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2016
IN FIGURES

the cnrs 

tops
the Nature Index

and
Scimago Institutions 

Rankings
(Source: natureindex.com; Scopus; Scimago - 2016)

of which

60%
are co-signed with  

a foreign laboratory 
(Source: Scopus; Scimago - 2016)

50,600 
scientific

publications

32
intramural 

research units

135
service units

952
joint research 

units

A budget  
of 

c= 3.2
billion

31,637 staff members 
including 43% women

298
researchers  

recruited

332 
engineers and 

technicians recruited

11,137
researchers

13,415
engineers and 

technicians

7,085
contractual 
employees

(Source: CNRS/DSFIM/DRH/DERCI/DIRE/DASTR/FIST SA)

RESOURCES

COMMUNICATION

RESEARCH

More  
than
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More than

1,200
startups

126 
public/private

joint Research  
Structures

21
framework 
agreements

with listed companies 

36 
International joint units

57 
funded by  

the European Research 
Council (ERC)

185 
European
projects
financed

international

and features among the 

Top 100
Global Innovators

(Source: Thomson Reuters - 2016)

The CNRS ranks 

5th 
in Thomson Reuters

,
 list 

of the World’s 25  
Most Innovative Research 

Institutions

INNOVATION AND PARTNERSHIPS

of which

6th 
largest  

patent filer
in France 

(Source: INPI)
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IS MORE  PROMINENT THAN EVER
The year 2016 saw a scientific evaluation  
of the CNRS by an international visiting 
committee. What is your analysis of  
this review?

Alain Fuchs: Previous surveys had a tendency to consider 
the CNRS solely from an administrative point of view, but 
we needed to measure its scientific impact on our country, 
both as a national institution and as a major research player. 
It was important to determine the added value of our 
organization beyond the laboratories themselves, which are 
assessed by specific processes. An international visiting 
committee, headed by Rémi Quirion, chief scientist of 
Quebec, delivered a thorough, high-quality report that will 
be useful for future reference. The committee impartially 
identified our strengths and formulated a few recommen-
dations. It highlighted what makes the CNRS stand out in 
the landscape of international research operators, showing 
how its specificity can be an advantage for global science 
rather than a singularity to be eradicated.
In parallel, the High Council for Evaluation of Research and 
Higher Education (HCERES) was approached to ensure that 
the evaluation complies with good practice and meets offi-
cial standards.

Is the CNRS still a driving force?
A.F.: French science is more prominent now than it has ever 
been since Marie Curie! France has steadily supported its 
research community in the second half of the 20th century, 
and this is bearing fruit today. Our country, which had only 
earned one Nobel Prize1 between 1935 and 1965, has gar-
nered eight since 2005 – not to mention several Fields 
Medals and other prestigious international awards. The 
2016 Nobel Prize in Chemistry went to Jean-Pierre Sauvage, 
a CNRS researcher who has spent his whole career in 
Strasbourg. CNRS teams have been involved in virtually all 
of the world’s spectacular breakthroughs, such as the dis-
covery last year of gravitational waves. Our success rate 

A L A I N  F U C H S
PRESIDENT OF THE CNRS
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French science
IS MORE  PROMINENT THAN EVER

with ERC grants also gives us confidence in the future. But 
of course, research is not just about making groundbreaking 
discoveries: steady, low-profile scientific activity goes on 
every day in the laboratories, building our cultural and scien- 
tific heritage year after year.
However, we cannot be complacent. We must continue to 
invest in order to keep pace with worldwide competition, 
which has intensified. To do so, we need to recruit top-level 
researchers and sustain our efforts in terms of funding.

Are you concerned about the consequences  
of Brexit?

A.F.: Science is based on values such as the free circulation 
of ideas and intellectual talent that have allowed it to expand 
and become global. We had thought that such a free and 
open world, which gives pride of place to both competition 
and cooperation, was ours forever. Now the Brexit vote, and 
some decisions being made in the US seem to jeopardize 
those principles. Europe invented modern science and has 
succeeded in advancing it. Even beyond the borders of the 
EU, the European Research Area remains the world’s largest 
breeding ground for science. This heritage is a supranational 
European treasure and an integral part of our identity. It 
must be preserved.

Considering the large body of results produced 
this year in response to the CNRS “research  
vs terrorism” call for proposals, do you think 
that researchers, especially in the humanities 
and social sciences, have more influence on 
government policy?
A.F.: The terrorist attacks of 2015 were like a wake-up call 
within our scientific community. A number of studies had 
already been undertaken to shed light on the phenomena of 
radicalization, but the CNRS call for projects made it possible 
to broaden their scope and structure new ones, for example 
in the behavioral sciences. The idea that research work could 

shape government policies, which would have seemed 
unlikely only a few years ago, is now widely accepted. 

The approach is similar to the collaborative 
processes that are now developing between 
research teams and industry… 
A.F.: Indeed, the processes are not far removed from those 
involved in technology transfer. For a long time, the CNRS 
was singled out for criticism for failing to find applications 
for its research results. This is not true. The linear model, 
from basic scientific discovery to market launch, has 
become obsolete. Today’s companies are anxious to seek 
out new findings upstream. Collaborations are increasingly 
interactive, as testified by the emergence of joint research 
structures. Each day provides further evidence that con-
ducting basic research is not incompatible with transferring 
or marketing its results.

Precisely, a survey conducted in our 
laboratories has revealed the existence of  
no fewer than 120 joint research structures 
with industry. Is the CNRS, contrary to 
common belief, actually on the same 
wavelength as the economic world?
A.F.: Absolutely. And the CNRS takes the credit for this initi-
ative, having devised more flexible and operational structures 
than the joint research units, for example. These shared 
resources meet industry’s requirements in terms of respon-
siveness and flexibility. The same goes for startups: while 
their launch has been facilitated by recent legislation, there 
is also a new mindset at the CNRS that is conducive to this 
type of action. The difference is that we have become aware 
of our strengths in this area, and the survey on joint research 
structures shows just how important these strengths are.

interview

1. André Frédéric Cournand received the Nobel Prize in Physiology  
or Medicine in 1956.
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Vincent Calvez, from the 
Lyon-based Unit of Pure and 

Applied Mathematics (UMPA), 
and Hugo Duminil-Copin,  

from the Alexander 
Grothendieck Laboratory, in 

Saclay (Paris), are among the 
ten laureates of the European 
Mathematical Society Prizes. 

Climate, innovation, 
mathematics, art and 
science, and a Nobel Prize  
looking back at 16 highlights 
in an eventful and action-
packed year for the CNRS. The Tara Pacific 

expedition  
sets off from Brittany on a 
two-year voyage to study 

the impact of climate change  
on the biodiversity and 

evolution of coral reefs.

The FRIPON network  
deploys 100 cameras to 

detect meteorites over 
France in real time, and 

calculate their 3D 
trajectories, speeds and 

points of impact. 

 

The CNRS National Institute for 
Mathematical Sciences and their 
Interactions launches AuDiMath, 
a network aimed at promoting 
the discipline among the general 
public. 

The CNRS presents innovations 
and new ideas from its 
laboratories concerning 
tomorrow’s healthcare.

Inauguration of 
Prométée, a technology 
platform dedicated to transport, 
energy and the environment, at 
the Futuroscope site in Poitiers 
(west-central France).

JANUARY

The CNRS is ranked 5th  
in the Thomson 
Reuters Top 25 
list of research 
organizations “doing the  
most to advance science and 
technology in the world”.

MARCH

JULY

MAY

2016
THE BEST  

OF
MATHEMATICS

INNOVATION

RANKING

TECHNOLOGY

CLIMATE

UNIVERSE

MATHEMATICS

..
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France and Japan launch a  
new International Joint Unit, 
ElyTMaX, to explore the  
behavior of materials under 
extreme conditions.

Jean-Pierre Sauvage, a pioneer  
in molecular machines and  
a CNRS researcher from 1971  
to 2014, is awarded the  
2016 Nobel Prize  
in Chemistry. 

To celebrate the centenary of 
Claude Shannon, the father  
of information theory, the CNRS 
launches a dedicated website.

Platonium, a work that combines 
art and science, is presented at 
the Fête des Lumières in Lyon. 

The mathematician Claire Voisin 
is awarded the  

CNRS Gold Medal.

DECEMBER

OCTOBER

AWARD

Sixth edition of the  
CNRS Medal  
of Innovation:  
four researchers rewarded.

The new Centre for Nanoscience 
and Nanotechnology (C2N),  
set up within the Université 
Paris-Saclay, is the largest of  
its kind in the Paris region. 

JUNE
AWARD

NANOTECHNOLOGY

INTERNATIONAL

COMMUNICATION
Thanks to the new Spiral2  
particle accelerator, France  
doubles its experimental 
capabilities in nuclear physics.

One year on, the CNRS reviews  
the call for research projects 
related to terrorist attacks.

NOVEMBER

NUCLEAR PHYSICS

SOCIETY

ART AND SCIENCE

MATHEMATICS
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Culture of Penicillium sp.  
(phase-contrast microscopy).  
© Wikimedia commons/Doc. RNDr. Josef Reischig, CSc.

