since 2010.  

Higgs Boson: 
from Theory to Reality
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q Real CMS 
proton-proton 
collision events 
showing 
characteristics 
expected from the 
decay of a Higgs 
boson. 

q François Englert (left)  
and Peter Higgs (right).  
.

q  Rachid Yazami.
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BY  MATHIEU GROUSSON

I
n its distant past, Mars could in-
deed have harbored life—and this 
over a longer period than previously 
believed. Announced throughout 

2013, the first conclusions and findings 
of NASA’s Curiosity investigations on  
the Red Planet were published in Science 
last December. Yet it is much too early  
to give a definitive answer as to whether 
or not life, however rudimentary, ever 
existed on the Red Planet. After a year 
and a half on Mars, Curiosity, two of 
whose ten scientific instruments  
involved significant French participa-
tion, is bound to make even more  
remarkable discoveries. 

Remotely controlled from Earth, 
NASA’s latest Mars rover is a technologi-
cal tour de force. Curiosity is a 900-kg 
giant loaded with no less than 80 kg of 
scientific equipment. Enough to comb a 
20-km area around Gale crater, near the 
Martian equator, over a minimum period 
of two years. “It’s the first time we have a 
rover with such powerful capabilities,” 
says an enthusiastic Sylvestre Maurice 
from IRAP1 in Toulouse, and co-princi-
pal investigator for the ChemCam  
scientific instrument.   

UP AND RUNNING 
After Curiosity’s successful landing in 
2012, the mission’s 500 engineers and 
scientists watching it from Earth—includ-
ing those in Toulouse and Paris—initiated 
a 90-day program to get it up and run-
ning. On the tenth day, the rover issued its 
first weather report, announcing tempera-
tures ranging from –11 to – 71 °C, a pres-
sure of 7 hectopascals, and a north-west 
wind. Then on day 14, the ChemCam  

instrument analyzed its very first rock. 
This crucial piece of equipment, which was 
developed by the French Space Agency 
(CNES) and several French laboratories 
coordinated by IRAP, can determine the 
chemical composition of rocks up to seven 
meters away. To achieve this, it fires a laser 
at a sample of rock before recording and 

analyzing the light emitted by the result-
ing plasma, which is characteristic of the 
elements it contains. “From that moment 
on, we started doing science,” Maurice 
explains. Since then, the rover has fired 
over 100,000 laser shots.

On the morning of day 27, Curiosity 
set off for its first destination, the Glenelg 

Astronomy  For over a year, the rover Curiosity has been exploring the surface of 
Mars for possible prebiotic chemistry, making remarkable discoveries in the process.

Life on Mars: 
New Clues Surface 

01
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site, a few hundred meters away from the landing area. 
“Although it is in the opposite direction from Mount Sharp, the 
rover’s main destination, the first images showed geological 
structures that encouraged us to make a short detour,” explains 
Maurice. The scientists were definitely not disappointed. “We 
discovered rocks whose shape revealed that they had been 
rolled along in water, evidence that Curiosity was in the bed of 
a river or stream,” says Michel Cabane, from LATMOS.2 This 
is not the first time that scientists confirm the presence of water 
on ancient Mars. Yet as Cabane points out, “at Glenelg, we have 
evidence that water flowed for quite some time with significant 

speed, strength, and decimeter-scale 
depth, if not more. It is incompatible 
with a flow caused merely by a short-
lived instability.”   

PROMISING ANALYSES 
“Curiosity then examined its first un-
usual specimen, namely a volcanic rock 
similar to the ones erupted by Tenerife 
volcanoes,” reports Cabane. Although 
this did not provide any information 
about Mars’s past habitability, it did show 
that the rover’s various instruments 
could operate together and complement 
one another. A sandbank gave the scien-
tists an opportunity to test the rover’s 
mechanical shovel. It was able to collect 
samples before delivering them to  
the instruments designed to carry out in 
situ analyses.  

“These were the first soil analyses 
carried out by SAM, just to test the de-
vice’s capacity,” Cabane explains. 
Developed partly by CNES, LATMOS, 
and LISA,3 SAM is a miniaturized  
laboratory. The different chemicals pres-
ent in a rock matrix, especially the  
carbon compounds associated with life, 
are first separated out in a set of ovens 
before being sent to three instruments 
that determine their chemical and  
isotopic composition. One of SAM’s 
projects, co-headed by Cabane, is to in-
vestigate the presence of organic mole-
cules—a signature of life—in the Martian 
atmosphere, soil, and rocks. 

Further analysis showed that the sand 
in the dune is chemically similar to that 

already studied in other spots by the rov-
ers Spirit and Opportunity and is thus 
representative of the planet as a whole. In 
addition, tests revealed that the fine 
grains richest in iron and magnesium 
exhibit hydration associated with a non-
crystalline mineral phase, and that this 
water has the same isotopic composition 
as that found in the Martian atmosphere. 
As Pierre-Yves Meslin, also at IRAP, ex-
plains, “this level of hydration is consis-
tent with that of the global Martian sur-
face as measured by satellites. It is 
therefore likely that the global hydration 
of Mars could be due to the hydration of 
this non-crystalline phase contained in 
the sand. Moreover, the isotopic similar-
ity with the water vapor in the atmosphere 
suggests that Mars built up these reserves 
of water in a recent phase of its develop-
ment rather than through interaction 
with liquid water in the distant past.”  
This is a crucial finding given that the ori-
gin of these reserves is one of the keys to 
understanding the evolution of the 
Martian climate.  

CONVERGING EVIDENCE 
The real highlight, however, came a year 
ago. Curiosity was exploring a site known 
as Yellowknife Bay, made up of what ap-
peared to be sedimentary rocks criss-
crossed by veins filled with white crystals. 
“We immediately thought that these 
might be salts left by water after evapora-
tion,” Cabane recalls. The CheMin, 
ChemCam, and APXS instruments then 
went into action, followed by SAM and 

05 At FIMOC (French 
Instrument Mars 
Operation Center)  
in Toulouse, the  
data sent by  
the ChemCam 
instrument is 
analyzed in real time. 

05
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01 Curiosity’s 
ChemCam 
instrument analyzes 
rocks and soil.  
02 Images of  
the Martian ground 
before (left) and  
after (right) the  
laser beams are  
fired. 
03 The scoop that 
Curiosity uses to 
collect samples of 
small aeolian 
deposits (04). 
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CONTACT INFORMATION:
LATMOS, Paris and Guyancourt. 
 Michel Cabane 
 >  michel.cabane@latmos.ipsl.fr
IRAP, Toulouse. 
 Sylvestre Maurice 
 >  sylvestre.maurice@irap.omp.eu
Pierre-Yves Meslin 
>  pierre-yves.meslin@irap.omp.eu

CheMin once more, which in particular 
analyzed a drilled sample. It turned out 
that the rocks were made up of a  
mixture of mud and clay intertwined 
with mineral veins containing  
sulfates and other compounds. Such 
minerals usually form in the presence of 
relatively fresh water, while calcium sul-
fates indicate water with a neutral or 
mildly alkaline pH. Moreover, the miner-
als observed showed a low degree of  
oxidation, and could have been oxidized 
by microorganisms as a source of  
energy, just as they are by chemolithotro-
phic bacteria on Earth.   

Researchers are convinced that the 
data collected by Curiosity confirms that 
the conditions for the emergence of life 
were once present on Mars. Admittedly, 
evidence for this has been piling up over 
the past decade: ancient riverbeds, the 
presence of carbonates and clays, possible 
intermittent brine flows in ravines, and 
so on. The Opportunity mission, 
launched in 2003 but still operational 
today, even discovered rocks formed in 
an aqueous environment—although 
highly acidic and providing little energy. 
As Maurice explains, “this is the first 
time that all the ingredients needed for 
the emergence of a prebiotic chemistry—
one that allows the emergence of life—
have been observed in a single location 
on Mars.”  

And that’s not all. Remote sensing 
carried out by the Mars Express space-
craft had previously shown that clays are 
present on Mars, particularly in 3.7 to 4 
billion-year-old terrains. This led to the 
idea that the best place to look for possible 
habitable conditions was in the oldest 
terrains. However, the clays analyzed by 
Curiosity are obviously more recent. 
“This shows that the lacustrine condi-
tions discovered by Curiosity lasted lon-
ger than we thought,” Meslin explains. 
“And that the planet’s window of habit-
ability exceeds our expectations.”

HEADING FOR MOUNT SHARP 
Yet none of this means that life did actu-
ally exist on Mars. “We have clear evi-
dence of habitability,” Maurice insists. 
“But we must now check whether we can 
discover complex carbon chemistry.” 
With this in mind, the scientists are pin-
ning their hopes on the layers of sulfates 
and clays detected by various orbiting 
spacecraft on the summit of Mount 
Sharp, which Curiosity will be ascending 
in the next few months. Maurice is ex-
cited at the prospect. “This will be the 
climax of the mission. Discovering 
highly-complex molecules, or better still, 
an elementary form of life, would be the 
icing on the cake.”  

Meanwhile, after a forced break in 
April 2013 due to a planetary conjunction 
between Earth, Mars, and the Sun that 
prevented communication with the rover, 
Curiosity entered a new phase of its mis-
sion in early May. Specifically, during the 
first nine months, the scientists guided 
the rover according to what they saw as 
being “most interesting.” Hence a highly 
detailed study of a few outstanding sites, 
while Curiosity covered a mere 500  
meters from the moment it landed until 
its visit to Yellowknife Bay, nine kilome-

ters away from Mount Sharp. “Curiosity 
is now traveling between 50 and 100 
meters per day, which enables us to per-
form so-called ‘contextual’ science that 
can document the chemical and geologi-
cal diversity of the terrain we find our-
selves in,” Meslin explains. “For instance, 
we recently studied volcanic rocks of a 
type that had never been seen on Mars 
before,” he adds. One thing is certain: 
with the nominal mission scheduled to 
last two to four years, the specialists are 
in for quite a few more surprises. 

01.  Institut de recherche en astrophysique et 
planétologie (CNRS / Université Paul-Sabatier). 

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

03.  Laboratoire interuniversitaire des systèmes 
atmosphériques (CNRS / Upec / Université 
Paris-Diderot). 

06 These images 
show the similarity 
between sulfate-rich 
veins observed on 
Mars (Yellowknife 
Bay area) by NASA’s 
Curiosity rover, and 
sulfate-rich veins 
seen on Earth 
(Egyptian desert).
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07 Curiosity used  
its Mast Camera 
(Mastcam) to record 
this view of a rock 
outcrop informally 
named “Shaler,” 
located in Glenelg 
(inside Gale Crater).



ants. This explains why 
ants tend to ruin only two-
thirds of the buds: this ratio 
strikes “a type of balance” that 
boosts leaf growth without completely 
threatening their environment. 

The study not only provides empiri-
cal evidence of sanction mechanisms  
used to keep plant-insect relationships 
symbiotic instead of turning parasitic, it 
also helps improve understanding of 
parasitism in fields such as agronomy  
or medicine.

01.  P.-J.G. Malé et al., “Retaliation in response to 
castration promotes a low level of virulence in an 
ant-plant mutualism,” Evol. Biol., 2013. doi:10.1007/
s11692-013-9242-7.

02.  Évolution et diversité biologique (Université de 
Toulouse / Université 
Paul Sabatier / CNRS / 
EDB / ENFA).
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BY CLÉMENTINE WALLACE

w� Two newly-discovered chemical compounds 
could one day be used to treat cystic fibrosis (CF),1 
according to a new study led by CNRS researcher 
Aleksander Edelman.2

CF is a genetic disease caused by mutations in a 
gene coding for the cystic fibrosis transmembrane 
conductance regulator (CFTR). Normally, this protein 
transports anions out of epithelial cells, thereby en-
suring correct cellular fluid absorption. However, 
when CFTR is mutated, fluid absorption is compro-
mised and tissues are not properly hydrated.  
This causes mucus to accumulate in the lungs,  
favoring inflammation and infections that are  
ultimately fatal. 

In 70% of cases, the disease is caused by one 
mutation, ΔF508, leading to a misfolded CFTR  
protein, which is then targeted by housekeeping 
proteins for degradation. 

Edelman’s team used computer techniques to 
screen 200,000 small chemical compounds whose 
structure might interact with a particular site in-
volved in ΔF508-CFTR recognition by housekeeping 
proteins. The researchers came up with 12 candi-
dates and selected two that displayed the strongest 

New Compounds to Treat Cystic Fibrosis
interaction. Treating ΔF508-mutated human cell 
lines in vitro with these molecules restored some  
CFTR activity—albeit not to the level of the wild type 
protein. Increasing the dose of one corrector or using 
both correctors in synergy increased CFTR activity, 
suggesting that similar strategies could be used in 
the clinic.  

The investigators showed that within the cell, 
the two correctors hinder the interaction between 
ΔF508-CFTR and keratin-8, a housekeeping protein 
involved in the degradation of the mutated protein. 
ΔF508-CFTR is thereby spared and can perform its 
function. “The next step is to test whether we  
can make these compounds more potent and if  
they can actually protect mice from infections in 
vivo,” says Edelman.

