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Charge exchange (CX) reactions neutralize ions in fusion plasmas, allowing the particles to

escape the magnetic confinement. This is of particular concern in the case of energetic ions,

such as those born in neutral beam injection. CX causes loss of particles and energy from the

confined plasma, and leads to heat loads on and erosion of material surfaces in the fusion device.

The established Monte Carlo orbit-following code ASCOT, which simulates minority particles

in fusion devices, was outfitted with a new atomic reactions module to study the effect of CX

on fast ion confinement.

ASCOT, with its new CX capability, was used to model the full gyro-orbits of beam ions in

a high-density target scenario of the spherical tokamak MAST-U. ASCOT predicts that 20 % of

the beam power is lost through CX. The majority of CX neutralizations are found to take place

outside the confined plasma, where the neutral density is relatively high. This effect is enhanced

by the large gyroradii associated with the particularly weak magnetic field on the outboard side

of the torus, typical for spherical tokamaks. Because of the beam ion orbit topologies, the wall

deposition is concentrated on the outer midplane region of the vacuum vessel.

The ASCOT CX model was benchmarked against TRANSP, the transport code extensively

used for predictive modelling of MAST-U. Good agreement is found for the estimated CX

losses of beam ions, with ASCOT predicting only 10 % higher power loss relative to TRANSP.

A possible discrepancy is observed in the reionization rates of fast CX neutrals towards the

plasma edge. The reason is speculated to be different treatment of CX neutralizations outside

the confined plasma.
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