10 µm

THE LIVING
WORLD
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Popularized by the best-seller Gut: the inside story of 
our body’s most underrated organ1, the study of the 
intestinal microbiota, otherwise known as gut flora, 
holds out tremendous hope for progress in many fields 
of medicine. The microbiota is composed of all the 
non-pathogenic microorganisms such as bacteria, 
viruses, parasites and fungi that live on the skin, in  
the mouth and in the gut. Containing 1012 to 1014 
microorganisms, which is between two and ten times 
the total number of cells in the human body, the 
intestinal microbiota is the most populous. Some 
scientists even consider it to be an organ in its own 
right. The study of the interactions between the 
microbiota and its host is key. Although researchers 
had long suspected the existence of this symbiosis 
benefiting the organism, the technical resources for 
studying it remained limited. Today, however, high-
throughput sequencing of genetic material has shed 
light on this phenomenon. 

Researchers2 compared, under different nutritional 
conditions, the development of mice with a normal 
microbiota and so-called axenic (or germ-free) 
rodents with no gut flora. “Having spent years 
studying the effect of intestinal bacteria on the 
development and nutrition of fruit flies, we wanted  
to find out whether our observations on this model 
organism also applied to mammals – in this case 
mice,” explains François Leulier, a researcher at the 
CNRS and the Ecole Normale Supérieure de Lyon. The 
scientists discovered that some strains of gut bacteria 
belonging to the species Lactobacillus plantarum, 
previously known to promote growth in fruit flies, also 
boosted it in young mice. By demonstrating the role 
that bacteria in the intestinal flora play in controlling 
growth in mammals, the researchers have opened the 
way to new preventive and therapeutic strategies to 
combat the deleterious effects of malnutrition on 
children’s growth.

In a different line of research, a team has shown3 that 
two intestinal bacteria (E. hirae and B. intestinihominis) 
enhance the anticancer therapeutic effects of 
cyclophosphamide (a drug used for chemotherapy), by 
providing an immune response (destruction of tumor 
cells) when the bacteria pass into the blood. “The 
efficacy of an anticancer drug is based on the patient’s 
ability to build an effective immunological memory 
against some of these bacteria, such as those we have 
just identified,” points out Mathias Chamaillard, a senior 
researcher at the INSERM. The next step will be to 
improve the survival of patients using treatments 
derived from these bacteria. 

Lastly, while it is known that high-fiber foods prevent 
obesity and diabetes, this phenomenon remained 
poorly understood so far. It relies on the capacity of the 
intestine to synthesize sugar and release it into the 
blood stream between meals and at night, thereby 
controlling the feeling of hunger, increasing energy 
expenditure at rest, and helping the liver produce  
less glucose. A French-Swedish collaboration has 
demonstrated that gut flora, by fermenting dietary 
fiber to propionate – and to succinate, which was 
unsuspected until now – provides the intestine with 
the necessary precursors to produce glucose. “It is 
therefore the role of the microbiota to convert the 
beneficial signals contained in the food into active 
metabolites in the host,” says Gilles Mithieux from the 
INSERM. No doubt this finding heralds new dietary  
and therapeutic recommendations – and a wealth of 
discoveries concerning the highly beneficial effects  
of the 100,000 billion bacteria living in our gut.

Gut flora holds great 
therapeutic promise

Research into the populations of 
bacteria that live in our digestive 
system is producing highly promising 
results in areas as diverse as juvenile 
growth, cancer, obesity and diabetes. 

Science, February 2016__
1. Giulia Enders, Scribe Publications, 2015. 
2. CNRS/ENS Lyon/Université Claude Bernard Lyon 1/Inserm/Inra/INSA Lyon.  
3. CNRS/Inserm/IGR/Institut Pasteur de Lille/Université Paris-Sud/Université de Lille.
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THE LIVING WORLD

To find out more: Into the secrets of an anthill
> http://bit.ly/2sJN88s

Modeling the complexity 
of the human brain
Researchers have produced in vitro 
simplified models of neural networks. 
By modeling the complexity of the 
human brain, the study could lead  
to the development of treatments  
for neurodegenerative diseases.

__Understanding how information is pro-
cessed in the brain is the ambitious goal of 
CNRS researcher Thibault Honegger, who in 
2016 was awarded a European Research 
Council (ERC) Starting Grant. 
Together with colleagues1, he created physio-
logically relevant models of neural circuits. 
Called “connectomes-on-a-chip”, these tech-
nologies provide a suitable minimalist envi-
ronment to study the structure-function 
relationship of brain circuitry. The team has 
shown that functional networks (communica-
tion between neurons) are highly decorrelated 
from the structure that supports them (phys-
ical connections between neurons).
Creating complex neural circuits that are sim-
ilar to human physiology therefore opens up 
new prospects for the study of brain function 
and the discovery of treatments against neuro- 
degenerative diseases.
Scientific Reports, June 2016__
1. CNRS/CEA/Université Grenoble Alpes/Massachusetts Institute  
of Technology.

Using MRI images to extract 
the principal networks of white 
matter bundles in the human 
brain. © A. Grigis/Université de Strasbourg/
CNRS Photothèque

The mechanisms that enable ants to coordinate  
with each other to build their nests have now  
been elucidated. The insects interact indirectly  
to collectively shape the complex architecture  
of their habitat.
__How do thousands of ants manage to coordinate with each other 
to collectively build nests whose architecture is sometimes highly 
complex? To answer this puzzling question, researchers1 combined 
behavioral analysis, 3D imaging and modeling techniques.
Their work shows that the ants prefer to deposit their soil pellets in 
areas where this material is already present: by adding a pheromone 
to it, they actually encourage the other ants to build on the same spot, 
leading to the formation of regularly spaced pillars. The workers then 
use their body size as a template to determine the height at which 
they should begin to deposit pellets laterally – and build caps on top 
of the pillars.
The ants therefore use two types of indirect interaction to build their 
anthills collectively. In addition, the pheromone breaks down at a rate 
that depends on the climate, enabling the insects to adapt the shape 
of their nests to environmental conditions. 
PNAS, January 2016__
1. CNRS/Université Toulouse III – Paul Sabatier/Université de Nantes/École des Mines de Nantes.

How ants self-organize 
to build their nests
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Immune cells can self-renew indefinitely
Stem cells are no longer the only ones known to self-renew. Cells in  
the immune system also have this ability, opening up new prospects  
for regenerative medicine.

__Like embryonic stem cells, mature immune cells, known as macrophages, are capable of 
self-renewal. A Franco-German research team1 has shown that these cells, which play a key role 
in immune response and tissue regeneration, can multiply almost indefinitely. The activation of 
a gene network similar to that of stem cells accounts for this invaluable property.
Normally, regulatory proteins inhibit the activation of these genes and hence the proliferation of 
macrophages. However, the researchers have shown that a naturally low concentration of these 
regulators – or their inhibition – enables macrophages to multiply. In regenerative medicine, it 
might be possible to replace diseased tissue without using stem cells. Macrophages could also 
serve to stimulate tissue regeneration, since they already help to maintain tissue homeostasis. 
Science, January 2016__
1. CNRS/Inserm/Aix-Marseille Université/Max Delbrück Center for Molecular Medicine, Berlin.

AIDS: bioinformatics reveals a tenth gene 
The existence of a tenth gene has been confirmed by researchers who compared 
23,000 sequences.

__The existence of a tenth gene in the AIDS virus, 
known as asp, remained controversial. It has now 
been confirmed by bioinformatic analysis and the 
development of novel methods. Researchers at 
the Montpellier Laboratory of Informatics, 
Robotics and Microelectronics (LIRMM)1, special-
ized in mathematical models of biological evolu-
tion, together with their colleagues at the CPBS2, 
experts in antisense transcription in retroviruses, 
have completed the first-ever evolutionary study 
of the asp gene. 
Their goal was to analyze the conservation and 
evolution of the gene since HIV-1 first affected 

humans. The scientists studied around 23,000 
sequences of the virus to determine whether asp 
was conserved in the various groups of HIV-1 and 
SIV, the equivalent of HIV in apes. 
They showed that the gene only existed in the 
viruses that caused the human pandemic, and 
that it appeared simultaneously with the emer-
gence of HIV-1 in humans in the early twentieth 
century. 
PNAS, April 2016__
1. CNRS/Université de Montpellier/Université Paul Valéry Montpellier 3/
Université de Perpignan-Via Domitia/Inria. 
2. Centre d’Etudes d’Agents Pathogènes et Biotechnologies pour la Santé 
(CNRS/Université de Montpellier).

Astatine, a new ally in radiotherapy? 
Astatine appears to be an excellent candidate for the development of new 
radiotherapies. A milestone has been reached with the discovery of a stable form  
of the element.