01.  N. Odolczyk et al., “Discovery of novel potent ΔF508-CFTR 
correctors that target the nucleotide binding domain,” EMBO Mol. 
Med., 2013. 10: 1484-501. DOI:10.1002/emmm.201302699.

02.  Laboratoire Canalopathies épitheliales: la mucoviscidose et autres 
maladies (CNRS / Inserm / Université Paris Descartes).

Biology

BY  FUI LEE LUK

w� While many insects and their host 
plants cohabit in mutually beneficial 
arrangements, a recent study1 of a 
French Guianese forest plant (Hirtella 
physophora) and its guest ants  
(Allomerus decemarticulatus) shows that 
such symbiosis is not free from power 
struggles—and that power does not al-
ways flow one way.

The researchers were able to des-
cribe the plant’s unique retaliation tactic 
when ants literally nip its flowering pro-
cess in the bud, exposing how sanction 
mechanisms can stop one symbiotic 
partner from dominating the other. 

In return for shelter in its leaf pouches 
(pouch-like enlargement at their base) 
and food nectar, the ants protect the 
plant by trapping and disabling herbivore 

insects: a win-win situation. “Each part-
ner offers a service and pays a cost,” 
notes project leader Pierre-Jean Malé of 
the EDB laboratory.2 The ultimate goal of 
each, however, is to “cheat and exploit 
the other, for all forms of mutualism tend 
toward parasitism,” he adds. In this case, 
ants betray the Hirtella by chewing up 
some of its buds, thus forcing it to tap un-
used flowering energy into growing more 
leaves—and leaf pouches—to extend 
ant quarters. 

To study Hirtella’s reaction to the 
ants’ abuse, the team compared plants 
with buds in three states: partially de-
stroyed by ants, protected from ants by a 
pest barrier, or experimentally cut off. 
The latter, suffering the harshest dam-
age, showed the fastest growth. But in a 
surprising twist, these fast growers pro-
duced leaf pouches too small to house 

Plants Force Ants to Play Fair
Plant Biology 

CONTACT INFORMATION: 
Inserm U806, Paris.  
Aleksander Edelman  
 >  aleksander.edelman@inserm.fr

CONTACT INFORMATION: 
EDB, Toulouse. 
 Pierre-Jean Malé 
 >  pjg.male@gmail.com

q The worker ant 
Allomerus 
decemarticulatus, 
cutting a bud of  
the Hirtella 
physophora plant.
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Control 
Mutated cells

Anti ΔF508-CFTR-K8

Mutated cells 
+ 118208 (1μM)

q The red labeling detects 
the interaction between 
mutant CFTR and the protein 
involved in its degradation, 
K8 (top). Adding the molecule 
118208 to mutant cells 
abolishes this interaction 
(loss of the red labeling) 
(bottom). Nuclei are labeled 
in blue by DAPI.
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 GSM RADIO WAVES AFFECT NEURONAL ACTIVITY              BY   SÉVERINE LEMAIRE-DUPARCQ

w� For the first time, French 
researchers have observed a 
significant modification  of the 
electrical activity of neurons exposed  
to mobile phone waves.1

The team, composed of biologists 
and physicists,2 conducted experiments 
on neurons taken from rat embryos 
maintained in culture to reconstitute 
neuronal networks in vitro. These 
networks were then subjected to 
second-generation GSM 
electromagnetic waves used in today’s 
cell phones. The electrical activity of the 
neurons was recorded in three-minute 
sequences before, during, and after 
exposure. The results showed a 30% 
decrease in the electrical activity of 
neurons subjected to GSM waves, an 

effect quickly reversed when exposure 
to the waves was interrupted. 

Although previous studies have 
shown effects of GSM radio waves  
on the electrical activity of the  
human brain through 
electroencephalography (EEG) 
monitoring and analysis, this is the  
first such experiment on isolated 
neuronal networks.

The researchers will now focus on 
the effects of GSM exposure in vivo, an 
intermediate step between those 
recorded in vitro and those observed in 
EEG studies on humans. In addition, as 
in toxicology, the scientists will seek to 
determine the power threshold that 
causes these effects in vitro. To do so, 
they will progressively reduce the dose 

BY  CLÉMENTINE WALLACE

A
ctin is an essential component of the cytoskeleton, 
the network of long protein filaments that orches-
trates cells’ architecture, their ability to move and to 

divide. Until now, only molecules capable of stabilizing or 
destroying actin networks had been identified. But in a recent 
study,1 researchers led by Daniel Riveline,2 Jean-Marie Lehn,3 
and Marie-France Carlier4 report synthesizing molecules that  
actively induce the growth of such networks in cells.

In vivo actin monomers assemble and disassemble sponta-
neously, forming chains that expand or shrink. “Actin filaments 
grow to form lamellipodia, long protrusions that help cells crawl 
around,” says Riveline. Malfunction of the cytoskeleton  
network may cause serious pathologies such as metastatic 
cancer by giving rise to cells that divide indefinitely and invade 
the organism. 

Back in 1985, Lehn and colleagues designed chemical com-
pounds dubbed “superpolyamines,” which can bind actin and 
induce rapid actin polymerization in vitro at very low concentra-

tions. “These results were put on hold for 
nearly three decades, until Riveline de-
cided to revisit them,” Lehn explains. 
“Thanks to the significant headway made 
in biophysics assays, we were able to 
perform experiments that would not have 
been possible 30 years ago,” he points out.

When Riveline’s team added in cel-
lulo synthetic polyamines in human fi-
broblasts placed in culture, new lamelli-
podia rapidly formed around the cells. 
“They grew in minutes under the control 
of the experimentalist,” says Riveline, 
who also showed that actin is directly 
targeted by the polyamines. 

Carlier’s laboratory then deciphered 
the mechanism at play in vitro. 
Polyamines, by binding specific sites on 
actin filaments, reduce the turnover of 
actin polymerization and stimulate the 

assembly of actin monomers in new areas 
of the cell. “When you make a cell grow 
in different directions, its movements are 
impaired,” explains Riveline, who hy-
pothesizes this process could one day be 
used to counter cancer cell movements 
and thus possibly prevent metastasis. 

01.  I. Nedeva et al., “Synthetic polyamines promote 
rapid lamellipodial growth by regulating actin 
dynamics,” Nature communications, 2013. 4: 2165 
DOI: 10.1038/ncomms3165.

02.  Laboratory of Cell Physics, Institut de science et 
d’ingénierie supramoléculaires (CNRS / Université de 
Strasbourg / Inserm). 

03.  Institut de science et d’ingénierie supramoléculaires 
(CNRS / Université de Strasbourg / Inserm). 

04.  Laboratoire d’enzymologie et biochimie 
structurales (CNRS).

Biology  Researchers have created 
synthetic compounds capable of inducing 
the growth of actin networks in cells—
something only nature could dictate so far. 

q  Multielectrode arrays  
were used to expose  
neuronal networks to 
electromagnetic waves.

CONTACT INFORMATION: 
ISIS, Strasbourg.  
 Daniel Riveline 
 >  riveline@unistra.fr

q  Growth of lamellar 
networks of actin 
filaments before (left) 
and after (right) the 
addition of synthetic 
polyamines.

Growing Limbs on Cells 
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delivered, which in the initial study was 
about ten times that emitted by a cell 
phone held against the ear. 

In the longer term, the researchers 
hope to gain a clearer understanding  
of the molecular and cellular 
mechanisms involved in radio  
wave-brain interactions. 
01.  D. Moretti et al., “In-vitro exposure of neuronal 

networks to the GSM-1800 signal,” 
Bioelectromagnetics, 2013. 34: 571-8. 

02.  Laboratoire de l’intégration du matériau au 
système (CNRS / Université Bordeaux-I / Institut 
Polytechnique), Institut des maladies 
neurodégénératives (CNRS / Université 
Bordeaux-II), and Institut de recherche XLIM 
(CNRS / Universités de Limoges and Poitiers), in 
partnership with Bouygues Telecom.

CONTACT INFORMATION: 
IMS Laboratory, Bordeaux.
Noëlle Lewis 
  >  noelle.lewis@ims-bordeaux.fr  
Bernard Veyret 
 >  bernard.veyret@ims-bordeaux.fr

creating a proton beam from the hydro-
genated foil surface. By tuning the experi-
mental parameters, the proton energy 
could be adjusted to better match the 
low-energy resonances of the cross  
section of the pB reaction, thereby  
increasing the reaction yield.

Much work is left to optimize this 
approach and Labaune is confident  
that the yield can be significantly im-
proved. Considering the advantages of 
the pB reaction, she has already  
shown that the proposed scheme  
deserves further study.

01.  Laboratoire pour l’utilisation des lasers intenses 
(CNRS / CEA / Ecole polytechnique / UPMC).

02.  C. Labaune et al., “Fusion reactions initiated by 
laser-accelerated particle beams in a laser-produced 
plasma,” Nat. Commun., 2013. 4:2506. doi: 10.1038/
ncomms3506.

BY BRETT KRAABEL

N
uclear fusion has powered stars 
for eons, and mankind now 
hopes to harness its promise of 

abundant clean energy. Recently, 
CNRS researcher Christine Labaune and 
colleagues at LULI1 and the University of 
Arizona (US) took an important step to-
ward this goal by using two pulsed lasers 
to generate a hundredfold increase in the 
yield of helium nuclei (“alpha particles”) 
from the fusion of boron and hydrogen 
nuclei (protons).2

For years, science has pinned its 
hopes of fusion energy on the deuterium-
tritium (D-T) reaction, essentially be-
cause igniting it requires an equilibrium 
temperature of “only” 25 million degrees 
Celsius. However, tritium is not a natural 

element and must therefore be continu-
ally produced. Moreover, the reaction 
creates high-energy neutrons that are 
very hard to handle. An alternative is the 
proton-boron (pB) reaction, for which all 
elements involved are abundant in nature 
and the alpha particles created are easy to 
convert into thermal energy to run a 
turbine. The problem is that the equilib-
rium temperature for igniting the pB re-
action is ten times higher than for the 
D-T reaction, and techniques to run the 
pB reaction without reaching thermal 
equilibrium have had very low yields.

“To increase the yield of the pB reac-
tion, our idea was to produce a beam of 
protons accelerated by an ultra-intense 
laser pulse and to use this beam to  
create pB reactions in a boron target 
without attaining thermal equilibrium,” 
explains Labaune.

To do this, the team irradiated a solid 
boron target with a first laser pulse, creat-
ing a boron plasma. A second laser pulse 
irradiated an aluminum foil target,  

Energy  By using a beam of protons accelerated by ultra-intense laser pulses, 
CNRS researchers increase the yield of proton-boron fusion reaction a hundredfold.

Improving

Neutron-Free Fusion

CONTACT INFORMATION: 
LULI, Palaiseau.  
 Christine Labaune 
 >  christine.labaune@polytechnique.fr

q Experiment 
chamber at LULI, in 
which aneutronic, 
proton-bore 
reactions took place.
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BY  ARBY GHARIBIAN

w� Simply touching a surface leaves a personal-
ized trace of water, salts, body fat, amino acids, and 
potentially DNA. To “develop” these fingerprints for 
analysis, forensic scientists use a costly and imper-
fect two-step process that could soon be replaced by 
a small vial of liquid called LumicyanoTM. Designed by 
CNRS and ENS Cachan researchers1 in partnership 
with French firm Crime Scene Technology, this pat-
ented product uses a fluorescent dye mixed with cya-
noacrylate to develop luminescent prints in one step, 
avoiding the drawbacks of traditional methods.2

Current procedures involve fumigating the area 
with the monomer cyanoacrylate, also known as 
“Super Glue,” which chemically reacts with the prints 

Luminescent Fingerprints
Innovation

Chemistry  A novel method using particles to separate oil from water could have a 
bright future in medical, food, cosmetic, and environmental applications. 

Isolating Oil 
from Water

BY  MARK REYNOLDS

W
e all remember a school ex-
periment involving a needle 
or other small object made to 

float on the surface of a glass of water. 
Manouk Abkarian1 and Suzie Protière2 
used that simple trick to develop a tech-
nique whereby small particles entrap  
and isolate oil in water.3

During their term as visiting scien-
tists within Howard A. Stone’s team at 
Princeton University (US) in spring 2010, 
the two researchers started investigating 
how capillary action at the interface bet-
ween two layers of liquids could help as-
semble small particles into “rafts.” For 
those experiments, they used zirconium 
oxide particles, water, and mineral and silicon oils. Technically, 
this could be replicated to work with any particle of the right 
size and density, and with two non-mixing liquids. 

The scientists thus began testing their method on a water-oil 
solution. The particles were carefully sprinkled over the layer of 
oil floating on top of the water. Each particle sank through the 
oil to the oil-water interface, where it stayed afloat as a result of 
the capillary force between the two liquids—the same that 
makes a thin sewing needle float on water, Abkarian explains. 

