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1. Scientific report and self-evaluation
Introduction
The history of the laboratory “Materiaux et Phenomenes quantiques” MPQ can be summed up in three dates, which could
almost be considered as three successive dates of birth.
The first is January 2001, when the project of the laboratory was accepted by the CNRS and the University Paris-Diderot as
“Federation de recherche”. The MPQ project had started in a very favourable context as it was part of the greater project of
the reorganization of the department of physics of the University Paris Diderot and associated with the moving from Jussieu
into the new campus “Paris Rive Gauche” (PRG).
The fundaments of our research were set as “low energy quantum physics”, but with an interdisciplinary character that
approaches the study of quantum devices and the analysis of physical properties of nano-materials. This desire of mixing
these two different cultures was also implemented by attracting researchers from academy and industry. The scientific
project was at that time already well identified and today our research methodology is still driven by the same general
objectives.
The second date is the official birth of the UMR in 2005. The CNRS and the University recognised the interest of the project
and engaged in supporting the new Laboratory financially and with man power. Even if MPQ officially existed, it was still
scattered on several different locations as the buildings of the new campus PRG were still under construction.
The third, probably most important, was our settling into the Condorcet Building at the beginning of 2007. With great
excitement we moved into the brand new building and started supplying and equipping seven laboratories for each team of
experimentalists, plus the two facilities that we developed during the past four years: the cleanroom and the high resolution
TEM microscope. As a matter of fact a great deal of energy in the last years was devoted to arrange the infrastructure of the
laboratories, then buying and preparing the experimental setups and finally organising the common facilities. This work has
been successfully accomplished and a new era is now open for our laboratory.

a. Activities and results
The research at MPQ aims at finding new links between fundamental aspects of the matter and quantum phenomena in order
to innovate and suggest quantum-enhanced devices for future technologies. Even though our technological effort aims the
long term, we are always interested collaborations with socio-economic partners in order to improve our visions and
perspectives, but also to increase the impact of our research. To this end we have established collaborations of long duration
with several industries such as THALES, Saint Gobain, CEA-LETI, JEOL. We also interact with PMI, in particular for activities
on quantum cascade lasers and the STM instrumentation.
The laboratory is divided in 8 research groups. All groups are composed of experimentalists, but one which is dedicated to
the theoretical issues. This group has been created three years ago with the task to find new links between the groups of
experimentalists. Among the experimental groups, four focuses on the design, fabrication and characterization of quantum
devices and three dedicate their studies to the understanding of the quantum properties of the materials.
Schematically the laboratory can be divided in three main activities or ensembles of activities:
Quantum devices: DON, QUAD, IPIQ, TELEM
Quantum materials: MeANS, STM, SQUAP
Theory: THEORY
In the scheme the two ensembles overlaps intentionally. Indeed there is not a fix barrier between the two activities, on the
contrary one of our objectives is to find common projects between the devices and material activities.
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a.1

State-of-the-art and international positioning

MPQ is a research centre in which technology and fundamental physics live together and cross-fertilise. We are hosted within
the department of Physics, but in an Anglo-Saxon country we could have very well been located in a centre for Quantum
Electronics within an Electrical Engineering department of a Technical University. Our “quantum-engineering” activities are
in fact a very important characteristic of our research. Engineering in our case has to be understood as the creative process
that allows to control the natural phenomena at the nanometer scale (Quantum Devices) and that makes possible the
synthesis of materials that are not present in nature (Quantum Materials). In this sense “quantum-engineering” is part of our
originality and of our innovative character. It is also the key word that we follow to spot out our collaborators and
competitors, which often are both at the same time.
Since 2011 we are part of the LABEX “SEAM”. This project, financed by the Ministry of Research, gathers laboratories from
the University Paris 7 and Paris 13 with the aim of exploring the Science and Engineering of Advanced Materials and Devices.
The laboratories involved are MPQ, MSC (UFR de Physique, Paris 7), ITODYS (UFR de Chimie, Paris 7) and the LSPM and LPL
(Institut Galilée, Paris 13). This project has reinforced our already on-going collaborations with the chemist of the ITODYS
and also has opened the possibility for us of new collaborations in particular in the area of material analysis.
In France we have also important collaborations with the main facilities for nano-fabrication:
LPN (Marcoussis), IEF/Minerve (Orsay), IEMN (Lille) and LASS (Toulouse). We are also strongly interacting with the CEA
(Saclay) and ONERA for supplying us with samples for materials investigations.
It has to be underlined also our partnership with the synchrotron SOLEIL. Yves Garreau, professor in our laboratory, has
developed with his team at SOLEIL a state-of-the-art surface diffraction beamline under ultra-high vacuum, particularly well
adapted to the structural studies of nanostructures on surfaces. The full access to such unique equipment will strengthen our
ability to combine state-of-the-art structural studies with the measurement of physical properties.
We have also other privileged partners which are involved in many of our ANR and European projects: LPA (ENS, Paris),
ONERA (Palaiseau), IES (Montpellier), INSP in France. Outside France, we have important collaborations with “Ecole
Polytechnique Federal de Lausanne”, University of Victoria, Vancouver, ETH-Zurich, Cambridge and Oxford Universities, the
Scuola Normale Superiore in Pisa and most of the important University in Europe. Every year we have being hosting professors
from the Institutions above mentioned in order to strengthen our relationship and create new scientific projects.
Outside the academic world it is very important to recall our long standing collaborations with the companies THALES and
JEOL. This point will be more detailed in session a.4 “Interactions with the social, economic and cultural environment”
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Since its birth our laboratory had a reputation and a worldwide leadership on some field of research. Historically the most
known developments and researches of the laboratory have been:
-

Quantum cascade lasers
QWIP infrared detectors
Growth and analysis of Nano-alloys by TEM
Growth and STM-analysis of self-organised surfaces
Integrated nonlinear optics for quantum information and for parametric optical generation
Investigation on the electronic properties of high temperature superconductors

In the past five years we have also developed new research activities that have increased substantially our impact on the
international scientific community:
-

Theoretical investigations and proposal on quantum devices
Raman spectroscopy on the electronic properties of multiferroic composites
Opto-mechanical coupling in semiconductor resonators
TEM study on size driven effects in Nanoparticle
STM on carbon based materials
Spin-resolved STM spectroscopy
Semiconductor quantum devices based on intersubband polaritons
Coherent control of quantum cascade lasers frequency for THz detection and imaging

In all of these research activities we have published on major international journals and we have a leading role in the
scientific community. This is attested by the presence of member of our lab in many committees of the major international
conferences. Moreover we were directly involved into the organisation of important conferences namely:
- Sylvie Rousset was the chairman of the “International Conference on Nanoscience + Technology 2012”in Paris
- Carlo Sirtori was the chairman of the “International Quantum Cascade School and Workshop” in 2010.
- Stefano Barbieri was the chairman of the GDR-I international conference on THz devices
Our positioning in the research arena is also strengthened by our disposition in directing scientific networks. The most
important is the direction of the C-nano Ile de France. Sylvie Rousset, previous director of the laboratory, is in fact today the
director of this important network that distribute every year more than 2 million of Euros for the research in Ile de France.
Dr Sylvie Rousset and her administrative staff, composed of three people, are members of MPQ and participate actively to
the laboratory life. We are also coordinating two GDRs. Christian Ricolleau is the director of GDR “Nanoalloys” and Carlo
Sirtori is the co-director of the GDR-I “Semiconductor sources and detectors of THz frequencies”. Christian Ricolleau and
Carlo Sirtori are also part of the steering committee of two COST actions, “Nanoalloys as advanced materials” and “TERA-MIR
Radiation: Materials, Generation, Detection and Applications” respectively.
Finally it is very important to remind our direct link with “Société Française de Physique”, which is embodied by Samuel
Guibal, deputy director of the laboratory, chairman of the Paris-Centre branch of the SFP and member of the national board
of the SFP.

a.2

Scientific production and highlights

The dynamism and the strength of our laboratory have been attested, during the past five years, not only by the high quality
of our publications, but also by several rewards and appointments that have been granted to the members of MPQ. For this
second point a brief summary of our recognitions is presented:
- Ivan Favero “Médaille de bronze CNRS” 2012
- 2 ERC grants (Advanced grant, Carlo Sirtori; Young investigator, Ivan Favero)
- 5 IUF members (S. Ducci, V. Repain, C. Ciuti, V. Berger Junior members, C. Sirtori Senior member)
For what matters our scientific production we present here below the highlights of our research activities. More details about
the scientific production can be found in each research group report.
1.

Optomechanics

The novel research axis on nano-optomechanics was launched at MPQ beginning of 2008. It focuses on miniature Gallium
Arsenide disk optomechanical resonators as building-blocks for quantum optomechanics experiments,
nanomechanical-optical sensing devices and non-linear optics phenomena based on the optical/mechanical interaction. We
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have demonstrated GaAs disk resonators to have a record level of optomechanical coupling and this asset is now used in all
optomechanics developements at the laboratory. This research axis has been awarded an ERC Starting Grant 2012.
- High Frequency GaAs Nano-Optomechanical Disk Resonator
L. Ding, et al.
Phys Rev. Lett. 105, 263903 (2010)
- Optomechanics of deformable optical cavities
I. Favero and K. Karrai,
Nature Photonics 3, 201 (2009)
2.

Electrical control of spinwave in multiferroic

Magnonics, a particularly exciting new approach for information processing, relies on the manipulation of spin wave. We have
shown that in multiferroic BiFeO3 spin wave excitations can be controlled by an electric field at room-temperature, low
power and in a non-volatile way. Our study clearly demonstrates that the frequency of spin waves can be varied by more than
30%, which represents a tunability several orders of magnitude larger than previously reported.
- Electric-field control of spin waves at room temperature in multiferroic BiFeO3
P. Rovillain, et al.
Nature Materials 9, 975 (2010)
3.

Superfluidity of light

We have performed pioneering theoretical predictions and studies of the quantum fluid properties of light in semiconductor
microcavities, recently demonstrated in a series of spectacular experiments.
- Superfluidity of polaritons in semiconductor microcavities
A. Amo, et al.
Nature Physics 5, 805 (2009)
- Polariton Superfluids Reveal Quantum Hydrodynamic Solitons
A. Amo, et al.
Science 332, 1167 (2011)
- Quantum fluids of light
I. Carusotto and C. Ciuti,
Reviews of Modern Physics, in press. Preprint arXiv:1205.6500
4.

Polaritonic semiconductor devices

During the last contract we have provided two milestone contributions in the rapidly expanding field of intersubband
polaritonics. The first is the generation of polariton states through resonant electronic injection. The second is the strong
enhancement of the light-matter coupling by the advanced design of THz plasmonic microcavities. These achievements pave
the way to the engineering of new polaritonic semiconductor devices operating in the strong light-matter coupling regime.
- Electrically injected cavity polaritons
L. Sapienza et al.
Phys. Rev. Lett. 100, 136806 (2008)
- Strong Light-Matter Coupling in Subwavelength Microcavities at Terahertz Frequencies
Y. Todorov, et al.
Phys. Rev. Lett. 102, 186402 (2009)
5.

Band gap decrease in supported carbon nano-tubes

We have demonstrated that the electronic gap of carbon nanotube is underestimated by the exciton binding energy (around
0.4 eV!) when measured on a metallic surface by scanning tunneling spectrosopy. We have also measured and understood the
wavefunctions at van Hove singularities in carbon nanotube, one of our most comprehensive works.
- Many-body effects in electronic bandgaps of carbon nanotubes measured by scanning tunnelling spectroscopy
H. Lin, et al.
Nature Materials 9, 235 (2010)
-Imaging the symmetry breaking of molecular orbitals in single-wall carbon nanotubes
H. Lin, et al.
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Phys. Rev. B 81, 235412 (2010)
6.

Size and shape effects in magnetic alloy nanoparticles

In CoPt nanoparticles, we have experimentally and theoretically demonstrated (i) a substantial decrease of the order /
disorder transition temperature as soon as only one dimension of a nanoparticle is less than 3 nm and (ii) that the relative
composition of CoPt nanoparticles can be strongly modified during temperature annealing and displays a size-dependent
behaviour.
- Ostwald Ripening in Nanoalloys: When Thermodynamics Drives a Size-Dependent Particle Composition
D. Alloyeau, et al.
Phys. Rev. Lett. 100, 255901 (2010)
- Size and shape effects on the order-disorder phase transition in CoPt nanoparticles
D. Alloyeau, et al.
Nature Materials 8, 940 (2009)
7.

Coherent control of the phase and frequency of quantum cascade lasers

This novel technique, entirely developed by us, has permitted the locking of the phase and frequency of quantum cascade
lasers (QCLs) emitting in the terahertz range to the repetition rate of mode-locked femtosecond fiber lasers. This technique
can be applied also to multimode QCLs, and has allowed us for the first time to demonstrate the operation of TH QC lasers in
the regime of active mode-locking, as well as the generation of terahertz frequency combs.
- Coherent sampling of active mode-locked terahertz QC lasers and frequency synthesis
S. Barbieri, et al.
Nature Photonics 5, 306 (2011)
- Phase-locking of a 2.7-THz quantum cascade laser to a mode-locked erbium-doped fibre laser
S. Barbieri, et al.
Nature Photonics 4, 636 (2010)
8.

Out of equilibrium quantum transport

We have provided an explicit and complete description of the non-equilibrium steady-state developing in a two-wire device
connected through an interacting impurity, and subjected to a voltage bias. Our analytical approach is valid at any value of
the voltage and temperature, and predicts a negative differential conductance resulting from interactions.
-Twofold advance in the theoretical understanding of far-from-equilibrium properties of interacting nanostructures
E. Boulat, et al.
Phys. Rev. Lett. 100, 140601 (2008)
9.

Coupling of magnetic and superconducting order parameters

Using low temperature electronic Raman scattering deep in the SC state as a function of doping, we have revealed that the
SDW order suppresses anisotropically the SC order around the Fermi surface. The k-space coexistence picture between both
order reveals an interesting situation where SC and SDW orders coexists at the atomic scale in real space while they are phase
separated in k-space.
- Impact of the Spin Density Wave Order on the Superconducting Gap of Ba(Fe1-xCox)2As2
L. Chauviere, et al.
Phys. Rev. B 82, 180521 (2010)
Publications, conferences and patents (2007-2012)
A detailed list of all our production is in the dedicated annex
-

343 peer reviewed publications in international journals
146 invited presentations at international conferences
43 invited presentations at national conferences
371 presentations at national and international conferences
6 patents
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Report on the research activities
The main scientific objectives for the past contract were indicated in the following 6 axes:
1.
2.
3.
4.
5.
6.

Growth and self-organisation
Molecular electronic
Magnetism and spintronic
Quantum optoelectronic
Quantum Information and communication
MPQ technological platform (High resolution TEM and Clean room)

All our objectives have been achieved and in the following we will give a few short comments on each point to indicate how
they were accomplished.
1.

Growth and self-organisation

During the last 5 years, the activities of this research topic are focused on nucleation, growth and structural properties of
bimetallic nanoalloys. The two groups involved, Me−ANS and STM have a well recognized expertise in these fields. The
approach used for this development of nanoalloys is bottom-up, i.e. instead of etching thin films by lithographic techniques,
the growth is carried from individual atoms or molecules. The challenge is then to correlate the thermodynamic, magnetic or
electronic/optic properties to the structure of individual nano-objects as a function of their size and to their architecture, at
the collective level. Growth techniques implemented in MPQ are thermal evaporation and laser ablation both performed
under high vacuum.
Imaging of these nanomaterials at the atomic scale is the cornerstone of this research topic. One of the team, Me−ANS, is
specialized in quantitative Transmission Electron Microscopy (TEM) applied to nanomaterials and has setting up, in 2011, an
aberration corrected TEM with an unseen resolution at 200 kV, while the STM team is specialized in scanning tunnelling
microscopy and can perform in-situ observations of nano-objects by STM at variable temperature (30K-1000K) and under
magnetic field.
The most important results that we have obtained in this topic are summarized below:
-

Size and morphology effects on the order / disorder transition temperature in nanoalloys (Nature Materials, 2009).
Experimental and theoretical demonstration of the influence of the nanoparticles size on their chemical composition
during thermal annealing at high temperature (PRL, 2011).
Single atom imaging to study the dynamics of Co and Pt during Ostwald ripening phenomenon (APL, 2012).
Thermodynamic properties of nanoalloys formed by immiscible metals and the influence of the composition and size of
the nanoparticles on the formation of core/shell nanostructures (Nanoscale, 2012).
2.

Molecular electronic

This axis is covered by the STM, TELEM and THEORY teams research activities. Several major achievements have been
obtained on this axis in the past years.
The STM team has worked on the growth of self-organized molecular layers. They have attained well defined arrays of
electroactive molecular islands based on grafted terthiophene or juglone in nanometric pores. They have also clarified the
electronic properties of carbon nanotubes, a mandatory issue for a complete understanding of nanotube doping, by
measuring the exciton binding energy and the mapping of wavefunctions at van Hove singularities. They have obtained
preliminary results on the nitrogen doping, showing that many different complex configurations can be observed with
spectroscopic features going from p to n doping.
The TELEM group has devoted a particular attention in the fabrication of molecular nanoscale devices (nanogaps made by
electromigration, hybrid devices based on carbon nanotubes and solid state molecular junctions) and in the measurement of
their electronic properties at low temperature. The main results have been achieved in the understanding of the intrinsic
physical properties of the nano-structures (nanogaps) typically used in molecular electronics and in the study of the insertion
of molecular layers with specific intrinsic properties in more reliable devices like planar junctions.
The THEORY team has taken a major step in the understanding of the non-equilibrium steady-state developing in an
interacting impurity biased by a voltage source. This was done by exploiting the vast knowledge of those systems at
equilibrium, which is inherited from a particularly rich mathematical structure known as integrability.
This research axis is at the interface between physics and chemistry, this has led to enhanced collaborations with the
chemistry community in the past 5 years.
The most important results that we have obtained in the axis “Molecular electronics” are:
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-

Measurement of the exciton binding energy of carbon nanotubes by scanning tunnelling spectroscopy (H. Lin et al.,
Nature Materials 2010).
Imaging of the symmetry breaking of molecular orbitals in single-wall carbon nanotubes by STM (H. Lin et al. Phys. Rev.
B 2010).
Investigation of the electronic properties of C- and CNx-SWNTS by a combined TEM/EELS and STM/STS study (H. Lin
Phys. Stat. Sol. 2008).
Derivation of a closed form for the current at arbitrary voltage for an interacting impurity system (Boulat et al., PRL
2008) and complete characterization of the current noise (Branschadel et al., PRL 2010).
Optimization of the fabrication of metallic nanogaps made by electromigration (Mangin et al. JAP 2009) and detailed
analysis of their intrinsic transport properties (PRB 2009, Petit et al JAP 2011).
Demonstration of temperature dependent rectification in solid state molecular junctions based on oligothiophene
layers (Martin et al JACS 2012) and achievement of single wall carbon nanotube/ oligothiophene/metal junctions.
Observation of quantum interference in anthraquinone molecular junctions (article submitted).

During the past 5 years different grants have permitted the development of these research activities: ANR grants (SAMNET,
CEDONA, MCT&CO,..), BNC STREP European project, C’Nano fundings (Region Ile de France), BQR fundings (Univ.
Paris-Diderot) .
3.

Magnetism and spintronic

This axis has been covered by the STM and SQUAP teams research activities.
During the past 5 years, the STM team has developed a Spin Polarized Scanning Tunneling Microscope with Fe and Cr
depositions on tips. They achieved a detailed analysis of the role of impurities in the spin polarized signal of Cr(100) surfaces
and Cr nanostructures. They have also obtained a magnetic contrast on Co islands grown on Pt(111). They have started the
exploration of the transport through nanometric objects by analyzing the Kondo resonance of Co adatoms deposited on
ferromagnetic islands. The STM team has now focused the spin transport studies on single molecules coupled to magnetic
substrates, starting with the model C60 molecule.
In the last period the SQUAP team had a fruitfull research work on magnetism and superconductivity of oxides. In the field of
high Tc cuprate superconductors they have been able to show the connection between the critical temperature of the
superconducting transition with the energy from the superconductive gap. The team has initiated a new research project on
the new iron-pnictides superconductors, focusing on the interplay between structural, magnetic and superconducting
degrees of freedom. Finally, they have started a new research activity on the multiferroïc compounds very promising for the
development of spintronic. They had an immediate strong international impact by studying the new excitations created by
the mixing of spin waves and optical phonons, the elctromagnons. Moreover, the team has also analyzed the properties of
quantum electron liquids in 2D heterostructures, in particular they have studied the spin degree of freedom in 2D electronic
phases of GaAs based heterostructures by resonant Rayleigh and Raman scattering techniques.
The most important results that we have obtained in the axis “Magnetism and spintronic” are:
-

Role of impurities in the spin polarized signal of Cr(100) surface and Cr nanostructures (J. Lagoute, J. of Phys.: Cond.
Mat. 2011).
Kondo resonance splitting of Co adatoms deposited on ferromagnetic islands induced by the exchange interaction
(L. Kawahara, PRB 2010).
Influence of the coherent fraction of the Fermi surface where Bogoliubov quasiparticles are well defined on the critical
temperature of high Tc cuprate superconductors (S. Blanc, PRB. 2010).
Impact of the spin density wave order in preventing the development of superconductivity in selected k-space regions
of Ba(Fe1-xCox)2As2 (L. Chauvière, PRB 2010).
Control of the energy of the spin waves by an electric field (P. Rovillain, Nature Materials 2010).
"Stripping" of an electromagnon by Raman spectroscopy under magnetic field revealing the double character (polar and
magnetic) of an electromagnon (P. Rovillain, PRL 2011).
Demonstration of competing spin-polarized and unpolarized phases in the second Landau level in 2D heterostructures
(T. D. Rhone, PRL 2011).
4.

Quantum Optoelectronic

Several important results have been achieved in this research axes from three groups THEORY, DON and QUAD. It is worth
mentioning that during the past five years 4 European projects were granted to finance this research axe: 2ERC (ADEQUATE
Advanced grant, Carlo Sirtori, GANOMS, Young investigator, Ivan Favero) and projects and 2 STREP-FET projects (TRESURE,
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Giuseppe Leo; TERACOMB, Stefano Barbieri). We underline the fact that the two ERC projects have been financed on two new
line of research that we have launched in the past contract: the opto-mechanical coupling in semiconductor resonators
(DON-THEORY) and the design of semiconductor devices operating in the strong coupling regime.
The most important results that we have obtained in the axe “Quantum Optoelectronic” we recall:
The demonstration of record level coupling between photons and nano-mechanical motion in GaAs disk resonators (Ding
et al, PRL 2010).
The electrical injection of cavity polaritons in semiconductor quantum devices (Sapienza et al PRL (2008)).
The achievement of the ultra-strong coupling regime at THz frequencies (Todorov et al, PRL 2009).
The demonstration of coherent control of the emission frequency and the phase of single-mode or multi-mode QC
lasers. (Barbieri et al. Nature Photonics 2010).
The theoretical investigation on magnetopolariton excitations (Scalari et al., Science, 2012).
Study on the feasibility of THz sources based on GaAs nonlinearity and strong optical confinement in high-Q
whispering-gallery-mode resonators (Andronico et al. Opt. Lett. 33, 2008).
5.

Quantum Information and communication

This axis is developed by three groups: IPIQ, DON, THEORY. The experimental approach brought to the demonstration of
novel devices (surface ion traps, semiconductor sources of entangled photons) developed thanks to the technological
know-how of MPQ and its clean room facility. From a theoretical point of view different kinds of protected qubits have been
investigated. A strong interaction between experimentalists and theoreticians has grown during the past five years leading to
original proposals that could be implemented in MPQ future experiments. This collaborative effort has been supported by
several grants among which we mention: Sesame Project 'Quantum Communications' (IPIQ-DON); International ANR 'HIDE'
(DON-THEORY); IUF grant (S. Ducci, DON).
Among the most important results obtained in the axis “Quantum Information and communication” we can recall:
Demonstration of a semiconductor source of two-photon state at 300 K and telecom wavelength with quantum
characterization of the emitted photons: two-photon interference via a HOM experiment and violation of Bell
inequalities (Caillet X. et al., Optics Express 2010)
Demonstration of a micro-fabricated surface trap chip in which we loaded two-dimensional ion Coulomb crystals for
quantum simulations(Szymanski et al., Appl. Phys. Lett. 2012)
Theoretical investigation of novel quantum gates based Josephson fluxonium atoms inductively coupled to a
transmission line resonator (Nataf P, and Ciuti C., Phys . Rev. Lett. 2011)
Theoretical proposal of robust initialization and manipulation protocols for protected qubits based on cold trapped ions
(Coudreau T. et al, Phys. Rev. Lett. 2011)

-

6.

