
Detection of electronic nematicity by Raman spectroscopy:  
an elegant solution to a chicken and egg problem 

Nematic materials are those that develop anisotropy, or directional properties, 
only at low enough temperatures. They are common in the macro world, used 
extensively in LCD flat screens. But, they are rarer in the quantum realm. For long, 
scientists have speculated if electrons in a solid can become nematic due to their 
mutual Coulomb repulsion. The problem gets trickier since the solid, formed by 
the atoms, itself can change shape and become directional. This makes it difficult 
to know if nematicty, even when detected, is due to the electrons or the solid. A 
collaboration between the SQUAP and the THEORIE teams recently solved this 
vexing, which is first - the egg or the chicken, problem. The nematicity detected 
in Raman spectroscopy on the recently discovered iron-based systems, in their 
metal and in the superconducting phases, was shown theoretically to be entirely 
electronic in origin. Thus, these materials, besides being high temperature 
superconductors, are also electronic nematic forms of matter, one of the first to 
be identified beyond doubt.

FIGURE : Raman signal of Ba(Fe1-xCox)2As2 in the superconducting non-nematic phase. Reducing 
Co doping x, a peak develops that is shown theoretically to be a signature of electrons on the verge of becoming nematic (black curves). The 
signal subsides once the nematic phase is realized (orange curves)
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Driving spin excitations 
in multiferroïcs with pressure 
Multiferroic materials that show cross-correlation between electric and magnetic 
properties are promising for devices. There is an emerging trend to use these 
materials in future hybrid computational architectures, in particular for information 
processing in magnonic devices. Elucidating the complex interplay between 
magnetic and electronic properties, and optimizing the coupling to structural 
distortions is the key to achieve these goals. 
The SQUAP team has realized an experimental and theoretical work to understand 
the direct link between structural and magnetic properties in such materials. By 
developing a Raman high-pressure technique ideally suited to probe spin and 

phonon excitations, and by combining experimental data in the prototypical multiferroic compound BiFeO3 with analytical 
and computational theories they show how the structural transitions drive the magnetic order from a non-collinear to a 
homogeneous magnetic state. They demonstrate that the structural phases and the magnetic anisotropy drive and control 
the spin excitations.

FIGURE : Energy of the spin wave excitations in BiFeO3 reported as a function of pressure. Lines are fits using the theoretical model and some 
structural parameters obtained from computations. Vertical dash lines mark the four structural transitions. As pressure increases, multiple spin 
excitations associated to non-collinear cycloidal magnetism collapse into two excitations, which show jump discontinuities at some of the ensuing 
crystal phase transitions.
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EDITORIAL Dear Colleagues,

In this International Newsletter we present the recent discoveries, substantiated in numerous publications and 
patents, which have been realised in the past couple of years by the researchers of Matériaux et Phénomènes 
Quantiques (MPQ; Quantum Materials and Phenomena).

MPQ is a laboratory that gathers eight research teams exploring the quantum aspects of matter for future 
applications and new technologies. We develop primarily an experimental activities even though we are very keen 
to maintain a considerable effort on theoretical investigations on condensed matter and quantum information.

Today MPQ is asserting itself as a reference laboratory in the 
competitive field of the physics of condensed matter and more 
precisely quantum materials, quantum devices and quantum 
technology. This ability to be connected with societal issues helps 
our laboratory in being receptive to its evolutions and changes. In 
this respect I would like to mention that this year the laboratory has 
accompanied the creation of a new team: “Quantum Information 
Technology” QITe. This is a very important action for the laboratory, 
which makes even more visible our positioning in the quantum 
technologies and proves our dynamism. Recently the laboratory has 
also strengthen its involvement into the field of environmental electron microscopy where the MeANS team is a 
pioneer in France, in particular for what concerns studies on liquid-phase syntheses of nanomaterials and their 
degradation in biological media.
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The laboratory congratulates both Sara Ducci and Carlo Sirtori who have been 
awarded by the Ancel prize of the French Physical Society and the Charpak-Ritz 
prize of the French and Swiss Physical Societies. 
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In situ TEM follow-up of the growth in liquid medium  
of Au nanostructures
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Light induced spin crossover  
in a bi-dimensional molecular crystal 

Spin crossover molecules present two spin states – a magnetic one and a non-magnetic one – and can be switched from one 
spin state to the other thanks to external stimuli such as temperature or light. Prior to any incorporation in spintronic devices, 
it is mandatory to understand if these properties are preserved once the molecules are adsorbed on a metallic substrate. 
The STM team studied the self-assembly of such molecules on a gold substrate by scanning tunneling microscopy (STM) at 
low temperature (5 K). The molecules self-assemble in a bi-dimensional crystal which presents a mixed spin state phase with 
a long range order of molecules in the magnetic and in the non-magnetic states. With the help of ab initio calculation, both 
spin states were unambiguously identified in the STM images: the molecules in the magnetic state appear as bright spots for 
specific imaging conditions as in the Figure a. By light illumination, the STM team has demonstrated that the spin crossover 
of molecules from the non-magnetic to the magnetic state is possible even in direct contact with a metallic substrate (cf. 
Figure b). This work is the first observation at the molecular scale of photoexcitation of such molecules.

