Quantum information is a field of science relying on the laws of quantum mechanics aiming to
improve the acquisition, transmission and processing of information with respect to classical
systems. In parallel to fundamental research, that uses complex laboratory equipment, we assist
today to a bourgeoning of quantum information
technologies bound for the demonstration of
‘plug and play’ devices able to integrate several
‘quantum’ components in miniature chips.
In this context we have demonstrated the first
electrically driven source of twin photons
operating at room temperature. The device is realized using conventional diode laser fabrication
processing and emits photons pairs in the telecom range, thus being compatible with the
existing telecom network. This result opens the way to a new generation of devices where the production, manipulation, and
measurement of quantum states of light occur in the same chip and constitutes a major step towards a widespread diffusion of
quantum technologies.

A twin photon
laser pointer
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FIGURE : Sketch of the twin photon laser pointer
REFERENCE : « Electrically injected photon-pair source at room temperature », F. Boitier, A. Orieux, C. Autebert, A. Lemaître, E. Galopin, C. Manquest, C. Sirtori, I. Favero, G. Leo and S. Ducci, Phys. Rev. Lett. 112, 183901 (2014)
COLLABORATION : Laboratoire de Photonique et Nanostructures, Marcoussis, France / CONTACT : sara.ducci@univ-paris-diderot.fr

An Optical Parametric
Oscillator integrated in a
semiconductor
waveguide

Within the ambitious quest for an electrically pumped version of
the optical parametric oscillator (OPO), we have demonstrated an
integrated near-infrared OPO in III-V semiconductor waveguide.
This nonlinear device is based on a selectively oxidized GaAs/AlAs
heterostructure, the same “AlOx” technology that is at the heart of
the industrial production of vertical cavity surface emitting lasers.
The heterostructure and waveguide designs allow for formbirefringent phase matching, with a pump around 1 µm and
signal and idler around 2 µm. Thanks to the non-resonant χ(2) of
GaAs, the relatively weak guided-wave optical losses, and the fabrication of monolithic
SiO2/TiO2 dichroic Bragg mirrors fabricated at LPN, we have observed a threshold of
210 mW in the continuous-wave regime, with a doubly resonant scheme.
Further improvement can be achieved via a double-pump-pass scheme and by further
optimizing the waveguide optical losses. The latter are induced by a not entirely
mastered AlAs oxidation process and are of two distinct types: (i) Rayleigh-like
scattering at signal and idler wavelength, due to the interface roughness between GaAs
and AlOx layers, (ii) absorption at pump wavelengths, due to volume defects in the
GaAs layers adjacent to the aluminum oxide.
This result marks a milestone for integrated nonlinear photonics and represents a
significant step toward the goal of an electrically injected coherent light source on chip.

EDITORIAL

It’s a pleasure for me to present the third issue of the « MPQ Newsletter »
highlighting a selection of our scientific production over the last two years.
MPQ stands as a very active laboratory, with a remarkably high scientific
production in the best international reviews and a high number of research projects financed each year (European
projects, ANR,…). Our research activity in the field of nanomaterials and quantum devices is well recognized at
national and international level.
Over the last years, 4 members of our lab have been promoted at the Institut Universitaire de France and 3 members
have been awarded the prestigious European Research Council grant. I’m glad also to let you know that different
prizes have been attributed to our researchers and PhD students (médaille de bronze CNRS, prix de la chancellerie
des universités de Paris, prix C-Nano national,…). PhD students and post-docs from whole around the world are
attracted by the dynamism of MPQ researches!
The laboratory next project is to strengthen the collaborations among research groups in order to mutualise their
different know-how. To this end we have built two new projects that focus on “active photonic cavities on chip”
and “a multi-scale investigation of 2D and 1D carbon-based materials”. Both of them are centred and exploits our
technological facilities: the clean room and the super TEM.
This is the beginning of a new era for the MPQ laboratory, with visions that push further our scientific objectives.

Carlo Sirtori
Director of the MPQ Laboratory

FIGURE : OPO output power vs. pump power at λs,i ≈ 2 137 nm. The factor-60 increase of the differential efficiency beyond Pp = 210 mW is a clear
evidence of OPO threshold. Inset: sketch of the adopted doubly resonant configuration
REFERENCE : « Near-infrared optical parametric oscillator in a III-V semiconductor waveguide », M. Savanier, C. Ozanam, L. Lanco,
X. Lafosse, A. Andronico, I. Favero, S. Ducci, and G. Leo, Appl. Phys. Lett. 103, 261105 2013
COLLABORATION : Laboratoire de Photonique et Nanostructures, Marcoussis, France / CONTACT: giuseppe.leo@univ-paris-diderot.fr
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Cristiano Ciuti and Ivan Favero have won a European Research Council (ERC)
Consolidator and Starting Grants respectively. C. Ciuti project, entitled ‘Theory
of strongly correlated photonic systems’ (CORPHO), develops novel theoretical
methods of non-equilibrium quantum many-body physics to explore and predict
quantum phases of strongly correlated photonic systems. I. Favero project, entiteled
‘GaAs NanoOptoMechanical Systems’ (GANOMS), investigates the properties of
on chip nano-optomechanical systems based on GaAs resonators interfaced with
semiconducting quantum dots and quantum wells as active material.
They have recently worked together on the optomechanical interaction of a hybrid
quantum system consisting of a cavity embedding a movable mirror and a two level
atom in the same place.
REFERENCE : « Single-Polariton Optomechanics », J. Restrepo, C. Ciuti, and I. Favero, Phys. Rev. Lett. 112, 013601 (2014).
CONTACTS : cristiano.ciuti@univ-paris-diderot.fr, ivan.favero@univ-paris-diderot.fr