__The radioactive isotope astatine-211 could 
prove highly effective in fighting cancer cells – 
provided it can be transported to the tumor. To 
do so, researchers had to find stable chemical 
forms of the isotope.
This has now been achieved through an exten-
sive research program1, whose principal findings 
included the discovery of a new ionic species in 
aqueous solution, AtO(OH)2-. Its existence was 

demonstrated using a novel approach that com-
bined experimental work in radiochemistry with 
simulations based on quantum chemistry. This 
is an impressive feat given that the most stable 
isotope of astatine, an extremely rare element 
in the natural state, has a half-life of a mere  
8.1 hours. 
Chemistry - A European Journal, February 2016__
1. CNRS/Université de Nantes/École des Mines de Nantes.

Front view of a winged 
ant seen under a scanning 
electron microscope.
© S. Borensztajn/CNRS Photothèque

Human cancer cell migrating in a 
collagen matrix, seen under a confocal 
microscope. © R. Poincloux/CNRS Photothèque
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Measuring the magnetic field in 
the Bruniquel cave (southwestern 
France). © E. Fabre/SSAC

To find out more:  
Neanderthal at Bruniquel
> http://bit.ly/2sPYKlH

SOCIETY
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Discovered by speleologists in 1990, the Bruniquel 
cave, nestling on a hill overlooking the Aveyron Valley 
in southwestern France, concealed an unsuspected 
treasure: 336 meters from the entrance, astonishing 
human-made structures have recently been dated  
as being 176,500 years old, among the oldest in 
human history.

Stalagmites and “speleofacts”
The cave contains some 400 stalagmites arranged in 
more or less circular formations. Next to them, calcite 
reddened or blackened by soot and fractured by heat, 
as well as remnants of burnt bones are clear evidence 
of fire use. In 2013, a team of French and Belgian 
researchers1 undertook an inventory of these objects, 
carrying out a series of 3D surveys and a magnetic 
study to map the burnt remnants. 

In all, the structures make up a total of 112 meters  
of stalagmites broken into well-calibrated pieces, 
carefully aligned and stacked in two, three or even four 
layers, and weighing between 1.2 and 1.4 tons. Marks 
showing where the stalagmites were wrenched off the 
cave floor to make the structures can be seen nearby. 

No formations of this scale had ever been discovered 
before. The scientists therefore developed the concept 
of “speleofacts” to designate and describe these 
stalactite arrangements. To date them, they used a 
method known as uranium-thorium dating. Uranium, 
present in trace amounts in the environment, decays 
over time into other elements, including thorium. 
Measuring the thorium produced and uranium 
remaining in the calcite of the stalagmites enabled 
researchers to determine their age. Specifically, they 
dated the calcite used as a construction material, which 
stopped growing when it was wrenched off (giving the 

oldest age), and the calcite covering the structures  
(the youngest age). The two series of samples thus 
provide an age range during which the structures  
must have been made.

Formations predating the emergence of modern 
humans in Europe 
The age of the structures is estimated to be 
176,500 years (to the nearest 2,000 years). However,  
it was not until the beginning of the Upper Paleolithic 
(40,000 years BC) that humans were known to have 
stayed or lived in deep caves far from daylight. 

The Bruniquel structures therefore predated the arrival 
of modern humans in Europe. “Their builders must have 
been early Neanderthals, whom scientists had always 
assumed never occupied subterranean habitats, lacked 
sophisticated lighting and fire skills, and were scarcely 
capable of creating such elaborate structures,” says 
Jacques Jaubert, a researcher at the University of 
Bordeaux. They had never been shown to occupy deep 
caves in Europe or elsewhere until then – which today 
makes them the world’s earliest speleologists! 

This archaeological research work, published on 25 May 2016 
in Nature, was carried out by an international team involving, 
among others, Jacques Jaubert of the University of Bordeaux, 
Sophie Verheyden from the Royal Belgian Institute of Natural 
Sciences, and Dominique Genty 2 at the CNRS, with logistical 
support from the Société Spéléo-Archéologique de Caussade, 
headed by Michel Soulier.

Nature, May 2016__
1. De la Préhistoire à l’Actuel: Culture, Environnement et Anthropologie (CNRS/
Université de Bordeaux/EPHE/Inrap). 
2. Laboratoire des Sciences du Climat et de l’Environnement (CNRS/CEA/UVSQ).

Bruniquel sheds new light
on the Neanderthals

With some of the most ancient 
structures in human history, the 
Bruniquel cave is proof that, well before 
Homo sapiens, the first Neanderthals 
knew how to use fire as a light source in 
confined spaces devoid of daylight.
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Understanding 
radicalization
At the end of 2016, the CNRS 
organized the first-ever international 
thematic workshop on the issue of 
radicalization, with a view to forming 
a scientific community capable of 
investigating the broad spectrum  
of related phenomena.

__Researchers, healthcare and education 
professionals, along with political and legal 
experts gathered at the first international 
thematic workshop on radicalizations. The 
use of the plural form “radicalizations” is 
deliberate, since the phenomenon covers a 
wide range of realities (jihadism, Islamist 
attacks, separatist, far-left and far-right 
movements, etc.). Until the moment they 
spill over into violence, such processes of 
enrolment have many points in common. 
Comparing different forms of radicalization 
can also shed light on “deradicalization” 
mechanisms, which science has not yet 
investigated.
An individual does not suddenly become a 
terrorist but gets there through a succes-
sion of small choices, which can make it 
difficult to turn back. The process generally 
begins during a transitional period in their 
lives (leaving home, unemployment, etc.), 
and by a phase of ideological seduction 
when they meet someone among their 
friends and family, at work, or on the 
Internet. Some young people are drawn to 
the political or revolutionary dimension of a 
leader’s rhetoric. Others find that religious 
commitment boosts their self-esteem or 
are attracted by the element of “adventure” 
that it provides. 
Although prisons are not, as is sometimes 
claimed, the principal breeding ground for 
terrorists, being part of a group does play  
a crucial role in this process. More than  
80% of people who join Islamist radicaliza-
tion networks do so through friends and 
collectively. 
Brought about by a very strong social 
demand for information about radicaliza-
tion processes, this first-ever thematic 
workshop also met with genuine success 
among professionals. 

Terrorism puts 
connected solidarity 
to the test

What causes shock in the face of the terrorist attacks 
of the past few years? A sociologist looks into how our 
modern societies feel when responding to such events. 
__Shock. For sociologist Gérôme Truc1, who has been studying the 
reactions of the general public to terrorist attacks, this is the emotion 
that stands out. Following in the footsteps of Émile Durkheim, one of 
the founders of modern sociology, Truc believes that his discipline 
should be concerned with the way in which ordinary people experience 
such situations. Shock occurs when violence bursts into our normal 
everyday lives. Today, 24-hour news channels contribute to this state 
of affairs by broadcasting events practically as they happen, with end-
lessly repeated images that are relayed en masse by the social media. 
As a result, it becomes difficult to distinguish the effects of an attack 
from those of its coverage.
Sociologists have long known that any society that is under threat 
needs to reaffirm its cohesion around federating symbols and slogans. 
However, since the advent of online social networks, mobilization 
around a single rallying cry seems to take place much faster.
Social networks also certainly play a role in the tremendous wave of 
solidarity observed during these dramatic events, by showing the vic-
tims as individuals, with names and faces. No doubt people’s reaction 
would be very different if they only heard of anonymous victims.

1. CNRS/Université Paris-Nanterre/ENS/EHESS.

Slogans can bring people 
together during tragic events 
such as terrorist attacks.  
© Wikimedia commons - E. Walter
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The scientific community joins forces for the oceans
An international team of experts has analyzed the implications of the Paris Agreement, adopted  
at the COP21 conference, for the future of the oceans. The impact risks are highly dependent  
on the greenhouse gas emission trajectory the world is on course to follow.

__What effect will the commitments 
in the Paris Agreement have on the 
oceans? This question is the subject of 
a study by international experts in the 
Oceans 2015 Initiative, aimed at pro-
viding key information about the 
future of the sea. Their findings show 
that, even taking into account the 
Agreement as it stands, the level of 
impact risk on the oceans will at the 
very least double over the next cen-
tury. Even the low greenhouse gas 
emission scenario, which roughly cor-
responds to the Paris Agreement 
objective of not exceeding a 2°C 
threshold by 2100, would increase the 
current risk level by a factor of 1.4.
While the oceans offset global warm-
ing, this process significantly alters 
their physics and chemistry, as well as 
their ecosystems and the services 
they provide to humanity, such as 
fisheries, aquaculture, coastal tourism 
or coastal protection.
While the COP22 (held in Marrakech in 
2016) focused on the vulnerability of 
the Mediterranean, the COP23 in 
2017 (chaired by Fiji) will put the spot-

light on the oceans and islands.
The mobilization of the scientific com-
munity around the oceans has already 
borne fruit within the UN Climate 
Change conferences. Two special 
reports are expected by 2020, one on 

a world at +1.5°C, and the other on 
the oceans and cryosphere. They are 
meant to provide a clear picture of the 
benefits that can be expected from 
highly ambitious mitigation efforts.
Nature Climate Change, May 2016__

A collaboration between linguists and primatologists lays the foundations  
of primate linguistics.
__It has long been known that the calls of 
monkeys convey information about their envi-
ronment. However, a joint team1 of linguists 
and primatologists has recently laid the 
groundwork for primate linguistics. Using the 
methods of modern linguistics, the scientists 
have shed fresh light on the morphology, syn-
tax, and especially, semantics of monkey calls. 
For instance, male Campbell’s monkeys (Africa) 

make use of a distinction between roots and suf-
fixes. By combining them, they can describe the 
nature of a threat as well as its level of danger. 
Thus, “hok” warns about serious aerial threats 
such as an eagle overhead, while “hok-oo” is 

used for more varied aerial events. The suffix 
“-oo” therefore serves to soften the message. 
Calls can also be combined according to certain 
rules, which may imply that there is a primate 
syntax.
Although “monkey languages” are by no means 
as complex as human ones, this approach has 
enabled researchers to show, by comparing lists 
of related species, that some calls have been in 
existence for more than three million years.

