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The ITER proposal to use an electrostatic residual ion dump (ERID) in place of the more 

conventional magnetic design introduces a new failure mode, namely that the formation of 
sustained plasma, created by ionisation of the background gas by the beam itself, between the 
panels will prevent the ion beams deflecting. Such a plasma creates a sheath boundary layer 
next to the negatively biased panels and most of the applied deflection voltage is dropped 
across this so that residual beam outside the sheath will not be deflected.   

A model of the ERID has been created that allows calculation of the sheath width along 
the ERID length. If the sheath width is greater than or equal to the channel width then the 
plasma will be cleared from the channel and the ERID will operate correctly. The model 
considers three contributions to space charge in the sheath: from ions created in the sheath, 
from ions flowing out of the plasma and from the imbalance of residual ion charge as the 
positive and negative beam components separate. Solving Poisson’s equation in the presence 
of beam induced charge density gives the potential as a function of sheath width for the first 
two cases and Gauss’s law gives the dependency for the latter. Setting the sum of these 
potentials equal to the applied deflection voltage allows the sheath width to be determined. Of 
the three components, the potential due to ions from the plasma dominates (of the order of 
kilovolts), while the potential due to separation of the charged beam components is negligible. 

The neutral gas density is the parameter for the model and the critical density at which 
the sheath width is equal to the ERID channel width is determined. For the heating beam 
(HNB) the threshold density is 3x1020m-3, a factor of 75 above that anticipated during 
operation. For the diagnostic beam (DNB) the critical density is 5.6x1018m-3 only exceeding 
the operational density by a factor of 2.8. Two additional processes that may contribute to a 
reduction in this margin are considered: a coupling between the plasma in the neutraliser and 
the ERID and gas evolution from the walls of the ERID panels. The former is justified by 
consideration of ionic mobility and the latter from experience of the behaviour of the neutral 
beam duct on JET. When both processes are included the HNB is still a factor of 2 below the 
critical density. For the DNB the margins are smaller and if either neutraliser-ERID plasma 
coupling or re-emission is taken into account, the ERID may fail. This situation can be 
rectified by increasing the voltage specification for the deflection power supply of the 
diagnostic beamline ERID. 
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