The researchers observed that once at the interface, the 
weight of the particles deforms the water surface, much like a 
trampoline bends under a person’s weight. These deformations 
cause the particles to move closer together and assemble into a 
structure that the researchers call a raft. “If you select the correct 
parameters—i.e., the particle composition and density per 
square centimeter—your ‘raft’ can be made very stable, and the 
entire interface can be covered with these particles tightly 
packed,” says Abkarian.

Controlling the parameters to manipulate the liquids 
proved equally simple. The researchers showed that once the 
particles reach a critical mass, or a critical number, the raft col-
lapses. When this happens, the particles drag down a thread of 
oil and surround it with a granular sheath before breaking into 
armored droplets, thus trapping the oil. 

This method also works with motor oil, dried beach sand, 
and ocean water. It could be of interest to a number of industries 

for cleaning up oil spills. For now, 
Abkarian is seeking to alter the capillary 
forces by replicating this experiment in a 
centrifuge. This should let him reduce the 
size of the drops to the tens of micron 
scale, which is essential for finding useful 
applications in fields as diverse as medi-
cine, cosmetics, or oil remediation.  

01.  Laboratoire Charles Coulomb (CNRS / Université 
Montpellier-II).

02.  Institut Jean le Rond d’Alembert (CNRS / Université 
Paris-VI). 

03.  M. Abkarian, et al., “Gravity-induced encapsulation 
of liquids by destabilization of granular rafts,” 
Nature Communications, 2013. 4:1895. doi: 10.1038/
ncomms2869.  

CONTACT INFORMATION: 
L2C, Montpellier. 
 Manouk Abkarian  
 >  Manouk.Abkarian@um2.fr
D’Alembert, Paris.  
 Suzie Protière  
 >  protiere@lmm.jussieu.fr

q Close-up of an oil drop with a partial shell of 
zirconium oxide particles.

Montpellier

Cachan
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and leaves a white polymer deposit on their ridges. If 
the marks are on a white, multicolored, or highly re-
flective substrate, or if they are too light and difficult 
to read, a second step is required to improve contrast 
and details. These enhancement techniques, such as 
dye-staining or powder-dusting, are slow and rely  
on carcinogenic substances. They can also wash 
away parts of the print, or even damage any DNA  
information contained inside.

“To improve the process, we combined cyanoac-
rylate with a molecule from the tetrazine family, the 
smallest-known fluorescent dye,” explains Clémence 
Allain, co-inventor of LumicyanoTM along with Pierre 
Audebert and his team. “The result was a new lumi-
nescent cyanoacrylate that quickly and cheaply 
highlights prints through simple fumigation.”

Furthermore, the product does not compromise 
quality or integrity. “Assessment showed that detail, 
contrast, and ridge clarity were of very high quality,” 

adds Allain. “Our non-intrusive method cannot  
cause damage, and a simple ultraviolet lamp can  
illuminate prints for photographing.”

Tested by French police, but also abroad by 
Scotland Yard (UK) and the FBI (US) among others, 
the product was featured at the 18th Worldwide 
Exhibition of Internal State Security near Paris in 
November last year. 

01.  Laboratoire de photophysique et photochimie supramoléculaire et 
macromoléculaire (CNRS / ENS Cachan).

02.  C. Prete et al., “LumicyanoTM: A New Fluorescent Cyanoacrylate for 
a One-step Luminescent Latent Fingermark Development,” 
Forensic Science International, 2013. 233, 1-3: 104-112.

Amazon Rainforest InventoryBiodiversity

CONTACT INFORMATION: 
PPSM, Cachan. 
 Clémence Allain 
 >  callain@ppsm.ens-cachan.fr
 Pierre Audebert 
 >  audebert@ppsm.ens-cachan.fr
 Laurent Galmiche 
 >  laurent.galmiche@ppsm.ens-cachan.fr

q  The first ever large-scale inventory of the Amazonian forest (6 million km2 
across nine countries1) was released last October2 by an international 
collaboration involving various French institutions,3 including the CNRS.  
Further investigations will focus on the causes behind hyperdominant  
species as well as on the identification and protection of rare species.

01. Brazil, Bolivia, Colombia, Ecuador, France (French Guiana), Guyana, Peru, Surinam, Venezuela.  
02.  H. ter Steege et al., “Hyperdominance in the Amazonian tree flora,” Science, 2013. 342: doi: 10.1126/science.1243092.
03. IRD, INRA, and CIRAD.

01. Brazil, Bolivia, Colombia, Ecuador, France (French Guiana), Guyana, Peru, Surinam, Venezuela. 
02. H. ter Steege et al., “Hyperdominance in the Amazonian tree flora,” Science, 2013. 342: doi: 10.1126/science.1243092.e
03 IRD INRA d CIRAD
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q Bottle of 
Lumicyano™ (left) and 
magnified fluorescent 
picture of a latent 
fingerprint observed 
under UV light (below).
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BY  FUI LEE LUK

S
hown to thrive as CO2 levels rise, pico- and nanoplank-
ton—the sea’s smallest plankton—could upset the 
marine food web and affect key processes involved in 

counteracting global warming. This is the upshot of a recent 
publication1 based on research carried out in May 2010 in the 
Arctic as part of the European Project on Ocean Acidification 
(EPOCA, 2008–2012), which rallied more than 160 scientists 
from 32 European institutions. 

Since the start of the Industrial Revolution, around 1880, 
oceans have absorbed approximately one third of man-made 
CO2 emissions, resulting in a 26% rise in their acidity levels. As 
CO2 is more soluble at low temperatures, the Arctic Ocean is 
especially prone to this ongoing trend. To investigate how acidi-
fication affects marine ecosystems in situ, an EPOCA team 
travelled to Kings Bay (west of Norway), to set up nine meso-
cosms, or giant floating plastic bags holding a range of plankton 
species in seawater. In seven of the 50 m3 bags, CO2 concentra-
tion was increased to reach that expected 20, 40, 60, 80, and 100 

years from now, while two controls were 
maintained in natural conditions. 

The five-week study notably showed 
that at high CO2 levels, pico- and nano-
plankton at the base of the marine food 
chain grow faster and absorb nutrients 
usually left for larger phytoplankton. Yet, 
the latter are crucial to sustain two vital 
climate regulation processes. First, large 
phytoplankton carry carbon from surface 
waters to the depths for storage, so their 
decline would cut the ocean’s carbon-
uptake capacity. Second, they release  
dimethyl sulfide (DMS) gas, known to 
favor the formation of clouds that block 
out solar radiation and reduce the green-
house effect. 

“Acidification is the root cause of the 
changes observed in the Arctic, and could 
hinder resistance to climate change,”  

explains EPOCA coordinator Jean-Pierre 
Gattuso of the LOV.2 “The best strategy  
is to limit CO2 emissions, but current 
trends are not promising.” In the mean-
time, the impact of acidification could  
be partially offset by “locally eliminating 
stress factors such as pollution to boost 
sea organisms’ resistance to higher  
acidity,” he concludes.
01.  U. Riebesell et al., “Arctic ocean acidification: pelagic 

ecosystem and biogeochemical responses during a 
mesocosm study,” Biogeosciences, 2013. 10: 5619-26.

02.  Laboratoire d’océanographie de Villefranche (CNRS 
/ UPMC). 

Oceanography  An unprecedented rise in tiny phytoplankton could threaten the 
spread of larger phytoplankton species, vital for curbing global warming.

Tiny Plankton  
Major Threat to Climate

CONTACT INFORMATION: 
LOV, Villefranche-sur-Mer. 
 Jean-Pierre Gattuso 
 >  gattuso@obs-vlfr.fr

q The EPOCA  
team setting up a 
mesocosm filled 
with CO2-rich water. 
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Health  A massive vaccination campaign is targeting the African meningitis belt. 
Yet this does not mean epidemics are a thing of the past.

Fighting Meningitis 

 in Africa
BY  CLÉMENTINE WALLACE

I
n 2010, a prophylactic vaccine was 
made available against Neisseria 
meningitidis serogroup A (NmA)—

the bacterial strain responsible for most 
epidemics of meningococcal meningitis 
in Africa. Since then, the World Health 
Organization launched a wide-scale  
vaccination program for all 26 countries 
of the so-called “African meningitis  
belt.” Early reports are promising: in 
2012, no NmA epidemics occurred in 
vaccinated areas.1 

However, this does not mean menin-
gitis is once and for all dealt with in the 
region. “Although the advent of the vac-
cine was a revolution, it also raised new 
issues. By putting pressure on one domi-
nant strain, we are freeing the ecological 
niche for other circulating bacteria like 
Streptococcus pneumoniae in particular,” 
says eco-epidemiologist Hélène Broutin.2 

“It is important now to study the impact 
of this vaccination on the ecology of the 
pathogens and overall disease dynamics 
in real time, so we can help policy-makers 
adapt their vaccination strategies.” 

Broutin and her colleagues thus initi-
ated a pluridisciplinary research project 
called THAIRENGA3 (Transmission and 
history of pathogens in rural communi-
ties and environments in Senegal), which 
brings together eco-epidemiologists, 
physicians, climatologists, and anthro-
pologists to study the various determi-
nants that contribute to outbreaks in a 
precise location: a rural community of 
30,000 people, in Keur Socé (Senegal). 
“The various determinants are usually 
studied independently, but they can in-
fluence one another. It is therefore crucial 
to study all these aspects in the same loca-
tion,” explains Broutin.

Nasopharyngeal microbiome profiles 
will be investigated for each suspected 

case of meningitis and respiratory  
infections since the presence of other re-
spiratory pathogens appears to  
favor infections. In parallel, the role of 
environmental variability (e.g., dust) will 
be analyzed, since meningitis outbreaks 
coincide with the dry season. A hypoth-
esis is that dust carried by dry winds 
damage people’s pharyngeal mucosa,  
favoring bacterial invasion. Finally,  
behavioral aspects are also to consider 
when it comes to transmission: how  
does the community perceive the disease 
and its symptoms? What attitudes might 
favor transmission? 

“We hope that the THAIRENGA 
project, which covers all these aspects, 
will provide useful information to public 
health authorities and thus help optimize 
vaccination protocols in the region,” 
Broutin concludes. 

01.  WHO, Weekly Epidemiological Report, 2013. 88: 
129-36.

02.  MIVEGEC (CNRS / IRD / Universités de Montpellier-I 
and II). Member of the Steering Committee of the 
MERIT / WHO project (Meningitis Environmental Risk 
Information Technologies).

03.  Co-directed by Dr Roger TINE, UCAD, Senegal.

FACTS AND FIGURES 

 Meningococcal meningitis is a bacterial form of 
meningitis transmitted by airborne droplets. It 
can cause severe brain damage, is fatal in 50% of 
cases if untreated—and in as much as 10% when 
treated. Seasonal epidemics occur during the dry 
season and larger epidemics break out at 
intervals of 7 to 14 years. During the last 
important epidemic in 2009, 14 African 
countries reported more than 88,000 cases 
and 5300 fatalities. 

CONTACT INFORMATION: 
MIVEGEC, Montpellier. 
Helène Broutin 
  >  helene.broutin@ird.fr

q Initial results of 
the vaccination 
campaign in the 
“African meningitis 
belt” are very 
promising, with no 
outbreaks in 2012.
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Biology   Researcher Margaret Buckingham, a specialist in stem cells and in the  
formation of skeletal muscle and the heart, was awarded the 2013 CNRS Gold Medal. 

Margaret Buckingham

At the Source of Cells
BY  ÉMILIE BADIN

I
f she had not been a biologist, she might have been a painter, 
of the expressionist school perhaps. However, Margaret 
Buckingham devoted all her talent to research. She almost 
apologizes for not having done both, “but in life, you can’t 

do more than one thing well.” In her case, very well indeed. At 
68, this CNRS emeritus research director and emeritus profes-
sor at the Pasteur Institute was awarded the 2013 CNRS Gold 
Medal, France’s highest scientific distinction. 

AGAINST ALL ODDS
There is something very unpretentious 
about her, which puts you immediately at 
ease. Despite her prize, she has kept her 
feet on the ground. She insists that she did 
not expect it at all. “I was in the Eurostar 
on my way to a genetics meeting in 
Cambridge when my phone rang. When 
I heard ‘hello, this is Alain Fuchs, 
President of the CNRS,’ I wondered if I’d 
done something wrong! I’m very honored 
by this prestigious French prize.”

Margaret Buckingham spent part  
of her childhood in the north east of 
Scotland. A place of harsh and majestic 
landscapes, featured on the photos on the 
walls of her study, a place where the 
weather, admittedly, is “impossible.” The 
daughter of a professor of philosophy 
specialized in Plato and Aristotle, the 
young Margaret had plenty of intellectual 
stimulation. Albeit not in science. “In my 
girls’ school, for lack of money, science 
wasn’t taught, or hardly,” she recounts. 
“Yet I remember the teacher who taught 

a bit of biology and who was happy to 
depart from the official curriculum to 
read us articles from Scientific American. 
Those were the days of the great discover-
ies about the genetic code. These articles 
immediately fascinated me and prompted 
me to study biology.”

