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Drift kinetic description of neoclassical tearing modes
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Understanding the physics of the NTM onset and its suppression is a key problem in achiev-
ing controlled fusion. This requires better knowledge of the NTM threshold mechanism.

We solve the drift kinetic equation for the ion/electron response to the NTM magnetic per-
turbation, g; ., assuming small magnetic island width, w < a (a is tokamak minor radius) but
retaining the limit w ~ p, ; (0p; is the ion banana orbit width) to include finite orbit width ef-
fects. When the electrostatic potential is neglected and collisions are small, the ions/electrons
follow streamlines, S, that reproduce the magnetic island structure but have a radial shift by the
amount < Py ; /., Where Py ;/, is the poloidal Larmor radius. This shift is in opposite directions
for V| = 0, V) is the parallel component of velocity. The particle distribution is then found to be
flattened across these drift islands rather than the magnetic island. This results in incomplete
flattening of the density/temperature profile across the NTM island for w ~ pyg. As py » < P s
this effect is less significant for electrons. To maintain

plasma quasi-neutrality, an electrostatic potential is 103 9 =9(M)@w=0.02 p,=10°
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generated that slightly modifies the § island structure. o'=-1, passing branch
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width ~ /v, where V is the collision frequency nor- 54

malised to a characteristic drift frequency. In this re- 267 %
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gion, collisions cannot be treated perturbatively and § 0 02 04 06 08 10

no longer describes the streamlines. We provide a so-
lution to the 2-D boundary layer problem, employing .
Figure 1: g; vs. pitch angle, 4.

a momentum-conserving collision operator, allowing

us to rigorously connect the trapped and passing regions (see figure). We show that the plasma
response to the magnetic island is stabilising, providing a threshold island width for NTM in-
stability of w < w, = 2.67py; [1,2] and 2.73py ; from full numerical and analytic solutions,
respectively. This novel NTM threshold result appears to arise from the response of the elec-

trons to the electrostatic potential required for quasi-neutrality.
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