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Trapped electron modes [1] can play an important role in enhancing losses in a toroidal
confinement device. They could be one cause of the deterioration c.f confinement with beta
in tokamaks. For straight stellarators and for a model field, it has been shown [2] that the
helical ripple and short connection lengths allow for strongly localized solutions to the drift
wave equation. Therefore, it is suggested that trapped electron modes in stellarators can be
more unstable tha. in tokamaks. This is particularly the case for low-shear configurations.
In this paper, we consider this problem for a realistic 3-D stellarator. We use as input a
3-D equilibrium and include the finite-beta effects self-consistently.

In contrast to tokamaks, stellarators have the advantage that the magnetic field can
be changed substantially by modifying the currents in the vertical field (VF) coils. In
ATF [3], for example, changing the quadrupolar moment of the VF coils changes the ro-
tational transform at the magnetic axis and, as a consequence, the shear. The change in
quadrupole field also changes |B | along the field lines, allowing the trapping regions to
change independently of the average curvature. This presents the opportunity for sub-
stantially changing the properties of these instabilities. We are exploring ways to devise
experiments in ATF that will permit us to study trapped electron modes and evaluate
their role in plasma confinement.

Guided by the results of Ref. [2], which show that stellarator drift waves are more
localized in shearless configurations, we have studied two ATF configurations: one that is
practically shearless in the inner half of the plasma radius and another for which the shear
is strong over most of the radius. We expect that in the first case the mode will be localized
and that in the second case it will be extended along the field lines. The dissipative trapped
electron mode will be more dangerous in the first configuration, because of the localization
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of the drift wave. The numerical results indicate that in the ATF experiment it could be
possible to control this dissipative mode and study its implications for confinement of
toroidal plasmas.

We obtain the 3-D equilibrium with the VMEC code [4]. To solve the drift wave
equation along magnetic field lines, the equilibrium is transformed to Boozer coordinates
[5]. In this coordinate system the magnetic field lines are straight,

B = (Va x V0)$' +

Here, (s,8, £) are the Boozer coordinates, $ is the toroidal flux, and x ' s the poloidal flux.
After the transformation [6] to Boozer coordinates, the flux surfaces are represented as

R =

mn

Z = 2 J Zmn sin(m0 - n()
m

<t> = c
mn

Tho (R,Z,<f>) are the usual cylindrical coordinates in real space.
Zero-current equilibria have been considered, with the plasma pressure profile P =

P(0)[l — (x/Xa)]2• Here Xa is the poloidal magnetic flux at the plasma boundary.
The dissipative trapped electron modes can be studied following the formalism of An-

tonsen and Lane [7]. Here, we present only the results for the electrostatic drift wave
model. The model is based on fluid ions and adiabatic electrons (i.e. we consider colli-
sionless electrons without their non-adiabatic response). The eigenmode equation, using
an eikonal representation for the perturbation, can be written in Boozer coordinates as

- SlF[-l - (2pB x K • Va/p'B2)} - FQ2

+ {l/2B)d2B/d2( - (l/4B2)(dB/d()2} $

w here
|Va|2 = |V(C - qO)\2 = (B2/X

>2g") | l + [{g"/B) J

is the perpendicular wave vector, g" — |Vs|2 is the metric element, (y)1^2 = (Jx '~^ ' ) IB 2

is the Jacobian, /c = {l/B2)V{p + B2/2) - (B/254)B • VB2 is the curvature .vector,

x B/g") • [V x (Va x B)]
2 + B • V[(-go.I - g.<J)Mf7g")]

is the local shear, and -t — x ' /^ ' ^s ^ne rotational transform.



The drift wave equation is essentially a Schrodinger-type equation, which, when written
in dimensionless form, depends on three parameters: A = mp3\Va\0, u}n = u>'/u>,, and kQ.
To solve the drift wave equation, we have used a Numerov shooting code [8] with outgoing
wave boundary conditions.

We have looked only for even modes localized in the outer region of the configuration.
We have found that these modes localize where the potential has a minimum. Typical
eigenfunctions for ATF configurations (for un ~ 1, Ao ~ 1) are plotted in Figs 1 and 2.
Figures 1 and 2 correspond to ATF configurations with negative and positive quadrupolar
field [3], respectivel)'. The configuration with a negative quadrupolar component has a
flat rotational transform over most of the radius, in contrast to the one with a positive
component, which has very strong shear. Thus, we have found that we can change the
localization of the modes by changing the external quadrupolar field of the configuration.
Because the ratio of helically trapped to toroidally trapped particles is also changed, this
presents a very interesting scenario to be tested experimentally.
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