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high-level waste (HLW). A number
of factors make this a complex
problem. The very similar chemical
properties of the actinides (at
oxidation degree III) and the
lanthanides (at oxidation
degree III), mean they are difficult
to separate; in addition, there is a
large variety of elements within
the solution, which is moreover
highly acidic. A three-stage
approach is required:
• Stage 1: the DIAMEX, which

consists of simultaneously
extracting the actinides and
lanthanides using a molecule
from the malonamide family;

• Stage 2: the SANEX process,
separating out the Am+Cm pair
from the lanthanide group;

• Stage 3: the Am/Cm partitioning
process, using diamides.

Review and outlook
Since 1991, research into
advanced partitioning has enabled
procedures to be developed for
selectively recovering americium
and curium from fission product
solutions derived from the PUREX
process (99.9% recovery rate,
which meets the stated goal). The
selected concepts were validated

before the end of the first phase
of research (end of 2001). During
the second phase (2002-2005),
the processes were successfully
tested. Firstly, the solvent
endurance was tested in the
irradiation loop. Subsequently
the demonstration tests were
successfully performed, in April
and November 2005 respectively,
in the Atalante shielded process
cell, a 1/500 replica of the
industrial technologies, using
approximately 15 kg of EDF fuel.
But over and above the scientific
results expected within the strict
framework of the law, it should
also be emphasized that this
period was useful for carrying
out numerous basic studies, for
instance into the extraction and
complexation mechanisms of
various extraction systems.
Doctoral and Post-Doc research
contributed greatly, along
with national (GdR PRACTIS and
PARIS), European (NEWPART,
PA RT N E W, C A L I X PA RT,
E U R O PA R T, e t c . ) a n d
international collaborations
(Japan, Russia, USA, etc.). The
CEA and the Valrho center have
thus acquired new skills (e.g.
molecular modeling) and new

tools (see insert Future
challenges). 
The program also provided an
opportunity to run a project from
start to finish, from designing the
extraction molecules to testing a
process on several kilograms of
spent fuel. The work has boosted
partitioning chemistry and
actinide chemistry enhancing
excellence within our teams ready
to meet future challenges. 

Christine Rostaing,
“Advanced Partitioning” Project Manager 

Rive droite Rive Gauche - 2006, May

FUTURE CHALLENGES
Given the decisions needed in 2006, our significant results opened up a range of possibilities
for processing spent fuel in Generation IV reactor-fuel cycle systems that recycle their own
waste. The choice was made to transmute actinides in FBRs1, these studies will need to be
continued and adapted, depending on the nature of the actinide compounds selected for

recycling. In Atalante, work is already under way in this area, with
the parallel development of partitioning and multiple actinide
conversion (integrated processing and re-manufacturing concept).
The preparation for the demonstration experiment on key processes
for this concept (access to the fissile compound; multiple actinide
dissolving, extraction and conversion process; forming the fissile

compound and re-manufacturing the fuel element), will use a fuel representative of a GFR2.
The research teams will gradually focus their efforts on these new goals, which will also
require developments in the Atalante facility.

Christine Rostaing, “Advanced Partitioning” Project Manager

1. FBR: Fast Breeder Reactor  - 2. GFR: Gas-cooled Fast Reactor
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NEW TEAMS FOR ICSM

The Marcoule Institute of Separative
Chemisty (ICSM), a mixed research unit
jointly run by the CNRS (40%), University
of Montpellier 2 (20%) and the CEA
(40%), is planning on an influx of around
a hundred researchers in 2010. In the
short term however, the first of these
newcomers need to be identified – these
will be the first teams to get into the
Institute’s new premises at the entrance
to the Marcoule site.
Non-permanent staff Given staff
turnover, 15 new researchers will be
selected every year. Three tender
processes were run, in September 2004,
June and September 2005. In each
tender, an innovative and realistic
scientific collaboration was proposed,
supervised either by the Montpellier
Chemistry cluster – the Universities of
Montpellier, the Montpellier-based
Grande Ecole ENSCM and CEA-ICSM – or
by another French university or CNRS-
run laboratory.
Permanent staff 50 applications were
received by the close of the 2006
recruitment campaign. 16 candidates
have been interviewed by the
Shortlisting Committee and 12 have been
selected: 3 from the University of
Montpellier 2, 3 from the CNRS and 6
from the CEA (including 3 external
recruits). After 4 campaigns, the staff
team should be complete.
In addition, European collaborations in
the Physical Chemistry of Actinides (with
the Institute for Transuranic Elements,
Karlsruhe) and Sonochemistry (with
Max Planck Institute) are being set up to
enable researchers to work in mixed
ICSM units hosted by foreign
laboratories, from Spring 2007.
These initiatives should all help bring
together the teams and enable them to
be immediately operational when the
ICSM laboratories open in March 2008.

Gilles Richard - Rive droite Rive gauche – 2006, November
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The new 
law is here
The final text1 of the bill to succeed the “Bataille
Act” (dating from December 30, 1991) was
approved by the National Assembly on June 15,
2006, following its examination by the Senate.
This report focuses on “Program Law”
no. 2006-739 dated June 28, which is much
larger in scope than its predecessor, since it
pertains “to the sustainable management of
radioactive materials and waste.” In other words
it covers all the CEA’s waste-related activities -
research, management, decommissioning,
facility operation and communication.

The new law lays down the
principle that “sustainable
management of radioactive
materials and waste of any
description (…) is undertaken in
compliance with the protection
of human health, safety and the
environment”, and in Article 3,
stipulates that research and study
related to long-lived high or
intermediate level radioactive
waste is to be performed “in three
complementary areas”, resulting
for the most part from work carried
out at Marcoule over the last fifteen
years or more. 
1. Research and study focusing on

partitioning and transmutation
of long-lived radioactive elements
“are to be undertaken in relation
to research carried out into new
generations of nuclear reactors
(…) and accelerator-driven
systems dedicated to waste
transmutation”. The stated goal
is to be have an appraisal of the
“industrial potential of these
processes” by 2012 and to “put a
prototype facility into operation
by December 31, 2020”. 