MPQ technological platform

Point 6 was a striving project including the realisation of a Clean Room for the fabrication of quantum devices and the setting
up of a Transmission Electron Microscope (TEM) with sub-angstrom resolution. These two collective projects for the
laboratory were the mark of our ambition to explore fundamental quantum physics with technological visions. We are very
proud of the completion of this platform and thankful to the University and the CNRS for their support.
The installed TEM is the JEOL- ARM200F, equipped with an aberration corrector and a cold field emission gun. This extremely
bright and coherent electron source (energy spread of only 0.25eV) combined with revolutionary electron optics extend the
information limit to 0.07nm. The performances of this unique microscope open up new ways to characterise atomic
structures with single atom sensitivity and provides a “clear vision” of the nano-world.
The Clean Room at MPQ (part of Paris-Centre Consortium) is equipped with state-of-the-art resources to support nanoscale
science and technology projects of the MPQ research teams, offering a large set of nanofabrication technological tools.
Moreover, dedicated staff provides technical assistance and equipment maintenance and help young users to be acquainted
with processing fabrication. It is important to remind that this facility is widely open to educational projects.

a.3

Visibility and Academic reputation

Our collaborative activity has been very rich in the past 5 years. Our most important collaborations have been already
described in session a.1. We add in the annex a quite exhaustive list of our collaborations.
Our academic reputation has been steadily growing in the past few years. We have been able to participate or lead very
important scientific consortia, with top class partners. Our capability in conceiving and managing research programmes is a
proof of our success in this direction. A detailed list of our contract can be found at the section 4. – Partenariatsnationaux,
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européensetouinternationauxdepuis le 1er janvier 2007 of the .xlsx file.
Our point, proof of our visibility, is the number of stages and thesis that take place in our lab.
Here below we give some indication of our scientific attractiveness and reputation.
-

a.4

Participation to the Labex SEAM
44 National projects
16 International projects
15 Number of conferences organised by members of the lab.

Interactions with the social, economic and cultural environment

Our laboratory is conceived and animated, by the director and in particular by his members, as a “University Laboratory”. In
our vision a “University Laboratory” is obviously a centre that producesexcellent research, but not only. It is also a centre of
thoughts and ideas which has for mission the transfer and diffusion of knowledge toward society in the broadest sense: be it
the citizens, cultural institutions or the industrial word. Said so, it is important to avoid any confusion that this definition
could bring. A “University Laboratory”, in our terms, does not have to be understood as the antagonist of a “CNRS
Laboratory”, on the contrary many CNRS employs contribute very actively to this interpretation. The words university, here,
reminds only the universal character of the work accomplished by their members, in terms of teaching, research
management, direction of different scientific associations, outreach and advertising scientific culture to high school or to
general public, …
We remind here a few of our most important interactions:
-

a.5

Historical collaboration with THALES (in particular TRT) on quantum devices such QWIPs and QC Lasers
Partnership with JEOL for the advancement of TEM
Partnership with the Ile de France for the management of C-Nano IdF.
Presidency of the SFP section Paris
Many important administrative charges in the Faculty of Physics (and beyond)
Always a very active participation to the “Fête de la science”

Organization and animation of the group

The laboratory is very involved in the scientific animation, either for internal purpose or dedicated to a larger audience.
Scientific exchanges are developed by organizing a one hour seminar every two weeks given by an invited speaker, coming
from France or abroad. Every two months, the lab also organizes a short internal seminar on important yet unpublished
results, followed by informal discussions around a coffee. This allows the members of the lab to know the latest scientific
news. Every two years, such an interaction is developed at a larger scale by the organization of two or three full days of
scientific presentations and interactions. These MPQ days generally stand far from the lab (Guerande and Firenze for the last
two ones) in order to create a friendly atmosphere, strengthening the links between members, beyond science. Another
important feature of the scientific animation is our communication towards the scientific community and the large audience.
All the important published results are explained in few sentences and illustrated on the web page (news of the lab, typically
one every two or three months) and, if judged of enough importance by the director, sent to the CNRS or University
communication office. In 2010, we have decided to produce an annual MPQ international newsletter containing few
highlights of the lab. This letter is sent in France and abroad, to scientific collaborators and directors, in order to increase
our international visibility. Some members of the lab are also very active on the popularization of quantum phenomena and
nanosciences, mainly for events in Paris. The greatest impact has been obtained by the making of a superconducting
levitating surf (MagSurf) by the SQUAP team in 2011 for celebrating the centenary of superconductivity. With the help of the
Paris Diderot communication and culture staff, 2 videos have been done, around a million views on YouTube. The Magsurf
was presented in scientific museums (Palais de la découverte, Musée des Arts et Métiers…) and at the annual event « Fete de
la Science ». More than 4000 people have levitated on it, and millions of people have seen it on TV during the three scientific
TV shows we have participated to (France 5 "On n'est pas que des cobayes", France 3 "Incroyables Expériences", Antena3
(Spain) "El Hormiguero"). This event was also spread on internet (more than 40 french websites and 50 abroad), in TV
journal (TF1), on radio (France inter…) and magazines (Science et Vie Découverte,…). Several others movies have been
realized in the laboratory, such as ‘the MPQ lab’, ‘the clean room’, ‘the SUPERTEM’, ‘the superconductivity’…
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a.6

Implication in educational training by research activities

(This paragraph is edited in french to avoid translation mistakes in the terminology)
Le projet de laboratoire Matériaux et Phénomènes Quantiques, initié au début des années 2000, a été indissociable de la
refondation du département de Physique de l’Université Paris Diderot, constituant la base d’un équilibre thématique et
pédagogique avec les laboratoires Matières et Systèmes Complexes et Astroparticules et Cosmologie. Le laboratoire est
largement constitué d’enseignant-chercheurs qui se sont très fortement impliqués dans la création de nouveaux cours dédiés
à l’enseignement de la Physique Quantique et de la Physique de la Matière Condensée et plus généralement du
renouvellement de nos maquettes d’enseignement en Licence et Master. Dans la période 2007-2012, notre implication dans
les formations par la recherche a été particulièrement importante. Les deux filières généralistes de première année de
Master, le ‘Magistère de Physique Fondamentale’ et ‘Physique de la Matière et Applications’ ont été animées par Vincent
Repain et Yves Garreau. Parmi les réussites pédagogiques marquantes, on peut noter les projets expérimentaux en
nanosciences, initiés par plusieurs membres du laboratoire. Ceux-ci permettent aux étudiants d’utiliser des équipements de
pointe en recherche comme les spectromètres dans le visible et l’infrarouge, la salle blanche, des microscopes AFM et STM
ou un microscope électronique à transmission. L’implication forte de plusieurs enseignants de MPQ dans ces projets participe
à l’animation scientifique du laboratoire par le biais de l’enseignement.
Au niveau de la deuxième année de Master, le laboratoire MPQ s’est particulièrement investi dans la création d’unités
d’enseignement et le développement du Master ‘Dispositifs Quantiques’, dirigé par Sara Ducci. Ce Master est devenu
récemment international suite à la signature d’un partenariat avec l’école polytechnique de Turin et la création d’une
spécialité commune permettant l’échange d’étudiants. Des discussions sont actuellement en cours avec d’autres partenaires
pour élargir le bassin de recrutement de ce Master. Le laboratoire propose naturellement un certain nombre de contrats
doctoraux aux étudiants de ce Master, qui peuvent poursuivre également en doctorat dans l’ensemble des laboratoires de
matière condensée de la région parisienne, voire au-delà. Plusieurs membres du laboratoire participent fortement à la
formation et la gestion au sein de la nouvelle Ecole d’Ingénieur Denis-Diderot dirigée par Giuseppe Leo. Notons également
l’implication importante de plusieurs membres du laboratoire dans la création et le développement d’une deuxième année
de Master ‘Ingéniérie Pour les Energies’, dirigé par Maximilien Cazayous. Enfin, les membres du laboratoire participent à
plusieurs écoles doctorales, à savoir l’ED 518 (Matières Condensées et Interfaces de Paris 7, dirigée par Thomas Coudreau
membre du laboratoire) et l’ED 107 (Ecole doctorale de la Région Parisienne), en tant qu’enseignants ou membres de
conseils.
Le laboratoire MPQ est particulièrement actif dans l’accueil des étudiants de Master 2 (32). Avec l’aide financière de l’UFR
de Physique, le laboratoire rémunère tous ses stagiaires effectuant un stage dont la durée ouvre à rémunération. Le
laboratoire accueille de nombreux doctorants (30) financés par des sources très variées (Ministère, DGA, AMX, Soleil, ANR,
CNano, BDI CNRS, ERC,…) et provenant de différents masters de la région parisienne (Dispositifs Quantiques, Concepts
Fondamentaux de la Physique…). Le laboratoire, de par son rayonnement et les collaborations tissées avec les institutions
étrangères, attire également des doctorants en cotutelles et post-doctorants étrangers (chinois, indien, italien, japonais...).
Dans le cadre de la formation des doctorants, le laboratoire MPQ a mis en place des séminaires réguliers fait par et pour les
doctorants et organise tous les ans une journée des thésards (tous les deux ans couplée aux journées du laboratoire) où les
doctorants de 3ème année présentent à l’oral leurs résultats à l’ensemble du laboratoire tandis que les autres doctorants
présentent des posters. Le laboratoire incite également les équipes à permettre à leurs doctorants de présenter leurs
résultats à l’oral dans des conférences internationales.

a.7

Hygiene and safety

(This paragraph is edited in french to avoid translation mistakes in the terminology)
Bilan des accidents et incidents survenus dans l'unité et mesures prises
Un accident a eu lieu pendant la période concernée. Un agent est tombé sur un sol glissant dans le hall du bâtiment, se
blessant à un genou. Cet accident a été déclaré comme accident du travail et a donné lieu à un arrêt de travail de 15 jours.
Le fait que ce sol puisse être glissant a été répercuté au service technique et est en cours de traitement.
Identification et analyse des risques spécifiques rencontrés dans l'unité. Dispositions mises en œuvre en fonction des
risques. Priorités retenues.
Hormis les risques généraux (risque incendie, risque électrique…), certains risques sont spécifiques à l’activité du
laboratoire :
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- le risque laser. Des lasers commerciaux de classe 1 à 4 sont utilisés au laboratoire.
Au vu de l’importance du « parc » laser au laboratoire et du nombre de personnes concernées, la gestion du risque laser a
constitué une priorité pendant la période. Les actions suivantes ont été menées : balisage des pièces (pictogrammes, signaux
lumineux), installation de rideaux pour aménager des sas d’entrée et séparer les différents bancs d’expériences, installation
de capotages et / ou d’écrans de protection autour des bancs optiques. Les postes de travail sont munis des lunettes de
protection associées.
- le risque chimique. La salle blanche mise à part, il s’agit essentiellement d’une utilisation ponctuelle de solvants
(acétone, éthanol, méthanol) pour le nettoyage de petites pièces utilisées sur les bancs d’expériences.
Deux pièces de stockage de produits chimiques ont été mises en service pour les trois laboratoires qui occupent le bâtiment
de physique. Pour limiter les stocks, les produits chimiques les plus courants sont achetés directement au service Hygiène et
Sécurité de l’Université. La collecte des déchets est assurée par le même service.
Les petits flaconnages de solvants (le plus souvent des pissettes) sont tolérés sur les paillasses sèches des laboratoires. Pour
améliorer la sécurité autour de ces flacons, des bacs de rétention et bidons de récupération sont exigés.
Deux sorbonnes sont disponibles au laboratoire pour les manipulations plus lourdes. Les manipulations de produits dans la
salle blanche (solvants, acides, bases) se font sous sorbonnes.
- le risque lié à l’utilisation de fluides cryogéniques. Les fluides cryogéniques utilisés au laboratoire sont l’azote liquide
et l’hélium liquide. Ils sont transportés dans des containers de 50 à 100litres.
- le risque lié à l’utilisation de bouteilles de gaz. La salle blanche mise à part, il ne s’agit que de gaz neutres (argon,
azote, hélium) et d’une cartouche d’oxygène. L’installation des gaz dangereux utilisés dans la salle blanche est
complétée par un système de détection.
- le risque lié à l’utilisation de machines et appareils dangereux. Cela concerne essentiellement l’atelier de mécanique
qui comporte deux tours, une fraiseuse, une perceuse à colonne, un touret et une scie à ruban. On recense également
deux perceuses à colonne pour l’atelier d’électronique.
Rappelons que pour la remise en route des machines de l’atelier de mécanique après le déménagement de l’unité, il a été
fait appel à un organisme certifié (APAVE) qui est en fait venu, non pas pour un simple un examen de montage, mais pour une
vérification de la conformité des machines.
Pour l’ensemble des risques spécifiques cités, citons parmi les actions menées pendant la période couverte par ce rapport :
-

l’affichage des consignes de sécurité aux postes de travail (utilisation de lasers, de liquides cryogéniques, de produits
chimiques, de machines outils)
la distribution d’équipements individuels de protection
l’affichage de fiches de risques sur les portes d'entrée des laboratoires
la mise en place d’une rubrique « Hygiène et Sécurité » dans l’intranet du laboratoire
l’amélioration de la procédure pour le travail en dehors des heures ouvrables

Fonctionnement des structures d'hygiène et de sécurité propres à l'unité (ACMO, comité spécial d'hygiène et de
sécurité, personne compétente en radioprotection…).
L’unité dispose d’un assistant de prévention (Pascal Filloux) depuis le début de l’année 2006, ayant effectué la formation
initiale d’ACMO fin 2005.
L’unité dispose d’un règlement intérieur, d’un registre d’hygiène et de sécurité, d’un registre spécial danger grave et
imminent. Le règlement intérieur contient un paragraphe « Hygiène et Sécurité » ainsi qu’un paragraphe sur les dispositions
en cas de travail isolé ou en dehors des horaires normaux.
Il n’y a pas de comité spécial d’hygiène et de sécurité au laboratoire. Le CSHS est celui de l’Université.
D’une manière plus générale, et comme cela a été évoqué pour la gestion des produits chimiques, il y a une volonté forte des
trois laboratoires du département de Physique pour travailler ensemble dans le domaine de l’hygiène et de la sécurité.
Dispositions mises en œuvre pour la formation des personnels et notamment des nouveaux entrants (y compris
stagiaires, doctorants…)
La formation des personnels, des nouveaux entrants notamment, est assurée par les tutelles qui proposent régulièrement des
cycles de formations hygiène et sécurité. Ceux-ci sont composés d’un tronc commun obligatoire (organisation de la sécurité,
médecine de prévention, conduite à tenir en cas d'accident, risques électriques et risque incendie) et de modules relatifs aux
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risques spécifiques décrits plus haut (risque chimique, utilisation des gaz comprimés, risque laser…).
Des formations à la manipulation d’extincteurs sont également régulièrement organisées.
Au niveau du laboratoire, au minimum une fois par an, une réunion d’accueil est organisée pour les nouveaux entrants. Lors
de cette réunion, une intervention porte sur les points essentiels en matière d'hygiène et de sécurité (organisation, risques
rencontrés au laboratoire, conduite à tenir en cas d’accident). Il s’agit ici d’informer et de souligner l’importance des
formations hygiène et sécurité.
Un guide relatif à l’hygiène et la sécurité, « Consignes et règles générales de sécurité », a été rédigé. Il reprend les différents
risques présents au laboratoire, les moyens de s’en protéger et les conduites à tenir en cas d’accident ; il invite chacun à
s’informer plus avant sur les risques propres à son activité. Ce guide est remis à chaque nouvel entrant avec le livret
d’accueil du laboratoire. Une procédure d’émargement sera également mise en place.
Evidemment, le responsable de l’équipe d’accueil est, lui, tenu de présenter aux nouveaux entrants de manière plus
particulière les expériences de l’équipe avec les risques associés.
Enfin, mentionnons la transmission annuelle de la liste des personnels du laboratoire au service médical de l'Université.
Problèmes de sécurité qui subsistent et moyens envisagés pour les résoudre.
Trois points principaux ont été identifiés.
Certaines actions restent à mener en matière de sécurité laser. En effet, il est nécessaire de finaliser ou de revoir la mise en
sécurité des expériences et des salles où sont utilisés des lasers, notamment parce que certains aménagements
expérimentaux ont évolué avec le temps.
Aussi, une note sera rédigée prochainement sur le choix des lunettes de protection laser.
Un second point est lié à l’utilisation des machines-outils. La seconde visite de l’APAVE pour valider les corrections apportées
suite aux remarques faites lors de la première visite n’a finalement pas pu être organisée. Cela doit être mené à bien
maintenant.
Le dernier point concerne l’utilisation des fluides cryogéniques. Les ascenseurs et monte-charges du bâtiment ne sont pas
adaptés au transport de ces produits et la nécessité de mettre en place des détecteurs d’oxygène dans les pièces où ils sont
utilisés doit être vérifiée.
D’autres actions sont à mener dans le but de consolider l’existant ou de remettre à jour certaines actions antérieures. Il
s’agit par exemple de redonner les consignes et d’insister auprès des agents sur la nécessité de porter les équipements de
protection individuelle.

b. Analysis of the laboratory resources
b.1

Human ressources

Our laboratory is composed of about 50 permanentsand about 100 members all together, without taking into account short
term stages (less than 6 month). The exact numbers as per today and divided in the different categories are:
-

11 CNRS researchers
24 EnseignantsChercheursUniversitaires
12 Technical staff where 3 for the administration and 9 in support to the research
45-50 PhD students and Post-docs

The number of non-permanents is a very good indicator of our attractiveness. Each researcher is in fact assisted by more than
two young researchers.
The laboratory personnel have been steadily increasing until 2010, when we reached 100 people. Our capacity of growing is
today fully limited by the available surface of the lab which is of approximately 1900m2.

b.2

Budget

The budget of the laboratory has been rapidly growing until we reached 2.5 MEuros/year in 2010. Since then our budget is
consolidatedto this amount that should be constant until the end 2013.
Unfortunately our “dotation de base” is today less than 20% of the total. This has as a consequence that the pressure on the
personnel from the research contract is very important.
As an example we illustrate the 2011 budget.
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Budget 2011
CNRS :
6%

SUBVENTION ETAT = 19%
436 k€
Université :
13%

Contrats CNRS :
35%

Contrats Université :
46%

RESSOURCES PROPRES = 81%
2 028 k€

TOTAL = 2 464 k€

b.3

Shared equipment

In our laboratory we have several common facilities:
-

Clean room for nano- and micro- fabrication
Transmission electron Microscope
Mechanic workshop
Electronic workshop

We have also some equipment which is fully shared among the laboratories:
-

CVD hoven for the growth of carbon nanotubes
Wire bonding machine
Polarimeter
Ultra-vacuum He-leak detector

2. Organigramme fonctionnel et règlement intérieur
(This paragraph is edited in french to avoid translation mistakes in the terminology)
Comme nous avons déjà eu l’occasion d’en parler la structure du laboratoire est composée de 8 équipes : 7 expérimentales
et une de théorie, comme illustré dans l’organigramme ci-dessous.
Dans la partie haute de l’organigramme nous pouvons aussi noter les entités administratives du laboratoire, plus la partie
administrative du C-Nano, qui est une partie intégrante du laboratoire. Sylvie Rousset sa directrice a été l’ancienne
directrice du laboratoire.
L’organe décisionnel par excellence est le conseil de laboratoire. La plus part des décisions sont prises collectivement lors
des réunions du conseil de laboratoire (quitient lieu aussi de conseil scientifique du laboratoire). Le conseil de laboratoire est
statutaire, composédans MPQ de 15 membres, de droits (2 directeur et directeur adjoint), élus (6 chercheurs et
enseignantschercheurs, 1 ITA/IATOS et 2 étudiants) et nommés (3 nommés au plus) et représentant toutesles catégories :
chercheurs et enseignant chercheur, ITA/IATOS, étudiants en thèses. Il a égalementété formé avec l’objectif que chaque
équipe y soit représentée. Il se réunit avec une fréquenced’environ une fois par mois. La composition du conseil de
laboratoire est donnée dans le documentadministratif.
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Laboratoire Matériaux et Phénomènes Quantiques
DIRECTION
DIRECTEUR
Carlo SIRTORI
DIRECTEUR ADJOINT
Samuel GUIBAL

C’NANO IdF
Directrice
Sylvie ROUSSET (DR)
Chargé de mission
N…
Assistante Gestion
Nathalie MERLET (AI-CDD)
Assistante Communication
Amélie VERIN (AI-CDD)

ADJOINTS DIRECTION

ADMINISTRATION

CORRESPONDANTS

RESPONSABLE
ADMINISTRATIVE
Anne SERVOUZE (ASI)
SERVICES FINANCIERS
Joëlle MERCIER (ADTRF)
Jocelyne MOREAU (T)

COMMUNICATION
Vincent REPAIN
FORMATION
Cyril CHACON-CARILLO
ACMO
Pascal FILLOUX

BUDGET
Giuliano ORSO
VALORISATION
Angela VASANELLI
PERSONNEL ITA /
IATOS
Christian RICOLLEAU
LOCAUX
Guillaume WANG

Edouard BOUL AT (MCF) - Eric BRINGUIER (CR) - Cristiano CIUTI (PR) – Thomas COUDREAU (PR) - Mohammed HEBBACHE (MCF) Jean-Claude LEVY (PR) – Pérola MILMAN (CR) - Daniel MERCIER (PR) - Giuliano ORSO (MCF) – Indranil PAUL (CR)

Théorie
STM

SQUAP

IPIQ

ATELIER MECANIQUE

Cyril CHACON-CARILLO (IR)
Yves GARREAU (PR)
Yann GIRARD (MCF)
Ernest ILISCA (PR)
Jean KLEIN (PR)
Jérôme LAGOUTE (CR)
Vincent REPAIN (PR)
Sylvie ROUSSET (DR)

Maximilien CAZAYOUS (MCF)
Yann GALLAIS (MCF)
Marie-Aude MEASSON (CR)
Alain SACUTO (PR)

Samuel GUIBAL (CR)
Luca GUIDONI (CR)
Jean-Pierre LIKFORMAN (IR)

Patrick LEPERT (T)
Martial NICOLAS (AI)

TELEM

Vincent BERGER (PR)
Laetitia DOYENNETTE (MCF)
Sara DUCCI (PR)
Filippo GHIGLIENO (IR-CDD)
Georges LAMPEL (DR)
Giuseppe LEO (PR)
Ivan FAVERO (CR)

Maria-Luisa DELLA ROCCA (MCF)

Philippe LAFARGE (PR)

Me-ANS
Damien ALLOYEAU (CR)
Jaysen NELAYAH (MCF)
Christian RICOLLEAU (PR)
Guillaume WANG (IR)

ATELIER ELECTRONIQUE

DON

QUAD

Marc APFEL (IE)
Alain CANGEMI (ADT)
SALLE BLANCHE
Responsable scientifique :
Philippe LAFARGE, PR
Pascal FILLOUX (IGR)
Christophe MANQUEST (IE)
Stephan SUFFIT (IE)

Maria AMANTI (MCF)
Stefano BARBIERI (CR)
Carlo SIRTORI (PR)
Yanko TODOROV (CR)
Angela VASANELLI (MCF)

UMR 7162 – 10/09/2012

INFORMATIQUE
N…

Pour garantir un dynamisme scientifique le laboratoire s’est doté d’une gestion efficace et transparente composée de deux
structures :
-

Une équipe de direction formée du directeur, l’assistante à la direction, le directeur adjoint et les adjoints à la
direction (la partie administrative du laboratoire). Cette équipe se réunit une fois par mois environ. Elle est la
garante du fonctionnement démocratique du laboratoire. Le directeur en est le porte-parole et incarne le pouvoir
exécutif du conseil.

-

Une équipe de gestion financière qui assure le suivi des commandes et des contrats.

L’Equipe de Direction du Laboratoire Matériaux et Phénomènes Quantiques a été constituée en janvier 2011 par Carlo
SIRTORI, lors de sa prise de fonctions en qualité de Directeur.
L’Equipe de Direction a pour mission d’assurer le fonctionnement du laboratoire et se réunit en amont des Conseils
Scientifiques pour préparer les ordres du jour, débattre sur des points matériels et factuels. Elle aide aussi aux prises de
décisions de manière réactive et efficace.
Membres de l’Equipe de Direction
Mission
Directeur
Directeur adjoint
Responsable administrative
Budget
Responsable ITA/BIATOS
Responsable locaux
Valorisation
ACMO
Communication, site web
Formation permanente

Nom du responsable
Carlo SIRTORI
Samuel GUIBAL
Anne SERVOUZE
Giuliano ORSO
Ludovic VEZIEN
Christian RICOLLEAU
Guillaume WANG
Angela VASANELLI
Pascal FILLOUX
Vincent REPAIN
Cyril CHACON-CARILLO
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Individual teams reports
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DON Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff: Giuseppe Leo (PR), Sara Ducci (PR), Ivan Favero (CR1), Vincent Berger (PR), Laetitia
Doyennette (MCF)

a. Activities and results
The Nonlinear Optical Devices (DON) team was founded by Vincent Berger in 2003 and has been coordinated by Giuseppe Leo
since 2007. The group focuses its investigations on quantum and optical engineering of nonlinear photonic devices on chip.
We work on the design, fabrication and characterization of semiconductor waveguides and microcavities for parametric and
quantum light generation, frequency conversion and optomechanical phenomena, as well as on the modeling and
characterization of mid-infrared detectors like QWIPs and quantum cascade detectors (QCDs). In all these subjects we
consistently conjugate our focus on fundamental aspects - like Bell-states study, radiation-induced cooling of mechanical
quantum systems or electronic transport in heterostructures - with novel device functionalities like compact tunable sources
in specific frequency ranges or ultra-sensitive microcavity sensors. Our activities mostly rely on similar design and
experimental techniques, and they share the AlGaAs platform, which combines the advantages of direct gap, high quadratic
nonlinearity and broad transparency range, with the technological maturity. We typically operate in the CW or quasi-CW
regime, at wavelengths ranging from the near to the far infrared (0.775 µm <  < 100 µm), with a special focus on the telecom
band. Our research benefits from the technological development that is possible in our new clean room (e.g. for the
processing of high-Q microcavities and low-loss oxidized waveguides) and from the availability of the SuperTEM to
microscopically investigate our devices. Finally, our experiments are strongly supported by an intense activity of
electromagnetic modeling, and we are all committed to long-term technological transfer.
Our research activity is organized in four different axes:
1.
2.
3.
4.