Journal of the Acoustical Society of America, July 2016__
1. CNRS/EHESS/ENS/Collège de France/Aix-Marseille Université/
Université Bretagne Sud/Université Paris-Sorbonne/Université 
Caen-Normandie/Université Rennes 1.

Monkey “language” deciphered

A Campbell’s monkey.  
© Université de Neufchâtel

The future of the oceans is of 
prime concern to researchers 
investigating global warming.  
© DT INSU/CNRS Photothèque
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Simulation of gravitational  
waves generated by the merger  
of two black holes.  
© C. Henze/Nasa/Goddard Space Flight Center

See the film: Detecting Gravity Waves
> http://bit.ly/2mUQceZ 
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The detection of gravitational waves was one of the 
most important scientific events of 2016. With nearly a 
hundred engineers and researchers from six associated 
laboratories1, the CNRS was involved in the discovery, 
while its contribution to theory also played a key role 
throughout the project.

Using gravitational antennas (giant laser interfero- 
meters), scientists were able to detect a signal  
emitted during the final phase of the merger of two 
black holes into a single black hole. As the orbits  
of the two objects shrank ever more rapidly, their 
gravitational binding energy was transformed  
into gravitational waves. 

The phenomenon was detected for the first time  
in September 2015 and disclosed in early 2016, 
confirming a major prediction of the general theory  
of relativity formulated by Albert Einstein in 1915.

The spinning dance of a pair of black holes 
Black holes, of stellar origin, are formed when massive 
stars explode at the end of their lives. In the interstellar 
medium, some are found in pairs orbiting around each 
other. Over time, the two bodies gradually move closer 
together, losing orbital energy, and finally collide at  
a relativistic speed approximately half that of light, 
before merging. This process is known as coalescence. 
The resulting black hole is less massive than the sum  
of the original two since part of their mass has been 
converted into gravitational waves, according to the 
famous equation E=mc2. 

“Gravitational waves are oscillations in the geometry of 
spacetime that travel at the speed of light and can be 
detected at a great distance from their source,” explains 
Luc Blanchet, a senior researcher at the Institut 
d’Astrophysique de Paris. 

A signal detected by gravitational antennas 
It was this signal that researchers detected for the first 
time. Working hand in hand in a large international 
collaboration based around the LIGO (Laser 
Interferometer Gravitational-wave Observatory) in  
the US and the Virgo observatory in Europe and using 
giant laser interferometers, the scientists were able  
to observe an ancient cataclysmic event, dubbed 
GW150914, which took place 1.3 billion years ago.  
Two black holes orbiting around each other, each with  
a mass about 30 times that of the Sun, finally collided 
at 150,000 kilometers per second (half the speed  
of light!) and merged. 

Announced on 11 February 2016, the resulting signal 
was detected simultaneously by the two LIGO 
instruments, located 3,000 km apart in Louisiana and 
Washington State. The discovery was published in the 
journal Physical Review Letters and involved scientific 
collaboration with Virgo, the European gravitational 
detector located in Italy. “The dual detection of identical 
strong signals with a characteristic shape told us that  
it was not a false alarm,” points out Benoît Mours, a 
researcher at the Laboratoire d’Annecy-le-Vieux de 
Physique des Particules, and Principal Investigator for 
the Virgo project in France. 

“For astrophysics, this discovery can be compared to 
that of the Higgs boson for particle physics,” adds Tania 
Regimbau, an astrophysicist in the Virgo group. Namely, 
a breakthrough that opens a new window for the study 
of the Universe – and one that is radically different 
from conventional astronomy, which is based on the 
detection of electromagnetic radiation. 

Gravitational waves 
detected for the first time

Predicted by Einstein in his general 
theory of relativity, gravitational waves 
have finally been detected. These ripples 
in spacetime, caused by cataclysmic 
events in the distant Universe, reach 
Earth after an incredibly long journey. 

Physical Review Letters, February 2016__
1. CNRS/Université Savoie Mont Blanc/Observatoire de la Côte d’Azur/Laboratoire  
de l’Accélérateur Linéaire, Orsay.
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Protons on a collision course at the LHC
The hunt for new particles is in full swing at the CERN’s Large Hadron 
Collider (LHC). An increasing number of protons are hurtling around the 
world’s most powerful particle accelerator.

__One of the LHC’s1 missions is to reach back to the origins of the Universe. In 2012, 
a huge step forward in the exploration of the infinitesimally small was taken with the 
discovery of the Higgs boson, a particle that first appeared a trillionth of a second after 
the Big Bang.
To go even further in uncovering the mystery of our origins, the particle accelerator is 
now working at full capacity. The year 2016 was extremely productive, with ten times 
more data being collected than in 2015, although no evidence was found for the exist-
ence of a new particle.
The High-Luminosity LHC project, now entering the construction phase, is an upgrade 
that will increase luminosity, and hence the number of collisions, by a factor of ten. 
With such unparalleled energies and record intensity, it may not be long before the 
Higgs boson’s closest relatives are uncovered.
1. Thirteen IN2P3 laboratories are taking part in LHC experiments.

Computer-generated image showing 
hydrothermally-obtained microcrystals 
on a carpet of gold nanoparticles that 
act as heat nanosources under laser 
illumination. © Institut Fresnel

__Stretching time scales to explore extreme events 
in nature is a feat that now seems to be within reach, 
thanks to a team from the FEMTO-ST Institute1. 
Applied until now in photonics, this innovative 
technique is based on the principle of a time lens, 
which stretches the time scale while increasing 
resolution.
The researchers were able to observe giant light 
pulses in real time, with an intensity 1,000 times 
greater than that of the initial fluctuations from the 
light source. The scope of these results goes well 
beyond the field of photonics as this technique 
could help predict extreme natural phenomena 
such as rogue waves – high, destructive waves 
that suddenly appear on the surface of the oceans. 
The ability to stretch time scales therefore paves 
the way for elucidating a wide range of natural sys-
tems in which it is difficult to directly study insta-
bilities and thereby obtain reliable statistical 
samples.

Nature Communications, December 2016__ 
1. CNRS/Université de Franche-Comté/Université de Technologie  
de Belfort-Montbéliard/École Nationale Supérieure de Mécanique  
et des Microtechniques.

Stretching time to improve 
extreme event prediction

A technique currently applied in photonics has been 
developed to stretch time scales. It could help shed light 
on extreme events in nature.

Gold keeps water 
liquid at 200°C
How can water be kept liquid at 
200°C and at ambient pressure? 
The answer is to use gold 
nanoparticles as a heat source. 

__From now on, chemical reactions 
using superheated liquid water at 
100-200°C as a solvent could be  
carried out in an open environment, 
without resorting to a sealed auto-
clave to raise the boiling point. The 
process was validated at the micros- 
copic scale by illuminating gold nano-
particles deposited on a glass sub-
strate and heated locally under a 
microscope using laser illumination. 
The fact that the water does not boil 
until it reaches 230°C is due to the 
natural lack of nucleation centers in the 
samples used. 
This novel technique for chemical syn-
thesis was developed by researchers 
at the Institut Fresnel1. Because it is 
meant for an open environment, it has 
several benefits, including the possi-
bility of introducing reactants during 
the reaction and observing the growth 
of crystals by microscopy. The experi-
mental method, which applies to 
chemical reactions carried out on 
small scales, opens up new prospects 
for micro- and nanofabrication.
ACS Omega, July 2016__
1. CNRS/Aix-Marseille Université/École Centrale de 
Marseille.
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Flexible organic 
memories

Electronic devices based on silicon have shown 
their limitations. Improvement in storage 
capacities will henceforth involve multilevel 
memories, that is, memories that can store 
several bits of information per device. 

__Researchers at the ISIS1 have successfully produced 
high-performance multilevel 8-bit optical memories. To do 
so, they had to blend a small tailor-made photoswitchable 
molecule with a semiconducting polymer in order to obtain 
a highly reliable organic memory that can be written and 
erased by light. In addition, the team successfully transferred 
this device onto light, flexible substrates. These results are 

key for the production of high-performance, smart, flexible 
electronic devices. They open the way for electronic paper, 
smart appliances and more generally, next-generation 
optoelectronics.

