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ELECTRON HEAT TRANSPORT IN IMPROVED
CONFINEMENT DISCHARGES IN DII-D B.W. Stallard, et al.

ABSTRACT

In DIII-D [J.L. Luxon and L.G. Davis, Fusion Technol. 8, 441 (1985)] tokamak
plasmas with an internal transport barrier (ITB), the comparison of gyrokinetic linear
stability (GKS) predictions with experiments in both low and strong negative magnetic
shear plasmas provide improved understanding for electron thermal transport within the
plasma. Within a limited region just inside the ITB, the electron temperature gradient
(ETG) modes appear to control the electron temperature gradient and, consequently, the
electron thermal transport. The increase in the electron temperature gradient with more
strongly negative magnetic shear is consistent with the increase in the ETG mode
marginal gradient. Closer to the magnetic axis the T profile flattens and the ETG modes
are predicted to be stable. With additional core electron heating, FIR scattering mea-
surements near the axis show the presence of high k fluctuations (12 cm~1), rotating in the
electron diamagnetic drift direction. This turbulence could impact electron transport and
possibly also ion transport. Thermal diffusivities for electrons, and to a lesser degree
ions, increase. The ETG mode can exist at this wavenumber, but it 1s computed to be
robustly stable near the axis. Consequently, in the plasmas we have examined, calcula-
tions of drift wave linear stability do not explain the observed transport near the axis in
plasmas with or without additional electron heating, and there are probably other
processes controlling transport in this region.
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CONFINEMENT DISCHARGES IN DIII-D B.W. Stallard, et al.

l. INTRODUCTION

Tokamak plasma discharges with advanced performance-have been routinely
achieved in numerous large machines (e.g., DIII-D,! Tokamak Fusion Test Reactor
(TFTR),2.3 Joint European Tokamak (JET),%5 JAERI Tokamak-60 Upgrade (JT-60U)%)
in recent years. Many of these experiments employ early heating during the current ramp
up (e.g. neutral beam injection) to create a current profile with negative central magnetic
shear (NCS) within the core of the plasma and with safety factor g>1. When sufficient
heating power is applied, these conditions are conducive to creation of an internal trans-
port barrier (ITB) and, within the ITB, enhanced energy confinement is obtained. Here,
magnetic shear is defined by s= r/q (dg/dr). Following the current ramp, an increase of
neutral beam power expands the transport barrier in a high performance phase. During
this time, reduction of the ion thermal diffusivity to the neoclassical level within the ITB
has been observed.! As previously reported, the region for reduced ion transport is well
characterized by the condition ®WgyB>Ymax, Where ®gyp is the rate of ExB flow shear,8
determined from measured quantities, and Y, 1S the theoretical maximum linear growth
rate for ion temperature gradient (ITG) modes in the absence of flow shear.9 Consistent
with the observed reductions in ion heat diffusivity, low-k turbulence (k < 2 cm-1), mea-
sured by beam emission spectroscopy and far infrared scattering (FIR), also decrease
within the same region.10

In DIIT-D ITB plasmas, large reductions in transport are observed in the ion (X;),
angular momentum (Xy), and sometimes particle (D) diffusivities, but a similar large
reduction in electron heat transport (X.) is often not observed. In low magnetic shear
plasmas, X, shows little change, and remains well above X;. However, in some DIII-D
discharges with strongly negative magnetic shear, large reductions in X, have been
observed; our results are similar to those reported from other tokamaks.11:12 The electron
temperature profile steepens just inside the ion ITB, indicating formation of an electron
ITB. In this region X, may decrease a factor 3—10, but remains far above the neoclassical
level. Closer to the magnetic axis, X, then increases again.

In this paper, we restrict our discussion to plasmas with an ITB and low confinement
(L-mode) edge. A central focus of the work is to test the hypothesis!3 that electron tem-
perature gradient (ETG) modes control the electron thermal transport. We compare
transport determined by power balance analysis with the predictions of drift wave linear
stability theory, including the short wavelength (high k) ETG modes.!4 The instability
which causes the electron thermal transport must be able to exist in a large ExB shear
environment and must primarily affect electron transport, but have little effect on the
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ions, consistent with observations that ¥; << X, in these discharges. The ETG mode has
a large poloidal wave number (k) and a large growth rate Y >Wgyp. Due to finite Larmor
radius effects, the ETG mode is expected to produce little ion transport, whereas the low
wavenumber ITG modes can affect both ion and electron transport.

