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The Physics Department from the University of Lyon 1 is willing to promote 
international exchange programs for postgraduated students by offering the 
opportunity of performing a short term, training research work within a French 
research laboratory. The following pages feature research projects proposed by 
physicists belonging to one of the four physics labs of our University (~250 staff 
members). Topics range from materials science to nuclear physics, including 
nanoscience, optical spectroscopies, computer simulations…  
 
The proposed labworks are initially meant for a full time working period of 4 to 6 
months that may be adjusted according to the foreign student academic program. As 
part of our Master’s degree, the student works can be certified in terms of the ECTS, 
provided the research outcomes are defended before a local jury. Note that the 
research projects do not include financial support; as for international student 
exchange programs, funding may be obtained from the home university or other 
financing sources. All of the research projects may be continued as longer term PhD 
works provided an official financial support is found for the student, in due time. While 
PhD grants awarded by the French Department of Education and Science are the 
main source of funding for local students, other very diverse sources exist, in 
particular institutions promoting international collaborative research programs.  
 
Each of the research projects presented thereafter features the name of the research 
supervisor, together with its e-mail, phone number and postal address (main lab 
page). If, as a student supervisor or as a student, you are interested in any of these 
offers, please directly contact the French supervisor in charge of the research project. 
 
 
 
 

Alain Mermet 
Correspondent for Students Exchange Programs in Physics 

mermet@pcml.univ-lyon1.fr 
 
     



 2 

 

 
 

Laboratory of Ion and Molecular Spectrometry 

 

 
Director:  Monsieur BORDAS Christian  

  E-mail:  Christian.Bordas@lasim.univ-lyon1.fr 

·  Phone:  (33) 4 72 43 10 86 

·  Fax:  (33) 4 72 43 15 07  

 

 Address :  Laboratoire de Spectrométrie Ionique et Moléculaire 
Université Claude Bernard Lyon 1 
Bâtiment Alfred Kastler 
43, bd du 11 Novembre 1918 
69622 Villeurbanne cedex  

 

 
 
5 proposals: 
 
�  Photoelectron spectroscopy applied to small clusters…………………………... …p.3 
 
�  Wavefunction microscopy……………………………………………………………...p.4 
 
�  Laboratory astrophysics: measurement of Landé factors in FeH, for stellar          
spectropolarimetry………………………………………………………………………....p.5 

 
�  Optical properties and nonlinear femtosecond spectroscopy of single nano-
objects………………………………………………………………………………………p.6 
 
�  Diagnostic of laser-induced micro-plasma with ultra-fast imaging……………......p.7 
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Year 2007 

Research project in physics for students majoring in the field: 
Atoms, Molecules and Photons 

 
“Photoelectron spectroscopy applied to small cluste rs” 

 
Research Group:  Dynamics of excited states (LASIM) 
 
Head of Research Group: Christian Bordas 
 
Person to contact: Christian Bordas bordas@lasim.univ-lyon1.fr ; phone: (33) 4 72 43 10 86 
 
Other group members involved: Bruno Baguenard and Bruno Concina 
 
 
Short summary of the work:   
Our group is interested in the study of the relaxation of small negatively charged clusters after laser 
excitation. The relaxation process is the ejection of an electron: 
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With our velocity map imaging spectrometer, we are able to measure the angular and radial 
distributions in kinetic energy of the emitting electrons as a function of the emission time. In our 
present set-up, the clusters (before laser excitation) are hot, i.e. the temperature associated to the 
vibrations is high (about or above 300 K). This is a limiting factor for the spectrum resolution and 
prevents from a satisfactory interpretation of some experiments. We plan to add to our set-up a 
thermalization cell which allows the cooling of the clusters by collision with an inert gas (the expected 
temperature is about 77 K). The spectrum resolution will be improved a lot and will open the possibility 
of direct comparison with theoretical models (like the Jellium model). 
During the traineeship, the student should be involved in the installation of the thermalization cell and 
in the first experiments. 
 
Potentiality for a PhD work as a follow-up: 
 
The PhD work will be a natural extension of the traineeship. Advanced spectroscopy of clusters of 
different chemical elements will be studied: alkaline, noble metal… Thanks to the thermalization cell, a 
fine study of the delayed electronic emission will be possible: the delayed emission is similar to the 
thermoionic emission observed for the bulk. Besides, the PhD student can be involved in the building 
of a new (similar) set-up devoted to the multicharged molecular anions and in the first experiments. 
 
Nature of the financial support:  grant from the French government 
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Year 2007 

Research project in physics for students majoring in the field: 
Atoms, Molecules and Photons 

 

“Wavefunction microscopy” 
 
Research Group:  Dynamics of excited states (LASIM) 
 
Head of Research Group: Christian Bordas 
 
Person to contact: Christian Bordas bordas@lasim.univ-lyon1.fr ; phone: (33) 4 72 43 10 86 
 
Other group members involved: Marie-Ange Lebeault (AP), Franck Lépine (researcher) 
 
 
Short summary of the work: 

The principle of wavefunction microscopy has been originally introduced by theoretical 
physicists as a thought experiment in which the spatial distribution of the electrons ejected during 
ionization of an atom in the presence of an external electric field is measured on a position-sensitive 
detector perpendicular to the electric field. This seemingly simple experimental principle leads in fact 
to a rather surprising result since it allows obtaining an image that is a macroscopic scale projection of 
the electronic wavefunction. This image bears information on the quantum properties of the bound 
electron, usually confined to a microscopic scale. This magnification effect is precisely at the origin of 
the term “microscope” used to describe such a device. 