Nature Nanotechnology, June 2016__

1. Institut de Science et d’Ingénierie Supramoléculaires (CNRS/Université de Strasbourg).

Quantum states finally 
measured
More than 50 years ago, three physicists, Yu, 
Shiba and Rusinov, found that highly localized 
quantum states form around a magnetic atom 
immersed in a superconducting material.  
Today, researchers are able to measure their  
size and structure.

__The extent of these quantum states, known as Yu-Shiba-
Rusinov states, is so tiny – only a fraction of a nanome-
ter – that no one had ever been able to measure them so 
far. Researchers1 have now observed this phenomenon for 
the first time in a two-dimensional superconductor and 
have even succeeded in measuring its size and structure.
To achieve this, the physicists studied superconducting 
crystals with a lamellar arrangement that gives their elec-
tronic structure quasi-two-dimensional behavior. The 
crystals were made by adding a small percentage of iron, 
resulting in homogeneous inclusion of magnetic defects in 
the samples. Using a scanning tunneling microscope, the 
physicists managed to reproduce the distribution of elec-
tronic states generated by the magnetic atoms, and hence 
image the structure of the Yu-Shiba-Rusinov states. 
The findings lay the groundwork for a novel approach to 
the production and manipulation of Majorana fermions, 
quasiparticles which scientists believe could be used as 
bits in quantum computing. 

Nature Physics, October 2015__
1. Paris Institute of Nanosciences (INSP - CNRS/UPMC), Laboratoire de Physique des 
Solides (LPS - CNRS/Université Paris-Sud), Institut des Matériaux Jean-Rouxel de 
Nantes (CNRS/Université de Nantes).

Stretching time to improve 
extreme event prediction

Writing and erasing the 
organic memory brings 
about photoswitching of 
the molecular switch.  
© Paolo Samorì

A field of intense picosecond light 
pulses generated in an optical fiber. 
A time lens makes it possible to 
observe them for the first time.  
© John Dudley, Institut Femto-ST/CNRS
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Artist’s impression of the 
surface of Proxima Centauri b.  
© ESO/M. Kornmesser

OUR PLANET 
AND THE UNIVERSE
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The planet orbits around Proxima Centauri, the 
nearest star to the Sun, a mere 4.2 light years away. 
Named Proxima b, it lies in the habitable zone of its 
star and is probably rocky. This groundbreaking 
discovery was made by an international team 
including the Laboratoire Univers et Particules de 
Montpellier, while two other teams of astrophysicists 
and planetary scientists1 looked into the planet’s 
environment (formation, rotation, climate, potential 
presence of an atmosphere, etc.). 

Proxima b could harbor liquid water on its surface
Scientists had long suspected the presence of a 
planet orbiting Proxima Centauri. However, it took  
a two-year campaign and a vast observation network 
(the HARPS spectrograph at La Silla, Chile, the  
ASH2 telescope at San Pedro de Atacama, Chile,  
and the 18 telescopes of the Las Cumbres array in 
California, US) to find evidence of its existence. 

These observations were combined with previous 
surveys from HARPS and elsewhere. The researchers 
collected the new data over 60 nights, eventually 
detecting a very faint oscillation with a period of 
11.2 days in Proxima Centauri’s radial velocity, 
corresponding to a mere 5 km/h. “This is clearly the 
signature of Proxima b’s gravitational attraction,” 
explains Franck Selsis from the Laboratoire 
d’Astrophysique de Bordeaux.

This led the scientists to conclude that the planet  
is located seven million kilometers from Proxima 
Centauri, 20 times closer than the distance between 
the Earth and the Sun. Its star, a red dwarf much 
fainter than our Sun, gives off sufficient energy to 
enable liquid water   – provided there is any  – to flow 

on its surface. “At this stage in our research, these 
characteristics make it an ideal candidate for a future 
search for signs of life,” Selsis adds. 

Enhanced instruments to study its orbital motion
Although Proxima b is now located inside the 
habitable zone, which can harbor oceans on its 
surface, this has not always been the case. In its early 
history, the high-energy radiation from its star was 
so great that liquid water would have been vaporized 
into a thick atmosphere. 

New, more powerful instruments  – including a giant 
telescope with a 39-meter mirror – will make it 
possible to better distinguish Proxima b from its star, 
enabling scientists not only to study the planet’s 
orbital motion but also to determine whether it has 
an atmosphere and, if so, its composition. 

A note of caution should however be sounded: 
Proxima b cannot be considered an Earth twin, since 
the history of this planet and its star is radically 
different from that of the Earth and Sun.

Proxima b  
may be habitable

Proxima Centauri, the nearest 
star to our Sun, has at least 
one planet. Possibly rocky, it 
lies in its star’s habitable zone, 
which can harbor liquid water 
on its surface.

Nature, August 2016__
1. CNRS/Université de Bordeaux/UPMC/ENS Paris/École Polytechnique.
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Gaia: full survey  
of the Galaxy

The Gaia mission team has just released the most 
accurate sky survey ever carried out. Over a 1,000 day 
period, more than a billion stars were catalogued in 
the Milky Way and beyond.

__The European Space Agency’s Gaia mission has recently published 
an unprecedented census of 1.2 billion celestial objects. The release 
also features the position, size, brightness, motion and especially the 
distance and speed of a proportion of these stars. And that’s not all. 
Gaia will also pin down the orbits of hundreds of thousands of aster-
oids, detect the presence of thousands of exoplanets, and help to 
identify millions of binary and variable stars, as well as brown dwarfs. 
Moreover, the mission is not restricted to our own Galaxy but will also 
observe no fewer than 6,000 supernovae and 500,000 quasars.
This huge catalog will be used to draw a 3D map of the Milky Way, 
and shed light on its structure and dynamics. The researchers1 will 
also be able to establish invaluable statistics about various types of 
star, which could not be exploited without such a large census. 
This huge undertaking was made possible by the extraordinary per-
formance of the Gaia satellite. Launched at the end of 2013 from 
Kourou in French Guiana, the spacecraft is equipped with two tele-
scopes and 106 sensors so sensitive that they can detect stars no 
less than 400,000 times fainter than those seen by the naked eye. 
The vast amount of data produced by Gaia is processed by a scientific 
consortium bringing together 450 engineers and astronomers from 
25 countries, including France. The mission is expected to last until 
July 2019.
Astronomy & Astrophysics, September 2016__ 

1. CNRS/Observatoire de Paris/Observatoire de la Côte d’Azur.

Artist’s view of the Gaia 
spacecraft.
© ESA/ATG medialab/ESO/S. Brunier

Atmospheric fatty acids 
give rise to complex 
photochemistry
The fatty acids present in all 
atmospheric aerosols were thought 
to be photochemically inert. This 
assumption has now been refuted.  
At air-water interfaces, these 
molecules form a thin layer that 
interacts with light. 

__Contrary to common belief, the fatty acids 
found in atmospheric aerosols are not inert 
with respect to light. These tiny particles are 
held in suspension in the atmosphere as a 
result of direct emissions – such as sea 
spray – or gas-particle reactions that produce 
secondary organic aerosols. 
The models that describe the reactivity of 
aerosols with the atmosphere and with light 
did not therefore take into account fatty acids, 
which are nonetheless present in the chemi-
cal composition of these airborne particles. 
However, scientists1 have now shown that at 
air-water interfaces the fatty acids form a 
very thin layer. This organization makes the 
molecules reactive, whereas when isolated, 
they do not absorb light. When illuminated, 
the layer of fatty acids leads to the formation 
of radicals and gives rise to complex 
photochemistry.  
Since air-water interfaces are found almost 
everywhere on the surface of the planet and 
fatty acids are ubiquitous in the environment, 
such reactions must be taken into account 
when describing the environmental impact of 
atmospheric aerosols.

Science, August 2016__ 

1.  CNRS/Université Claude Bernard Lyon 1, in collaboration with the 
Universities of Toronto (Canada) and Clermont-Ferrand.

Volcanoes contribute to the emission 
of aerosols into the atmosphere. 
Bromo (left) and Semeru (background) 
volcanoes, island of Java, Indonesia.
© Wikimedia commons – Michael Day
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Black hole emits very high-energy cosmic rays
The supermassive black hole at the center of the Milky Way has been identified as a source  
of cosmic rays at hitherto undetected energies.

__Where do galactic cosmic rays come 
from? For more than a decade, scientists at 
the High Energy Stereoscopic System 
(HESS) array of telescopes in Namibia, 
which involves the CNRS and the French 
Alternative Energies and Atomic Energy 
Commission (CEA), have been trying to 
solve the mystery. During its first few years 
observing our galaxy, HESS discovered an 
extremely powerful yet unknown point 
source of gamma rays in the Galactic Center.