Parametric generation in semiconductor microstructures
Semiconductor sources of quantum light at room temperature
Micro- and Nano-optomechanics
Mid- and far-infrared detection

a.1 State-of-the-art and international positioning
As we will detail in the following, the DON group is at the state of the art in all of the above four axes. We are convinced that
this is correlated with our strategic choice of AlGaAs system, as a common base of theoretical, experimental and
technological culture. For this reason, we believe that the recently established SEAM Labex provides us with an optimal
framework, combining material and device sensibilities. Another apparent specificity of DON is the spectrum of its research
activities, which is considerably broader than for other groups of our size that operate in the domain of photonics.
Because of its broad and transversal aggregation around AlGaAs advanced photonics, DON has a multiple positioning relative
to different French-driven thematic networks: nonlinear optics (CM2O+), THz (GDR-I), quantum optics (GDR IQFA, GDR-I
QMAP), and nanomechanics (OMNT NEMS experts group. Within this context, our main national partnerships are with some of
the most known actors in MBE growth and front-end technology (LPN, CEA and Alcatel-Thales 3-5 Lab), while at an
international level we have solid collaborations with the groups of M. Kamp (Würzburg, for AlGaAs technology), P. Jepsen
(Copenhagen, for THz measurements and simulations), E. Weig (Munich, for nanomechanics), H.C. Liu (Shanghai, for THz
quantum well infrared detection), H. Schneider (Dresden, for expertise on quantum well infrared detectors).
Today, our main competitors are at the international level: for axes 1 and 2, they are the group of M. Fejer at Stanford, of P.
Kuo at NIST, of A. Helmy in Toronto, of G. Weihs in Innsbruck; for axis 3 the group of O. Painter at Caltech and H. Tang at Yale
and for axis 4 the group of G. Strasser (Vienna), the group of H. Mohseni (Chicago), the group of S. Krishna (Albuquerque USA)
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a.2 Scientific production
Highlights:
In the past years we have got few important results. The highlights of our group are presented here below for the four
different axes
- Demonstration of a record level of optomechanical coupling and record optical read-out of GHz nanomechanical motion in
GaAs whispering gallery resonators.
1) “High Frequency GaAs Nano-Optomechanical Disk Resonator’”
L. Ding, C. Baker, P. Senellart, A. Lemaitre, S. Ducci, G. Leo, and I. Favero Phys Rev. Lett. 105, 263903 (2010).
- Demonstration of a semiconductor source of two-photon state at 300 K and telecom wavelength with quantum
characterization of the emitted photons: two-photon interference via a HOM experiment and violation of Bell inequalities.
2) “Semiconductor ridge microcavity source of quantum light at room temperature”
X. Caillet, A. Orieux, A. Lemaitre, P. Filloux, I. Favero, G. Leo, S. Ducci Optics Express 18, 9967 (2010).
- Assessment of a novel integrated CW THz emitter on chip, based on difference-frequency generation in an AlGaAs
electrically-pumped microcavity containing self-assembled quantum-dots.
3) “Integrated terahertz source based on three-wave mixing of whispering-gallery modes”, A. Andronico, J. Claudon, J.-M.
Gérard, V. Berger, and G. Leo, Opt. Lett. 33, 2416 (2008).
- Implementation of Quantum Cascade Detectors for the long and very long infrared wavelength with the complete modeling
of electronic transport and noise in these intersubband photodetectors
4) “Dark current analysis of quantum cascade detectors by magnetoresistance measurements”
A. Gomez, N. Péré-Laperne, L-A. de Vaulchier, C. Koeniguer, A. Vasanelli, A. Nedelcu, X. Marcadet, Y. Guldner, V.Berger.
Physical Review B, 77, 085307 (2008).
Publications, conferences and patents (2007-2012)
A detailed list of all our production is in the dedicated annex:
-

49 peer reviewed publications in international journals
4 book chapters
19 Invited presentations at international conferences
108 presentations at national and international conferences
2 patents

Report on the research activities
Parametric generation in semiconductor microstructures
Our research on this axis is focused on the demonstration of new schemes of CW optical frequency generation, parametric
generation and parametric amplification, based on non-resonant  (2) of AlGaAs microstructures. Our sources operate at 300
K from near- to far IR, and they rely on different phase-matching (PM) techniques developed by our group.
Here we report on the main results obtained with: parametric generators in near- and mid-IR, based on partially oxidized
waveguides; and a microcavity for the difference-frequency generation (DFG) of THz radiation, with pump fields the
telecom band.
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The sources of the first type, fabricated by lateral oxidation of AlGaAs/AlAs
heterostructures, can be phase-matched via the form birefringence induced by the
index contrast between AlGaAs and aluminum oxide (AlOx). Thanks to this
technique, we have achieved record efficiencies of semiconductor waveguides, i.e.
η≈1200% W-1cm-2 with 100 mW pump, for both degenerate parametric generation at
2 µm1 and SHG with 1.55 µm pump wavelength.2 These figures are to be
appreciated with respect to a very competitive context where our competitors use
other PM schemes. Our common stake is actually the demonstration of a monolithic
optical parametric oscillator (OPO), which stays a major goal of photonic research,
after more than 50 years from the birth of nonlinear optics. This delay is basically
due to the difficulty of combining efficient PM schemes with low optical losses. In
the case of AlOx waveguides, we have singled out two regimes for the losses, in
collaboration with the MEANS team and LPN: 1) for photon energies lower than 70%
of AlGaAs bandgap, such losses are dominated by the roughness-induced diffusion
at AlGaAs/AlOx interfaces, and they are lower than 1 cm-1;3 2) for energies closer
to the gap, they increase exponentially and are dominated by Urbach tails due bulk
defects that are induced in the crystal lattice during the oxidation process.4
The second source combines the high nonlinearity of AlGaAs and the strong
optical confinement in high-Q whispering-gallery-mode (WGM) resonators. Our
concept has already made the object of 2 joint MPQ-CEA patents, and itrelies on
the PM granted by both anomalous dispersion around the Restrahlen Band and a
purely geometric quasi-PM scheme.5

Figure 1 : AlGaAs guide-resonator
microsystem for DFG with 1≈ 2≈1.3µm
DFG≈100µm.

This source will contain one or more layers of quantum dots (QDs) emitting at ≈1,3 µm and promises several advantages
with respect to existing CW THz sources, like photomixers and quantum cascade lasers: compact size; room-temperature
operation; continuous-wave output power in the microwatt range with a DFG efficiency above 10-3 W-1; customized emission
frequency from 1 to 4 THz; up-scaling of the emitted power via 2D arrays; feasibility of multi-spectral array of emitters; and
perspective of coherent detection.6 Based on comprehensive electromagnetic simulations of ours, for the last two years we
have been coordinating a high-level consortium within the EU FP7 FET projet TREASURE, including top-class partners like CEA
and the University of Würzburg, who are in charge of MBE growth and fabrication (www.treasure-project.eu). Among the
most recent results in this project, let us cite the room-temperature WGM low-threshold lasing of the QDs around 1.3 µm, the
design of a tool for the fine-tuning tool of the PM condition, 7 and the multi-spectral charactérization of the WGM resonator
(see Fig. 1).8

Semiconductor sources of quantum light at room temperature
Our activity is focused on the demonstration of compact two-photon states sources, operating at room temperature and
telecom wavelengths. These devices are based on spontaneous parametric down-conversion in semiconductor
heterostructures, by exploiting original phase-matching schemes developed by our team.
Here we report on the main results obtained with two kinds of devices: a semiconductor source of two-photon states
based on a ridge microcavity, and a laser diode designed to emit entangled photons.
The first device is based on a counterpropagating phase-matching scheme. In this geometry, a pump field (775 nm) impinges
on top of the waveguide generating two counterpropagating,
orthogonally polarized guided-wave twin photons (~1550 nm).
The integration of Bragg mirrors for the pump beam, done in
collaboration with LPN has lead to the enhancement of the
efficiency of the source of at least 2 orders of magnitude with
respect to the initial demonstration.9 This has opened the way to
the use of the source for quantum optics experiments. We have
demonstrated the indistinguishability of the two photons in a
degenerate pair through a Hong-Ou-Mandel experiment, with
85% visibility (see Fig. 2).10 More recently we have shown the
direct generation of Bell states with a raw fidelity of 0.8, which
constitutes a record for a semiconductor device at room
temperature (paper submitted to Nature). 11
Figure 2 : Two photon interference obtained with the source
counterpropagating phase–matching scheme. The HOM dip has a net
visibility of 85%.
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An international collaboration on the study of hyper-entangled states has started in 2012 in the framework of the
international ANR Project HIDE between our team, the Theory group of Laboratory MPQ, the team of Steven Walborn at the
University of Rio de Janeiro.
The diode heterostructure has been optimized to generate to lase on the TE Bragg mode at room temperature and to emit
photon pairs via intracavity parametric down-conversion. Very recently we have observed both second harmonic generation
and laser emission on an electrically pumped device.12
GaAs nano-optomechanical systems
In this axis, we study the coupling between light and nanomechanical systems integrated on a semiconductor chip.
Objectives of this research are both basic (quantum nanomechanics using optical techniques) and applied (development of
nano-optomechnical sensors).
As optomechanical resonators, we use miniature Gallium Arsenide disks
(Fig. 3). In the time period 2008-2012, we have developed two different
techniques for evanescent optical coupling to these resonators. In a first
approach, we fabricate ultra-low loss optical fiber tapers 13 that permit
to control the critical coupling conditions.14 In a second approach, we
realize semiconductor optical waveguides on the chip, which are directly
suspended in the resonator’s evanescent field to allow control of the
evanescent coupling.15
Thanks to these experimental techniques, we could demonstrate a
record level of coupling between photons and nanomechanical motion in
our GaAs disk resonators16,17 allowing an ultra-sensitive optical read-out
of the Brownian motion of these mechanical systems with GHz
frequency.

Figure 3 : SEM image of a GaAs disk resonator.

Following these first advances, we started exploring several original optical/mechanical phenomena in these resonators:
giant thermo-optical effects17 and mechanisms of air damping of the disk resonators motion, which we could probe by optical
means.18
More recently, we reached the strong coupling regime of nano-optomechanics in our GaAs resonators, as the optomechanical
self-oscillation regime. We also progressed a lot in the understanding and control of optical and mechanical dissipation of our
resonators, notably thanks to a Transmission Electron Microscope investigation that we could carryout in collaboration with
the MEANS team of our laboratory (publication to come).

Mid-infrared detection
We have achieved the first photovoltaic intersubband photodetector for the very long wavelength infrared range. This device
is a Quantum Cascade Detectors (QCD) operating at 14.3 microns. The spectral responsivity of this first AlGaAs/GaAs QCD
reaches a value of 85 mA/W at 25K and has a Johnson limited detectivity of 2.44x1011 Jones. Detection and imaging in the far
infrared encounter many applications in astrophysics and military domain that are very demanding of high performance and
large focal plane arrays. QCDs are novel devices based on a multi-quantum well structure allowing an electronic
displacement through a cascade of confined levels when photons are absorbed. In contrast to Quantum Well Infrared
Photodetectors (QWIP), QCDs are designed to operate in a photovoltaic mode (no applied bias voltage). This is very attractive
as it leads to a strong reduction of dark current that is a limiting factor for the device performance. They are also very
interesting for theoretical modeling since electron transport only occurs between confined electronic states. Based on QCDs
operating at 14 microns but also at 8 microns, we have contributed to the development of a complete modeling of the
electronic transport in intersubband (ISB) detectors in collaboration with the III-V lab. This modeling is based on a rate
equation formalism and is able to predict the spectral responsivity and the noise spectral density of ISB detectors. Our main
contribution relies on the noise modeling with two different approaches (master equation19 and equivalent electrical
circuit20). The modeling of electronic transport in ISB photodetectors and especially in quantum cascade detectors is a key
point in the development and optimization of these devices. New optimized QCD structures were performed thanks to the
equivalent electrical circuit modeling and the next step is the enhancement of the optical coupling.
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Figure 4 : Left: Spectral responsivity of a QCD at 25 K for an applied bias equal to -1.1 V. Inset: Peak responsivity at 14.3 μm as a function
of the bias. Right: Top: Experimental (Markers) and calculated (plain) dark current at 50K and 60 K. Bottom: Associated dark noise curves.

a.3

Visibility and Academic reputation

Our collaborative activity has been very rich in the past 5 years. The list indicating the main items is given below. Details on
the different actions can be found in the Appendix 2.
 Participation in the LABEX SEAM
 International projects: EU FP6 RTN POISE (01/2005–12/2008), FP7 FET TREASURE (2010-2013), International ANR
Project HIDE (2012-2015)
 National projects: NAOMI C-Nano IdF (2008-2011); Sesame Project Quantum Communications (2009-2012) ; C’Nano
Project TWILIGHT (2010-2013) ; ANR Blanc Project OPEQ (2007-2011); ANR NOMADE jeune chercheur (I.
Favero) (2010-2014)
 Exchange projects: PHC-Germaine de Stael Group of Applied Physics, University of Geneva (2008-2009); PHC-Sakura
with the Tera-Photonics Lab of Riken, Sendai, Japan (2012) ; PHC-Galileo with the University La Sapienza, Rome
(2007) ; PHC-Procope and French-Bavarian Universitary Cooperation Program with the University of Munich
(2009-2012)
 PhD thesis: 8 defenses since 2007 + 6 PhD students presently in the team
 Post-docs: 7 post-docs in the period 2007-2012 (1 is presently in the team)
 Organization of 1 conference:
 Participation to several editions of conference committees: QSIP, SPIE Photonic West Quantum Sensing and
Nanophotonic Devices, MIOMD, International seminar on Nanomechanical Systems (2011)

Expertise for European community

Referees for all the major journals in our field: Nature, Physical Review, Optics Express, Applied Physics Letters,..

a.4

Interactions with the social, economic and cultural environment






a.5

3 patents
Industrial collaboration with 3-5 Lab Alcatel Thales on the photodetection activity
Participation to the “Fete de la Science”
Participation to the “Université Ouverte” of University Paris Diderot
Co-organization of the Paris Diderot ‘Summer European University’ 2009 « Observation and thought »

Organisation and animation of the group

Group meetings are held once per month with all the members of the team: in a first part of the meeting students and
post-docs presents briefly their recent results, in a second part we discuss issues concerning experimental equipment and we
identify possible synergies on specific modeling questions and characterization techniques.
The permanent staff is gathering on a week base. In the first part of the meeting we deeply go into the details of the work of
a PhD or postdoc; in a second part we have scientific discussion on ongoing research, project calls, and our strategy of
dissemination of results.
Every other year of the ‘MPQ days’ the group organizes a two-days seminar to strengthen the scientific and human bonding.
All team members are invited and main collaborators from other groups (for example: LPN laboratory, clean room
engineers…).
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a.6

Implication with the social , economic and cultural environment

Our group hosts several PhDs, Post-docs and short-term interns from L3 to M2 each year.
Moreover we have always been considerably involved in relevant actions concerning teaching management (with e.g. the
creation and direction of the Denis Diderot School of Engineering and of the Master on Quantum Devices), and broader
educational activity (participation to the annual “Fête de la Science”).

b. Analysis of group resources
b.1

Human resources

Our group is composed of 5 permanents researchers and 1 Research Engineer. In the past five years we have been recruiting
one CNRS researcher to support the new line of research on quantum nano-optomechanics. As explained in the scientific
project section, the group constitution is in a phase of evolution since Laetitia Doyennette has announced her departure
within October 2012 and Vincent Berger has announced a leave from his research on photodetection.
Current members:
Staff: Giuseppe Leo (PR), V. Berger (PR), Sara Ducci (PR), Ivan Favero (CR1), Laetitia Doyennette (MCF), A. Andronico (IR,
CDD)
PhD students: C. Baker (2009-), A. Delga (2009-), S. Mariani (2011-), A. Orieux (2009-), D. Parrain (2010-), M. Savanier
(2009-)
Post-docs: Andreas Eckstein (2012-)
Former members within the laps 2007-2012:
Staff: Jean Pierre Likforman
PhD students: A. Andronico, T. Antoni, A. Buffaz, X. Caillet, M. Carras, A. Gomez, E. Guillottel, C. Koeniguer, E. Lhuillier,
M.Ravaro
Post-docs: M. Le Dû, L. Ding, F. Ghiglieno, E. Baldit, C.E.R. Souza.

b.2

Budget

The budget raised by our group through different contracts during the period 2007-2012 is around 1.6 M€ + 8 PhD fellowships
(CIFRE, DGA, Ministry of Education, CNRS,..)

b.3

Shared equipment

We share an open space lab of 120m2 in which we have all our characterization equipment.
Our group is among the main users of the clean room and we have an on-going activity with the SUPER-TEM through the
MeANS group.
List of majors equipment: 6 optical tables, 2 Ti-Sa lasers (CW and pulsed), several external cavity telecom lasers, 2 cryostats,
1 FTIR, optical and electrical spectrum analyzers, detectors for different wavelength ranges (bolometers, SPAD, IR and VIS
CCD, photodiodes), etc…
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QUAD Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff : Carlo Sirtori (PR), Angela Vasanelli (MCF-HDR), Yanko Todorov (CR2), Stefano
Barbieri (DR2-HDR), Maria Amanti (MCF)

a. Activities and results
The group Quantum Physics and Devices (QUAD) has been founded by Carlo Sirtori in 2003. The group focuses its
investigations on quantum engineering of infrared optoelectronic devices with new functionalities. We work on the
conception, realisation and characterisation of low dimensional structures providing artificial effective confinement for
electrons and photons. Intersubband devices (based on transitions between confined states of semiconductor quantum wells)
are at the heart of our activity. We study unipolar devices, operating in a wide wavelength range, from the mid to the far
infrared (4 µm <  < 500 µm). Our research is strongly connected to the technological development in clean room
environment, in particular for the process and fabrication of semiconductor devices. Our research is also strongly supported
by an activity of design and modeling of the devices, in terms of electronic transport, optical properties and light-matter
interaction. Finally, our researcher activity is strongly linked to long term technological transfer projects.
Our research activity is organized following three different axes:
- Light-matter strong coupling regime
- THz photonics
- Mid-infrared optoelectronics

a.1 State-of-the-art and international positioning
In France, there are three groups working on similar topics: the group of R. Colombelli at IEF (Orsay), that of J. Tignon at
LPA-ENS, that of R. Teissier and A. Baranov at IES (Montpellier). We have a long standing collaboration with all these groups
and, with most of them, a very high rate of success at national calls for proposal. At the international level, several groups
work on intersubband physics and on the realization of mid and far infrared emitters. Among the most important ones are the
group of J. Faist (ETH), that of A. Tredicucci (SNS-Pisa), and the groups of F. Capasso (Harvard), Q. Hu (MIT) and C.
Unterrainer (TU-Vienna). Also in this case we collaborate with some of these groups in European projects. Our group has a
clear international notoriety in the three axes mentioned above. In particular, in the last four years we had important results
on the realization of devices operating in the light-matter strong coupling regime and on the coherent control of THz
quantum cascade lasers (QCLs).

a2. Scientific production
Highlights:
In the past years we have got few important results. The highlights of our group are presented here below for the three
different axes
- Demonstration of the first electroluminescent device operating in the light-matter strong coupling regime up to room
temperature. In this intersubband device the polariton states are populated in resonance with the energy of the injected
electrons.
1) “Electrically Injected Cavity Polaritons”
L. Sapienza, A. Vasanelli, R. Colombelli, C. Ciuti, Y. Chassagneux, C. Manquest, U. Gennser, and C. Sirtori; Phys. Rev. Lett.
100, 136806 (2008)
- Demonstration of the ultra-strong coupling regime in the THz frequency range. In this regime, the coupling energy is
of the same order of magnitude (48% in our experiment) as the matter excitation energy. We achieved this regime thanks to
a highly sub-wavelength light confinement, in cavities based on metallic gratings.
2) “Ultrastrong light-matter coupling regime with polariton dots”
Y. Todorov, A. M. Andrews, R. Colombelli, C. Ciuti, P. Klang, G. Strasser, and C. Sirtori; Phys. Rev. Lett. 105, 196402 (2010)
- Demonstration of coherent control of the emission frequency and the phase of single-mode or multi-mode QC lasers.
Thanks to this achievement we detected coherently the radiation emitted by THz QC lasers and showed their first
mode-locking operation with pulses of approximately 10 ps length.
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3) “Phase-locking of a 2.7-THz quantum cascade laser to a mode-locked erbium-doped fibre laser”
S. Barbieri, P. Gellie, G. Santarelli, L. Ding, W. Maineult, C. Sirtori, R. Colombelli, H. E. Beere, and D. A. Ritchie; Nature
Photonics 4, 636 (2010)
4) “Coherent sampling of active mode-locked terahertz QC lasers and frequency synthesis”
S. Barbieri, M. Ravaro, P. Gellie, G. Santarelli, C. Manquest, C. Sirtori, S.P. Khanna, E.H. Linfield, A.G. Davies; Nature
Photonics 5, 306 (2011)
- Demonstration of a quantum cascade laser with an integrated modulator. The modulator is based on the optical losses
induced by a quantum well controlled by a gate electrode. In this context the device operates as an electro-optical
transceiver.
5) “Electrical modulation of the complex refractive index in mid-infrared quantum cascade lasers”
J. Teissier, S. Laurent, C. Manquest, C. Sirtori, A. Bousseksou, J. R. Coudevylle, R. Colombelli, G. Beaudoin, and I. Sagnes.
Optics Express 20, 1172-1183 (2012)
Publications, conferences and patents (2007-2012):
A detailed list of all our production is in the dedicated annex
-

57 peer reviewed publications in international journals
55 Invited presentation at international conferences
34 presentations at national and international conferences
2 patents

Report on the research activities:
Light-matter strong coupling regime
The aim of this research axis is the realization mid- and far-infrared emitters operating in the light - matter strong coupling
regime without population inversion (beyond the laser paradigm). They are based on the strong coupling between an
intersubband excitation of a two-dimensional electron gas and a cavity mode. The quasi-particles issued from this coupling
are called intersubband polaritons [dini].1 We demonstrated the first mid-infrared emitter based on intersubband polaritons
and showed that the polariton states are populated resonantly with the energy of the electrons in the injector.
In order to achieve the strong coupling regime in the THz range, we have realized metal dielectric metal microcavities (see
figure 1a). In these systems, light is confined in a highly subwavelength semiconductor layer, sandwiched between two metal
layers, the top one textured in a periodic grating of patches or stripes (see figure 1a and 1c). The insertion of doped quantum
wells between the two metal layers allowed the first observation of the strong and ultra-strong coupling2 [ciuti] regime in the
mid and THz range. We demonstrated that the coupling energy can be up to 50% of the intersubband excitation energy, as
shown in fig. 1b.

Figure 1 : (a) Array of double-metal cavities containing GaAs/AlGaAs doped quantum wells, sandwiched between the bottom metal and the
array. (b) Low temperature reflectivity spectra on cavities with different sizes, showing the two polariton states with a minimal splitting
2R=1.48THz, that is almost 50% of the bare ISB transition. (c) Similar device downscaled for the Mid-Infrared, featuring ultra-strong
coupling up to 300K.
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The experimental work on the ultra-strong coupling regime has been accompanied by a detailed theoretical study of the
interaction between a cavity mode and a two-dimensional electron gas. We have shown that the collective character of the
intersubband excitation is a key element to understand the origin and the physical properties of the ultra-strong coupling
regime.
THz photonics

THz intensity (arb. units)

The team has recently demonstrated a novel technique that allows the phase-locking of THz QC lasers to a harmonic of the
repetition rate of a fs-fiber laser [barbieri_2010].3 The heart of the stabilization technique is based on an ultrafast
electro-optic modulator based on a ZnTe birefringent crystal, which down-converts the emission frequency of the QCL from
the THz directly to the MHz range. In this frequency range standard RF electronics can be used to provide a feedback for the
active control of the QCL drive current, and, ultimately, of its emission frequency. With this technique, which was recently
patented, we demonstrated a frequency stability < 1Hz, for a 2.7 THz laser. This performance opens the doors to coherent
imaging/spectroscopy using THz QC lasers with very high sensitivities and acquisition speed.
The stabilization technique is equivalent to a coherent optical sampling, using the light pulses from the fs-laser, and has
allowed reconstructing the electromagnetic wave emitted by the QCL.
We have exploited this possibility to demonstrate that THz QCLs can be
1.0
operated in a regime of active-mode locking4 [barbieri_2011] by
modulating their drive current (see figure 2). The demonstration of this
regime has been the last achievement of a long lasting research effort on
the microwave modulation of these devices that we have started several
years ago. In particular we have shown that THz QCLs are particularly
0.5
suitable for high speed modulation, due to intrinsically low propagation
losses, as well as good optical confinement of the microwave propagating
mode. Thanks to these properties modulation frequencies up to 35GHz
have been reached. These results represent a major breakthrough for
THz technology, paving the way to the generation and detection of
0.0
-100
-50
0
50
100 ultrashort THz pulses and THz frequency combs.

