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Detailed 2D measurements of long-wavelength density fluctuations in the pedestal region with

beam emission spectroscopy during the period between edge localized modes (ELMs) indicate two

distinct bands of fluctuations propagating in opposite poloidal directions in the plasma frame: one

lower frequency band (50–150 kHz) advects in the ion-diamagnetic drift direction (ion mode) and

a higher frequency band (200–400 kHz) advects in the electron diamagnetic drift direction

(electron mode). The ion mode amplitude is modulated with the ELM cycle: it increases rapidly

after an ELM and then saturates, similar to the evolution of the pedestal electron pressure and

density gradients. The electron mode, in contrast, has no significant time evolution between ELMs.

The decorrelation time of the ion mode is <5 ls [sc cs=að Þ � 1], the radial correlation length is of

order 10 qi and has poloidal wave-number khqi � 0:1, and the mode advects at near the ion

diamagnetic velocity in the plasma frame. These spatiotemporal dynamics are qualitatively similar

to features predicted for kinetic ballooning modes. VC 2011 American Institute of Physics.

[doi:10.1063/1.3590936]

I. INTRODUCTION

The observation of high performance (H-mode) plasmas

with a spontaneously generated edge transport barrier (ped-

estal) is of great significance for the performance of future

burning plasma experiments. Core confinement is closely

correlated with the pressure at the top of the pedestal (pedes-

tal height). For decades, theories and experiments have been

focused on studies of the formation of the pedestal structure

and understanding the underlying transport. Through the de-

velopment of the peeling-ballooning (P-B) mode theory,1

with P-B modes driven by a sharp pressure gradient and

bootstrap current density in the pedestal, and their numerical

implementation in codes such as ELITE,2,3 a robust predic-

tion of edge MHD instability limits is possible for existing

and future tokamaks. The recently developed EPED1

model,4 which is based on the hypothesis that the pedestal

height is limited by the P-B instability and the pedestal width

is constrained by kinetic ballooning modes (KBMs), has suc-

cessfully predicted the pedestal height and width in several

experiments.5,6 However, experimental tests of the instabil-

ities underlying these theories are still lacking. There have

been few experimental reports of pedestal turbulence proper-

ties and dynamics, which require high spatial and time

resolution of the local turbulence. Providing an initial

characterization of the experimental properties of pedestal

turbulence and qualitative comparison with theoretical

expectations is the primary goal of this paper.

We summarize our recent experimental studies of long

wavelength density fluctuation characteristics and dynamics,

obtained with beam emission spectroscopy (BES) measure-

ments in Type-I edge localized mode (ELMing) discharges

on the DIII-D tokamak. Two bands of density fluctuations

are observed propagating in opposite poloidal direction in

the plasma frame, with the lower frequency band (50–150

kHz) propagating in the ion diamagnetic direction and the

higher frequency band (200–400 kHz) propagating in the

electron diamagnetic direction. This dual band structure is

observed to be localized to the pedestal region and has a q�

dependence. The higher frequency fluctuation band ampli-

tude is an order of magnitude lower than that for the lower

frequency band and does not change significantly with time

during the ELM cycle. The lower frequency density fluctua-

tion band amplitude builds up quickly, within a few ms

(�first 20% of ELM cycle) after an ELM crash, which is

consistent with the pedestal electron pressure and density

gradient time evolution. After that the turbulence stays

quasi-stationary for >10 ms before the onset of the next

ELM. The integrated fluctuation amplitude over 50–150 kHz

increases with q�, while the radial correlation length of the

turbulence does not vary with q�. The decorrelation rate for

the lower frequency band is found to exceed the local E� B
shearing rate.

The experimental characteristics of the observed pedes-

tal turbulence will be compared with predictions of theoreti-

cal models. An instability that is often invoked to explain

limits to pedestal pressure gradients is the KBM. Based on

linear theory, KBMs are long-wavelength instabilities that

propagate in the ion diamagnetic direction in the plasma

frame. The associated ion turbulence is expected to have a

correlation length of tens of ion gyroradii, and can be

expected to couple to the pedestal width (thus having radial

and poloidal scales of a few cm for typical DIII-D pedestal

conditions). KBMs are driven by and limit the pedestal pres-

sure gradient at a value near the KBM critical gradient. Theyb)Invited speaker.

a)Paper GI2 4, Bull. Am. Phys. Soc. 55, 107 (2010).
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exhibit linear growth rates that increase rapidly once a criti-

cal pressure gradient is reached, thereby matching and

exceeding the large local E� B shearing rate, which is

thought to stabilize most long-wavelength electrostatic drift-

wave type turbulence in the H-mode pedestal.7,8 We note

that several experimentally observed features for the lower

frequency band turbulence are qualitatively similar to those

predicted for the KBM.