In-depth observations shed new light on 
the phenomenon, showing that it is a 
cosmic source able to accelerate protons 
to extraordinarily high energies in the 
petaelectronvolt region (1015 eV). While 
the center of our galaxy harbors a num-
ber of objects that could produce very 
high-energy cosmic rays, the supermas-
sive black hole in the Galactic Center, 
Sagittarius A, is by far the most likely 
candidate. 

Observing the gamma rays makes it  
possible to indirectly measure the energy 
spectrum of the protons, which Sagittarius A 
is thought to be still accelerating. If the black 
hole was more active in the past, it may 
even have been the single source of practi-
cally all the galactic cosmic radiation detec- 
ted at these energies. This may be a deci-
sive argument in the century-old debate 
about the origin of galactic cosmic rays.
Nature, March 2016__

Origin of life: the missing piece 
detected in an artificial comet

By simulating the formation of the interstellar ice 
making up comets, researchers have successfully 
produced ribose, one of the basic building blocks of 
life. This is a key step in elucidating the origin of life 
on Earth – and perhaps elsewhere in the Universe. 
__Researchers have for the first time shown that ribose, a basic 
component of all living organisms, may have formed in cometary 
ices. Several amino acids and nitrogenous bases have already 
been found in meteorites, as well as in comets reproduced in the 
laboratory. However, ribose makes up the backbone of ribonucleic 
acid (RNA), thought to be the genetic material of the first living 
organisms. This sugar had never yet been detected in extrater-
restrial material or produced in the laboratory under “astrophys-
ical” conditions. 
This finding is the result of a collaboration between chemists 
and astrophysicists. As a first step, an artificial comet was cre-
ated at the IAS1. A representative mixture of water, methanol 
and ammonia was placed in a high-vacuum chamber at - 200°C 
to simulate the formation of dust grains embedded in ice, the 
raw material of comets. The astrophysicists then illuminated  
the material obtained with UV light so as to mimic the conditions 
in the molecular clouds where these grains form. The sample 
was then warmed to room temperature, as in comets when they 
approach the Sun.
The composition of the comet was then analyzed at the ICN2. 
Several sugars were detected, including ribose. Their diversity 
and relative abundance suggest that they were formed from for-
maldehyde, a molecule composed of methanol and water, pres-
ent in space and on comets.
Although the existence of ribose in real comets remains to be 
confirmed, this discovery completes the list of the molecular 
building blocks of life that can be formed in interstellar ice. It also 

lends weight to the theory that the Earth may have been seeded 
by comets or asteroids containing the basic molecules needed to 
build RNA and DNA.

Science, April 2016_ 

1. Institut d’Astrophysique Spatiale (CNRS/Université Paris-Sud). 
2. Institut de Chimie de Nice (CNRS/Université Nice Sophia Antipolis).

Center of the Trifid Nebula.
© Subaru Telescope/NAOJ/Hubble Space
 Telescope – M. Pugh/R. Gendler
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Double microtubes (image 
obtained by scanning electron 
microscopy). © C. Lethien

10 µm
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In the age of connected devices, the intelligent 
microsensors they are equipped with require 
embedded energy sources with small surface  
areas and high energy density. 

New 3D design for mobile microbatteries
Until now, enhancing the energy density in ultra- 
thin microbatteries meant using thicker layers of 
materials, which hindered miniaturization. Yet 
researchers1 working together in the Research 
Network on Electrochemical Energy Storage (RS2E) 
have succeeded in improving this density without 
increasing the batteries’ footprint area, which is 
limited to a few square millimeters in mobile 
sensors. 

To achieve this, they relied on materials whose 
performance is boosted when they are placed on  
a novel 3D structure made of microtubes and 
produced by machining a silicon wafer. To make 
the battery, the various materials it contains must 
be deposited in thin, regular layers. “Using 
cutting-edge technology called atomic layer 
deposition, the materials perfectly took on the  
3D shape of the template,” explains Christophe 
Lethien, an academic at the Lille-based IEMN2. 
”The high specific surface area of the 3D structure 
therefore enhances the energy density tenfold, 
while maintaining a low footprint area. This 
technological feat was inspired, among other 
things, by the behavior of our intestines, whose 
specific surface area significantly increases when 
they are ’unfolded‘.“ 

The researchers developed a 3D architecture 
covered with an aluminum insulating thin film,  
a platinum current collector, a titanium dioxide 
negative electrode, and a lithium phosphate solid 
electrolyte conducting lithium ions. The work has 
been patented. 

Micro-supercapacitors: a production process  
for flexible substrates
Another area of interest is that of micro-supercapacitors. 
They store energy by reversible ion adsorption in porous 
electrodes, developing higher power and longer lifetimes 
than microbatteries, which makes them their ideal 
complement within miniature storage units. However, 
although laboratories have produced a number of 
prototypes, “the manufacturing processes are not 
necessarily compatible with those used in industry,” 
points out Lethien, who was also involved in this work. 

Working hand in hand within the RS2E network,  
several teams at the Universities of Lille and Toulouse3 
have developed a production process for micro-
supercapacitors in compliance with industry standards. 

They designed a novel miniature electrochemical 
storage device in the form of a thin film that can be 
deposited on a silicon chip or transferred onto a flexible 
substrate. This micro-supercapacitor based on 
nanoporous carbon exhibits the best tradeoff between 
areal energy and power densities known to date. Its 
two-electrode structure displays excellent adhesion  
to the silicon wafer. Controlled, selective extraction of 
the metal from metal carbide electrodes enables the 
formation of a nanoporous carbon film, ready to host 
the nanometer-sized ions of the electrolyte in solution. 

These advances should keep French research at the 
forefront in the quest to include electrochemical energy 
storage directly in microchips.

The development of new micro-
devices for electrochemical storage 
aims to increase energy density  
in batteries and supercapacitors.

Advanced Energy Materials, October 2016__
Science, February 2016__
1. CNRS/Université de Lille/Université de Nantes. 
2. Institut d’Électronique, de Microélectronique et de Nanotechnologie de Lille (CNRS/
Université de Lille/Université de Valenciennes/ISEN). 
3. CNRS/Université de Lille/Université Toulouse III – Paul Sabatier/INP Toulouse.

Miniaturization  
for connected objects
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WoodStock, the gamemaster
WoodStock is the winner of the 2016 International 
General Game Playing Competition organized 
by Stanford University (US). After a two-day 
competition, it beat its nine opponents, including  
the reigning champion, at several different games.

__Developed by Eric Piette as part of his PhD thesis at the 
Lens Computer Science Research Lab (CRIL)1, WoodStock is 
an artificial intelligence (AI) application, like all participants in 
the event.
The new champion and its rivals are what are known as  
generalist AIs. They are able to play several games using  
stochastic, random processes. This makes them different 
from AIs that can only play a single game, such as AlphaGo, 
which in 2016 beat Lee Sedol, one of the world's leading  
Go players.
Behind the fun lies the serious technical challenge of devel-
oping increasingly complex AIs. Games, insofar as they are a 
set of rules that define available information and possible 
action, enable computer scientists to estimate the ability of 
their intelligent programs to learn, and make decisions.
1. CNRS/Université d’Artois.

Softening tumors  
to improve treatment
Researchers have found a way of softening 
cancerous tissue by using heated carbon  
nanotubes. This method could significantly  
improve the effectiveness of chemotherapy.
__The rigidity of tumors hinders the fight against cancer on 
two counts: it helps malignant cells to proliferate, and limits 
penetration by chemotherapeutic agents.
Now, a team of researchers1 has successfully softened 
mouse tumors by heating them. To do this, they injected 
carbon nanotubes into the cancerous tissue and heated 
them with a laser. A technique similar to ultrasound made 
it possible to monitor the rigidity of the tumors in a non- 
invasive manner.
In two consecutive sessions at a day’s interval, tumors were 
heated to 52°C for three minutes. They initially became more 
rigid before gradually softening over the 10 days or so that 
followed the procedure. The method could be used as an 
adjuvant treatment to support chemotherapy.
Theranostics, January 2017__
1. CNRS/Université Paris-Diderot/Inserm/Université Paris-Descartes/ESPCI.
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AND DIGITAL TECHNOLOGY

Cars with a licence to kill?
Are we prepared to travel in vehicles programmed 
to sacrifice us for the greater good? 

__ S m o o t h ,  e n e r g y - e f f i c i e n t  d r i v i n g ,  f r e e - 
flowing traffic and above all improved safety: these are just some 
of the expected advantages of autonomous vehicles, also known 
as driverless or self-driving cars. However, researchers and users 
will be faced with a dilemma: in certain situations, they will have 
to choose the lesser of two evils!
For instance, a driverless car might have to decide, in a fraction 
of a second, between the life of its passenger and those of a 
group of pedestrians. 
Researchers1 at the CNRS, the University of Oregon and the 
MIT (US) looked at how Americans see these vehicles. 
Surprisingly, the respondents had a strong moral preference for 
driverless cars that would “sacrifice” their passengers to save 
the maximum number of lives. However, they would be less 
inclined to actually buy such vehicles if government legislation 
made it mandatory for self-driving cars to act in this way.
Science, June 2016__
1. CNRS/Université Toulouse 1 Capitole/TSE.