Time (ps)

Figure 2 : Optical pulses emitted by an actively mode-locked THz QCL. The pulses were sampled using an asynchronous optical sampling
technique based on a fs-fiber laser, and developed by the QUAD team.

Mid-infrared optoelectronics
In the mid-infrared wavelength range, QCLs are commercial devices, operating up to room temperature with watt power
levels [gmachl].5 Our research activity has been focused on the possibility of including new functionalities to these devices,
to promote their technological exploitation.
We first focused our activity on the realization of state of the art QC lasers, grown by I. Sagnes at LPN. To precisely measure
the losses and the gain of the devices, we developed an experimental technique based on the optical injection of a chirped
distributed feedback QCL. The influence of the material parameters on the gain was also studied.
With state of the art QC lasers, based on GaInAs/AlInAs material system, we realized three terminals devices, where the
control of the optical losses enables the high frequency modulation of
the laser optical power. These devices exploit the controlled absorption
by asymmetric coupled quantum wells integrated in the laser waveguide
(see fig. 3). Compared to direct modulation [wang, paiella],6,7 this
approach reduces the electrical power required for the modulation from
hundreds to a few milliwatts by allowing separate control regions for the
laser and the bias. Moreover, due to the modulation of the absorption
there is a consequent variation of the real part of the refractive index,
allowing the tuning of the laser emission wavelength with the bias of the
control region.
Figure 3 : Schematic of the modulator for mid-infrared quantum cascade lasers.

a3. Visibility and Academic reputation
Our collaborative activity has been very rich in the past 5 years as shown in the list below. Details on the different actions can
be found in the dedicated annex.
-

Participation in the LABEX SEAM
International projects: 4 European projects (1 as PI)
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-

National projects: 9 ANR (3 as PI), 3 DGA, 2 C’Nano
3 Exchange projects: HKUST (Hong Kong), Univ. Bari (Italy), Univ. Cambridge (UK)
PhD thesis : 7 defences since 2007 + 6 PhD students presently in the team
Post-docs: 19 post-docs in the period 2007-2012 (6 are presently in the team)
Organisation of 3 conferences: IQCLSW 2010, GDR-I Workshop 2010 and 2012
Participation in 20 conference committees
Expertise for European community, ANR, C-Nano
Participation to “Comité de visite AERES
Referees for all the major journals in our field: Science, Nature, Physical Review, etc
Co-direction of GDR-I THz
Lectures in other institutions: Univ. Bari, ESST Tunis, SNS Pisa, TU Vienna.
Participation in steering committees of major projects: Coherent THz systems, UK; C-Nano Ile de France; LABEX SEAM;
COST MP1204;

a4. Interactions with the social, economic and cultural environment
-

2 patents
Industrial collaboration with CEA-LETI through a contract for the delivery of THz QC lasers
Participation to the “Fete de la Science”
Participation to the “Université Ouverte” of University Paris Diderot

a5. Organisation and animation of the group
Group meetings are held once per month with all the members of the team. They are divided in two parts. The first is
dedicated to a presentation by student or post-docs of their recent results, the second is for a round table discussion, where
different issues are faced, from maintenance of experimental equipment to scientific discussion on ongoing research.
The permanent staff is gathering on a weekly base.
Every other year the group organizes a two day seminar in Normandy to strengthen the scientific and human bondings. All
team members are invited (included the short term stagiaires) and the main collaborators from other groups.

a6. Implication in educational training by research activities
Our group hosts an average of 6PhDs, 5 Post-docs per year and 4 - 6 short term stages from L3 to M2. All the stages over 2
months are paid accordingly with French regulation. All the students participate during their PhD to several international
conferences and schools. The average PhD thesis lasts 39months. All our PhD students have a “contract doctoral” and are
remunerated.
We have a good follow up of the carrier of our PhD students for the first 5 years after their defense. Among our former
students half have academic positions and the other half is in the industry.
All the permanent members of our group are involved in teaching, including the CNRS staff. Moreover, almost all our PhD
students teach exercise and laboratory classes (monitorat).
We have regularly teaching exchange programmes for professors and students. Details are on point a.4 and in Annex 2.
Our group is strongly involved in the newly formed “Ecole d’Ingenieur Denis Diderot”, particularly in the “International
Relations” and in the “Directions of Research”.

b. Analysis of group resources
b1. Human resources
Our group is composed of 5 permanents researchers and we are waiting for a position of “Ingénieur de recherche”
complete our needs. We have neither the intention nor the physical space to grow further. In the past five years
been recruiting one CNRS researcher to support the new line of research on polaritonic devices. We have had
departure of a MCF, who has been replaced by a new MCF in order to maintain the effort on the axis “mid
optoelectronics and QC lasers”.

who will
we have
also the
infrared

Current members :
Staff: Carlo Sirtori (PR), Angela Vasanelli (MCF), Yanko Todorov (CR2), Stefano Barbieri (DR2), Maria Amanti (MCF)
PhD students: Aymeric Delteil (2009-), Anna Yuk Nga Chen (2010-), Ariane Calvar (2009-), Margaux Renaudat Saint-Jean
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(2011-), Giulia Pegolotti (2011-), Benjamin Askenazi (2011-)
Post-docs: Pierre Gellie (2012), Robert Steed (2010-), Vishal Jagtap (2011-), Jean-Michel Manceau (2011-), Thibault Laurent
(2012-), Julien Madéo (2012-)
Former members within the laps 2007-2012 :
Staff: Sabine Laurent (MCF 2004-2010),
PhD students: Luca Sapienza (2004-2007), Wilfried Maineult (2006-2009), Elsa Benveniste (2006-2009), Aude Leuliet
(2003-2010), Jean Teissier (2007-2010), Pierre Jouy (2008-2012), Pierre Gellie (2008-2012)
Post-docs: Khalid Akabli (2010-2012), Marco Ravaro (2010-2012), Cheryl Feuillet-Palma (2010-2011), David Barate
(2008-2010), Lu Ding (2008-2009), Olivier Cathabard (2009-2010), Laetitia Doyennette (2007-2008)

b2. Budget
The budget of the group has increased in the past two years due to the ERC of Carlo Sirtori and has grown from 300 k€ in 2008
to 560 k€ in 2012.

b3. Share equipment
We share an open space lab of 120m2 in which we have all our characterisation equipement.
Our group is among the main users of the clean room and we have an on-going activity with the SUPER-TEM through the
MeANS group.
List of equipment
- 5 pneumatically isolated optical tables
- 3 Fourier Transform Infrared Spectrometers (one of which is solely dedicated to the THz range, and can be operated
under vacuum)
- 4 complete full sets for the optical and electrical characterisation of the devices, including a continuous-flow He
cryostat, drive electronics and a lo-ckin amplifier;
- 2 composite Si-bolometers;
- 1 HEB bolometer
- 2 amplified femtosecond fiber lasers (1550nm) with frequency doubling (780nm) units
- 3 microwave spectrum analysers (1kHz-26GHz and 1kHz-3GHz))
- 1 FFT analyser (0-2GHz)
- 5 microwave synthesizers (up to 30GHz)
1 external cavity diode laser (1300-1500nm) and 2 DFB lasers at 780nm
1 Optical spectrum analyser (100MHz resolution)
1 closed-cycle cryostat (20Watt cooling power at 20K)
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IPIQ Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff: Luca Guidoni (CR1-HDR), Samuel Guibal (CR1), Jean-Pierre Likforman (IR1)

a. Activities and results
The IPIQ group was created in 2005 (at the same time of MPQ laboratory) with the aim of developing cold trapped ion
experiments dedicated to quantum optics and quantum information, an unexplored theme in France at that time. The group
is presently composed of three permanent members (S. Guibal, L. Guidoni and J.-P. Likforman) and two PhD students (B.
Dubost, that is co-tutored at Catalunya University and B. Szymanski). Former permanent members of the group are T.
Coudreau (co-founder, that moved to Theory group in september 2010) and N. Sangouard (detached since February 2009 to
Geneva University). S. Removille (PhD defended in October 2009), R. Dubessy (PhD defended in October 2010), and Q.
Glorieux (Phd defended in November 2010) are the group alumni.
Making use of the quantum properties of physical systems to process information opens new prospects in two distinct
directions: towards intrinsically secure cryptography (quantum communication) and towards a qualitatively increased
computing and simulation capability (quantum computing). During the period covered by this report three main
experimental subjects have been developed in the group, all the three exploit the quantum nature of the light-matter
interaction in atomic samples for quantum information purposes.
The first subject deals with large laser-cooled ion Coulomb crystals, an original medium for quantum optics and a good
candidate for the realization of a quantum memory.
The second research axis is dedicated to ion microtraps: small devices fabricated in a cleanroom that are one of the most
serious candidates to the realization of a quantum computer.
A third experiment was devoted to the generation of quantum correlated twin beams via a four wave mixing process in an
atomic vapor.

a.1 State-of-the-art and international positioning
Large ion Coulomb crystals
The lack of reliable quantum memories (key element of a "quantum repeater") severely limits the length of the quantum
communication links already available on a commercial basis. The realization of a memory operating in the quantum regime
is by itself a challenge: contrary to its classical counterpart, a quantum memory device must operate in the absence of
measurements but in the presence of a large light-matter coupling.
The best quantum memories to date are based on atomic ensembles (either laser-cooled neutral atom clouds or ions
dispersed in cryogenically cooled crystals or glasses). The possibility of using large ion Coulomb crystals obtained by laser
cooling on this purpose has been proposed earlier by our group, while experiments with similar goals are being carried out at
Aarhus University (DK) that has a long lasting expertise in this field.1 Large ion Coulomb crystals are also used for their
sympathetic cooling ability in order to obtain cold molecular ions, excellent candidates for metrology (University of
Duesseldorf2) and quantum logic spectroscopy (University of Base3). In France, a project dealing with large ion Coulomb
crystals in multipolar radio-frequency traps is developed at Marseille University for metrological purposes.
Microfabricated ion traps
Since the theoretical proposal by Cirac and Zoller in 1995, laser cooled trapped ions play a prominent role in quantum
information. The proof of principle demonstration of quantum gates has been obtained with macroscopic ion traps
(centimeter-sized).4 However, an electrostatic trap is intrinsically scalable: a miniaturized Paul trap can be micro-fabricated
by metallic deposition of an electrode ensemble on a substrate.5 This possibility triggered a huge worldwide research
program with the goal of a realistic quantum computer. There are now at least ten research groups in Europe and in the US
that study an develop “ion chips”, among them NIST Boulder (USA), SANDIA National labs (USA), Oxford University (UK),
Innsbruck University (A).
Very important results that open the way to a tighter integration of microtraps have been obtained during the last year: the
demonstration of microwave-driven logic gates,6 and the reduction of "anomalous heating" by in situ surface cleaning
[PROD2].
The IPIQ group is becoming to be well inserted in the european landscape and has a strong and long lasting collaboration
(COST network, visiting professorships...) with the Ion Trap Quantum Computing group at Oxford University (D. Lucas and A.
Steane). The IPIQ surface trap is the third operational surface trap in Europe after those developed at Oxford and Innsbruck
Universities.
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Quantum correlated beams by four wave mixing
Twin beams are a fundamental resource for quantum communication and consist of two beams displaying quantum intensity
correlations above the classical limit. Their behavior corresponds to the fact that when a photon is present in one beam, its
twin is present in the other one and the two photons are described by a single quantum state. Very recent experiments
carried out at NIST Gaithersburg (USA) demonstrated that the third order nonlinearity near the absorption line of an atomic
vapor (D1 line in 85Rb) can generate very strong quantum intensity correlations for a large number of modes in the CW
regime.7 These experiments raised the questions about the exact nature of the microscopic mechanisms associated to this
phenomenon and its possible optimization and extension to other atomic transitions.

a.2 Scientific production
Highlights:
[PROD1] S. Removille, R. Dubessy, Q. Glorieux, S. Guibal, T. Coudreau, L. Guidoni, and J. P. Likforman, Photoionisation
loading of large sr(+) ion clouds with ultrafast pulses., Appl. Phys. B 97 47-52 (2009) DOI (5 pages).
[PROD2] D. T. C. Allcock, L. Guidoni, T. P. Harty, C. J. Ballance, M. G. Blain, A. M. Steane, and D. M. Lucas, Reduction of
heating rate in a microfabricated ion trap by pulsed-laser cleaning, New J. Phys. 13 123023 (2011) DOI (11 pages).
[PROD3] B. Szymanski, R. Dubessy, B. Dubost, S. Guibal, J.-P. Likforman, and L. Guidoni, Large two dimensional Coulomb
crystals in a radio frequency surface ion trap, Appl. Phys. Lett. 100, 171110 (2012) DOI (4 pages).
[PROD4] Q. Glorieux, R. Dubessy, S. Guibal, L. Guidoni, J. P. Likforman, T. Coudreau, and E. Arimondo, Double-lambda
microscopic model for entangled light generation by four-wave mixing, Phys. Rev. A 82 033819 (2010) DOI (10 pages).
[PROD5] Q. Glorieux, L. Guidoni, S. Guibal, J.-P. Likforman, and T. Coudreau, Quantum correlations by four-wave mixing in
an atomic vapor in a nonamplifying regime: Quantum beam splitter for photons, Phys. Rev. A 84 053826 (2011) DOI (4
pages).
Publications, conferences and patents (2007-2012)
A detailed list of all our production is in the dedicated annex
•
•
•
•

26 peer reviewed publications in international journals
10 Invited presentation at international conferences
30 presentations at national and international conferences
0 patents

Report on the research activities
Large laser-cooled ion crystals for quantum memories
The IPIQ group, with the precious help of MPQ workshops, entirely developed two generations of Paul traps in order to
realize large ion Coulomb crystals suited for a single-pass light matter interaction scheme. Such an atomic medium displays
long lifetime, weak coupling to the environment and strong coupling to a laser beam and could be employed to store and
restitute the quantum state of a laser beam (quantum memory).8 The choice of single-pass scheme imposes larger optical
depths with respect to the cavity scheme developed in Aarhus1 but allows for larger bandwidth for the interaction. In order
to create such large samples in a short time we developed an original technique for loading the trap that is based on a
two-photon photoionization process induced by ultrashort pulses (loading rates up to 1000 ions/s) [PROD1].
This technique and the choice of the Sr+ ion (that has four natural isotopes) allowed us to exploit the multi species character
of our very large crystals (up to some tens of 106 ions, see Figure 1).9 In particular, the sympathetic cooling is so efficient that
the crystallization of the whole sample can be obtained with laser-cooling only applied to a small fraction of the ions (e.g.
86 +
Sr , 10% of relative abundance).
We have also been able to develop a post loading isotope enrichment method based on the radial separation of the masses in
the trap and on the differential radiation pressure force leading to a longitudinal separation of the isotopes (Figure 1). These
combined spatial separation allowed for selective ejection by pulsing the trap DC voltage. The enrichment method was at the
basis of the determination of some isotope shifts in Sr+, improving the precision with respect to previous measurement
(5s1/2-5p1/2 transition) and providing new data (4d3/2-5p1/2 transition). In particular, the shifts for the less abundant isotope
(84Sr, 0,56%) have been measured (e.g. f84 - f88 = 828(3) MHz on the 4d3/2-5p1/2 transition), providing data for the test of
calculated electronic structures.10
The sympathetic cooling between the different isotopes (three of which we are able to address with our laser system) can
also be used to create a sample that does not interact with any cooling laser but can be probed during a virtually infinite
time, ideally suited for a quantum memory. As mentioned above, the optical density is a crucial requirement for quantum
memories: previous examples of quantum memories displayed optical densities between 1 and some tens.11 Reaching such
high optical densities in a Coulomb crystal is challenging due to the Coulomb repulsion. Nevertheless, we succeeded in
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with the aim of reaching smaller dimensions (20µm ion-surface distance) and of lowering the anomalous heating (by surface
cleaning). MPQ laboratory has now a fully functional cleanroom facility with a staff of technicians and engineers specialized
in the necessary growth techniques. This ideal situation makes possible a fast and reactive development of these new
devices. Former collaborations with other laboratories on technology issues (IEF, LPN) will obviously continue.

Figure 3 : Fluorescence images of laser cooled ions in a PCB microtrap. (a) top-view of a large 3D Coulomb crystal containing 4500 ions. (b)
2D ion Coulomb crystal containing 150 ions arranged in a plane parallel to the trap surface (the inter-ion distance is 11 µm). The
single-layer character is evidenced by the lateral view. (c) Single-layer crystal arranged in the plane perpendicular to the substrate (the
inter-ion distance is 9 µm).

Quantum correlated twin beam generation by 4-wave mixing
As mentioned above, recent experiments performed at NIST Gaithersburg on Rb vapors renewed the interest in four wave
mixing (FWM) for quantum optics and quantum imaging experiments.7 The presence of a coincidence between the 5s1/2-6p1/2
85
Rb transition and the 5s1/2-5p1/2 Sr+ transition (that we exploit in the project on quantum memories) prompted us to explore
further and understand from a microscopic point of view these results.
In the experiment, that we developed in the framework of the PhD of Q. Glorieux, an intense "pump" beam crosses a weak
"seed" beam in a 85Rb cell. The non-linear interaction in the atomic vapor amplifies the seed and creates a "conjugate" beam
strongly correlated with the seed. These correlations originate from the fact that the emission of one photon in the seed
beam triggers the emission by the atomic medium of one photon in the conjugate beam. We characterize this property by
measuring simultaneously the intensity of the seed and conjugate beams. Once technical noise is canceled, the residual noise
on the intensity difference between two equally intense beams is due to the quantum fluctuations (shot noise). In quantum
correlated beams these residual fluctuations may be measured below the standard quantum limit (SQL). In our experiment,
we have observed a noise reduction in the intensity difference up to 9.2dB below the SQL, that is an excellent performance
with respect to the literature.
In order to understand this behavior and find the optimal conditions, we have derived (in collaboration with E. Arimondo,
University of Pisa) a four-level atomic model that gives a microscopic description of its classical and quantum properties. This
model is based on the Heisenberg-Langevin approach and gives the gain and quantum correlations at the output of the
system, supposed to be at low temperature (cold atom regime) [PROD4]. The model, extended to the hot vapor regime, is in
excellent agreement with the experimental observations made in our and other groups. In particular, it is able to explain the
result obtained in a pulsed regime at Institut d'Optique in Palaiseau.16 Moreover we identified a new regime of operation in
which the whole four wave mixing process can act as a beam splitter that operates in a purely quantum regime [PROD5].
Unfortunately, the initial project of using the 5s1/2-6p1/2 Rb transition for generating nonclassical beams that could feed a
Sr+-based quantum memory has been abandoned because in this case, according to the model, unrealistic pump powers
would have been needed.

a.3 Visibility and Academic reputation
The IPIQ group acquired visibility in the european landscape and linked fruitful collaborations. The research project
possesses an high academic attractiveness, this allowed us to hire extremely brilliant and autonomous PhD students. The list
of the main items which indicate our activity is given here below. Details on the different actions can be found in the
Appendix 2.
•
•
•
•
•
•
•

Participation in the LABEX SEAM
International projects: COST, EPSRC
National projects: ANR, SESAME, DGA (2 PhD grants)
Exchange projects: Univ. Oxford (UK), Univ. Catalunya (E)
PhD thesis : 3 defences since 2007 + 2 PhD students presently in the team
Post-docs: 1 post-doc in the period 2007-2012 (0 are presently in the team)
Organisation of 1 int. conference: ICAP 2012 and 1 GDR Workshop 2008
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•
•
•
•

Participation in 1 conference committee
Expertise for EC, ESF, ANR, C-nano IFRAF
Referees for the major journals in our field: e.g. Phys. Rev. and Appl. Phys. Lett.
Lectures in other institutions: Univ. Calcutta (India), Univ. Oxford (UK)

a.4 Interactions with the social, economic and cultural environment
•
•
•
•
•
•

Participation to the “Fete de la Science” (conference, lab visits and exhibitions)
Participation to the “Université Ouverte” of University Paris Diderot
Conference to the “Tout est quantique day” (CNAM/CNRS/SFP, 2012)
Organization of "Regard de Physicien(ne)s" days (SFP, 2011, 2012)
Involvement in the management of SFP (national and local)
Organization of several high-school physics conferences

a.5 Organisation and animation of the group
Group meetings (duration 2 hours) are typically held twice per month with all the members of the team.
In order to strengthen the scientific and human bonding, every group member birthday is celebrated in the lab cafeteria with
a home-made cake and some refreshments. Very often, in the evening, the group members meet themselves around a beer
in a nearby café; all team members are invited (included the short term stagiaires) and main collaborators from other groups.

a.6 Implication in educational training by research activities
Our group hosts an average of 1PhDs and 3 short term stages from L3 to M2 per year. All the students participate during their
PhD to several international conferences and schools. The average PhD thesis lasts 39 months. All our PhD students have a
“contract doctoral” and are remunerated.
We have a good follow up of the carrier of our PhD students for the first 3 years after their defense. Among our former
students half have academic positions and the other half is in the industry.
Several permanent members of our group are involved in teaching, including the CNRS staff. Moreover, all but one of our
PhD students teach exercise and laboratory classes (monitorat).
One of our PhD student is co-tutored at Catalunya University (Morgan Mitchell, ICFO) and we have regularly teaching
exchange programs (invited professor and students). Details are on point a.4 and in Annex 2.

b. Analysis of group resources
b.1 Human resources
Our group is composed of 3 permanents researchers. In the past five years we have been recruiting one MCF researcher
(theory of quantum repeaters, detached since February 2009 to Geneva University). We have had also the departure of a
PROF (T. Coudreau, co-founder, that moved to Theory group in september 2010).
Current members :
Staff: Samuel Guibal (CR1), Luca Guidoni (CR1), Jean-Pierre Likforman (IR1)
PhD students: Brice Dubost (2008-), Benjamin Szymanski (2010-)
Former members within the lap 2007-2012 :
Staff: T. Coudreau (PROF, -2010), N. Sangouard (MCF, 2007-2009)
PhD students: Sébastien Removille (2006-2009), Romain Dubessy (2007-2010), Quentin Glorieux (2007-2010)
Post-docs: Haikel Jelassi (2006-2007)

b.2 Budget
The salary costs for the staff have been covered by CNRS and Paris-Diderot University. The grants for the PhD students have
been covered by DGA (1.5 grants) and Ministère de l'Education Nationale (3.5 grants).
The average income (2007-2012) from the laboratory standard founds has been 15 k€ per annum.
We also obtained an ANR-JC grant (50 k€ in 2007 and 50 k€ in 2008), CNRS equipment support, plus a special lab contribution
(70 + 30 k€ in 2009), a SESAME project on Quantum communication (20 k€ in 2010, 20 k€ in 2011, 20 k€ in 2012) and a grant
from Labex SEAM (15 k€ in 2011). The average income per annum from all these sources is then 46 k€.
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b.3 Shared equipment
We dispose of a lab of 100m2 in which we have set up all our equipment as well as a small electronics workshop.
We have an increasing activity in the MPQ clean room and we have an on-going activity with the STM group concerning
surface physics of the trap electrodes.
List of equipment
two Extended-Cavity single mode diode lasers (Toptica) emitting at 422 nm (average power 10 mW).
one Extended-Cavity single mode diode laser (home-made) emitting at 407 nm (average power 5 mW)
two Ytterbium-doped single mode fiber lasers emitting at 1092 nm (average power 10 mW)
a tunable CW single mode Ti:Sa laser system (Coherent MBR) pumped by a doubled YVO laser (Coherent Verdi 18). The
average power in the infrared (790 nm) is around 3.5 W, the laser can be frequency-doubled by a ppktp crystal (Raicol) in a
single-pass configuration.
a tunable ultrafast oscillator (Spectra Physics Tsunami) pumped by a doubled YVO laser (Millennia Pro 10) delivering 60
femtoseconds and 15 nJ pulses (860 nm) with a 80 MHz repetition-rate.
two low-noise peltier-controlled CCD cameras.
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TELEM Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff : Philippe Lafarge (PR2), Maria Luisa Della Rocca (MCF)

a. Activities and results
The research conducted in the TELEM group focuses on the fabrication of molecular nanoscale devices and the measurement
of their electronic properties at low temperature. Understanding and controlling transport at the nanoscale and its
interaction with intrinsic molecular behaviour is the main perspective. In these systems, a large number of quantum
phenomena such as Coulomb blockade, Kondo effect, coherent transport, quantum interference combine or are in
competition with specific molecular degrees of freedom such as HOMO-LUMO orbitals, vibronic excitations, conformational
change, redox reactions. To explore the physics of these systems, we have investigated different types of devices: nanogaps
made by electromigration, hybrid devices based on carbon nanotubes and solid state molecular junctions. Our work is by
nature pluridisciplinary at the interface between physics and chemistry.