In Section II, we compare experimental transport against the predictions of linear drift
wave theory for both low and strong NCS discharges, heated by neutral beams. Several
conclusions result from this work. Just inside the ITB, where X; falls and the condition
®ExB = Ymax1s satisfied for ITG modes, the experimental electron gradient,VT,, increases
as the predicted critical gradient, VT, ., for the ETG mode increases. This result holds in
both low magnetic shear and strong negative magnetic shear, and provides strong support
for the hypothesis that the ETG mode controls transport within this region, once the ITG
modes are stabilized. However, closer to the magnetic axis, the electron temperature
profile flattens, indicating increased electron transport, even though the ETG modes are
predicted stable. Consequently, linear drift wave theory does not explain transport for the
electrons in this region and some other process(es) must control electron thermal trans-
port there. In Section III, we present results where electron heating is added to beam
heated discharges with an ITB and discuss our measurements of high & fluctuations near
the magnetic axis. In that region, while fluctuations at high k are observed to increase
with electron heating, linear drift wave theory does not explain the observed transport
since it again predicts all modes are stable. Discussions and a summary follow in
Section IV.
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[l. TRANSPORT AND THEORY IN BEAM HEATED PLASMAS

A. Transport and data analysis

We have used standard methods of power balance analysis to infer thermal diffusivi-
ties, using TRANSP!5 and measured profiles of temperatures, electron and carbon impu-
rity densities, and radiated power. For this analysis, although heat flow is dominated by
conduction, because of imprecise knowledge of particle sources and lack of on-axis
density measurements, we define thermal diffusivities from the total power flow, i.e.,
Xice = —Grot; , /(ni,eV T; ) for the main ions and electrons.

To determine the ExB shearing rate to compare against turbulence growth rates, we
calculate the electric field profile from force balance analysis, using the carbon impurity
ion temperature and density and poloidal and toroidal rotation velocities, measured by
charge exchange recombination.10 The safety factor profile ¢ was obtained from EFITL7
equilibrium reconstruction, constrained by motional Stark effect measurements of the
vertical magnetic field, corrected for the local radial electric field.!8

B. Gyrokinetic drift wave calculations

A comprehensive gyrokinetic stability (GKS) code, was used to calculate linear
growth rates for toroidal drift waves in the absence of ExB shear. The code treats elec-
trons and two ion species (main ion and impurity). The original codel® has been
extended?0 to include noncircular geometry,2! including both the full electromagnetic
response and the Debye length shielding for electrons. The GKS code does not predict
the experimental diffusivity, since the actual transport depends on saturated levels of the
turbulent modes, requiring a non-linear calculation, including self consistent plasma flow.

C. Transport in low magnetic shear

Figure 1(a) shows the q profile and measured plasma temperatures at two times, 7 =
1.52 s, during low power (5.2 MW), and at ¢ = 1.82 s, during high power (9.6 MW), fol-
lowing neutral beam power step-up at 1.6 s. Here p = [®/®(a)]9-3, where a is the plasma
radius and @ is the toroidal flux. Transport barrier expansion and temperature increases
are evident in the figure, but the electron temperature changes much less than the ion
temperature. As shown in Fig. 1(b), the ion diffusivity decreases to the neoclassical
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level, where y!% was derived from neo-

classical heallt and particle flux terms from
TRANSP. = For the electrons, within

analysis uncertainties, there is no change

in .

In Fig. 2 we compare the experiment
with the predictions of GKS modeling.
For the low k ITG mode, Fig. 2(a) shows
WOExB > Ymax for p < 0.54, indicating
agreement between the region of calcu-
lated suppression of low k turbulence by
ExB flow shear (shaded region in the fig-
ure) and the region with reduced transport
for the ions. For low magnetlc shear dis-
charges, the T; and x, proﬁles do not
show an abrupt change at the radius where
OExB > Ymax - The measured fluctuation
profiles for a typical similar discharge also
do not show an abrupt decrease at the
same radius. Although not clearly
understood, this behavior might be related
to partial suppression of turbulence outside
the ITB, where the ExB flow is increasing,
or, possibly, radial mode coupling effects.