To find out more: 
> http://moralmachine.mit.edu/

In this sample scenario, a driverless car 
carries a pregnant woman and a six-year-old 
child, while a man and his daughter cross the 
road at a pedestrian crossing. © Iyad Rahwan
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Autonomy and security: 
the challenges of the IoT
By 2020, there are likely to be 50 
billion connected objects, raising 
numerous questions for scientists.

__Scarcely a day goes by without a startup 
in Paris or San Francisco developing a new 
connected object. In a host of areas ranging 
from the home, health, energy and cars to 
wellbeing, personal productivity, and the 
factory of the future, these objects, also 
referred to as the IoT (Internet of Things), will 
probably number 50 billion by 2020, and are 
challenging scientists1.
With one distinctive feature: when it comes 
to exploratory research, the IoT requires 
interdisciplinary collaboration, especially 
with sociologists, in order to determine 
how well these technologies are accepted 
by users.
Subjects covered range from energy self- 
sufficiency of sensors to data security, while 
on a larger scale, research is being carried 
out into the expansion of information traffic, 
which could lead to risks of saturation and 
substantial energy consumption.
1. Université de Lille/IRCICA/IRISA/Lab-STICC/Tima.

 distinction 

claire voisin is awarded  
the cnrs gold medal

The mathematician Claire Voisin, a researcher at the CNRS for nearly thirty 
years and holder of the chair in Algebraic geometry at the Collège de France, 

was awarded the CNRS Gold Medal for her life’s work, which lies at the 
interface between three areas of mathematics: topology, complex geometry 

and algebraic geometry.

The award honors her major contributions to the field, together with the 
originality and diversity of her research. The advances she made and  

the innovative methods she introduced have opened up new perspectives  
in mathematics. 

Among her many achievements are counterexamples  
to the Hodge conjecture, her work in projective 
geometry on the Green conjecture for curves,  

a novel approach to the Kodaira theorem which  
shows that the latter cannot be generalized to all 

dimensions – not to mention the discovery and study  
of new birational invariants, which led to significant 

advances in the analysis of the Lüroth problem  
and its variants.

© P. Imbert/Collège de France

Fluorescent immunolabeling of 
tropoelastin (green), the substance 
that gives elasticity to mature 
elastic fibers.  
© R. Debret/LBTI/CNRS Photothèque

100 µm

Understanding the elasticity 
of the human body

The human body is elastic. This emerging concept holds out the promise of 
medical advances. A symposium organized in December 2016 highlighted 
progress in this field towards a host of clinical applications.  

__Whether bones, skin, vessels, or ligaments, 
most of our tissues are elastic. Although this is 
no recent discovery, the notion is taking on fresh 
significance due to the contribution of new 
technologies such as magnetic resonance imag-
ing, ultrasound, cell biology, bioengineering, 
modeling, and surgical robotics. 
Over time, the body’s elastic fibers are less fre-
quently – and eventually not renewed at all. 
Several medical conditions are related to this 
increasing lack of elasticity, such as heart failure, 
aneurysmal rupture, emphysema or even wrin-
kles. Researchers are endeavoring to elucidate 
the mechanical characteristics of the body’s tis-

sues and organs, using in particular mathemati-
cal modeling, in order to repair, replace and 
operate on them. 
For instance, it is well known that a tumor can be 
detected precisely because it does not have the 
same elasticity as healthy tissue. In serious burns 
victims, regenerating the skin with all its elastic-
ity is still a challenge. And simulating the defor-
mation of organs in real time can help surgeons 
during operations. The symposium organized  
by the CNRS and the National Academy of 
Technologies of France at the end of the year was 
an unprecedented opportunity to bring together 
a wide range of disciplines around such issues. 
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“The CNRS is present everywhere there is good 
science,” says Patrick Nédellec, director of the 
organization’s European Research and International 
Cooperation Department (DERCI). “We are struc-
tured to assist our researchers, who are the best 
indicators of the areas where science is on the 
move.”

This is especially true of Asia, home to four of the 
CNRS eight foreign offices, where the research 
institution pursued its development policy in 2016, 
in line with the region’s ever-growing role on the 
global scientific scene. An International Joint Unit 
(UMI) was launched in October in Japan, the CNRS’s 
first partner in that part of the world. Named 
Engineering Science Lyon-Tohoku for Materials and 
Systems under Extreme Conditions (ELyTMaX), the 
Sendai-based laboratory focuses on the behavior 
of materials under complex conditions. It relies on 
the long-standing research collaboration between 
Lyon and Tohoku universities and the complemen-
tarity of their respective teams to analyze the evo-
lution of materials, in a bid to understand their 
deterioration and assess their life span.

While consolidating its relationship with Japan, the 
CNRS nurtured its 30-odd joint structures with 
China, its third international partner and “the main 
driver of scientific growth on the continent”, 
explains Nédellec. With that in mind, the organiza-
tion decided to convene its 34 worldwide UMIs to 
Shanghai for their annual meeting in late 2017, 
after a gathering of its American UMIs in Mexico in 
the spring. The CNRS also stepped up its presence 
in Singapore. “Although young from a scientific per-
spective, the country is nonetheless producing an 
increasing amount of high-standard publications,” 
says CNRS chief research officer Anne Peyroche. “It 
is one of the places to be, and our researchers can 
rely on specific resources such as International 
Research Networks (GDRIs) ,  International 
Associated Laboratories (LIAs) and UMIs to work 
hand in hand with their local counterparts.”

Extended presence
Furthermore, the CNRS enhanced its visibility  
in regions where it had little presence so far, such 
as Latin America, where it took part in a state visit 
to Argentina and celebrated the 40th anniversary 
of its partnership agreement with the Brazilian 
funding agency, the National Council for Scientific 
and Technological Development (CNPq). In Canada, 
the organization’s three Quebec-based UMIs – the 
LN2, CRM and Takuvik – which focus on, respec-
tively, nanotechnologies and nanosystems,  
mathematics, and the impact of climate and anthro-
pogenic change on biodiversity, were renewed for a 
period of four years. In addition, six LIAs were cre-
ated in the fields of quantum materials, benthic 
biodiversity, medullary imaging, photonics, under-
ground and surface resources, and transport, 
mobility and logistics, bringing to 10 the number of 

SUPPORTING 
GOOD SCIENCE 

THE WORLD OVER

With a strong commitment to 
meeting scientific challenges 
wherever they arise, the CNRS was 
present on all continents last year, 
providing optimal support to its 
researchers across the world.
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LIAs between the research institution and the 
Canadian province. 

The CNRS also participated in the annual Science 
Forum South Africa held in December in Pretoria. 
“South Africa positions itself as the continent’s 
main platform for scientific development,” Nédellec 
points out. The organization is planning to attend 
the next event, scheduled in December 2017. 
Dedicated to “Innovation for Inclusive Development”, 
it seeks to promote international science and part-
nerships and encourage exchanges between scien-
tists, decision-makers, industry and the general 
public.

In keeping with its commitment to resume more 
structured academic and institutional cooperation 
with Iran, the CNRS laid the foundations for a GDRI 
by signing a Memorandum of Understanding with 
the Geological Survey and Mineral Exploration of 
Iran (GSI). While relying on existing collaborations 
between the two countries, the Trans-disciplinary 
Research on Iranian Geology, Geodynamics, 
Earthquakes and Resources (TRIGGER) network 
will have a broader scope and include more partic-
ipants. An LIA is also in the pipeline with Iran’s 
Cultural Heritage, Handicrafts and Tourism 
Organization (ICHHTO), the National Museum of 
Iran (NMI), and the Saeedi Institute of Advanced 
Sciences (SIAS). Called LIA HAOMA, it aims to study 
the impact of the climate on ecosystems.

Fostering new and long-standing cooperation
At the beginning of 2016, the CNRS also sought to 
identify and develop partnerships with Saudi Arabia, 
through an exploratory visit that gave rise later in 
the year to a workshop with the national science 

agency King Abdulaziz City for Science and 
Technology (KACST). Researchers from both coun-
tries met to discuss potential collaborations in 
fields including catalysis, water treatment, energy, 
and materials. The proposals that will subsequently 
be chosen by the KACST and the CNRS will need to 
be put in writing and assessed by both institutions. 
The selected projects could start as of 2018.

On the European front, the year marked the 20th 
anniversary of the CNRS partnership with the 
Russian Foundation for Basic Research (RFBR), giv-
ing the two institutions a chance to sign a new 
framework agreement to formalize their coopera-
tion. They also completed a Memorandum of 
Understanding for the development of joint 

A strong EU performance
2016 was another fruitful year concerning the European 
Horizon 2020 research funding scheme. While CNRS teams 
submitted fewer proposals than in 2015, they also fared 
better. Out of more than 1,200 projects put forward  
by the organization’s researchers, 185 obtained EU funding.  
Of these, 145 were selected in the “Excellent Science” 
pillar – including 57 European Research Council (ERC) 
grants – with a success rate exceeding 70% in terms  
of infrastructures. 

