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In future fusion devices such as ITER, heating and current drive of the plasma will be mainly 

obtained through the injection of high-energy and high-intensity D/H neutral beams. These 

neutral beams come from the neutralization of accelerated ion beams. Up to now, most of the 

tokamaks in the world are using positive ion beams. However, ITER requirements in term of 

neutral beam energy (1 MeV) force to the use of negative-ion beams due to a very low 

positive ion neutralization at 1 MeV. As a consequence, high efficiency negative-ion sources 

producing an approximate extracted H-/D- negative-ion current density of 300A/m2 (about 

60A total current) over 3600 sec periods have to be developed. Due to their connection to an 

accelerator, these sources have to be operated at low pressure (0.3 Pa) where negative-ion 

volume production by dissociative attachment of electrons on molecules is not efficient 

enough. Therefore, the most efficient negative ion sources developed up to now rely on 

surface production, a process in which a hydrogen particle impacting plasma wall captures an 

electron on the surface and is backscattered as a negative ion. This process is enhanced by 

caesium vapour injection inside the negative-ion plasma source chamber. The deposition of 

caesium on surfaces in contact with the plasma lowers the work function of the material and 

significantly increases the production of negative ions. However, caesium has many 

drawbacks and complicates the operation of the Neutral Beam Injector. Several groups are 

focusing all around the world on caesium consumption reduction or replacement of caesium 

by alternative materials. This talk will present methods developed for the investigation of 

negative-ion surface production, including description of plasma and surface diagnostics. In 

particular mass spectrometry with ion energy analysis is used to detect surface produced 

negative ions, and photoemission yield spectroscopy is employed to measure surface work 

function. Some results obtained with alternative materials such as diamond or novel electrides 

will be described focusing on correlation between negative-ion yield and surface state. 
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