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Portraits that reveal
the face of science…
Scientific progress requires exceptional
women and men.
I am reminded daily by people I meet that research done at CEA is reputed, respected and admired.
But who can claim a complete understanding of it? A global view, from physics to biology, and
from chemistry to medicine, requires a vision that is simply too broad. Who can claim to keep up
with it? The frontiers of knowledge are constantly advancing. No one ever undertakes the same
kind of research twice. Indeed, the beauty of research resides in its variability and plenitude. It is
impossible to glimpse its nature other than through synecdoche, from multiple angles, and in flashes.
This selection - by no means exhaustive - of women and men, students and seniors, researchers
and technicians, paints a portrait of the “knowledge factory” that is the Fundamental Research
Division at CEA. For once, reality will explain the impossible.

Vincent Berger,
Director of Fundamental Research, CEA
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What is fundamental
research aimed at?
Fundamental research makes the world intelligible by
determining the general laws governing matter, life, the
universe and human behavior. In ways that are more or less
direct and more or less rapid, it produces knowledge that
can be used to solve real-world problems, impact reality and
transform it.
Similar to a drop of mercury running off, scientific
ideas follow paths that are difficult to anticipate.
Regardless of whether they were first developed
with practical applications in mind, these ideas
spread, fragment, and come back together to form
new ideas, making their fate unpredictable. In
1915, Albert Einstein could not have guessed that
the equations of his new theory of gravity, called
general relativity, would one day be necessary for
the proper functioning of our GPS. In the 1920s,
the founding fathers of quantum physics had no
idea that their very abstract thoughts would one
day lead to most of our high-tech products (e.g.,
electronics, lasers and optronics, nanotechnologies,
telecommunications), thereby contributing in notable
ways to the economic development of the nations
around the world.

work in a broader context and focus on issues with
academic, economic and industrial implications. Yet
the value of newly acquired knowledge is not only
measured by the potential practical implications
that it creates; the question “Is it true?” is just
as important as the question “What is it?“ This
is a matter of intellectual coherence, of course,
but also a matter of pragmatism. Science cannot
truly exist unless it allows for pure speculation,
having no other object than knowledge itself. If this
speculative enthusiasm were to wane, could the
advanced technologies that are so popular today
survive, much less evolve? They would probably only
persist for as long as the inertial force of cultural
momentum that created them continued, just like
the character from Tex Avery hanging in mid-air
until the force of gravity once again prevailed.

Keeping in mind that ideas follow unpredictable
trajectories, we support the concept that the
various fields of science must fertilize each other.
Isn’t putting ideas in symbiosis the best way to
drive innovation? Multiple bridges are being built
to connect fundamental, applied, and industrial
research, in such a way that all researchers can now

Étienne Klein

Étienne Klein is the Director of the Physical Sciences Research
Laboratory (LARSIM) at the Fundamental Research Division,
and Professor of Philosophy of Science at École Centrale de Paris.

Science cannot truly exist unless it allows for pure
speculation.”
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®Philippe Echaroux

fundam
knowle

mental
dge
They are physicists, biologists and chemists. They are versed in mathematics
or spintronics; specialists in atomic particles and nuclei; virtuosos at
understanding the universe; experts in nanoscience, innovative materials,
and laser-matter interactions; and also masters at studying the cellular and
molecular mechanisms that rule all living things, be the context normal or
pathological. Each and every one has a passion for exploring and seeking to
understand new concepts. Their very fundamental work is carried out ahead
of any potential applications in the fields of energy, health, communications,
the environment or safety.

®TristanPaviot

Inna Kucher

Particles:
a new physics?
Particle physicists are convinced that their bible, the Standard Model,
does not suffice to explain the world. This is why they scrutinize the
neutrinos produced by the Chooz nuclear power plant in northeastern
France, and the Higgs boson in CERN‘s LHC experiments ATLAS
and CMS.
“With Double Chooz, we were
the leaders in reactor neutrino
experiments,” says physicist Thierry
Lasserre, who started this ambitious
project. “Then Korea, Japan, and China
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copied us and exceeded our objectives.”
Yet the results are there: neutrinos
can transform (or “oscillate”) in three
distinct forms over time.
“Although we only had a single detector,

we realized in 2010 that the calculations
on neutrino production carried out
up to that point were wrong! And
the results that had been previously
published became incomprehensible...

®TristanPaviot

Thierry Lasserre
The community finally admitted what
has been called the reactor neutrino
anomaly.” Then an explanation emerged:
a fourth, short-distance oscillation
would produce “inert” (or sterile)
neutrinos.
“To go further, we came up with the
idea of creating a mobile source of
neutrinos to collect several measures
using a single detector instead of
two measures using two detectors,
as in Double-Chooz.” This was yet
another challenge! Lasserre had to
travel all the way to Russia to find
a used fuel reprocessing plant for
a supplier of a capsule of 30 g of
radioactive cerium-144, a source of
antineutrinos. This will be the first
source of its kind and a completely
unprecedented structure in terms
of its regulatory framework. It has
already required all forms of nuclear

expertise represented at the CEA Nuclear
Energy Division. More information will
be available in 2018!
An unexpected neutrino and a muchexpected boson
As the sterile neutrino entered the
scientific debate, the Higgs boson
that kept physicists in suspense for
decades was discovered in 2012. And
in fact it continues to raise questions.
Does it match the Standard Model?
To find out, a team of researchers
is responsible for optimizing the CMS
experiment observations of the very
rare events in which the Higgs boson
interacts strongly with an exceptionally
heavy particle - the top quark. “A
significant difference between the
measurement of the probability of
such events and the prediction of
the Standard Model would indirectly

point to a new physics,” said Inna
Kucher, a Ukrainian Ph.D. student in
the group. “Although we still can’t
reach conclusions based on 2015
data, 10 times more data will be
collected by the end of 2016, which
should provide the very first significant
results.” Stay tuned!
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The cleanrooms
14

Yves Gasser and Christophe Servouin

©Bruno Fert

Yves (left) and Christophe (right) prepare accelerating cavities, which will be assembled in a cleanroom. The operator must
wear specific clothing for protection against various chemicals and to avoid shedding hair or dust in the cleanroom. Christophe
holds a basket of screws and bolts that have been cleansed for assembly, and Yves prepares glassware for an R&D program.
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EXPERTISE IN LARGE INSTRUMENTS

Large machines,
outstanding skills
Large scientific
instruments are true
technological gems.
Those who design
them have expertise
that few people are
aware of.

Pascal Godon

©TristanPaviot

“I’m curious about everything. I love
what I do, every single time I do it!” A
technician with considerable experience,
Pascal Godon has contributed to the
knowledge of the proton (H1), the
atomic nucleus (R3B), the Higgs boson
(LHC, ATLAS), and nuclear fusion
(Tore Supra, W7X, JT60-SA). “What
motivates me is the hope of progress.
Yes, I do think that nuclear fusion will
work one day!” Godon says. From the
airtight feedthroughs of a liquid-argon
calorimeter, to a cycle compressor for a
helium liquefier and the test cryostats
for giant superconducting magnets,
Godon knows these instruments - and
many more - better than anyone!
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When asked if he sometimes goes
through a rough patch, he hesitates.
“We always find solutions. But yes. I
have to admit that for R3B, we looked
for a leak of liquid helium for three
and a half months! With its nanometer
size, it was undetectable at room
temperature and only opened at low
temperatures. We had to wrap every
single weld in a small plastic bag,
across 200 m of pipes!”

©TristanPaviot

Henry Przybilski
Godon was a turner and milling machine
operator when he was offered the
opportunity to leave the workshop.
“I learned by experience, one step
at a time. I wanted to find answers
and understand better, including by
reading books. I also had the chance
to interact with more experienced
technicians who specialized in vacuum
techniques, mechanics or electrical, who
shared their expertise with me. I fear
that this knowledge will disappear.”

HANDS-ON LEARNING
AND MENTORING
Henry Przybilski chose to do a coop during his studies, with a twoyear college degree in mechanical
engineering, followed by a diploma from
an engineering school. Before being
hired at CEA, this young mechanical

engineer had already taken part in the
design of the magnet of an 11.7 tesla
MRI scanner for brain imaging, the
pre-study of a calorimeter for neutrino
detection, and spectrometers dedicated
to the study of dark energy.
Now Przybilski works on several projects,
including the future European Neutron
Source (ESS) in Sweden. He is responsible
for the study and drawing up of the
specifications, and he also participates
in the supervision of the manufacturing
of parts as complex as RF cavities and
the associated handling and test tools
(after machining and brazing). “With a
project engineer from a design office,
we are a winning duo! We start from
an imposed functional surface and we
create everything else. I make sure
that the parts can be produced at a
reasonable cost. As a design engineer,
I also have the responsibility of taking

account of the interfaces with the rest
of the installation.”
With such a great variety of projects,
there is never a dull day for Przybilski.
“Contributing to building all this amazing
equipment that is so precise, large, and
heavy, is very rewarding,” he says. “In
a way, the CEA program to encourage
scientific careers (the original pilot
experience was implemented from
2008 to 2013 in partnership with the
University of Versailles, and called
“Cordée de la réussite” in 2009 and
2010) helped me figure out what I
wanted to do. By visiting some labs, and
attending courses taught by doctoral
students from the Saclay cluster, I was
able to find the curriculum that was
right for me, and I worked to give back
to CEA everything it has given me.”

EXPERTISE IN Large Instruments
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Practical applications
as a watchword
Bernard Dieny recounts the major highlights of his
professional career. From the development of hard drive read
heads in the United States to spintronics in Grenoble, his path
has been paved with success.
I developed a taste for fundamental research
geared towards practical applications very early
on. After a fundamental-research-focused thesis
at Institut NEEL (Grenoble), I headed to the IBM
research center in Almaden, California. That was
in 1989, just after the discovery by Albert Fert and
Peter Grünberg of giant magnetoresistance (GMR).
This immediately generated a lot of interest for
hard drive read heads among industry players.
At IBM, I was asked to find materials displaying a
GMR effect with magnetic fields a thousand times
weaker than those used by the original discoverers.
Within several months, I discovered what are
known as spin valves, and just eight years later,
developments led to a commercialized product
that included those materials. My 18-month stay
at IBM was a revelation for me.
Once I arrived at CEA, I focused my research on
applications for nanomagnetism and spintronics specifically in the field of magnetic sensors - by
forging ties with LETI. This framework gave rise
to a structure linking fundamental research and
industrial applications, and combining microelectronics
with magnetism. And that’s how the Spintec
laboratory came to be, in 2002, uniting fundamental
research teams from CEA, Institut NEEL, and CNRS
in Strasbourg, with practical applications as their
watchword.
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Several years later, Spintec’s original developments,
like MRAMs (Magnetic Random Access Memory) with
heat-assisted recording or CMOS hybrid microelectronic
circuits - magnetic tunnel junctions, intended for
low-energy electronics - led to the creation of two
startups, Crocus Technology and Evaderis.
In 2010, a major discovery at Spintec - the “spin-orbit
torque” (SOT) - gave rise to a very promising field in
spintronics. As though in honor of these achievements,
Samsung revealed an MRAM demonstrator embedded
into a display controller this summer in Zurich. This
is excellent news for our components: a whole new
field of application is opening up.
We have another promising world “record” to
our name, this time in the health sector. We
demonstrated a concept for cancer treatment
based on selective mechanical vibrations applied
to tumor cells via magnetic nanoparticles, which
disrupt ionic exchanges across their membranes
and trigger apoptosis: programed cell death.
Proof of concept was carried out on cell cultures
from kidney tumors and melanoma, and must be
confirmed with in vivo testing.

Bernard Dieny
Bernard Dieny, recipient of three ERC grants, is Scientific Director
of Spintec (Grenoble). His team work led to the creation of Crocus
Technology in 2004 and Evaderis in 2015.

®Christophe Levet

Excellent news for our
components: a whole new field
of application is opening up!”
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Patrice Bertet and his team, from left to right:
Jessica Fernanda Barbosa Da Silva, Philippe Campagne-Ibarcq, Audrey Bienfait

Detecting a single spin
His ideas could lead to the analysis of individual molecules in biology
and chemistry, and even to a completely new quantum computer
architecture. Patrice Bertet seeks to use quantum physics and the
associated technologies to advance magnetic resonance in all its forms.
20
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You participated in the emergence
of a new discipline: circuit quantum
electrodynamics. What is it about?
My background is in atomic physics.
During my Ph.D. from 1999 to 2002,
I studied the interactions between
single atoms and single photons in a
microwave cavity. Our goal was to test
the most fundamental predictions of
quantum physics. Later on, I focused on
new systems that leave much room for

creativity, as made possible by solidstate physics. The “Josephson artificial
atoms” - macroscopic superconducting
electrical circuits that behave like an
atom - had just been invented. Nobody
knew anything about them and we all
started from scratch, with completely
different sets of tools. I did a post-doc
at Delft University of Technology in
the Netherlands right after the first
demonstrations of their quantum
nature had just been observed - first
in the Quantronics group in Saclay,
then at Delft. It was really exciting!
I was able to apply what I had been
investigating in my thesis directly
to these new systems. The field of
circuit quantum electrodynamics had
just been born.

What results have you achieved and
what opportunities did they create?
By using superconducting circuits,
including the Josephson parametric
amplifiers developed in our laboratory,
we have already demonstrated a
10,000-fold gain in sensitivity compared
to the state of the art. We also
observed an effect that had never
been detected in spins: the Purcell
effect. When the spins are tuned to
the cavity resonance, they flip back to a
relaxed state by emitting a microwave
photon. This manifestation of the
Purcell effect is very encouraging for
future research and it shows that we
are beginning to explore a completely
new quantum regime for magnetic
resonance.

How would you define your work at
the Fundamental Research Division?
Josephson circuits are promising
components to be used as the building
blocks of a future quantum computer;
we call them “superconducting qubits.”
Yet their relatively low coherence times
remain one of the main obstacles. In
2009, I started a new research project
aimed at producing a memory that
can sustain the quantum state of
qubits for a much longer duration. For
this, I had the idea of using electronic
spin ensembles trapped in a diamond
crystal (called “NV centers”) coupled to
qubits and superconducting resonators,
and we were able to conduct several
experiments that provided evidence of
the feasibility of this type of memory.
We are really close to completing the
full demonstration of an operational
quantum memory.

If we stretch it a bit, we can imagine
that one day, our research will
make it possible to perform EPR and
NMR (nuclear magnetic resonance)
spectroscopy on individual molecules.
Our research should also pave the
way for a completely new quantum
computer architecture, based on
nuclear spins remotely coupled via
microwave photons.