 
From a theoretical point of view, the description of the ionization process at threshold in the 

presence of an external electric field is not trivial since it requires taking into account simultaneously 
the Coulomb interaction between the electron and the atomic core and the influence of the electric 
field, none of this terms being considered as a perturbation with respect to the other. 

 
Our group has been involved for several years in wavefunction microscopy experiments 

(namely in photoionization microscopy) in particular in collaboration with the group of M. Vrakking 
(Amsterdam / The Netherlands). The interpretation of the experiments is based on classical, 
semiclassical and quantum theory developments, the later in collaboration with F. Robicheaux 
(Alabama University, USA). Numerous original results have already been obtained: experimental 
realization of photoionization microscopy on xenon atoms, non-dipole effects, study of the ionization 
continuum…  

 
This training period will include participation in new experiments of photoionization microscopy 

on alkali atoms on a new set-up developed in Lyon. One of the main goals is to study the influence of 
the inter-electronic interaction on the observed electronic wavefunction. Numerical simulations of the 
experimental results based on a wavepacket propagation code may possibly be included in the 
training. The trainee may also be involved (during the master, or in the follow-up as a Ph.D. student) in 
a series of experiments planned at the new French synchrotron light source Soleil in Paris, and in our 
long term collaboration with the group of Amsterdam where several experiments are scheduled. 
 
Potentiality for a PhD work as a follow-up: Yes. The PhD work will be a natural extension of the 
traineeship. 
 
Nature of the financial support:  grant from the French government 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Atoms, Molecules and Photons ; Astrophysics 

 
“Laboratory astrophysics: measurement of Landé fact ors in FeH, 

for stellar spectropolarimetry” 
 
 
Research Group: Molecular Spectroscopy (LASIM) 
 
Head of Research Group: Dr Amanda ROSS 
 
Person to contact: Dr Amanda Ross ross@lasim.univ-lyon1.fr  ; phone: (33) 4 72 44 82 56  or  -4 85 
63 
 
Other group members involved: Dr Patrick CROZET   (researcher) 
     Raphaël VALLON      (PhD student) 
     Bernard ERBA           (engineer) 

Short summary of the work:  

 The candidate will be involved in a new spectropolarimetry absorption experiment, using a high 
resolution Fourier transform spectrometer, operating in the infrared range. A new sputtering-type 
discharge source will be tested in null field conditions during the experiments. Then an electromagnet 
will be coupled to this source, and Zeeman splittings will be measured . Laser induced fluorescence 
measurements are also considered. 

Potentiality for a PhD work as a follow-up: 
 This work will be extended to make possible the mapping of stellar magnetic fields with FeH 
molecular lines, by high resolution spectropolarimetry. A pluridisciplinary grant application has been 
recently submitted by our group to the French stellar physics national funding program (PNPS). Our 
project has been planned over three years (2007-2009), and will start a collaboration with the LATT 
laboratory  (Laboratoire d’Astrophysique de Toulouse Tarbes).  
 
 
 
Nature of the financial support: any official PhD grant 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Atoms, Molecules and Photons; Condensed Matter 

 
“Optical properties and nonlinear femtosecond spect roscopy of 

single nano-objects” 
 
Research Group:  Ultrafast Phenomena in Nanomaterials (LASIM) 
 
Head of Research Group: Natalia Del Fatti (Professor), Fabrice Vallée (Research Director) 
 
Person to contact:  Pr Del Fatti delfatti@lasim.univ-lyon1.fr  ; phone: (33) 4 72 43 10 87 
   Dr Vallée vallée@lasim.univ-lyon1.fr  ; phone: (33) 4 72 43 11 21 
see: http://www-lasim.univ-lyon1.fr/rubrique.php3?id_rubrique=76 
 
Short summary of the work:   
The physical properties of composite nanomaterials, constituted by metal or semiconductor 
nanoparticles in a dielectric matrix, are strongly modified compared to the bulk one due to confinement 
of the electron and vibrational motion. These new properties are determined by both the 
characteristics of the constituting nano-objects (nature, size, form, structure, …) and of their 
environment (matrix, bound molecules, other nano-objects, …). The possibility of controlling these 
parameters is a key for the fast development of nanosciences and nanotechnologies. 

