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Abstract
A coherent mode (CM) in the edge pedestal region has been observed on different fluctuation
quantities, including density fluctuation, electron temperature fluctuation and magnetic
fluctuation in H mode plasma on the Experimental Advanced Superconducting Tokamak
(EAST) tokamak. Measurements at different poloidal positions show that the local poloidal
wavenumber is smallest at the outboard midplane and will increase with poloidal angle. This
poloidal asymmetry is consistent with the flute-like assumption (i.e. k//∼0) from which the
toroidal mode number of the mode has been estimated as between 12 and 17. It was further
found that the density fluctuation amplitude of the CM also demonstrated poloidal asymmetry.
The appearance of a CM can clearly decrease or even stop the increase in the edge density, while
the disappearance of a CM will lead to an increase in the pedestal density and density gradient.
Statistical analysis showed there was a trend that as the CM mode amplitude increased, the rate
of increase of the edge density decreased and the particle flux (Γdiv) onto the divertor plate
increased. The CM sometimes showed burst behavior, and these bursts led bursts on Γdiv with a
time of about 230 μs, which is close to the time for particle flow from the outer midplane to the
divertor targets along the scrape-off layer magnetic field line. This evidence showed that the CM
had an effect on the outward transport of particles.

Keywords: pedestal, coherent mode, pedestal particle transport

(Some figures may appear in colour only in the online journal)

1. Introduction

It is well known that the H-mode pedestal plays a central role
in achieving a high performance plasma [1–3], thus an

understanding of the transport process in the pedestal region
is important for prediction and further improvement of ped-
estal confinement. It is believed that the improvement in
confinement in the H-mode is due to the suppression oftur-
bulence in the edge. The results from transport analyses,
however, suggested that there was remnant turbulence-
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induced transport in the pedestal region [4, 5]. The exper-
imental results in DIII-D [6, 7] and ASDEX-Upgrade (AUG)
[8] showed that the pedestal pressure gradient recovered
quickly after an edge-localized mode (ELM) crash and then
saturated for a long time up to the next ELM crash.
Electromagnetic turbulence, such as the kinetic ballooning
mode (KBM), has been suggested to be responsible for this
saturation of the pedestal gradient [7]. Based on the KBM and
peeling–ballooning instabilities, a predictive model of ped-
estal height and width, EPED, has been developed [9]. This
model predicts that the KBM limits the pedestal pressure
gradient, while the peeling–ballooning instabilities limit the
pedestal height. The two constraints determine the pedestal
width. The pedestal height and width predicted by EPED have
been successfully tested across multiple international toka-
maks [10]. Gyrokinetic calculations on MAST indicate that
both the KBM and the micro-tearing mode (MTM) determine
pedestal evolution between type-I ELMs [11, 12]. A recent
nonlinear gyrokinetic turbulence simulation has demonstrated
that the combination of MTM and electron temperature gra-
dient (ETG) turbulence, along with neoclassical transport,
was sufficient to explain pedestal transport for the H-mode on
JET with anITER-like wall [13].

In recent years, experimental efforts have also been made
to measure the fluctuations in the pedestal region and inves-
tigate whether these fluctuating modes play an important role
in pedestal formation. High-frequency coherent (HFC)
modes, with characteristics expected for KBMs, have been
observed in the QH-mode pedestal region on DIII-D, and the
appearance of HFC modes stops the pedestal pressure
increasing [14]. Quasi-coherent fluctuations (QCFs) observed
in Alcator C-Mod [15] and DIII-D [16] have the effect of
saturating the pedestal electron temperature. High-frequency
magnetic fluctuation above 200 kHz on AUG was correlated
with the pedestal pressure saturation [17]. The quasi-coherent
mode observed on HL-2A is driven by pedestal density gra-
dient and in return regulates the evolution ofpedestal den-
sity [18].