So much so that, at 18, when she sat 
the entrance examination for Oxford 
University, she was determined to do a 
degree in biochemistry. She went on to do 
a PhD on  histone  modification. She  
then left Oxford for Paris. “I wanted to  
go there,” she says. “First and foremost  
for the cutting-edge research into  
messenger RNA that was being done at 
the Pasteur Institute, which inspired us as 
undergraduates, and secondly because 
my artist grandfather had always 
dreamed of seeing Paris and the land-
scapes painted by the Impressionists. His 
dream never came true. I went instead, 
partly for him.” 

In 1971, François Gros, a prominent 
specialist in messenger RNA, took her 
into his lab as a postdoc. Since then, she 
continued to work in France and ob-
tained dual nationality. The freedom to 
do the research that she thought was 
important encouraged her to stay in 
France. Recruited by the CNRS in 1975, 
she set up a small team within François 
Gros’s unit at the Pasteur Institute two 
years later. In 1987, she became head of 
the Molecular Genetics of Development 
Unit, a position she held until 2011. In 

1992, she was appointed professor at the 
Pasteur Institute, where she was director 
of the Molecular Biology Department 
(1990-1994) and subsequently of the 
Department of Developmental Biology 
(2002-2006). 

PREDICTING CELL FUTURE
“I chose developmental biology because  
I was—and still am—fascinated by this 
extraordinary phenomenon: a whole or-
ganism that develops from a single cell, 
the fertilized egg,” she explains. With her 
successive students and postdocs, she set 
out to understand how the first cells, 
which are all alike, acquire different cell 
fates. She first looked at how a so-called 
naive cell receives the signal to become a 
muscle cell in mammals. “We showed 
that, in the embryo in vivo, in the absence 
of the myogenic determination factor, 
Myf5, cells contribute to non-muscle tis-
sues,” she explains. But she wanted to go 
further upstream, and understand how 
cells are gradually steered towards their 
final fate. In the early 2000s, she showed 
with her team that the transcription fac-
tor Pax3 is responsible for this regulation. 
In 2005, they demonstrated the role of a 
reserve of muscle stem cells that express 
Pax3 and also Pax7, present in the em-
bryo and also in the adult where they are 
in close contact with the muscle fiber. 
“We showed that these so-called satellite  
cells, which are mobilized when the 
muscle is damaged, are responsible for 
muscle regeneration.” 

MEDICAL APPLICATIONS
When asked which achievement she is 
most proud of, she mentions the regula-
tion of muscle stem cell fate. But she also 
evokes congenital heart malformations 

“I chose developmental biology because I was 
fascinated by this extraordinary phenomenon:  
a whole organism that develops from a single cell.”

 HISTONE. 
Nuclear alkaline 

proteins that 
participate in the 

packaging and 
structural ordering 

of DNA in the cell 
nucleus.
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CONTACT INFORMATION :
Institut Pasteur, Paris. 
 Margaret Buckingham 
 >  margaret.buckingham@pasteur.fr

and sick children. “In the 2000s, we  
observed how cells are distributed in the 
heart. We discovered a source of cells that 
contribute both to the formation of the 
arterial pole and the venous pole. No one 
suspected this, because the two poles are 
situated at opposite ends of the heart.” Yet 
this discovery is by no means anecdotal, 
considering that in France, 0.8% of babies 
are born with a heart malformation. One 
third of these malformations affect the 
arterial pole. “We suggested to pediatric 
cardiologists at the Necker Hospital in 
Paris that an unsuccessful operation 
could be due to a fault in the venous pole, 
since this is formed by the same cell 

source as the arterial pole,” she says. The 
clinicians did indeed find that this was 
the case in a significant number of babies 
who had not survived. They now check 
systematically for the more subtle malfor-
mations which may be present at the ve-
nous pole and correct these when they 
operate on newborn children diagnosed 
with arterial pole defects. “I believe this 
may have helped save some lives,” she says 
with typical understatement. 

“The atmosphere around Margaret 
Buckingham is intellectually stimulating, 
relaxed, and very human,” says Sigolène 
Meilhac, one of her collaborators. “The 
proof is that all those who have been 
through her lab have continued in  
research. This is a very good sign.” It is 
indeed one of her collaborators, Didier 

Montarras, who is now administratively 
responsible for the lab where Margaret 
Buckingham continues to contribute to 
the direction of research. 

6 KEY DATES

1945  Born in the UK

1971  Moves to France

1981   Becomes CNRS  
research director

2002   Awarded the Légion d’honneur

2005   Elected a member of the French 
Academy of Sciences

2013  Awarded the CNRS Gold Medal
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A  video profile and photo gallery are available on the online 
version of the magazine:   > www.cnrs.fr/cnrsmagazine
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CLIMATE 
CHANGE

 Scientists and government delegations from around the world 
gathered in Stockholm (Sweden) last September to approve  
the first volume of the Fifth Assessment Report (AR5) by the 
Intergovernmental Panel on Climate Change (IPCC). This document 
reviews existing scientific knowledge on the Earth’s climate.  
How was it prepared? How do scientists conduct research on 
climate change? What do they know for certain? What remains  
to be discovered? Welcome to the frontlines of climate research. 
 A REPORT BY ÉMILIE BADIN, DENIS DELBECQ, AND FABRICE DEMARTHON
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Facts and Uncertainties
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“
Our primary task is to 
provide information on 
climate change and ob-
jectively review the most 

recent data concerning various aspects  
of the phenomenon, some of which are 
still not fully understood,” explains 
Rajendra Pachauri, chairman of the 
Intergovernmental Panel on Climate 
Change (IPCC). “The Fifth Assessment 
Report relies on the expertise of 830 sci-
entists from numerous countries and 
disciplines, working on a volunteer basis.”

UNEQUIVOCAL CONCLUSIONS
The conclusions of the first volume of  
the AR5 are not surprising. Summarized 
in a “f inal draft Summary for 
Policymakers,” they confirm the trends 
previously observed by asserting that the 
“warming of the climate system is un-
equivocal,” and that “human influence 
on the climate system is clear.” This 
claim is supported by atmosphere and 
ocean warming, declining snow and ice 
deposits, rising sea levels, and increasing 
greenhouse gases. 

Based on several projections using 
climate and Earth system models, the 
report looks at the future of climate 
change. The document states that a sub-
stantial and sustained reduction of 
greenhouse gas emissions is necessary to 
reverse the trend. Nonetheless, because of 
the high inertia of the climate system, the 
21st century is “likely” or even “very 
likely” to keep witnessing the changes 
initiated in the previous century.  
The summary concludes that “most  
aspects of climate change will persist  

for centuries even if CO2 emissions are 
curbed,” which is unlikely to be the case 
in the near future.

MAKING-OF
In preparing their contributions to the 
report, “the authors have studied the en-
tire body of scientific literature available 
to determine what is known at a given 
point in time,” explains French climatolo-
gist and IPCC Bureau member Jean 
Jouzel.1 In this sense, the IPCC does not 
produce knowledge. Its reports, issued 
every six or seven years (the fourth was 
completed in 2007), are themselves orga-
nized in three volumes. The first focuses 
on the science of climate change, the 
second on its consequences and adaptive 
solutions, while the third addresses sug-
gestions for reversing the trend. The first 
volume of the fifth report was published 
in October 2013. Volumes two and three 
will follow in March and April 2014,  
respectively, and a summary document 
will be issued in October 2014.

As emphasized by Jouzel and many 
other researchers, the IPCC report is only 
a “snapshot” of current knowledge on 
climate change. It is not set in stone, nor 
is it the official viewpoint of the scientific 
community. “Our position, which reas-
serts the reality of climate change, could 
be interpreted as a refusal to discuss the 
issue,” explains Hervé Le Treut, director 

01 Rajendra Pachauri 
(center) opening an 
IPCC work session in 
Bangkok (Thailand), 
April 2007. 
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The IPCC  

of the IPSL,2 a federation of French laboratories specialized in 
environmental research. “In fact, the discussion on climate 
change is well and truly open, especially on the extent of the 
phenomenon, the strategies for adapting to it, and the means to 
combat it.” In addition, despite a painstaking review process (see 
next page), an error cannot be ruled out. For example, the fourth 
report (2007) stated that Himalayan glaciers were melting faster 
than they actually are. 

STRONG POLITICAL COMMITMENTS NEEDED
Nevertheless, the IPCC’s paramount objective is to “provide an 
indisputable—i.e., unanimously approved—reference docu-
ment used by governments for international negotiations on 
climate issues,” says Nicolas Bériot, secretary general of the 
ONERC,3 the organization in charge of the French government’s 
delegation to the IPCC. Following the Warsaw (Poland) round 
of negotiations last November, governments will meet again in 
Peru (2014) and France (2015).

According to Le Treut, “that’s where the scientists’ role ends. 
We can and must sound the alarm, but we cannot be the pro-
ponents of any specific measures.” All the more so as fighting 
climate change is a dauntingly complex task. It must integrate 
what science tells us about the physical modifications of our 
planet and their impact on its flora and fauna—and therefore 
on humans and their means of subsistence. It must also take into 
account the economic and social realities of individual coun-
tries. “Consider greenhouse gas reduction measures,” Le Treut 
says, “there is now a broad consensus on the need for strong 
commitments, but no ‘on/off button’ to make it happen. It is a 
matter of political will and of integrating complex measures  
into economies or social systems that could very well end up 
rejecting them.” 
01.  Laboratoire des sciences du climat et de l’environnement (CNRS / CEA / UVSQ).
02.  The Institut Pierre-Simon Laplace comprises six laboratories under ten 

supervisory institutions: CNRS / UPMC / UVSQ / CNES / CEA / IRD / ENS / École 
Polytechnique / Université Paris-Diderot / UPEC.

03.  Observatoire national sur les effets du réchauffement climatique.
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02 Discussions and 
negotiations on 
climate change  
at an IPCC meeting  
in Doha in 2012. 
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CONTACT INFORMATION:  
Nicolas Bériot 
 >  nicolas.beriot@developpement-durable.gouv.fr
 Jean Jouzel 
 >  jean.jouzel@lsce.ipsl.fr
 Hervé Le Treut 
 >  letreut@lmd.jussieu.fr
 Rajendra Pachauri 
 >  ipcc-sec@wmo.int

 ONLINE.

The IPCC’s official website 
> www.ipcc.ch

The IPCC 
approves  
the outline 

Scoping meeting 
to prepare  
the outline 

The authors prepare  
a first-order draft  

of the report, based on  
the scientific literature 

Expert review 
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 in Four Questions
WHAT IS THE 
IPCC?
Founded under the auspices  
of the United Nations 
Environment Programme  
and the World Meteorological 
Organization (WMO) in 1988, 
and open to all UN member 
states, the Intergovernmental 
Panel on Climate Change 
consists of a Plenary Assembly 
of representatives from 
government and the scientific 
community. Its mission is to 
compile periodic collective 
scientific assessments of 
climate change. Based in 
Geneva (Switzerland), it is 
supported by a central 
secretariat of 12 people.  
“The IPCC operates with its 
own annual budget of about  
€6 million, which covers the 
travel expenses of researchers 
from developing countries,  
the central secretariat, and  
the publication of the reports,” 
explains Nicolas Bériot. The 
administrative services for the 
Panel’s three working groups 
are financed by three host 
countries—Switzerland, the 
US, and Germany in the case  
of the AR5. The IPCC Bureau  
is made up of 30 scientists  
elected by the government 
delegations.

WHO WRITES 
THE REPORTS?
Some 830 researchers from  
85 countries drafted the AR5  
(34 are based in France). At the 
beginning of each report cycle, 
the Bureau draws up a table  
of contents and, from a list of 
candidates provided by 
member states, assigns specific 
authors to the three working 
groups. 
Group I focuses on the science 
of climate change, Group II  
on its impact and adaptive 
solutions, and Group III on  
the fight against global 
warming. “The IPCC does  
not pay the authors for their 
contributions,” Bériot stresses. 
“For the first working group, we 
received 1000 applications  
and selected about 250 
authors,” Jean Jouzel adds.  
The choice is based primarily  
on the candidates’ scientific 
excellence, taking male-female 
parity and equitable geographic 
distribution into consideration, 
and ensuring that developing 
countries are adequately 
represented.

HOW ARE  
THE REPORTS 
PREPARED?
“The actual drafting process 
takes about two and a half 
years,” Jouzel explains.  
As many as 20 authors 
contribute to each chapter, 
offering a critical analysis of 
the knowledge gathered from 
scientific publications on a 
given topic. The findings 
included in the first volume of 
the AR5 had to be accepted for 
publication no later than 
March 2013. The first version of 
the document is submitted to 
the IPCC scientists for 
comment, and the second 
version is made available to  
a wider public: any scientist  
with bona fide credentials in 
the field can participate in this 
revision process. For each 
edition of the report, the 
authors examine thousands of 
comments. In parallel, another 
group prepares two summaries 
of the 1000-plus pages 
contained in each volume:  
a technical summary and an 
overview for decision-makers, 
which is the most publicized 
document in each IPCC report.

