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TITLE:  
3D Modelling of a cold hydrogen magnetized plasma in the ITER negative ion source. 
Abstract 
The heating system by Neutral Beam Injection (NBI) are indispensable to ignite and sustain the fusion 
reactions in the core Tokamak plasma (ITER, DEMO) using high energy deuterium atoms (neutrals), i.e. two 
lines of 17 MW each of 1 MeV of D° for ITER. The NBI systems are at the basis of advanced fusion plasma 
scenarios for ITER and future fusion reactors (DEMO).  
These energetic neutrals are obtained by accelerating D- negative ions (NI) at high energy (~55A of D- at 
1MeV for ITER) followed by the stripping of one electron from the D- ion by collisions on a gaseous target 
(conversion from D- to D°). 
The 55A of D- are produced in a large Radio-Frequency (RF) ion source by volume kinetics and by 
interactions of plasma particles (D° and D+) with the first accelerator grid metal surface that is in contact with 
the plasma source. The surfaces of the plasma source are covered by Caesium, which acts as electron donor.  
   
This thesis concerns the 3D modelling of the plasma which interfaces the diffusion plasma from the RF source 
with the negative ion beam formation in its initial phase. This transient plasma is very complex as it combines 
the region of interest for negative ion production but also the region where the high extraction electric field of 
the accelerator crosses the magnetic fields used to limit the co-extracted electron current. So, this region 
involves many atomic and molecular processes in gas phase and plasma-surface interaction as well as 
electronegative sheath physics.  
All these phenomena have an influence on the creation of the negative ions (NI); their transport and extraction 
are strongly related to the global behaviour of the NBI system. Indeed, the NI extraction from the 
electronegative plasmas in the early stages of beam formation is responsible for the beam aberrations 
downstream that cannot be compensated by the accelerator electrostatic optics. Considering the high power 
required by the ITER NBI system (~40 MW of D- at 1 MeV at the exit plane of the accelerator), the NI 
aberrations have to be controlled and necessarily minimised.   
The numerical approach developed in the frame of this collaborative Ph.D. project aims to identify the main 
physical mechanisms initiating the ion aberrations and proposing solutions to overcome them.  
The theory group of LAPLACE (GREPHE) is working jointly with IFRM (CEA Cadarache) to develop 
numerical models for the RF plasma source using Particle-In-Cell (PIC) approach, focusing particularly on the 
plasma particle transport in the region close to the NI extraction (accelerator).  
In parallel, the LPGP (TMP-D&S team) has developed several 3D PIC Monte-Carlo models for the extraction 
region (sheath), the accelerator and the subsequent neutralization of NI by interaction with a gaseous (D2) 
target, all for the ITER geometry.   



Even if the approaches of both teams LAPLACE and LPGP are self-consistent, the physical models are 
different and they complement each other. The objective of the Ph.D. thesis is to build a numerical model of 
the plasma interface capable to describe the plasma properties in the interface region between the source 
(LAPLACE models) and the accelerator (LPGP models).  
1° The development of the existing 3D code at LAPLACE for the plasma and its expansion in the magnetized 
diffusion region. This code should quantify the transverse transport of electrons and provide scaling laws. 
2° The sheath code ONIX3 of LPGP dealing with the sheath will then be adapted to self-consistently calculate 
the plasma parameters used today as given input data. Hence based on the obtained scaling laws from the first 
code, it should be possible to obtain realistic simulations. 
 
Related information on these models are published in REF 1-6. 
This work will be done in the teams ‘TMP-D&S’ from LPGP and GHEPHE from LAPLACE in collaboration 
with IRFM/CEA Cadarache.  
 
 
REFERENCES 
1. S. Mochalskyy, A. F. Lifschitz, T. Minea 3D modeling of negative ion extraction from a negative ion source 

Nucl. Fusion, 50 (2010)105011  

2. S. Mochalskyy, A. F. Lifschitz, T. Minea Extracted Current Saturation in Negative Ion Sources  
J. Appl. Physics, 111(11) (2012) 113303 

3.  G. Hagelaar, G. Fubiani, J.P. Boeuf,  Model of an inductively coupled negative ion source: I general model 
description, Plasma Sources Sci. Technol. 20, 015001 (2011)  

4. J.P. Boeuf, G. Hagelaar, P. Sarrailh, G. Fubiani, N. Kohen, Model of an inductively coupled negative ion source: II 
Application to an ITER type source, Plasma Sources Sci. Technol. 20, 015002 (2011)  

5. JP Boeuf, B Chaudhury, L Garrigues, Physics of a magnetic filter for negative ion sources. I. Collisional transport 
across the filter in an ideal, 1D filter, Physics of Plasmas 19, 113509 (2012)  

6. JP Boeuf, J Claustre, B Chaudhury, G Fubiani, Physics of a magnetic filter for negative ion sources. II. E× B drift 
through the filter in a real geometry, Physics of Plasmas 19 (11), 113510 (2012) 

 
 

Keywords:  
 
Numerical simulations, Particle-In-Cell, Monte Carlo, out of equilibrium plasmas, magnetized plasmas, 
electronegative sheath  
 
 
Co-funded: CNRS (50 %) 

 