In optics, nanomaterials are present in many application fields as nonlinear optics, plasmonics, 
sensors, biological labelling, ... From a fundamental point of view, the optical response of nano-objects 
is an important tool to analyze the physical origin of their properties. Most of the optical studies on 
nano-scale materials have been performed on ensembles, where thousands or more nano-objects are 
simultaneously studied. Only an average response is measured, making difficult identification of the 
mechanisms responsible for the specific physical properties and their comparison with theoretical 
models. This limitation can be overcome by studying single nano-objects. We recently developed a 
new project on single metal nano-objects spectroscopy. We demonstrated a novel far-field optical 
technique, based on spatial modulation, to detect individual metal nanoparticles of a few nanometer 
size and quantitatively measure their absorption cross section (down to few nm2). An "optical image" 
of the nanoparticle is obtained. This technique can be extended to any other absorbing object and 
opens up many perspectives for the study of their properties. 

We propose to extend these works to the study of the optical properties of single nano-objects 
as a function of their shape, size and structure. We'll first focus to complex shape (triangles, 
pentagones and nanowires) of gold and silver nanoparticles, recently synthetized. These are very 
promising for applications in linear and nonlinear optics (especially for bio-labelling), but investigation 
of their properties is still at the beginning. Similar studies will be performed on novel nanoparticles: 
nano-hybrid objects constituted by a metal and a semiconductor (Au-CdSe). Their optical properties, 
still unknown, are expected to be very interesting as they should combine size reduction effects in 
semiconductors (quantum confinement) and in metal (local field effects). 
These experiments will be coupled to a femtosecond pump-probe set-up, in order to realize the first 
studies of nonlinear optical response of a single nano-object. This response is directly related to the 
electronic and vibrational properties of the nanoparticle, allowing their studies as a function of the its 
individual characteristics (size, shape). We'll focus on electron-phonon interactions in noble metal 
nanoparticles as a function of their shape, and we'll study semiconductor - metal energy and charge 
transfert, which should play an important role in the properties of nano-hybrids.  
 
This is a new research team, created at LASIM in september 2006. The team developed its previous 
researches at Ecole Polytechnique in Palaiseau (Laboratoire d'Optique Quantique), and University 
Bordeaux 1 (Centre de Physique Moléculaire Optique et Hertzienne). 
 
This work can be extended to PhD
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Year 2007 

Research project in physics for students majoring in the field: 
Atoms, Molecules and Photons  

 
“Diagnostic of laser-induced micro-plasma with ultr a-fast imaging” 

 
Research Group:  Ultra-Fast Phenomena and Intense Lasers (LASIM) 
 
Person to contact: Pr Jin Yu, jin.yu@lasim.univ-lyon1.fr ; phone: (33) 4 72 43 26 63 
 
Other group members involved: Matthieu Baudelet, second year PhD student  
 
Short summary of the work:   

The technique of laser-induced breakdown spectroscopy (LIBS) is a promising tool for 
chemical composition analysis involving a laser. This technique which combines laser ablation and 
spectroscopic analysis offers some advantages compared to other conventional analytical techniques. 
Laser pulse performs sampling as well excitation of ablated matter. Such schema allows in situ 
analysis of samples without preliminary preparation in solid, liquid, or gas phases. Another implication 
of this all-optic operation schema is the capacity of stand-off measurement. This capacity leads to the 
specific interest of LIBS for applications that need sample and detect at a remote distance, one can 
mention here spatial exploration missions, homeland security defence systems, or environmental 
monitoring systems…  The challenge actually faced by the LIBS technique is to provide precise 
quantitative analysis. Such quantitative analysis is only possible with detailed knowledge of laser-
induced plasma and of effects of experimental conditions on emission properties of the plasma. This 
knowledge is actually unsatisfactory to precisely retrieve elemental concentrations from LIBS spectra.  

The internship that we proposed will be performed in the framework of cooperation between 
our research group and a group in Lawrence Berkeley National Laboratory (LBL) at University of 
California of Berkeley. We will study the micro-plasma induced by laser with ultra-fast microscopic 
imaging. Characteristic parameters of the plasma, such as temperature, density and physic-chemical 
composition will be deduced from time-resolved images with a precision up to picoseconds. The study 
will be carried out in different experimental conditions. These conditions concern the laser, pulse 
duration (nanosecond or femtosecond), wavelength (IR, Vis, or UV), and intensity (with respect to 
ablation threshold). They concern also properties of the sample (metallic, organic, or biologic).   

The spatial resolution will be obtained with shadowgraph or interferometry coupled to a microscopic 
imaging system. The ultra-precise temporal resolution will be obtained with the technique of pump-
probe. The use of a femtosecond laser allows probing the plasma in a very short delay of several 
picoseconds after laser impact on sample. Initial state of plasma expansion will be determined 
precisely. We should mention that Berkeley team in LBL is the world-wide specialist of diagnostic of 
laser-induced plasma with ultra-precise time resolution. A detailed model will established to describe 
the sequence of events that lead to light emission from the plasma. Comparison between plasma 
parameters and emission spectra will allow in one hand, to retrieve elemental concentrations and on 
the other hand, valid models describing evolution of the plasma and its interaction with ambient gas.         

The candidate to this internship must be motivated by a fundamental and experimental 
research work, which has a precise gaol for application and which leads to establishment of a 
theoretical model. A corresponding academic background is needed. Personal initiative and capacity 
of working in a research team are appreciable skills. Ability of communication in English is also 
important since the internship will be performed in an international environment. Students who are 
used to have and motivated by international mobility will be considered as having priority.  