a.1 State-of-the-art and international positioning
From a wide point of view, the research conducted in TELEM group belongs to the fields of molecular electronics and
quantum transport. Molecular electronics can be defined as the domain in which molecules are used as active or passive
elements of electronic devices. It is a very large subject ranging from single molecule transistors to organic electronics and
solar cells. In France, one can cite among the most recognized groups working in molecular electronics those of D. Vuillaume
(IEMN, Lille) and V. Derycke (LEM, CEA Saclay). To be more specific on the properties of two terminal devices based on
molecular layers, at the international level the groups of R. McCreery in Canada, G. Withesides, D. Frisbee and M. Ratner in
the US, S. J. van der Molen in the Netherlands are widely recognized. One can also mention J. Heath (Caltech), J. M. Tour
(Rice University). Transport in single molecule is a research field on its own based on the physics of quantum dots, here the
best results have been obtained recently by groups such as those of H. van der Zant (Delft University), D. Ralph (Cornell), D.
Natelson (Rice) as well as the group of W. Wernsdorfer (Institut Néel, Grenoble). In the field of quantum transport in hybrid
devices based on carbon nanotubes one can mention T. Kontos (LPA, ENS) and again W. Wernsdorfer and V. Bouchiat at
Institut Néel. Finally, many research groups involved in the physics of magnetic tunnel junctions have also contributed to
molecular transport at the nanoscale, one can cite for instance the nanospintronics and nanomagnetism group at unité mixte
CNRS/Thales and the group of B. Doudin (IPCMS, Strasbourg).
Molecular electronic and nanophysics is a very active field of research driven by the perspective of device miniaturization
and the realization of new functionalities based on molecular intrinsic properties. However, the basic transport mechanism
of electric charges in these systems is strongly influenced by universal quantum phenomena such as quantum tunneling. We
choose to focus on the fundamental processes of transport at the molecular scale since the physics of nanoscale devices is
dominated by generic physical effects such as electrostatic interaction resulting in Coulomb blockade, exchange interaction
leading to the Kondo effect, or resonant tunneling. These phenomena are present in nanometric molecular devices
irrespective of the structure or composition of the molecule involved. Our approach is based on a joint use of nanofabrication
techniques (electron beam lithography, metallic evaporation, electromigration) and bottom-up approach (grafting by
electroreduction, functionnalization). This allows us to probe molecular transport in solid state devices and to apply very low
temperature and magnetic field which act as external parameters in order to reveal the basic mechanisms at work at the
molecular scale. The collaboration with the group of J.-C. Lacroix at Itodys supported by different funding is a key point for
developing our research projects. On the long run, we are currently setting up a collaboration with Richard McCreery
(University of Alberta, Edmonton) on redox active molecular junctions that will allow us to be more active towards the
application of molecular devices.
In the 2008-2012 period, we have first studied the transport properties of electromigrated nanogaps. Motivated by the fact
that electromigration is the most used technique for fabricating single molecule transistors, we have developed a method to
fabricate and to study the electronic properties of bare nanogaps1,2. Our main result is the demonstration of a large reduction
of work functions in metallic nanogaps compared to bulk values2. Subsequently, we have also observed large conductance
fluctuations due to quantum interference in the leads of the nanogap3. These measurements are in quantitative agreement
with a quantum description of the nanogap as a coherent conductor with a large number of transmission channels.
Recently, we have also used electromigration to investigate the Kondo effect in ultrasmall carbon nanotubes quantum dots
(sub-20 nm). At low temperature, we have observed a pronounced dip within the Kondo peak at zero magnetic field. This
feature is a fingerprint of the two-stage Kondo effect resulting from the competition between Kondo screening and the
intradot exchange coupling when the dot is in a singlet state. The temperature dependence of the conductance exhibits two
characteristic energies with a universal behaviour. A publication is under way.
Our work on molecular junctions in collaboration with the group of J.-C. Lacroix at Itodys has been focused on
oligothiophenes molecular junctions. This is a very promising molecule due to its redox properties and its ability to form
robust layers on metallic surfaces. We have achieved the fabrication of large area solid state junctions based on
oligo(1-(2-bisthienyl)benzene) (BTB) by combining the use of electrochemistry and usual semiconductor circuits fabrication
35

techniques. We have demonstrated an effect of hybridization between the electrode and the molecular layer in these
devices4. The model we have developed is based on a two step transfer process through the molecular layer and goes beyond
the classical Simmons model.

a.2 Scientific production
Highlights:
1) “Transport through metallic nanogaps in an in-plane three-terminal geometry”, A. Mangin, A. Anthore, M.L. Della
Rocca, E. Boulat, P. Lafarge, J. Appl. Phys. 105, 1 (2009).
2) “Electron tunneling across a tunable potential barrier”, A. Mangin, A. Anthore, M. L. Della Rocca, E. Boulat, and P.
Lafarge, J. Phys. : Conf. Series 150, 022053 (2009).
3) Reduced work functions in gold electromigrated nanogaps, A. Mangin, A. Anthore, M. L. Della Rocca, E. Boulat, P.
Lafarge, Phys. Rev. B 80, 235432 (2009).
4) “Conductance fluctuations in metallic nanogaps made by electromigration”, P. Petit, A. Anthore, M. L. Della Rocca, P.
Lafarge, J. Appl. Phys. 109, 014307 (2011).
5) “Organic electrodes based on grafted oligothiophene units in ultrathin, large area, molecular junctions”, P. Martin, M.
L. Della Rocca, A. Anthore, P. Lafarge and J.-C. Lacroix, J. Am. Chem. Soc. 134, 154 (2012).
Publications, conferences (2007-2012)
A detailed list of all our production is in the dedicated annex.
- 2 Invited presentation at international conferences
- 13 presentations at national and international conferences
Report on the research activities
Electron transport properties of metallic nanogaps
Fabrication of three-terminal nanoscale devices is a key issue in molecular electronics to implement field-effect molecular
transistor. Experimentally this requires the ability to realize electrodes spaced by very short distances (~nm) (Fig.1a,b) and
to put in between a single molecule. Even if significant progress has been done in realizing nanogaps1, the ability to contact
a single molecule in a reproducible way is far from being achieved.
In particular, residual metallic grains can mimic molecular behavior, producing typical quantum dot effects such as Coulomb
blockade and Kondo resonance. Nanogaps are also ideal systems to investigate quantum transport properties at the
nanoscale. We have focused our research activity during 2008-2010 in trying to give more insight on these aspects: we have
characterized gold nanogaps made by electromigration (EM) by statistically studying the EM procedure optimizing the
realization of bare nanogaps and by studying
transport properties intrinsic to such structures.
We have compared at room and liquid helium
temperature EM procedures realized both in a
controlled way, by a gradual thinning of a
nanowire until the formation of a one channel
contact, and in an abrupt way, by inducing a
total failure of the nanowire by a single voltage
ramp. The controlled procedure reveals as the
optimum choice to obtain gaps with a
tunneling-like behavior. By adopting this
procedure we have studied transport properties
gold bare nanogaps (Fig. 1a). Our data have
been expleined in the framework of the
Landauer-Büttiker formalism2. We found that 1D
model characteristic of atomic contacts and a Figure 1 : a) Scanning electron microscope images of a nanogap after controlled
planar junction model based on Simmons electromigration and thermal cycling. b) Current-voltage characteristic of two
match
in
describing
the samples with tunnel resistence of the order of 125 M and 140 G. Fits to the 1D
derivation2
experimental data if the choice of the area model2(black curve) and to the planar junction model (red curve) with an area of
10 nm are not distinguishable.
junction in the planar case is set to 10 nm2,
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which is veryy close to a fe
ew channels co
ontact (Fig. 1
b). Our anallysis has allow
wed the extra
action of the
e
barrier width
h (~nanogap size), of the ord
der of 1-2 nm,
and the work
k functions of the contact electrodes,
e
off
the order of 1eV, much smaller than the
t bulk work
k
function of gold
g
(~5 eV). T
This large redu
uction in work
k
functions ca
an be explained by the presence off
adsorbates on
o the electrod
des of the nan
nogap5.
Even in absence of molecu
ule, electronic transport iss
modified byy the nanom
metric dimensions of a
nanogap. We
e have furthe
er analyzed the quantum
m
nature of transport
t
in the proxim
mity of such
structures att lower temperature (~100
0 mK) finding
g
that gold electromigrrated nanog
gaps exhibitt
conductance fluctuations as a function
n of magneticc
field and bias voltage (Fig.2 a,b). The analysis
a
of the
e
he fluctuations on the basiss
correlation functions of th
of existing theoretical models6,7 has allowed
concluding that
t
a nanoga
ap is best de
escribed as a
tunnel juncction interrupting a difffusive wire.
Fluctuations are due to
o quantum interferencess
related to cllosed electron
nic trajectories limited byy
sample geom
metry and inccluding the gap.
g
Electron
n
coherence in
n contact electrodes has to be taken into
o
account in single
s
molecu
ule electronicc devices and
d
can be controlled by a careful
c
engine
eering of the
e
electrodes.

Figure 2 : a)
a Conductance oscillations as a function of th
he magnetic fie
eld in
the range 0.5 T≤ B ≤ 5.5
5T for differen
nt values of th
he bias voltage
e. b)
a a function of the bias voltage
e in the range -4 mV
Conductancce oscillations as
≤ V ≤ 6 mV for different values
v
of the ma
agnetic field. Curves
C
are vertiically
shifted for clarity.

ated ultra-sm
mall quantum dots based on
n carbon nanotube
Electromigra
Single-wall carbon
c
nanotu
ubes (SWNT) are
a giant mole
ecules which can be much
h more easily manipulated in order to sttudy
transport at nanometric sscale8. In 2010 we have sta
arted a resea
arch activity concerning
c
the study of SW
WNT quantum dot
realized by a controlled
d electromigration procedure9, this
results in tw
wo nanometer spaced electrrodes connectting a small
portion of SW
WNT (<20 nm)) (Fig.3 a,b) opening
o
the po
ossibility to
investigate transport prop
perties in an ultrasmall
u
segm
ment of the
E
tra
ansport measurements have shown
nanotube. Electronic
signatures off quantum dott behavior in the strong coupling limit
with a large conductance peak at zero
o bias which splits at low
temperature (Fig. 3c). The
T
temperatture dependence of the
wo characterristic energie
es with a
conductance exhibits tw
ehavior. We a
ascribe this behavior
b
to a two-stage
universal be
Kondo effectt occurring in
n the spin-sing
glet ground state
s
of the
quantum dott10.
The Kondo effect
e
revealss itself in qua
antum dots with
w
an odd
number of ellectrons: the rremaining unp
paired spin behaves like a
magnetic imp
purity and is sscreened by th
he Fermi sea of
o electrons
in the electtrodes. The spin-1/2
s
Kond
do effect results in an
enhanced conductance at low bias com
mpletely deterrmined by a
K
temperrature TK. Ne
ew states of
single energyy scale, the Kondo
matter and quantum
q
phasse transitions appear when
n the Kondo
screening is in
i competition
n with another interaction occurring
o
in
the leads11,122. In the presen
nce of intrado
ot ferromagnetic coupling
for an even parity in th
he dot, depe
ending on the
e exchange
d the level spa
acing, the gro
ound state of the
t dot can
coupling and
be a singlet or a triplet. On
O the singlett side, the tw
wo spins are
successively screened givving rise to a two-stage Ko
ondo effect Figure 3 : Tyypical SEM imaages of the SW
WCN quantum do
ot a)
b after electrromigration an
nd low-tempera
ature
characterized by two distiinct temperatture scales. A fingerprint before and b)
ments for diffe
erent
e Kondo peak whose width is
i described measurementts. c) Conductaance measurem
of this effectt is a dip in the
by a second temperature T*. This regim
me requires large
l
Kondo temperature showing a re-enntrant Kondo peak.
temperatures, our device
es allow its observation att quite high
energy scaless (4K).
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Electronic transport in oligothiophene and anthraquinone based junctions
The development of molecular electronic junctions is driven by the prospect of higher density and new functionalities in
microelectronics. To date, the major difficulty for the realization of molecular junctions is the direct deposition of an
electrode on the molecular film which can create short circuits. A clear breakthrough was obtained by using the reduction of
diazonium salts13: an electrochemical process resulting in ultrathin organic layers with very strong and stable covalent
metal-molecule bond, more robust to metallic deposition.
We
have
studied
transport
properties
of
the
oligo(1-(2-bisthienyl)benzene) (BTB), which is a very easily
p-dopable molecule14. The 5-10 nm-thick BTB layer is
introduced in molecular junctions by combining
electrochemistry and conventional CMOS technology in
collaboration with the ITODYS lab. First results show a strong
hybridization of the molecular layer with the electrode on
which it is grafted, resulting in a tunnel barrier thickness
lower than the real molecular layer thickness. Moreover,
thermal activated transport plays a major role depending on
the bias polarity (Fig. 4). We have explained these results on
the basis of a sequential two-step process (inset Fig. 4). For
positive bias, first an electron tunnels from the BTB-HOMO
level to the top electrode, resulting in a p-doped layer
(BTB+), and then a second electron transfers from the
energetically accessible states of the bottom electrode to
the BTB+. This happens without any activation. For negative Figure 5 : Conductance measurements for an anthraquinone
bias, first hopping from the molecular HOMO level to the base junction at 300K (black circles) and 4K (bleu triangles). A clear dip
electrode occurs and then tunneling through the potential at zero voltage is the signature of QI effect. Inset: Corresponding
barrier. In that case activation energy is necessary. Following I-V characteristics.
this scheme, hopping is effective only at negative bias.
The same molecule has been successfully grafted on carbon
nanotube in order to realize nanotube/BTB/metal junctions.
More recently we have started the study of transport
properties of anthraquinone based junctions based on the
same fabrication technique. Such a molecule has a
characteristic cross-conjugated structure which is at the
origin of destructive quantum interference effects (QI)15
revealed by a suppression of the transmission at low energy.
Despite the huge theoretical work on this subject only a few
experimental works have been done on this topic16. We have
recently obtained a direct experimental evidence of large QI
on anthraquinone molecular layers embedded for the first
time in solid state devices by a direct measurement of the
differential conductance. We have shown the presence of a
conductance suppression at zero bias at low temperature
which persists at room temperature (Fig. 5). The visibility
and robustness of this quantum effect on large area junctions Figure 4 : J-V experimental data for a BTB junction at 300K (red
paves the way for the development of more complicated dots) and 4K (bleu dots) compared with a planar junction
functionalities based on the control of the coherent electron theoretical model (black lines). Inset: Energy level diagram and
charge transport mechanism across the BTB junction.
transport through conjugated systems.

a3. Visibility and Academic reputation
Here we report the list indicating the main activities in terms of visibility and academic reputation.
-

National projects: 2 ANR, 2 C’Nano funding (Region Ile de France), 2 BQR pluridisciplinaire (Univ. Paris-Diderot), 1
LABEX SEAM funding, 1 PPF funding (programme pluriformation)
PhD thesis : 1 defense in 2009 + 1 PhD student presently in the team
Post-docs: 1 post-doc in the period 2011-2012
Organisation of 1 conference: ICOE 2010
Conference committees: ElecMol 2008, 2010, 2012
Member of the commitee axe electronique moléculaire et quantique Cnano IdF 2007-2011
Expertise for ANR (programmes Blanc et Jeunes Chercheurs), RTRA "Nanosciences aux limites de la nanoélectronique"
de Grenoble.
Referees for journals: Physical Review Letters, Physical Review B, Nature Communications,..
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-

Member of the editorial board of the MPQ international newsletter.

a4. Interactions with the social, economic and cultural environment
Participation to the “Fête de la Science”

a5. Organisation and animation of the group
Group meetings are held systematically as new decision about the experiments or new results has to be discussed.

a6. Implication in educational training by research activities
The team receives every year M1 or M2 students for internships. All the internships over 2 months are paid accordingly with
French regulation. PhD students participate regularly to several international conferences and schools. All our PhD students
have a “contract doctoral” and are remunerated.
The permanent members of our group are involved in teaching. Moreover, our PhD students teach exercise and laboratory
classes (monitorat).
Our group is strongly involved in the newly formed “Ecole d’Ingenieur Denis Diderot”, particularly P. Lafarge member of the
board in charge of communication

b. Analysis of group resources
b1. Human resources
At present our group is composed of 2 permanent researchers and 2 non-permanent ones. During 2007-2012, the team had a
critical reduction in the number of permanent staff partially because of the formation of the Theory group in 2009 which has
included 2 former members of TELEM and also because of the departure of one of our members towards another laboratory
in 2010.
Current members :
Staff: Philippe Lafarge (PR), Maria Luisa Della Rocca (MCF)
PhD students: Philippe Petit (2010-2013)
Post-docs: Julien Chaste (2011-2012)
Former members within the laps 2007-2012 :
Staff: Anne Anthore (MCF 2004-2010), Edouard Boulat (2005-2009), Eric Bringuier (2001-2009)
PhD students: Aurore Mangin (2006-2009)

b2. Budget
The budget of the group is typically 45 k€ per year, excluding salaries.

b3. Share equipment
We share an open space lab in which we have all our characterisation equipments.
Our team is among the main users of the clean room. P. Lafarge is the scientific director of the clean room of the MPQ
laboratory.
List of equipments
Dilution refrigerator for transport measurements at 100mK in magnetic fields (11T).
Probe station for transport measurements (current-voltage, differential conductance) at room temperature.
Insert station for transport measurements at 2K.
Furnace for CVD growth of carbon nanotubes.
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‘Auto-organisation de nanostructures et STM’ Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff : Amandine Bellec (recrutement CNRS 2012), Cyril Chacon-Carillo (Ingénieur
de Recherches), Yves Gareau (Professeur), Yann Girard (Maître de Conférences), Jean Klein
(Professeur émérite), Jérôme Lagoute (Chargé de Recherches), Vincent Repain (Professeur,
membre junior de l’IUF depuis 2010), Sylvie Rousset (Directeur de Recherches).

a. Activities and results
The group ‘Auto-organisation de nanostructures et STM’ has been founded in 2001 by Sylvie Rousset. From 2007, when Sylvie
Rousset took over the charge of director of the lab, the coordinator of the team is Vincent Repain. The research of the STM
team is devoted to the study of materials at the nanometer scale on surfaces. Its scientific interests are very broad, ranging
from the fundamental structure of surfaces to the magnetic and electronic properties of nano-objects. Experimental
techniques are mainly scanning tunneling microscopy (STM) and X-ray surface diffraction under ultra-high vacuum. Our goal
and originality is to study and understand the fundamental properties of matter down to the atomic scale, linking a structural
analysis with the measurement of the electronic density of states and magnetism. A comparison with simulations or
theoretical tools developed in the team or through collaborations is systematically performed in order to extract the
underlying physics in the studied phenomena. In particular, our long-term experience in the realization of state-of-the-art
samples using self-organization on crystalline surfaces (several papers published before 2005 cited each around 100 times)
allows us to give new insights in the field of nanomagnetism at a challenging nanometer scale, yet largely unexplored
worldwide. More recently, we have also decided to extend our studies to the properties of single nano-objects by the
development of scanning tunneling spectroscopy as a powerful and complementary tool of our averaging experiments.
During the last four years, our main scientific goals have been chosen considering our strength and the lack of experimental
results and/or state-of-the-art equipment at an international level. Firstly, we have decided to work on the fundamental
understanding of magnetic anisotropy and spin polarization in intentionally and controlled modified nano-materials.
The originality of our results comes from our experience in self-organized systems and in surface physics, what allowed us to
realize and characterize original nanostructures for the study of their magnetic properties, thanks to the development of a
unique variable temperature ultra-high vacuum magneto-optical setup. Secondly, we have taken the opportunity of a new
equipment for local electronic spectroscopy that has been successfully used on standard model systems and to better
understand the electronic properties of carbon nanotubes. It can now serve in routine in spin polarized mode for the study of
single magnetic nanostructures. Although few teams in the world (mainly R. Wiesendanger group in Hamburg) already master
this technique, we believe that its development in our team will give us strength in the future to stay competitive in the field
of nanomagnetism at the nanometer scale. Thirdly, Yves Garreau has developed with his team at SOLEIL a state-of-the-art
surface diffraction beamline under ultra-high vacuum, allowing on the same sample to perform Grazing Incidence X-ray
Diffraction, Grazing Incidence Small Angle X-ray Scattering and reflectivity measurements, particularly well adapted to the
structural studies of nanostructures on surfaces. Once again, we believe that the proximity of such unique equipment will
strengthen our ability to combine state-of-the-art structural studies with the measurement of physical properties.
Considering these goals, our research activity can be divided - and is presented in the following - in four main topics which
are surface physics, epitaxial growth, nanomagnetism and electronic properties of nano-objects:
-Surface physics is the historical topic of the team. In the last years, we have kept on studying the structure of metallic
surfaces and the role of surface stress in their equilibrium state. A set of experiments have been performed on the elastic
relaxations in self-organized and vicinal surfaces, mainly measured with X-ray diffraction, allowing to determine
experimentally the surface stress in these systems. We have also worked on the ability to stabilize on surfaces an alloy of bulk
immiscible components, giving birth to a new material with promising properties. Using STM and electron diffraction, we
have observed for the first time an ordered alloy of FeAu when deposited on a Ru(0001) surface. Collaboration with a
theoretical group in Bangalore (India) allowed us to find out the main driving forces for such an alloying, namely strain relief
and more surprisingly magnetism.
-Epitaxial growth has been also widely investigated by the team in the past. During the last years, we have focused on the
nucleation and growth of bimetallic magnetic materials. In particular, we have studied in details the core-shell geometry for
Co-Au and Co-Pt systems and showed that the outer shell induced a strong strain inside the core. Through collaboration with
a chemistry group of Paris Diderot, we have also explored the growth of molecular monolayers in order to replicate our
well-known self-organized metallic surfaces into self-organized molecular layers with the objective to study the influence of
nanometer size on the electronic properties of molecular semiconductor.
-Nanomagnetism is a topic that has emerged in the last years in the team. Our strength in this field is the perfect control on
model bottom-up samples displaying nanometer sizes not accessible by top-down techniques, historically mainly used by
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leader groups working on magnetism at small dimensions. The development of an ultra-sensitive (a tenth of a monolayer) and
low temperature (20 K) in situ magneto-optical setup allowed us to produce important contributions on the key issue of
superparamagnetism and magnetic anisotropy in core-shell systems. More particularly, we have shown in collaboration with
S. Rohart in Orsay that the macrospin model was wrong for magnetic particles as small as 5 nm. At an international level,
recent results on single nanoparticles using spin polarized scanning tunneling microscopy confirm that our current
understanding on the magnetization reversal at very small scale is rather poor and we believe that this field will generate
exciting discoveries in the next years.
-Electronic properties of nano-objects is also a new topic that has been developed with the arrival of a low temperature
STM together with the recruitment of a new staff member. After first experimental results on standard model systems
(surface states, Kondo resonance…), we have mainly focused our electronic spectroscopy studies on carbon nanotubes in a
fruitful collaboration with a group at ONERA. We have measured for the first time the wavefunctions associated to the Van
Hove singularities in semiconductor and metallic tubes. We have demonstrated that these states are ruled by simple
symmetry breaking rules related to the chirality of the tubes, in good agreement with a tight-binding model, what can now
become a textbook exercise. We have also evidenced the crucial role of the electronic screening from the metallic substrate
in the gap value of the semiconductor nanotubes. Moreover, by comparison with optical absorption experiments, we have
determined the binding energy of the exciton, strongly enhanced by many body effects. In parallel to this study, we have
developed the spin polarized mode on model samples that can now be used for local study of spin polarization in
nanostructures.

a.1 State-of-the-art and international positioning
There are only few groups working on surface physics of metals in France and our team is certainly one of the most
well-known. The thematic of two-dimensional nano-alloys is studied at IPCMS, Strasbourg and at CINAM, Marseille. It is worth
noting that there is a strong French activity on nano-alloys more focused in the chemistry and transmission electron
microscopy community, gathered into a GDR that we have actively animated. At an international level, there are also only
few publications. Historically, the Sandia group in Livermore, US (N.C. Bartelt and R.Q. Hwang) were very active together
with the P. Varga group in Vienna. More recently, the group of H. Brune has shown some realization of controlled alloyed
islands for magnetism. Concerning the study of nanomagnetism in model sample down to the atomic scale, there is to our
knowledge no concurrent group in France. At an international level, the groups of H. Brune in Lausanne, R. Wiesendanger in
Hamburg and J. Kirschner in Halle have published stimulating papers on the subject. The more competitive topic at the
national and international level is certainly the study of local electronic properties. Surprisingly, carbon nanotubes have
almost not been studied in France by scanning tunneling spectroscopy, excepting a work at IEMN, Lille. At an international
level, after the impressive pioneering works of C. Dekker, Delft, Netherlands, only few groups have decided to continue
working on that topic. We can cite the group of R. Martel, Montreal, Canada and O. Gröning, Zurich, Switzerland.

a.2 Scientific production
Highlights:
In the past years we have got few important results. The highlights of our group are presented here below for the different
axes
- Demonstration of the influence of the strain caused by a non magnetic shell on a magnetic core on the magnetic anisotropy
of the system. This result is important as it was never discussed previously in the literature and can lead to significant change
in the magnetism of capped nanoparticles. We have also proposed in another important paper that the famous macrospin
model widely used to describe the thermal reversal of magnetic nanodots is incorrect, even at the nanometer scale.
1) “Dominant Role of the Epitaxial Strain in the Magnetism of Core-Shell Co/Au Self-Organized Nanodots", Y. Nahas, V.
Repain, C. Chacon, Y. Girard, J. Lagoute, G. Rodary, J. Klein, S. Rousset, H. Bulou, and C. Goyhenex, Physical Review
Letters, 103, 067202 (2009).
- Demonstration that the electronic gap of carbon nanotube is underestimated by the exciton binding energy (around 0.4
eV!) when measured on a metallic surface by scanning tunneling spectrosopy. We have also measured and understood in
another paper the wavefunctions at van Hove singularities in carbon nanotube, one of our most comprehensive works.
2) “Many-body effects in electronic bandgaps of carbon nanotubes measured by scanning tunnelling spectroscopy", H. Lin,
J. Lagoute, V. Repain, C. Chacon, Y. Girard, J.-S. Lauret, F. Ducastelle, A. Loiseau, and S. Rousset, Nature Materials, 9,
235 (2010).
- Demonstration of an ordered surface alloy FeAu2 which does not exist in the bulk form. This result opens a new route for the
study of new magnetic properties in unexplored nanomaterials.
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3) “Ordered Surface Alloy of Bulk-Immiscible Components Stabilized by Magnetism“, S. Mehendale, Y. Girard, V. Repain, C.
Chacon, J. Lagoute, S. Rousset, M. Marathe, and S. Narasimhan, Physical Review Letters, 105, 056101 (2010).
- Study of the Ag/Ni system for the structural understanding of interfacial mismatch. This work has completed a series of
works on the consequence of interfacial mismatch on vicinal surfaces upon faceting.
4) “Early stages of formation of the Ag-Ni (111) interface studied by grazing incidence x-ray diffraction and x-ray
photoelectron diffraction”, C. Chambon, A. Coati, M. Sauvage-Simkin, Y. Garreau, J. Creuze, A. Verdini, A. Cossaro, L.
Floreano, and A. Morgante, Physical Review B, 84, 165446 (2011).
- Demonstration of a spin polarized signal on the model Cr/Cr(001) nanostructures with our low temperature STM, which is of
great importance for our future studies. In this paper, we have focused on the spectroscopy of impurities on the chromium
surface.
5) “Spin-polarized scanning tunneling microscopy and spectroscopy study of chromium on a Cr(001) surface”, J. Lagoute, S.
L. Kawahara, C. Chacon, V. Repain, Y. Girard, and S. Rousset, Journal of Physics: Condensed Matter, 23, 045007 (2011).
Publications, conferences (2007-2012)
A detailed list of all our production is in the dedicated annex
-
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26
10
96

peer reviewed publications in international journals
Invited presentations at international conferences
Invited presentations at national conferences
presentations at national and international conferences

Report on the research activities
Surface physics
By combining in situ X-ray surface diffraction and STM we have studied the faceting of Ni vicinal surfaces induced by silver
deposit. The stability of this facetted system was found very different from the one we observed before in Cu/Ag system.
During the thesis of Carole Chambon, we have shown that only within a very narrow coverage range of around 0.6 Ag
monolayer we obtain an “ideal” faceted surface constituted by a regular succession of (211) Ag covered and (111) bare Ni
facets (cf. Fig 1). This information is essential to understand the origin of faceting in this system. Quantitative analysis of
elastic relaxations is still in progress.