2. With respect to deep geological
disposal, a goal has been set for
researchers and engineers, to
design a reversible repository

99%This is the proportion of americium and curium
that the selected molecules and the process
developed in ATALANTE can partition out of the
solution sourced from reprocessed spent fuel.

1. The Act was signed by the President of the Republic and 8 Government ministers: the Prime
Ministers and Ministers of the Interior, Defense, Foreign Affairs, Health, Economy, Finance &
Industry, Education & Research and Ecology.

>>>

Top: Managing waste drums during
dismantling operations in the UP1 plant
in Marcoule.

Middle: Shielded compartments for
dry processes used to manufacture
(crushing, pressing, sintering and
cladding) fuels for studies, transmutation
targets and confinement matrices.

Bottom: Mock-up for long-term
storage in the ground below the CECER
(Centre of expertise in conditioning and
storage of radioactive material).



and to focus on selecting a site.
The operating start date has
been set for 2025, ten years after
filing the permission application,
which will be investigated and
debated in depth. 

3. The same date of 2015 (at the
latest) has been set for creating
new storage facilities or adapting
existing facilities, on the basis
of research and study into the

issues, in order to “meet the
needs, particularly in terms
of capacity and duration.” 

These three research focuses were
already known, but a calendar has
now been set, and additional
details and provisions laid down: 
• the partitioning and transmutation

process is clearly linked to
Generation IV systems, 

• deep geological disposal must
be reversible for a duration of
“no less than one hundred years”, 

• the role of ANDRA is broadening,
to include, for instance, cleaning
up of radioactive contamination
sites or coordinating research
and study to be carried out (or
commissioned) with respect to
deep geological disposal and
as well as storage, 

• three new taxes have been
created, in addition to the
existing tax on Basic Nuclear
Installations: they will be used
to fund economic development
and the roll-out of technology
in the areas surrounding the
selected disposal site, and
research and study into storage
and deep geological disposal.

The sums allocated to this research
and the construction and operation
of the corresponding facilities will
be paid into funds accounted for
separately within ANDRA. 

A broader scope
The new law is much broader
in scope than the previous Bataille
Act. In particular, it sets in place
a research and study program,

aimed at commissioning a graphite
and radium-bearing waste disposal
center by 2013, and provide three
“deliverables” by 2008: storage
solutions for tritiated waste (until
the radioactivity has decayed
enough to allow for ground-level
or shallow disposal), finalization
of disposal solutions for used
sealed sources (in existing or new
centers) and a long-term impact
assessment on uranium mine
tailing disposal sites (with a
reinforced radiological monitoring
plan for these sites). 
Under the new law, the first ever
national radioactive materials and
waste management plan is to be
put in place by December 31,
2006. This type of plan is to be
drawn up every three years by the
Government, and assessed by the
Parliamentary Office for the
Evaluation of Scientific and
Technological Choices. It will
review the existing management
methods for radioactive materials
and waste, survey the foreseeable
requirements for storage or
disposal facilities, specify their
capacity and duration (in the case
of storage) and establish targets
to be met (with a calendar), for
radioactive waste items that
still have no final management
method. This plan must comply
with three major objectives: 
1. reducing the quantity and

danger of the radioactive waste,
in particular by reprocessing
spent fuel and processing and
conditioning radioactive waste;
in this respect, owners of long-

©
 A

. G
on

in
/C

E
A

CEA NEWS September 200722

WASTE – ADVANCED PARTITIONING

>>>

300yearsAfter this period, 90% of radioactive waste returns to a level of radioactivity
comparable with background radiation. This waste is disposed of in existing final
repositories managed by ANDRA.

Laser-welding glove-box for
cladding containing pellets of study
fuel, transmutation targets and
confinement matrices.

Studying the
diffusion of

hydrogen
through concrete
in the top of shell

used for the
storage/disposal
of intermediate-
level, long-lived

waste.



lived Intermediate Level Waste
(ILW) produced before 2015
must have it conditioned by
2030 at the latest,

2. use specially designed facilities
to store radioactive material
awaiting reprocessing and
ultimate radioactive waste
awaiting disposal, 

3. use deep geological repositories
to dispose of ultimate radioactive
waste that cannot be disposed
of in ground or shallow
repositories, for nuclear safety
or radiological protection
reasons. 

Information,
assessment and
international cooperation
Like the preceding law, the new
one outlaws the disposal of
foreign radioactive waste in
France, but specifies the reason
for this ban. The law provides for
intergovernmental agreements to
be published in the Journal Officiel
(official gazette), specifying a
framework under which foreign
fuels may be reprocessed in
France, and how long the related
waste will remain stored on French
soil. Operators running research
and reprocessing operations
involving foreign radioactive

substances will have to draw up
an annual inventory on this issue,
which will be made public, along
with the annual report form the
National Board for Research
Assessment. The board must
include “at least one international
expert” and its report must “review
research carried out abroad”. The
same requirements apply to the
national radioactive materials and
waste management plan. It will
have to summarize research and
projects carried out outside France. 
The new law requires wider
communication to the general
public. One body that could be
involved in communication
is the High Commission for
Transparency and Information on
Nuclear Safety, established under
a different law dated June 13,
2006. This new body could
organize “periodical consultations
and debates on the sustainable
management of radioactive
materials and waste.” Likewise, a
National Board, distinct from the
aforementioned research board,
will assess operators' funding of
decommissioning and radioactive
material management expenses.
It will also issue a tri-annual report
to the general public.

Gilles Richard - Rive droite Rive gauche 
2006, September
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Interview I n t e r v i e w

What is your appraisal of
CEA research over these
last fifteen years?
The 1991 law brought
research projects into the
spotlight, some of which
were already underway, and
encouraged domestic and
international cooperation.
I would like to emphasize
the lively exchanges
stemming from the
confrontation of scientific
ideas among various players
in research, industry and
operations. The full range of
possibilities has been
explored with our partners
[ed: in France, chiefly ANDRA
and the CNRS] and major
breakthroughs have been
achieved. We now have a
panel of solutions, which are
actually complementary, and
will feed a calm and
informed public debate. To
give you an example, we
have reduced the volume of
intermediate level
radioactive waste by a factor
of 10. Likewise, having
demonstrated the scientific
feasibility of actinide
partitioning [ed: some of the
most radioactive elements]
and the existing methods for
transmuting them in fast
reactors, there is potential
for further reductions in final
waste in the future.

