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Resonant magnetic perturbations (RMPs) are applied to the boundary of DIII-D [1] with a
variety of global effects such as edge localized mode (ELM) suppression and global density
increase/decrease. How the applied perturbations affect the transport and the plasma edge
stability and thus suppress the ELMs, are among the fundamental questions to be answered
because of the high heat load created by the ELMs on the plasma facing components.

We present fast probe measurements of the effects of applying RMPs [2] to: 1) low power
(ohmic) and 2) H-mode DIII-D discharges.

In the low power discharges, the effect of islands is clearly seen in the edge plasma as
structures in the profiles and changes in the fluctuations as far as 4 cm inside the separatrix.
These observations compare well to calculations using 3D field mapping codes, indicating
that the island structures modulate the edge parameters and transport.

On the high power discharges, measurements of probes and other diagnostics (such as
BES) are made at various points in the edge and changes in the profiles and fluctuations [3]
are compared. We find that fluctuations can be affected (enhanced or reduced) in narrow
(1-2 cm) regions in the pedestal and in the scrape-off layer. The changes in the profiles and
fluctuations are dependent on the structure of the applied fields that can be varied in both

intensity and mode number.

During the low power discharges, perturbation fields are applied to produce a strong
perturbation near the edge, which is expected to ergodize the region. This is seen in Fig.1 ,
where the region between Psi 0.7 and 1.0 is shown vs poloidal angle for a fixed toroidal angle
(phi=240 deg.) at two times (1200 and 2300 ms) when the probe (trajectory shown as a

vertical line) was inserted in the plasma edge.



Field mapping using Trip3D [4] predicts clear chains of resonant islands at 1200 ms that
are partially destroyed at 2300 ms, as the field strength and spectrum are changed. The probe
does not quite reach the first island chain at Psi~0.90 although smaller structures are
predicted. The probe data, shown in Fig. 2 indicate that the profiles, which show fine structure

early, are clearly affected by the field change
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Fig. 1, Trip3D field mapping showing the vacuum field structure as a function of
polodal angle and Psi for a fixed toroidal angle. Diagnostic locations are indicated.

and the expected degradation of the structures, becoming smoother, and loosing fine
structure. The increase in Isat and Te across the LCFS suggest increased radial transport while
the changes in E_theta and Vp indicate the possible formation of quasi-steady structures, such
as convective cells. Additionally, the fluctuations on the Isat (mostly Ne), increase by factors
of 2 across the LCFS and SOL, Te fluctuations decrease all across and E_the fluctuations
decrease in the core and increase elsewhere. The radial turbulent flux thus increases at the
LCFS (within errors) and SOL and decreases slightly inside the LCFS, consistent with a slight
increase in average discharge density.

Although the low power discharges show the magnetic perturbations affecting the SOL
and LCFS region, the case may be different at high power. Two high power discharges at



medium collisionality of nu~1, with toroidal phasing differing by 60 deg., but otherwise

identical are
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Fig. 2. Left, the steady state profiles of averaged Isat, E_pol, Te Vpl and, right, rms levels of
Isat, E_pol and Te before (solid blue) and after (dashed black) the magnetic perturbation is
applied.



compared. The SOL profiles and fluctuations show similar behavior as that reported for the
low power ones, i.e. slightly broader profiles and increased fluctuations and intermittent
transport in the SOL [2], but the probes can not reach the top of the pedestal. Therefore BES
is used to evaluate the density fluctuations in a zone straddling the top of the pedestal and the
LCFS and their spatial localization. It is found that: 1) fluctuations in the pedestal change in a
narrow region when the RMP is applied, 2) the fluctuations mostly increase in one phase and
mostly decrease in the other and 3) the radial profile of normalized fluctuations show a narrow
region where changes occur as shown in Fig. 3. Trip3D mapping can partially explain the
profile change since the magnetic topology shifts out for discharge 70 at the BES position.

The conclusion is that the fluctuation changes are toroidally localized.
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Fig.3 Left, normalized density fluctuation levels from BES channels 11-15, spanning the
pedestal and bandpass filtered from 10 to 150 kHz; right, radial profiles.
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