Figure 1: Reciprocal space maps (h, l) at k = 2 and at k = 1.77
of Ni(322) surface after 0.6 monolayer (ML) Ag deposit
followed by annealing at 600 K. The Ag covered and bare Ni
facets can be clearly identified.

Figure 2: 3D image (4 nm) of 0.9 ML coverage of Fe0.33Au0.67
deposition on Ru(0001), after annealing at 600 K. The atomic
resolution shows the ordered 3x3 structure of these bulk
immiscible materials.

We have also worked on surface alloys. Indeed, one of the key objectives in heterogeneous catalysis and magnetic
information storage technology is to achieve long range atomic ordering in bimetallic nano-alloys. A new class of surface
alloys has emerged following pioneering experiments1, which have shown that surface-confined alloys of bulk-immiscible
components can be stabilized by substrate-mediated strain interactions. However, ordered commensurate structures have
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During the thesis of Paolo Campiglio, we have performed the magnetic susceptibility of self-organized two-dimensional Co
nanodots on Au(111) as a function of their size in the 2-7 nm diameter range. Our objective was to test experimentally the
validity of the macrospin approximation, commonly used in this size range. We show that the activation energy for the
thermal reversal displays a power law behavior with the number of atoms per dot (cf. Fig. 3). Atomic scale simulations based
on the Heisenberg hamiltonian (done in collaboration with Stanislas Rohart, LPS, Orsay) show that this behavior is due to a
deviation from the macrospin model for dot size as small as 3 nm in diameter. This discrepancy arises from finite
temperature effects through the thermal excitation of spin-wave modes inside the particles. It is worth noting that recent
results obtained by Spin Polarized STM have also pointed out non-conventional behavior of the magnetization reversal at the
nanometer scale, with different physical interpretations4.
Electronic properties of nano-objects
Electronic structure of carbon nanotubes
We have performed extensive Scanning Tunneling Microscopy and
Spectroscopy (STM/STS) investigations of the electronic structure of
carbon nanotubes (CNTs) at the atomic scale in order to get new insight in
their properties. Single wall CNTs have been widely studied on account of
their unique electronic properties that make the material a promising
candidate for future applications in molecular electronics. However some
of their fundamental properties still need to be clarified. After
pioneering works by the group of C. Dekker5, there are still conundrums
concerning the value of the electronic gap of semiconducting tubes.
Optical measurements and local electronic spectroscopy lead to different
estimations of this gap. During the thesis of Hong Lin, we have studied
CNTs arranged into bundles on a gold surface (cf. Fig. 4) and
demonstrated that the image charge that develops in the metallic
substrate reduces the bandgap. Measuring different tubes in a bundle, we
could observe a continuous transition from the screening reduced gap to
the intrinsic gap, which can therefore be estimated from the STS data.
These findings solve the controversy between pioneering STS and optical
experiments.
In addition, we have shown for the first time a complete mapping of the
electronic wavefunctions in metallic and semiconducting tubes. Our
results reveal a symmetry breaking in the molecular orbitals of
semiconducting carbon nanotubes as well as in metallic tubes. Using a
tight binding model, the wavefunctions of isolated pristine nanotubes
were calculated analytically in very good agreement with the
experiment, revealing that the environment of supported nanotubes does
not affect sensitively the symmetry of their molecular orbitals.

Figure 4: (a) 3D image of a bundle of CNT. The color
code is the conductance recorded at 12 mV, showing
both semiconducting and metallic tubes. (b) Spectra
of different CNT, showing that the gap of
semiconductor tubes varies with the distance from
the metallic surface.

Spin polarized spectroscopy
During the thesis of Léo Kawahara, we have measured the local magnetism of
surfaces and nanostructures by STS using a magnetic tip that gives sensitivity to the
local spin structure6. We have studied the Cr nanostructures deposited on the
Cr(001) surface (cf. Fig. 5) which is a promising template for the study of model
systems for spin electronics at the atomic scale. While large scale images display a
clear antiferromagnetic contrast, we showed that at the atomic scale, the defects
inherent to the surface preparation induce local modification of the electronic
structure but do not alter the magnetic order even at large concentration. We have
also obtained magnetic contrast on Co islands on Pt(111) and preliminary results on
Fe/Au(111). Such results are of central importance for later studies of spin
transport in single objects adsorbed on such substrates. As an exciting perspective,
we have very recently demonstrated that single C60 molecules adsorbed on
chromium show fully spin polarized molecular orbitals, an effect that was very
recently discussed in the literature7 but without any clear demonstration.
Figure 5: Conductance image of a Cr deposition on Cr(100) recorded with a magnetic tip.
The tunnelling magneto-resistance contrast shows the antiferromagnetic behavior of the Cr(001) atomic planes.
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a3. Visibility and Academic reputation
Our collaborative activity has been very rich in the past five years. The list indicating the main items which indicate our
activity is given here below in different institutions:
-

-

-

-

Laboratory MPQ: S. Rousset was director until the end of 2010, C. Chacon is in charge of the formation from 2008, V.
Repain is in charge of the communication from 2011, the mechanics workshop from 2007, is member of the scientific
council from 2008 and has co-organized the MPQ workshop in Firenze in 2011.
Labex SEAM: S. Rousset was one of the main redactors of the project and is a member of the ‘comité de pilotage’ from
2011.
Physics Department of the Paris Diderot University: V. Repain is deputy dean, member of the UFR and BIATOSS councils
from 2012. Previously, he was member of the scientific council (2010-2011), the formation council (2007-2012), and the
commission for promotions in 2011 and 2012; S. Rousset was member of the scientific council (2007-2010); Y. Girard is
member of the formation council and group of experts in nanosciences from 2012; Y. Garreau is member of the formation
council from 2007, of the group of experts in nanosciences from 2012 and was member of the commission for promotions
in 2009 and 2010; J. Lagoute was member of the group of experts in nanosciences (2010-2012).
Paris Diderot University: C. Chacon is member of the ‘Comité Technique Paritaire’ from 2008 and of the ‘Comité Hygiène
et Sécurité’ from 2010.
Region Ile-de-France: S. Rousset is director of the C’Nano Ile-de-France (newly ‘Des atomes froids aux nanosciences’)
from 2010. She organizes the annual calls for 279 research teams with a budget of around 5 M€; V. Repain is
vice-coordinator of the Nanoelectronics axis of the C’Nano IdF since 2011 and member of the popularization and
formation office and the spintronics office in the C’Nano IdF since 2007.
National: J. Lagoute is expert and redactor for ‘Observatoire des Micro et NanoTechnologies’ from 2011; C. Chacon is
expert ITRF from 2012; Y. Girard is expert ITRF from 2011, was member of the CNRS committee 05 (2004-2008), S.
Rousset was member of the CNRS committee 06 (2004-2008), is member of the AERES council from 2011 and is member of
the ANR committee SIMI10 from 2012; Y. Garreau is coordinator of the SIXS beamline at SOLEIL.
International: S. Rousset is expert for the European community (FP7 program) from 2009.

Organization of conferences:
-

Surface X-ray and Neutron Scattering, SOLEIL, France, 2008 (Y. Garreau was co-organizer)
Réunion scientifique du GDR Nano-alliages, Florence, Italie, Juin 2011 (V. Repain was co-organizer)
TAILored surfaces in Operando conditions: structure and Reactivity, Autrans, France, 2012 (Y. Garreau was co-organizer)
ICN+T 2012, International Conference on Nanoscience and Nanotechnology, Paris, France, 2012, July (S. Rousset was
general chair and all the team members were local organizers). This last conference is the most important international
conference (around 900 attendees in Paris) in the field of scanning probe microscopies and related techniques. The STM
team was the core of the organizing committee. This prestigious conference was organized in France for the first time.
The plenary sessions took place in the Sorbonne Grand Amphitheatre and eight parallel sessions in the Cordeliers site and
Paris Descartes headquarters.

National and international grants:
CNano IdF (MUSES 2007-2008, SAMBA 2007-2010, SPINSTM 2009-2012, NANOALLOYS2D 2012-2015), SESAME (Nanotechnologies
et environnement 2006-2011), ANR (ETNAA 2006-2010, CEDONA 2007-2011, SAMNET 2008-2012, SPIROU 2013-2017), CEFIPRA
(2007-2011, franco-indian collaboration), ORCHID (2012-2013, franco-taiwanese collaboration), European contract STREP
BNC 2007-2010.

a4. Interactions with the social, economic and cultural environment
S. Rousset, as a director of C’Nano IdF has organized many actions towards the social and economic environment at the scale
of the region. Among them, we can cite the support to a Nanosciences and society axis that gives lectures on nano and
ecotoxicology to many master students and the organization of an annual seminar dedicated to the creation of start-up for
young researchers.
Y. Girard was laureate in 2010 of a call ‘Paris 2030’ financed by the city of Paris. The goal, in close interaction with the
Master on Energetic Engineering, is to study the production of renewable energy at a local scale inside the city. This project
involved few master students in internship for the installation and analysis of a windmill and a photovoltaic solar cell on the
roof of the Condorcet building. Among more academic actions, V. Repain has given lectures on nanosciences at the university
for large audience from 2009 to 2011 (Université ouverte Paris Diderot) and has co-organized a summer school on
nanosciences for high school teachers (e2phy, July 2010, Cachan). It is worth noting that J. Lagoute is expert for the
‘Observatoire des Micro et NanoTechnologies’.
Popularization: we are often involved in popularization seminars or demonstrations on nanosciences. For example, V. Repain
has performed a demonstration with the Atomic Force Microscope on DVD for ‘Fête de la science’ 2008 and 2009. He has also
participated to a program called ‘un chercheur une manip’ at the ‘Palais de la Découverte’ in 2009 and has given seminars in
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2011 and 2012 in the lycée Jules Ferry, Paris. S. Rousset has participated to a TV show on BFM Business on Nanotechnologies
in 2011 and a radio show on France Inter in 2009.
We also regularly publish popularization papers or short communications as listed below:
-

New scientists, Magazine issue 2774, by Kate McAlpine “First gold-iron alloy shows power of magnetic attraction”, August
2010
CNRS magazine ‘2010 une année avec le CNRS’ « Le substrat ne joue pas les seconds rôles »
INP short communication "Comment les nanotubes de carbone conduisent ils le courant et quel est le rôle du support",
April 2010
Omicron Newsletter, “Many-body Effects in Electronic Bandgaps of Carbon Nanotubes measured by Scanning Tunneling
Spectroscopy”, Result of the month May 2010
Materials today, “Nanotube revelations”, January 2010
INP short communication "Comment la couche de protection modifie l’aimantation de nanoparticules magnétiques",
October 2009

a5. Organisation and animation of the group
Group meetings are held once per month with all the member of the team. They are divided in two parts. The first is
dedicated to a presentation by student or post-docs of their recent results, the second is for a round table discussion, where
different issues are faced, from maintenance of experimental equipment to scientific discussion on ongoing research.
The complete staff used to gather daily at lunch before the splitting between university, cnrs and Ph.D students canteens,
which affects tremendously the animation of the group.
Every other year the group organizes a two day seminar in a pleasant place (last time, Touraine castles tour) to discuss our
scientific projects in a relaxed atmosphere.

a6. Implication in educational training by research activities
Concerning doctoral training, in the last five years, seven Ph.D students working in the group have defended. One has a CNRS
position, three are working in private companies and the others are in post-docs. Moreover, our team hosts an average of four
short term stages from L3 to M2 each year. All the stages over 2 months are paid accordingly with French regulation. All the
students participate during their PhD to several international conferences and schools. The average PhD thesis lasts 36
months. All our PhD students have a “contract doctoral” and are remunerated. The quality of these Ph.D can be emphasized
by the ‘Académie des Sciences Lecoq prize’ for the Ph.D of Hong Lin and the ‘ICN+T 2010 best poster prize’ for Léo Kawahara
and the forever young Jean Klein. It is worth noting that V. Repain is also co-organizer of the pluridisciplinary annual
‘Summer school on nanosciences’ of the Ile-de-France region, dedicated to Ph.D students and postdocs, from 2011.
We are also highly involved in the Paris Diderot Master formations: Y. Girard is director of studies of the ‘Ecole d’Ingénieur
Denis Diderot’ (EIDD) from 2009; V. Repain was coordinator of the ‘Magistere de Physique Fondamentale’ (2007-2012) and
co-redactor of the ‘maquettes de formation 2009-2013’; Y. Garreau is coordinator of the master ‘Physique de la Matière et
Applications’ from 2007 and was co-redactor of the ‘maquettes de formation 2009-2013’; J. Klein is vice-director of the EIDD
from 2009 and gives lectures on scanning probe microscopies at the University of Sciences and Technology of Hanoï, Vietnam
from 2011; S. Rousset has given lectures on scanning probe microscopies at a master level in chemistry and physics
(2006-2009).

b. Analysis of group resources
b1. Human resources
Our group is composed of 8 permanents researchers. In the past five years we have been recruiting two CNRS researchers to
support the development of low temperature spectroscopic measurements and more recently new projects on organic
materials.
Current members :
Staff: Amandine Bellec (recrutement CNRS 2012), Cyril Chacon-Carillo (Ingénieur de Recherches), Yves Gareau (Professeur),
Yann Girard (Maître de Conférences), Jean Klein (Professeur émérite), Jérôme Lagoute (Chargé de Recherches), Vincent
Repain (Professeur, membre junior de l’IUF depuis 2010), Sylvie Rousset (Directeur de Recherches)
PhD students: Léo Kawahara (defence in September 2012), Asseline Lemoine (2012-), Jean-Baptiste Marie (2012-), Dong
Pham Van (2012-), Axel Wilson (2011-)
Post-docs: Yann Tison (2011-)
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Former members within the team 2007-2012 :
Staff: Antonio Tejeda (CR, 2007)
PhD students: Paolo Campiglio (defended in January 2011), Carole Chambon (defended in December 2009), Hong Lin
(defended in November 2009), Shruti Mehendale (defended in November 2010), Nicolas Moreau (defended in November
2010), Yasmine Nahas (defended in April 2009),
Post-docs: Romain Breitwieser (2009-2011), Marc Elsen (2007-2008), Maxence Marsault (2010)

b2. Budget
The budget of the group is typically 60 k€ per year, excluding salaries.

b3. Share equipment
We share an open space lab of 120m2 in which we have all our characterization equipment.
- UHV low temperature STM coupled to a preparation chamber for magnetic samples and tips
- UHV variable temperature STM coupled to a variable temperature MOKE setup
- UHV variable temperature STM equipped with surface science facilities and evaporators
We have also built a furnace under controlled gas flow for the purification of samples and the future realization of carbon
nanotubes in the lab.
References
1
2
3
4
5
6
7

J.L. Stevens, and R.Q. Hwang, Physical Review Letters 74, 2078 (1995).
G. Hamm, C. Becker, and C. Henry, Nanotechnology 17, 1943 (2006).
S. Rusponi, T. Cren, N. Weiss et al., Nature Materials 2, 546 (2003).
S. Krause, G. Herzog, T. Stapelfeldt et al., Physical Review Letters 103, 127202 (2009).
J.W.G. Wildöer, L.C. Venema, A.G. Rinzler et al., Nature 391, 59 (1998).
R. Wiesendanger et al., Physical Review Letters 65, 247 (1990).
N. Atodiresei et al., Physical Review Letters 105, 066601 (2010).

48

Me-ANS Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff : Christian Ricolleau (PR), Jaysen Nelayah (MCF), Damien Alloyeau (CR),
Guillaume Wang (IR), Tetsuo Oikawa (invited PR)

a. Activities and results
The Advanced Electron Microscopy and NanoStructures (Me-ANS, previously MN2P) group was formed at the setting up of the
MPQ laboratory in 2002. We conduct high level research on the fabrication and the characterization of nanostructured
materials. We have developed very high skills in the fabrication of alloyed nanoparticles (NPs) with well defined size and
finely controlled composition. At the same time, the Me-ANS team members use and develop transmission electron
microscopy (TEM) techniques to understand the complex sciences that arise from the combination of size and composition
effects in nanomaterials. These dual skills in materials science and in electron microscopy are the cornerstone of the Me-ANS
group researches and his main strength to compete at the international level.
The expertise of the group in electron microscopy has opened the door to many national and international collaborations
with both experimentalists interested in characterizing new nanosystems1; 2; 3 and theoreticians interested in comparing
their calculations to TEM quantitative analysis4; 5; 6 (LEM, ITODYS, IPCMS, MSC, CINaM, INSP, Ulsan university in Korea…). At
MPQ, the combined forces of the DON, QUAD and the Me-ANS teams allows correlating the atomic structure and the
properties (optical, mechanical or transport) of technologically relevant devices such as quantum cascade lasers,
micro-resonators and optical wave guides.7; 8 For the 2012-2015 period, the Me-ANS team is involved in the two transversal
projects of the laboratory concerning (i) the structural and electronic properties of doped carbon nanotubes and graphene
and (ii) the development of active photonic cavities on chip. This illustrates the structuring role of advanced electron
microscopy in the future researches of MPQ laboratory.
For five years, Me-ANS has been working in close collaboration with the Japan Electron Optic Laboratory (JEOL, Tokyo,
Japan). In January 2012, this collaboration has led to the creation of an application laboratory on the campus of the Paris
Diderot University, dedicated to the development of ultra - high resolution imaging and quantitative TEM techniques. In
2011, we installed our new electron microscope, the JEOL ARM 200F. This unique in the world configuration combines a
spherical aberration corrector of the objective lens and a cold field emission gun with a high brightness and coherence. With
this instrument and its unseen spatial and energy resolutions at 200kV (75 pm and 0.26 eV, respectively),9 we can conduct
state of the art experiments on nanomaterials using aberration corrected electron microscopy. This microscope is now
integrated into the advanced microscopy platform of Paris Diderot University and, as a user facility, is open to the scientific
community in order to maximize the impact of electron microscopy on the atomic-scale characterization of materials.
Our research activity is organized in three different axes:
- Thermodynamic properties of nanoalloys
- Magneto-structural properties and biodegradation of iron oxide nanoparticles
- Development of quantitative transmission electron microscopy

a.1 State-of-the-art and international positioning
For five years, the group has been developing tunable vapor phase deposition techniques to fabricate bimetallic
nanoparticles. The enthusiasm of the scientific community for these nano-systems is expressed in France through the “GDR
Nanoalliages” which was created in 2008 and renewed in 2012. This GDR brings together 30 interdisciplinary teams. At the
European level, a COST action on “Nanoalloys as advanced materials” with 35 countries involved, has been created by R.
Ferrando (Genova University, Italy). The Me-ANS team is strongly involved in these both national and european networks: C.
Ricolleau is the director of the GDR and organizes the Nanoalloy conference each year since 2008 and he is substitute
member of the Management committee of the COST action. The team is also very active on that topic: D. Alloyeau and C.
Ricolleau have edited a book on Nanoalloys10 published by Springer in 2012 in the Engineering Materials collection and we
have published more than 20 papers related to nanoalloys during the reference period.
In addition to our projects on nanoalloys, we work also in close collaboration with the “Matières et Systèmes Complexes”
laboratory (CNRS/Univ. Paris Diderot) on iron oxide NPs for therapeutic hyperthermia applications. Due to their many
biomedical applications, the studies of iron oxide NPs increase worldwide. Surprisingly, very little is known about the long
term outcome of NPs in the organism. Combining the multi-functionalities of TEM and magnetic measurements adapted to
characterization of NPs in biological environment, we developed a protocol that allows following the structural and magnetic
transformations due to the NPs / cells interactions. This unseen in vivo approach provides precious information on the way
taken by cells to process and degrade NPs over time, which are of high interest for a very broad scientist audience.11
TEM is one of the most complete characterization tools for studying nanomaterials, giving access to morphological,
structural, chemical and electronic information on individually analyzed nano-objects. In France, the CEMES at Toulouse and
the LPS in Orsay are the leaders for the developments of electron holography and electron energy losses spectroscopy (EELS),
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respectively. The Me-ANS group leadership consists in developing quantitative electron microscopy to study the structural
properties of nano-objects. More specifically, we developed a new STEM technique to obtain statistical results on the size structure relationship in NPs and a methodology to determine the 3D morphology and the thickness of NPs below 5 nm in size
by using tomography. Recently, we have shown how to use the pseudo-lattice spacing appearing on the Moiré contrast of
layered or core/shell nanomaterials, to determine the thickness ratio of the stacking layers of the nanostructures. All these
techniques, which are of wide interest for all the TEM groups working on the structural properties of nanostructures, have
been reported in Ultramicroscopy.12; 13; 14

a2. Scientific production
Highlights:
The highlights of our group are presented here below for the three different axes :
- In CoPt nanoalloy, we have experimentally and theoretically demonstrated (i) a substantial depression of the
order/disorder transition temperature if only one dimension of a NP is less than 3 nm (1) and (ii) the dependence of the NPs
composition as a function of their size induced by the Oswald ripening kinetic in nanoalloys (2). This result was recently
evidenced at the atomic scale by studying single atoms dynamics with our new aberration-corrected microscope. 15
1) D. Alloyeau, C. Ricolleau, C. Mottet, T. Oikawa, C. Langlois, Y. Le Bouar, N. Braidy and A. Loiseau, Size and shape effects
on the order–disorder phase transition in CoPt nanoparticles, Nature Materials, 8, 940-946, (2009).
2) D. Alloyeau, G. Prévot, Y. Le Bouar, T. Oikawa, C. Langlois, A. Loiseau and C. Ricolleau, Ostwald ripening in nanoalloys :
when thermodynamics drives a size-dependent particle composition, Phys. Rev. Letters, 105, 255901 (2010).
- In CuAg nanoalloy, demonstration of the existence of a size effect on the formation of the core/shell arrangement: for
particles whose size is less than 50 nm, the core/shell configuration is favored only for shell thicknesses below 3-4 nm
3) C. Langlois, Z. L. Li, J. Yuan, D. Alloyeau, J. Nelayah, D. Bochicchio, R. Ferrando and C. Ricolleau, Transition from
core–shell to Janus chemical configuration for bimetallic nanoparticles, Nanoscale, 4, 3381-3388 (2012).
- In the study of the nanotoxicity and the long term outcome of NPs in the organism, we have evidenced the
biotransformation of superparamagnetic maghemite NPs into poorly-magnetic iron species stored into ferritine proteins over
a period of three months.
4) M. Levy, N. Luciani, D. Alloyeau, D. Elgrabli, V. Deveaux, C. Pechoux, S. Chat, G., N. Vats, F. Gendron, C. Factor, S.
Lotersztajn, A. Luciani, C. Wilhelm, F. Gazeau, Long term in vivo biotransformation of iron oxide nanoparticles,
Biomaterials, 32, 3988, (2011).
- Demonstration of the ultimate performances of the ARM 200F cold FEG at 200kV and 80 kV and applications to (i) the
determination of the atomic structure of a twin boundary in a nanoparticle and (ii) the direct determination of the iron
valence state in iron oxide by EELS.
5) C. Ricolleau, J. Nelayah, T. Oikawa, Y. Kohno, N. Braidy, G. Wang, F. Hue, I. Florea, V. Pierron Bohnes, D. Alloyeau,
Performances of an 80 – 200 kV microscope employing a cold-FEG and an aberration-corrected objective lens, Journal of
Electron Microscopy, Accepted, (2012).
Publications, conferences (2007-2012)
A detailed list of all our production is given in the annex.
- 37 peer reviewed publications in international journals
- Editors and authors of 3 books published by Springer and EDP sciences.
- 11 invited conferences in national and international conferences
- 69 presentations at national and international conferences
Report on the research activities:
Size effect on the thermodynamical properties of CoPt nanoparticles (ANR ETNAA 2008 - 2011)
We have investigated the effects of size and morphology on the order-disorder phase transition temperature (Tc) of CoPt
NPs. Our investigations are an important step forward in determining the origin of the size effect in magnetic alloys NPs.
Indeed, we have experimentally demonstrated that for 2.4 - 3 nm particles, Tc is 325°C-175°C lower than the bulk material
transition temperature, consistent with our Monte Carlo simulations.5 Furthermore, by using electron tomography, we have
established that Tc is also sensitive to the shape of the NPs. The depression of Tc is observed if only one dimension of the
particles (in-plane size or thickness) is smaller than 3 nm (Fig. 1a).5 This work emphasizes the necessity of taking into account
the 3D morphology of nano-objects to understand and control their structural properties.
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We performed EDS nano-analyses to show that the relative composition of
Co50Pt50 NPs can be strongly modified during thermally-induced Ostwald
ripening mechanism and displays a size-dependent behavior. These results
are consistent with a thermodynamic model which demonstrates that this
compositional change origins from the higher evaporation rate of Co atoms
from the NPs.4 To explain this phenomenon that could dramatically impacts
all the technologically relevant properties of nanoalloys, we have exploited
the outstanding sensitivity of the ARM microscope to prove that during the
beam-induced coarsening of CoPt NPs, the dynamic of atom exchanges
between the particles is different for Co and Pt. By distinguishing the
chemical nature of individual atoms of Co and Pt, while they are diffusing
on a carbon film (Fig. 1b), we have clearly shown that Co atoms have a
higher mobility than Pt atoms because of their higher evaporation rate
from the particles. These atomic–scale observations bring the experimental
evidence on the origin of the compositional changes in nanoalloys induced
by Ostwald ripening mechanisms.15
Figure 1: (a) Illustration of the shape-dependent depression of Tc. (b) HRTEM
images of CoPt NPs. Individual Co and Pt atoms appear as additional black contrast
on the carbon substrate. The two Signal to Noise Ratio (SNR) profiles (right side of
the figure) were measured between the two corresponding arrows in the TEM
images. The SNR profile 1 shows two Co atoms (SNR of 2.6) whereas the intensity
profiles 2 shows a Pt atom (SNR of 3.5).