DO GOVERNMENTS  
HAVE THEIR SAY?
Government representatives can help define 
the report’s contents by requesting in-depth 
coverage of specific subjects, like sea level 
changes or carbon sinks for example. Once 
complete, the texts are submitted to each 
country in preparation for the final, unanimous 
approval by the Plenary. “In France, the review 
is carried out by a few dozen experts and 
scientists,” says Bériot, who is in charge of 
compiling their comments before issuing 
France’s official opinion on the report. “We are 
often criticized for allowing politicians to 
interfere, but countries’ amendments have to 
be based on information that is already present 
in the report. In other words, we’re talking 
about minor changes,” Jouzel points out.

Publication 
of the report

Government 
and expert review

The working group  
and the IPCC approve  

the report and the overview 
for decision-makers

The authors prepare  
a second-order draft  

of the report 

The authors prepare the 
final draft of the report 

Final review  
of the summary  

aimed at  
decision-makers 
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q� Since 1850, weather stations, sup-
plemented in the last 30 years by satel-
lite observations, have been gathering  
increasingly precise data on the climate. 
Yet the lack of older historical records 
makes it difficult to understand the com-
plexity of our planet’s climate mecha-
nism. “Fortunately, there exist several 
natural archives that bear the trace of 
past climates—called climate proxies,” 
says Valérie Masson-Delmotte, a paleocli-
matologist at the LSCE.1 “These include 
coral for example, but also sediments, 
icecaps, glaciers, stalagmites, soils,  
seashells, and trees, which hold key data  
on the conditions that prevailed when 
they formed.”

As part of the EPICA program,2 ice 
core samples extracted from a depth  
of up to 3270 meters near the South  
Pole have yielded information on the  

Antarctic climate and atmospheric com-
position as far back as 800,000 years ago. 
This data has shed light on the history of 
the past eight terrestrial climate cycles, 
which alternate between cold (glacial) 
and warm (interglacial) periods, depend-
ing on the parameters of the Earth’s 
orbit. “In order to interpret this informa-
tion,” specifies Masson-Delmotte, “we 
must understand as accurately as possi-
ble how climate signals are recorded in 
the biological, chemical, and physical pa-
rameters of different environments. To 
do so, we rely on in-situ observations like 
those carried out by my colleague 
Dominique Genty in the caves of south-
western France to elucidate the  
processes that link the surface climate, 
water infiltration, calcite formation,  
and the composition of stalagmites.” 
Analyses are performed using increas-

ingly sophisticated methods that can  
be applied to  ever-smaller samples. 
“These natural  archives must then be 
dated, a delicate task, in order to  
combine the various climatic records  
obtained for a given period.” 

It is then important to cross- 
reference this data with information col-
lected using models that simulate both 
past and future climate change. “This can 
be important to evaluate climate  
sensitivity, for example, which is the 
change in surface temperature induced 
by a disruption of the Earth’s energy  
balance,” explains Masson-Delmotte. 
Not surprisingly, past climatic variations 
are also of interest to historians—the last 
glacial period marked the beginning of 
the colonization of many new territories 
by our distant ancestors.

01.  Laboratoire des sciences du climat et de 
l’environnement (CNRS / CEA / UVSQ).

02. European Project for Ice Coring in Antarctica.

CONTACT INFORMATION:  
 Valérie Masson-Delmotte 
 >  valerie.masson@lsce.ipsl.fr

03 04 Ice core samples from the Antarctic are 
used to reconstruct the past composition  
of the Earth’s atmosphere.  
05 Cross-section of a stalagmite from Villars 
Cave in southwestern France, showing 
evidence of climatic variations between 
82,000 and 30,000 years ago. 
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The Hidden Face 
of Climate Research

To study the climate, researchers use a combination of satellite measurements,  
sample analyses, observations in the field, and digital simulations.

 DEEP INTO  

 THE PAST  
 DEEP INTO  

 THE PAST
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q� Studying the climate relies on con-
tinuous observations of land, oceans, 
and space. The resulting data is not only 
used to quantify global warming, but also 
to assess its consequences. “Our labora-
tory focuses on sea level measurements,” 
explains Anny Cazenave of LEGOS.1 

“Satellite observations make it possible 
to determine how fast the global mean 
sea level is currently rising and detect dif-
ferences in rate from one region of the 
planet to another.”

On average and over the past 20 
years, sea level has risen by three millime-
ters annually. “Much of our work aims to 
determine the reasons for this rise and 
evaluate their relative influence,” ex-
plains the researcher. About 30% of the 
sea level change can be attributed to 
ocean warming: water takes up more 
volume when its temperature is higher. 
“Another 30% is due to water from melt-
ing glaciers, and 20 to 25% to ice released 
from the Greenland and Antarctica ice 
sheets into the oceans,” adds Cazenave. 
The impact of other phenomena, such as 
changes in land water storage due to 
ground water extraction and building of 

dams along rivers, or the melting of per-
mafrost at high latitudes, remains to be 
assessed. “We are also trying to explain 
natural variability. El Niño, the warm cur-
rent that affects the tropical Pacific every 
3 to 7 years, causes the global mean sea 
level to rise by several millimeters in re-
sponse to modifications of the global 
water cycle. Conversely, during La Niña 
events, a temporary drop of the global 
mean sea level is observed. 

Before the first high-precision satel-
lite altimetry measurements in the early 
1990s, most ocean data was collected by 

volunteer merchant ships and oceano-
graphic research vessels. Today, these 
have been supplemented by a number of 
satellites and, since 2000, by the Argo2 
network. The international project  
Argo collects data from 3600 free- 
drifting profiling floats that cover the 
Earth’s oceans. They continually monitor 
sea water temperature and salinity,  
from the surface to a depth of 2000 me-
ters. “This makes it possible to measure  
the heat stored in the oceans and  
its contribution to sea level rise,” 
Cazenave explains.

06 07 More than 3600 
Argo profiling floats 
monitor climate data 
in the oceans. 08 The 
monitoring stations 
of the RAMCES 
network (LSCE) 
analyze air samples 
to measure 
greenhouse gas 
levels. 

Of course, climatic observations are 
not limited to the oceans. Researchers 
also study conditions on land, including 
air temperature, atmospheric pressure, 
humidity, nebulosity, etc. “This body of 
data is used in several ways,” explains 
Serge Planton,3 in charge of climate re-
search at France’s national meteorologi-
cal service. “It lets us analyze the climate 
of the 20th century in minute detail, see 
how accurately our models describe vari-
ous phenomena, and compile a very pre-
cise inventory of the oceans and atmo-
sphere—the starting point for future  
climate models.”

Since the 1960s, satellites have signifi-
cantly increased the amount of data 
available to climatologists, especially on 
the Earth’s uninhabited regions and 
oceans. “But this introduces heterogene-
ity in the data that can skew our conclu-
sions if not analyzed carefully,” Planton 
warns. “For example, the increase in the 
number of cyclones recorded in the 
Southern Hemisphere over the 20th cen-
tury is mostly due to a rise in satellite ob-
servations. This problem arises with each 
new generation of satellite sensors. It is 
essential to standardize the data so that 
it can be used to evaluate climate trends 
and interpret the evolutions observed 
using models.” 

01.  Laboratoire d’études en géophysique et 
océanographie spatiales (CNRS / CNES / IRD / UPS).

02.  Array for Real-time Geostrophic Oceanography.
03.  Groupe d’étude de l’atmosphère météorologique 

(CNRS / Météo France).

CONTACT INFORMATION:  
 Anny Cazenave 
 >  anny.cazenave@legos.obs-mip.fr
 Serge Planton 
 >  serge.planton@meteo.fr
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q� Climate models are computer pro-
grams used to characterize the planet 
and its various components, including 
landmasses, topography, vegetation, 
volcanoes, atmosphere, oceans, and ice-
caps. The ocean and atmosphere are 
subdivided into hundreds of thousands 
of small areas where the laws of physics 
and chemistry apply, and which interact 
with one another. Based on the observa-
tion data at a given moment in time, the 
model calculates for each area what 
should happen 20 or 30 minutes later, 
and so on, to model the climate over  
decades or even centuries. This  
requires extraordinary computing 
power. And, of course, the models  
take into account the effects of human-
induced greenhouse gases.

The modeling groups that contribut-
ed to AR5 agreed upon a working frame-
work called CMIP5, which defines a set  
of simulations to conduct for past, pres-
ent, and future climates. “For example, 
we first verify that our models are able to 
reproduce the natural variability of the 
climate that existed prior to the mid-19th 
century,” explains Pascale Braconnot of 
the IPSL1 modeling team, who developed 
one of the two French climate models.2   

A model must indeed be able to repro-
duce the characteristics of the different 
seasons and pseudo-cyclical climatic 
phenomena like El Niño or the North 
Atlantic Oscillation. “We then simulate 

the period between 1860 and 2005 to 
quantify the role of the various phenom-
ena—both natural and human-in-
duced—that could modify the climate, 
such as variations in the quantity of solar 
energy, volcanic eruptions and natural 
aerosols, but also greenhouse gases, hu-
man-made particles, and changes in 
land use (e.g., deforestation).” These  
studies have confirmed, with reliable 
certainty, the role of human activity in 
the recent global warming.

Predictive models are based on four 
hypotheses which are physical scenarios 
of possible evolutions in the amount of 
solar energy absorbed by the Earth. Over 
the course of the 20th century, the over-
all average temperature rose by about 
0.9°C due to an energy surplus, called ra-
diative forcing, of 1.8 W/m2. “This may 
seem insignificant, given that the  
Earth’s surface receives an average of 
200 W/m2,” Braconnot points out. “But it 
isn’t when you consider that the energy 
difference between the last Ice Age and 
the modern era is only 3 to 6 W/m2.” The 
four possible evolutions of this radiative 

forcing between now and 2100 have 
been defined at 2.6 to 8 W/m2, to account 
for all possible trends in human green-
house gas emissions. 

Depending on the scenario, tempera-
tures in the 21st century are expected to 
rise by 2 to 5°C, according to the official 
results used as scientific basis for the 
AR5. The current trend in greenhouse gas 
emissions points to severe global warm-
ing, with a foreseeable temperature rise 
of nearly 5°C, unless drastic changes in 
energy policy are implemented very rap-
idly. The best-case scenario of a 2°C rise  
is based on the assumption that at  
least some of the CO2 will be cleared  
from the atmosphere by 2070. In other 
words, temperatures could rise this  
century as much as they would during a 
deglaciation period, which normally  
occurs over several millennia. 

01. See note 02 page 20.  
02.  The other model was developed by the French 

meteorological service Météo France.

CONTACT INFORMATION:  
 Pascale Braconnot
>  pascale.braconnot@lsce.ipsl.fr

09 Models evaluate 
factors like the 
evolution of average 
precipitation 
according to various 
scenarios.  
10 Modeling 
systems, like this 
one at the LSCE, use 
complex algorithms 
to predict the future 
of our climate. 

11 For climate 
simulations, 
the ocean and 
atmosphere are 
divided into small 
subzones. 
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q� The debate on climate change often 
focuses on the Earth’s temperature or 
the rise in sea levels. Yet many other ef-
fects are already visible, especially among 
flora and fauna. “Global warming, along 
with other factors like pollution, habitat 
fragmentation, and the arrival of exotic 
species, is also disrupting marine ecosys-
tems,” reports Jean-Pierre Féral of the 
IMBE1 at the Endoume marine station in 
Marseille. “There are already unmistak-
able signs of this disruption. The tempera-
ture of the Mediterranean has risen by 1°C 
in just 30 years, which is considerable.”

Hundreds of species of fish, algae, 
and invertebrates that migrated from the 
Red Sea when the Suez Canal opened, or 
that used to remain off the coast of North 
Africa, are now reaching the northwest-
ern basin of the Mediterranean, taking 
advantage of the milder temperatures. 
“The grouper, for example, used to breed 

warming on marine life is rarely included 
in reports like those of the IPCC,” Féral  
laments. “But things are changing as  
the depletion of marine resources,  
especially halieutic ones, and its impact 
on our food supply, are becoming a  
cause for concern.”

01.  Institut méditerranéen de biodiversité et d’écologie 
marine et continentale (CNRS / Aix-Marseille 
Université / IRD / Université d’Avignon). 

CONTACT INFORMATION:  
 Jean-Pierre Féral 
 >  jean-pierre.feral@imbe.fr

off the African coast,” Féral notes, “but 
now it is breeding in French waters as 
well.” Climate change and subsequent 
heat waves can have disastrous effects. 
“In 1999, 2003, 2006, and 2009, the mortal-
ity rates of certain species of sponges, 
algae, and invertebrates were extremely 
high,” the researcher adds. “For more 
than a month, the warm surface waters 
replaced the cooler deep waters (12 to 
13°C), decimating the species that were 
unable to migrate.” 