The organization of this paper is as follows. In Sec. II,

we briefly describe the experimental setup. In Sec. III, we

show the characteristics of the long wavelength pedestal den-

sity fluctuations. In Sec. IV, we describe the dynamics of the

pedestal turbulence evolution in between ELMs, and lastly

in Sec. V, we discuss and summarize our results.

II. EXPERIMENTAL SETUP

The experiments described here are carried out on

the DIII-D tokamak. The main objective was to perform a

normalized toroidal ion Larmor radius q� (q� ¼
qI=a � ðT1=2

i =aBTÞ1=2
, where “a” is the minor radius) scan

on both JET and DIII-D to examine the pedestal width de-

pendence on q�. The experiments were carefully designed

and performed to keep the other dimensionless parameters

nearly constant at the pedestal top during the q� scan.9,10

These parameters include: collisionality �� (/nped=T2
ped),

safety factor q95 (number of toroidal transits of a magnetic

field line per poloidal transit at r=a ¼ 0:95), Mach number

M [ratio of toroidal velocity to sound speed,

M ¼ 10�4 VT= Ti=mð Þ1=2 M ¼ 10�4 VT=ðTi=mÞ1=2
], electron

to ion temperature ratio Te=Ti and normalized pressure

bped ¼ pped
�

B2
T

�
2l0

� �
. The value of q� is scanned by a fac-

tor of two from �0.4% to �0.8% in the DIII-D tokamak. A

detailed description of the experimental operation can also

be found in Ref. 9.

Figure 1 shows the time history of several experimental

parameters: current, toroidal field, density, bN ¼ baB
�

Ip (Ip

is plasma current) and q95. The toroidal field is scanned

through three values: �2.1 T, �1.37 T, and �1.0 T, to per-

form the q� scan. The discharges are quasi-stationary during

the Type-I ELMing phase after 2000 ms. A 5� 6 2D array

of high sensitivity BES channels is deployed across the ped-

estal region from r=a � 0:88 to r=a � 1:0 as shown in Fig. 2

to provide long wavelength density fluctuation measure-

ments. BES measures the Doppler shifted Da fluorescence of

the heating neutral beam to investigate localized density fluc-

tuations. The Da light emission is correlated with the density

fluctuation amplitude through atomic physics of the beam

excitation process.11,12 Each channel images an approxi-

mately 0.8 cm (radially) by 1.2 cm (poloidally) region near

the outboard midplane, and the channel-to-channel separa-

tion is similar. An additional 32 channel linear BES array

(DR � 0:8 cm) spans from r=a � 0:3 to r=a � 0:88. BES

provides density fluctuation measurements with a Nyquist

frequency of 500 kHz for wavenumbers k? < 3 cm�1. A

detailed description of the BES diagnostic can be found else-

where.13 Electron density and temperature are measured by a

Thomson scattering (TS)14 system, and a charge exchange

recombination (CER)15 system is used to measure ion tem-

perature, density and rotation of fully ionized carbon; the ra-

dial electric field is calculated via the first order radial ion

force balance equation for the Cþ6 impurity species16 via the

CER measurements. Edge profiles are fitted using a hyper-

bolic tangent function.17

III. CHARACTERISTICS OF THE PEDESTAL DENSITY
FLUCTUATIONS

The spatially and q� resolved power spectra are eval-

uated to investigate the pedestal fluctuation properties that

pertain to gradient-limiting instabilities and perhaps drive

transport. The cross spectra and cross phase between two

poloidally separated BES channels (DZ ¼ 1:2 cm) are calcu-

lated and shown in Fig. 3(c) in the Type-I ELMing phase for

four different radii at q� � 0:4%. The data were averaged

over the last �10% of the inter-ELM window for hundreds

of ELM cycles, to provide a statistical ensemble averaged

measurement. The typical statistical error is about 10%. As
FIG. 1. (Color online) Basic parameters: (a) current, (b) toroidal field, (c)

electron density, (d) bN, and (e) q95 in the experiment.