Figure 2(b) compares the results of
GKS calculations for the high k¥ ETG
mode and the measured electron tempera-
ture behavior, characterized by the normal-
ized electron temperature gradient a/Lt, =
~(1/T,) dTe/dp. Because a/Lt,is an
important parameter for the drift wave
theory, we compare experiment and theory
using this quantity. The comparison
between the experimental value and the
calculated critical gradient for ETG insta-
bility a Lcr i is shown in the figure,
where the ETG mode is unstable for

a{ P > aéLcm Outside p = 0.54, both
I G ‘and Té modes are predicted
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Fig. 1. Profiles for low magnetic shear
discharge: (a) T,, T;, and the safety factor and
(b) electron and ion thermal diffusivities.
Profiles are shown at low power (z = 1.52 s) and
high power (¢ = 1.82 s5).

unstable, and, experimentally, both %%
and ;% are large.

Moving inside the ITB in the region
0.33 < p < 0.54, q/I¥P follows an
increasing value of a Lcr and the ETG
mode is marginally stable This result
suggests that the ETG modes may be
affecting the electron diffusivity within
this region, although it should be noted
that no fluctuation measurements at high k

were made in this discharge to help
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support this suggestion. Within most of
this region the magnetic shear is low and
varies over the range —0.16 < s< 0.6. At
smaller radius, the ETG is stable, but y%*
does not decrease. This results suggests
that some other process(es) controls trans-
port near the axis.

Also shown in Fig. 2(b) is a region
where Dg > 0, calculated by the BALOO
code.?2 On closed magnetic field lines,
Drp is a local condition for stability of the
resistive interchange mode, driven by the
local pressure gradient. =~ When Dg > 0,
the stability criterion is violated. The
BALOO calculation assumes very high
mode number and it provides no informa-
tion on the wavelength or frequency of
unstable modes. During the higher per-
formance period of many DIII-D L-mode
NCS discharges, typically Dp > 0 and
increases in time, sometimes preceding,
and often following, small MHD bursts of
low toroidal mode number (e.g., n=1 and
localized to the g=2 or 3 surfaces). Local
flattening of the T, profile can be seen
with second harmonic electron cyclotron
emission for such events. MARS code
analysis of low n modes for these events in
DIII-D has identified resistive interchange
instability or resistive kink modes, and
usually some time later, when the pressure
profile becomes too peaked, these dis-
charges disrupt with coupling to a global
mode.24 A developing instability for these
modes might explain why VT, becomes
small near the axis, so thatVT, <V T,
and, consequently, the ETG modes are
stable and play no role in the electron
transport near the axis. However, it should
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Fig. 2. GKS predictions for ITG and ETG mode
stability: (a) ¥uqy for the ITG mode and the wg,p
flow shear rate (shaded region is ITG stable) and
(b) profiles of a/Ly, for the experiment and for
the ETG mode critical gradient at = 1.82 s.

be noted that similar GKS analysis during
the low power phase for this shot (z =
1.52 s) showed the ETG modes stable and
Dgr < 0, indicating some other turbulence
process(es) may have a role near the axis.
Many DIII-D discharges with an ITB
and L-mode edge show progressive
flattening of temperature profiles near the
axis and a correlation of decreasing a/Lt,
with increasing normalized pressure
gradient (ballooning parameter) o =
—q?RoVB;. Here Rypis the mean major
radius of the flux surface, and P is the
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local total toroidal beta. Figure 3 shows the correlation at p = 0.2 during the discharge
evolution for four high power beam heated shots. Also shown at low and high & are typi-
cal Te, T}, and n, profiles.

We have not determined an explicit dependence of a/Lt, on parameters, but the trend
is for less core flattening to occur for discharges with lower absolute values of negative
magnetic shear. The correlation may indicate some pressure gradient driven process pro-
ducing turbulence and profile flattening. The smaller temperature gradient is manifest in
larger thermal diffusivity near the axis, as inferred from transport analysis. A similar
trend toward flatter profiles is also observed in the ion temperature and toroidal rotation
profiles. The trend for the electron density is opposite, with peaking in the density pro-
file, not flattening, at higher a.. This suggests that the assumed turbulence probably does
not play a strong role in density transport at higher o.. A flatter temperature profile with
increasing pressure gradient may seem counter intuitive. However, for these data, even
though the temperature gradient decreases, o is larger because of larger q and increases of
the quantities n, dn/dr, and T contained in V. Over the range of « for the data in Fig. 3,
q accounts for about a factor 2 of the increase in ..