To distinguish climate effects from 
other disturbances, researchers perform 
comparative studies between the affect-
ed zones and marine reserves that are 
shielded from pollution, like the Scandola 
Reserve in Corsica. “The impact of global 

12 The distribution 
range of this Alpine 
thistle, Berardia 
subacaulis, is 
likely to be greatly 
reduced by climate 
change. 
13 This fish species 
Thalassoma pavo 
has migrated to the 
northern shores of 
the Mediterranean. 
14 The massive 
die-off of Red Sea 
fans could be 
exacerbated by the 
warming of the 
Mediterranean. 
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T
hat the Earth’s climate goes 
through changes is an undispu-
table fact, as witnessed by the long 

glacial periods that occurred in the past. 
Complex, dynamic, and in constant 
evolution, the climate is affected by a va-
riety of factors including the Earth’s  
orbit around the Sun, solar activity,  
atmospheric movements, and the water  
cycle. The list is long, and the mind-
boggling number of parameters renders  
predictions particularly difficult. 
Nonetheless, researchers are sure of one 
thing: human activity is affecting our 
climate’s delicate mechanism.

AN ELEMENT OF UNPREDICTABILITY
The Earth’s atmosphere naturally contains so-called greenhouse 
gases, primarily water vapor and carbon dioxide, which prevent 
the planet’s energy from escaping into space, and maintains a 
livable temperature on its surface. Without these gases, the aver-
age temperature on Earth would be –18°C instead of the 15°C 
we have today. As Jean-Louis Dufresne of the LMD1 points out, 
“when the water vapor and CO2 levels change, so does  
the greenhouse effect. As a result, our planet’s energy  
balance, therefore its climate, is altered. This is an undeniable 
scientific fact.”

Indeed, the amount of atmospheric 
CO2 has risen sharply over the past cen-
tury, coinciding with the emergence of a 
fossil-fueled industrial economy. As for 
water vapor concentrations, although 
they are essentially unaffected by human 
activity, they strongly depend on the cli-
mate, and affect it in return through a 
subtle interplay of actions and reactions. 

Although knowledge is constantly 
increasing in this field, researchers are 
still far from having a complete under-
standing of climate change and of its ef-
fects and severity in the future. And this 
is not only due to a lack of accuracy of the 
numerical models used to simulate past 
and future climates, or to the margin of 
error in interpreting evidence of past 
climates. “There is an element of unpre-
dictability in the climate that science will 
never be able to quantify,” explains IPSL 
director Hervé Le Treut. Even without 
human disruptions, the climate  
inevitably f luctuates, at all scales  
and seemingly at random. “It is a  
chaotic system,” Dufresne says. “On the 
scale of a decade, the effect of anthropo-

genic and natural perturbations cannot 
be distinguished from the climate’s 
purely random evolutions.”

Temperature change is a telling ex-
ample. On the scale of a century, the in-
crease is easily measurable (+0.9°C, plus 
or minus 0.2°C, since 1900). Human ac-
tivity and the resulting intensification of 
the greenhouse effect are the most obvi-
ous cause for this rise. But on a 10 or 20 
year scale, the climate’s inherent chaotic 
nature makes interpretation difficult. For 
example, the most recent analyses show a 
slowdown in the warming trend. “This 
type of observation does not cast doubt 
on the reality of global warming,” 
Dufresne insists. “But the more we try to 
keep a close watch, the more limited we 
are in time and space for lack of  
available observations, and the more  
the climate’s natural variability comes  
to the fore.” As of today, there is no direct 
method to solve this problem.

WAITING FOR ANSWERS 
Of course, the analyses of past climate 
change can give valuable information on 
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15 The Maldives 
archipelago  
could disappear 
completely as  
sea levels rise. 
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this variability, but they are obtained in-
directly and come with their own share 
of uncertainties. “Take the Sun, for  
example,” says Dufresne, “we know that 
its activity—measured by the number of 
dark spots on its surface—influences  
the Earth’s climate. But how can we 
translate past records of sunspots  
observed by astronomers into radiative 
flux or spectrum?”

To take another example, volcanoes 
produce ash clouds that cool the atmo-
sphere. If recent eruptions are well docu-
mented, records of past volcanic events 
are scarce. How much ash was ejected? 
How large were the particles? “We also 
lack perspective on extreme events like 
storms,” Le Treut notes. “In the past, 
those who were in the best position to 
collect data on storms, namely sailors  
and pilots, were of course doing their  
best to avoid them. And for some parts  
of the world, the only record available is 
oral tradition.”

THE LIMITS OF MODELING
The chaotic nature of the climate and its variability are not  
the only factors that make research difficult. Future conditions 
are projected using numerical models based on the laws of  
atmospheric and oceanic physics. These models are very  
similar to those used by meteorologists to forecast the weather. 
“Yet unlike weather forecasting models, climate models  
cannot use direct observation to adjust trajectories,” Dufresne 
points out. “For example, when low pressure is observed  
over the Atlantic, the weather models integrate the data and  
use it to simulate a depression and its evolution. If the model 

proves inaccurate, the trajectory of the 
depression can be corrected by subse-
quent observations, resulting in fairly 
reliable forecasts over a few days’ span.” 

In climatology, the future is a blank 
page. The model has to do it all: define the 
initial conditions and determine the 
evolution of the main atmospheric struc-
tures, such as depressions and anticy-
clones, over several decades and with no 
observations to correct the calculations. 
“If, for example, the depressions and as-
sociated structures are placed too far 
south, all climatic structures will be out 
of position,” Dufresne says. “There’s 
nothing to correct them.” 

This becomes even more difficult at 
the subcontinental scale. Regional  
climates are highly dependent on the 
global climate, which must be very  
accurately simulated for the models  
to make reliable regional projections. 
And, since every climatic action triggers 
a reaction, the local effects in turn  
influence the global circulation. “We 
know, for example, that the evolution  
of rainfall will vary greatly across  
the planet,” Dufresne adds. “It will  
increase along the equator and at high 
latitudes, decrease in the subtropical 
zones, and rise or decline in the mid- 
latitudes depending on the seasons.  
But the exact frontiers between these 
zones depend on the global circulation 
and its variations, which are still subject 
to many uncertainties.”

A GENUINE CLIMATIC DANGER
According to Le Treut, this element of 
uncertainty raises a key problem for re-
search on how to best adapt to climate 
change. “We can’t blindly trust the mod-
els,” he warns. “Just because they predict 
more drought in a given region doesn’t 
mean that it should be planted with 
drought-resistant species. Projections 
cannot be seen as indications of perma-
nent risk. Rainfall could also increase 
locally, and over-specialized plants would 
not be able to survive.” 

Yet what is certain is that the situation 
is urgent, and climate risk is an unavoid-
able reality. “As climatologists, our role is 
to ring the alarm bells and debunk the 
myths on climate change,” Le Treut says. 
“We will probably never know what the 
future holds in store, but that shouldn’t 
keep us from taking action. We cannot 
know precisely when or where an earth-
quake will occur, but we know which 
areas are most at risk, and we can make 
buildings more resistant. Denying  
climate change is like saying that  
earthquakes don’t exist because they  
cannot be accurately predicted.”
 01.  Laboratoire de météorologie dynamique (CNRS / 

École Polytechnique / UPMC / ENS). 

CONTACT INFORMATION: 
 Jean-Louis Dufresne 
 >  jean-louis.dufresne@lmd.jussieu.fr
 Hervé Le Treut 
 >  letreut@lmd.jussieu.fr

16 Extreme weather 
phenomena, like 
this storm in Nice 
in 2011, increasingly 
threaten the planet’s 
populations. 
17 The reduction 
of greenhouse gas 
emissions to limit 
climate change is a 
recognized neces-
sity, but difficult to 
put into action.
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BY  AURÉLIE SOBOCINSKI

B
ehind an ordinary façade, the Institut Néel’s 
new building in Grenoble conceals a vast 
scientific venture: a voyage into the infini-
tesimally small. The facility, which was in-

augurated in April 2013, opens up a new era in the 
history of the Institut Néel, a CNRS laboratory  
for fundamental research in condensed matter  
physics with nanosciences as a flagship discipline.  
The building is fully shielded and isolated from  
external perturbations. This provides optimal condi-
tions for ultrasensitive experiments involving the 

manipulation of matter on the atomic scale (less than 
a millionth of a millimeter) in quantum information, 
microscopy, optics, and nanofabrication. 

The first experiments are already up and run-
ning. They focus on graphene, a form of carbon 
made up of a single layer of atoms with very promis-
ing properties for electronics, optics, and mechanics. 
“We use a microscope whose tip  scans the surface of 
the material at a distance of less than a nanometer,” 
explains Alain Schuhl, the institute’s director. “It’s a 
bit like taking an upside-down Eiffel Tower and  
placing its tip on a small coin.” The crystal growth 
facilities are located close by. “Any vibrations that 

Physics  The new nanoscience building at the Institut Néel in Grenoble  
is a unique facility in Europe. Fully isolated from external disturbances,  
it should open new perspectives in quantum information, crystallogenesis,  
microscopy, and nanofabrication. 

01 The Institut Néel’s new building, a project 
initiated in 2007, was inaugurated on April 12, 
2013. It has a total surface area of 2600 m2. 

©
 IN

ST
IT

U
T 

N
ÉE

L

0302

01

A Temple for   
 Nanosciences 



N°32 I QUARTERLY I JANUARY 2014 29 wIn Images     |

occur during crystal growth causes irreversible 
stacking faults,” explains Alain Ibanez, who directs 
the institute’s “condensed matter, materials, and 
functions” department. “In order to perform delicate 
physics experiments on the fundamental properties 
of materials—optics, magnetism, superconductivity, 
and so on—we need to aim for zero defects.”    

The characteristics of the building, specially 
designed to keep any mechanical, electrical, acoustic, 
thermal, hygrometric, or magnetic disturbances to 
a minimum, make it unique in Europe. “The consid-
erable improvement in our sensitivity thresholds and 
detection capabilities will make it possible to obtain 

02 03 This scanning tunneling 
microscope (STM) analyzes the 
structural and electronic properties 
of graphene using the high 
resolution of a tungsten tip scanning 
its surface at a distance of less than  
1 nanometer.   

04 These graphene flowers were 
obtained by decomposition of 
methane on a copper surface.  

05 06 In this room, the equipment 
makes it possible to create structures 
on sample surfaces with a resolution 
as small as 0.6 micrometers. Shown 
here is a direct-write photolithog-
raphy system.  

07 08 The synthesis of graphene on 
copper takes place in an oven heated 
to 1000°C. This is done by injecting a 
mixture of two reactive gases—
methane and hydrogen—diluted in 
argon. 

09 10 The building’s properties allow 
researchers to work on nanoelectric 
circuits with new functionalities, as 
shown here with this cryostat. 
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buildings,” points out Benoît Sage, who heads the 
technical department at the CNRS regional office in 
Grenoble. No detail has been left to chance, from the 
utility areas (stairways, service rooms, and wash-
rooms), which are structurally separated from  
the building by means of joints, to the piping, 
mounted on 3000 springs. Humidity, pressure, and 
temperature are also carefully controlled to ensure 
maximum stability. 

Part of the 2007-2013 State-Region Project 
Agreement, the €17 million new facility promises to 
be “a huge qualitative leap forward, although one 
that might be difficult to assess,” adds Schuhl. With 
good reason: even before the building was erected, 
the Institut Néel’s instruments were already among 
the most sensitive in the world. 

even sharper images at the sub-nanometer scale, a 
significant gain that will keep us at the forefront of 
international research in this field,” says Schuhl.  

“The objective was to design a building adapted 
to researchers’ needs, rather than the other way 
round,” explains Philippe Gandit, the institute’s 
technical director. Once these needs were identified, 
very precise specifications and spatial layout were 
established, ensuring that “experiments did not  
interfere with one another.” Concrete pillars placed 
beneath the building and entirely independent of its 
general structure support 33 concrete blocks on 
which specific experiments are installed. On the first 
floor, 27 slabs mounted on springs are used to isolate 
other testing areas. Exclusively dedicated to experi-
mental work, the 2600 m2 area offers “a vibration 
level 100 times lower than neighboring traditional 

CONTACT INFORMATION:
Institut Néel, Grenoble. 
 Philippe Gandit 
 >  philippe.gandit@grenoble.cnrs.fr
 Alain Schuhl 
 >  alain.schuhl@grenoble.cnrs.fr

A photo report can be viewed on the online version 
of the magazine: > www.cnrs.fr/cnrsmagazine

11 This instrument used for crystal 
growth rests on a concrete block that 
is independent of the building and 
anchored to a concrete structure 
weighing 1500 tons out of the 9000 
tons used in total. As a result,  
the vibration level is 100 times lower 
than in previous facilities.  

12 To host these ultrasensitive 
experiments, no detail has been 
overlooked, from the piping 
mounted on 3000 springs to the 
stairways separated from the main 
structure.  

13 This chemistry cleanroom has 
been equipped to treat nanoscale 
samples under optimal conditions. 
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BY  JULIEN BOURDET

F
iction has become reality. A US 
team at the Massachusetts 
Institute of Technology (MIT) has 

for the first time succeeded in implanting 
false memories in the brain of mice, 
which reacted as if they were real. This 
breakthrough sheds light on how our 
own memory works and could even lead 
to deleting unpleasant memories from 
the human brain. 