FIG. 2. (Color online) Equilibrium of plasma from EFIT with BES diagnos-

tic image locations overlaid.
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is shown in Fig. 3(c), two distinct bands of density fluctua-

tions, a lower frequency band at 50 kHz–150 kHz and a

higher frequency band at 200 kHz–400 kHz, are observed

and found to propagate in opposite poloidal directions (indi-

cated by the opposite sign of the cross phase angle) in the lab

frame at r=a � 0:94 and 0.97, which are, respectively, near

the top and maximal pedestal electron pressure gradient loca-

tion shown in Fig. 3(a). Figure 3(b) is the radial electric field

profile. The dual band structure is not observed at the other

two sampled locations: r=a � 0:88 and 1.0. The amplitude

of the higher frequency band is about an order of magnitude

lower than that for lower frequency band. Figure 4 shows a

similar cross spectrum and cross phase measurement for

three different q� values at r=a � 0:94. It shows the dual

band structure has a q� dependence as well: it is most promi-

nent at low q� � 0:4%. The density fluctuation power

increases with q�. The integrated density fluctuation ampli-

tudes over 50 kHz–150 kHz are about 1.4% (q� � 0:4%),

1.6% (q� � 0:6%), and 2.1% (q� � 0:8%). From the cross

phase and vertical (poloidal) separation, the wave number is

estimated to be khqi � 0:08 for the lower frequency band,

and khqi � 0:17 for the higher frequency band at r=a � 0:94

and q� � 0:4%. No local magnetic fluctuation measurements

are available for the pedestal on DIII-D. Therefore, it cannot

be determined whether these observed fluctuations are pre-

dominantly electrostatic or electromagnetic in character. The

FIG. 3. (Color) (a) Electron pressure

profiles, (b) radial electric field across

pedestal region, and (c) poloidal cross

spectrum (upper panel) and cross phase

(DZ ¼ 1:2 cm) (lower panel) of density

fluctuations from BES measurements at

q� � 0:4% for four different radial loca-

tions: r=a � 0:88 (black), r=a � 0:94

(blue), r=a � 0:97 (red), and r=a � 1:0
(green). The blue region (positive cross

phase) indicates turbulence propagating

in the ion diamagnetic direction in the

lab frame and the yellow region (nega-

tive cross phase) indicates turbulence

propagating in the electron diamagnetic

direction.

FIG. 4. (Color) Poloidal cross spectrum (upper panel) and cross phase

(lower panel) of density fluctuations from BES measurements at r=a � 0:94

for three different q�: q� � 0:4% (black), q� � 0:6% (red), and q� � 0:8%
(blue).
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integrated relative density fluctuation amplitude (~n=n) over

50 kHz–400 kHz is a few percent, which is significantly

lower than the typical edge fluctuation amplitudes in L-mode

plasmas (~n=n � 10%).18

The poloidal turbulence group velocity for the two fre-

quency bands is calculated from poloidally separated BES

channels using multi-point time-lag cross-correlations.13

These poloidally separated channels are well correlated with

a correlation coefficient above 0.8 at 1.2 cm poloidal spac-

ing. In Fig. 5, the blue squares show the turbulence velocity

for the 200–350 kHz (electron) band and the red triangles

represent the turbulence velocity for the 50–150 kHz density

fluctuation band for three different q� values. Positive veloc-

ity refers to fluctuations that are propagating in the electron

diamagnetic direction in the lab frame and a negative value

represents propagation in the ion diamagnetic direction. The

radial electric field is obtained from the radial force balance

equation for the measured carbon impurity density and tem-

perature with the CER system. The solid line in Fig. 5 is the

E� B velocity calculated from these Er profiles. It is found

from comparing with the E� B velocity that the two bands

do not individually match the E� B velocity at lower q�

when two modes are both present. The lower frequency den-

sity fluctuation band is propagating in the ion diamagnetic

direction while the higher frequency density fluctuation band

is propagating in the electron diamagnetic direction in the

plasma frame. The difference between the turbulence veloc-

ity and the E� B velocity is a fraction of the diamagnetic

drift velocity, which is typically in the range of 10–40 km=s

across the pedestal region. At q� � 0:8%, there is no clear

evidence that the observed mode is propagating in the ion

diamagnetic direction. The 50 kHz–150 kHz frequency

mode propagates with velocity nearly matching the E� B
velocity. This suggests that the fluctuations observed in the

lower q� conditions behave differently at large q�.
The decorrelation rate is shown in Fig. 6 (diamond sym-

bols) as a function of r=a for the lower frequency band of

density fluctuations during the last �10% of the inter-ELM

cycle at q� � 0:4%; this is calculated from the amplitude

decay of the cross correlation of the poloidally separated

BES channels.19 The E� B shearing rate is calculated from

Er profiles through CER measurements. It shows overall that

the decorrelation rate is larger than the E� B shearing rate.

