
On the 8th April 1911, whilst observing mercury at the temperature of liquid helium -269°C, 
Kamerlingh Onnes discovered a new and surprising phenomenon: superconductivity. 
After a century, superconductivity still remains a huge enigma and many laboratories, 

included the MPQ, are focusing 
their research on it. 
This birthday is also a unique 
opportunity to communicate 
to a large audience, to explain 
this research field and to arouse 
scientific curiosity.
Researchers of MPQ, together 

with many researchers in France and in coordination with the CNRS, organise special events in different cities. In Paris the 18th of 
June, the Musée des Arts et Métiers welcomed the Parisian superconducting day. Many institutions (Universities Paris 6, Paris 7, 
Paris 11, the ENS and the ESPCI) participated to this successful event with the support of the SFP. More than 3000 people visited 
the stands, with scientific experiments of levitation, and 800 even levitated themselves!
Many more events are scheduled (www.supra2011.fr). 

MPQ and the 
Superconductivity’s 
100th anniversary

Performing an accurate measurement on a physical system 
supposes a long observation time and a high sensitivity. The 
level of control demonstrated by the trapping and laser-
cooling of few atomic ions led to extreme achievements 
such as long-lifetime high-fidelity quantum bits, or time/
frequency measurements with an accuracy reaching the 
17th decimal.

The electrostatic force between the trapped ions makes more challenging the trapping and laser-cooling of large ion 
ensembles, but leads to some interesting properties : at low temperature the system forms a long lifetime, self-organized, 
Coulomb crystal among which individual ions are optically resolved. The strong electrostatic coupling allows for using the 
laser-cooled atomic ions as a thermal bath for an other ionic species. This opens the way to the quantum manipulation of 
unperturbed atoms or even molecules.

We have shown that extremely large ion crystals 
containing more than 106 Sr+ ions can be 
formed in an electromagnetic linear Paul trap. 
Furthermore various isotopes (84,86,87,88) can 
be trapped simultaneously, spatially separated, 
and sympathetically cooled; a method for isotopic 
enrichment was demonstrated.

Sympathetic cooling and 
isotopic separation in an 
ion Coulomb crystal

RefeRence : « Trapping and cooling of Sr+ ions: strings and large clouds », S.Removille, R. Dubessy, B. Dubost, Q. Glorieux, T. 
Coudreau, S. Guibal, J-P. Likforman, L. Guidoni,  J. Phys. B: At. Mol. Opt. Phys. 42 154014,  2010  
cOnTAcT : ipiq@univ-paris-diderot.fr

FIgURE : Laser cooled multi-isotope ion Coulomb crystal, one distinguishes the 88 isotope (left), the 86 isotopes (right), separated by radiation 
pressure, and the 87 isotope (grey triangular shape)
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This second issue of our international “Newsletter” presents a selection 
of our recent scientific achievements, and gives also the opportunity to 
announce the opening of our laboratory technological platform. This includes 

the realisation of two main projects: a Clean Room for the fabrication of quantum devices and a Transmission 
Electron Microscope (TEM) with sub-angstrom resolution. The achievement of these two projects expresses our 
ambition in exploring fundamental quantum physics with technological visions. 

Our 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 0.25 eV) combined with revolutionary 
electron optics extend the information limit to 0.07 nm. The performances of this unique microscope open up new 
ways to characterise atomic structures with single atom sensitivity and will provide a deeper understanding of the 
nanoworld.

The Clean Room at MPQ (part of Paris-Centre Consortium) provides state-of-the-art resources to support the 
nanoscale science and technology projects of the MPQ research teams, offering a large set of nanofabrication 
technological tools. A dedicated staff provides technical assistance and equipment maintenance. This facility is 
widely open to educational projects.

With these platforms our laboratory substantiates its potential for interaction between fundamental and applied 
research, and collaboration with industrial partners. The two technological facilities will help us in controlling 
the chain of scientific thinking from conception to realisation and finally will provide more prospects to produce 
intellectual property.
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Ultrashort pulses of terahertz frequency radiation 
can now be generated by semiconductor lasers. 
This is what a team of MPQ has demonstrated 
using quantum cascade lasers, an electrically 
pumped semiconductor light source based on 

multi-quantum wells. By modulating the injected current of a terahertz quantum cascade laser the researchers have shown 
that it is possible to add up coherently the Fabry-Perot modes oscillating in the laser cavity, a technique known as active mode-
locking. The result is a train of 10-picosecond-long regular pulses, that have been measured by sampling the terahertz wave 
with a femtosecond fiber-laser (see figure). This is the first time that ultrashort terahertz pulses are generated directly by a 
semiconductor laser.
The possibility to mode-lock terahertz quantum cascade lasers allows concentrating the emitted power in short pulses rather 
than in a continuous wave of radiation. The net result is a ten times higher peak power, which the researchers hope to raise by 
a further factor of ten in the near future. This opens up for example the perspective of using mode-locked terahertz cascade 
lasers for remote sensing applications, where the radiation pulses are used to identify gas species at a distance.