3 T T | T T T
[ p=0.2
aly, 2f :
increased | ]
profile £ 1 %" maomoanm RN :

flattening | it o v s

0 : st oo 2 0 1 PEEEN I BN
3 4 5
o= -q2RV|3t

20 ieo18x1019 20
(b) 087031.01600
- \\ n 4
1] Te( \.\*.~ —t ] 0 0
0 > 1

Fig. 3. (a) Correlation of a/L7, with & during discharge evolution for
four discharges and representatlve T,, T;, and n,, profiles at (b) low o
and (c) high a.
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-D. Transport in strong negative magnetic shear

A clear electron transport barrier is demonstrated with strong negative magnetic shear
(Fig. 4). The plasma was formed in the standard way by early beam injection, but with an
initially faster current ramp up to 0.8 MA, followed by a slower ramp up to 1.6 MA.
Plasma profiles at ¢ = 0.88 s near the end of ramp up are shown in Fig. 4. MHD fluctua-
tions were highly visible during much of the discharge, but the profiles shown in Fig. 4
are from a period with very low MHD activity. Large gradients in 7; and toroidal angular
rotation frequency €2 also occur in the same region as the large T, gradient. Several
important features of the profiles are: 1) the coincidence of the steep electron and ion
temperature gradients, and 2) VT, is very small inside p = 0.3. The T; profile peaks on
axis and the Q profile becomes flat inside p = 0.18. The very flat T, profile implies large
electron diffusivity inside p = 0.3.

Results from transport analysis for the diffusivities and comparison with GKS calcu-
lations are plotted in Fig. S for ions and in Fig. 6 for electrons. Figure 5(a) shows the

rapid decrease of x/” inside p = 0.4. Shown for reference is the profile for )(imt(NC )

from standard neoclassical theory. Although ¥ < ximt(NC ) (the irreducible minimum
for transport), the theory predictions for this discharge are inadequate because the order-
ing assumptions of standard theory (e.g., pressure gradient scale length or ion poloidal
gyroradius < r) may be violated. = Both diffusivities decrease rapidly within the begin-

ning ITB where ®WgxB > Ymax but then increase further inside toward the magnetic axis.

>

0 L i
0.0 0.2 0.4p0.6 08 1.

1 —

2@ 95989 110
S1f — 52
, —
ol k 0
giz0ss %7 5
(b) , @
In ’- 5
at
> 14
g 7
ok~ 13
2
1
0

0 L 1 N 0 1 1
0.0 0.2 0.4p0.6 08 1.0 0.0 0.2 0.4p0.6 08 1.0

Fig. 4. Gradient steepening in a discharge with strong negative magnetic shear: (a) beam injection into
fast initial current ramp up to create strong shear and profiles of (b) T, and g, (c) T; and n,, and (d) Q2 at
t=0.88s.
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The radial extent of strong depression is
narrower for the electrons than the ions.
The stability calculation for the low k ITG
mode and the measured ExB flow shear
profiles are compared in Fig. 5(b). Similar
to the result for the low shear discharge,
OExB = Ymax inside the ITB for p < 0.4,
where VT; is large, again consistent with
suppression of low k& modes. For co-
injected beams, the pressure gradient term
in the carbon impurity force balance equa-
tion for E, opposes the v x B term. This
causes a rapid change in E, whereVT; is
large, and the flow shear profile deter-
mined from d/dy (E,/RB;) becomes very
peaked at p = 0.28.

For the electrons, x?’t decreases about
a factor 3 to ~0.15 m2-s~! at p = 0.35.
Because VT, is large only over a narrow
radial extent, the diffusivity increases to a
much larger value inside p = 0.25, where
the T, profile is very flat. The magnitude
of the minimum yis similar to that
reported in JET,26 JT-60U,27 and TFTR.
Similarly, X, increases near the axis in
these machines. For JET, MHD is a sus-
pect for the cause of the increase in X,
toward the magnetic axis.