During this work, I realized that
superconducting circuits also made
it possible to probe the properties
of very small spin ensembles in an
extremely sensitive manner, by
electron paramagnetic resonance
(EPR) spectroscopy. According to my
calculations, this should also allow for
single spin detection, which would be
a real breakthrough for this discipline.
This is the subject of my ERC grant.
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Mesmerizing
cell geometry…
A big science fan since early childhood, Manuel Théry grew up
wanting to “build extraordinary machines” and seemed more
inclined to a career in mechanical engineering rather than
research. He is now at the Saint Louis Hospital in Paris, his
work deeps in the realm of cellular machinery.
“I fell in love with the aesthetics of biology during
a class. That’s how it all started,” says Théry. “I
was fascinated by the electron microscopy images
of the architecture of the cytoskeleton. It’s a
dynamic structure with a three-fold symmetry
that constantly comes together and falls apart a beautiful, living rose pattern.” At the beginning
of his career, he wanted to understand how the
network of cables that radiates from the center of
the cell (centrosome) and towards its periphery is
structured and allows the cell to move.
That was back in 2000. During a casual discussion
at the terrace of a café, he heard that the “pope
of the centrosome” worked at Institut Curie, right
across the street from where he was sitting! He
says that’s how “a young, really excited guy met
with a wise old man”, Michel Bornens, and what
motivated him to start a thesis and choose a
career in research. Théry then became a specialist
of cell mechanics, studying the forces underlying
the movements and life of the cell, via the actin
filaments and microtubules that are anchored to
the centrosome, and can be seen as their muscles
and nervous system, respectively. It did not take
long for him to find success, with a paper published
in Nature Cell Biology in 2005 in which he revealed
that cells are not only affected by the chemistry of
their environment, but also its geometry. By building
microscopic squares and triangles, he showed that
the cell can “feel” the shape beneath, adhere to it,
and change shape. “We formulated the equations
that determine the cell-division orientation axes.
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That was a real scoop!” he says.
Théry joined CEA in 2006 and participated in the
creation of the start-up Cytoo, which leverages its
expertise in micro-technologies to provide the scientific
community with microstructures for biologists to
study the influence of environment geometry on
genome transcription and cell division: how they
assemble, merge, and migrate. The start-up has
been a worldwide success. He then teamed up with
biochemist Laurent Blanchoin to reconstruct the
basic building principles of intracellular architecture
from simple mixtures of purified proteins.
This researcher has now shifted his interest to
stem cells. Changes in the spatial conformation of
stem cell niches affect the proliferation rate and
the nature of the cells produced. “Even though
hormonal stimulation remains the main factor,
niche geometry does influence cell population,”
Théry said. Hence the idea to create a branch of
his laboratory at the Saint Louis Hospital in Paris,
recognized for its expertise in cell therapy for
blood diseases. “If we were able to better control
the amount and type of blood cells from a culture
medium, this would have a direct impact on the
protocol to treat these diseases,” he says.

Manuel Théry is a biologist and cytoskeleton specialist. With
Laurent Blanchoin, he is the co-director of laboratory CytoMorpho
and recipient of the Young Researcher award by the French and
American societies of cell biology.

Manuel Théry

®TristanPaviot

I was truly fascinated as I saw the skeleton
of the cells unfolding... A beautiful, living rose
pattern was appearing in front of my eyes.”
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Hugues Nury

When llamas support
“structural neuroscience”
The structural study of membrane proteins helps scientists understand
how the nervous system works at the molecular level.
Hugues Nury likes to say that he works
in the field of structural neuroscience.
“While neuroscience investigates
the nervous system from a biological
and/or psychological standpoint, I
am interested in the structure of its
proteins - that of membrane proteins
in particular,” he says.
Membrane proteins, otherwise known
as neuroreceptors, are located on
the surface of neurons, and receive
information from other neurons via
neurotransmitters. The neuroreceptors
open up and allow ions through, thus
enabling the transmission of an electrical

signal in the neurons. “Neuroreceptors
play an essential role in the learning
process, and also in pharmacology,
since virtually all psychoactive drugs
have an effect on them,” Nury says.
Yet their study proves quite complex,
since like other membrane proteins,
neuroreceptors are difficult to handle
and to grow in labs.
Now this scientist focuses his efforts on
a specific receptor of a neurotransmitter
called serotonin. This receptor is
the target of numerous anti-nausea
drugs used to treat the side effects of
chemotherapy. Providing a description
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of its structure takes as much as
several years of work. It requires
growing, extracting, and purifying the
neuroreceptor and, finally, managing to
crystallize it. This last step, essential to
visualize its structure, proved particularly
complex. “We couldn’t obtain a crystal
that was organized enough to allow
for a relevant diffraction figure... We
eventually had to use llama antibodies
to stabilize the protein!” It became a
success in 2014. Now Nury’s team is
continuing its research to understand
protein dynamics using methods such
as the coupling of crystallography and
electron microscopy.

Sandrine Ollagnier
de Choudens studies
metalloproteins that
are essential to living
organisms.
Images of mountains cover the wall behind
her desk - Broad Peak, Manaslu, and Makalu,
Cho Oyu. These peaks are each over 8,000 m
in elevation, and Ollagnier de Choudens
has climbed them all - ”without oxygen,”
she says. In the middle of these images of
snowy peaks, a structure of a protein sticks
out: NadA, another challenge that she has
overcome, this time not as a mountaineer,
but as a researcher.

Climbing
the mountain
of proteins

The challenge raised by NadA took five years of
intensive work instead of a mere few weeks.
Ollagnier de Choudens’s team was the first
to study this protein, which contains a metal
center. “Metals are essential to life, as they
are involved in many vital biological processes
such as respiration, DNA synthesis, and more.
An excess or deficiency of certain metals
results in the onset of diseases,” she says.
Metalloproteins are molecules of paramount
importance because these metal complexes,
essential for their normal function, lie in their
very center. NadA is one of them.

Sandrine Ollagnier
de Choudens
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Understanding NadA became critical when its
key role in certain bacteria was revealed. It is an
essential enzyme in pathogenic microorganisms
Mycobacterium leprae and Helicobacter pylori,
which are responsible for leprosy and gastric
cancers, respectively. This means that when
it is absent or deactivated, the microorganism
dies. “So finding a way to deactivate NadA
would allow us to kill these bacteria without
risk to humans, in whom NadA does not exist.
To put it in a few words, it would be a new
antibacterial strategy,” says the researcher,
who hopes to have discovered a new way to
climb the Everest of antibiotic therapy.

Malene
Ringkjøbing Jensen

EXPERTISE IN STRUCTURAL BIOLOGY

Disordered protein
under scrutiny
X-ray crystallography, NMR, cryo-electron microscopy, small-angle
scattering: all these physical methods of analysis are used masterfully
by researchers, engineers, and technicians to unravel the inner
structure of large molecules in living organisms.
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disordered or contain disordered regions
of substantial length that constantly
switch between various conformations.
In the past, scientists only focused on
proteins or portions of protein that
displayed a well-defined structure, and
they saw the connections of ligands
like a key in a lock. Since the 90s, more
studies have been conducted on proteins
with physiochemical properties that
do not require a fixed conformation,
since we discovered that these very
proteins are involved in many diseases
(neurodegenerative diseases, diabetes,
cancers, etc.).

®Christophe Levet

What methods are used to study
these proteins?
MRJ: The prominent method is NMR, as it
allows us to study their conformational
behavior and their interactions with
other proteins on several time scales,
from a picosecond to a second. This
gives a much more dynamic view of
their structures, and therefore a more
realistic approach compared to the
lock and key concept.

Structural biology is the study of the
structure and spatial organization of
macromolecules in living organisms: DNA,
RNA, proteins, and protein assemblies.
These molecules are involved in all the
reactions that govern cellular machinery
- cell division, signaling, DNA repair, and
membrane passages, to name a few.
The study of their structure provides
information on all these mechanisms.
Structural biology data is especially
used by the pharmaceutical industry
for the development of new drugs.

Grenoble, as well as the neutron source
ILL, also located in Grenoble. Over the
last few years, the field of structural
biology has undergone drastic changes
thanks to the fruitful combination of
various investigation techniques and
innovative ways of using them, as well
as an increase in the sensitivity and
performance of the devices.

In addition to their own tools of
investigation, scientists rely on large
instruments such as the SOLEIL
synchrotron in Saclay and the ESRF in

What is the specificity of these
proteins?
MRJ: Approximately 40% of the proteins
encoded by the human genome are

Malene Ringkjøbing Jensen conducts
research in Grenoble on intrinsically
disordered proteins.

What do you enjoy most in your
professional life?
MRJ: The complexity. Thanks to their
flexibility, disordered proteins are
capable of interacting with multiple
proteins simultaneously, and to fold
back during the interaction. This makes
them extremely difficult to study using
traditional methods of structural
biology, and I just love the challenges
they bring. Our team recently showed
that disordered proteins play a critical
role in the replication of the measles
virus and cell signaling.
Also, Grenoble is such an outstanding
environment when working in this field.
Experts in all fields work within the
same building, so all I need to do to
find them is go one floor up or down!
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Barbara Sulignano

As a physicist,
Barbara Sulignano
studies the heaviest
nuclei produced
on Earth. She
benefits from the
highly propitious
environment of the
CEA Saclay center for
the development of
the instrumentation
necessary for her
research.
28 FUNDAMENTAL KNOWLEDGE

We are
alchemists
Nuclear physicists dream of a paradise
where superheavy nuclei would be
stable. Or at least, where their time of
decay would not be so short. In their
quest for this “island of stability”,
they compete to create the most
neutron- or proton-rich nuclei. “We
produce new elements, so we’re
sorts of alchemists,” says Sulignano.
“Reaching the island of stability during
the first phase of SPIRAL2 (GANIL)
will be quite complex. So instead,
we explore the properties of nuclei
that are close to it.”
With her partners from GANIL and
CNRS in Orsay and Strasbourg, she
contributes to the development of a
detector for measuring the lifetimes
of short-lived heavy nuclei (10-6 s).

“It’s a kind of highly compact silicon
cube equipped with modern electronics
that was specifically designed for
slow and heavy nuclei,” she says. The
experiments will take place at S3 at
GANIL to test the theoretical models
of nuclear structures.
“Nothing would be possible without
the close collaboration with technicians
and engineers who are experts in
detection and electronics,” says
Sulignano. “Everyone has unique
expertise. Everyone’s contribution is
necessary, especially as I spend a lot
of time looking for funding... and yet
France has invested more in nuclear
physics than all other countries in
Europe!”

A snapshot of nuclei
When Emmanuel Clément, a researcher from CNRS working at
GANIL in Caen, tells us about his efforts to decipher the nuclear
interaction, the image is quite striking. “It’s like being in a stadium to
watch a game, and trying to figure out the rules. Some players have a
blue jersey, others wear red, but the ball is invisible!”
Emmanuel Clément is an experimental
physicist. His favorite subject is the
shape of the atomic nucleus, which in
90% of cases is not spherical - it can
be shaped like a kiwi, a grapefruit, a
banana, or even a pear! Surprisingly,
sometimes a slight change in its
composition can be enough to radically
change its shape. Yet currently no
theory of nuclear interaction is capable
of describing and predicting all of
these phenomena.

research is more solitary,” he says.
“The size of the instruments also allow
us to understand everything, and the
length of the study-experiment cycle
gives us a chance to obtain results

within three years.” When asked what
his dream is, Clément answers with
a smile: “Taking an actual snapshot
of a nucleus!”

Emmanuel
Clément

Clément chose to specialize in nuclear
physics since the scientific collaborations
in this field are the perfect size to
him. “In particle physics, we can
be overwhelmed by the number of
participants, and in atomic physics,
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How does the shape of the nucleus
change when its speed varies, either due
to a collision with another nucleus, or
when the number of nucleons (proton
or neutron) changes? Juggling both
experiments and theories, Clément seeks
to shed new light on this question by
trying to let new observations emerge.
“There is a universal mechanism
governing how nuclear matter is
ordered,” he reckons. In his quest,
he uses probes that provide data on
the shape of the nucleus, its size,
its mass–even the energy required
to tear off a proton or a neutron.
His favorite “toy” is the gamma-ray
detector AGATA. This highly efficient
nuclear spectroscopy equipment,
which has been enhanced over the
years, arrived at GANIL in 2014 and
will move in 2019 to another country
in Europe.
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EXPERTISE IN ACCELERATORS

SPIRAL2: from
the cyclotron to LINAC
SPIRAL2 will soon be commissioned at the Large National Heavy Ion
Accelerator (GANIL) in Caen. Patrick Bertrand, Head of the SPIRAL2
accelerator team, tells us about this major development at GANIL.
What will offer SPIRAL2
compared to pre-existing
facilities at GANIL?
While the current installation
is limited to ions heavier than
carbon, SPIRAL2 will also make
possible the acceleration of light
ions, such as protons, deuterons,
or helium nuclei. The highintensity beams of light nuclei
actually raise specific issues in
terms of safety and radiation
protection. The new building for
SPIRAL2 was designed accordingly,
with walls up to six meters thick
and anti-seismic protection.

©Ganil/Lecomte

On what technological innovation
is SPIRAL2 based?
Operating a superconducting linear
accelerator (or LINAC) on top of
the cyclotrons is a real change
for GANIL. The transmission of
the ion beam on the LINAC is
much better compared to the
cyclotrons (99% instead of 60%),
provided that all components of
the accelerator are very precisely
aligned. The beam power can
reach up to 200 kilowatts!

SPIRAL2’s radio frequency quadrupoles
SPIRAL2 (Second Generation System On-Line Production of Radioactive Ions) is a linear particle accelerator
project for the study of fundamental nuclear physics and multidisciplinary research. This facility under
construction by GANIL (National Large Heavy Ion Accelerator), will produce high-intensity beams of light and
heavy exotic nuclei. These unprecedented particle beams will shed new light on the farthest reaches of matter.
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Could you tell us more about
your involvement in SPIRAL2?
In 2001, I started taking part in
the design of the accelerator and,
in particular, in the simulation of
the ion beams. In 2005, I became
deputy head of the SPIRAL2
accelerator team, and then head
of the team in 2009. I manage a
network of 12 coordinators and
nearly 50 “product managers”

in many countries (France, Italy,
India, US, Israel, Romania, etc.).
The first tests with beams have
started and we hope to produce
beams for physics studies by
2017. In the meantime, the two
rooms for physics experiments,
downstream from the accelerator
- Neutrons for Science (NFS) and
Super Separator Spectrometer
(S3) - should be ready by 2017.
So far it has been a success from
the scientific standpoint as much
as in terms of human experience.
I found it really amazing to be
able to share experiences with
researchers with practices that
were different from ours.