This is qualitatively consistent with linear stability theory

predictions for KBM. As the pressure gradient exceeds a crit-

ical value, the linear growth rate will increase rapidly and

eventually exceed the E� B shearing rate.8 This is unlike

predictions for the ion temperature gradient (ITG) and

trapped electron modes (TEMs) whose growth rates are

expected to decrease with pressure gradient due to alpha-sta-

bilization effects, and are typically well below the E� B
shearing rate in the pedestal region.20 Therefore, ITG and

TEM are expected to be quenched by E� B shear. The fact

that the decorrelation rates for the observed fluctuations are

relatively high suggests that the plasma is in a regime where

the KBM is expected to be unstable. However, further

experiments are required to be more definitive; these will be

performed in the future.

The radial and poloidal correlation functions for the

lower frequency band are calculated between BES channels

as a function of increasing spatial separation for three differ-

ent q� values as shown in Figs. 7(a) and 7(b), respectively.

The correlation length is taken as the 1=e point of the corre-

lation decay function. It shows that the radial correlation

length has no significant dependence on q� and the poloidal

correlation length has a small dependence on q�. Beurskens

et al.10 found from the same experiment that the pedestal

width has no or weak dependence on q�. The similar depend-

ence on q� between the pedestal width and the observed fluc-

tuation correlation length, as well as the similar magnitudes,

suggests a link between the turbulence scale length and the

size of the pedestal width.

The skewness [i.e., the third moment of the probability

distribution function measuring asymmetry of the distribution

of the signal, which is defined as ~n3
.

~n2ð Þ1:5] of the density

fluctuations at q� � 0:4% is computed from the BES meas-

urements for different times after the peak of the Da light

(which indicates an ELM event) during the inter-ELM cycle,

then it is time-averaged at each radial location. The fluctuation

FIG. 5. (Color online) Turbulent group

velocity from BES measurements for

lower frequency band 50–150 kHz (tri-

angles), higher frequency band 200–350

kHz (squares), and E� B velocity (solid

line) from CER measurements for three

different q� values: (a) q� � 0:4%, (b)

q� � 0:6%, and (c) q� � 0:8%.

FIG. 6. Turbulence decorrelation rate profile from BES measurements (dia-

monds) and E� B shearing rate profile at q� � 0:4%.
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data were first frequency-filtered over 50 kHz–150 kHz. The

results are shown in Fig. 8. It is found that the skewness

changes from negative near the pedestal top to positive near

the separatrix. This indicates a predominance of negative

going density events (holes) near the pedestal top and positive

going density events (blobs) near the separatrix. It has been

reported that there is a universal nature to bursts of outward-

going blobs at the edge of the plasmas.21 The asymmetry of

the skewness across the pedestal is consistent with the expec-

tation that the particles move from the pedestal top outwards

to the separatrix and scrape-off layer (SOL) as a result of these

fluctuations. The skewness does not vary significantly with

time at any of the radial locations; this contrasts with the tem-

poral dynamics of the turbulence during the inter-ELM cycle,

which suggests an increasing turbulent particle transport as

the pedestal profile builds up between ELMs. However, this is

a qualitative result and further analysis will be required to

quantify the particle transport caused by these fluctuations.

IV. DYNAMICS OF THE PEDESTAL LONG
WAVELENGTH DENSITY FLUCTUATIONS

It is predicted and generally found that the pedestal pres-

sure evolves after an ELM crash until the onset of the next

ELM in a repeating cycle. It is thus compelling to look at the

fluctuation dynamics during the inter-ELM cycle and examine

how they relate to the pedestal profile evolution and the under-

lying instabilities limiting pedestal height and gradients.

The density fluctuation spectrum measured with BES dur-

ing ELMing H-mode plasmas is phase-lock averaged over

successive time windows relative to the ELM time. The data

are averaged over more than a hundred inter-ELM windows.