On the Experimental Advanced Superconducting Toka-
mak (EAST), a coherent mode (CM) was usually observed in
the density fluctuation spectrum about several tens of milli-
seconds after L–H transition. A typical characteristic is that
the mode frequency gradually decreases as the pedestal
evolves. It is shown that a CM exists in the edge pedestal
region just inside the separatrix [19]. Analysis also showed
that the appearance of a CM is closely related to the pedestal
electron pressure and suggests that the mode is a kind of
pressure-driven instability [20]. However, some important
characteristics of the mode, such as the poloidal distribution,
have not yet been studied, and it was also not clear at that
time whether the CM has the effect of regulating the pedestal
transport. In this paper, the poloidal distribution of the CM
will be documented and clear evidence that the CM can drive
outward particle transport will also be presented. In the rest of
this paper, the experimental setup is described in section 2;
section 3 presents the poloidal distribution of the coherent
mode; the evidence that CM can drive outward particle

transport is given in section 4; the results are discussed and
summarized in section 5.

2. Experimental setup

EAST is a medium size superconducting tokamak with major
radius R0=1.85 m and minor radius a=0.45 m. The plas-
mas in the present study were with plasma current
Ip=380–500 kA, toroidal magnetic field BT=1.8–2.5 T,
q95=5–7 and mainly heated by radiofrequency waves,
including lower hybrid wave (LHW), ion cyclotron resonance
heating (ICRH) and electron cyclotron resonance heating
(ECRH). These plasmas were usually accompanied by type-I
ELMs in the H-mode phase. Figure 1 shows toroidal and
poloidal views of the main diagnostics for analysis. The
plasma current is in the anti-clockwise direction seen from the
top of machine, while the toroidal magnetic field is in the

Figure 1. Toroidal view (a) and poloidal view (b) of the main
diagnostics used for analysis.
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clockwise or anti-clockwise direction. The 11-channel POINT
(POLarimeter-INTerferometer) diagnostics [21] at port O was
used to measure the line-integrated densities and also to
monitor the density fluctuations. As shown in figure 1(b), the
11 horizontal POINT channels are uniformly distributed from
top to bottom (Z from 42.5 cm to −42.5 cm) in the same
poloidal cross-section, and thus the vertical distance between
adjacent beams is 8.5 cm. The laser used with these diag-
nostics has a radius of 2.78 cm and thus the diagnostics can
respond to fluctuation with a poloidal wavenumber kθ�2/
2.78∼1.44 cm−1. In the experiment, the sampling frequency
of POINT diagnostics is 250 kHz, and therefore a fluctuation
mode with frequency up to 125 kHz can be measured. In this
paper, the line-integrated densities measured by POINT will
be called Nel1 to Nel11. A multichannel middle-plane electron
cyclotron emission (ECE) diagnostics [22] at port P was used
to monitor the electron temperature and temperature fluctua-
tions. The density profile was measured by a fast frequency-
sweeping reflectometry [23–25] which has a horizontal view
about 3 cm above the low-field side (LFS) midplane at port J.
The magnetic fluctuations were measured by Mirnov probes
mounted on the vacuum vessel wall.

3. Poloidal distribution of the CM

The CM can generally be observed in the spectrum of the
line-integrated density signal measured by POINT diag-
nostics. Figure 2(a) shows a typical H-mode discharge
(55758) heated by 2.5 MW, 4.6 GHz LHW and 0.5 MW
ICRH. The plasma enters the H-mode phase at about 2.75 s,
after which the line-averaged density (〈ne〉) and diamagnetic
energy (Wdia) show rapid increases. The CM can be observed
in all the POINT channels in the H-mode phase but only the
spectrum of the middle channel (Nel6) is shown here. The
mode frequency shows sweeping-down characteristics
roughly in the increasing phase of 〈ne〉 and Wdia and then
saturates at a nearly stable value (23 kHz for the discharge of
this figure). The appearance of an ELM can interrupt the CM
but the later pedestal recovery will bring out the mode again.
Besides the density fluctuation, the CM is also usually
observed in the electron temperature fluctuation measured by
the edge channels of ECE diagnostics, as shown in
figure 2(b). The magnetic fluctuation measured by the Mirnov
probe, however, cannotusually observe the CM. Never-
theless, several discharges with CM in the magnetic fluctua-
tion have been found in the several hundred H-mode plasmas
analyzed and significant coherence between magnetic and
density fluctuation was actually observed. The selected dis-
charge 55758 is one such plasma. As shown in figure 2(b), the
coherence spectrum between the Mirnov signal and Nel2