 
Potentiality for a PhD work as a follow-up: PHD thesis preparation in the same research domain 
after the internship 
Nature of the financial support: Scholarship award from the French Ministry of Education and 
Research, or from other governments 
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Laboratory of Physical Chemistry of Luminescent Materials 

 

 
Director:  Madame Marie-France JOUBERT  

  E-mail:  joubert@pcml.univ-lyon1.fr  

·  Phone:  (33) 4 72 44 83 39  
·  Fax:  (33) 4 72 43 1130  

 

 Address :  Laboratoire de Physico-Chimie des Matériaux Luminescents 
Université Claude Bernard Lyon 1 
Bâtiment Alfred Kastler 
10 rue A.-M. Ampère 
69622 Villeurbanne cedex  

 

 
 
4 proposals: 
 
�  Dynamics of excited states in rare-earth-doped glass and optical fibre 
amplifiers...................................................................................................................p.9 
 
�  Vibrational spectroscopy of metallic nanoparticles………………………………..p.10 
 
�  Near-field Optical investigation of luminescent nanoparticles……………………p.11 

 
�  Study of mechanisms implied during the elaboration, by nanosecond laser 
irradiation, of guiding structures in glasses……………………………………………p.12 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Atoms, Molecules and Photons; Condensed Matter 

 
“Dynamics of excited states in rare-earth-doped gla ss  

and optical fibre amplifiers” 
 
Research Group:  Active Optical Waveguides (LPCML) 
 
Head of Research Group: Bernard Jacquier 
 
Person to contact: Bernard Jacquier jacquier@pcml.univ-lyon1.fr ; phone: (33) 4 72 4 483 36  
 
Other group members involved: Anne Marie Jurdyc (researcher-CNRS) Romain Peretti (PhD 
student) Anne Pillonnet (Assistant Professor) 
 
 
Short summary of the work:   
EDFA is well-known as a main device for optical telecommunication links to achieve huge capacity 
and rate for internet. Wavelength division multiplexing has allowed increasing drastically their 
performance thanks to the broad gain profile of the EDFA achieving 32 channels over 30nm in the 
1,53-1,56 nm range. Thus the optimal working conditions of  EDFA require broad fluorescence band of 
the doped glass as well as a flat gain spectral response. Several questions are still unsolved such as 
full optical conversion efficiency limited to 50% and gain spectral hole burning effect which affects the 
spectral response of the transmitted signals. 
All these problems are strongly related to the fundamental knowledge of the dynamics of the atomic 
system composed of the luminescent ions embedded in the electrostatic field of the surroundings 
ligands and the possible interaction between adjacent luminescent centres. To explore these 
properties, laser spectroscopy with narrow band tunable laser is required both to determine 
homogeneous linewidth and inhomogeneous broadening and the temporal behaviour using calibrated 
and sequenced light pulses. 
We recently showed that waveguide configuration was especially suitable to achieve saturation 
conditions taking advantage of the long path of the fibre or waveguide. This work was realized in close 
collaboration with Alcatel company and Montana State University with a great impact on new 
materials. Unusual behaviour was obtained for the first time with an unexpected extremely narrow 
linewidth, 10 times less than in any other known glass material. These new glasses were grown at the 
Laboratoire des Verres et Céramiques de l’Université de Rennes. 
Besides the fundamental knowledge of the glass material, this last result may open some new 
prospects in the field of secured optical telecommunications using quantum repeater with memory. 
The objective of this short period study is to have an efficient training in laser spectroscopy of new 
solid luminescent glasses and fibres. Gain media such as amplifiers are currently used in the 
laboratory by Romain Peretti (PhD student) to achieve saturation hole burning to investigate 
homogeneous spectral response. Furthermore transient signals generated by acousto-optical 
modulators will be detected through coherent optical spectroscopy to be developed during the period 
of investigation.   
 
Potentiality for a PhD work as a follow-up: This topics will be developed further during a three year 
thesis at the LPCML 
 
Nature of the financial support:  French ministry of research or Europe 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Atoms, Molecules and Photons; Condensed Matter 

 
“Vibrational spectroscopy of metallic nanoparticles ” 

 
 
Research Group: Glasses & Nanostructures (LPCML) 
 
Head of Research Group: Pr Bernard Champagnon 
 
Person to contact:  A. Mermet, mermet@pcml.univ-lyon1.fr ; Phone: (33) 4 72 43 29 72 
 
Other group members involved:  B. Stephanidis (PhD student), Dr S. Adichtchev, Pr E. Duval 
 
 
Short summary of the work:   
 
Embedded metallic nanoparticles confer host glassy matrices with interesting optical properties that 
essentially infer from the nanoparticles electronic plasmon excitations. These properties raise interests 
in very diverse respects. For instance, ruby like shaded glasses, used in jewellery and decorative art, 
can be generated through the nucleation/growth of gold nanoparticles. In the field of optical 
technology, when glass embedded silver nanoparticles are elongated and aligned along one common 
direction, they give rise to a birefringent material possessing high contrast polarization rates; the glass 
can therefore act as a polarizer. 