THE EXPERIMENT 
To achieve this scientific first, the MIT 
researchers used optogenetics, a tech-
nique whereby certain neurons are acti-
vated by exposure to a light source. To be 
receptive to light, the nerve cells must 
have been previously modified geneti-
cally to express a protein called chan-
nelrhodopsin. During the experiment, 
the mice with modified neurons were 
placed in chamber A, which was new to 
them. “They memorized this new envi-
ronment by activating a specific set of 
neurons, which, as a result, synthesized 
the channelrhodopsin,” explains CNPS1 

researcher Serge Laroche. The next day, 
the mice were placed in chamber B, which 
looked different from chamber A. The 
scientists reactivated the memory of 
chamber A by lighting up the neurons 
that had expressed channelrhodopsin  
using a probe implanted in the  
animals’ brains. Simultaneously, the mice 
received a mild electric shock to their 
paws. On the third day, they were placed 
once more in chamber A and showed  
fear, although they had never received an electric shock in that 
chamber. Laroche explains that “by making the mice relive the 
memory of chamber A while receiving an electric shock in 
chamber B, the scientists managed to make them associate two 
independent events to create a false memory.”

TANGIBLE RESULTS 
This research in mice—an essential ani-
mal model for neuroscientists—sheds 
light on human memorization processes. 
It clearly supports the hypothesis, which 
arose in recent years, that our memory is 
not permanently fixed, but is dynamic 
and likely to change whenever we  
remember something. “A memory cor-
responds to a specific configuration of  
the activity of interconnected neurons,” 
explains Laroche. “When we remember 
something, this neuronal network is not 
only reactivated, it is also updated: new 
information—an electric shock in the 
case of this experiment—is incorporated 
into this memory. Such ‘updates’ may 
occasionally create a false memory, as 
demonstrated by the MIT team.” 

POTENTIAL CHANGES 
Without going as far as predicting a  
science fiction scenario where people’s 
memories could be manipulated at will, 
the idea of creating false memories could 
one day be used as a therapy. “In the  
future, we hope to be capable of erasing 
bad memories in patients suffering from 
post-traumatic stress disorder (PTSD),” 
suggests Laroche. In these individuals, it 
is known that events related to the initial 
trauma (places, people, etc.) can trigger 
unpleasant memories. The aim would 
therefore be to eliminate this associa-
tion, or even create false and pleasant 
memories related to this context. This 
approach could also be used to fight 
drug  addiction. “Of course, optogenetics 
cannot be performed on humans,” the  
researcher says reassuringly. “Instead, we 
could use chemical compounds to block 
the activity of specific neurons. Trials  
are already underway that might one day 
lead to treatments.” 

01.  Centre de neurosciences Paris-Sud (CNRS / Univer-
sité Paris-Sud).

CONTACT INFORMATION:
CNRS, Orsay. 
 Serge Laroche  
>  serge.laroche@u-psud.fr

Neurosciences        American researchers successfully implanted false memories  
in mice. Neurobiologist Serge Laroche explores the implications of this discovery.

Reshaping 
Memories 

SERGE LAROCHE

 Director of the  
Centre de neurosciences 
Paris-Sud in Orsay,  
he studies the cellular  
and molecular  
mechanisms involved in 
memory and its malfunction. 
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BY EDDY DELCHER

U
nlike many countries, the US 
does not shape its scientific 
policy in a centralized man-
ner. Instead, a host of depart-

ments and organizations regulate re-
search, which is carried out by a number 
of actors from both the public and private 
sectors. “Governance relies on a multi-
level system involving national, state, and 
local bodies, each of which has the capac-
ity to set its own priorities and agenda,” 
explains Xavier Morise, director of the 
Washington-based CNRS Office for  
the US, Canada, and Mexico. 

The Department of Defense is the 
most heavily funded with nearly $73 bil-
lion in 2012 (more than half the total 
R&D budget). The National Institutes of 
Health (NIH), the primary source of 
funds for medical research, received $30 
billion the same year, while NASA was 
allocated $11.3 billion. The National 
Science Foundation (NSF), the primary 
federal agency supporting non-biomedi-
cal and engineering research by provid-
ing funds to more than 2000 universities 
and enterprises, received $5.6 billion. 
However, last year’s spending cuts due to 
the failed agreement on the federal  
budget caused hundreds of projects to  
be frozen or abandoned. The US is  
therefore looking to step up efforts and 
forecasts a $141.4 billion research budget 
for 2014, up 8 billion from 2013, targeting 
non-defense R&D and medical research 
as its main priorities.

With its high scientific publications 
and patents output, the US plays a key 

role on the international stage, and is 
Europe’s main research partner. Much 
appreciated for its scientific expertise and 
the quality of its research infrastructure, 
France is the country’s fifth partner  
(behind the UK, Canada, Germany, 
and China), accounting for 8% of US  
co-publications with foreign partners.  

Such privileged position is notably 
attributable to the unique network of in-
ternational joint units (UMI) that the 
CNRS has developed on US soil, together 
with renowned partner universities. 
UMIs are fully-operational laboratories, 
located in France or in a partner  
country, designed to bring together the 

United States Despite the economic crisis and its impact on R&D funding, the US still 
tops scientific research, authoring more than 20% of the world’s scientific papers.
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CNRS and foreign researchers. Since 
2006, the number of UMIs in the US has 
risen from 2 to 6.  

Each UMI focuses on a specific re-
search field. Some house unique projects, 
such as the iGlobes UMI, located at the 
University of Arizona, in Tucson. 
Currently led by Franck Poupeau,  
iGlobes is dedicated to studying adapta-
tion to climate change. One of its key 
projects, the Incolab-funded SWAN1 is 
aimed at establishing long-term water 
resource management strategies. 

Recently renewed after a successful 
first four years, the France-based Georgia 
Tech-CNRS UMI near Metz, with a  
mirror site in Atlanta, is focused on tele-
communications, innovative materials, 
situated cognition, and robotics.

Headed by CNRS senior researcher 
Guy Bertrand (see box), the Joint Research 
Chemistry Laboratory, at the University 
of California in San Diego, is at the  
forefront of molecular science. 

The other three CNRS UMIs sit on 
the East Coast. The Center for 
International Research in the Humanities 
and Social Sciences (CIRHUS) at New 
York University specializes, among other 
things, in social science history, the rep-
resentation of material culture and soci-
ety, and the politics and challenges linked 

to  international humanitarian aid. At 
MIT (Cambridge, Massachusetts), the 
Multi-Scale Materials Science for Energy 
and Environment (MSE) UMI was estab-
lished in 2013. Led by CNRS senior re-
searcher Roland Pellenq, this UMI stud-
ies the properties of complex multi-scale 
materials with important technological, 
economic, energy, and environmental 
applications, such as cement, nuclear 
fuels, and geo-materials. Finally, the 
Complex Assembly of Soft Matter 
(COMPASS) UMI was launched in 2010 
with chemical producer Rhodia and the 
University of Pennsylvania, as a continu-
ation of the Complex Fluid Lab, located 

in Cranbury, near Princeton (New 
Jersey), which successfully associated  
the CNRS and Rhodia for more than a 
decade. This UMI explores and develops 
soft materials with novel functional at-
tributes but also novel printable  
electronic solutions for energy transfer 
and storage.

Along with the six UMIs, dozens of 
other structured collaborations exist in 
the form of international associated labo-
ratories, international research networks, 
and international programs for scientific 
cooperation. “Thanks to the structural 
tools made available by the CNRS, France 
has gradually created a favorable environ-
ment for collaborative research, as well as 
acquired important visibility and recog-
nition in the US,” explains Morise. French 
research is thus also represented in all 
major fields, with biomedical, physical, 
and chemical research spearheading  
the collaboration.

“I am pleased to see the intensity and 
level of cooperation we have achieved 
with so many American universities and 
laboratories,” says Morise. “One of  
the CNRS’s objectives is to strengthen  
and further develop existing ties, both 
locally and regionally, and to foster  
the emergence of new partnerships,”  
he concludes.

01.  Sustainable Water Action: Building Research Links 
between EU and US.

01 Loading a 
semiconductor 
wafer in the growth 
chamber of a vapor 
phase epitaxy 
reactor at Georgia 
Tech.

02 The shelters of 
the Castel-Merle 
site (eastern 
France) mark 
prehistoric 
settlements 
studied by the 
CIRHUS UMI. 
03 The campus of 
the University of 
Pennsylvania  
(Philadelphia).

CONTACT INFORMATION: 
CNRS office, Washington. 
Xavier Morise 
  >  cnrs-office@ambascience-usa.org

A SUCCESSFUL COLLABORATION

Last year’s official inauguration of the 
international joint unit (UMI) headed by 
Guy Bertrand at the University of 
California, San Diego (UCSD), was yet 
another milestone in the French 
researcher’s illustrious career. The 
UCSD-CNRS Joint Research Chemistry 
Laboratory, created under a four-year 
agreement, focuses on developing new 
organic catalysts, such as carbene, to replace 
the expensive and toxic metal catalysts 
currently used by industry. Bertrand, a CNRS 
senior researcher, has notably managed to synthesize carbene compounds 
thought to exist only in outer space due to their instability. 
For his achievements, Bertrand was awarded the Légion d’honneur, which 
CNRS President Alain Fuchs delivered last year during a visit to the US in early 
September. “It is a well-deserved distinction,” says Xavier Morise, director of 
the CNRS Office for the US, Canada, and Mexico. “Bertrand is a prominent and 
creative researcher who has continuously acted as an ambassador of the 
CNRS, and more generally, of French scientific research as a whole.” 

04 CNRS President Alain Fuchs 
presenting Guy Bertrand with  
the accolade for his achievements.

02

03

04
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Unearthing Azerbaijan’s 

 Unique Treasures

Archaeology  Ongoing CNRS collaboration is training a new generation  
of archaeologists in the Caucasus. 

BY  MARION GIRAULT-RIME

C
reated in 2011, the LIA AzAr2 (Azerbaijan: Archaeology 
and Archaeometry) combines archaeological research 
with a program aimed at training Azerbaijani students 

and young archaeologists to use modern archaeometrical 
methods and techniques. These include radiocarbon dating, 
bio-archaeology, paleobotany, paleozoology, paleometallurgy, 
anthropology, geomorphology, and landscape archaeology—
scientific disciplines not yet taught in Azerbaijan.

 It is the second partnership between the CNRS and the 
Institute of Archaeology and Ethnology at the Azerbaijan 
Academy of Sciences. The first one, the LIA AzArLi (Azerbaijan: 
Archaeology and Linguistics), was launched in 2007 and was 
the country’s first international scientific collaboration. 

A HOTBED OF DISCOVERIES
Since becoming independent from the Soviet Union in 1991, 
Azerbaijan’s fast-paced development, including construction 
and land development, has unearthed numerous archaeological 
sites—confirming the crucial role that the region played during 
the Neolithic (6th millennium BC) and Chalcolithic (5th and 
first half of the 4th millennium BC).

Jointly headed by CNRS researcher Bertille Lyonnet1 and 
Farhad Guliyev, director of the Museum of the Institute of 
Archaeology and Ethnology in Baku, the LIA AzAr2 has been 
participating in excavations at Mentesh Tepe, in western 

Azerbaijan, which have yielded excep-
tional discoveries extending from the 
Neolithic to the end of the Early Bronze 
Age (5800-2300 BC). As the only site in 
the region with such a long and uninter-
rupted chronology, it will be key to un-
derstanding the dynamics behind devel-
opment and social transformation in the 
Southern Caucasus. 

One of the most interesting findings  
at Mentesh Tepe is a Neolithic grave con-
taining the remains of at least 27 people. 
Researchers hope to determine whether 
this grave was linked to a specific event 
(war, catastrophe, epidemic), a ritual,  

or tradition. A kurgan—raised burial 
mound—dating back to 2416 BC was also 
recently uncovered, revealing the remains 
of a chariot and two women adorned with 
jewelry. Further analysis of the items 
should provide a wealth of information 
regarding the status of those buried and 
the ties between the Caucasus, the 
Steppes, and Greater Mesopotamia.

PROMOTING EXCHANGE
As part of the LIA project, a group of 
Baku University students are invited 
every year to work alongside archaeolo-
gists at the excavation site, where they can 
use new field techniques. Some of the 
students were also able to enroll in the 
archaeological departments of French 
universities. The first two, in their third 
year, came to France in 2013, with the fi-
nancial support of the French Ministry of 
Foreign Affairs. A third PhD student was 
able to spend some time at the CNRS 
LSCE2 in Gif-sur-Yvette (near Paris) to 
learn the basics of radiocarbon dating, 
and find out how to use and configure a 
portable X-ray spectrometer (XRS) at the 
LPC2E3 in Orléans.

The LIA AzAr2, which will end in 
2014, will have helped an entire  
generation of Azerbaijani archaeologists  
become familiar with the newer wide-
ranging scientific techniques used  
today. Hopefully, these exchanges will 
outlive the LIA, and will continue to revo-
lutionize archaeology in that country.