clearly shows the CM mode structure. It is further found that
the magnetic probes located in the LFS can observe the CM
while the high-field side probes cannot observe the mode.
This implies that the mode has a ballooning structure. Pre-
vious results [19] show that the CM is mainly observed in the
edge pedestal region. Therefore, the measurement by the

horizontal interferometer mainly reflects the density fluctua-
tion localized at the edge pedestal region of the LFS.

From the measurement by POINT diagnostics at different
poloidal positions, the poloidal distributions of the wave-
number and density fluctuation level for the CM have been
studied. The poloidal wavenumbers (kθ) of the CM have been
estimated by applying correlation analysis in the frequency
domain on the signals measured by each of two adjacent
POINT laser beams. Figure 3(a) shows an example of such
correlation analysis for [Nel5, Nel6] and [Nel2, Nel3] for dis-
charge 55758. It is seen that the coherence at the CM mode
frequency is very high, larger than 0.8. From this correlation

Figure 2. (a) Observation of a CM by the horizontal interferometer
(POINT) in an EAST H-mode plasma. (b) Spectra of ECE and
Mirnov signals and the coherence between them and interferometer
signal.
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analysis, the spectra of phase difference (Δf) for each pair
signals have been acquired. In order to estimate the poloidal
distance for each pair of signals, we used the EFIT recon-
structed equilibrium to determine the intersection points of
POINT diagnostic line views and the q95 surface at the LFS.
Then the distance between each adjacent intersection point,
Δlq95, can be calculated and will be taken as the poloidal
distance for each pair of signals. For the case in figure 3(a),
the Δlq95 for [Nel5, Nel6] and [Nel2, Nel3] is 8.5 cm and 10 cm,
respectively. The previous results in [20] showed that the

poloidal wavenumber of a CM close to the midplane is about
0.5–0.7 cm−1, corresponding to a wavelength of 9–12.5 cm.
In our present analysis using POINT diagnostics, the mini-
mum poloidal distance (8.5 cm) has exceeded the half-
wavelength of the CM and the Δf acquired from the corre-
lation analysis in figure 3(a) cannot reflect the right phase
difference but should be corrected by ±2π. By considering
that the CM rotates in the electron diamagnetic drift direction,
a −2π phase correction is applied to all the data and then the
poloidal wavenumber can be estimated as kθ=(Δf−2π)/
Δlq95 as shown in figure 3(a), where the negative value of kθ
indicates that the mode rotates in the electron diamagnetic
drift direction. From the kθ spectra, we take a mean value of kθ
in a specific frequency range as the local poloidal wave-
number (〈kθ〉) for CM. Here, the power spectra in figure 3(a)
are used to determine the specific frequency range for which
the power is larger than exp(−1) of the maximum power for a
CM. This calculation gives 〈kθ〉 for [Nel5, Nel6] and [Nel2,
Nel3] of about −0.6 cm−1 and −0.68 cm−1, respectively, for
the example shown in figure 3(a).

By doing a similar analysis to other adjacent POINT
signals, the poloidal distribution of the absolute value of local
poloidal wavenumber (|〈kθ〉|) for the CM has been acquired in
figure 3(b) where the x-axis is the mean value of the Z
coordinates for each two adjacent POINT channels. It is that
noted the eighth channel of the POINT diagnostics, i.e. Nel8,
is broken in these shots and so the |〈kθ〉| from [Nel7, Nel8] and
[Nel8, Nel9] are not available. It is seen from figure 3(b) that |
〈kθ〉| takes its lowest value of 0.6 cm−1 at the midplane and
then gradually increases with increasing Z value. This could
be explained based on the assumption that the CM is a flute-
like mode, i.e. the wavenumber parallel to the magnetic filed
(k//) is close to 0. This assumption leads to a relation between
toroidal mode number (n) and local poloidal wavenumber,
and has been used to estimate the ELM filament toroidal
mode number [26]:

a= qn R k tanmod e

where Rmode is the major radius of the mode location and α is
the pitch angle of the local magnetic field. For our present
case, the two parameters will be estimated at the intersection
points of the POINT diagnostics and q95 surfaces at the LFS
and named Rq95 and αq95, respectively. The poloidal dis-
tributions of the two parameters are shown in figures 3(c) and
(d). Then the toroidal mode number of the CM can be esti-
mated as nPOINT=Rq95|〈kθ〉| tan αq95 (shown in figure 3(e)).
For this case, the mean value of nPOINT (〈nPOINT〉) is about
14.3 while the standard deviation is 0.43, only a 3% devia-
tion. In order to check the poloidal asymmetry of |〈kθ〉| in
figure 3(b), we use the value of 〈nPOINT〉, i.e. 14.3, to cal-
culate the poloidal wavenumber with kθ=〈nPOINT〉/(Rq95 tan
αq95) and it is found that these values of kθ are consistent with
those deduced using the cross-correlation method. This indi-
cates the poloidal asymmetry of |〈kθ〉| is mainly due to the
asymmetry of Rq95 and αq95 and also implies that the flute-
like mode assumption for the CM is reasonable. We have also
made a similar analysis for other discharges and a database
for |〈kθ〉| and 〈nPOINT〉 has been acquired. The statistical

Figure 3. (a) The power spectra, coherence spectra, cross-phase
spectra and deduced poloidal wavenumber for [Nel5, Nel6] and [Nel2,
Nel3]. (b) The poloidal distributions of local kθ deduced using direct
correlation analysis ( ) in (a) and the flute-like mode assumption
( ). (c), (d) The poloidal distributions of local magnetic field pitch
angle and the major radius of the CM at the intersection points
between POINT diagnostics line views and q95 surfaces at the LFS.
(e) Estimated toroidal mode number from the POINT diagnostics
(nPOINT) using a flute-like assumption and the horizontal dashed line
indicating the mean value 〈nPOINT〉.
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distribution of |〈kθ〉| at the midplane (|〈kθ,mid〉|) and 〈nPOINT〉
are shown in figure 4. It is seen that |〈kθ,mid〉| generally ranges
from 0.5 cm−1 to 0.75 cm−1 and 〈nPOINT〉 is between 12
and 17.

Another interesting characteristic of the CM is the
poloidal distribution of fluctuation amplitude. The POINT
diagnostics directly measured the line-integrated density (Nel)
and also the line-integrated density fluctuation level (δNel).
From POINT signals, we can directly calculate the line-inte-
grated density fluctuation level of the CM (δNe,CM) which has
a relation to the local fluctuation level (δne,CM) as

òd d d= = á ñ ( )N n l n Ld 1e,CM e,CM e,CM eff

where 〈δne,CM〉 is the line-averaged density fluctuation level
and Leff is the effective integrated length. Figure 5(a) has

shown the poloidal distribution of δNe,CM where the original
data measured by POINT were first filtered by using a band-
pass filter with a frequency range of 15–30 kHz, and then the
standard deviation of the filtered signal was calculated and
taken as δNe,CM. It is seen from this plot that δNe,CM repre-
sents scattering along the poloidal direction. In order to cal-
culate 〈δne,CM〉, Leff should be determined. As shown in [19],
the CM exists in the edge pedestal region just inside the
separatrix, and therefore the effective integrated region should
be approximately from the pedestal top to the separatrix.
Figure 5(d) shows the density profile in the poloidal flux
coordinate (ΨN), and the pedestal top can be determined at
about ΨN=0.9 for this case. The intersection points of each

Figure 4. Statistical distribution of the poloidal wavenumber at
midplane (|〈kθ,mid〉|) and the estimated toroidal mode number
(〈nPOINT〉) for the CM for 68 EAST discharges.

