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Title : Study of the influence of adsorption on the field induced electronic emission 
process in vacuum ; application to Neutrals Injection Systems at high energy (1-2 MeV) 

 
Summary : 
 This proposal is part of a research and development program on fusion plasma heating system called 
Neutrals Injection (NI), which aims at igniting and sustaining the fusion reaction in the plasma reactor 
with an intense neutral D0 beam at high energy (34 MW at 1 MeV in the ITER case). These beams result 
from the acceleration of negative ions D- (~50A) at 1 MeV under the action of an electric DC field in 
vacuum. A NI is a large physics instrument, mixing high voltages, intense electric fields (up to 10MV/m) 
between large electrodes, charged particles and radiation; this creates favorable conditions for the 
occurrence of discharges (arcs) which can possibly damage components of the system.  
Besides, it has been observed at lower voltages below breakdown precursor “dark currents” which can 
trigger arcing and depend on the vacuum state between elements, surface physical conditioning of the 
electrodes exposed to the electric field. In particular, it has been observed that the type of gaz between 
electrodes influences directly the occurrence and the intensity of these dark currents, indicating that the 
physisorption process (gaz-surface interaction) may be an important contributor. The work proposed will 
be to develop models allowing to understand better the origin and control the occurrence of these 
currents. 
It is likely that these currents result from field induced electron emission from the cathode, transmitted 
by tunneling effect through the potential barrier created by the electric field. Part of the gaz in the high 
voltage cell is polarized and can adsorb on the walls. This adsorption can modify electronic emission of 
the surface through modification of the work function and thus changes the dark current level. The work 
will focus on identifying physical conditions where work function increases, but remains compatible 
with the constraints of the NI system.  
The work will quantify these effects though quantum chemistry and molecular dynamics simulations. 
Several steps will be followed: first, evaluate sticking probabilities of adsorbates as a function of the gas 
type (hydrogen, helium, other rare gases), pressure conditions and electric field. Then, the effect of the 
presence of the adsorbate on emission conditions, its influence on work function and electronic density, 
will be studied.  
This work will also necessitate to cooperate closely with teams which operate test benches at Supelec, 
Orsay, France, and CEA Cadarache, France.  
A candidate motivated by computer based physical model development, with basic knowledge on 
quantum mechanics, ready to learn the use of quantum chemistry programs, is welcome to apply.   
 

 
Skills : Modeling and simulation in quantum physics, Computer based Physical modeling 