Patrick Bertrand
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What are the main contributions
to the SPIRAL2 accelerator?
The centerpieces are the RFQ
cavity, in which the beam is
pre-accelerated and shaped
in “packets” at a frequency of
88 MHz, and the two sets of
“cryomodules” for the LINAC.
This is where the accelerating
cavities in superconducting niobium
are placed, and maintained
at 4 K. The RFQ and the first
12 cryomodules were produced in
labs of the Fundamental Research
Division, whereas the following
seven cryomodules and power
couplers were provided by CNRS
(the Institute of Nuclear Physics
in Orsay and the Laboratory of
Subatomic Physics and Cosmology
in Grenoble). Most of the other
components were produced at
GANIL - diagnostics, RF amplifiers,
electromagnets, vacuum systems,
electronics, command/control,
nuclear ventilation, integration,
access control, etc.

EXPERTISE IN Accelerators
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At the heart of the brain
Ghislaine and Stanislas Dehaene, a team in the lab and in life,
explain their passion for the brain’s mysteries.
They met in 1986 in the laboratory of Jacques
Mehler, a pioneer of cognitive science in France.
Ghislaine was studying the linguistic understanding
of newborns, while Stanislas was investigating how
adults represent numbers, and the role that language
acquisition and symbols play in our mathematical
abilities. “We haven’t been apart since, and continue
to collaborate thirty years later…but we quickly
decided on a healthy division of work.” She tackles
the baby brain, with its inherent capabilities and
fabulous learning abilities, while he focuses on the
adult brain and the way in which it reorganizes
itself according to how it is educated.
The strange apparatus they are wearing on their
heads is a “geodesic sensor net with 256 electrodes.”
It records the electro-encephalogram (EEG), the
brain’s electrical activity, with high spatial and
temporal resolution. Ghislaine was the first to
use this tool with infants. “In 1994, we made the
cover of Nature with a magnificent two-monthold smiling baby, wearing the net, whose recorded
brain waves illustrated the complexity of the steps
involved in processing spoken language. We still
use this machine to study cerebral responses in
babies, but also to visualize the adult brain, and
markers of consciousness in particular.
We also use magneto-encephalography (MEG),
which records the ultra-weak magnetic signals
emitted by neurons. With it, we are able to follow
the temporal unfolding of information processing
with unparalleled sensitivity. It takes about 170
milliseconds to read a word and about a third
of a second for it to reach the consciousness.
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Our consciousness, then, lags constantly behind
reality. We also use functional magnetic resonance
imaging (fMRI), which allows for remarkable spatial
precision. With it, we can see right down to the
millimeter and are able to decode the intertwining
of representations at the surface of the cortex,
and have demonstrated a remarkable dissociation
between language and mathematics: these cognitive
functions activate distinctly different regions of the
cortex, and simply reading a number or a letter
calls upon specialized areas of the visual cortex.”
Ghislaine was the first to show that fMRI could be
used in babies, and that large cortical language
networks, including the Broca area, are activated
from the age of two months.
“Our next challenge? Understand the human
species’s singularity in the animal kingdom. Why
are we the only species to create language, music
and symbols?” Ghislaine will also study how the
baby brain manages very early on to learn words
and invent symbol systems. Stanislas will analyze
the neural codes that allow several symbols to be
combined to form a sentence. “Are symbols and
syntax unique to humankind? How do they get into
our heads? We’d like another thirty years to shed
a little light on the subject!”

Ghislaine and Stanislas Dehaene

Ghislaine Dehaene is Research Director at CNRS and received the
Grand Prix de la Recherche from the Fondation de France in 2015.
Stanislas Dehaene is a Professor at the Collège de France and received
the Grand Prix Inserm in 2013.
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What makes the human species’s
singularity in the animal kingdom?”
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Using technology
to think about the brain
Passionate about new technology, Julien Valette explores the brain to
determine its structure at the cellular level and to understand how it
operates. He works with - and for - nuclear magnetic resonance, whose
world of possibilities is, according to him, expanding.
With nearly 100 billion neurons and
10,000 billion synapses per square
centimeter, the brain defies science
with its complexity. After centuries of
thinking about the brain with nothing
but their own, today researchers call
increasingly upon technology. Progress
in our understanding has been swift.
The Fundamental Research Division
develops imaging methods and animal
models to visualize the brain, both
healthy and diseased, particularly
using positron emission tomography
(PET) and magnetic resonance imaging
(MRI), supported by the physical
phenomenon of nuclear magnetic
resonance (NMR).
Valette is one of CEA’s neuroscience
explorers, but this “technophile”
never imagined himself as one. “I
was headed for industry, probably
aerospace,” he says. So what explains
his arrival at CEA? “My goal was to
find a line of work that called on
cutting-edge physics, mathematics
and abstraction.” Also interested in
the complexity of the brain’s twists
and turns, he took an internship at
the Service Hospitalier Frédéric Joliot
in Orsay.
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“That internship, which involved
applying NMR to study the brain’s
metabolism, stirred something in me,”
he says. “I abandoned industry to work
on a PhD because NMR spectroscopy
brings together everything I like, plus
the adventure of research.”
Today in charge of an NMR group at the
Fontenay-aux-Roses center, Valette
thinks the technique has enormous
potential. “We can innovate constantly,
change the machine’s parameters to
adapt it to what we want to observe.
Depending on how we prepare the
magnetization, we have access to
different physical phenomena: diffusion,
chemical exchanges, etc.” In this way,
RMN allows researchers to determine
the number, nature and properties of
molecules present in a predetermined
part of the brain, and in a noninvasive
way, in a live, conscious organism.
Scientists use this technique to
better understand the development
of neurodegenerative diseases. “We’ve
perfected an original method for
characterizing viscosity in neurons,
a parameter susceptible to change in
patients afflicted with Alzheimer’s or

Huntington’s disease,” explains Valette.
“This change appears to be due to an
accumulation of proteins that slows
intracellular diffusion.” His team also
works on neuron morphology, which
changes when cells are suffering. “While
we may be far from applications for
the patient, we would like to detect
‘neuronal suffering’ in order to, one
day, be able to make early diagnosis
of neurodegenerative diseases, well
before the appearance of clinical
symptoms.” The road ahead is still
long, but the development of high-field
devices will increase result precision
and accuracy. It is one step closer to
finding the “Holy Grail” of diagnostics.

®TristanPaviot

Julien Valette
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20,000 genes under the sea
®Thierry Borredon

Olivier Jaillon joined the race of the genomes in the early 2000s, a
young scientist’s dream turned reality. He introduces us to the genome
of marine creatures.
I worked on human gene detection
using a fish’s sequence, and I quickly
became interested in the mechanisms
of evolution. Evolution brings a random
variable of the DNA sequence into
play through small mutations, but
also horizontal transfers between
species. Then I changed tack to analyze
the diversity of microorganisms that
populate the sea.
There is an unexpected variety of
oceanic species. Tell us about it
The Genoscope sequences and analyzes
thousands of samples of marine
microorganisms gathered by the Tara
schooner during its expeditions. We’ve
already identified 150,000 genetic
types of single-celled eucaryote
organisms, while only 11,000 species
had been described up to now. We are
discovering galaxies, entire universes!
Nearly half of these genes have nothing
in common with what is known. Our
adventure with Tara will continue
with genomic analysis of coral reefs.

Olivier Jaillon

Everything is everywhere. But the environment selects.”
Lourens Baas Becking
Olivier Jaillon, you study the diversity
of genomes that populate the planet.
How did you wind up here?
After studying cellular biology,

physiology, then bioinformatics, I
joined the Genoscope in 1998, just
as the first race to sequence the
whole human genome was beginning.
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You have a project in mind to create
a world atlas of plankton. What
does that entail?
We’d like to make a map, a kind
of atlas of organisms, and their
physiology, in the oceans, using the
metagenomic data of plankton. This
Herculean task would round out classic
data (topography, oceanography,
etc.) with genomic data to tighten
the map grid and define new types
of ecosystems.
Plankton species regulate the climate
and we hope to better understand
how they react to climate change.
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Corinne Cassier-Chauvat

The ambassador
for cyanobacteria
Although the process of photosynthesis has been well described, the
metabolisms of photosynthetic organisms have yet to reveal their full
potential. Corinne Cassier-Chauvat studies cyanobacteria.
A small office abuts her laboratory. The
walls are covered with flowers that
hide the peeling paint; a dozen orchids
and plants overflowing their pots give
this luminous space the feeling of a
greenhouse. A frail, feminine figure
welcomes me - Corinne Cassier-Chauvat.
I’ve come to hear her tell me about
cyanobacteria, their use in toxicology
studies, the production of thirdgeneration biofuels, of biohydrogen…but
her soft voice transports me to another
world. “Cyanobacteria appeared on
Earth 3 billion years ago,” she begins.
“These photosynthetic organisms were
responsible for creating atmospheric
oxygen and made possible the evolution
of animal life. Today, they are present

in every ecosystem on the planet and
are the base of the food chain.” That’s
another way to look at what’s in the
green tubes glimpsed in the laboratory.
These primitive microorganisms make
up a third of all phytoplankton and are
considered to be the ancestors of plants.
“When we study their physiology and
metabolism, certain results are reflected
in plants and even in humans, which
makes these organisms remarkable
models,” she says.

metals like uranium. This renders
their metabolic pathways that much
more interesting. Accompanied by
her husband, Franck, and their team,
Cassier-Chauvat is trying to understand
how cyanobacteria achieve these feats
and how to improve their output. “Our
fundamental research opens the door
to numerous applications: pollution
clean up, biofuel production, and even
dietary supplements. Imagination is
our only limitation!” she says.

Cyanobacteria are also capable of
producing hydrogen and lipids that are
of interest to the cosmetic industry.
And the cherry on the cake? Some of
them are capable of capturing heavy

CR
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Ultra-high
curiosity
Fabien Quéré is a virtuoso of ultrahighintensity optics and laser-matter interaction.
Who would have guessed that this
materials engineer from the Ecole
des Mines engineering school in Nancy
would become such an expert? “I’ve
always been attracted by what I did
not know,” said Fabien Quéré. After
completing his studies in solid-state
physics, Quéré started a Ph.D. in
Saclay on the dynamics of electrons
in solids, where he discovered the
fields of optics and femtosecond
lasers (10-15 s). During a post-doc in
Canada in 2001, he started exploring
the emerging field of attosecond
science (10-18 s). “The researchers
believed they had already produced
attosecond pulses, but had no way of
proving it! We had to find a way to
measure its duration. Yet such short
pulses have to include an ionizing
component in their spectrum, in the
extreme ultraviolet or X-rays. The
solution was to use irradiation to
transform the pulses in bunches of
electronic waves, which are easier
to handle.”
Back in Saclay, he showed that this
approach makes it possible, beyond
the assessment of the duration of
attosecond pulses, to determine
the temporal profile of the electric
field. Meanwhile, laser intensities
continued to increase, exceeding
1018 W/cm2. “I chose to study the
interaction between the most intense
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lasers and a solid target, or what
we call “plasma mirrors”. It was a
combination of everything I had learned
before. I wanted to understand how
attosecond pulses can be generated
through plasma mirrors. Now, we
also investigate the electron beams
that are generated during these
interactions.”
Fabien Quéré was the recipient of
several ERC grants, including a Starting
Grant in 2010 and an Advanced Grant
in 2016. “With the first ERC grant, we
conducted research in optics, using
plasmas to generate laser harmonics
and compressing the pulses over time.
The goal of our second ERC grant
was to shape a laser field in space
and time to induce new effects in
laser-plasma interactions,” he said.
But to carry out this research, we
needed a tool that combined space
and time laser beam characterization,
rather than one that only included
the space or time aspect. For such
unusual lasers, distortions emerge
that must be eliminated to advance in
the race for higher laser output. This
new tool developed by Fabien Quéré
and his team is now available for the
laser UHI100 in Saclay and will also
be a potential valuable addition to the
future laser APOLLON at Université
Paris-Saclay, and more generally, all
femtosecond lasers.

APOLLON, A FUTURE
ULTRA-POWERFUL
LASER
With unprecedented laser
output of 10 petawatts (1015 W),
the APOLLON system will be
devoted to matter-radiation
interaction experiments at
ultrahigh intensities in the areas
of energy, biology, and medicine.
Bringing together 10 laboratories
of Université Paris Saclay, it will
be located in Orme des merisiers
in the Interdisciplinary Center
on Extreme Light (CILEX) and
will bring together researchers,
industrialists and students.
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Fabien Quéré
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The laserist
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Pascal Monot
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Working with lasers requires extra caution, especially to protect the eyes - safety glasses are mandatory. This equipment is
complemented by a modern, disposable version of the old overall to ensure a clean environment. Here Pascal shows a prism
mirror in which the laser beam makes a U-turn.
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Philippe Di Francesco and Chiara Caprini are theoretical physicists.
To be more precise, one is a mathematician and physicist, while the
other is a cosmologist.
Mathematics is often seen as a tool
for physicists. Philippe Di Francesco,
however, sees physics as an “accelerator
of mathematical discovery,” notably
in “combinatorics,” probability theory
and algebraic geometry. “I’m seen as a
physicist in France and a mathematician
in the United States.” He spent a
third of his career in North America,
taught math at the University of
North Carolina, and more recently at
the University of Illinois, as part of a
prestigious “named professorship.”
“Mathematics has always been my

first love, but I’ve learned to love
physics,” he confesses.
His path crystallized under the guidance
of his thesis director, Jean-Bernard
Zuber, then that of Claude Itzykson, both
leading figures of theoretical physics
at CEA, with whom he collaborated
extensively. “I was lucky to have total
freedom, it was a little dizzying in
fact,” he says. “I was always happy
to return there after my time abroad.
It was a kind of haven, not of peace,
but of exchanging ideas. The group

of theoretical physicists is extremely
multi-disciplinary. The particle physicists
often come to see me here.” Though
his work encompasses far more, with
two co-authors, Di Francesco wrote
a scientific best-seller on conformal
field theory, in which figure many of
his important contributions.
Chiara Caprini didn’t think twice about
leaving Italy to write her thesis on
cosmological magnetic fields at Oxford.
The direction of her research topic
clicked after meeting two women,
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Philippe Di Francesco
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Expanding our description
of nature
Ruth Durrer, in Geneva, and Geraldine
Servant, at CERN. An accident? Not
exactly. “In the very masculine field of
theoretical physics, I noticed women
coming together spontaneously, which
helped ease the feeling of competition
experienced during the program. But
today I work on equal footing with
men,” she says.
She coordinates the cosmology working
group at heart of the ELISA consortium
(Evolved Laser Interferometer Space
Antenna) at ESA for the space-based

detection of gravitational waves from
astrophysical sources like binary
supermassive black holes resulting
from the collision of galaxies. Caprini,
however, is after something entirely
different: to “listen” to the primordial
universe, which is impossible to
observe because of its opacity to
electromagnetic radiation. Matter
was so dense then that electrons
and nucleons weren’t yet able to
organize themselves into atoms.
Caprini thinks that it is possible to
go through the looking glass. “I study

theories predicting gravitational wave
signals that could be detected by
ELISA. This instrument will allow the
youngest and most distant universe to
be probed, impossible with the LHC.
It’s extremely interesting because
the energies that ELISA detects are
those of the primordial universe!”
Answers to come in 2034, estimated
launch date.
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Chiara Caprini
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EXPERTISE IN DETECTORS

A passion for the
construction of detectors
Laurent Clerc in Grenoble and Caroline Lahonde-Hamdoun in Saclay
are so committed that they travel around the world to install or test
their detectors.