 
The research work proposed herein is to perform a vibrational 
characterization of embedded nanoparticles (in jewel glasses and 
polarizing glasses) through inelastic light scattering (low frequency 
Raman scattering and Fabry-Perot interferometry). The vibrational 
modes of interest are called “particle” modes as they induce large scale 
oscillations of the nanoparticles (like the breathing mode or the 
quadrupolar mode); the corresponding frequencies of these modes 
typically lie below 10 cm-1 for particle sizes lying in the nanometer range. 

In the case of jewel glasses, one will study the effect of annealing treatments on the vibrational modes. 
In the case of polarizing glasses, the elongated shapes of the particles generate “new” modes with 
respect to the case of spherical nanoparticles (due to a lift of degeneracy); the purpose of the work is 
to identify these modes, on the basis of electron microscopy observations and mode frequency 
calculations. In this work, the student will learn the basics of vibrational spectroscopy using lasers, 
monochromators and a multipass Fabry-Perot interferometer. 
 
 
 
Possibility for a PhD work as a follow-up: yes 
 
Nature of the financial support: any PhD grant 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Atoms, Molecules and Photons; Condensed Matter 

 
“Near-field Optical investigation of luminescent na noparticles” 

 
Research Group:  Spectroscopy   (LPCML) 
 
Head of Research Group: Professor Paul Moretti 
 
Person to contact:  Pr Paul Moretti, moretti@pcml.univ-lyon1.fr ; Phone: (33) 4 72 44 83 47 
 
Other group members involved: B. Jacquier (DR CNRS), Olivier Tillement (Pr), Nayla El Kork (Phd 
student) 
 
 
Short summary of the work:   
 

Near-field Scanning optical microscopy  (SNOM) is a new technique allowing to image physical 
or biological objects with a sub-wavelength resolution. Applying this approach for spectroscopy studies 
of sub-wavelength dimension objects is of great interest either from a fundamental point of view or for 
investigating optical components in view of biocompatible sensors applications. 

 
Luminescent nanoparticles investigation is a currently developing area in our laboratory, 

specifically by using the SNOM technique. These works are conducted both in our laboratory and at 
the “Nanoptec” centre in the framework of a CNRS European network (“GDRE Nanolum”) related to 
the elaboration and the spatial and spectroscopy imaging of nanostructures. 

 
The proposed work which is related to a running thesis one will be devoted to SNOM 

characterization of calibrated-size SiO2 nanoparticles (17- 200 nm) which have been functionalized by 
fluorophors or rare earth oxides wrapped in a layer of polysiloxan functionalized by fluorescein (In 
collaboration with the “NanoH” Start Up).  This work will be conducted in closed collaboration with the 
French German and Italian partners of the Nanolum network. Real opportunities of short time visit for 
comparative experiments are open in the related laboratories.   
 
 
Potentiality for a PhD work as a follow-up: A thesis work will be proposed  
 
Nature of the financial support:  possibly the French ministry of reseach 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Atoms, Molecules and Photons; Condensed Matter 

 
“Study of mechanisms implied during the elaboration , by 

nanosecond laser irradiation, of guiding structures  in glasses  ” 
 
Research Group: Glass, Geomaterials and Nanostructures (LPCML) 
 
Head of Research Group: D. VOUAGNER (Assistant Professor) 
 
Person to contact: D. Vouagner vouagner@pcml.univ-lyon1.fr ; phone (33) 4 72 44 82 68 
 
Other group members involved: B. CHAMPAGNON (Professor) C. COUSSA (PhD student) 
 
 
Short summary of the work:   
 
This work is based on laser-matter interaction. 
 
Glass is a material widely studied nowadays for the elaboration of new devices allowing high speed 
signal processing in telecommunications. Indeed, when a material is illuminated with an intense light 
beam, an induced polarization which is not proportional to the incident electromagnetic field can be 
created in this material: non linear phenomena such as new frequencies generation and in particular 
second harmonic can appear. One application of this property in the high speed signal processing in 
telecommunications is the elaboration of optical switches allowing the change of the signal of a 
wavelength value to the half wavelength value (frequencies doubling). 
Up to now, used materials allowing this frequencies doubling are crystals whose elaboration is costly. 
Glasses could replace crystals because of their good optical qualities, high damage resistance and 
low cost. 
Under laser irradiation, glass which is an isotropic material can become anisotropic with non linear 
optical properties. Indeed, a permanent change of the refractive index value of the glass can be 
created locally by the incident laser beam. It is then possible to write guiding structures in this material. 
 
During this internship, mechanisms responsible of laser-induced anisotropy in the guiding structures 
will be characterized. These mechanisms are indeed not identified for the studied glass which is made 
of lanthanum, boron and germanium (LBG). 
A part of this work will consist of the elaboration of guiding structures in LBG glasses using the 
experimental setup developed in our laboratory. The intense light source of irradiation will be a Nd-
YAG nanosecond laser. The second part will be devoted to the characterization, by several techniques 
of analyses (micro Raman spectrometry, optical absorption, profilometry…), of laser-induced 
anisotropic structures in order to make clearer mechanisms responsible of the non linear optical 
behavior of LBG glasses.                
 