Figure 9 shows the density fluctuation spectrum near the max-

imal pedestal gradient location for different q� values and dif-

ferent times relative to the peak of the Da light that indicates

an ELM event. It is found that the amplitude of the lower fre-

quency band (50–150 kHz) of density fluctuations builds up

quickly after an ELM crash at low q� (0.4%), within a few

ms., while at higher q� (0.8%), it builds up more slowly, over

more than 10 ms. The higher frequency (electron) band of

fluctuations does not change significantly with time. We

obtain the relative density fluctuation amplitude by integrating

over the 50 kHz–150 kHz frequency range. Figures 10(a)–

10(f) (red diamond symbols) show the ratios of the integrated

density fluctuation amplitude normalized to the maximal den-

sity fluctuation amplitude ~n=nð Þ= ~n=nð Þjmax; ~n=njmax� 1:3%
� �

as a function of time after an ELM crash. It is interesting to

see from the figure that there are two time scales in the evolu-

tion of the density fluctuation amplitude for q� � 0:4% [Figs.

10(a)–10(c)] and 0.6% [Figs. 10(d)–10(f)]. First, there is a fast

increase of the density fluctuation amplitude that saturates

quickly within �a few ms with the fluctuation amplitude

reaching 80% of the saturated level. Then, the evolution slows

significantly with the fluctuations staying quasi-stationary

before the onset of the next ELM.

The pedestal electron pressure, electron density, and

electron temperature are measured with the TS system and

the profiles are obtained using hyperbolic tangent fitting at

the pedestal region. To look at the time evolution of the ped-

estal profiles, the TS data were also phase-lock averaged at

different times during inter-ELM cycles. The time window

used here is the same as the time window used in the fluctua-

tion evolution calculation described above. The profile gra-

dients are calculated at the maximal gradient location from

the hyperbolic tangent profile fittings. In Figs. 10(a)–10(f),

the black triangles are the pedestal electron pressure gradi-

ent, electron density, and electron temperature gradient for

q� � 0:4% [Figs. 10(a)–10(c)] and 0.6% [Figs. 10(d)–10(f)].

They are all normalized by the maximal value during the

inter-ELM cycle. It shows that the pedestal profile gradients

increase rapidly after an ELM crash, within a few ms, to

reach �80% of the maximal level, after which the evolution

slows. A similar early fast recovery after an ELM crash has

been previously observed in DIII-D Ref. 22 and is also

observed in ASDEX Upgrade.23,24 The temperature evolu-

tion, in contrast, has a fast increase right after ELM crash

and saturates as the electron density gradient more gradually

catches up, then increases again as the electron density

reaches a certain amplitude. Similar phenomenon has again

been reported in ASDEX Upgrade.25 Interestingly, the time

evolution of the density fluctuations from BES measure-

ments correlate most closely with the pedestal electron pres-

sure and density gradients. This correlation suggests an

interaction and coupling between the fluctuations and the

electron pressure gradient. It is conjectured that the fluctua-

tions are generated from the pressure gradient and act in turn

to limit and saturate the pressure profiles and slow down any

further gradient increase before the onset of the next ELM.

It is noted that KBM fluctuations would be expected to

follow the pressure gradient, while ITG, for example, would
FIG. 8. Skewness of density fluctuations (50–150 kHz) from BES measure-

ments for different radial locations at q� � 0:4%.

FIG. 7. (Color online) (a) Radial correlation function for lower frequency

band (50–150 kHz) for three different q� values; (b) Poloidal correlation

function for lower frequency band (50–150 kHz) for three different q�

values.
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be expected to trend oppositely, given the relatively flat tem-

perature gradients, and increasing density gradient [reduction

in gi (¼d ln Ti=d ln n)]. Unfortunately quantifying gi would

be difficult for this experiment since the CER integration

time was 5 ms which would average over the time scales of

interest. There is no clear consistency between the electron

temperature and the time evolution of the amplitude of the

lower frequency density fluctuation band, which suggests

that the observed fluctuations are more connected to electron

density rather than temperature.

Electron temperature gradient (ETG) mode turbulence is a

plausible candidate to explain anomalous electron energy trans-

port in the tokamak plasma edge.26 To investigate this mecha-

nism, we have estimated ge (¼d ln Te=d ln n) at the point of

maximal electron temperature gradient: it is found to be near

4.5 immediately after ELM crash and then decreases to about

2 at later times during the inter-ELM cycle for q� � 0:4%.

