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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.
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Drift wave theories (ion or electron temperature gradient modes) have an onset threshold
in gradient beyond which the flux transported is predicted to increase very rapidly. For fixed
boundary condition, this type of behavior would manifest itself as a strong resistance to
change in the temperature profiles or “stiffness”. A new series of experiments exploiting the
unique tools available in the DIII-D tokamak have explored this concept of stiffness in the
electron channel in L-mode plasmas and in the ion channel in H-mode plasmas, specifically
as a function of applied torque. In L mode, the electron temperature scale length in a narrow
region was varied by a factor of 4 by changing the deposition location of the electron cyclo-
tron heating (ECH) and changing the electron heat flux by a factor of 10. The response of the
temperature profile is not dependent on the applied torque, as seen by self-similar response of
the profile with balanced, co-current, and counter-current injection of neutral beams (NBI).
One ECH source was also modulated to probe the flux/gradient relationship dynamically. The
response is consistent with a threshold in gradient or scale length at quite low values, which
is exceeded for virtually all cases with auxiliary heating in DIII-D. A similar tool for varia-
tion of the ion heat deposition is not available in DIII-D. However, the majority of the NBI
heating power is deposited in the ions, so the response of the ion temperature profile to a
power scan in H mode with low and high torque was obtained. The ion temperature gradient
response to more heating power decreases with increasing radius. The response is also
smaller with low torque input at a given radius, in contrast to the electron profile results in
L mode.
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2.5 to 4. To obtain these results, the six gyrotron ECH system was steered to change the
heating location in increments of a single gyrotron. The heating profile ranged from all
gyrotrons at p=0.7 to all but one modulated gyrotron at p=0.5. This holds constant the edge
boundary condition outside p=0.7 while varying the electron heat flux between p=0.5 and
p=0.7 substantially. The normalized heat flux exhausted by the plasma is strongly nonlinear
as a function of scale length, which is consistent with global power degradation of
confinement. The mechanism responsible is not a function of the applied torque [Fig. 1(a)],
as indicated by the lack of variation with balanced, co-current, counter-current NBI or ECH
alone. Modulation of the ECH results in heat pulses that move across the plasma radius and
can be analyzed to yield information on the stiffness. The “effective” diffusivity in the ECH-
only case increases strongly at higher scale length [Fig. 1(b)]. At the lowest fluxes possible
(ohmic minus electron-ion collisional exchange), the heat pulse diffusivity deviates from the
trend seen at higher values and may indicate the plasma is below a threshold for turbulence
onset. Alternate explanations, such as a heat pinch, are not yet conclusively ruled out.

The response of the ion temperature profile to increased power in H mode shows signifi-
cant variation with both radius and applied torque (Fig. 2). At the innermost radius shown
(p=0.4), the plasma response to increased heating is very similar at low and high torque, with
a change in gradient (not shown) of up to a factor of 3. Moving to larger radius, the profile
shape varies much less for both low and high torque, as indicated by the steeper lines in
Fig. 2. This increasing “stiffness” is most apparent in the plasmas with low applied torque,
with the profile shape at p=0.7 hardly varying at all under these conditions. The variation
with radius could be related to the increase in trapped ion fraction with radius. The variation
with torque input may be due to decreased ExB shear in the low torque case.

The differ- 10/ (a) g 10 s
ence in the _ g 8 Ty
electron and ion 2 - il b e

S 6 > E
temperature 3 4 2 4 b

= =
scale length = 5 A 3 .
behavior with ol ) p=0.4 0 p=05
low and high- 10 4 5 6 7 8 9 10 4d 5 6 7 8 9
applied torque 8 (©) : 8 \( )
is quite striking. g " o+ n -
Comparison - el o i " o
with model pre- o ’ for A S
dictions should et / . 2 | =

oLz p=0.6 ol p=0.7

help understand 4 5 6_ 7 8 9 4 5 6_ 7 8 9
whether there is RiLyi RiLy;

a fundamental Fig. 2. Input power from NBI heating vs normalized ion temperature scale length at
diff . (a) p=0.4, (b) p=0.5, (c¢) p=0.6, and (d) p=0.7 for low (blue) and high (red) applied

lerence n torque. The power that is transported in the ion channel (NBI - ion-electron
the electron and collisional exchange) is 60%-65% of the total NBI power.
ion  transport
(for example, sensitivity to turbulence at different wavelengths) or the parameter regimes
probed in these L-mode and H-mode plasmas is sufficiently separate as to yield the observed
differences with a single type of turbulence.
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