
CEA/CADARACHE 
DIRECTION DES SCIENCES DE LA MATIÈRE (DSM) 
INSTITUT DE RECHERCHE SUR LA FUSION PAR CONFINEMENT  MAGNETIQUE (IRFM) 
CEA/Cadarache - 13108 St Paul-lez-Durance Cedex - France 
  

 
PhD PROPOSAL 2009 

 
e-mail : gloria.falchetto@cea.fr 
phone : +33 442 25 4737 

Supervisor :  
Gloria FALCHETTO 

secretary : +33 442 25 4555 
Research Team : SCCP/GTTM  

 
Title :  Study of turbulence dynamics in a thermonuclear fusion plasma. 

 
Summary : 
One of the main objectives of thermonuclear fusion research is the understanding and control of heat 
transport in a plasma magnetically confined in a fusion reactor (tokamak). Since plasma is a complex 
system, the gradients of macroscopic quantities (such as the density, the temperature or the magnetic 
field) generate a turbulent convection motion, and consequently a turbulent transport of particles and 
heat towards the outside of the tokamak, which can lead to a loss of plasma confinement. In particular 
one aims at identifying operational regimes for an experimental reactor (ITER), where the turbulent 
transport of energy is reduced.   
The detailed measurement of plasma turbulence characteristics is a key element to refine and validate the 
theoretical models which predict transport in a tokamak. Since tokamak plasmas are very hot, the 
measurement of macroscopic fields and fluctuations principally relies on electromagnetic waves.  
Reflectometry diagnostics, based on the principle of the radar, allow a local measurement of the plasma 
density and a relatively easy access in a large tokamak environment, such as ITER. On Tore Supra 
tokamak (Cadarache) the unique performances of this instrument permit to measure the whole plasma 
section during a time range lower than the correlation time of turbulent structures (some µsec), with an 
excellent spatial resolution. Therefore it makes it possible to detect the fast dynamics of density 
fluctuations.  
This thesis project is dedicated to the study of turbulence dynamics, foreseeing a narrow synergy 
between theory and experiment. In particular, one will analyze the propagation of turbulence fronts 
during experiments of heat source modulation (modulation of the power injected in the tokamak). 
Experiments of this kind, carried out on JET tokamak (UK), highlighted fast transient phenomena, which 
to date require a theoretical explanation, validated by numerical simulations.   
The theory-experiment comparisons will be ensured by a numerical simulation code, which describes 
turbulence in the plasma core, via a system of non-linear fluid equations with an injected heat source. 
This model will be used on the one hand to prepare the experiments (modelling relevant experimental 
regimes and computing), which will be performed in Tore Supra and eventually JET, and on the other for 
the interpretation of the measurements.   
According to the candidate aptitudes it is possible to foresee the development of the thesis either 
focusing on the analysis of experimental data or the theoretical and/or numerical aspects.   
This work will be carried out in collaboration with the Research Federation on “Magnetic Confinement 
Fusion” (especially LPMIA, Nancy) and other Europeans laboratories (JET, IP - Germany,…). 

 
Skills: Knowledge of plasma physics or fluid physics. Interest in data analysis, signal processing (FFT, 
wavelets), numerical simulation. Knowledge of programming languages (F90, C, Matlab). 

 


