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The integral equation theoretical approach models atomic and molecular ion and neutral 
transport in IEC devices [1,2].  Calculations based on the model predict that neutral D and D2 
stemming from interactions of D+, D2

+, and D3
+ with background D2 fuse with background gas 

and dominate the fusion reaction rate.  In the theory and in experiments [3], the energy spectrum 
of the fast neutrals falls exponentially with energy.  The results imply that, at ~1 mTorr gas 
pressure, the fusion rates will be significantly lower than predicted by the assumption that the 
bombarding ions are largely monoenergetic at energies near the cathode-anode potential 
difference.  The positive ions and fast neutrals also produce negative ions [4] that typically 
account for ~10% of the fusion reactions.  The negative ions have been added to UW’s Volterra 
Integral Code for Transport in Electrostatic Reactors (VICTER). [See presentations at this 
workshop by Emmert and Alderson.]  This has been done via a subroutine that uses the predicted 
positive-ion and neutral energy spectra at all radii to calculate the production of negative ions 
and their possible subsequent fusion reactions or attenuation by electron stripping reactions with 
the background gas.  Because the negative ions constitute only a relatively small (~10%) fraction 
of the total current and their mean free paths for creating positive ions are long, we do not treat 
negative ions as a separate species in the integral equation formulation.  This presentation will 
explore the effects of varying selected parameters on positive-ion, negative-ion, and fast-neutral 
energy distributions and fusion product production, with the objective of finding optimized 
parameters that maximize the total fusion reaction rate. 
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