Core/shell Cu/Ag nanoparticles (Egide Program with Birmingham University, 2007 - 2008)
In CuAg nanoalloys, formed by two immiscible metals, the main result is that the core-shell structure (Fig. 2a) is stable up to
600°C, provided the surface diffusion of metallic species on the carbon film is blocked by a 10 nm thick amorphous carbon
film deposited on the NPs after their growth. Conversely, without any carbon capping, the final chemical configuration after
annealing is a so-called Janus NP, side-segregated arrangement (Fig. 2b). On this two types of particles, we demonstrated
recently that, for particles with a diameter size below 50 nm, the core-shell configuration is favored only if the shell
thickness does not exceed 3 to 4 nm.6
If the Ag concentration in the CuAg particle is increased, the particle turns to the Janus configuration, with off-center core.
This size effect in the CuAg system is confirmed by simulations carried out at Genova University (Italy) by R. Ferrando. The
simulations show clearly that for an increase in Ag
concentration, the most favorable site for Cu lies few layers
under the Ag shell, and not in the center of the particle. In
parallel, the core-shell interface structure has been
investigated by ultra-high resolution probe corrected STEM
(Fig. 2c). Cube-on-cube and hetero-twin epitaxial
relationships have been evidenced, as in the CuAg bulk alloys
between eutectic lamellae. Moreover, because of the lattice
misfit of 12% between Cu and Ag, an array of interface
dislocations is observed with a periodicity corresponding
roughly to the theoretical one.
Figure 2: Chemical map (red = Cu, green = Ag) obtained by energy
filtered imaging. a) Sample after synthesis. b) Sample after
annealing at 550°C – 90 minutes. c) Probe corrected HAADF-STEM
image, showing the array of interfacial dislocations between the Cu
core and the Ag shell.

Nanometric heat generators for therapeutic hyperthermia: heating capacity and biodegradation (ANR JC
Nanothermotherapy, 2011 -2014)
Hyperthermia therapy is a medical treatment in which body tissues are exposed to high temperatures to damage and kill
cancer cells. The spectacular development of nanotechnology makes possible the use of heat sources at the nanoscale,
activated by an external field. In collaboration with the laboratories MSC (Paris 7 Univ.), the National Nanotechnology
laboratory (Italy) and PESCA (Univ. Paris 6), we work on the development and the optimization of iron oxide nanostructures
dedicated for magnetic hyperthermia. We started working on two relevant questions regarding the use of nanometric heat
generators for therapeutic hyperthermia: (i) How can we maximize the heating capacity of the nanosources? (ii) What are the
biodegradation mechanisms of the nano-agents inserted into the patient body?
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(i) If the size-dependant mechanisms leading to magnetic hyperthermia are now well known, understanding the heating
capacity of magnetic NPs requires correlating their magneto-structural properties. So far we worked on two types of
chemically prepared iron oxide NPs: flowers-like NPs and spherical highly monodispersed NPs. On these two nanostructures,
the structural analysis performed by HRTEM and electron tomography, combined with magnetic measurements allows
interpreting their heating capacity. On the one hand, the low heating power of the spherical NPs was explained by their
highly strained atomic arrangement that alters their magnetic structure by creating antiphase boundaries.16 On the other
hand, the nanoflowers consist in an assembly of nanocrystals isotropically stuck together, leading to nearly spherical porous
super-crystals, with a mono-crystalline structure (Fig. 3a). The outstanding hyperthermia performances of these nanoflowers
are attributed to a cooperative magnetic behavior.3 ii) We used the multifunctionality of electron microscopy (i.e., imaging
(Fig. 3b), EDS chemical mapping (Fig. 3c) and diffraction) to follow the biodistribution and the structural evolution of
superparamagnetic iron oxides injected to mice within a 90-days period. These TEM investigations were complemented by
the magnetic follow-up of the injected NPs. Ferromagnetic resonance and SQUID magnetization measurements were used to
quantify iron oxide NPs and follow the evolution of their magnetic properties. NPs were found into macrophage cells of both
liver and spleen. We evidence the biotransformation of superparamagnetic maghemite NPs into poorly-magnetic iron species
with a weak crystallinity over a period of three months. While the original structure and magnetic order of the particle were
degraded, iron storage proteins (ferritine), were observed for the first time coexisting with exogenously-injected NPs. It
suggests an ongoing transformation process, by which surplus iron imported by exogenous maghemite NPs are stored into
endogenous storage proteins. To conclude, the original multi-scale method developed in this study, opens up new ways to
understand the biotransformation of promising magnetic materials for biomedical applications.11

Figure 3: (a) High resolution TEM image of nanoflowers.
The FFT in insert reveals the single crystal structure of
this NP. NPs observed in the spleen of mice, encapsulated
in lysosomes of macrophages. (b) STEM bright field image,
(c) EDS Fe mapping.

a3. Visibility and Academic reputation
The following list indicates the main items of our activity:
- International projects:
 EGIDE project with University of Birmingham (2007-2009) on CuAg nanoalloys,
 EGIDE project with Higher Education Commission of Pakistan (2011-2014) on iron oxides and hybrid

metal/oxides nanoparticles for nanomedicine,

 International CNRS project with the National Academy of Sciences of Ukraine on nanocarbons,
 International CNRS-VAST project with the National Academy of Sciences of Vietnam on applications of plasmonic in

biophotonics.
- National projects:









ANR Blanc DINAMIC (coordinator, 2011-2014),
ANR JC-JC Nanothermotherapy (coordinator, 2012-2014),
ANR Emergence et Maturation de projet en Biotechnologie PlasmoSlide (coordinator, 2006-2008)
C’Nano project NanoFCS (coordinator, 2006-2009),
C’Nano project CASINO (coordinator, 2009-2011),
C’Nano project CIMON (coordinator, 2010-2012),
C’Nano project HOTSPOT (partner, 2005-2008),
ANR Blanc project OPADETO (partner, 2006-2009),
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 ANR JC-JC IMAGINOXE (partner, 2012-2014),
 ANR PNANO ETNAA (partner, 2008–2011),
 Interdisciplinary program of the CNRS (partner, PICS, 2010-2011).

- University projects: PPF on electron microscopy (coordinator, 2008-2012) and BQR (coordinator, 2010) on
development of electron tomography.
- Research management:
 Scientific animation of the advanced TEM platform of Paris Diderot University,
 Direction of the GDR Nanoalloys,
 Participation to the LABEX SEAM (Science and Engineering of Advanced Materials and devices), member of the






scientific council and the “comité de piltotage”, leader of the “Instrumentation” axe,
Member of the European COST action on Nanoalloys,
Direction of the Jeol User’s Group,
Organisation of 4 conferences: SFµ 2009 (Paris), Nanoalloys 2008 (Oléron), 2009 (Dijon), 2011 (Florence, Italy),
Organization of a summer school on Nanoalloy in Frejus (2010),
Organization of the first International Electron microscopy school of Paris Diderot University in 2012.

- Expertise:
 Chairman of the symposium TEM & STEM at the Microscopy and Microanalysis conference in 2009

(Richmond, USA),

 Expertise for ANR, C-Nano and Micro and Nanotechnology Observatory (France), Dept. Of Energy (USA),
 Referees for major journal in condensed matter and electron microscopy: Phys. Rev. Lett., Phil. Mag.,

Chemical Comm., Ultramic., Microscopy and Microanal., Nanoletters, Eur. Phys. Journal., Appl. Phys. A,

 Member of the editorial board of the MPQ international newsletter.

a4. Interactions with the social, economic and cultural environment
- Application laboratory with the JEOL Company in the framework of a joint agreement between Paris Diderot University and
JEOL for 4 years.
- Documentary on basic principles of electron microscopy presented at the inaugural ceremony of the ARM 200F Super TEM
microscope (http://www.univ-paris-diderot.fr/Mediatheque/spip.php?article265).
- Participation to the « Fête de la Science ».

a5. Organisation and animation of the group
Short group meetings (1 hour) are organized every two weeks where one PhD student of the group explains his last results and
we discuss about future experiments for the next 15 days.
Longer meetings are organized monthly for scientific discussion on ongoing research and to discuss about the collaborations
and who will be in charge of the visitor on the ARM microscope. This is done by taking into account the scientific interest and
the skills of the members of the team. We discuss also about the acquisition of new equipments and we share the technical
problems encountered by the users in order to increase the technical knowledge of everyone in the team.

a6. Implication in educational training by research activities
Our group hosts an average 2-3 PhDs, 1 post-doc and 1 short term training from L3 to M2 per year. During their thesis, all the
students participate to several international conferences and schools. The average PhD thesis lasts 37 months. All our PhDs
students have a “contract doctoral” with the Condensed Matter and Interfaces High Master Degree Institute and are
remunerated.
The team is strongly involved in the teaching of materials science and electrons microscopy in three masters: Quantum
devices (Physics department), Namochemistry, Materials and Surfaces (Chemistry department) and in the future master of
the SEAM Labex.
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b. Analysis of group resources
b1. Human resources
Current members:
Staff: Damien Alloyeau (CR, 2010), Jaysen Nelayah (MCF, 2009), Guillaume Wang (IR, 2010), Tetsuo Oikawa (invited PR,
2006), Christian Ricolleau (PR, 2004).
PhD students: Yasir Javed (2011-), Nath Tai Nguyen (2011-), Hélène Prunier (2012-).
Post-doc: Lénaïc Lartigue (2012-).
We are waiting for an assistant professor position to work on specific developments such as exit-wave reconstruction and
environmental TEM.

Former members within the 2007-2012 period:
Staff: Cyril Langlois (2004-2010) moved to MATEIS laboratory at INSA – Lyon, Emmanuel Fort (2002-2009) moved to Langevin
Institute at EPSCI.
PhD Students: Damien Alloyeau (2004-2007), Erwan Guillotel (2006-2009, 50%), Mernoush Valamanesh (2005-2008), Yannick
Goulam (2007-2010), Julie Delahaye (2008-2011).
Post-docs: Nadi Braidy (2009), Florian Hüe (2010-2011).

b2. Budget
ANR ETNAA: 130 k€ (including 45 k€ for personal)
ANR DINAMIC: 210 k€ (including 99 k€ for personal)
ANR Nanothermotherapy: 91 k€ (including 49 k€ for personal)
ANR OPADETO: 20 k€
ANR HOTSPORT: 68 k€
C’Nano CASINO: 120 k€ (equipment only)
C’Nano CIMON: 150 k€ (equipment only)
C’Nano NanoFCS: 100k€ (personal only)
PICS CNRS: 25 k€ (equipment only)
PPF Electron Microscopy: 65 k€ / year
LABEX SEAM : 12 k€ (equipment only)
Total: 1186 k€ (excluding the total budget for the acquisition of the ARM 200F electron microscope)

b3. Share equipment
The MeANS team is in charge of the advanced electron microscopy platform of the Paris Diderot University. This platform is
composed by:
ARM 200 F TEM cold FEG equipped with a spherical aberration corrector, a Jeol EDS detector and a GIF Quantum ER,
JEOL 2010 TEM with LaB6 cathode and equipped with a UHR pole piece and Tracor EDS detector,
JEOL 6500 SEM with W filament and equipped with a Jeol EDS detector,
TEM samples preparation facilities,
Vapor phase deposition techniques in a high vacuum chamber: pulsed laser deposition and thermal evaporation.
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SQUAP Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff (alphabetically ordered): MaximilienCazayous (PR2), Yann Gallais (MCF),
Marie Aude Méasson (CR2) and Alain Sacuto (PR1).

a. Activities and results
Our research team is interested in the dynamics of interacting electrons in strongly correlated systems where competing
orders develop such as: superconductivity, charge and spin density wave, ferro-electricity. These last years, our group has
focused on unconventional superconductors: cuprates, pnictides, heavy fermions and multiferroic compounds. Our favorite
probe of investigation is the electronic Raman scattering (low temperatures down to 2K, magnetic field up to 10 T, electric
fields and pressure up to 20 GPa). Electronic Raman scattering is a specific experimental technique far from widespread in
the world because requiring a delicate optimization of the spectrometers. Electronic Raman scattering is a powerful
technique which allows us to explore the quasi-particles dynamics in different parts of the Fermi surface and track the
charge and spin excitations. We can also study phonons, electron and spin phonon couplings.

a.1 State-of-the-art and international positioning
We develop our research activities on multiferroics, cuprates and pnictides and heavy fermions compounds, we widen our
field of international collaborations. As for an example we are working in close collaborations on multiferroics with R. de
Souza from University of Victoria, Vancouver, Canada; M. Mochizuk from Department of Physics of Tokyo University of
Science. We work on high Tc superconductors with G. Gu from Brookhaven National Lab, (USA), G. Kotliar from Rutgers
University (USA), Hai Hu Wen from Nanjing University, China. We work on pnictides with Dr. E. Bascones from Instituto de
Ciencia de Materiales de Madrid (ICMM-CSIC), (Spain). Concerning heavy fermions, we collaborate with with the Kobe
University (Pr. Sugawa). We are experts in these fields and well introduced at the international level (see our invitations).

a.2 Scientific production
Highlights:
1) “Dominant Electronic Raman scattering in copper oxide superconductors: Understanding the phase diagram ; Diffusion
Raman électronique dans des oxydes de cuivre supraconducteurs : Comprendre le diagramme de phase", A. Sacuto, Y.
Gallais, M. Cazayous, S. Blanc, M. A. Méasson, J. Wen, Z. Xu, G. Gu, D. Colson, Comptes rendus Physique, 12 , 480, 2011,
Académie des Sciences, éditeurs : J.P.Brison et A. Bouzdine, (2011), Elsevier Publisher.
2) “Loss of antinodal coherence with a single d-wave superconducting gap leads to two energy scales for underdoped
cuprate superconductors”, S. Blanc, Y. Gallais, M. Cazayous, M. A. Méasson, A. Sacuto, A. Georges, J. S. Wen, Z. J. Xu,
G. D. Gu, and D. Colson, Phys. Rev. B. 82, 144516 (2010).
3) “Impact of the Spin Density Wave Order on the Superconducting Gap of Ba(Fe1-xCox)2As2”, L. Chauvière, Y. Gallais, M.
Cazayous, M.A. Méasson, A. Sacuto, D. Colson and A. Forget, Phys. Rev. B 82 180521(R) (2010).
4) “Magnetic field induced dehybridization of the electromagnons in multiferroic TbMnO3”, P. Rovillain, M. Cazayous, Y.
Gallais, A. Sacuto, M-A. Méasson, H. Sakata and M. Mochizuki, Phys. Rev. Lett. 107 027202 (2011).
5) ”Electric-field control of spin waves at room temperature in multiferroic BiFeO3”, P. Rovillain, R. de Sousa, Y. Gallais,
A. Sacuto, M. A. Méasson, D. Colson, A. Forget, M. Bibes, A. Barthélémy, M. Cazayous, Nature Materials 9, 975 (2010)
Publications, conferences (2007-2012)
-

35 peer reviewed publications in international journals
31 Invited presentation at international conferences
58 presentations at national and international conferences
1 patent on the MagSurf (superconducting skateboard)
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Report on the research activities
Unconventional superconductivity and strongly correlated systems
Unconventional superconductivity remains one of the most challenging topics of condensed matter physics. In particular, the
interplay between magnetism and superconductivity sets in high-Tc cuprates, pnictides, organics and heavy fermions
compounds. This addresses the question of the underlying mechanism of superconductivity in terms of magnetic fluctuations.
Our team is working for several years on superconductivity. We are expert in this field and well introduced at the international
level (see above a.1). In France we develop active collaborations with various theoretical groups: A. Georges from X, Collège de
France, G. Kotliar, Rutgers University and we are involved or leaders of several ANR projects.
Cuprates
Cuprate superconductors belong to the class of unconventional superconductors where superconductivity emerges close to a
magnetic phase order. The superconducting gap of cuprates has a dominant “d”-wave symmetry, it reaches its maximum
value along the principal axes of the Brillouin zone (BZ) and vanishes along the diagonal of the BZ. This corresponds
respectively to the Anti-Nodal and Nodal region (see Fig. 1). We have explored the superconducting phase as a function of
doping level (the number of carriers).
In conventional superconductors described by BCS theory superconductivity emerges from a metal and the whole of
electronic states around the Fermi surface condenses into the superconducting state. In hole doped cuprates, the situation
is more subtil, an artificial metal is built by doping carriers into a Mott insulator state and then superconductivity emerges at
low temperature.
Our main result is that contrary to conventional superconductor, the k-space distribution of the electronic states available
for superconductivity is strongly doping dependent. In a such a way that only a part of these electronic states are involved
into superconductivity. At low doping level, superconductivity phase around the nodal region. We can then define the
fraction of coherent Fermi surface, fc around the nodes for which quasi-particles are well defined and superconductivity is
favoured. We find that fc is doping dependent and controls
Tc such as Tc  fc Δmax where Δmax is the maximum amplitude
k
/a
/a
of the d-wave superconducting gap. This new relation differs
from the standard BCS theory where the superconducting gap
Anti-Nodal
amplitude is directly proportional to Tc, here, fc plays a key
role since superconductivity develops only on a fraction of the
Q
region
Fermi surface. The new relation brings us some clues for
increasing Tc. This work has been done in the framework of the
k
ANR SUPRA.
Nodal

region
Figure 1 : The violet petals correspond to the amplitude of the superconducting gap

Pnictides
The discovery of new Fe-based pnictide superconductors (Fe-SC) with distinct multi-orbital band structure has opened a new
horizon to high-temperature superconductivity (HTSC).
We have addressed the question of the relationship between magnetism and superconductivity by studying the impact of the
magnetic Spin Density Wave (SDW) phase on the superconducting gap in the coexistence region between both orders in
electron doped Co-BaFe2As2 single crystals. This system is particularly attractive because it displays a well-defined region of
doping where SC and SDW orders coexist at the atomic scale. Given the itinerant nature of magnetism in Fe-SC, we expect
both orders to compete for electronic states at the Fermi level and the exact way in which they coexist at the Fermi level
remains unsolved. At low doping where only the SDW order exists, we have shown that the SDW order reconstructs the
electronic Raman spectrum in a manner consistent with a conventional nesting induced SDW band-folding mechanism. The
resulting anti-crossing between the folded bands opens a gap at the Fermi level thus destroying selected parts of the Fermi
surface.
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w
a softening at about 30K. The FWHM of the Eg modes ten
nds to decrease
e below ~30K.

First, we pointed to the ap
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e when annealling at too higgh temperaturre (1075°C). The
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d versus temp
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lattice dynam
transition tem
mperature 17K. The B1g ph
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b revealed.
es show a deccreasing their life time below ~30K whicch could be re
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The Eg mode
project is de
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ollaboration with
w
Dai Aoki, Daniel
D
Braithw
waite from the
e CEA-Grenob
ble with ANR project
p
PRINCESS.
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Multiferroics
We are interested in multiferroics that possess coexisting magnetic and ferroelectric phases, with cross-correlation effects
between magnetic and electrical degrees of freedom. As such, they can potentially be used to control spin-based properties
by electric fields, with very low associated power dissipation. Our team belongs to the leader teams to study the spin
excitations by Raman scattering in multiferroics. We collaborate in France with M. Bibes and Agnes Barthélémy from UMR
Physique CNRS/Thales, and D. Colson CEA Saclay (see above for international collaborations). We detail below one of our
highlights in the field. Magnonics, a particularly exciting new approach for information processing, relies on the manipulation
of spin wave. We show that in multiferroic BiFeO3 spin wave excitations can be controlled by an electric field at
room-temperature, low power and in a non-volatile way. Our experimental results clearly demonstrate that the frequency of
spin waves can be varied by more than 30%, which represents a tunability several orders of magnitude larger than previously
reported. We find that the ferroelectric polarization acts as a handle to manage this tuning and demonstrate through Landau
theory calculations that it originates from an electric-field-driven linear magnetoelectric coupling mechanism. Our results
not only qualify BiFeO3 as a promising medium for magnonic devices but also, and more generally, extend the potential of
this multifunctional material to transform information from one state variable into another (e.g., charge, spin, light, etc) in
future hybrid computational architectures. We anticipate that they will inspire novel concepts in magnonics and encourage
further exploration of coupled phenomena in multiferroics and other oxide-based systems.

Figure 4: Left: (P–E) hysteresis loop at room temperature. Right: Voltage dependence of a spin wave mode. The shift of the spin-wave
frequencies follows the polarization loop along 1 (red diamond), 2 (blue star), 3 (orange circle) and 4 (green square).

a3. Visibility and Academic reputation
Our collaborative activity has been very rich in the past 5 years. Main items are listed below:
Academic Responsabilities of the team member’s during this period
-

Alain Sacuto

Head of the Physics Department of Paris-Diderot, Paris 7 : 2009-2012
Member of the ANR committee SIMI 4 : 2012:
Chair of the teaching committee at the Physics Department: 2007-2009
Elected member of CNRS national committee (section 06, condensed matter) 2004-2008
-

Maximilien Cazayous

Chair of the teaching committee at the Physics Department of Paris 7 2012Director of the Master IPE 2009-2012
Elected member of the university national committee (section 28) 2007-2012
-

Yann Gallais

Director of undergraduate studies of physics at University Paris 7
Elected member of CNRS national committee (section 06, condensed matter) 2008-2012
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Elected member of the “Commission de Spécialistes” in section 28 of Paris 11
Nominated member of the scientific committee of the laboratory MPQ
-

Marie Aude Méasson

Member of the Paris city center committee of French Physical Society
Member of the Women in Physics committee of the French Physical Society
Organization of the weekly conferences for the laboratory MPQ.
Implications in research projects
International projects:
- 2007-2009 CNRS/USA grant
- 2012-… Member of the board of ICAM network supported by NSF
National projects:
-

2011-2014 ANR Blanche Princess
2010-2012 ANR Blanche PNICTIDES
2009-2011 CnanoIdf Projet OPTOGRAPHENE
2008-2010 ANR Blanche GapSupra
noIdf Projet ADNTRONIC

Others:
-

Participation in 4 conference committees
Expertise for European community, ANR, C-Nano, ERC
Referees for all the major journals in our field: Science, Nature, Physical Review, etc
Lectures in other institutions: Lausanne ( Suisse) , ENS Cachan
Organizing member of national and international conferences: Conference of Philippe Monod at Paris Diderot, Paris 7
(2009); Symposium on strongly correlated systems, French Physical Society SFP ( 2007), GDR multiferro and JMC13
JMC13.

a4. Interactions with the social, economic and cultural environment
Science for large audience
-

Member of the national steering committee for the “100 years of superconductivity 1911-2011”
Initiator along with A. Monclin and J. Bobroff of the film “100% conductor : the superconductors”
Initiator and manufacturer of “MagSurf” (superconducting hoverboard), A patent has been submitted. see:
http://www.youtube.com/watch?v=_F-VVmMD4_k

Events
-

Superconductivity days for the 40 years birthday of the Université Paris 7
Major event of the « Fête de la Science – Université Paris 7 » in 2011 with launch of MagSurf.
Co-organisation of two scientific events in June 2011 and 2012 at the museum of “Arts et Métiers” on superconductivity
and quantum physics, presentation of the MagSurf at scientific museums (Palais de la découverte, Gaité lyrique)
Organisation of the Superconductivity week with the association Paris-Montagne.