Editor in Chief : Carlo Sirtori, director
Editorial Board : Maria-Luisa Della Rocca, Damien Alloyeau, Vincent Repain
Graphic designer : Mélody Champagne

Monitoring the biodegradation
of inorganic nanomaterials in
the organism

In spite of the exponential boom of the industrial
and biomedical applications of inorganic
nanomaterials (NMs), their impact on health is still
poorly known, on account of the lack of methods
for assessing at relevant scales the interactions
between synthetic and living species in complex
biological environments. We have developed
pluridisciplinary nanometrological methods for quantifying the biodegradation processes of NMs in the organism, from tissue level
(magnetic measurements) to atomic level (electron microscopy), with a view to establish relations between the structure and the
life cycle of NMs in the organism. This magneto-structural follow-up performed in a medium mimicking the cellular environment
and also directly in vivo, allowed understanding the effect of the shape and coating on the degradation mechanisms of iron oxide
nanoparticles. We also revealed the recycling of the cytotoxic iron ions released from the nanoparticles in a safe form, into iron
storage proteins (ferritin). Our multi-scale approach might be applicable to other NMs to provide critical insight about their fate in
the organism and potential toxicity, a barrier to be removed imperatively if we want to develop efficient and harmless nanomedicines.
REFERENCES : « Biodegradation of Iron Oxide Nanocubes: High-Resolution In Situ Monitoring » L. Lartigue, D.
Alloyeau, J. Kolosnjaj-Tabi, Y. Javed, P. Guardia, A. Riedinger, C. Péchoux, T. Pellegrino, C. Wilhelm, F. Gazeau, ACS
Nano 7, 3939 (2013).
« Biodegradation Mechanisms of Iron Oxide Monocrystalline Nanoflowers and Tunable Shield Effect of Gold Coating » Y. Javed, L. Lartigue, P. Hugounenq, Q. Lam Vuong,
Y. Gossuin, R. Bazzi, C. Wilhelm, C. Ricolleau, F. Gazeau
and D. Alloyeau, Small 10, 3325 (2014).
FIGURE : High resolution electron microscopy follow-up of the degradation of
iron oxide nanocubes in intracellular lysosomes extracted from the spleen of
mice 14 days after in vivo injection (left picture). The structural analysis on the
right picture allows identifying the atomic structure of the injected nanocubes
(white frame) and the ferritin protein (red frame)

Quantum interference is a well-known quantum
effect in mesoscopic physics resulting from the wave
nature of electrons. The ability to control such an
effect at the molecular level is a recent development
of molecular electronics that could improve
knowledge and control of electron transport through
molecular systems. Cross-conjugated molecules,
such as anthraquinone (AQ), behave as molecular
quantum interferometers where the interference
is due to different paths through the molecular
orbitals of the molecule. The expected signature of
quantum interference in such molecular system is an
antiresonance in the transmission function resulting
in a strong suppression of conductance.
We have measured the differential conductance (dI/
dV) of AQ molecular layers thicker than a monolayer
electrochemically grafted in large-area junctions.
We have found direct experimental evidence of a
large quantum interference effect visible at room
temperature and enhanced as temperature is lowered.
Furthermore, at low temperature, electron-phonon
coupling appears as the major source of decoherence,
canceling interference effects. The visibility and
robustness of this quantum effect on large area
junction paves the way for the development of
practical devices based on the control of the coherent
electron transport through cross-conjugated systems.