©Christophe Levet

Laurent Clerc
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“When I was asked to install Artemis
in Chile, more than 5,000 meters
above sea level, I jumped for joy!” says
Laurent Clerc, an astronomy aficionado
and experienced mountaineer. “I had
to undergo a mandatory exercise and
hypoxia test in the hospital before
leaving in June 2016. Up there, there
are half as much oxygen as in the
lowlands. I was fortunate enough that
it was easy for me to adapt to this
environment!” he says. Artemis is a
camera cooled to very low temperatures
to observe the formation of stars
when the universe was still young.
Its design and construction was a
true technical feat.
For 10 years, Clerc was the technical
supervisor for the Herschel space
telescope cryocoolers. His part of the
work begins when the consultancy phase
ends: he supervises the production
of the mechanical parts and the
transfers between subcontractors, and
he performs the metrological control
after manufacture. He attends the
welding, brazing, and gilding of the
most critical parts. After the assembly,
instrumentation and thermal tests, the
cryogenerator is tested in operation
at 270 mK before and after tests on
a shaker at the Liège Space Centre
(Belgium). Clerc is present throughout
all of these operations to guarantee
process traceability. “I attended the
launch of the satellite in Kourou with
three other colleagues. After a period
of overcast skies, the clouds cleared
up. It was a very special moment. It
was very moving,” he says.
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Caroline Lahonde-Hamdoun

In January 2016, Caroline LahondeHamdoun also did not hesitate to fly
all the way to Japan to test Minos, a
detector for research on exotic nuclei
with the particle accelerator from the
research institute Riken. This atypical
detector was developed in only three
years and will later be transported,
either to GANIL in Normandy or to
FAIR (Facility for Antiproton and Ion
Research) in Germany. “We work with
physicists, from the design phase to
the first physical data,” proudly says
Lahonde-Hamdoun. She herself is

constantly developing new skills to
work on projects as diverse as laser
diagnostics, an optical spectrometer, a
curved gaseous particle detector, and
a liquid scintillator neutrino detector.
“I love my job because it has so many
facets. I’m lucky to still be learning
new things every day,” she says. This
love of learning is what motivated
her to complete a master’s degree,
even after 10 years in the field and
with a family to take care of. “For
18 months, I juggled between studies
and work, by splitting my days in

half. It was draining but also very
intellectually stimulating, and I got to
meet really great people,” she says.
After becoming an executive, she was
entrusted with the responsibility of
a project involving 10 people. “They
were all really passionate” she says.
Another adventure had begun!
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Biologist of the galaxies
Galaxies are born, grow and die. They also have a “social life”
by coming together to form clusters. The lives of the galaxies is
at the heart of Emanuele Daddi’s research.
“My work is constantly fuelled by new observations.
We follow different tracks, without knowing
in advance which will be the most successful.
One of them is to study the content of the gas
reservoirs in galaxies where new stars form,”
says Emanuele Daddi. “The problem is that our
immediate environment is rich in old galaxies that
form a few stars only, if any. To understand the
formation of galaxies and clusters, we must go
back in time and observe the early universe, about
10 billion light-years away.” The first surprise was
that the gas from these galaxies weigh as much as
all their stars, although the relative weight of the
gas is only 5-10% in the nearer universe.
Daddi and his team were the first to “see this
simplicity”: the growth of a galaxy is essentially
a result of its gaseous mass. Yet many other
mysteries remain. Why do galaxies that are initially
flat and circular stop forming stars and become
spheroidal? What is the contribution of the central

black hole in these processes? What is the impact
of galaxy collisions and their subsequent merger?
How is it possible that galaxies a hundred times
denser than those of the nearby universe formed
10 billion years ago?
“To test the various models developed by theorists,
we try to find new techniques of observation,
at different wavelengths. For the first time, we
observed the CO emission lines of normal distant
galaxies to estimate the gaseous mass. Another
method is to analyze the content of dust mixed
with gas. We are also very excited about the
future measurements of atomic carbon that will
be made possible by the Atacama Large Millimeter
Array in Chile. “

Emanuele Daddi is an astrophysics researcher at the CEA Fundamental
Research Division.

To understand the formation of galaxies, we need to
go back in time and observe the universe when it was still
young.”
Emanuele Daddi
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energy

Making the energy mix of tomorrow means firing all cylinders! Physicists
and chemists are developing “building blocks” to store energy in chemical or
electrochemical form, produce electricity, and recycle CO2 as well as the rarest
raw materials. Together, nanoscience and nanomaterials are a potential “gold
mine” of innovative solutions.
As for biologists, they are optimizing the production mechanisms of molecules
with high energy content (hydrogen, lipids, biomass) using microalgae, bacteria
and plants in order to make biofuel.
Finally, magnetic confinement fusion represents a hope for providing inexpensive,
safe and abundant energy one day. Scientists have undertaken this research and
support all fusion projects within the framework of the European consortium
Eurofusion, of ITER and its “broader approach,” and Euratom.
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Yvette Ngono-Ravache
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Lifelong learning
The polymers used in certain sectors of the electronuclear industry
become nuclear waste by the end of their period of use. How do they
age when exposed to long-term irradiation? Yvette Ngono-Ravache, a
chemist and material physicist in Caen, tells us more.
What methods do you use to study
the ageing process in polymers?
The irradiation of polymers, such
as those in cable sheaths or gloves,
modifies their chemical structure
and produces gas. The amount and
nature of the gas emitted depends
on the chemical composition of the
polymer and its degree of ageing.
These long-term effects cannot
be simulated through the use of
simplified models that overestimate
the emergence of structural defects in
the polymer. The predictions must be
refined and we must get to the root
of the chemical reactions resulting in
defects, while quantifying the energy
transfers toward radiation-induced
defects, as this process has the effect
of changing the emission kinetics of
certain gases.
For example, by lowering the
temperature from 293 K to 8 K, we
were able to differentiate the influence
of excitation transfers from that of

radical migrations. Working at very
low temperatures makes it possible
to “freeze” the radical migrations.
Heavy ions, in turn, can simulate the
effect of alpha particles. Today we
are working specifically on energy
transfers toward radiation-induced
defects by studying tailored polymers.
We specifically synthesize only the
chemical group which influence on
gas emission.
What do you like most about your job?
Although it initially met industrial
demands, my research became
increasingly focused on fundamental
questions. When seeking to understand
the reaction mechanisms and the
processes that play a role in the
long-term evolution of polymers,
we must perfectly master the entire
experimental chain. This is why I myself
synthesize the “model” polymers that
I study. What I like the most is that
I’m constantly learning new things!

What is your background?
I wanted to do a man’s job in
public works. With a grant from
Cameroon, I came to France to go to
classes préparatoires in Besançon.
I experienced a real shock - it was
so cold that year! I finally enrolled
in a chemistry graduate school in
Clermont-Ferrand. When the CFA
franc was devalued, cash transfers
were temporarily suspended and I
had to work to continue my studies.
I drew strength in the words of my
relatives when I left: “Do not forget
why you are going to France: you are
going there to become somebody!”
they said. Thanks to a last-minute
honor loan, I was able to finish my
studies. I then defended a thesis on
polymer behavior under radiation
at CEA in Grenoble, and following
a post-doc on polymer recycling at
INRA in Reims, I was hired by CEA to
work at CIRIL in Caen. I am a pure
product of CEA!

NUCLEAR APPLICATIONS FUELLED BY DATA
In a world where nuclear power experiments are becoming increasingly expensive and complex, computer simulation comes as a great help to develop the nuclear applications of tomorrow. These simulations use nuclear
data validated by elementary experiments performed on cutting-edge accelerators such as CERN and GANIL.
To broaden the theoretical understanding of this issue, CEA is seeking to use the most fundamental possible
description of nuclear reactions.
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Lionel Dubois

A quest to save
rare atoms
Eliminating noble metals in fuel cells or using
organic molecules in Li-ion batteries: such
are the challenges that Lionel Dubois and his
team are taking up in Grenoble.
“I’ve always loved chemistry!” he says.
Dubois’s background truly reflects this
passion: after graduating from high
school with chemistry as his major, he
entered a classe préparatoire followed
by the chemistry school Chimie Paris
and a Ph.D. in fundamental research
on a model enzyme responsible for
eliminating highly oxidizing molecules

52

ENERGY Catalysis

from cells. After being hired at CEA,
he started focusing on fuel cells, and
more specifically, on the part of the
cell where the oxygen is chemically
reduced. This is where a significant
amount of platinum is required to
catalyze the reaction. Inspired by
biochemical mechanisms, Lionel
Dubois seeks to replace the platinum

with graphene doped with iron atoms
enclosed in nitrogen - a true challenge
in such a hyper-acidic medium at 80
°C! The samples are produced in the
laboratory, tested on a simplified
system, and then entrusted to the
Fundamental Research Division for
tests in a complete fuel cell stack.
“We seek to understand what is
happening. The catalysts are difficult
to evaluate since their performance
may vary depending on the chemical
environment. Now, we have reached
the state of the art and we hope to
make further progress. In particular,
if we are to adopt the platinum
substitute, we will need to re-optimize
the structure of the entire stack,”
says Dubois.
This hyperactive chemist has another
iron in the fire with the Technological
Research Division: organic lithium-ion
batteries. The idea is to substitute
cobalt, iron, or nickel with organic
molecules such as quinones, which
could eventually be extracted from
biomass. This eliminates any recycling,
aside from that of copper or aluminum.
“We develop radical new polymers,
with unexpected properties. Our
organic battery, more stable and
powerful than existing ones, could
be printed at low cost and find its
place on intelligent envelopes or
in various fields such as dispersed,
communicating humidity sensors.”
Dubois is also considering replacing
the vanadium in rechargeable flow
batteries with organic molecules for
large-scale energy storage, which has
caught the interest of a French start-up
supported by a large corporation. And
last but not least: Dubois also conducts
a fundamental research activity based
on an unusual structure of graphitic
carbon nitride (C3N4), which would be
even harder than diamond and, even
better, could produce hydrogen from
water and light - another idea that’s
worth its weight in gold!

Fuelled by microalgae
An Australian researcher who came to work in Provence-Alpes-Côte
d’Azur, Xenie Johnson brought her complementary expertise on the
fundamental photosynthesis mechanisms in microalgae, essential to
designing the biofuels of tomorrow.
Xenie Johnson

She calls it “Chlamy” and can’t stop complimenting
it: “Chlamy can do everything,” “Chlamy can adapt
to anything”, “Chlamy has amazing capabilities.”
After nearly 10 years working on model microalga
Chlamydomonas reinhardtii, Xenie Johnson feels
quite close to Chlamy! This Australian researcher
seeks to decipher photosynthesis and enhance
it to optimize biomass for the production of
third-generation biofuels.
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“Plant nutrition has been extensively studied for
agriculture, but photosynthesis hasn’t,” she says.
“Plants have many ways of dissipating the light
energy they receive without using it for their
growth. These are protective mechanisms, including
against oxidative stress brought by a changing
environment. Our microalgae, grown in a highly
controlled environment, could overcome these
parades and thus improve their performance.”
As this requires understanding the underlying
mechanisms, as a geneticist and molecular
biologist, Johnson had to begin by identifying
and decrypting them.
With this in mind, she targets the three genomes
of Chlamydomonas (mitochondria, nucleus, and
chloroplast). She modifies them to create new
strains (mutants), identifies the most efficient
ones, and decrypts the molecular mechanisms
underlying such strong growth. She also does it
at a large scale: 10,000 mutants were screened
in two months in the Heliobiotech platform in
Cadarache, from which 15 were selected. Johnson,
who is not afraid of challenges, awaits the
imminent arrival of the robot that will be used
to scan the phenotype of one million mutants.
She readily acknowledges her luck: “The subject
is fascinating, the students that I supervise
are excellent, and so are the technicians and
engineers of the platform. It really is a great
mix that allows me to do science that combines
elegance, technology, and creativity.”
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Toward the chemical
recycling of atoms
How can useful molecules be made from the chemical waste CO2?
With precision and speed, Solène Savourey explains her thesis and her
laboratory’s ethical approach.
What did your thesis work entail?
Instead of starting with CO2, we first
demonstrated how to make fuel, like
methanol, with formic acid, a molecule
we know how to synthesize from CO2.
The results indicate irrefutable progress,
with increased output (50% instead of
2%) and a ruthenium catalyzer instead
of iridium, but this is still insufficient
for industrial application. We have to
find a way to replace ruthenium with
iron, cobalt or nickel, and control the
process from CO2 to the final molecule.

Development, far from incidental,
cannot be underestimated either. I
then also succeeded in forming bonds
between carbons (C-C) from CO, which
can also be obtained from CO2.
What led you to your thesis work?
During my studies at Polytechnique,
I did all my internships in R&D in
industry, and so I wanted to follow
through with things. What appealed to
me about Thibault Cantat’s laboratory
is how research is both applied and

fundamental. I was very interested in
the attention given to procedures and
reagents in the development of green
chemistry. We don’t do things halfway!
As a woman, you’ve often found
yourself in the minority. What has
your experience been like?
Character building! I found myself in
a masculine world early on, as a high
level swimmer, but the pinnacle was at
Polytechnique. There were 94 women
and 414 men. It’s like being under a
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Solène Savourey
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microscope! The most difficult part
was trying to get into the naval
firefighters in Marseille during
my service, since I measure just
5"2'. Studies have shown that
in Silicon Valley, being a super
minority in a man’s world is
a recurring factor that pushes
women to abandon their careers
in new technologies. That’s why
initiatives like the L’Oreal-Unesco
Prize are precious opportunities
that give women role models to
identify with.