Figure 5. (a)–(c) Poloidal distributions of the line-integrated density
fluctuation of the CM, the effective integrated length and the line-
averaged density fluctuation of the CM, which are deduced from
POINT measurements. (d) Density profiles for EAST discharge
55758 at t=3.25 s; the vertical dashed lines indicate the pedestal
top and separatrix.
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POINT line view and ΨN=0.9/ΨN=1 surface can be
determined using EFIT reconstructed equilibrium and then
the distance of the two intersection points for each POINT
channel is taken as Leff, as shown in figure 5(b). It is seen that
Leff at the midplane is about 2.5 cm, while it can reach 4.2 cm
at Z=42.5 cm, i.e. the uppermost POINT channel in
figure 1(b). Then the line-averaged density fluctuation level
〈δne,CM〉 can be calculated according to equation (1), and is
shown in figure 5(c). It can be observed that the value of 〈δne,
CM〉 close to midplane is at about 0.14×1019 m−3 and shows
a decreasing trend with increasing Z value, e.g 〈δne,
CM〉≈0.06×1019 m−3 at Z=42.5 cm, with a reduction of
about 60% from that at midplane. As discussed at the
beginning of this section, it is conjectured from the magnetic
probe measurement that the CM has a ballooning structure.
The result shown in figure 5(c) is further evidence for this
conjecture.

4. Evidence of outward particle transport by the CM

In this section, we will present several lines of evidence that
the CM can drive outward particle transport. As seen in
figure 2, the CM can be also observed in the inter-ELM phase.
The ELM can interrupt the CM but the mode will appear
again in the pedestal recovery phase. It is usually observed
that the edge density will stop increasing when the CM
appears in this recovery phase. In addition, we also observe
that the disappearance of the CM can lead to a further increase
in edge density. The most representative discharge (55858) in

our database is shown in figure 6, where 11 complete inter-
ELM phases, as indicated by the numbers 1 to 11 in
figure 6(a), have been included. After each ELM crash, the
edge density (Nel1) shows a fast increase. When a CM appears
in the spectrum of density fluctuation (figure 6(d)), the edge
density will stop increasing and even show a slight decrease,
as seen for the inter-ELM phases 1–5 and 7 while Nel1 shows
a continuous increase up to the next ELM for the other inter-
ELM phases. Especially for the inter-ELM phases of 2–5 and
7, the CM disappears in the later phase and the edge density
shows another increase up to the next ELM. We have checked
other discharges in our database and found that the CM
generally has the effect of reducing the rate of increase of the
edge density. In order to show this relation, we chose four to
five ELM cycles for each discharge in our database, decom-
posed each inter-ELM phase into three time intervals and
calculated the corresponding CM mode amplitudes and the
rates of increase in edge density, dNel1/dt, for each interval.
The result is shown in figure 7(a), where the normalized CM
mode amplitude (δNe,CM/Nel6) is calculated from the mid-
plane POINT channel, i.e. Nel6. It can be observed that the
rate of increase of edge density tends to decrease with
increase in the mode amplitude. When the CM mode ampl-
itude is large enough, dNel1/dt even takes a negative value,
i.e. a density decrease.

The above result implies that the CM can drive outward
particle transport. Additional evidence comes from the
behavior of the particle flux onto the divertor (Γdiv), which is
measured by divertor probes [27] and is shown in figure 6(f).
By comparing the behaviors of Γdiv and the CM, it is found
that the existence of a CM in plasma corresponds to a higher
divertor particle flux. The statistical relation between the
divertor particle flux and the CM amplitude for the discharges
in our database is summarized in figure 7(b). It can be seen
that Γdiv increases with increasing CM mode amplitude. If we
look at the detailed evolution of the CM in the inter-ELM
phase, we find that this mode usually shows a ’bursty’
behavior. Figure 8(a) shows the signal and also the envelope
of Nel6 after passing through a pass-band (15–40 kHz) filter
for inter-ELM phase 5, and the bursty nature of the CM can
be clearly observed. Here, the envelope of the density fluc-
tuation (δn(t)) is calculated as follows: first a Hilbert trans-
form is carried out on the density fluctuation signal, resulting
a new time series of data H(δn(t)), and then the envelope (E
(t)) is calculated by d d= +( ) ( ) [ ( ( ))]E t n t H n t .2 2 The
waveform of Γdiv is also shown for comparison. It can be
found that Γdiv is increased after the appearance of the CM
bursts; in particular the particle flux also presents bursts. An
enlarged plot of figure 8(a) from 4.285 to 4.29 s is shown in
figure 8(b). It can be observed that the CM bursts generally
correspond to the Γdiv bursts while former lead to the latter at
about 200–300 μs in the time series, as indicated by the
dashed lines. Figure 8(c) shows the cross-correlation function
between the envelope of CM bursts and the particle flux for
the phase from 4.276 s to 4.29 s. The largest cross-correlation
coefficient is at a delay of −230 μs, indicating that the CM
bursts lead to particle flux bursts at about 230 μs during the