Media
-

Several interviews on superconductivity and the MagSurf in journal (Figaro, Libération, Science et Découverte ..), radio
(France Inter (Savanturiers), France Info, radio Campus, …), and TV programs (interviews : TF1, France 2, BFM TV …,
and TV scientific programs : France 3 (Incroyables Experiences), France 5, Antena 3 (Spain, el Hormiguero).)
Articles: 1 article in the magazine « Pour la science », 2 interviews in the journal « La Recherche », 2 articles in the
journal « La Recherche », 1 article on the web site of the institut of physics of the CNRS, 2 articles in the review of the
CNRS.

Conferences:
-

Invitation by the French Ambassy in Russia for a conference on superconductivity and presentation of the MagSurf
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-

(Moscow 21 july 2012)
Conference about « scientific mediation for large audience » to newly hired researchers (INP 2012)
Several conferences for schools and associations including Bar des Sciences.

a5. Organisation and animation of the group
Group meetings are held once per 15 days with all the member of the team and are dedicated to a presentation of recent
results by non permanent or permanent members. Additional meetings are held where different issues are faced
(experimental equipment and scientific discussion).

a6. Implication in educational training by research activities
Our group has hosted 5 PhDs, 1 Post-docs and 27 short term stages from L3 to M2. All the stages over 2 months are paid
accordingly with French regulation. All the students participate during their PhD to several international conferences and
schools. The average PhD thesis lasts 36 months. All our PhD students have a “contract doctoral” and are remunerated.
All the permanent members of our group are involved in teaching, including the CNRS staff.
Moreover, almost all our PhD students teach exercise and laboratory classes (monitorat).

b. Analysis of group resources
b1. Human resources
Our group is composed of 4 permanents researchers In the past five years we have been recruiting one CNRS researcher to
support the new experimental set up on pressure and high magnetic field.
Current members :
Staff : Alain Sacuto (PR1), Maximilien Cazayous (PR2), Yann Gallais (MCF) and Marie Aude Méasson (CR2)
PhD students: Jonathan Buhot (2011-2013), Djaji Liu, Elisa Ricardi (2012-) , Constance Toulouse(2012-), Siham Benhabib
(2012-)
Post-docs: YanYing (2012-)
Former members within the laps 2007-2012 :
PhD students: Sébastien Blanc (2008-2011), Pauline Rovillain (2009-2012), L.Chauviere(2009-2011).

b2. Budget
The budget of the group has increased in the past two years due two ANR contracts (Pnicitides and Princess)

b3. Share equipment
We share an open space lab of 70m2 and a small lab of 17m2 with 3 spectrometers for optical measurements, lasers,
magnetic coil for optic and pressure cell. Our group is among the users of the clean room.
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THEORIE Team
Rapport scientifique : auto-évaluation (2007-2012)
Permanent Staff : Cristiano Ciuti (PR1, team coordinator), Edouard Boulat (MCF), Eric Bringuier
(CR1), Thomas Coudreau (PR1, joined team in 2010), Mohamed Hebbache (MC-P13),
Jean-Claude Lévy (PR emeritus), Pérola Milman (CR1, officially joined the team in 2012),
Giuliano Orso (MCF, hired in 2010), Indranil Paul (CR1, officially joined the team in 2012)

a. Activities and results
THEORIE was officially created in 2009 and is presently composed by 9 permanent members (a few researchers were already
members of laboratory MPQ, others have been hired since 2009 or have joined the team after its creation). THEORIE is
devoted to the theoretical study of new quantum systems and to the exploration of unconventional regimes in condensed
matter systems including semiconductors, superconductors, hybrid systems and ultracold atoms. New theoretical methods
are developed in order to investigate fundamental properties and also to study new quantum device functionalities,
particularly in out-of-equilibrium conditions and in presence of a noisy, finite-temperature environment. The members of
the group offer a broad spectrum of expertise, ranging from state-of-the-art numerical simulations of correlated systems to
modern quantum field theoretical tools, providing enriching cross-field exchanges within the group and creating a significant
platform of fruitful interactions with the experimental teams at MPQ (in particular the groups QUAD, DON, IPIQ, SQUAP,
TELEM).
Matériaux et Phénomènes Quantiques is a laboratory whose goal is to explore the physical properties of new quantum
phenomena and materials. The investigated systems can be either artificial structures with controllable properties (e.g.,
semiconductor quantum devices, superconducting circuits or atom/ion traps) or recently discovered natural, self-organized
compounds with exotic quantum properties (e.g., graphene, iron-based superconductors). The theoretical prediction and
analysis of the behavior of complex quantum systems and exotic materials is a very challenging and fascinating task with a
strong international competition. A successful theoretical research requires advanced technical tools and at the same time
an excellent physical intuition in order to understand the essential approximations leading to simplified quantum models
with predictive power. In this respect, a close interaction with experimentalists is also important to grasp the essential
aspects of complex systems with many degrees of freedom.
Quantum many-body effects are crucial both in artificial systems and self-organized/correlated materials. In particular,
engineerable quantum systems such as arrays of nonlinear optical cavities, mesoscopic electric circuits and ultracold atoms
in optical traps/ lattices are attracting a great deal of interest for the degree of control of the quantum Hamiltonian
governing the physics. This provides a way to test quantitatively theoretical predictions of paradigmatic models, which
would have been seen as purely academic only a few years ago. In particular, the largely unexplored and severely challenging
physics of systems far from thermal equilibrium is becoming accessible and crucial for applications. This research is
complementary to the investigation of self-organized materials in which an additional source of complexity stems from the
often incomplete knowledge of the relevant microscopic degrees of freedom. Both top-down and bottom-up studies are
pursued at MPQ and in particular by THEORIE. The fundamental understanding of quantum phases is a fascinating problem
and at the same time an essential step towards the implementation of quantum device functionalities, both concerning
quantum photonics and quantum electronics. Moreover, the coupling of an open complex quantum system to the
environment is essential for the new emerging disciplines of quantum information, communication and quantum simulation.
In particular, the elaboration of judicious protocols and properly tailored systems to protect quantum correlations and
entanglement from decoherence is a fundamental problem that is addressed by the theory group.
The main activities of THEORIE are organized around the following axes of research:
-

Correlated quantum fluids: polaritons, photons, electrons, cold atoms.
Quantum information; systems protected from decoherence and quantum entanglement
Strongly correlated materials and phase transitions
Non-equilibrium quantum phenomena (transport, noise properties,…).

a.1 State-of-the-art and international positioning
In France, there are several theory groups working on related topics or with a partial scientific overlap, for example we
would like to mention those at laboratoire LPA-ENS (solid-state quantum systems, light-matter interaction and mesoscopic
physics), LKB-ENS, L??-Orsay,, Université Cergy-Pontoise (manybody theory of ultracold atoms), Ecole Polytéchnique
(strongly correlated materials and mesoscopic physics), Grenoble (superconducting quantum circuits). At the international
level, there are many theoretical groups working on problems related to the main research axis of THEORIE. Among the
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many, we would
w
like to mention the
e group of Prrof. T. Brand
des (TU-Berlin
n; mesoscopicc physics and
d quantum phase
transitions), Prof. E. Solan
no (Ikerbasque
e, Spain; quan
ntum optics, in
nformation, circuit QED), D
Dr. Iacopo Carusotto (University
of Trento, Ita
aly; polariton and atomic ph
hysics), Prof. A. Kavokin (Univ. Southamp
pton; polarito
on physics), S. Girvin (Yale-U
USA,
circuit QED), Prof. F. Mila and Prof. V. Savona (EPFL-Switzerland).
up have severral collaborations and/or ccommon grantts both with theoretical and
a
experime
ental
The memberrs of the grou
groups in France (LKB-Jussieu, LPA-E
ENS, LPN-Marrcoussis, LPT
THE-P6, CEA-SSaclay, LPTM
MS-Orsay, INSP
P-P6, LPMC-N
Nice,
P
LPT-Toulouse, etcc.) and abroad
d (ETH-Zürich, SNS-Pisa, Un
niv. Trento, UF
FF-Rio de Jane
eiro, LMU-Mun
nich,
LPTM-Cergy Pontoise,
KIT-Karlsruhe
e, Univ. Regen
nsburg, UFRJ--Rio de Janeirro…).

a.2 Scientiffic production
Report on th
he research a
activities
s
prod
duction of THEORIE for the
e period 2009-2012 include
es 64
As shown in the MPQ biblliographic doccument, the scientific
er-reviewed journals, more
e than 50 conttributions to iinternational conferences
c
a
and over 20 otther contributtions
papers in pee
(books, speccial volumes, etc). Here we
w describe th
he scientific results
r
obtained along the 4 axis and highlight the main
m
publications..
a.2.1 Corre
elated quanttum fluids: intteracting pollaritons, phottons, electron
ns, cold atom
ms
The theory of
o correlated quantum fluiids and manyy-body system
ms is a very active
a
and intternationally visible
v
activitty of
THEORIE at MPQ. The in
nvestigations concern the study of quantum phase
es in differen
nt kinds of flluids: degene
erate
i nonlinear optical
o
system
ms; fermionic ffluids in electronic systems and
non-equilibriium bosonic photon and pollariton fluids in
ultracold ato
oms. Moreove
er, the (ultra)strong light-m
matter interaction is a very rich activity. Here
H
we give some
s
highlights of
the main results.
Photon and polariton fluiids in nonline
ear optical sysstems
THEORIE hass pioneered theoretically the peculiarr superfluid properties off light in no
onlinear optic
cal systems (e.g.
(
semiconductor microcavitiies). In presen
nce of effectivve photon-pho
oton interactio
ons induced byy the optical nonlinearity
n
off the
medium, a many-photon
m
system can behave collectivvely as a quantum fluid with
h a number off novel feature
es stemming from
f
its intrinsica
ally non-equiliibrium nature
e. Our theoretical predictions (e.g., sup
perfluid opticcal propagatio
on in presencce of
photonic deffects, hydrodyynamic generration of
topological
excitatio
ons
such
as
ortex pairs an
nd dark solitons) have
vortex-antivo
been experim
mentally dem
monstrated byy several
internationall groups.
It is worth mentioning that THEORIE at MPQ has
collaborated closely and sttrongly stimullated the
experimental activity of th
he group of A. Bramati
obino at Laborratoire Kastler Brossel
and E. Giaco
leading to pu
ublications in Nature Physiics (Amo
et al., 2009), Nature Phottonics (Sanvittto et al.,
ee list of
2010) and Science (Amo ett al., 2011) (se
ails). The PhD thesis of
publications for more deta
S. Pigeon (directed by C. Ciuti) ha
as been
uch research
devoted to su
topic (see Fig
g. 1).
Another activity recently started concerns the
orrelated ph
hoton phase
es and
strongly co
unconvention
nal photon blockade efffects in
coupled cavities. The posttdoc of M. Ba
amba has
d to this resea
arch topic.
been devoted
Moreover, C. Ciuti has written togetherr with his
o light propaga
ation
ollaborator I. Carusotto (C
CNR and Fiigure 1 : Theooretical predicttion of superfluuid properties of
long-time co
Univ. Trento
o, Italy) a co
omprehensive
e review inn a semiconducctor microcaviity. The imagees display thee spatial-depenndent
paper invited
d by Reviews of Modern Ph
hysics on phhotonic densityy in different coonditions. Leftt: superfluid prropagation arouund a
de
efect (dark spo
ot). Center: hyd
drodynamic forrmation of vorttex-antivortex pairs
p
‘Quantum fluids
f
of ligh
ht’ (the pre
eprint is (qquantum turbulence). Right: geeneration of obblique dark solitons by the deffect.
available
on
n
arXiv:
5.6500).
http://arxiv..org/abs/1205
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Fermionic fluids in electrronic and ultrracold atomic
c systems
The competition between magnetism and Cooper pairing is a veryy important prroblem of mod
dern condense
ed matter phy
ysics
he problem off non-conventtional high-Tcc superconducctors). Great insight into the problem of BCS pairin
ng in
(see e.g., th
polarized spiin-systems can
n be explored
d in ultracold atoms
a
systems, where conttrollable interractions and geometries
g
can be
implemented
d. E. Boulat ha
as performed a series of inte
eresting theorretical works on
o Cooper pairring in one-dim
mensional gase
es of
atoms with elevated
e
pseudospin and ob
btained the ve
ery rich phase
e diagram by analytical
a
methods (some of
o this theoretical
work has been highlighte
ed by the APSS, see Physicss 3, 92 (2010)). G. Orso (w
who joined o
our lab in 2010 as a Maître
e de
Conférences)) has provided a very eleg
gant theoreticcal solution (vvia exact Betthe-Ansatz techniques and numerical DMRG
calculations)) on the compe
etition betwee
en spin-polarizzation and Coo
oper pairing in
n spin unbalan
nced one-dime
ensional fermiionic
gases (his the
eoretical pred
dictions have been recentlyy addressed an
nd confirmed experimentallly, see News and Views Na
ature
467, 535–536
6). G. Orso hass recently stud
died the problem of molecular pairing in the regime of strong Andersson localizatio
on in
one-dimensio
onal lattices.
Ultrastrong coupling
c
cavity and circuitt QED
THEORIE hass performed pioneering works
w
on the ultrastrong coupling regiime of cavityy and circuitt QED. In succh a
non-conventiional regime, the light-matter interaction between one cavity photo
on and one ele
ementary excitation (quantiified
by the so-called vacuum Rabi frequency
y) is comparab
ble or larger th
han the cavityy mode and ele
ectronic transition frequenc
cies.
In the ultrasttrong couplingg regime, the quantum grou
und state (vaccuum) contain
ns photons, wh
hich can be re
eleased out off the
cavity only by
b non-adiaba
atic modulatiion of the syystem parame
eters. The sp
pectrum of e
excitations is also non-trivvially
modified and
d under appro
opriate conditions quantum
m phase transitions can oc
ccur. In the ccase of a cavvity-embedded
d 2D
electron gass in doped se
emiconductor quantum wells, the ultrastrong coupling can be acchieved by ussing intersubb
band
transitions. The
T PhD thesiss of S. De Libe
erato (directed
d by C. Ciuti) has been focu
used on such p
physics. On thiis subject, a close
c
interaction exists
e
with the
e experimenttal team QUAD
D at MPQ con
ncerning the study
s
of mid-iinfrared and THz
T
intersubb
band
polariton phyysics. Collabo
orations with groups at SN
NS-Pisa and University of Konstanz
K
(Gerrmany) have been
b
also fru
uitful
(Güenter et al.,
a Nature 20
009).

Figure 2 : Left: qubits obtained with superconducting circuit QED in the ultrastrrong coupling rregime. Each trransmission line
e
resonator is coupled to a chain of artificcial Josephson atoms.
a
Right: ca
alculated energ
gy spectrum of a single resonator containing 5
‘fluxonium
m’ atoms.

More recentlly, the explorration of the ultrastrong co
oupling regim
me has been extended to th
he cyclotron transition
t
of a 2D
electron gass in presence
e of an in-p
plane magnettic field (PhD
D thesis of D.
D Hagenmülller). Our pre
edictions for the
magnetopola
ariton excitatiions have been observed ex
xperimentally by the group
p of J. Faist (E
ETHZ, Switzerland) and su
uch a
collaboration
n has lead to a major publiication (Scalari et al., Science, 2012). Very
V
recently, we have starrted exploring
g the
case of cavity-embedded graphene an
nd predicted very interestting qualitativve differencess with respecct to the case of
astrong coupling regime hass also been ex
xplored in the context of su
uperconducting circuit QED.. In
semiconductors. The ultra
he vacuum de
egeneracy (P. Nataf, C. Ciu
uti, PRL 2010) and quantum
m phase transsitions of systtems consistin
ng of
particular, th
many Joseph
hson artificial atoms in a tra
ansmission line
e resonator ha
ave been studied (see Fig. 2
2). The PhD th
hesis of P. Nattaf is
about this un
nconventional physics.
a.2.3 Quanttum information: systems protected fro
om decohere
ence and qu
uantum entanglement
The goal of using quantu
um systems an
nd quantum evolution
e
pro
ocesses to sto
ore and proce
ess informatio
on is undoubttedly
intriguing and challengingg. In particular, the controll of decoherence of qubits and the study of entangle
ement of quan
ntum
pled to a realistic environment are fundamental prroblems with a direct impact for the im
mplementatio
on of
systems coup
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quantum information protocols. These problems are studied by THEORIE, where judicious protocols to protect and
manipulate collective quantum states (that can be used as a qubit) were developed by T. Coudreau and P. Milman (T.
Coudreau et al., PRL 2011, P. Milman et al., PRL 2007) and P. Nataf et C. Ciuti (PRL 2011). Our ideas apply to different
experimental systems, as a resonator coupled to many Josephson artificial atoms or a collection of two level systems
interacting in a symmetric way, as trapped ions. We mention a connected activity, namely the determination of bi-partite
entanglement entropy in many-body systems (L. Freton, PhD thesis in progress).
We also keep a close interaction with experimentalists on quantum optics and superconducting systems, developing models
to describe, interpret and design experiments involving entanglement and non-locality. Such experimental systems share a
common theoretical framework, but differ in the possible range of values observed for important parameters, as coupling
constants and decoherence rates. In particular, P. Milman and T. Coudreau have a close collaboration with experimentalists
of Equipe DON on entanglement generation and Bell inequalities violation using a semiconductor source of photon pairs (ANR
HIDE). This collaboration, that involves the post-doctoral researcher A. Mandilara, aims also at studying continuous variable
entanglement, establishing an experimental context to the continuous variable non-locality tests.
a.2.3 Correlated materials and phase transitions
The theory of strongly correlated materials is a field recently reinforced with the arrival of CNRS researcher Indranil Paul,
previously at Institut Néel in Grenoble. He joined officially our lab in 2012 after already spending part of 2011 at MPQ. The
recent focus of research is to study strong correlation phenomena such as (a) unconventional superconductivity in the
recently discovered iron based systems and (b) quantum phase transition in metallic rare earth compounds. These are
subjects, which are currently studied by the experimental group SQUAP at MPQ. In particular, the influence of the
experimentally observed novel magneto-elastic coupling on the magnetic and the superconducting properties is an important
topic. A second subject concerns the thermodynamic and transport properties of a rare earth metal near a so-called orbital
selective Mott quantum phase transition.
Jean-Claude Levy (emeritus professor at Paris 7) has studied the static and dynamical properties of dipolar interactions in
competition with exchange interactions for lattices of different geometries. The screening of such long-ranged interactions
is realized by internal structural rearrangements on these parts of lattices. This work is done in collaboration with INSP and
a group in Hamburg.
M. Hebbache (MC, Paris 13) has performed ab-initio studies of different kind materials: colored centers in diamond for
quantum computing and superhard materials.
We would like also to mention that J. C. Levy has also devoting a considerable effort to the promotion of science and
research by inducing multidisciplinary open colloquia and workshops in the University with topics like complexity/disorder or
vortices, spirals and mazes.
a.2.4 Non-equilibrium quantum phenomena (transport, noise properties,…)
Another research axis of THEORY concerns transport far from equilibrium. In particular, E. Boulat has been working on
coherent transport across quantum impurities (a problem relevant for the experimental teams TELEM and STM), E. Bringuier
has focused his research efforts to transport in inhomogeneous systems (mostly in the semiclassical regime, while a study of
purely quantum Landauer transport will be carried on in the near future), and C. Ciuti has studied the interplay between
transport and light-matter coupling in unipolar semiconductor devices (activity studied also by the experimental QUAD
team).
We give some details about coherent transport: nanoscopic objects (atoms, molecules, quantum dots) coupled to metallic
electrodes constitute promising candidates for nanoscale electronic devices, like single-electron transistors. While
experiments in this field have made significant progresses, the theoretical description of those systems, which fall in the
class of quantum impurity problems, is still a major challenge due to considerable difficulties stemming from the interplay of
strong interactions and out-of-equilibrium conditions when a large voltage is imposed across the nanostructure. Our strategy
consists in exploiting the vast knowledge one has of those systems at equilibrium, that is inherited from a particularly rich
mathematical structure known as integrability. We made progresses in this direction by providing a complete and exact
description of an interacting impurity far-from-equilibrium (Boulat et al., PRL 2008 and Branschadel et al., PRL 2010). Our
approach can be viewed as a generalization of the Landauer-Buttiker formalism to an interacting case, and yields closed
expressions for the current and the noise at arbitrary voltage and temperature. The effort is pursued towards the extension
of those integrability-based techniques to other out-of-equilibrium models far from the linear regime and/or observables.

a3. Visibility and Academic reputation
Here is a list giving an overview of different activities denoting our national and international visibility.
-

Participation in the LABEX SEAM
International projects: POLATOM ESF Network
National projects: ANR (QPOL, QUANDIDE, SENOQI, GEMINI, HIDE, THINQE PINQE) and IUF (C. Ciuti).
Exchange projects: exchange of PhD students from different countries (Spain, Brazil, China,..)
PhD thesis : 3 defences + 6 PhD students presently in the team
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-

Post-docs: 3 post-docs (2 are presently in the team)
Organisation of 2 conferences
Participation in 4 conference committees
Expertise for European community, ANR, C-Nano
Referees for all the major journals in our field: Science, Nature, Physical Review, etc
Co-direction of GDR-I THz
Lectures in other institutions: TU Vienna, Yale, University of Tokyo, University of Queensland, ETHZ, Singapore
Summer School, Enrico Fermi Summer School

a4. Interactions with the social, economic and cultural environment
-

Participation to the “Fete de la Science”
Participation to the “Université Ouverte” of University Paris Diderot
Many articles in popular science magazines

a5. Organisation and animation of the group
A journal club is organized twice a month, each time with a different speaker. All members of the team (permanent staff,
post-doc, PhD students) give presentations about recent results or about new interesting papers published by other groups.
At the end of the Journal Club, a round table discussion, where different topics are faced including administration issues and
ongoing research. The permanent staff is gathering on a week base.

a6. Implication in educational training by research activities
All the students participate during their PhD to several international conferences and schools. The average PhD thesis lasts 38
months. All our PhD students have a contract and are paid via scholarships or research grants according to the French
standards. Our group hosts also short term stages from L3 to M2. All the stages over 2 months are paid accordingly with
French regulation. Most permanent members involved in teaching. Moreover, almost all our PhD students teach exercise and
laboratory classes (monitorat). Th. Coudreau is director of the Doctoral School ED518.
We have regularly teaching exchange programs for professor and students.

b. Analysis of group resources
b1. Human
Our group is composed of 9 permanent researchers (including a retired professor and MCF teaching at Université Paris 13). In
the past years we have been recruiting one MCF to support the research on strongly correlated manybody systems. Two CNRS
researchers have joined the team coming from different labs (‘mutation’ due to private reasons, they have been attracted by
the activities at THEORIE). Each year we are contacted by a great number of excellent postdocs wishing to apply for CNRS
positions. In the next five years, to reinforce and consolidate the interactions within the theoretical group it would ideal to
hire a CNRS researcher and/or a MCF on a common project (see projects).
Current members :
Staff: C. Ciuti (PR1), E. Boulat (MCF), E. Bringuier (CR1), T. Coudreau (PR1), M.Hebbache (MC-P13), J.-C/ Lévy (PR emeritus),
P. Milman (CR2), Giuliano Orso (MCF), Indranil Paul (CR1)
Present and former PhD students: S. De Liberato (2006-2009), S. Pigeon (2007-2010), P. Nataf (2008-2011), D. Hagenmüller
(2009-present), A. Baksic (2010-present), J. Restrepo (2010-present), L. Nguyen-The (2010-present), L. Freton
(2011-present), A. Leboité (2011-present).
Present and former post-docs: M. Bamba (2009-2012), S. De Liberato (2011-12), A. Mandilara (2012-).

b2. Budget
THEORIE (as the other teams at MPQ) receives from the laboratory a recurrent support of 2k€/year for each member
(permanent or not). In 2011, the so-called ‘dotation’ budget has been 34k€. This basic support is essential to allow the
members of THEORIE to participate to international conferences, to buy desktop and laptop computers, software licenses
and for small consumables.
In the past years, the budget of THEORIE has been considerably boosted by ANR projects, providing important funding for
multiple PhD and post-doc positions. In particular, QPOL (450k€, 2010-2014, C. Ciuti), QUANDIDE (110kEuros, C. Ciuti and G.
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Orso), SENOQI, GEMINI, HIDE, THINQE PINQE) and IUF (100kEuros, C. Ciuti).

b3. Share equipment
We share a 70K€ IBM computer cluster with 96 processors and 2 Terabyte of memory purchased via the ANR QPOL (C. Ciuti).
This equipment is installed at the central computer facility of the University (Bâtiment Grands Moulins).
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