What might be the
international knock-on
effect of the these
results? 
There is now a massive
renewal of interest in
nuclear power, throughout
the world, particularly in Asia
[ed: China and India], linked
to growing energy needs
and the requirement of
limiting CO2 emissions.
France is one of the
technological leaders with its
spent fuel reprocessing &
recycling processes, but also
a leader in institutional
terms, with a coherent
system and multiple,
rigorous, independent
control mechanisms. We are
being watched by the rest of
the world and need to show

that reasonable, sustainable
solutions for nuclear waste
management exist. Japan is
building a plant similar to
Cogema’s La Hague facility
at Rokkasho Mura. The USA
and China are now looking
at our technological options
with interest.

Is there a synergy
between research into
waste management and
research into future
systems? 
Yes there is, because
research into the nuclear
systems of the future
involves a goal of
sustainable development,
which implies reducing
releases and waste as much
as possible, and recycling to
maximize resources. That is
why people talk about
“systems” these days, a
term referring both to
reactors and the associated
fuel cycle. Within the
framework of the
Generation IV initiative,
drawing together Euratom
and 10 other countries, four
of the six technological
options selected for the
nuclear systems to be
deployed by 2030 are fast
breeder reactors, which will
enable these sustainable
development goals to be
met. France is heavily
involved in research on this
type of reactor, and
already has wide-
ranging expertise.�

Interview with Claire Abou
Les défis du CEA – No. 106 

PHILIPPE PRADEL
CEA Director of Nuclear Energy
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“Major breakthroughs have
been achieved in nuclear
waste management.

”
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SOITEC-LETI COMPETENCY CENTER
Soitec, the world leader in silicon-on-insulator technology, is pooling its skills with
those of CEA/LETI* to set up the Nanosmart Center, a world-class center of excellence
in advanced materials for the microelectronics industry. Funded by A21, the French
agency for industrial innovation, the Nanosmart Center will develop new generations
of semiconductor materials for innovative applications, such as high-frequency telecom
components and power components for the automotive and audiovisual industries.

CEA Technologies No. 83 – November-December 2006 

* LETI: Electronics and Information Technology Laboratory.

SCIENTIFIC HIGHLIGHTS
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The dynamics of 
THE EARTH’S MAGNETIC FIELD 
reproduced in the laboratory
Over the geological ages, the Earth has
undergone several erratic reversals of its
magnetic field. The sun’s magnetic field is
reversed regularly every 22 years according to
its cycle. These magnetic dynamics, which are
still shrouded in mystery, play a role in our
planet’s exposure to cosmic rays.

The joint VKS experiment1 (CEA2, CNRS, the Ecole
Normale Supérieure in Lyon3 and the Ecole Normale
Supérieure in Paris4) has, for the very first time,
observed magnetic field reversals in laboratory
conditions thanks to a highly turbulent flow of
liquid sodium. The experiments should help scientists
to understand more about cosmic magnetic field
reversals. The results are published in Europhysics
Letters, Volume 77, March 2007.
The Earth’s magnetic field is created by highly
disordered movements that churn up the liquid
iron core at the center of the Earth. This is known
as the “dynamo” effect. One of its most astonishing
characteristics, revealed by paleomagnetic research,
is that reversal of the magnetic poles is totally random.
They remain close to the Earth’s geographic poles
and flip between north and south about once every
100,000 years or so, although longer periods have
been found between reversals. On average, these
reversals last a few thousand years.
The cause and timescale of such reversals, together
with the geometry of the magnetic field during a

reversal, remain the subject of much debate.
The consequences may be considerable: during a
reversal, the magnetosphere that protects the Earth
from solar and cosmic radiation is significantly
weakened. Life on Earth, and human life in
particular, has survived this kind of situation in
the past (the last reversal occurred 700,000 years
ago), but a repeat would severely interfere with
our modern communications systems (satellites
and networks, etc.).
The researchers involved in the VKS experiment
have shown that the dynamo effect could be
reproduced in a laboratory experiment, using a
turbulent flow of liquid sodium produced by the
counter-rotation of two impellers inside a cylinder5:
with the two impellers rotating at the same speed,
a stationary magnetic field is spontaneously generated
once a certain threshold is exceeded. They have
now observed that when the impellers rotate at
different speeds, thus adding global rotation similar
to that of the planets and stars, the dynamo field
may vary over the course of time. Certain regimes
have uncannily similar characteristics to the behavior
of the Earth’s magnetic field.
The field flips from one state of polarity to its opposite
for irregular time periods, with the transition from
one polarity to the other lasting a very short duration.
- The periods during which the field is stable vary

in length, but always last longer than reversal time.
- Field excursions, periods during which the field

decays and then grows again with no polarity
change, can also be observed.

At other rotation speeds, the magnetic field may
periodically be reversed, rotating in space without
polarities canceling each other out, as is observed
in the case of the sun.
These experiments imply that it will now be possible
to conduct laboratory studies of phenomena that
have intrigued geophysicists and astrophysicists for
centuries.
Magnetic field (in gauss) measured in the experiment
in relation to time (in seconds). The sodium flow
is driven by two turbines with counter-rotating
impellers rotating at different speeds. 