01.  Proche-Orient, Caucase: langues, archéologie, cul-
tures (CNRS / Collège de France / INALCO / EPHE).

02.  Laboratoire des sciences du climat et de 
l'environnement (CNRS / CEA / UVSQ).

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

CONTACT INFORMATION: 
PrOCauLAC, Paris. 
 Bertille Lyonnet 
 >  blyonnet@wanadoo.fr

01 Two female 
skeletons and their 
jewelry, as well as 
the remains of  
a wooden chariot,  
in a raised burial 
mound dating back 
to 2400 BC.  
02 Students on the 
dig of Mentesh Tepe. 
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Horizon 2020 Starts Now

Europe  The EU’s latest Framework Programme for Research and 
Innovation sets industrial leadership and societal challenges as priorities.

BY  CLAIRE DEBÔVES

L
ast July, after 18 months of fierce 
negotiations, the representatives of 
the EU member states reached an 

agreement on the new Framework 
Programme for Research and Innovation. 
Called Horizon 2020, it follows up on the 
7th Programme for Research and 
Technological Development (FP7), and 
sets three priorities: scientific excellence, 
industrial leadership, and societal chal-
lenges. The official launch date was set to 
January 1, 2014, although the first calls 
for proposals were already submitted in 
mid-December last year.

Due to national budget restrictions, 
obtaining EU funding for research has 
become a strategic priority for every  
member state. “Yet the EU should not 
solely be viewed as a funding body,” says 
Günther Hahne, head of the CNRS  
Europe office in Brussels. “Participating in 
an EU project means tapping into a wider 
pool of knowledge, learning through 
contacts with other researchers, and mea-
suring up to international standards.”

Endowed with a budget of €70.2 bil-
lion, Horizon 2020 is an essential compo-
nent of the European Union’s strategy for 
fostering “intelligent, sustainable, and 
inclusive” growth. The cornerstone of this 
long-term ambition, “scientific excel-
lence” is the first priority of the new EU 
program, as evidenced by the doubling of 
the budget devoted to the European 

Research Council, which allocates indi-
vidual research grants. Having a wider 
reach than FP7, Horizon 2020 integrates 
the Competitiveness and Innovation 
Framework Programme (CIP), the 
European Atomic Energy Community 
(Euratom), and the European Institute of 
Innovation and Technology. 

Innovation, which is the second  
priority of Horizon 2020, will receive 
greater support, from experimental 
stages to the first commercial applica-
tions, especially for key generic technolo-
gies like micro- and nanoelectronics,  
industrial biotechnology, and photonics.

“The program’s third priority is to 
meet societal needs through research and 
innovation,” Hahne continues. To this 
end, the EU seeks to fund interdisciplin-
ary projects designed to tackle crucial 
economic and social challenges like cli-
mate change, demographic evolution, 
and new energies. Geared toward “prob-
lem solving,” the structure of the new 
program represents a significant change 
from its predecessors, which were more 
discipline-oriented.

CONTACT INFORMATION: 
CNRS office, Brussels. 
 Günther Hahne 
 >  gunther.hahne@cnrs-dir.fr

STRENGTHENING TIES WITH MEXICO

w� During his official visit to Mexico last 
October,  CNRS Chief research officer Joël 
Bertrand met Enrique Cabrero Mendoza, 
director of CONACYT1, to set up and renew 
several collaborations with that country.

An International Associated Laboratory 
(LIA) in chemistry, called LCMMC, was created.  
It focuses on molecular chemistry and its 
applications to materials and catalysis. The LIA 
brings together the Paul Sabatier University of 
Toulouse (France) and five Mexican partners.2 

Also on this occasion, two structured 
collaborations between CNRS and Mexican 
organizations were renewed, namely the LIA 
LAISLA in mathematics, and the International 
Joint Laboratory (UMI) LAFMIA in computer 
sciences and automatic control.

01. Consejo nacional de ciencia y tecnología.
02.  Universidad Nacional Autónoma de México (UNAM),  

Centro de Investigación y de Estudios Avanzados  
del Instituto Politécnico Nacional (CINVESTAV), Centro  
de Investigaciones en Óptica (Léon, Guanajuato),  
Universidad Iberoamericana, and Universidad  
autónoma del estado de Morelos (UAEM).
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INTERVIEW BY  STÉPHANIE ARC 

You have identified a new worldwide migration trend that 
you call transmigration. What is it exactly?
Alain Tarrius: Transmigrants are migrants from either poor 
countries (South America, the Balkans, Caucasus, Near and 
Middle East) or from poor populations in rich countries 
(Western Europe, the US, South Africa, Australia, New 
Zealand), who travel several thousand kilometers before return-
ing home, and whose primary activity is the sale of contraband 
(like cameras or electronic equipment) and services (medical 
consultations). Every year, some 200,000 transmigrants pass 
through France and 600,000 through Europe. Like modern-day 
peddlers, they sell their goods to poor populations—the poor 
selling to the poor. They buy the products legally from transna-
tional companies, but then cross borders without paying taxes 
or complying with quotas. A camera priced at €70 by leading 
retailers in Europe is thus resold for just €37. This system allows 
transnational companies to conquer the vast untapped market 
of the poor. For instance, sales of electronic equipment from 
South-East Asia amount to more than €4.5 billion after these 
goods cross the North Sea on their way to Europe, and exceed 
€6 billion after they pass through Jeddah (Saudi Arabia) on their 
way to Africa and North America. 

When did these new migrants of globalization first 
appear? 
A. T.: In the 1980s, both for the networks present in the 
Balkans—which originate in Afghanistan and the Caucasus via 
Iran, Turkey, the Emirates, Syria, and Georgia—and for those 
located in the western Mediterranean. The latter, small Algerian 
and Moroccan entrepreneurs living legally in Spain, Italy, and 
the South of France, travel back and forth to their home towns 
and villages. Yet it was not until 1995-98 that the large South-
East Asian manufacturers realized that this economic model 
could be profitable, since it would do away with borders and 
taxes. This model thus fits in perfectly with the ultra-liberalism 
demanded by transnational corporations.  
 
How do countries, especially in Europe, deal with this 
kind of immigration, which in fact isn't immigration at all? 
A. T.: To the immigration-emigration concept must now be 
added that of transmigration, thus radically changing what it 

means to be a foreigner. Because countries like France see things 
in terms of integration, they are increasingly disconcerted by 
these newcomers, who merely request temporary travel permits. 
In France, new provisions allow a six-month passage through 
the country. Transmigrants are small transnational entrepre-
neurs who bear no resemblance to their immigrant forbears. 
Admittedly, transmigration also involves large-scale mobility 
of the international workforce. Yet transmigrants tend to work 
in the services rather than in the manufacturing sector, and are 
constantly on the move, as they no longer have to settle near 
production sites. 

Sociology  Alain Tarrius, researcher at the LISST,1 investigates a new migratory 
phenomenon caused by globalization: transmigration.  

Nomads of 
Globalization

q  In the port of Khasab (Oman), smugglers load up merchandise 
that will find its way to Iran through the Strait of Hormuz.

q  Alain Tarrius
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In your latest book,2 you mention emancipation for these 
transmigrants. What do you mean exactly? 
A. T.: The choice of mobility is in itself liberating: rather than 
being pawns moved from place to place according to each 
country’s laws, transmigrants feel that they are in charge of  
their own migration. On the one hand, since they only set off 
for a few weeks or months at a time, they don’t have the  
impression that they are leaving their family environment  
behind. As a result, they don’t feel like foreigners anywhere,  
or that they have to conform with the identity of the  
countries they travel through. On the other hand, they have a 
sense of business achievement, especially when they return to 
their home country where they sometimes invest their profits. 
Since European countries’ planned assimilation of immigrants 
has been unsuccessful, transmigration gives the younger gen-
erations living in urban enclaves in Western Europe a way out 
that these countries have been unable to offer. 

Yet according to you, it's not all good news. 
A. T.: Correct. Firstly, it isn’t legal trade, since the transmigrants 
circumvent the law. Secondly, with regard to the origin of the 
capital, there is a close link between this activity and illegal 

trafficking. To buy their goods, some migrants take jobs as ag-
ricultural workers on opium poppy plantations in Turkey, 
Georgia, Russia, and Iraq for a month or two, or else borrow 
money from Russian or Italian mafias. Thirdly, there is a revival 
of female transmigration for prostitution from the Balkans, the 
Caucasus, and the Mediterranean basin. They find their way to 
clubs on the east coast of Spain, for example at La Jonquera, a 
small village at the French border, where 10,800 women work 
as prostitutes.

Are there links between former migrants and their  
descendants and the transmigrants? 
A. T.: Yes, in Europe, several thousand transnational migrants 
live close to or with settled immigrants from the same regions 
during their stays. There is a great deal of interaction between 
them. Some residents act as business associates: they provide 
transmigrants with accommodation and access to information 
and communication technologies so that they can connect with 
the huge poor-to-poor market. Through cultural associations, 
some residents bring in Syrian, Bulgarian, and Iraqi doctors, 
nicknamed ‘Egyptian doctors,’ who offer medical consultations 
to the transmigrants, assisted by young residents who buy 
medication online.  

Should we rethink the notion of borders? 
A. T.: Absolutely. The creation of the Schengen area led to the 
disappearance of internal borders, encouraging countries to 
consider their external borders as European, although these 
have no real legal status. In contrast, transmigrations mark out 
travelers’ territories covering areas 2000 to 3000 km long and 
40 to 50 km wide, made up of multiple stopovers and social 
encounters. For transmigrants, borders don’t separate countries, 
but rather identify the territories they travel through and where 
their friends and relatives live. As an example, there is a 
Moroccan ‘belt’ that runs through Germany, Belgium, France, 
and Spain, where families are closely connected from one 
country to another, based on previous migration areas that now 
serve as a framework for traveling transmigrants. And the same 
applies to the Turks, Roma, and so on. 

01.  Laboratoire interdisciplinaire solidarités, sociétés, territoires (unité CNRS / 
Université Toulouse-II-Le Mirail / EHESS). 

02.  Alain Tarrius et al., Transmigrants et nouveaux étrangers (Toulouse: Presses 
Universitaires du Mirail, 2013). 

“[Countries] are increasingly disconcerted 
by these newcomers, who merely request 
temporary travel permits.” 
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CONTACT INFORMATION: 
LISST, Toulouse. 
 Alain Tarrius  
 >  altarrius@gmail.com
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�Founded in 1939 by governmental 
decree, the CNRS is the largest 
fundamental research organization 
in Europe. 

The CNRS is involved in all scientific 
fields through ten specialized institutes 
dedicated to: 
q Life sciences
q Physics
q Nuclear and Particle Physics
q Chemistry 
q Mathematics 
q Information technologies
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 the 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 the CNRS, whose revenue streams 
include EU research contracts and royalties on 
patents, licenses, and services provided. CNRS’s 
2014 budget is €3.27 billion.  

The CNRS employs some 34,000 staff, including 
11,400 researchers and 14,200 engineers and 
technicians. About 93% of its 1200 research  
units  are joint laboratories with universities  
and industry.

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

The 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 Department 
(Direction Europe de la recherche et 
coopération internationale (DERCI)) 
coordinates and implements CNRS 
policies 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 11 representative 
offices abroad, as well as on science and 
technology offices in French embassies 
around the world.

CONTACT INFORMATION: 
> derci@cnrs-dir.fr

WEBSITE: 
> www.cnrs.fr/derci
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KEY FIGURES

THE CNRS SUPPORTS SCIENTIFIC 

COLLABORATIVE STRUCTURED PROJECTS 

ACROSS THE WORLD

     293   International Programs for 
Scientific Cooperation (PICS)

     158   International Associated 
Laboratories (LIA)

    105   International Research 
Networks (GDRI)

       30    International Joint Units 
(UMI)
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Organized Chaos

w�This seemingly dishevelled mop of hair 
actually shows the collision between two 
herds of colloidal particles capable of self-
propulsion. It was obtained by the team of 
Denis Bartolo,1  who studies how collective 
movements arise within groups of entities 
that are solely governed by neighboring 
interactions.2

When submitted to an electric field, a large 
population of self-propelled colloidal parti-
cles self-organizes to achieve coherent mo-
tion in a single direction. In this case, two  
herds moving in opposite directions collide, 

creating the central chaos that preludes co-
herent motion at the entire population scale.
Such studies help gain physical insight into  
the large-scale behavior of populations as  
varied as schools of fish, flocks of birds, or  
bacterial cultures. 

01.  Laboratoire de physique de l’ENS de Lyon (CNRS / ENS 
Lyon / Université Lyon-I). Laboratoire PMMH (CNRS / 
ESPCI ParisTech / Université Paris-VI and -VII).

02.  A. Bricard,  J.-B. Caussin et al., “Emergence of macroscopic 
directed motion in populations of motile colloids,” 
Nature , 2013. 503: 95-8.

CONTACT INFORMATION: 
ENS, Lyon.   
Denis Bartolo,    denis.bartolo@ens-lyon.fr©
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