 
Potentiality for a PhD work as a follow-up:  
 
This work is a part of an international program of research. It can be followed by a PhD thesis for a 
motivated student   
 
 
Financial support: PhD grant of French Ministry of Research and Education 
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Lyon Institute of Nuclear Physics 

 

 
Director:  Monsieur Bernard ILLE  

  E-mail:  b.ille@ipnl.in2p3.fr   

·  Phone:  (33) 472 448 457  
·  Fax:  (33) 4 72 43 1130  

 

 Address :  Institut de Physique Nucléaire de Lyon 
Université Claude Bernard Lyon 1 
Bâtiment Paul Dirac 
4 rue Enrico Fermi 
69622 Villeurbanne cedex  
FRANCE 

 

 
 
4 proposals: 
 
�  EBCMOS photo-detector studies:  Modelisation of photo-electrons backscattering 
effects on the single photon tracking efficiency………………………………….……p.14 

 
�  Contribution to the study of the simulation and selection of top quark production 
events by the CMS experiment at the LHC (CERN)………………………………….p.15 
 
�  Gold cluster collisions in solids – Application to secondary ion mass spectrometry 
of biomolecules………………………………………………………………………...…p.16 

 
�  The CMS (« Compact Muon Solenoid ») experiment at the  LHC («Large Hadron  
Collider » at CERN……………………………………………………………………….p.17 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Astrophysics, Subatomic physics 

Atoms, Molecules and Photons; Condensed Matter 
 

“EBCMOS photo-detector studies:  Modelisation of ph oto-electrons 
backscattering effects on the single photon trackin g efficiency” 
 
Research Group:  EBCMOS (IPNL) 
 
Head of Research Group: R. Barbier 
 
Person to contact: R. Barbier rbarbier@ipnl.in2p3.fr  ; phone: (33) 4 72 43 12 22 
 
Other group members involved: P. Depasse, N. Estre 
 
 
Short summary of the work:   
 

R&D EBCMOS Team is involved on the conception and test of new generation photo-
detectors based on the Hybrid photo diode principle with CMOS sensor integration.   

Our main goal is the development of a new photo-detector called EBCMOS for single photon 
tracking of fluorescent protein in the field of biological imaging.  A real time processing of single photo-
electron event is necessary. One part of this development is the study of backscattering of the 
photoelectrons and their effect on image reconstruction.          

This work will intend to study this physical effect due to the backscattering on the CMOS with 
Monte-Carlo simulation and the comparison with data taken with our test bench: 

 
- GEANT4 Simulation of the photo-electrons backscattering process.  
- Data and Monte-Carlo comparison. 
- Algorithm studies.  

 
 
Potentiality for a PhD work as a follow-up: R&D on photo-detector 
 
Nature of the financial support: French Ministry of Research or private industrial funding 
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Year 2007 

Research project in physics for students majoring in the field: 
Subatomic physics 

 

“Contribution to the study of the simulation and se lection of top 
quark production events by the CMS experiment at th e LHC 

(CERN)” 
 
Research Group:  CMS (« Compact Muon Solenoid ») at the LHC («Large Hadron  Collider » at 
CERN (European Organisation for Particle Physics) (IPNL) 
 
Person to contact: Roberto Chierici Roberto.Chierici@cern.ch  ; phone: (33) 4.72.44.83.48 
 
Other group members involved: Stéphane Perries, Patrice Verdier, Morgan Lethuillier, Suzanne 
Gascon. 
 
Short summary of the work:   
The success of the Standard Model (SM) in describing the phenomenology of particle physics in the 
last thirty years is astonishing. Nevertheless, there are fundamental aspects of the model that have 
never been confirmed experimentally and, on the other hand, there is compelling evidence that the SM 
must be an effective theory. 
CMS is one of the two omni-purpose detectors being built at the CERN LHC, the largest accelerator in 
the world that, from 2008 onwards, will collide protons at a centre-of-mass energy of 14 TeV. The aim 
is to finally understand the mechanism of spontaneous symmetry breaking in the SM, which generates 
the masses of the fundamental particles, and to possibly discover signals of new physics beyond it. 
 
Top quark physics plays a fundamental role in both aspects. Moreover, it is also extremely important 
at the physics start-up for calibrating detectors and analysis tools. With more than 10 million top-pair 
events produced each year, the LHC will effectively be the first “top factory” ever in particle physics: it 
will be possible to perform many precision measurements (mass, cross-section,  couplings, spin) and 
also to look for new physics (in production, association or decay) thanks to its large mass, intriguingly 
close to the electroweak scale. 
In order to be ready for physics in 2008 it is of utmost importance to have a very robust simulation set-
up and very effective analysis strategies. 
 
The proposed work consists in comparing the results of the complete simulation of the process  
pp ®  tt + X by means of different Monte Carlo programs, both at partonic level and at full detector 
simulation, and to prepare an analysis for the selection of top-pair events. For this, the student will 
have to understand many aspects of the physics of top quark production at the LHC and of the main 
backgrounds, but also become experienced in detection techniques at colliders and in the CMS 
software reconstruction. 
A basic knowledge of particle physics and experience in C++ programming are desirable. 
The proposed work could be considered as a starting point for a subsequent thesis. 
 