Delphine Kaczmarek – 2007, April

1. Von Karman (the physicist after whom the flow was
named). Sodium (the fluid used in these experiments). 

2. CEA’s Condensed State Physics Department, Physical
Sciences Division, team headed by François Daviaud.

3. Physics Laboratory at the Ecole Normale Supérieure de
Lyon, (CNRS, ENS Lyon), team headed by Jean-
François Pinton.

4. Statistical Physics Laboratory (ENS Paris, CNRS,
University of Paris VI and Paris VII), team headed by
Stephan Fauve.

5. The VKS experiment took place at CEA/Cadarache, at
the Department of Nuclear Technology in the Nuclear
Energy Division. The results are presented in an article in
Physical Review Letter 98, 044502 (2007).
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The CEA is producing for its own
requirements an ultra high-performance
information management system called
Xedix, which it is currently testing on a
100 TB database.
A world first. “The archives of the Institut
National de l'Audiovisuel (French National
Audiovisual Institute) only represent 85 to
90 TB of data,” comments Didier Courtaud.
“If we were to store all the events of a person's
life on a single electronic storage medium,
it would take up about 100 GB, in other words,
a thousand times less than the total storage
capacity of Xedix.” The tests are performed
using standard test cases made up of several
types of realistic data. They are expected
to confirm the good results from earlier
tests carried out in 2003 on one TB and
in 2005 on ten TB. “We think we'll be able
to obtain response times of less than a second
for most queries.”
An outstanding information storage and
indexing system is the key to this
performance. The system stores and
indexes all data in XML (Extended Markup
Language), a descriptive language that
is totally independent of desktop software
programs and their constant stream of
upgrades. Image or video files are stored
in the base and listed in XML as metadata
describing the subject, shooting date,
characters or any other information selected
by the database administrator.
What's more, the data indexing system is
smart. “Unlike conventional search engines,
Xedix identifies the tag in which the required
character string(s) is(are) located. This means
that the query can be made clearer by adding
as many criteria as necessary.” Queries can

be carried out using a conventional browser
or a customized interface developed in
the language of the user's choice (Java,
PHP, etc.). The tool has already been
validated on other applications during
collaborative work carried out in the
System@tic competitiveness cluster. A
start-up called Xedix Tera Solutions is
being set up to market it.
With a product like this, the future looks
bright for the budding firm. There are
clear signs of interest from many
sectors including archiving services and
multimedia libraries, the research
community (European projects, joint
research-industry projects) and the world
of scientific and technical information.
Xedix Tera Solutions also hopes to arouse
the interest of other sectors such as large-
scale scientific instrument companies (that
generate vast amounts of data),
telecommunications, and industries that
produce great quantities of documentation,
like the automotive and pharmaceutical
industries.

CEA Technologies No. 85 – April 2007 
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XEDIX: 100 TB OF DATA SCREENED
IN JUST A FEW SECONDS
Using Xedix, the native XML database developed by the CEA, it takes less than
a second to find a document in a 100 Tbyte base. A start-up called Xedix Tera
Solutions is being set up to market this unique product that has potential
applications in a wide range of areas, including multimedia, research,
telecommunications and avionics.

REMOTE
RECHARGE
FOR YOUR
BATTERIES
The mini-battery developed by CEA-LITEN1

research teams could make a great difference
in the lives of people with certain disabilities.
The remotely rechargeable battery, which
can be fitted inside the human body with
a number of other stand-alone devices, opens
the door to a new generation of medical
appliances, including muscle stimulators
for paralyzed hands or for hearing implants.
The long-familiar lithium battery used in
pacemakers is capable of supplying electrical
power over a period of many years.
However, as it cannot be recharged and its
lifetime is limited by its size, it can only be
used to power devices with very low energy
consumption. “Which brings us to the
rechargeable, lithium-ion mini-battery we have
developed as part of the European Healthy Aims
project, in association with our industrial partner,
Saft. The battery meets the specifications of
implant manufacturers like Cochlear Ltd. and
Finetech Medical,” explains Séverine
Jouanneau, a researcher at CEA-LITEN.
“Lightweight (2 g) and compact (1 cm3), the
battery is only 5 mm thick, yet provides
maximum energy (50 mAh) and can be
recharged daily.” Recharging can be carried
out by induction through the skin during
the night using a device placed at the patient's
bedside. Another advantage is service life –
the battery can work for more than ten years
at a temperature of 37°C.

Vahé Ter Minassian - Les Défis du CEA No. 122 – March 2007

1. LITEN: Laboratory for Innovation in New Energy
Technologies and Nanomaterials
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SCIENTIFIC HIGHLIGHTS

The HESS observatory team awarded the European
Descartes prize for its progress in 

VERY HIGH-ENERGY GAMMA ASTRONOMY
On March 7, 2007, the French-German very
high-energy gamma ray observatory received
the 2006 Descartes prize. Since the year 2000,
this prize has been awarded annually to scientific
teams for their transnational research results.
It was awarded to the HESS team in recognition
of the quality of results concerning the “non-
thermal universe” or “violent universe” that
opened up a new field of astronomy. The HESS
observatory's results have been hailed as a world
first in gamma astronomy. 
The observatory was mainly built by French
and German laboratories, later joined by teams

from other European and southern African
countries. In France, it brings together CNRS
(IN2P3 and INSU)1 and CEA (DAPNIA2)
laboratories.
HESS (High Energy Stereoscopic System) is
the name given to four telescopes installed
on the Gamsberg plateau in Namibia. HESS is
primarily dedicated to observing the southern
skies that give access to most of the Milky Way.
HESS provides precious information about
some of the Universe’s most violent phenomena
by detecting very high-energy gamma rays,
using the light flashes they produce as they

interact with the Earth's
atmosphere (“Cherenkov
effect”). The HESS
experiment will soon be
enhanced by the installation
of a very large telescope - 28
meters in diameter - at the
center of the existing array
of four instruments. This new
phase of the experiment will
not only enhance sensitivity
but also overlap with the
energy range covered by
NASA's gamma astronomy
satellite, GLAST, which should
be launched in 2007. The
project, called Cherenkov

Telescope Array or CTA, will increase sensitivity
tenfold and considerably add to available
information sources.

Delphine Kaczmarek – 2007, March

1. LLR École polytechnique (IN2P3/CNRS), LPNHE of the
Universités Paris VI and VII (IN2P3/CNRS), APC
(IN2P3/CNRS/Université Paris 7/CEA), LPTA Université
de Montpellier 2 (IN2P3/CNRS), LAPP Annecy le Vieux
(IN2P3/CNRS), CESR Toulouse (INSU/CNRS), LAOG
Grenoble (INSU/CNRS), LUTH Observatoire de Paris-
Meudon (INSU/CNRS).