FIGURE : Images of the same area acquired with a scanning tunneling microscope (V=0.3V, I=20pA) before (a) and under (b) light illumination. In the 
photoexcited phase more molecules are in the magnetic state which appears as bright spot in the images.
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Thanks to their unique electronics properties, carbon 
nanotubes have many potential applications and are already 
integrated in transistors, sensors and photovoltaic cells. 
In this context, the chemical functionalization of those 
nano-objects is a reliable way to tune and control their 
physical properties, in particular their electrical and optical 
response. 
The TELEM team has performed a detailed 
study of covalently functionalized large 
diameter multi-walls carbon nanotubes 
(MWCNT) by low-noise electr ical 
transport measurements coupled to 
transmission electron microscopy and 
Raman spectroscopy. The presence 
of molecules at the MWCNT’s surface 
results in the formation of an injection 
barrier at the interface with the metallic 
electrode. The correlation of the induced 
contact resistance to the functionalization conditions has 
allowed in particular a better control of charge injection and 
transport in the protected inner walls of the MWCNT. Such 
buried walls present a better quality with respect to the 
external one. 
This result paves the way for the fabrication of efficient 
spintronics devices for which interfaces and contact 
resistances plays a major role in spin polarization.

Inducing injection 
barrier by covalent 
functionalization of multiwall 
carbon nanotubes

FIGURE : (a) Scanning electron microscope image of a device (three 
electrodes) integrating a MWCNT functionalized by nitrobenzene 
molecules. (b) Schematics of the interface between the MWCNT and a Ni 
contact. The filaments are the oligomeric chains of nitrobenzene molecules 
attached to the outermost shell
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Nano-optomechanics in liquids
Optomechanical resonators associate an optical cavity and a 
mechanical oscillator, and allow coupling light and mechanical 
motion. Nano-optomechanical sensors in liquid environment 
are amongst the many scientific opportunities brought by 
these systems. These last years, the DON team has developed 
miniature optomechanical disks, whose radius can be as 
small as a few hundreds of nanometers. The on-chip photonic 
integration of these systems offers a natural interface with fluidic 
environments, through simple liquid immersion of the chip. 
Using this approach, the high-frequency mechanical motion 
of optomechanical disks could be optically detected with a 
displacement sensitivity of 10-17 m/√Hz, an improvement of several 
orders of magnitude with respect to conventional nanomechanical 
devices in liquid. The experiments were accompanied by optical, 
mechanical and fluidic modeling, and showed that such high-
frequency (GHz) nano-optomechanical systems can greatly 
outperform existing technologies to detect mass deposition or 
rheological changes in liquid, be it in sensitivity or in bandwidth. 
High-frequency fluidics, as well as chemical and biological 
sensors, could benefit from these advances.
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FIGURE : Illustration of an optomechanical nano-disc 
in interaction with a liquid

Superradiance  
in highly doped semiconductors 
The spontaneous emission of an isolated atom depends exclusively on the energy separation between the two states involved 
in the radiative transition. This property is profoundly modified for an ensemble of N atoms within a sub-wavelength distance. 
In this case if all of the atoms, but one, are in the ground state, the quantum superposition of all possible single emitter 

excitations produces a symmetric state that decays radiatively N times faster 
than an individual oscillator. This phenomenon, known as «superradiance», 
is generally difficult to observe, especially in condensed matter systems, as 
it requires a dense ensemble of identical emitters.
The QUAD team has shown experimentally and theoretically that a dense 
electron gas confined in a thin semiconductor layer is the ideal system to 
observe superradiance. Indeed, at high densities the Coulomb interaction 
couples millions of electrons into a collective mode that superradiantly 
decays into the free space. Its spontaneous emission rate is up to six 
orders of magnitude greater than that of a single electron emitting at the 
same frequency. The QUAD team has observed several other quantum 
electrodynamics effects associated with the superradiance, like ultra-strong 
coupling with the free space and cooperative Lamb shift, a modification of the 
emission energy associated with the exchange of virtual photons.

FIGURE : Color maps of the normalized incandescent emission spectra of samples with three different electronic densities (Ns=1.2 x 1013 cm-2). The 
upper panels present the simulated spectra, while the lower panels show the spectra measured at room temperature under application of a current 
in the thin semiconductor layer. Superradiance results in a radiative broadening of the spectra, which increases with the electronic density and with 
the emission angle.
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