THE RISE
OF SEPARATIVE
CHEMISTRY
Solar panels, wind turbines,
batteries and fuel cells all have
an Achille’s heel: the availability
of rare earths and current
extraction levels which are not
environmentally friendly. Would
it be possible to compensate for
this by recycling these elements?
Researchers at Marcoule are
trying to answer this question,
among others. They study the
physicochemical separation of
ions at the nanometric level
in complex fluids to develop
high-performing recycling
processes that break with
existing methods.

Opposite, an open-air rare
earth mine.
ENERGY Chemistry - Recycling 55

EXPERTISE IN TECHNOLOGY TRANSFER

An expert at partnership
Catherine Gilles-Pascaud is responsible
for strengthening industrial and European
partnerships. Mission accomplished!

Today she works at an institute in
Saclay where her goal is to “develop
commercially viable research projects
wherever possible,” and she patiently
evaluates the interest industrial players
show in them. “We have to align the
scientific and technical program so
that it feeds into other questions,” she
says. “Sometimes I also have to address
researchers’ hesitations regarding
industry.” An optimal framework must
be defined for each project: if possible,
a direct contract or a collaborative
project. “I like the dialog, collaboration
and negotiation inherent in this work,”
she adds. Since 2009, six start-ups and
almost as many joint laboratories have
been created, not counting bilateral
agreements that could last several
years, like the one with RTE.
“Requests for proposals drift toward
applied research that has reached a
significant level of maturity. The social
implications have become decisive.
I offer my help to researchers, not
only to find partners, but also to point
out the potential implications of their
work.” In 2015, she guided a hundred
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projects through submission to the
French National Research Agency,
fifteen of which received funding, and
about twenty European projects (ten
were chosen). An excellent success
rate explained as much by the quality
of the research as it is by the tenacity
of the partnership expert.

PROMOTING
INTERDISCIPLINARY
RESEARCH
Carried out by interdisciplinary
teams, research conducted at the
DRF is responsible for a number of
technological breakthroughs. For
this reason, the DRF actively pursues
a policy of innovation transfer by
commercializing its patents, making
its R&D resources available, and
helping innovative projects get
up and running. Teams work in
close collaboration with industrial
partners in order to stay attuned
to their needs, while ensuring that
work is protected and following
quality procedures adapted to their
activities.

• 566 active patents
• 165 licenses
• 33 start-ups created
since 2000
• 230 industrial contracts
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Before joining the DRF, this nondestructive testing and magnetism
expert at the Technological Research
Division brought projects successfully
to term, becoming coordinator of a
European project that involves six
industrial partners. She’s definitely
gotten caught up in the “game” of
project building.

Catherine Gilles-Pascaud
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Roland Lé

As Tokamak Tore Supra in Cadarache is becoming WEST, a test
platform for the international fusion project ITER, Roland Lé and
Marianne Richou are working around the clock.
Roland Lé is a “machine interior referent
technician.” He supervises the teams
working inside the tokamak. “I know
every single piece of the machine,
simply because I assembled it!” he
says with a smile. Between 1986 and
1996, Lé took part in the construction
of Tore Supra, with around 15 other
technicians from the company JeumontSchneider. He was the last one to stay
and was recruited at CEA following
a vote. He is the only person who
can enter the torus without having
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to duck, and says he has the perfect
size for the job: 5”3’. This virtuoso
of ultrathin metal sheet welding is
now experiencing the third major
change in Tore Supra. “Everything
is new and increasingly precise. We
went from 5-10 mm tolerances to a
tenth of a millimeter! Now, all parts
go through a metrology check before
mounting. ”
Between major upgrades, Lé is also
responsible for the more ordinary

developments of the tokamak, and he
uses his own models as a means of
preparation. He is also the undisputed
specialist of robot AIA (Articulated
Inspection Arm) for the maintenance
of ITER. And not just because he
achieved quite a feat during the first
test - introducing this seven-meter
“snake” on the first try.
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Marianne Richou

From Tore Supra to WEST
WEST, or W Environment in Steadystate Tokamak, will test a critical
component of ITER that will have to
withstand exceptional heat and particle
fluxes. The choice of tungsten (W) for
this component was indispensable since
the carbon used up to that point has
the defect of trapping fusion reagents.
Tore Supra was also rearranged in
order to produce plasma with an
oblong profile, closer to that of ITER.
Additional coils were added close
to the plasma. Marianne Richou is
responsible for the production of some
of the screens that will protect them

from the furnace, and the receipt
of all of them. Right now they still
look like the pieces of a big puzzle,
wrapped in plastic bags. They are
piled up on top of shelves labeled with
care before mounting. “We use an
optical bench to check all the parts
that we receive,” says Richou. “The
experience that we gain along the way
will be of great interest for ITER, for
example in terms of manufacturing
tolerances. WEST started in 2010
only and is a true collective success,
in association with French industrial
partners.”

As an engineer from the French
engineering school Arts et métiers and
holder of an agregation in mechanics,
this young woman manages the work
of 10 people for various projects, and
supervises a Ph.D. student for the
second time. “It is really important
to reinvent yourself,” she says.
“Attending conferences and developing
collaborations with universities is
simply vital.”
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Xavier Garbet

Towards a calmer era
in fusion plasma
Xavier Garbet is an international expert in magnetic confinement
fusion plasma. He sees astonishing similarities between climate science
and his discipline.
“I like to go to the control room in
the evening and see how things are
going,” says this scientist who likes to
hear the latest news from the shift
crew. The team carefully monitors
the fusion plasma, which is very
sensitive to everything in its direct
environment. “WEST will be a great
opportunity to study the interaction
between plasma and plasma-facing
components." There isn’t a single week
where that modeling theorist and CNRS
60

silver medal recipient doesn’t discuss
with experimenters from France and
abroad. “Plasma is a system that’s
highly nonlinear. If theories weren’t
confronted with experiments, they
would be really eccentric,” he says.
In an attempt to help me understand
the difference between a tokamak
and stellarator, Garbet says: “Both are
based on the magnetic confinement
of fusion plasma. They fall under the

same physics, and physicists from
both communities know each other
well. In a tokamak, the magnetic
field is produced in part by an intense
current generated within the plasma
by induction and RF waves. Instabilities
due to the current create disruptions
that could damage the reactor. In a
stellarator, the magnetic field is entirely
produced by coils located outside of the
plasma. This creates a more favorable
environment as regards to disruptions

and plasma lifespan, but confinement
of high-energy particles is rather
poor, so some of them are lost. The
new generation of stellarators such
as W7X in Germany was developed to
eliminate this shortcoming.”
I then ask Garbet to guide me through
the maze of tokamaks. How to get a
clear vision of current projects? “JET in
Great Britain is our European flagship. It
was built to beat performance records
over short periods of time. ITER will be
like a larger version of JET - another
performance machine. Other tokamaks
such as JT60-SA, currently under
construction in Japan, are designed to
be more flexible and explore potentially
less stable configurations, including
triangular plasma profiles and higher
pressure gradients. The exploration of
these extreme configurations requires
specific strategies to preserve the
material in the event of disruption,
such as the massive injection of gas or
the use of negative feedback.”
JT60-SA will be commissioned in 2018,
and W7X started in 2016. What would
happen if one of these experiments
were a brilliant success? “W7X and
JT60-SA are from the same category
of machines as JET and Tore Supra.
Learning to master them will probably
take a decade or so, and other questions
may arise later: can it work with
tritium? Which constraints would arise
if we wanted to change the scale of
the projects?”
What were the advances in plasma
confinement over the last three
decades? “The spectacular increase
in computing power has allowed
for tremendous advances. Another
remarkable progress was made in
the microwave technologies that help
heat the plasma. We have developed
particularly efficient plasma diagnostics
by means of radar reflectometry,
which are now on all tokamaks. And
kind of like climate experts, we come
to an increasingly finer understanding
of the processes involved. In about
90% of cases, the genesis of plasma
instabilities is no longer a mystery.” It
appears that we are on the threshold
of a calmer era in fusion plasmas.
SM
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Omnipresent simulation
As a feat made possible by high-performance computing, simulation
propels major advances in many scientific fields, from the most
fundamental research on the formation of our universe, to molecular
dynamics in biology and technological developments such as those for
the Fusion program.
Digital simulations based on highperformance computing (HPC) are used
in all of CEA’s areas of research. They
help by recreating experiments that
cannot be carried out in laboratories
- whether because they induce high
risks, unfold over very long periods of
time as in climate research, or simply
because they are out of human reach,
as in astrophysics.
Computer simulation is used in all the
various stages of the fusion research
program. It allows the scientists
to study fusion plasmas and their
instabilities at the most fundamental
level, and also help plan practical
operations for the construction of
experimental platforms. Delphine
Keller and her colleagues develop
virtual reality tools for the tokamak
designers to visualize the mounting
sequences of the components to be
assembled in ITER and WEST. “Virtual
reality makes it easier to optimize the
operating sequences, tools, ergonomics
postures, and even the training of
technicians,” she says. In the meantime,
Guilhem Dif-Pradalier and his team
have discovered, for example, an
unexpected staircase configuration
in the fusion plasmas of Tore Supra,
based on ab initio simulations using
the Gysela code developed by INRIA,
Euratom, and CEA. “The atmosphere,
the oceans, the convection zone inside
the Sun and fusion plasmas all have
one thing in common: turbulence. In
these non-equilibrium thermodynamic
systems, rather similar structures
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appear spontaneously that have as
much of an influence on climate as
they have on solar flares or... plasma
confinement.” All these turbulent
environments have another thing in
common: they are all studied at CEA
thanks to HPC simulations!

biology and biochemistry. Since his
ability to conduct experiments is limited
due to reduced mobility, he completed
his training with a postgraduate in
bioinformatics. In 2007 he defended
his thesis in molecular modeling and
simulations.

In the meantime, Stéphane Abel is
“making molecules dance”. When he
tells us about his life, many adjectives
come up: obstinate, determined, and
tenacious. With a calm voice and a
mischievous look, he describes the
beginning of his career through intricate
stories, from an undergraduate in animal
biology, to graduate studies in molecular
endocrinology and chronobiology. He
then chose to specialize in structural

“ M od elin g is clos ely lin k ed t o
experiments,” he says. Experiments
allow us to constrain models. Then, once
again through simulation, models allow
us to carry out “virtual” experiments
that would be difficult to perform
because they would occur, for example,
over really short periods of time, or
under extreme conditions. “We can
analyze the results at the scale of a
molecule, or even sometimes an atom,”
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Stéphane Abel

he says. Abel used molecular dynamics
to study the structure of the selfassembly of detergents and proteins.
His simulations require considerable
computing power available only through
the supercomputers of infrastructure
TGCC. For example, the biologist
models protein complexes involved in
the first stage of photosynthesis. “As
an example, simulation allows us to
examine the effect of the environment
on the functioning of the protein and
its ability to transform light energy
into chemical energy,” he says. “This
makes it possible to build, for example,
artificial photosynthetic systems that
are capable of optimizing the transfer
of energy.”
His expertise has also led him to work
in the field of green chemistry. “In
collaboration with Collège de France, I
also work to deepen the understanding
of the mechanisms underlying a new
type of biodegradable detergents that
is synthesized by bacteria instead

of derived from petroleum,” the
researcher said. Again in collaboration
with peers from Collège de France and
the Sorbonne, Stéphane Abel started a
project that is truly unique: a Russian
artist has transcribed some of his
models in a particular language - body

language. Performed by dancers, the
choreography was showcased in Brazil,
Kuwait, and Russia, and constantly
evolves to adapt to the local culture.
This singular adventure may continue
closer to us, at the Paris Opera.

MAISON DE LA SIMULATION
Maison de la Simulation, a research laboratory between CEA, CNRS, INRIA
and University Paris Saclay, helps, supports and encourages the scientific
community to make the most of supercomputers, and more specifically
those available within project GENCI (Large national supercomputing
equipment) in France and PRACE (Partnership for advanced computing in
Europe). In particular, Maison de la Simulation promotes the development
of a supercomputing community in France, while fostering strong synergies
between researchers and engineers from various disciplines, as a means to
achieve the great advances expected to stem from HPC. The laboratory was
created for communities that already use HPC as well as to help discover
new fields of applications for HPC. The mission statement of Maison de
la Simulation is based on three pillars: a multidisciplinary research center
on numerical simulation, a service and expertise department open to
communities, and a scientific education center on supercomputing.
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health

Innovating in diagnosis and therapy: such is the declared ambition of the
DRF. Its pool of expertise - in isotopic labeling and imaging techniques in
particular - as well as its research on the processes of pathogenesis lead to
the development of more sensitive, quicker and more targeted diagnostics,
and the development of new vaccine and therapeutic strategies (molecular,
cellular, genetic). These are evaluated all the way to the preclinical stage.
Here is a sneak peak of this broad research spectrum.
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Daniel Gouel

The hospital that accelerates
Next to the Orsay hospital, a particle accelerator produces
radioisotopes for scintigraphic examinations,
with Daniel Gouel as project leader.
Gouel knows the Frederic Joliot
Hospital Service (SHFJ) inside out.
After joining it in 1982, he took part
in the development of scintigraphic
and tomographic techniques, and
he now provides the radioisotopes
used by researchers in their PET
scanning studies. Highly recognized
for his expertise, he loves his job and
would not change it for the world.
This engineer, who was first hired at
CEA as a technician, spent his entire
career in the service of patients “in
touch with reality, which gives a
strong meaning to what I do,” he
says. He is responsible for the particle
accelerator that produces the radioisotopes that are incorporated into
radio-pharmaceutical molecules.
The latter are injected in patients
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or volunteers to produce PET images
for diagnosis, therapeutic evaluation
or biomedical research. With these
images, the researchers observe the
functioning and metabolism of groups
of cells and organs, for the detection
of cancer and neurological damage in
particular - two specialties of SHFJ.
To explain to us how the particle
accelerator works to produce three
isotopes - fluorine-18, carbon-11 and
oxygen-15 - , Gouel draws a spiral.
“The source of hydrogen or deuterium,
located in the center, creates the ions
that are accelerated by the cyclotron,”
he says. “Their interaction with the
target produces the radioisotopes of
interest.” These radioisotopes have to
undergo a series of transformations

(radiochemical synthesis, purification,
formulation and controls) to become
drugs for injection in humans. The
current accelerator was installed
in 2003. The next generation will
make a technological leap with the
development of an automatic system
for the production of ready-to-use
doses in syringes. “Right now we
are working on the development
on a kind of ‘Nespresso’ version
of radiopharmaceutical PET, in
collaboration with several institutes
from the DRF and the CEA Technological
Research Division (PMB and Sigmaphi)”
says Gouel. “This will increase hospital
autonomy and allow the clinicians to
conduct their own research.” The
first prototype will be installed at
SHFJ in 2018.