2. DAPNIA, Research laboratory dedicated to the
fundamental laws of the Universe in the Physical Sciences
Division.

> GAMMA RAYS: Like visible light
or X-rays, gamma radiation is
made up of photons, but at much
higher energy levels. Visible light
has an energy of around one
electron volt (1 eV). X-rays are in
the range of one thousand to one
million eV. HESS detects very
high-energy gamma rays that can
reach a million million eV (or
1 tera-electron volt (1 TeV)).
There are few of these very high-
energy gamma rays. Even for a
relatively intense astrophysics
source, the flow of gamma
photons entering the atmosphere
is around one per month per
square meter.

ATLAS, ACCELERATING DETECTION
The superconducting toroidal magnet of the Atlas experiment
has just been started up at the LHC facility1. 

A 21,000 A current was injected into the eight coils of the
magnet to produce its magnetic field2. CEA-DAPNIA scientists,
who have been closely involved in the design and construction
of Atlas, took this opportunity to check all the magnet operating
parameters and performed a successful test on its muon
spectrometer. This instrument has already detected cosmic
muon tracks bent under the influence of the magnetic field.
These results are very encouraging for the research teams, who
are now waiting for the LHC – the world's largest proton collider
– to be commissioned at the end of the year, when they will

be able to record and analyze the first collision data, and answer
a number of basic questions in particle physics – such as “does
the Higgs boson exist?”. 

Aude Ganier – Les Défis du CEA n° 121 – February 2007

1. Large Hadron Collider,
installed in a tunnel with a
circumference of 27 km,
built 100 m below the
ground at the CERN in
Geneva.

2. The Atlas magnet stores
1.1 GJ of magnetic energy,
enough to lift the Eiffel
Tower about ten meters off
the ground.
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FIRST COMPLETE SIMULATION OF 

PET IMAGING SCAN
OF THE WHOLE HUMAN BODY
Interpreting data from positron emission tomography (PET) - medical
imaging scanning increasingly used in hospitals - is still a complex
task. With a view to optimizing its analysis and extracting the most
relevant physiological information, researchers are working on computer
simulation programs to enhance PET techniques. The programs are
currently held back by computing time limitations.
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THE PIANIST'S FLOWING TOUCH
Music lovers everywhere expect a digital piano to
provide a perfect reproduction of the touch offered
by a grand piano. But high-fidelity reproduction calls
for perfect control of parameters such as the mechanism's
resolution and bandwidth. CEA/LIST* took up this
challenge by joining forces with the Ecole Polytechnique's
Solid Mechanics Laboratory to develop a new sensory
interface technology based on the use of magneto-
rheological or MR fluids. These fluids, made up of
microscopic metal particles suspended in a liquid
solvent, change viscosity under the influence of a
magnetic field.

The degree of change is proportional to the intensity
of the applied field, making it possible to simulate
the “perfect” touch, using a real-time control system
and a dynamic model of traditional keys. The

demonstrator developed by CEA/LIST has not only
lived up to expectations. It also offers something extra
– low cost! This makes it compatible with industrial
production of keyboards integrating the new keys.
Other potential applications include sensory interfaces
and the design of new types of brakes and active dampers
for motor vehicles.

Sylvie Guigon – Atouts Bio Nr 4 – 2007, March 

* LIST : Laboratory for Integration of Systems and Technologies.

> RHEOLOGY: Branch of mechanics
concerned with the study of flows
in liquids and related deformation
phenomena.

This problem spurred CEA-SHFJ1 (Service
hospitalier Frédéric Joliot in Orsay near Paris) to
set up the GATE2 simulation platform, which
models PET scans using the Tera 10 supercomputer
located at the CEA's DAM-Ile-de-France3 centre
in Bruyères-le-Châtel near Paris. The ensuing
simulation made it possible to reproduce - in an
entirely realistic manner and in a very short time
- the distribution of a tracer used in PET for
diagnosing cancer. This first simulation result
means that, in the medium term, a more precise
use of data provided by the images can be envisaged
as well as personalized scans for patients. 
These simulations are carried out using the
Monte-Carlo method, based on probability
theories. The analysis is hindered, however, by
the limitations of digital processing: for a standard
PET scan of the whole human body, a Monte-
Carlo simulation must process the emission of
several billion positrons and gamma photons,
which is the equivalent of 10,000 computing
hours, or 400 days of analysis on a standard PC.
To reduce this computing time, researchers

conducted a simulation on
the Tera 10 supercomputer.
After modeling the
patient's body, using data
from an actual scan,
researchers simulated the
injection of a tracer by
selecting a realistic activity of 264 megabecquerels
(MBq) and an acquisition time similar to that
required for a standard PET scan. This initial
simulation required less than three hours'
computing time using 7,000 processors. The
subsequent comparison of the actual scan and
its simulation showed almost identical tracer
distribution. From a quantitative point of view,
comparisons of the volume of a tumor located
under the patient’s left axilla indicated a difference
of 6%, which is considered very low for an initial
simulation. This result represents a first decisive
step towards the development of methods that
could be used to correct actual data from PET
scans and, in the long term, target the creation
of a patient specification for PET acquisition

protocols and analysis. It also shows the benefits
of intensive computing in the life science field. 

Stéphane Laveissière – 2007, April

1. The SHFJ is one of the 4 research platforms of the
French Institute for BioMedical Imaging (CEA-I2BM).
The others are NeuroSpin (Saclay), MIRCen
(Fontenay-aux-Roses) and C-INAPS (Caen).

2. GATE: Geant4 Application for Tomographic Emission
– Geant4 is an international simulation program
developed at CERN (Switzerland).