Single-walled carbon nanotubes (SWCNTs) 
have attracted much interest due to 
their unique morphology and provide 
an ideal system for the study of one 
dimensional materials. These tubular 
carbon nanostructures can be metallic or 

semiconducting depending on their helicity and are promising materials for the design of future electronic devices. 
However, one of the most important properties of SWCNTs, their electronic bandgap, was subject to contradictory 
results. A comparison of pioneering scanning tunnelling spectroscopy (STS) experiments with more recent optical 
experiments reveals that the electrical measurement performed by STS gives a bandgap much lower than expected. 
Using nanotubes arranged in bundles on a gold substrate, we performed STS investigation of the electronic bandgap 
of SWCNTs. We measured an increase of the bandgap with the tube-substrate separation providing an evidence of 
a bandgap reduction induced by the interaction with the image charge in the metallic substrate. This reveals the 
importance of tube-substrate interaction and of many-body effects that are crucial to understand for the future 
integration of nanotubes in electronic devices.

Mode-locked semiconductor 
terahertz laser

Bandgap reduction of 
supported carbon nanotubes

RefeRence : « coherent sampling of active mode-locked terahertz 
quantum cascade lasers and frequency synthesis » S. Barbieri, M. Ra-
varo, P. Gellie, G. Santarelli, C. Manquest, C. Sirtori, S. P. Khanna, E. H. 
Linfield, and A. G. Davies, nature Photon. 5, 306-313 (2011).
cOLLABORATIOn : LNE-SYRTE of the Observatoire de Paris. School of 
Electronic and Electrical Engineering, University of Leeds, UK.

cOnTAcT : stefano.barbieri@univ-paris-diderot.fr 

FIgURE : Sampled electric field amplitude of the pulse train emitted by the 
actively mode-locked quantum cascade laser

RefeRence : « 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 - 238 (2010). 
cOLLABORATIOnS : LEM (ONERA - CNRS), Châtillon - LPQM-ENS Cachan, France

cOnTAcT : jerome.lagoute@univ-paris-diderot.fr

FIgURE : 3D STM image (40×40nm²) of a bundle of nanotubes. The color scale indicates 
the differential conductance at the Fermi level and allows to distinguish the metallic tubes 
(red) from semiconducting tubes (dark).

In an « optomechanical system », light trapped in a cavity 
interacts with a mechanical oscillator. When this interaction 
is strong enough, photons can act on the oscillator dynamics, 
for example by « cooling » its motion. The quantum regime of 
the oscillator could be accessible if cooling a high frequency 
mechanical oscillator. 
In a recent work, we explored the great potential of 
semiconductor optomechanical systems. gallium-arsenide-
based mechanical oscillators in form of miniature disks have 
been developed , whose vibration frequencies reach the gHz. In 
these disks, light is trapped in a « whispering gallery mode », 
where it couples to the disk mechanical motion. Thanks to the 
small mode volume of interaction, the optomechanical coupling 
is extreme, several orders of magnitude above most current 
settings. The mechanical motion of the disk is optically resolved 
with a sensitivity of 10-17m/√Hz, a record value for such a tiny 
and high frequency oscillator. 
This work on gaAs resonators opens perspectives at the crossroads 
of nanophotonics, optomechanics and opto-electronics, like the 
coupling of an emitter of non-classical photons (a semiconductor 
quantum dot) to the optomechanical resonator.  

High frequency GaAs
optomechanical resonators

RefeRence : «High frequency GaAs nano-optome-
chanical disk resonator» L. Ding et al. Physical Review 
Letters 105, 263903 (2010). 
«Wavelength-sized GaAs optomechanical resonators 
with gigahertz frequency» L. Ding et al. Applied Physics 
Letters 98, 113108 (2011).
cOnTAcT : ivan.favero@univ-paris-diderot.fr

Metallic alloy clusters 
also called nanoalloys, are 
attracting increasing attention 
because of the immense 
technological potential that 
arises from combination of 
size effects with composition 
effects. Oswald ripening is a 

thermodynamically-driven process which causes large particles to grow, drawing material from the smaller particles, 
which shrink.  This simple phenomenon plays a determinant role in the evolution of cluster size during nanoparticle 
synthesis, but it becomes more complex when considering nanoalloys coarsening. We have exploited the performances 
of transmission electron microscopy to show that the relative composition of Co50Pt50 nanoparticles can be strongly 
modified during high temperature annealing 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 nanoparticles. More importantly, this effect is expected in all multicomponent nanoparticles, as 
soon as they contain species with different mobilities. This work emphasizes the complexity of controlling together 
size and composition in nanoalloys, which is nevertheless crucial for exploiting their properties.

RefeRence : « Ostwald Ripening in nanoalloys: When Thermodynamics Drives 
a Size-Dependent Particle composition » D. Alloyeau, G. Prévot, Y. Le Bouar, T. 
Oikawa, C. Langlois, A. Loiseau and  C. Ricolleau. Phys. Rev. Lett. 105, 255901 (2010)
cOLLABORATIOnS : INSP, Paris, France / LEM (ONERA - CNRS), Châtillon
/ JEOL, Tokyo, Japon

cOnTAcT : damien.alloyeau@univ-paris-diderot.fr

FIgURE : Co composition of single nanoparticles as a function of their size after 1h 
annealing at 750°C. Comparison between experiments (energy dispersive X-ray nano-
analysis, dots) and the theoretical curve (thermodynamic model)

FIgURE : A high-frequency disk optomechanical resona-
tor. The GaAs disk, suspended on an AlGaAs pedestal, 
oscillates on a breathing mode. Light is trapped in its cir-
cular peripheral gallery.

Ostwald ripening in nanoalloys: 
when thermodynamics drives a 
size-dependent particle composition