An essential
requirement to
become a researcher,
a Ph.D. is the result
of long-term effort.
Maud Lacombe
focuses her efforts
on a rare disease:
Wilson’s disease.
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Keeping an eye on Wilson’s
disease

“I listened to the requests of physicians
specializing in Wilson’s disease, but I
would also like to meet some patients,
and understand their expectations,”
says Lacombe, who works on this rare
genetic disease primarily affecting the
liver but with effects on other organs.
“From a scientific standpoint, the
fact that the disease affects multiple
organs makes it really fascinating,”
she says.
“Understanding the molecular
mechanisms underlying the disease
becomes even more interesting
when you have a goal,” she says.
Her goal is to develop a technique
to biologically monitor the disease in
high-risk individuals to avoid certain
complications - hepatic and neurological
in particular. For when the clinical
symptoms appear, namely brown
rings around the iris, the organs have
already been damaged.
Changes in protein expression may be
an early sign of the disease. To verify
this, Lacombe uses mass spectrometry
to compare plasma samples from
healthy mouse models with those of
diseased animals. This technique makes
possible the analysis of thousands of

Maud Lacombe
proteins present in a sample, and is
at the heart of a scientific discipline
called proteomics.
“First, I have to obtain conclusive
results on the mouse model before
working on human samples, which
are hard to get,” says Lacombe,

who recently graduated from the
faculty of pharmacy. Once the protein
biomarkers of disease progression are
identified, she will have to confirm the
results in humans. The development
of immunoassays, simpler to use in
hospitals, will follow - and the young
scientist will have reached her goal.
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Personalized medicine
Each body is unique, with its own genetic heritage and
its own sensitivity to the environment. Step by step,
medicine is evolving to take better account of this
heterogeneity and the diversity of pathologies.
GET READY TO DOSE
With a look in her eyes both sweet
and determined, this young female
technician “did everything to work
at CEA”.

autonomy in my work; I really like it.”
The discovery of biomarkers supports
the development of personalized
medicine. Those indicators make it
possible, among others, to perform
a fine diagnosis of cancers whose
classification is increasingly precise, in
order to determine the most appropriate
therapy and monitor the patient’s
response to treatment. Biomarkers
are also used to test the safety of
molecules.
“For example, in collaboration with
a team from CNRS, we evaluated
the effect of non-steroidal antiinflammatory drugs on the maturation
of male gonads in the embryos of
mice, via biomarkers from the family
of prostaglandins,” she says.
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Aurélie Ghettas-Messager was reading
tree rings for climate studies during
her undergraduate studies in biophysics
when she discovered CEA for the first
time. “I became deeply passionate about
mass spectrometry, which I was using

at the time to assess the carbon and
oxygen isotopic composition of trees
to analyze past climate variations,”
she says. After a short experience in
the private sector, she did everything
she could to come work at CEA and
was hired in 2006, this time in the
field of life sciences. “I create dosage
methods for drugs under development
and biomarkers in biological fluids,
and I validate them according to
international recommendations,”
says Ghettas-Messager. “I have great

Since early 2016, this expert of
analytical chemistry in on a new
mission: developing highly sensitive
methods of liquid chromatography
coupled with mass spectrometry in
the new Smart-MS platform. “These
techniques are complex; it takes several
years to explore them thoroughly,”
she says. “My managers give me
great confidence, and my expertise
is recognized. I also provide training
for the staff and I often intervene in
case of failure. All this is rewarding!”

Aurélie Ghettas-Messager
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Henri Bénech

SCIENCE TO OVERCOME
OUR DIFFERENCES
Henri Bénech became familiar with the
pharmaceutical industry through his
research, and has been an industrial
business developer for a few years.
In the sixteenth century, the alchemist
Paracelsus said that “the dose makes
the poison.” Bénech would also add
that “it’s the individual that takes a
dose and makes it a poison.” From
one person to the next, we do not
metabolize an ingested drug (or
anything else in fact) in the same
way. Some of us have a digestive
system that is too efficient, which
makes it so that when the molecule
is cut, the active ingredient becomes
inactive much too fast and the patient
is unresponsive to treatment. Others

poorly metabolize the same molecule
that accumulates in the body and side
effects emerge.
Metabolism varies among individuals,
and even over the course of our lives
- hence the need for personalized
treatments. Yet most of the time, the
prescribed doses are the same for all!
“We developed a way to describe the
metabolic reactions of a patient for the
majority of drugs,” says Bénech. For
this, he and his team developed tools
based on mass spectrometry to track
small “probe molecules” in the body. He
also worked in collaboration with other
CEA laboratories to design software
that analyses the observations, and
with an industrial partner to develop
a “test” tablet that the patient must
swallow in order for the researchers
to identify his metabolic profile. This
last phase is currently in process.

For Bénech, bringing science from the
labs to our societies is fundamental.
This is why he wrote a book for the
general public summarizing the scientific
literature on some microorganisms or
contaminants in wild foods, including
some recipes such as wild boar with
cranberries. And that’s not all: having
developed innovation in biotechnology
and pharmaceuticals, he developed
connections between the industry
and the research carried out in his
institute. “Drawing on the needs of
industry, researchers join my lab for
the “tailor-made” environment that
can help them work with industrial
partners. This allows to find new
types of funding, but above all makes
our research useful to society,” says
Bénech, a strongly involved scientist.
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Doris Lechner

Read genes…
1989: the fall of the Berlin Wall. Doris
Lechner lived through a revolution that
gave young German scientists fresh
momentum and newfound freedom.
Ten years later, this biotechnology
engineer took part in an entirely
different kind of revolution: deciphering
human genetic inheritance. She went
to France and participated in the
creation of two national sequencing
and genotyping centers (CNS and
CNG), French leaders in the race to
sequence the human genome. “It
took 8 years and 3 million euros to
sequence five people in 2003,” says
Lechner. “Today, we sequence 9,000
genomes per year for a little more
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than €1,000 each!” The tools have
evolved in spectacular fashion and
the latest transition is a recent one.
In 2016, the CNG equipped itself with
five Illumina sequencers, known as
X5, positioning itself among the best
european center for its high-speed
sequencing capacity.
But what good does all this sequencing
do? “We’re working on a hundred
research projects” explains the head
of the CNG’s sequencing team. “In
partnership with internal and external
research teams, with doctors, we’re
sequencing genetic profiles linked
to diseases as diverse as autism,

Alzheimer’s, cancer and more.” In the
field of cancer research, comparing
healthy and tumor cells before, during
and after treatment, can enable precise
identification of the illness, assessment
of a treatment's effectiveness, and
prediction of relapse.

®Thierry Borredon

Vincent Meyer

and understand them
Vincent Meyer discovered bioinformatics
in 2003, during an internship at CEA.
The biologist, fascinated by the first
human genome sequencing project,
sensed with a certain intuition the
future computing needs generated
by the immense masses of data
that genomics would produce. “I
redirected my studies accordingly,” he
says. After receiving a DESS (Master
of Advanced Study) in functional
genomic engineering and a PhD in
bioinformatics, and working at CEA and
Sanofi, he now heads the development
of bioinformatics within a project led
by Inserm, the Foundation for Rare
Diseases, and the Genoscope. He joined

the CNG in 2013 and today oversees
the integration of genome analysis
procedures to detect “variants.”

but the close connection with the
TGCC at Bruyères-le-Châtel enables
us to meet the challenge.”

But what is a variant?
“It’s a mutation that appears on a
gene that might potentially contribute
to the development of a pathology,”
he explains. Establishing the profile of
a gene variant provides an important
source of information to researchers
and clinicians. Meyer intervenes, then,
after sequencing, during post-analysis.
“Sequencing techniques evolve very
quickly and we have to adapt data
processing accordingly,” he says.
“Masses of data are accumulating,

What will happen to all this data?
“We must ensure that this information
is protected, and resolve ethical and
legal problems associated with data
sharing and use,” says Meyer. “But, as
today’s leading sequencing programs
demonstrate, aggregating this data
opens the door to major possibilities
for understanding how the human
genome is organized and developing
personalized medicine,” he says.

EXPERTISE IN Personalized medicine
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Julie Etzol

Pacing courage
Julie Etzol set herself a challenge: give up academic research to trace a
path in the world of industrial innovation.
Julie Etzol chose the start-up adventure.
After a PhD in biology at Fontenayaux-Roses, defended in 2013, she
let colleague and friend Caroline
Bettencourt convince her to participate
in the creation of Acubens. Working
out of one woman’s home and then
the other, supported by the chamber
of commerce, the two associates
dove into finance, sales techniques
and industrial law - then a third
person joined them. “We called on
my father, who knows the world of
start-ups, having already created a
few,” says Etzol.
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At the same time, Etzol oversaw R&D
of their first product, the Dosikit®.
“It’s a dosimeter for use in the field
that measures the level of radiation
received and localizes it,” she explains.
“Current techniques require a laboratory
analysis and cannot indicate which
part of the body has been irradiated.”
Her challenge: get reliable results in
less than an hour. To do so, she is
developing a procedure that records
the proteins involved in repairing DNA
following the fractures caused by
exposure to radiation. “The number
of these proteins directly correlates
to the level received,” she says.

Currently hosted at Fontenay-auxRoses, Acubens is preparing for a
first round of fundraising. And the in
situ tests of Dosikit® will be carried
out in collaboration with the army.
“Researcher, saleswoman, technician,
secretary…you have to be able to
wear many hats, to be flexible, and
know how to take a step back so you
don’t peter out too fast. We’ve begun
a marathon, not a sprint!”
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Julien Calvo

Called to be a researcher
Julien Calvo’s role in the fight against cancer at CEA has evolved since
he completed his BTS in 2005 to enter a PhD program.
From BTS to PhD…tell us about your
academic path.
It’s all happened at CEA! It began
with a BTS in biochemistry in 2005,
and an internship at the Fundamental
Research Division in Fontenay-auxRoses, working on a study about
the impact of HIV on the circulatory
system, during which I implemented
techniques to detect an organism’s
viral load. It was a real revelation. I
was hired as a technician two years
later. My skill set expanded from there
to include detecting the response of
human cell cultures to a therapeutic
molecule and a cloning method using
the insertion of a gene as a vector

for infecting cells. I received support
to carry out projects that have paid
off. For example, I built an in vitro
cell model to produce all blood cells
using hematopoietic stem cells from
the same culture. The result, which
I published as first author in 2012,
inspired me to pursue my studies: a
masters with field training from 2012
to 2015 and then…my PhD! Preparing
for this diploma is a turning point and
will propel me forward.

My work seeks to understand, using
a murine model, why adults show
more resistance to treatment. The
reason might be found in the bone
marrow environment, where cancerous
leukemia cells are found, and which
is richer in adipose tissue in adults
than in children. This is what I’m
trying to find out, in collaboration with
many hospitals and with the Gustave
Roussy Institute, which supplies us
with blood and bone marrow samples
taken from its patients.

The main focus of your PhD is leukemia
Adults and children with acute
lymphoblastic leukemia don’t respond
in the same way to chemotherapy.
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From the water in the
clouds to the water of our
minds?
MRI: these three letters are at the heart of the life of Denis
Le Bihan, the pioneer of several imaging techniques that have
revolutionized the diagnosis of stroke and have given fresh
momentum to research on the brain.
His peers call him “Mr. MRI”. Denis Le Bihan’s work
has led to diffusion MRI, a technique used around
the world and which pushed the frontiers of medical
imaging. As a radiologist and physicist, he remembers
the origin of his ambition. His grandfather, a gardener,
was very concerned about the weather forecast.
At the age of 10, this budding scientist started
studying this subject. “I was quickly fascinated by
the weather, and it gave me a taste for physics,”
he says. “As a teenager, I deciphered the laws of
atmospheric dynamics, a discipline governed by
complex differential equations.”
Le Bihan was involved in the experimentation of the
first French MRI scanner in 1985 and he introduced a
new technique to deduce the microscopic properties
of biological tissues at a scale 1,000 times smaller
than that of the previous images, based on the
diffusion movement of the protons contained in the
water molecules. “Water has an erratic Brownian
motion at the atomic scale,” he says. “If these
molecules encounter an obstacle, a fiber or a cell
membrane, this affects their trajectory. We can then
deduce the microscopic world from the millimeter
world.” Le Bihan uses Einstein’s diffusion equations,
first theorized in 1905. In 1990, experiments on a
model of stroke in cats confirmed the success of
the technique. In 1995, diffusion MRI was deployed
and allowed for the first time ever the diagnosis of
stroke in the acute phase (in the first hours), when
brain tissue can still be preserved. “This achievement
is my biggest source of pride,” he says. “Diffusion
MRI makes it possible to detect a stroke within
minutes after the event, whereas conventional MRI
can only be used a few hours later. Yet a stroke is
a life-threatening emergency.”
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It didn’t take long for the technique of “Mr. MRI” to
find new applications. This is how IVIM was created,
which uses diffusion imaging to observe blood flow
in small vessels on a scale 10 times larger than
Brownian motion, and provide images of tissue
perfusion. Diffusion MRI and IVIM then allowed for
the detection of cancerous tumors without requiring
the injection of tracers - an application that is
currently booming.
Other innovations followed, including that of
functional diffusion MRI, which detects the activation
of neurons via their swelling. “It is my new baby,
and I believe it has a bright future,” says Le Bihan.
Studies have demonstrated the existence of this
“neuro-mechanical” coupling between activation and
swelling, and its effectiveness in obtaining images
of brain function compared to the conventional
technique of functional MRI that detects neuronal
activation through an increase in blood flow. Le Bihan
had this idea on a stormy day in Japan. “I noticed
an analogy between the formation of raindrops in
the clouds and what could happen to the water in
the neurons of the brain,” says Le Bihan, who never
gave up his passion for meteorology. “As in a cloud
around suspended particles, the water molecules,
which are electrically charged, aggregate on the
membranes of neurons. If the neuron swells, its
surface can accommodate more molecules, which
then are generally ‘slowed down’, which slows their
diffusion.” Is Denis Le Bihan in the clouds? He seems
rather down-to-earth, as shown by the worldwide
rollout of diffusion MRI.
Denis Le Bihan is a member of the Académie des sciences and the
Académie des technologies, a Visiting Professor at Kyoto University
and Director of NeuroSpin at CEA Saclay.