We compare the experimental gradi-
ents and ETG critical gradient for the
electrons in Fig. 6(a). In the region of
strong xf,"t reduction, the experimental
and ETG critical gradients track together.
As the critical gradient increases, the
experimental gradient rises in response.
Because a Le;‘p > af/I" npear the
maximum valu€'of a/ I¥*P , the ETG mode
is unstable. Figure 6(ch shows the GKS
spectrum calculated at the peak experi-
mental gradient (p = 0.36). The ETG
mode is unstable for 20 < k < 100 cm1,
where v >wgyxg. These unstable modes
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Fig. 5. Ion stability in strong negative magnetic
shear: (a) ion and electron diffusivity profiles,
showing ITB, and g profile and (b) comparison
of wg,p flow shear rate and predicted ¥, for
the ITG mode.

could limit the rise of VT, and, therefore,
the reduction of x%.

This result with strongly negative
magnetic shear, in addition to that with
low magnetic shear, provides good support .
for the hypothesis that X, and thus VT, is
limited by ETG modes within a narrow
region just inside of an ITB. At smaller
radius again the T, profile flattens, and the
ETG mode is stable, suggesting, once
again, that some other process controls
electron transport.

Although it appears that the ETG mode
may control transport just inside the ITB,
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outside the ITB both the ITG and ETG
modes are unstable. The trend for the
temperature gradients to exceed the critical
gradients (for both the ITG and the ETG
modes) is consistent with the increase in
the power flux density with radius. In
order for the profile to be limited to the
critical gradient “no matter what the power
flow”, the transport would have to be
unbounded above the critical gradient.
This is not the case for either the ITG or
the ETG modes. We have no non-linear
calculations for the ETG or ITG modes
that would determine the sensitivity of the
turbulence level to V7T,/VI,"" and, conse-
quently, the permitted departure of VT,
from VT outside the ITB.

The normalized pressure gradient, ¢ ,
and magnetic shear, s, profiles for low and
strong NCS plasmas are compared in
Fig. 7(a). The regions where the ETG
mode appears to control transport in both
plasmas are indicated by heavy lines in the
figure. Where s was small or positive in
the low magnetic shear discharge, VT, was
relatively small. For the strongly negative
shear plasma, VT, was large where mag-
netic shear was strongly negative. The
pressure gradient ¢ values were similar.
The q profiles and normalized electron
density gradients for the two discharges
are shown in Fig. 7(b). Here the safety
factor values were similar, but density
peaking was larger in the discharge with
weak negative shear.

From the GKS theory, large a, large
negative magnetic shear s, and density
peaking are important stabilizing terms for
the ETG modes. Comparing the two

B.W. Stallard, et al.

itdes: unstable

I

i f

Pl ',I exp/j
:\ 2 4 H Te,/

; 2\~ 7~ cTit (ETG

AL e

P

095989.00880
p=036  (c)
peakally, 7

0 "
o1 1 10 100
kg (cm~1)

Fig. 6. Electron ITB and GKS predictions of ETG
mode stability in strong magnetic shear:
(a) comparison of a/Lt, for the experiment and
ETG mode ¢ tlc%} gradient, showing an increase of
alLp, as qjﬂ L™ ‘increases within the electron
ITB, (b) el ctrdf diffusivity with an electron ITB,
and (c) the linear growth rate spectrum 7y as a
function of poloidal wave number at p = 0.36,
showing ITG and ETG mode regions and unstable
ETG region where wgyp < 7.
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discharges (heavy lines), experimentally it
appears that large and negative s was the
more important quantity for large VT, and
reduced electron transport for DIII-D.
This agrees with experience in other
machines where large and negative s is
recognized as a key parameter for obtain-
ing an electron ITB.!!
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magnetic shear discharges: (a) & and s and (b) ¢
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lll. FLUCTUATION MEASUREMENTS
AND AUXILIARY HEATING

Within the context of our transport studies in NCS discharges and, in order to better
understand the anomalous electron transport, we have employed auxiliary electron heat-
ing (EH), using both electron cyclotron heating = and fast wave heating.  The experi-
ments were motivated by observations that heating of core electrons within an ITB
degraded the ITB and increased thermal diffusivities. These effects were independent of
the electron heating method. Because the heat deposition profile of electron cyclotron
heating is known more accurately and is more controllable than fast waves, electron
cyclotron heating was used for the results reported here. The effects on transport were
reproducible and EH provided a powerful tool to both change and diagnose transport
behavior. During these experiments, we used FIR forward scattering to measure short
wavelength fluctuations at k=6, 9, and 12 cm1.

