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We propose a method for enhancing the population of hydrogen molecules in high 

vibrationally excited states by collisions with fast neutral atoms.  We propose a negatively 
biased insert next to the extraction aperture, at ≈-20V.  Protons are accelerated across the 
plasma sheath onto the surface of the insert.  Some will be reflected as neutral atoms, with 
some of their original energy (up to 70% reflected, with ~ 70% of original energy).   

Figure 1 shows that the cross-section for excitation of H2 (ground state) to H2(ν') by H 
atoms, summed over final vibrational levels ν'=5 to 14, is substantial over a wide energy 
range. The hypothesis that vibrationally excited molecules are the precursor of H- ions in 
volume sources is confirmed by agreement between predicted and measured H- densities[1]. 
By accessing this “fast neutral” excitation channel it would be possible to use a lower 
electron temperature in the driver, thus reducing the destruction of H- by fast electrons 
leaking through the filter.  The excited molecules are created close to the aperture where 
they are needed.  The paper presents a model as to the likely impact that the mechanism has 
on negative ion production.    

Many negative ion sources use a positively-biased insert in conjunction with a magnetic 
field for the purpose of electron suppression.  This would still be possible, by using a 
positive insert in the extraction aperture itself, and a negative insert next to it, on the plasma 
side.  Others have suggested using protons to create excited molecules [2], but we believe 
the use of fast neutrals has not been described before.  A negative ion extraction experiment 
using a twin insert of this type is being prepared at the JET Neutral Beam TestBed. 
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H+H2->H+H2(v) sum v = 5 -14

e+H2 => e+H2(v''=0)
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Figure 1. Cross-sections for vibrational excitation by atoms(Fast Neutral), and by electrons (E-V process); 
creation of H- by AD process; and destruction of H- by electrons.  
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