Similar values of ge have also been reported by ASDEX-U,

DIII-D, and C-Mod.27–29 It is plausible that the ETG modes

might be present at this magnitude of ge and play a role in

limiting the electron temperature gradient; high-k ETG modes

are not observed by the BES diagnostic and we have no

measurements of fluctuations at appropriate wavelengths. We

note that a recent nonlinear calculation of ETG turbulence

suggested that transport from ETG modes could account for

the electron thermal transport in an ASDEX-U discharge.30

Interestingly, we noted that there is a correlation between

the higher frequency electron fluctuation band and the elec-

tron temperature gradient evolution in that both exhibit little

temporal variation during the inter-ELM cycle. This might

suggest that the lower-amplitude, but higher frequency elec-

tron band is driven by the electron temperature gradient.

Given the lower-wavenumber fluctuation range measured by

BES, this would seem more consistent with the behavior of

trapped-electron mode turbulence. In the future, detailed char-

acterization of this higher frequency electron band will be per-

formed. It is also noted that analysis of the structure and

gradients of the outer pedestal region (0:98 < q < 1:0) in

some DIII-D discharges is consistent with a paleoclassical

mechanism also playing a role in limiting gradients in this

cooler edge region.31 For the q� � 0:8% condition, the den-

sity is low and the TS data exhibits higher uncertainty. There-

fore it is more difficult to obtain reliable comparisons of the

pedestal profile time evolution in this condition.

V. SUMMARY

We have reported the characteristics of long wavelength

density fluctuations obtained with BES measurements in the

pedestal region during ELMing H-mode discharges. The

observed dual-band fluctuations have unique spatial and q�

dependencies, and are most prominent near the maximal

pressure gradient region and at lower q� � 0:4%. The radial

and poloidal correlation lengths of the lower frequency band

have no or weak dependence on q�, which is consistent with

previous observations that the pedestal width has no or weak

dependence on q�.10 The lower frequency band is observed

to propagate in the ion-diamagnetic direction while the

FIG. 10. (Color online) Pedestal electron pressure, electron density, and

electron temperature gradients for different times relative to an ELM crash

(triangles) normalized by the maximal value during the inter-ELM cycle,

and the relative density fluctuation amplitude integrated over 50–150 kHz

from BES measurements during the same time window normalized by the

maximal value (diamonds) for (a-c) q� � 0:4% and (d-f) q� � 0:6%.

FIG. 9. (Color) Pedestal density fluctuation cross spectrum and cross phase (DZ ¼ 1:2 cm) for different times relative to the peak of the Da light that indicates

an ELM event at three values of q� (a) q� � 0:4%, (b) q� � 0:6%, and (c) q� � 0:8% near maximal pressure gradient location. Different colors correspond to

different times after an ELM crash. The blue region (positive cross phase) indicates turbulence propagating in the ion diamagnetic direction in the lab frame

and the yellow region (negative cross phase) indicates turbulence propagating in the electron diamagnetic direction.
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higher frequency band propagates in the electron-diamag-

netic direction in the plasma frame. The mode velocity is

comparable to the diamagnetic velocity. The decorrelation

rate of the lower frequency band exceeds the local E� B
shearing rate. Taken together, these characteristics are all

qualitatively consistent with the predictions for the KBM.7,8

The dynamic behavior of the lower frequency band of den-

sity fluctuations and their correlation to the pedestal pressure

and density gradient suggest an interaction and coupling

between these fluctuations and the pressure gradients. These

fluctuations have shown a similar time history to the pedestal

electron pressure gradient, growing rapidly during recovery

from an ELM crash and then reaching an approximate satu-

ration. This correlation between fluctuations and gradients

would be a signature expected if KBM modes were being

driven by the pressure gradient and ultimately limited the

pressure gradient. However, more work is required to deter-

mine if this is the correct physics and if the observed fluctua-

tions drive significant transport in the pedestal. We note that

peeling-ballooning modes have been invoked to possibly

explain some ELM instabilities in NSTX.32 This paper is

more focused on the lower frequency band of density fluctu-

ations since they have clear dynamical variation and larger

amplitude. But it is noted that the higher frequency band of

density fluctuations that propagate in the electron-diamag-

netic direction in the plasma frame may be correlated with

TEM and the dynamic behavior may be related to the elec-

tron temperature gradient. ETG mode turbulence could be

expected at the observed magnitude of ge. However further

analysis and higher wavenumber measurements are needed

to obtain a more definitive conclusion. Future experiments

will be designed to elucidate the scaling dependencies of the

pedestal turbulence characteristics, and nonlinear simula-

tions of the pedestal are being developed to help identify the

nature of these fluctuations and their role in pedestal struc-

ture and stability.
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