Potential for a PhD thesis as a follow-up: yes, under condition of a fellowship 
 
Type of possible financial support : French Ministry of Research 
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Year 2007 

Research project in physics for students majoring in either of the fields: 
Subatomic Physics; Condensed Matter; 

Atoms, Molecules and Photons 
 

“Gold cluster collisions in solids – Application to  secondary ion 
mass spectrometry of biomolecules” 

 
Research Group:  Atomic collisions in solids (IPNL) 
 
Head of Research Group: Mireille FALLAVIER 
 
Person to contact: Mireille Fallavier m.fallavier@ipnl.in2p3.fr  ; phone: (33) 4 72 43 10 69 
 
Other group members involved: Y. Champelovier 
 
 
Short summary of the work: 
The research on ToF-SIMS (Time of Flight – Secondary Ion Mass Spectrometry) has changed 
enormously with the use of cluster ions as surface probe instead of atomic ions. The energy density 
deposited in the near surface area of the solid is much larger under cluster impact. This leads to a 
strong enhancement of surface sputtering and to an intense emission of secondary ions from surface 
species. Recent studies have shown the interest of clusters, as Aun

+ gold clusters, to increase the 
sensitivity in ToF-SIMS analysis. Nevertheless such studies are still few and usually limited to small 
size clusters of low energy (10-20 keV). The effect of these limited ranges is that the interaction 
mechanisms responsible for the observed phenomena are far to be clarified and that the experimental 
conditions for optimal performances are still to determine. 
 Our contribution to this research field is based on mass spectrometry experiments with 
measurements of the time-of-flight of the ions emitted from the solid under the impact of Aun

+ clusters 
accelerated on the 2.5 MV Van de Graaff accelerator of IPNL. The Aun

+ cluster beams are available in 
large cluster size (1 �  n �  9) and energy (20 – 200 keV/atom) ranges with beam intensities highly 
larger than those of commercialized SIMS instruments. Previous studies with thin layers of organic 
molecules (biologic and pesticide molecules) have shown that the emission yield of the molecular ions 
under impact of Au9

+ clusters of 100 keV/atom energy is 1000 fold larger than the emission yield 
measured in conventional SIMS. The understanding of the physical processes responsible for the 
enhancement of the ion emission yield need to know the depth in the solid involved in the desorption-
ionisation phenomena. 
 The proposed work is the study of the variation of the emission yield of the molecular ions as a 
function of the concentration of the organic molecules deposited on metal substrates, from molecules 
adsorbed on the surface up to thin layers with thicknesses close to the cluster penetration depth. It is a 
question of determining the cluster energy which leads to the maximum emission yield for each layer 
thickness. These studies will be realize in collaboration with Laboratoire des Sciences Analytiques de 
l’UCBL (D. Leonard) and with Institut de Biochimie et Biophysique Molculaire et Cellulaire d’Orsay 
(M. Caroff) for sample preparation and complementary characterisations. The student will have to 
acquire training on the experimental techniques related to using of ion beams (cluster accelerator, ion 
detection by time-of-flight measurements, acquisition and mass spectrum analysis) and to improve his 
knowledge on ion-solid interaction, especially on cluster collisions in solids. 
 
 
Potentiality for a PhD work as a follow-up: 
The PhD work will be the study and monitoring of the properties of fonctionnalized surfaces, designed 
for the realization of Micro Analysis Systems. 
 
Nature of the financial support: any official PhD grant 



 17 

 
Year 2007 

Research project in physics for students majoring in either of the fields: 
Subatomic Physics 

 

“Contribution to the preparation of reconstruction algorithms for 
the startup of the CMS experiment at the LHC (CERN) ” 

 
Research Group:  The CMS (« Compact Muon Solenoid ») experiment at the  LHC («Large Hadron  
Collider » at CERN (Organisation Européenne pour la Recherche Nucléaire ) (IPNL) 
 
Person to contact: S. GASCON (PR) smgascon@in2p3.fr ; phone: (33) 4.72.43.26.56 
 
Other group members involved: C. BATY (Doctorant), R. CHIERICI (CR), H. EL MAMOUNI (PR), J. 
FAY (DR), M. LETHUILLIER (CR), S. PERRIES (MdC), P. VERDIER (CR) 
 