3. DAM: Military Applications Division.

See the comparison of images
obtained below:
• Left: PET image of an actual 

‘whole body’ scan 
• Right: the result obtained through 

simulation on Tera 10
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Since they created the first “model” schizophrenic
mouse in 2002, pharmacologists from the
CEA and INSERM have been making one
discovery after another, the reward! The
reward being an alternative to existing
schizophrenia therapies. They observed an
improvement in the animal's behavior after
administering the epithilone D molecule,
an anticancer drug. In their efforts to find a
remedy, they focused on neurons rather than
the neurotransmitters involved in the disease
and currently treated by antipsychotic drugs.
In 2002, researchers found a link between
schizophrenia and cell microtubules for
the first time ever. They observed behavior
disorders in the animal if they deactivated

the expression of a protein
involved in microtubule
function. These disorders
were reflected in a lack of
social interaction or maternal
feeling, hyperlocomotion or
spatial memory problems. 

In order to treat this schizophrenia, they turned
to molecules used in cancer treatment that
are capable of stabilizing microtubules. They
opted for epothilone D, one of the few
molecules that can penetrate the brain.
Administered at very low doses to prevent its
blocking action on cells (a trait common to
all anticancer drugs), it proved highly effective
in restoring synaptic functions with no adverse
side effects. This molecule has now been
patented and will soon be studied in humans. 

Aude Ganier - Les Défis du CEA No. 122 – March 2007
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ANTICANCER DRUGS TACKLE

SCHIZOPHRENIA

SCIENTIFIC HIGHLIGHTS

> NEUROTRANSMITTERS:
Molecules that transmit information
from one neuron to another during
connections known as synapses.

> MICROTUBULES: Fibers along which
various components are routed from
one point of the neuron to another.

A CLIMATIC UPHEAVAL
BROUGHT TO LIGHT
Between ten and three million years ago,
the tropical rain forests of East Africa
gradually gave way to savannah. What
brought about such a radical change
in the environment? Until recently,
paleoclimatologists thought the cause was
twofold: a drop in the CO2 level in the air
and cooler surface water in the Indian
Ocean. Today, a French team1, including
researchers from LSCE (Laboratory of
Climate and Environmental Sciences), a
joint CEA/CNRS/UVSQ laboratory2, has
discovered a third factor explaining this
change3: the upthrust of the East African
Rift System.
This extraordinary geological structure
saw a renewal in its activity 12 million
years ago. In response to tectonic activity,
the Earth's crust was raised before
collapsing in the center to create a
6,000 km long valley, bordered by hills,
plateaus and mountains ranging from
2,000 m to 5,000 m in height. A
phenomenon on such a scale as this must
have had an impact on the climate but
this impact on the climate, but had never
been quantified. 

Turning the problem round
LSCE climatologists therefore teamed up
with paleontologists and geologists4 to
simulate the possible impact of the
emergence of the East African Rift. “In fact,
we turned the problem round,” says Pierre
Sepulchre, a member of the LSCE climate
modeling team. “We asked ourselves what
would happen if the Rift didn't exist? We used
the climate model developed by the Dynamic
Meteorology Laboratory to perform two digital
simulations. The first considered geological
structures only 2,000 m high and the second
at areas with no relief.” 
The result left no room for doubt: the
flatter the region, the higher the
precipitation. Compared with today's
figures, the average annual rainfall rose
by 15%for the first simulation and by 40%
for the second, “The lack of relief allows the
Indian monsoon to progress farther into the
continent in winter and causes a moisture-
laden zonal flow between southern Sudan
and Ethiopia in summer,” explains Pierre

Sepulchre. This humidity results in heavy
rainfall that favors the development of
forests, as illustrated by vegetation models
based on climatic simulation. This goes
to show that the emergence of the East
African Rift really is a key factor in the
desiccation observed in East Africa during
this period.

Fabrice Demarthon 
Les Défis du CEA No. 121 – February 2007

1. Paris Earth Physics Institute, European Institute
of the Sea in Brest, Human Paleontology
Laboratory of the University of Poitiers, LSCE. 

2. University of Versailles-Saint-Quentin. 

3. Science, vol. 313, 08.11.06, P. Sepulchre et al.;
research funded by the CNRS Eclipse
multidisciplinary program. 

4. From the University of Poitiers, the Paris Earth
Physics Institute and the European Institute of
the Sea.

The emergency of the Rift contributed significantly
to the desiccation of East Africa, as can be seen in
these simulations of changes in moisture transport.

Transport of
moisture from east

to west or vice
versa depending

on the latitude
and season.

“

”
Compared with those of
a normal mouse (A), the
microtubules (shown in
green) of the neurons of a
schizophrenic mouse are
not stable (B) at 4 °C,
except when epothilone D
is present (C).
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> SEMICONDUCTIVITY:
Intermediate electrical
conductivity between
that of metals and
insulators.

SUPERDOPED SILICON:
AN EXCELLENT CONDUCTOR
Superconducting silicon capable of conducting
electricity without the slightest resistance?
Microelectronics specialists would think it quite
a paradox! 
Because that's exactly the material they use for its intrinsic
semiconducting powers to control the intensity and
direction of electric current. Yet a CNRS1/CEA2/University3

collaboration has come up with these results using silicon
that has undergone chemical treatment at ambient pressure.
As its superconductivity is only apparent at very low
temperatures (- 272.8 °C)4, its use should be restricted
to fundamental research laboratories, for testing theories
on nanostructure superconductivity, for example. 
This result is still quite a performance! 
“In the 1980s, researchers managed to make silicon a
superconducting material by subjecting it to tremendous
compression, but its crystalline structure was changed in
the process,” recalls CEA researcher Christophe Marcenat. 
So he and his colleagues opted for a chemical process in
which silicon was “doped” through the gradual addition
of boron, gradually increasing its conducting power. 
Until then, this process had always come up against the
inability of silicon to absorb large amounts of boron. “To
get round this problem, we used laser pulses to heat a silicon
film in an atmosphere of gas containing boron,” explains
Etienne Busterrret, a CNRS researcher. “These pulses also
force boron atoms inside the molten material where they
bind during recrystallization.” So superconductive doped
silicon isn't such a paradox after all! 

Claire Abou - Les Défis du CEA No. 121 – February 2007

1. Laboratory for the Study of the Electronic Properties of Solids,
Grenoble.

2. Condensed Matter Fundamental Research Department, Grenoble.

3. Condensed Matter and Nanostructure Physics Laboratory, University
of Lyon 1 and CNRS; Basic Electronics Institute, University of Paris-
Sud and CNRS. 