The general behavior of plasma parameters, in a plasma with beam heating only, are
compared to those of a similar discharge with EH added (1.1 MW) in Fig. 8. Figure 8(a)
shows the timing sequence for heating sources, with an overlap period for EH and beam
heating. Central temperatures T, and Tjp are also compared for the time with beam heat-
ing only and EH added in Fig. 8(a). With application of the EH, T, doubles, but Tjp
decreases until the increase in beam heating increases 7;. The power balance transport
results from TRANSP, plotted in Fig. 8(b,c) show diffusivity increases for both species

with EH. The large increase of central xteor is consistent with the increase in 7, with the

direct EH. T, would have increased much more if %’ remained unchanged.

Figure 8(d-f) show the changes with EH in profiles for T;, T,, and carbon impurity
toroidal rotation Q at £ = 1.45. It is clear that central deposition of the EH affected a large
volume of the plasma, reduced central T;and € 20%-40%, and degraded the ITB.
Thermal diffusivity profiles for ions and electrons (Fig. 9) show the changes with EH and

the large increase in x%? with EH. Although the existence of an ITB is not so clear from

the profile of xfm , the Eogn profile of conduction more clearly shows an ITB inside

p=0.4, where WgxB>Ymax-

In these plasmas we have obtained FIR scattering measurements of high & fluctua-
tions within a wavelength range which might strongly affect electron transport. These
measurements are difficult to make, and our data set is preliminary and limited. With EH
we have measured increased fluctuations at k = 12 cm~! near the axis at p = 0.1.
Unfortunately, we have no measurements at the same location without EH, so we show a
measurement at p = 0.3 for comparison. At this location fluctuations did not increase
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above the noise level of the diagnostic
with EH. These results are shown in
Fig. 10. These fluctuations rotate in the
electron diamagnetic drift direction,
consistent with the ETG mode. In this
same location there was no evidence of an
increase with EH of fluctuations at k= 6
and 9 cm—L.

Comparing the two discharges, the
GKS calculations predict no unstable
modes at any k inside p = 0.3, with or
without EH. The EH affects both electron
and ion transport and toroidal rotation
inside p ~ 0.5 in a way not yet understood.
High k fluctuations measured near the axis
offer a clue pointing to some process, per-
haps not ETG modes, that could increase
electron transport, and perhaps ion trans-
port as well, in some unexplained way.
Microtearing modes are one possibility
under investigation. It should be noted
that in these experiments, Zefr was unusu-
ally high for DIII-D [Z,#(0) ~ 3.8, com-
pared to ~1.5 typical for most of our other
NCS discharges, as measured by charge
exchange recombination]. The measured
high carbon density stabilized the ETG
mode near the axis according to the GKS
calculations. For all the transport experi-
ments reported in this paper, electron
transport near the axis is not explained by
the drift ballooning mode theory included
in the GKS theory.
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Fig. 8. Effects of additional core electron heating
within a beam heated discharge: traces of
(a) PECH’ PNBI’ T,'(O), and Te(O), (b) ion and
(c) electron diffusivities; profiles of (d) T}, (e) T,
and (f) Q.
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Fig. 9. (a) ion and (b) electron diffusivity
profiles compared with and without additional
EH at t = 1.45 s (vertical line in Fig. 8).
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Fig. 10. Fluctuations at 12 cm~!, measured by FIR
scattering, showing an increase at p = 0.1 with central
EH, compared with measurement at p = 0.3 without EH;
spatial resolution 8p ~30.15.
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IV. DISCUSSIONS AND SUMMARY

Comparison of GKS predictions with experiments in DIII-D, in low and strongly
negative magnetic shear plasmas with an ITB, provide improved understanding for ion
and electron thermal transport within much of the plasma. As previously reported, the
region for improved ion transport seems well characterized by the condition @WgxB > Ymax.
where wgyp is the ExB flow shear rate, calculated from measured quantities, and Yj,qx 1S
the maximum calculated linear growth rate for ITG modes in the absence of flow shear.
For the electrons, within a limited region just inside the point of ITG mode suppression,
the ETG modes appear to dominate the electron thermal transport and, consequently, to
provide a lower limit on electron thermal diffusivity

Our understanding of transport near the magnetic axis is incomplete. Calculations of
ETG mode stability, using linear drift ballooning mode theory, do not explain the
observed transport near the axis, and there are probably one or more other processes
which must control transport in this region. Fluctuation measurements show the presence
of high k turbulence which could impact electron transport and possibly also ion
transport. Processes under consideration include resistive interchange and micro tearing.
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