The Marie Sklodowska Curie Actions rewarded 57 CNRS 
projects, including an Innovative Training Network (ITN).  
Six CNRS programs made it in the highly competitive  
Future and Emerging Technologies (Open and Proactive) 
category, one of which – Laser Lightning Rod – is 
coordinated by the CNRS.

Out of a total of 120 projects submitted within the  
“Industrial Leadership” pillar, 17 were selected, with the 
CNRS coordinating two programs in nanotechnologies, 
biotechnologies and advanced materials. In “Societal 
Challenges”, 23 out of 110 proposals obtained funding, 
representing a success rate of 21%. Three of these are  
joint projects.

The number of CNRS coordinated programs was also  
on the rise compared with 2015, with 3 infrastructures,  
1 ITN and 7 collaborative projects.

____ Our researchers  
look for complementarity 
and emulation wherever 
high-standard research  
is being carried out.____ 

world
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research projects in digital humanities, with poten-
tial applications in heritage preservation.

Three UMIs in mathematics located in Italy, the 
Netherlands and Austria were renewed in 2016. The 
European BILAT Project “Strengthening Research 
and Innovation Links towards Ukraine”, involving the 
CNRS, was also launched in February 2016.

The emphasis placed by the organization on  
international collaborations is also reflected in the 
number of joint publications. “With a very high per-
centage of nearly 58%, the CNRS boasts one of the 
strongest growth rates of the past three decades,” 
Nédellec stresses. “Not only does this proportion 
testify to the internationalization of a country or 
institution, but – in OECD countries – the higher the 
rate, the better the quality of the papers concerned. 
Our scientific community is open to the world,” he 
notes. “It is our researchers who look for comple-
mentarity and emulation wherever high- 
standard research is being carried out. We must 
continue to encourage that,” Peyroche adds. The 
CNRS’s pledge to meet scientists’ needs on a case-
by-case basis, favoring a bottom-up approach rath-
er than imposing an overall international strategy, 
is clearly paying off. 

The year 2016 was undoubtedly a turning point for physics:  
the discovery of gravitational waves through the LIGO-Virgo 
international collaboration, in which the CNRS is actively involved, 
caused a stir in the scientific community worldwide. Confirming a 
prediction of Einstein’s general theory of relativity, this scientific 
breakthrough was made possible by the US-based LIGO 
interferometer. On the other side of the Atlantic, the European 
interferometer, Advanced Virgo, located in Cascina, near Pisa 
(Italy) is due to be inaugurated in early 2017. This upgraded 
version of the first-generation Virgo telescope should, together 
with Advanced LIGO, “enable the observation of multi-messenger 
events, prove the existence of black holes and pave the way for a 
new astronomy,” enthuses Gabriel Chardin, chairman of the CNRS 
Very Large-Scale Research Infrastructures Committee. Yet  
scientists are already focusing on a third-generation telescope. 
Aptly dubbed Einstein, this international underground  
observatory will take about ten years to assemble. 

Meanwhile, the NOrthern Extented Millimeter Array (NOEMA) was 
enhanced from 6 to 10 antennas in 2016, while its first phase  
was being finalized. The German-French interferometer, part of 
the Event Horizon Telescope network and now due to enter its 
second phase, is the most powerful in the Northern Hemisphere. 
At the start of the year, the CNRS and Max Planck Gesellschaft 
signed a financing agreement in support of the Research Institute 
for Radio Astronomy (IRAM), which operates the instrument on 
the Plateau de Bure, in the French Alps.

Other agreements were concluded by the CNRS in 2016, one of 
which was dedicated to the European X-ray Free Electron Laser 
(XFEL), a research laser facility whose construction in the 
Hambourg region (Germany) was completed in the course of the 
year. Able to generate high-intensity ultrashort X-ray pulses, 
this “super-synchrotron" will make it possible to elucidate the 
structure of proteins and materials, with potential applications  
in biology, chemistry and materials physics. Also in 2016,  
the CNRS and the French Alternative Energies and Atomic Energy 
Commission (CEA) officially agreed on their €30 million 
contributions in kind to the future Facility for 
Antiproton and Ion Research (FAIR), an 
international accelerator scheduled for launch circa 
2025. This project will use antiprotons and ions to 
advance research in nuclear and hadronic physics.

Throughout the year, the CNRS also looked at ways 
of reorganizing high-performance computing by 
contributing, alongside the CEA, significant funding 
to a new-generation Partnership for Advanced 
Computing in Europe (PRACE 2.0), an EU-wide 
infrastructure aimed at making European countries 
more competitive in what has become “a crucial 
discipline in this digital era," points out Chardin. 
While long-standing efforts bore fruit in the course 
of 2016, the year was also a stepping stone in 
advancing research and laying the foundations for 
promising new projects.

A landmark year  
for large-scale projects

Aerial view of the Virgo site showing 
the west and north arms, the central 
building and the Mode-Cleaner building.  
© Wikimedia commons

world
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 CNRS FINANCIAL RESOURCES IN 2016 

BUDGETARY AND 
FINANCIAL INFORMATION

In 2016, the organization’s funding came 
primarily from public service subsidies 
(€2,467.02 M), which represent 76.7% of the total. 
Research contracts (€290.02 M, excluding the 
“Investments for the Future” program) are  
the primary source (9.02%) of CNRS-generated 
income (€749.35 M).

SOURCE: BFC/DSFIM

PUBLIC 
SERVICE 

SUBSIDIES

Є2,467.02 M

Є749.35 M

CNRS-
GENERATED 

INCOME

TOTAL  
INCOME

Є3,216.37 M

 EXPENDITURE BY COST CENTER AND LINE ITEM 

The 2016 figures for cost center 1 reflect the priority given to the 
funding of laboratories, which concentrate 86.5% of the organization’s 
financial resources.

The breakdown of expenditure by line item reveals that chemistry  
and the Earth sciences/astronomy, with respectively 11.2% and 10.1%  
of the total, are the two main areas of expenditure after the biological 
sciences (18.1%).

SOURCE : BFC/DSFIM

Other subsidies and revenue  
 Є77.48 M 

Other revenue from regular operations  
— Є61.34 M€
Various subsidies — Є9.59 M
Non-allocated donations and bequests 
— Є0.05 M
Financial and extraordinary income, 
financial transactions and fixed assets 
— Є6.50 M

Income from technology transfer  
and service activities  

 Є40.90 M 

Service activities and product sales 
— Є30.87 M
Royalties for patents and licenses  
— Є10.03 M

Finalized contracts and support  
for research  
 Є630.97 M€

Research contracts — Є290.02 M€
Operating and project investment  
subsidies — Є254.96 M
Investments for the Future subsidy/
operations and facilities — Є84.95 M
Allocated donations and bequests — Є1.04 M

COST CENTER 1

Research unit operations
 Є2,771.57 M

86.5 %

COST CENTER 3

Support 
functions

Є273.72 M
8.5 %

COST CENTER 2

Joint 
operations 
Є159.37 M

5 %

Є131.45 M Є312.30 MЄ323.27 M€ Є303.09 M
INSU INP

IN2P3
Є207.56 M

INSMI
Є65.35 M

INS2I

INSIS
Є237.87 M

INSHS

INEE
Є157.21 M

Є359.10 M
INC

INSB
Є580.72 M Є273.72 M

Support 
functions 

Other joint 
initiatives 

Є89.61 M

Є69.77 M

TGIR
(very large research 

facilities and infrastructure)

Other scientific 
undertakings 

Є93.65M

Є3,204.66 M€

world
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 Offices abroad 
AND DIRECTORS

WASHINGTON DC 
US, Canada, Mexico

XAVIER MORISE

RIO DE JANEIRO 
Brazil, Southern Cone

OLIVIER FUDYM

PRETORIA 
Sub-Saharan Africa

JEAN ALBERGEL

BRUSSELS 
European Union

PASCAL DAYEZ-BURGEON

TOKYO 
Japan, Korea, Taiwan

PHILIPPE CODOGNET

NEW DELHI 
India

SRINI KAVERI

SINGAPORE 
South East Asia

LUC LE CALVEZ

BEIJING 
China

ANTOINE MYNARD

ANNE RENAULT 
DIRECTOR 
Mission for 
Interdisciplinarity  
(MI)

JEAN-NOËL VERPEAUX
DIRECTOR 
Department for the 
Territorial Structuring  
of Research (DASTR)

BRIGITTE PERUCCA
DIRECTOR 
Communications 
Department (DIRCOM)

PATRICK NÉDELLEC
DIRECTOR 
European Research  
and International 
Cooperation Department 
(DERCI)

RENAUD FABRE
DIRECTOR 
Scientific and  
Technical Information 
Department (DIST)

MARIE-PIERRE COMETS
DIRECTOR 
Innovation and Business 
Relations Department 
(DIRE)



CNRS
3, rue Michel-Ange
75794 Paris Cedex 16
France
+33 1 44 96 40 00

www.cnrs.fr