4. Today's superconducting materials operate within the –273 °C to
–140°C temperature range.

Adjusting the laser beam used to obtain silicon samples with more boron doping than that obtained through the
usual silicon microelectronics methods.

200 MM MICROSYSTEMS LINE SEEKS DEVELOPMENT PROJECTS
CEA/LETI has invested in a 200 mm R&D line
dedicated to industrial partnerships in the microsystems
field for development, prototyping and preproduction.
It’s the ideal solution for creating new products faster
and at lower cost without investing too soon.

1,000 square meters of clean rooms, specific equipment
worth €20 million available 24/7, teams of researchers
and technicians boasting 20 years of experience in
microsystems. That, in a nutshell, is what LETI is offering
industrial firms in Grenoble wishing to develop
components on 200 mm silicon wafers. “The microsystems
industry is still very customized,” observes Bruno Mourey,
in charge of the project at LETI. Everyone creates their own line (above-
IC or stand-alone) for niche markets at the cost of heavy investment
and long development times.“The aim, therefore, is to use LETI resources
and expertise to work faster and at a lower cost.”
The solution is based on the 200 mm format, which is not only tomorrow's
microsystems standard, but also and above all, the current standard on
a vast number of microelectronic production lines. 
Collaboration projects lasting two to four years will be proposed to

people in industry. This is the time it takes to develop
lines (or set of processes), build prototypes, carry out
preproduction runs and, if the partners wish, transfer
the technology to their own production site. The platform
is intended for two types of partners. First, silicon
founders seeking new markets for their 200 mm facilities.
Second, manufacturers or end users, who see the
microsystem as an opportunity for differentiation and
innovation and who need development work to be
treated confidentially.
In all, LETI plans on working with six to ten companies
keen to invest in mass markets in various sectors, such
as mobile telephony, consumer products, motor vehicles

or industrial electronics. It will operate the equipment alone to ensure
that there are no “leaks” between projects and will allow each partner
access to its line. It is the only line dedicated to 200 mm microsystems
in Europe. Platform users will also have access to LETI's microelectronics
R&D resources as well as its other areas of expertise – characterization,
design, testing and materials – grouped together at the Minatec cluster. 

CEA Technologies No. 83 – December 2006
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ARC-NUCLEART IN THE
LAND OF THE MAYAS
For the first time since the Atelier de Restauration (Restoration Workshop)
was created in 1970, the Nucleart Method – resin impregnation and gamma
irradiation – has been used abroad.

SCIENTIFIC HIGHLIGHTS

“This Maya sculpture, discovered on the site
of Becan in Yucatan, is a unique
archeological object. It has also been
declared a national treasure,
so there was no question of it
leaving the country,”
explains Alejandra Alonso,
a restoration specialist at
the INAH, the Mexican
National Institute of
Anthropology and
History. The Nucleart
Method, developed at
the CEA center in
Grenoble, was chosen
for the renovation work.
“It seemed the most effective
way of halting any further
damage to this statuette, a dwarf only 20 cm
tall, whose body had suffered considerable
deterioration, with the wood flaking away
at the slightest touch.” It was therefore decided
that the first week of the mission1 would
be given over to treatment, with the second
week set aside for three conferences on
preservation and restoration processes for
dry and waterlogged wooden objects. 
The Mayan statuette was first impregnated
with liquid styrene-polyester resin. It was
then packed in a special container and
taken under police escort to the industrial
irradiator located at the heart of the National
Institute for Nuclear Investigation, 40 km
outside Mexico City. This gamma irradiator
induces radioactive polymerization which
hardens the resin in the wood. Khôi Tran,
an ARC-Nucleart chemical engineer, is
working on something of a special agent's
mission. “Alejandra Alonso Olvera called me
at the beginning of 2006, asking me to come
to Mexico City to restore a dry, wooden sculpture
from the Maya period. This had first been

mentioned back in 2002.” Although
the INAH is a major preservation
and restoration center employing

some one hundred people,
including forty restorers, it has quite

modest technical resources.
The next thing to do was to prepare the

mission. Using Khôi Tran's diagrams and
photos, Alejandra was able to have

alterations made to a 40 l
pressure cooker made
in America. Other
adjustments had to be

made to the vacuum
pump, pressure gauges,

nitrogen cylinder, tubes
and fittings, irradiation

parameters, resin formulation – even the
power supply voltage (110 V in Mexico).
“But even after six months of preparation,
there were always surprises in store, like
the purple color of the impregnating resin.”
The irradiation treatment lasted 48 hours.
The consolidation of the sculpture was
satisfactory and the polychrome resisted
well, thereby minimizing the risk
of damage during exhibitions. “We
demonstrated that Nucleart technology can
be transferred, especially to emerging
countries,” stresses Khôi Tran. The process
is of particular interest in tropical
countries, where objects densified by
Nucleart will put up better resistance to
extreme variations in climate. For the
past year, Vietnamese archeologists have
called on ARC-Nucleart to preserve
waterlogged, wooden, archeological
objects on site. 

Marc Jary – Le mensuel de Grenoble – October 2006

1. The mission is fully funded by the Mexican
authorities.

France-China Symposium
on Nuclear Energy
Regulations, Codes,
Standards and Qualification 

Rostrum during the Vice-Minister's speech. From left to
right: the Vice-Minister, Cyril Pinel of the ASN, the French
Ambassador to China, the Chief Executive Officer of the Chinese
nuclear safety authority.