COLLABORATIONS : Laboratoire Matières et Systèmes
Complexes, Université Paris Diderot / Istituto Italiano di
Tecnologia, Genova, Italy.
CONTACT : damien.alloyeau@univ-paris-diderot.fr

Quantum Interference effect
in anthraquinone solid-state
junctions

FIGURE : Simplified schematic of the planar junction based on an AQ layer
covalently grafted on the bottom electrode (left). Measured dI/dV (V) data
for an AQ-based junction at 300 K (black dots) and 4 K (blue triangles) with
30×30 μm2 area, a clear suppression of the conductance is visible at V=0.
Solid line is the best fit obtained using a tunnel barrier model.
REFERENCE : « Direct Observation of Large Quantum Interference Effect in Anthraquinone Solid-State Junctions » V. Rabache, J. Chaste, P.
Petit, M-L Della Rocca, P. Martin, J-C Lacroix, R-L. McCreery, and P.
Lafarge, 135, 10218 ( 2013)
COLLABORATIONS : ITODYS, Université Paris Diderot, France / NINT,
University of Alberta, Canada
CONTACT : maria-luisa.della-rocca@univ-paris-diderot.fr

Many-body enhancement
of the light-matter interaction

Photon absorption in a quantum structure is usually
related to a transition between two electronic states
of the system. We have recently demonstrated that
the optical properties of a dense electron gas do not
reflect their energy spectrum, but depend on the
interaction between electrons. We showed that the absorption spectrum of a heavily doped semiconductor quantum well presents
a single absorption peak at a completely different energy from the single particle transitions (see figure). This unique optical
resonance corresponds to a many-body excitation of the system that ties together all the dipoles, even those that correspond to
different electronic transitions between confined states. This collective mode is a superradiant state, associated with a coherent
macroscopic charge oscillation which produces an unprecedented ultra-strong coupling regime at room temperature when it
is in resonance with a highly subwavelength mode of a
metallic microcavity.
These results pave the way towards a new generation
of optoelectronic devices, whose performances do not
belong to single electron properties, but rather depend
on the ensemble of the interacting carriers.
REFERENCES : « Charge induced coherence between
intersubband plasmons in a quantum structure » A. Delteil, A. Vasanelli, Y. Todorov, C. Feuillet-Palma, M. Renaudat
St-Jean, G. Beaudoin, I. Sagnes and C. Sirtori, Phys. Rev.
Lett. 109, 246808 (2012)
« Ultra-Strong Light-Matter Coupling for Designer Reststrahlen Band » B. Askenazi, A. Vasanelli, A. Delteil, Y. Todorov, L.
C. Andreani, G. Beaudoin, I. Sagnes, C. Sirtori,
New Journal of Physics 16, 043029 (2014)
COLLABORATION : Laboratoire de Photonique et Nanostructures, Marcoussis, France
CONTACT : angela.vasanelli@univ-paris-diderot.fr

FIGURE : (a) Absorption spectrum measured at room temperature (dotted
black line) and simulated (red line) by taking into account the dipole-dipole
Coulomb interaction between intersubband oscillators. In the modelling each
intersubband excitation is considered as an oscillator, coupled to the others
by dipole-dipole interaction, as sketched in the inset. (b) Measured dispersion
(black dots) of the modes issued from the ultra-strong coupling between the
many-body excitation and the photonic modes of a metallic cavity (shown in
the inset). The blue line presents the simulated dispersion.

‘Higgs’ boson
in superconductors

Generally, when a spontaneous breaking of a continuous
symmetry takes place collective excitations of the order
parameter, including the massive amplitude Higgs mode,
emerge. Indeed, the Higgs boson of high energy physics
has analogous in quantum many body systems, notably in
superconductors. As it does not carry any spin or charge, in principle, this Higgs mode, does not couple directly to any external probe.
Its observation by Raman scattering was proposed more than thirty years ago in the bulk charge density wave (CDW) superconductor
NbSe2, where a superconducting amplitude mode, or Higgs mode, can be unraveled via its coupling to the coexisting charge density
wave mode. We have provided an unambiguous proofs of its Higgs type nature.
We have studied this mode in both NbSe2 and in its brother compounds NbS2 a superconductor which lacks the CDW. We show
that the coexisting CDW mode is a requisite to the observation of the Higgs mode (only the natural Cooper pair breaking peak
remains without the CDW mode) and a full transfer of spectral weight from the CDW amplitude mode to the Higgs mode in the
superconducting (SC) state is at play in NbSe2. Both observations are fully consistent with the Higgs mode scenario.
FIGURE : Raman spectra above and below the superconducting transition temperature Tsc of the crystals NbSe2 and NbS2. The blue arrow depicts the spectra weight transfer between the SC and the CDW modes. The superconducting peak in NbSe2, much
more intense than in NbS2, gets its spectral weight from the CDW mode as expected for
a ‘Higgs’ mode. Inset : free energy of the superconducting state after the spontaneous
broken symmetry and versus the order parameter ∆=|∆|eiφ. The fluctuations mode of
the amplitude |∆| is an analogous of the Higgs boson in high energy physics.
REFERENCE : « Amplitude ‘Higgs’ mode in 2H-NbSe2 Superconductor »
M.-A. Méasson, Y. Gallais, M. Cazayous, B. Clair, P. Rodière, L. Cario, and A. Sacuto
Phys. Rev. B 89, 060503(R) (2014)
COLLABORATIONS : Institut Néel, Grenoble, France / IMN, Nantes, France /
University of California, Riverside, USA
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