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Non-inductive microwave start-up has previously been demonstrated experimentally in the

spherical tokamak MAST with efficiencies around 1A/W, but the current drive mechanism

remains unclear [1]. We are presenting a kinetic model for this process that explains the ex-

perimental observations in terms of the underlying physics. More specifically, it is shown that

collisions are responsible for only a small part of the current drive, while the open magnetic

field line configuration during start-up, which leads to an asymmetric confinement of electrons

[2], is responsible for the majority of the generated plasma current. It also shown, in terms of the

dynamics of the distribution function, why both a steady increase in the vacuum field strength

and a vertical kick of the plasma lead to an increase in the driven current.

The transition from an open magnetic field line configuration to the formation of closed flux

surfaces is a crucial part of start-up, with its formation governed mainly by EBW current drive,

and the current carried by energetic electrons with energies greater than 25keV. The developed

model studies the time evolution of the electron distribution function under a number of effects,

including an electron source, orbital losses, collisions, EBW heating, and plasma induction,

with appropriate volume averages and approximations taken to account for its 0D nature.

Simulations show good agreement with experiments, providing explanations for several ex-

perimentally observed effects, including the current drive mechanism and role of the vacuum

magnetic field. In particular, we show that collisions are responsible for only a small part of

the current drive, while the asymmetric confinement of electrons, controlled by the vacuum

magnetic field, leads to an increase in the generated plasma current.
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