Denis Le Bihan
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Diffusion MRI makes it possible to
detect a stroke within minutes after the
event; it’s a life-threatening emergency.”
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Leukemia:
effective
treatment
without relapse
Is there a new philosophy in cancer
treatment? This wonderful science
story emerged from HIV treatments.
Find out how.
His research will no doubt change
the lives of people with certain forms
of leukemia, notably chronic myeloid
leukemia (CML) - unexpected for
someone trained as a nurse. Following
an accident that prevented him from
practicing his first profession, Stéphane
Prost became a laboratory assistant
and entered CEA in 1995, at the St
Louis hospital, where he joined a
team studying the circulatory system.
“I’ve been working on hematopoiesis
ever since, trying to understand the
processes behind blood cell creation,”
he explains. In order to manage his own
practicum, Stéphane Prost took night
classes to become an engineer before
earning a PhD. He began working on
trying to understand why the majority
of people with AIDS are anemic. His
first big question for science was this:
why does this virus, known to destroy
the white blood cells in our immune
system, also attack red blood cells?
Could it be that it first attacks the
stem cells responsible for producing
the entirety of our blood cells?

leukemia? “If individuals
with HIV are anemic,
those suffering from CML
experience the opposite
cellular problem, that is,
a frenetic proliferation of
cancerous blood cells,”
explains Stéphane Prost.
These opposing processes
share a common factor,
which can be either
reduced (in the case
of HIV) or active (in
the case of leukemia).
So, he proposed a new
therapeutic approach:
“By targeting the factor
necessary to the survival
of leukemic stem cells,
in conjunction with
conventional CML
treatment which targets
mature leukemia cells, all
cancerous cells could be
eliminated,” he explains.
Was this a new philosophy
in cancer treatment?

In 2008, the biologist confirmed his
hunch. “We discovered that a protein
in HIV impacts the functioning of
hematopoietic stem cells,” he says.
But what did this have to do with

What a hunch! An initial clinical trial
comprising a panel of 24 patients
demonstrated the effectiveness of
and high tolerance to the therapeutic
combination. A new, larger trial has
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Stéphane Prost

been launched to verify whether or
not patients may stop their treatments
without risk of relapse. This work
gives real hope for a permanent cure
to those suffering from CML, who
must be treated their entire lives

®TristanPaviot

with a costly therapy; the French
Agency for medication and health
product safety (ANSM) estimates
the monthly cost of treatment at
2,500 to 3,900 euros depending on
advancement of the illness.

The method, which consists of forcing
cancerous stem cells to differentiate
in order to render them sensitive to
conventional treatments, could be
applied to other recurring cancerous
pathologies. Stéphane Prost is already

working on other diseases, including
myelofibrosis and acute myleoid
leukemia.
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Fruitful interdisciplinarity
Thinking across boundaries between disciplines is well known for
creating ground-breaking solutions. At the DRF, sciences converse and
nurture one another.
THE EXAMPLE OF NMR
Did you say interdisciplinarity? The CEA
Fundamental Research Division is home
to one of the largest concentrations
in Europe of physicists, biologists,
chemists, pharmacists, physicians,
computer scientists and technologists
who interact and explore together the
outer limits of knowledge. Worldleading research in the field of
nuclear magnetic resonance (NMR)
and subsequent medical imaging
techniques (magnetic resonance imaging
or MRI), based on the electromagnetic
excitation of atomic nuclei under a
magnetic field, are a lively example of
the productivity of these exchanges.

To maximize MRI sensitivity, chemists
and pharmacists develop contrast
agents that reveal chemical, physical
or physiological properties. Meanwhile,
Julien Valette (p. 34) “plays” with
the parameters of NMR to access the
intimacy of molecules in our brain
and Denis Le Bihan (p. 74) invents
new fMRI techniques.

that of disordered materials such
as glasses, polymers, or concretes.
That’s how Malene Ringkjøbing Jensen
(p. 26) explores disordered proteins
and Catherine Bougault (on the right)
studies the structures of bacterial
proteins to develop new antibiotic
therapies.
So what’s next in NMR? While the logic
is to increase the intensity of magnetic
fields as in high-field MRI, another
way is to raise detection sensitivity
through the ad hoc “preparation” of the
samples, by laser hyperpolarization or
dynamic nuclear polarization (p. 87).
In the meantime, new technological
developments in detection systems
allow for enhanced performance
in miniaturized devices (p. 83, 86).

How NMR reveals structures
NMR is also a prominent technique
for studying the structure of proteins
and other biomolecules, as well as

©D.Morel/CEA

An unparalleled MRI scanner worldwide
A magnet of unparalleled power,
developed by physicists and technologists
from the DRF and produced by
Alstom, will soon enter the history
of biomedical research. While most

MRI scanners operate at field strengths
of 1.5 tesla, the new scanner will
operate at 11.7 tesla, thus achieving
a considerable gain in sensitivity. It
will make it possible to observe the
brain at very high spatial resolution,
especially deep brain structures like
the hippocampus and nuclei in the
brain stem, which are involved in
neurodegenerative diseases.

The NMR platform of CEA Grenoble
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Catherine Bougault

LAUNCHING AN ATTACK
ON BACTERIA
Catherine Bougault is a NMR specialist.
She develops new methodologies
to understand the structure of
macromolecules in living organisms.
Catherine Bougault needs to “get to the
bottom of things.” And that’s possible
through her research. The scientist
notes that in two decades, only five
to seven new families of antibiotics
were placed on the market, while
bacteria develop resistance within 5 or
10 years.“Developing new antibiotics is
highly complex and takes a long time.
If the design of active molecules isn’t a
success, the pharmaceutical companies

lose interest. So what we do, do we give
up or do we keep going?” Bougault says
with outrage. She chose not to give up.
So when the bacteria hijack the attacks
from “traditional” antibiotics aimed at
preventing the synthesis of peptidoglycan,
an essential polymer in their membrane,
the strategy has to be redefined.
The RMNist chemist focuses on the
internal resistance mechanisms in
order to combine multiple angles of
attack and permanently cease the
operation of these machines producing
the membrane of the bacteria. She
investigates, for example, the structure
and dynamics of relief proteins that
maintain membrane integrity despite
the presence of antibiotics.

The method must be adapted according
to the size of each protein and the
environment it is confronted with,
depending on whether it is in solution or
in interaction with a peptidoglycan. “NMR
is a versatile technique. It provides a lot
of information and I find it fascinating.
Could it be that NMR acts on me as a
magnet?” says Bougault with bright eyes
and a smile. She, who loves getting to
the bottom of things, also likes to share
her passion. That is why she teaches
at the Grenoble Alpes University and is
delighted to see her students get an
in-depth understanding of her subject.
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On the road...
of gene therapy
Gene therapy could revolutionize the treatment of genetic
diseases. Philippe Leboulch tackles certain blood diseases,
with the hope of a permanent cure.
We met Philippe Leboulch during one of his rare
visits in France, at CEA in Fontenay-aux-Roses. This
French scientist left his home country in 1989 to
join the Massachusetts Institute of Technology in
the US, and soon after he was offered a position as
a professor at Harvard University, where he stayed
for almost 20 years before returning to France for
a few years, and leaving again. For this physicianscientist and pioneer of gene therapy now based
in Thailand, the world has no borders. Wherever
he goes, he works with his French and American
colleagues to continue his research.
His lab has developed a gene therapy that corrects
beta-thalassemia, a genetic blood disease caused by
the absence of beta-globin, an essential constituent
of the haemoglobin in red blood cells. Almost 10
years ago, the first patient who was successfully
treated saw his life completely changed. No more
monthly visits to the hospital for a blood transfusion
- the only way for him to survive at the time. Now
some 20 other patients on four continents benefit
from this treatment. These patients with betathalassemia also no longer need transfusions - the
first treated patients haven’t needed one in three
years. “The biotechnology company that I founded
in the USA, Bluebird bio, launched a global Phase
3 study, which should be followed by a marketing
application in Europe and the USA by 2018,” says
Philippe Leboulch. So are these patients healed once
and for all? “It’s the principle of gene therapy,”
he says. “It consists of a self-transplantation of
stem cells taken from the blood or bone marrow
of the patient, in which the defective gene has
been replaced in vitro. The modified stem cells
implant and divide to produce red blood cells that
are corrected enough, with the expression of a
functional globin.” The fact that our body produces
200 billion red blood cells per day makes this quite
the challenge!
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As a pathologist, Leboulch also focuses his efforts
on another illness: sickle-cell disease. Rather
than the absence of beta-globin, this disease is
due to an abnormal beta-globin shape. Red blood
cells are deformed and adhere to the walls of
blood vessels. Patients suffer from microinfarcts,
or chronic lesions accompanied by severe pain.
“We were unsure of the outcome, because the
transfer of a therapeutic gene whose product
prevents the effects of an abnormal protein is
more complex than adding the gene,” he says.
“We performed the first transplants in 2014. The
first patient treated responded remarkably well,
with the disappearance of transfusional needs, no
new clinical complications, and the correction of
biological parameters and high expression of the
therapeutic globin in red blood cells.” For all the
diseases they investigated, the researchers had
to face major obstacles: integrating a large gene
in the stem cells that produce blood cells, and
achieving high expression in red blood cells. To
achieve their goal, they developed a vector derived
from inactivated HIV that was sufficiently stable,
pure and effective to bring the gene to its target.
These technical-medical exploits are expected to
change the lives of many patients. In fact, betathalassemia and sickle cell disease are together
more frequent than all other genetic diseases
combined. Beta-thalassemia is particularly common
in Asia, and especially in Thailand, with 3,000 new
cases every year. It only makes sense that Leboulch
decided to settle there.
SD
Philippe Leboulch is Professor of Medicine (University Professor
and Hospital Practitioner) at the Paris-Sud Faculty of Medicine,
and Director of the Institute of Emerging Diseases and Innovative
Treatments (IMETI) of the Fundamental Research Division.

Gene therapy could cure genetic diseases
once and for all, as we hope to have cured
beta-thalassemia and sickle cell disease.”
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Philippe Leboulch
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Paving the way
for researchers
How can law and finance be coordinated
with research to keep science moving
forward as quickly as possible? Isabelle
Mangeot leads the show in the field of
infectious diseases.
Isabelle Mangeot

AIDS, dengue fever, Chikungunya, yellow
fever, flu, whooping cough, Zika, Ebola…
the list goes on. Researchers develop
vaccines and treatments, and create animal
models to test them for both emergency
and long-term needs. “I’m like a Swiss
Army knife,” jokes Isabelle Mangeot, a
trained scientist turned jurist, manager
and “handywoman" in the best sense of
the term. She oversees management of
European and national projects, draws up
contracts, manages finances, and looks after
the legal aspects. She describes herself
as a “connected mother,” present for her
two daughters, but also readily available
to quickly resolve situations that might
block researchers’ work. “The worlds of
research, law and finance don’t speak the
same language,” explains Mangeot. “I’m
quite capable of understanding different
points of view and helping to achieve
consensus so that everyone reaches their
objectives.”
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Mangeot also manages the national
infrastructure program IDMIT, created in
2010 with the goal of providing the scientific
community with tools to carry out work in
the field of infectious diseases. Its scope
is set to expand with the construction of
a building in Fontenay-aux-Roses that will
bring together a level L3 high-security
laboratory with microscopy tools (confocal
and biophotonic), an animal house, and
PET imaging systems. Mangeot oversees
the contractual and financial aspects of
the consortium, which includes CEA, ANRS,
Inserm, Paris Sud University, Institut
Pasteur, and Bertin Pharma. One of her
key projects, carried out in collaboration
with the MSD laboratory, treats the
mechanisms involved in resistance to HIV in
patients who have received antiretroviral
therapy. “The project, started in 2015 and
using an animal model, intends to study
the impact of tritherapy taken shortly
after HIV infection,” she says. “Within
what time period must the treatment
be given to sufficiently reduce the viral
load and, eventually, stop therapy all
together?” IDMIT will respond to other
societal expectations by, for example,
testing vaccines developed to combat the
Zika and Ebola viruses.
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Thomas Berthelot

Chemistry 2.0 for health
Using his fertile imagination, Thomas Berthelot combines chemistry,
3D printing, biology and medicine. Here’s a closer look at a promising
new form of medication delivery.
Over the last ten years, biologist and
doctor of organic chemistry Thomas
Berthelot has carved out a unique path
for a chemist, forming connections with
biologists, clinicians and pharmacists.
He happily combines his skills in surface
chemistry and his passion for printing,
both inkjet and 3D, which according
to him, will revolutionize the industry.
His world is one of biosensors and
microfluidics, labs-on-paper and
nanomedicine. His brain is teeming
with project ideas: analysis of tumor
angiogenesis (the growth process

of new blood vessels from existing
ones) or cancerous tumors; delivery
of difficult to administer medications;
rapid biopsy tests using NMR magnets;
development of antibacterial sheets
and clothing.
He describes one of them saying, “With
Patrick Couvreur’s team from the
University Paris Saclay, we’ve developed
a porous material based on iron ions
wrapped in organic molecules to deliver
difficult to dissolve medications in a
reliable manner. We’ve succeeded in

introducing therapeutic molecules into
the pores, after the surface grafting
of polymers responsible for the stealth
properties of nanomedications. That
was the blocking point until now.”
This new vector will be particularly
relevant for chemical therapies and to
give a second chance to “consigned”
antibiotics that have proven their
effectiveness in vitro but have been
blocked in vivo before reaching their
target.
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The microbiologist
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Céline Goulard
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Working with some bacteria or living environments requires protection and isolation from the outside, in a laboratory under
negative pressure to guarantee total containment. Céline Goulard, a specialist of the plague agents, holds a multi-pipette in
her hand for sampling liquids from a microwell plate.
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The revolution
of biomagnetism
Myriam Pannetier-Lecœur develops ultrasensitive magnetic sensors
for new applications, in electrophysiology for diagnosis in particular.
A specialist of condensed state physics
in Saclay, Myriam Pannetier-Lecoeur
is an expert in sensors based on
spintronics. “By measuring a magnetic
field, we can access some information
on an electric current without contact,
even if the space between the two
is opaque and obstructed. While this
type of sensor is of interest for the
automotive and mobile telephony
industries, it also allows scientists to
probe living organisms.” The nervous,
neuronal, and muscle cells all exhibit
electrical activity whose magnetic
signature can be collected without
intrusion. This also provides the

current direction, which traditional
electrophysiology doesn’t do. The
team was able to meet the challenge
of magneto-cardiography (MCG) and
encephalography (MEG) and provide
particularly sensitive femtotesla sensors
(10-15 T) for NeuroSpin. A record!

we are developing will allow me to
address new fundamental questions
in a discipline other than mine. I like
seeing myself as a ferrywoman taking
the information to the other side.”