The CEA and the Chinese Safety Authority held
the first “France-China Symposium on Nuclear
Energy Regulations, Codes, Standards and
Qualification” in Beijing on June 4-6, 2007.
China has recently decided to speed up the
development of its nuclear program (10 reactors
in service and 17 at various stages of testing,
construction and licensing); a number of players
will be involved: government authorities and
regulators, utilities, design institutes and industry.
France has completed a highly successful program.
One of the keys to success is the implementation
of a comprehensive set of regulations, codes and
standards addressing such subjects as supplier
qualification, equipment certification, on-site
inspection, etc.
The symposium provided an opportunity to
compare current French and Chinese regulations
and allowed government agencies, utilities, design
institutes and people from industry to share their
experience.
Some 300 people took part (including more than
200 Chinese). There were contributions from various
representatives of French industry and the IRSN
and some Chinese institutes. The Symposium was
chaired by Mr. LI Ganjie – Vice-Minister of SEPA,
Administrator of NNSA and Mr. André-Claude
Lacoste – President of the ASN.

Using hydrogen to produce
energy – a traveling exhibition
The depletion of petroleum resources is forcing us
to consider other options, especially renewable
energy sources. Among the possibilities, hydrogen
offers numerous advantages. It can be easily
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Restoration at work
Organized every year by the CEA and the Association of French Mayors, the “Save the
Heritage” competition offers the five award-winning towns the chance to have their
works of art treated and restored by the ARC-Nucleart Laboratory at the CEA center
in Grenoble.

Les Défis du CEA No. 122 - March 2007

Annual Report
CEA 2006 
(french or english
version)
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EXHIBITIONS

produced from any primary energy source (solar,
wind, nuclear, etc.) and used in a “fuel cell” to
generate high yields of electricity and heat, with
water as its only waste product! 
To raise awareness about this important technology,
the Palais de la Découverte, a science museum in
Paris, has created a traveling exhibition (first stop
in Berlin at the Technikmuseum, from May 24th

to July 24th, 2007, then on to the Visiatome before
the end of the year). The exhibition covers all the
steps studied at the CEA: production of electricity
using photovoltaic panels, production of hydrogen
by electrolysis, storage and retrieval of electrical
energy using fuel cells. To illustrate how the
research works, the exhibition uses prototypes
and laboratory equipment, including the Genepac
fuel cell, metal plates, graphite plates and
membranes, along with an educational pack about
fuel cells.
As part of its renovation project, the Palais de la
Découverte will present a stationary version of
this exhibition in Paris.

ICAPP 2007
International Congress on Advances in Nuclear Power
Plants - “Nuclear Renaissance at Work.” - May 13-
18, 2007 • Nice Acropolis, France 
The CEA participated in the 2007 ICAPP
international conference on progress in nuclear
power plants, covering design, construction,
operation, and maintenance. This professional
gathering brought together the most important
international stakeholders in the electronuclear
industry around the theme of “nuclear renaissance”. 
It was an occasion for the Nuclear Energy Division
of the CEA to present its research and development
milestones in several areas and to co-chair the
plenary session dedicated to nuclear systems of
the future. The papers presented by the CEA
addressed the following areas: 
• Research to optimize existing industrial nuclear

facilities and development of third-generation
systems (optimization of fuels and plant life
spans, better procedures for spent fuel processing,
advanced methods of computer simulation, etc.) 

• The CEA's commitment to the nuclear systems
of the future (strategy and planning for sodium-
cooled fast reactors, materials and fuel

innovations, and new options for the back end
of the fuel cycle and waste management) 

Finally, this conference allowed several major
nuclear actors abroad (USA, Japan, Russia, China,
South Korea, etc.) to share their vision of the
nuclear renaissance. 

Following the conference, the participants toured the
CEA's Marcoule and Cadarache centers.They visited
certain advanced facilities for nuclear research, such
as Atalante, a large laboratory dedicated to actinide
chemistry, and Tore Supra, a tokamak for fusion
energy studies.

The 20th World Energy
Congress & Exhibition 
is promoted by the World
Energy Council (WEC*)
This is the most authoritative international energy
meeting, to be held in Rome in the new “Nuova
Fiera” venue, November 11-15, 2007. Excellent
speakers and thousands of participants will come
from all over the world. Besides the World Energy
Council Members, the Congress will welcome
exhibitors from both energy producing and
consuming countries, institutions, international
organizations and energy industry representatives,
researchers and experts from all over the world,
and all those who are interested in energy and
development issues. During the four-day meeting,
participants will have the chance to visit an
interesting and important exhibition covering
20,000 m2 at the “Nuova Fiera”. Companies
will have a great opportunity to present their
products and technological innovations for the
energy industry to an international and
distinguished audience.

*With several Member Committees in over 90 countries, WEC
aims to monitor the status of the energy industry and find
solutions fostering the economic development of both industrialized
and developing countries. It also promotes the sustainable supply
and usage of energy for the greatest benefit of all people.

Transducers 07 
TRANSDUCERS has grown into the largest
multidisciplinary conference on microsensors,
microactuators, and microsystems, with typically
900 attendees from government and industry who
gather every two years to share information on
the latest advances in the field. This year, the
technical program consisted of parallel oral sessions
and poster presentations. Invited speakers
(including researchers from LETI, the CEA
laboratory of electronics and information
technology) gave insightful
overviews on key topics
during the plenary session
and throughout the
conference, which also
included short courses and
exhibitions.

TRANSDUCERS 07 was
held in Lyon, France,
2007, June 10-14

Visiatome
The Visiatome is located in Southern France in
Marcoule, not far from Nîmes. This scientific
cultural center was created to inform the public
and answer questions related to radioactivity and
its applications, the various sources of energy,
radioactive waste management, and the nuclear
industry in general.

The 600-m2 site offers fun, interactive exhibitions
addressing all these questions. Educational sessions
are available to school groups, and scientific
activities are offered Wednesday afternoons,
Sundays, and during school vacations.

> Practical info
Visiatome - CEA Marcoule - BP 64172 
30207 Bagnols-sur-Cèze cedex
www.visiatome.fr
To learn more: Tel: +33 (0)4 66 39 78 78
contact.info@visiatome.com 
Reservations: Tel: +33 (0)4 66 39 78 78
Fax: +33 (0)4 66 39 78 30
reservation@visiatome.com
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G8 Global Partnership
Activity report 
2004-2005-2006
(french and english version.
Russian version available on
line http://www-pmg8.cea.fr)

> These brochures are
available upon
request in paper
format or on line :
www.cea.fr
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