 
Short summary of the work: 
CMS is one of two general-purpose experiments currently under construction for the future LHC 
accelerator at CERN. The LHC will collide two proton beams at a center-of-mass energy of 14 TeV 
starting at the end of 2007, with the hope of uncovering the mechanism by which particles acquire 
mass, electroweak symmetry-breaking and its relic particle(s), one or several Higgs bosons. 
The CMS group at IPN Lyon is heavily involved in the construction and the performance measurement 
of  two of the most critical sub-detectors for the eventual detection of these Higgs bosons, the lead 
tungstate scintillating crystal electromagnetic calorimeter (detection of electromagnetically-interacting 
particles such as photons) and the silicon track detector (charged particle detection).  In addition, the 
group has contributed studies on Higgs boson discovery potential through certain production and 
decay channels to the CMS TDR (‘Technical Design Report’), the official document published in mid-
2006 resuming the potential of the experiment to discover new particles and to effect precision 
measurements. 
With the LHC startup one year away, the group is turning its attention towards preparing to  
understand the first real data.  An important part of this preparation concerns the reconstruction 
algorithms which translate hits in the detector cells into  ‘physics objects’  such as charged tracks or 
electromagnetic clusters, which will subsequently be identified as particles (electrons, photons…) 
coming from fundamental interactions if not from the decay of heretofore unobserved particles.  Many 
of these algorithms and the tools needed to exploit them need to be finalized, optimized and studied in 
preparation for their confrontation and their validation with data. 
 
The traineeship which we are proposing, which will take place six months prior to the LHC/CMS 
startup, will concern one of the two following subjects (depending on the status of the work and the 
timetable for its completion at the time of the start of the traineeship): 
 
--Energy corrections to electromagnetic clusters associated with photons . Validation of these 
corrections via Z�  mm + g  events. Development of reconstruction tools specific to photons:  isolation, 
neural network for  p�   veto… 
 
--Improvements to bremstrahlung-recovery algorithms for electrons and/or optimization of electron 
reconstruction in the absence of the ‘pixel’ subdetector portion of the track detector in 2007. 
 
Potential for a PhD thesis as a follow-up:  YES, on the condition of obtaining a scholarship.  The 
traineeship work could then constitute the starting point for the thesis which would involve CMS data 
analysis in a physics channel utilizing the algorithms and tools studied during the traineeship. One 
possibility would be the search for the Higgs boson via a decay channel including photons and/or 
electrons.   
 
Nature of the financial support: MENRT or European  Union scholarship (for foreign students) 
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Laboratory of Condensed Matter Physics and Nanostructures 

 

 
Director:  Monsieur Alain PEREZ  

  E-mail:  Alain.Perez@lpmcn.univ-lyon1.fr  

·  Phone:  (33) 4 72 43 10 17 
·  Fax:  (33) 4 72 43 26 48 

 Address :  Laboratoire de Physique de la Matière Condensée et Nanostructures 
Université Claude Bernard Lyon 1 
Bâtiment Léon Brillouin  
43 Boulevard du 11 novembre 1918 
69622 Villeurbanne Cedex 
FRANCE 

 
 
1 proposal: 
 
�  Near-field optical properties of metal nanoparticles……………….………………p.19 
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Year 2007 

Research project in physics for students majoring in the field: 
Condensed Matter; Atoms, Molecules and Photons 

 
“Near-field optical properties of metal nanoparticl es” 

 
Research Group:  Clusters (LPMCN) & ONLI (LASIM) 
 
Head of Research Group: Brigitte Prével 
 
Person to contact: Brigitte Prével brigitte.prevel@lpmcn.univ-lyon1.fr ; phone: (33) 4 72 44 81 89 
 
Other group members involved: G. Bachelier et P.F. Brevet (LASIM), I. Wang, B. Prével and P. 
Mélinon (LPMCN). 
 
Short summary of the work:   

Recent advances have made it possible to produce metal structures at the nanometer scale. 
These nanostructures show new electronic and optical properties and offer potential for developing 
various photonic devices. For instance, field localization near metal nanostructures has attracted much 
interest and may be important for applications. 

This project is about metal nanoparticles. When interacting with light, collective oscillation of 
the free electrons, known as surface plasmon resonance, leads to confinement of the electromagnetic 
field near the particle surface. We propose to study the emission properties of fluorescent 
nanoparticles acting as probes of the local field magnitude. Samples containing fluorescent probes 
close to metal nanoparticles will be studied using scanning near-field optical microscopy (SNOM), in 
order to measure locally any change of luminescence (enhancement or inhibition) arising from their 
interaction with the metal particles. 

During the internship, the candidate will be first asked to work on the SNOM experiment. We 
have recently obtained near-field images of fluorescent nanoparticles, but they still need to be 
improved. Then, he will insert metal particles of a few tens of nanometers among the fluorescent 
probes and study the coupling effects as a function of the metal particles size. This work is mainly 
experimental. Based on a collaborative project between 2 laboratories (ONLI group at LASIM and 
Cluster group at LPMCN), it will be conducted at the NanOpTec center (Lyon Nano Opto Technology 
research center). Scientific interests related to this project: 
- ONLI group: Electromagnetic field mapping in nanostructures is an important step toward the 
characterisation of the nonlinear optical sources studied in our group. 
- Cluster group: We are interested in the optical properties of nanostructures consisting of arrays of 
clusters (single clusters spectroscopy, coupling effects and photonic bandgap). 
 
Potentiality for a PhD work as a follow-up: 
If the student is to continue on a PhD project, he or she will need to get involved in finite-element 
simulations, within ONLI group, in order to explain the experimental results of near-field optical 
studies. 
 
Nature of the financial support: Ministry 
 
  
 