Now Pannetier-Lecoeur has taken
the next step with a “magnetrode” to
probe the local signal in a tissue for
the first time. With several sensors
deposited on a very fine tip of silicon,
it would even be possible to eventually
record a movie of the transmission
of information in a neuron. “The tool
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Myriam Pannetier-Lecœur
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From innovative materials
to cell membranes
NMR techniques evolve and diversify. Here’s the latest on one of its
avatars in deep mutation with Gaël De Paepe who, thanks to these
techniques, has managed the feat of analysing the membrane of living
bacterial cells.
been limited to a magnetic field below
1 tesla, the recent emergence of
commercial spectrometers with a high
magnetic field has changed everything.
In late 2011, the team from Grenoble
acquired the third DNP machine in
the world using a magnetic field of
10 tesla. “We are transforming this
machine to operate at a temperature
of 10 K (-263 °C) instead of 100 K.
We just replaced the nitrogen used
for cooling by helium, which involved
substantial technological changes. We

are also developing a new family of
polarizing agents that achieve even
better performances.” And the scientist
sees even further. “Within five years,
it will be possible to work below 30
tesla, but we still have lots to decipher!
The development of DNP will allow
the scientific community to carry out
ultra-sensitive NMR experiments at high
resolutions that will resolve the atomic
structures of complex assemblies or
detect nuclei with very low sensitivity,
such as calcium or oxygen.”
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High-field dynamic nuclear polarization
(DNP) is revolutionizing solid-state NMR,
a chemical analysis technique known
to “provide ultra-rich information on
a signal which is very weak” or even
too weak to carry out analyses in
reasonable times. “We are halfway
there,” says De Paepe. “We reduced
the duration of an analysis from one
year to one day and we are hoping to
go even further and gain three orders
of magnitude!”
While DNP experiments have long

Gaël De Paëpe
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Our environment is threatened by climate change,
pollution and potential malevolent acts.
Drawing on their mastery of isotopic and nuclear tools,
climate scientists study ancient climates and climate
change at work today, as well as the impact of anthropic
activities on the environment. They actively participate
in work of IPCC and contribute to the implementation
of large-scale monitoring networks.
Biologists study the response of living organisms to
environmental stress in order to predict and detect
the consequences for humans and their environment,
while others search for bio-remediation solutions
following widespread pollution.
Chemists and physicians are developing specialized
sensors to secure public spaces.

Deeply transforming
our societies
Her passion for science had led climate expert Valérie MassonDelmotte to become strongly involved in scientific and citizen
causes.
As a child, I used to daydream while watching the
clouds. I thought they were just gorgeous. These
little things have inspired me to understand the
world around us. Climate research gives meaning
to what we observe. It connects what is going on
right here and right now to phenomena occurring
over long periods of time, and at the global scale.
To study past climates, I study samples of trees or
polar ice cores at scales of centuries or millennia.
I feel a real frustration when I see the huge gap
between us, researchers, and the general public,
my neighbors, my family. If we cannot share our
knowledge with the wider society, we will have
failed. I tried to break down barriers between both
worlds by writing books for children or by giving
lectures in schools. I was extremely affected by
the debates on climate change. In France, and
even more so in Anglo-Saxon countries, there is
a deliberate attempt to manipulate public opinion
by supporting arguments that seem like common
sense but are scientifically wrong. Admitting that
the frequency of certain isolated weather events
is influenced by our CO2 emissions still makes
people uncomfortable. There is so much work to
do to understand where these feelings come from.
At the IPCC, we do not produce new knowledge, or
even a summary of the latest knowledge. Our job
is to make a critical evaluation of all the emerging
results. Before the next full report, scheduled for
2021-2022, we will produce three special reports.
The first will focus on the impacts of a global
warming of 1.5 °C above pre-industrial levels, and
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the trajectories of atmospheric levels of associated
greenhouse gases. The other two will address
the theme “Ices and Ocean” and land use related
to food security. Each report includes an ethical
dimension and is at the heart of the objectives of
sustainable development. The challenge at this stage
is to mobilize the best scientists from around the
world to participate in the preparation, drafting
and proofreading reports on a voluntary basis. The
other challenge is to write it in a way that it will
be understood by policy makers. Phrases like “it
is very likely that” are often understood as “we
are uncertain that.”
For all initiatives like the “the seventeen sustainable
development goals” of New York, there is a huge
need for knowledge and sharing. There is especially
a lot to do when it comes to the cities’ resilience
to deal with the consequences of global warming,
such as the risk of flooding in relation to the rise
in sea level or the intensity of precipitations. Cities
must reinvent themselves! They will be at the heart
of the next IPCC cycle (after 2022). We must guide
our societies through a profound transformation,
with great intellectual and technological agility.
We must tackle this challenge head on!

Valérie Masson-Delmotte
Valérie Masson-Delmotte is a climatologist at the CEA Fundamental
Research Division. She is Co-chair of Working Group 1 of the
IPCC, which aims at assessing the physical scientific basis of the
climate system and climate change.
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As a child, I used to dream observing clouds and
I developed a passion for understanding our world.”

ENVIRONMENT AND CLIMATE IPCC 91

An investigation is in the air
Valérie Gros and her team pursue suspects who cover their tracks.
They study atmospheric chemistry.

®TristanPaviot

Valérie Gros
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“In the presence of nitrogen
oxides, the isoprene molecules
emitted by trees lead to the
formation of ozone. This means
that in the wind sweeping
through Paris and the
surrounding forests, ozone
pollution is amplified,” says
Valérie Gros, a specialist of
volatile organic compounds
(VOCs). The mission of her team,
which is heavily involved in the
construction of the European
network ACTRIS (Observation
of Aerosols, Clouds and Trace
gases Infrastructure), is to
identify the different sources
of VOCs and particles in the
atmosphere: ocean, forests,
crops, transport, industry,
fires, and more.
“As the VOCs are reactive and can
disappear within a few hours,
they must be studied in their
environment. We analyze them
wherever they are produced. In
a road tunnel, next to the branch
of an oak tree, over a field of
wheat, and even between ice
and water in the Arctic!” For
example, in the Paris area, and in
collaboration with the air quality
network, researchers combine
observations of the atmosphere
and statistical modeling to
determine the contributions
from various sources (traffic,
heating, industry, etc.) which
they confront with the emission
inventories. “It’s like a puzzle,”
she says. “Sometimes we need
to step back and look at the
bigger picture. It’s an amazingly
rich subject.”

®TristanPaviot

Bruno Lansard

Between ice, oceans
and sediments
Bruno Lansard is a specialist of marine biogeochemistry.
As an associate professor, he divides his time between oceanographic
campaigns and lectures at UVSQ.
In July 2016, Bruno Lansard was on a
mission to Spitsbergen, Norway, on
board the research vessel L’Atalante
“to install a mooring line stretched
between 120 meters deep and the
surface. The line is equipped with
measuring systems that will collect
field data for a year: temperature,
salinity, O2, pH and CO2. For the first
time, an automated bottom water
sampler was installed, and the samples
collected weekly will be analyzed
retrospectively at the laboratory.”
Right now, the sea water warms up
and, following the melting of the sea
ice in spring, it is rather desalinated.

In October, the sea ice will re-form
and reject salt through small channels
producing brines. The seawater under
the ice will become increasingly
dense and plunge towards greater
depths, pulling down the greenhouse
gases dissolved at the surface. “We
are studying the chemistry of these
gases (CO2, CH4, and NOx) and carbon
and nitrogen isotopes,” he said. “Are
they naturally occurring or a result
of anthropic activities? What are the
processes at work: photosynthesis,
respiration, or calcification?” Over the
entire column of water and all the
way down to the sediments, bacteria
recycle organic matter and nutrients

from the surface and many mollusks
store ion HCO3- in their shells. “In this
polar region that is strongly impacted
by climate change, it is important
to understand the biogeochemical
processes that can cause significant
feedbacks on climate evolution,”
says Lansard, who also participated
in campaigns in the Gulf of Lion, the
Kerguelen Islands, and Alaska.
Yet for this scientist travelling around
the world for his research, the
16 kilometers between his laboratory
in Gif-sur-Yvette and his students
in Versailles remain by far the most
exhausting journey!
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The climatologist
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Alexandra Touzeau
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It can get so cold when studying global warming! To go back in time and understand the evolution of the climate on planet Earth,
climate scientists drill long ice cores in Antarctica. Working in such a hostile environment requires specific outfit and tools. In
her polar outfit, Alexandra holds a rosette sampler to transport the air from bubbles trapped in the ice.
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From biological complexity
to social complexity
European project Life Phytobarre aims to bring a system for treating
phytopharmaceutical effluents to a pre-industrial stage.
“For an innovation to find its place in
society, being effective just isn’t enough.
It must be developed at the right time,
and meet a true demand. Between the
laboratory and the application, there is
a real death valley to overcome, with
many innovations along the way,”
says Camille Escoffier. As an engineer

in plant biotechnology, he decided to
leave his workbench to support the
European project Life Phytobarre - a
project with two objectives.
First, he must test and bring to a preindustrial stage an innovative system
for treating phytopharmaceutical waste,

including the washing residues from
tractors and sprayers used in spraying
pesticides; but also implement new
practises for pollution management
among farmers. The very localized
discharge of these products during
rinsing increases the pollution of
surface waters without having an
agricultural use.
For the nuclear industry, a team of
researchers had discovered bacteria
that are capable of degrading tributyl
phosphate (TBP), used for the
reprocessing of nuclear fuel. “Now
many pesticides have a chemical
structure that is similar to TBP,”
says Escoffier. In collaboration with
industrial partners, the researchers
have managed to reprocess 15 active
products in a tank containing a mixture
of bacteria. Now, as part of the Life
Phytobarre project, scientists were
able to decontaminate 150 substances
from pesticides, allowing a reduction
of the pollution of at least 80% over
four types of crops (vegetables, trees,
grains, grapes).

Camille Escoffier
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For the second part of the project, Camille
Escoffier works in partnership with a
sociologist who seeks to understand
why farmers currently hold back from
treating their effluents. “This project
takes me from the complexity of living
organisms to the complexity of society,”
he says with a smile.
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John Bazire

EXPERTISE IN EUROPEAN PROJECT MANAGEMENT

New skills meeting high
demand

John Bazire is a European Project
Manager. “People are often surprised
when I tell them what I do, few people
know about this kind of profile,” he
says. “To put it in a few words, I help
and relieve the leading scientist for
everything that is not directly related
to research. I ensure the administrative
and financial monitoring of projects,
and I help with the reporting. I organize
meetings, workshops, or schools and
I also create the websites of the
projects. To correctly do my job, I am

in close and constant contact not only
with researchers and administrative
and legal experts from CEA, but also
with our partners in France and
abroad. Handling this type of project
requires me to have an acute sense of
organization and anticipation!” All the
scientists who have already benefited
from Bazire’s help had a really positive
experience. “Now the researchers
come to me for help in drafting
and submitting their applications,”
he says. “My experience in project

management is often valuable, and
so is my knowledge of the evaluation
criteria. All these activities have given
me a critical eye when assessing the
proposals. Although I do not have a
scientific background, I am familiar
with the international administrative
and financial expectations, so I can
read the proposals with more of an
outside eye compared to the specialist
researcher who wrote them, and
therefore suggest changes to improve
their chances of funding success.”
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To the future, and beyond!
Science as we know it has only been practiced for a few
centuries. Will it last for as many more? Or is the future of
science more likely to be to be found in the extreme unleashing
of our imagination, something akin to science fiction?
The first half of the 20th century saw remarkable
developments in the natural sciences. The second
half witnessed an unprecedented expansion of
techniques based on this new scientific knowledge.
Technical activities and scientific knowledge
converged; technology inspired science which, in
turn, enriched technology, underscoring the union
between our will to transform the world and our
desire to understand it. Nuclear energy, microand then nanoelectronics, photonics, computer
science and telecommunication, geolocalization,
antibiotic and then antiviral treatments, genetically
modified organisms - all testify to this union. But
in a world ruled by market economy, science is in
the process of being overtaken by its own success
and relegated to the background by the very same
technology it brought forth. Harking back to the days
before the scientific revolution, our understanding
of the world risks being overtaken by the changes
it is undergoing.
Avoiding this decline requires expanding the possibilities
researchers must be allowed to imagine. Science
explores possible events, proposes explanations,
tests new ideas, methods and systems of reasoning.
This speculative method is entirely legitimate and
contributes to the normal functioning of science.
Far from being an obstacle to scientific knowledge,
imagining is its principal ally. From Kepler to Einstein
all the way up to current research, the burning
question “What if?” has been at the root of many
fundamental advances. And as science fiction
author Arthur C. Clarke put it so well, the only
way of discovering the limits of the possible is to
venture a little way past them into the impossible.
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Surprisingly, the goal could be attained by an
alliance - theoretically against nature - between
science and science fiction. Science fiction has
always shadowed scientific development and, under
the guise of the imaginary, presented sometimes
pioneering hypotheses. Under cover of escape,
or even mass entertainment, science fiction is,
in reality, a fabulous experimental laboratory.
Based on the current state of understanding, it
questions our world by examining, in particular, the
social consequences of scientific and technological
progress. That is the definition given by science
fiction writer and scientist Isaac Asimov: “Science
fiction can be defined as that branch of literature
which deals with the reaction of human beings
to changes in science and technology.” Barring
the ability to carry out full-scale experiments,
science fiction, like science, explores possibilities
using experiments of thinking. In science, as in
science fiction, speculation, imagination and
new ideas play an essential role. To dream,
to invent what is beyond our time horizon in
order to create the building blocks on which
to build a future: that is no doubt the secret
link that unites science and science fiction.
If we don’t imagine our future, we won’t
have one.

Roland Lehoucq
Roland Lehoucq is a researcher with the Astrophysics
Department of the Fundamental Research
Division. He teaches at the Ecole Polytechnique
and Sciences Po.
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Our understanding of the world
is being overtaken by the changes it
is undergoing.”
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What if?
The only way of discovering the limits
of the possible is to venture a little way
past them into the impossible.
Roland Lehoucq
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