Figure 6. (a) Dα signal, with the numbers 1 to 11 indicating the 11
inter-ELM phases. (b) Line-integrated density at Z=0, i.e. Nel6. (c)
Line-integrated density at Z=42.5 cm, i.e. Nel1. (d) Spectrum of
Nel6. (e) The Nel6 fluctuation amplitude at the frequencies between
15 and 40 kHz. (f) The particle flux flowing onto the divertor.
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time phase. As discussed above, the CM has a ballooning
structure and thus CM-induced particle flux will mainly
spread out around the midplane of the LFS. Then the particles
will flow from the outer midplane to the divertor targets on a
time scale of the ion transit time (τ//) along the SOL magnetic
field line. Here, τ// can be estimated as τ//≈L///Cs, with
L//≈πq95R being the connection length and
Cs=[(Te+Ti)/mi]

0.5 the ion sound speed. For our present
case, q95=5.6, Te=Ti≈100 eV and thus L//≈3.5 m,
Cs≈1×105 m s−1, gives τ//≈350 μs. Therefore, the
observed time delay (230 μs) between the CM bursts and the
divertor particle flux bursts is actually close to the time for a
particle to flow from ourter midplane to the divertor targets
along the SOL magnetic field line.

Lastly, we will show how the CM influences the edge
density profile. In our study, the edge density profile is
measured by LFS reflectometry (figure 1) and fitted by a
modified tanh function [28]

a b
=

+ - +
+

+
-

-

( ) ( )
n A

z e z e

e e
B

1 1z z

z ze

where

= -( )X Xz 2 w.sym

In the above function X represents the real or flux coordinate
of the density profile. A, B, α, β, Xsym and w are five fitting
parameters in which the density pedestal height ne,ped can be
calculated by ne,ped=A+B, Xsym is the location of the
barrier center and w represents the width of the density ped-
estal. It is noted that the above fitting function has an addi-
tional fitting parameter β to the function in [28]. This is
because the density profile measured by reflectometry usually
presents a density decay tail in the SOL region and the
parameter β can allow a smooth transition to the SOL density
profile. The density pedestal height (ne,ped) and the maximum
absolute density gradient ( ∣ ∣nmax e ) can be directly

calculated by fitting the density profiles measured by reflec-
tometry. For the above analyzed typical discharge (55858)
there is no density profile and we therefore chose another
discharge (56201) for analysis. Figure 9 shows several inter-
ELM phases fordischarge 56201. The first inter-ELM phase
from 3.48 s to 3.545 s is very similar to those of discharges
2–5 and 7 for 55858 shown in figure 6. The CM reappears at
about 3.49 s after the ELM crash and the rate of increase of
edge density Nel1 decreases while the CM disappears at about
3.532 s and Nel1 shows an increase again. Figures 9(d) and (e)
show the behaviors of ne,ped and ∣ ∣nmax e , respectively,
with a time definition of 1 ms. It can be seen from the figure
that the evolution of ne,ped is very similar to that of Nel1.
Although the density gradient shows a large oscillation, its
value is generally higher during the CM disappearance phase
(3.532–3.545 s) than that at the CM prevailing phase
(3.49–3.532 s). Figure 9(f) compares the density profiles in
the two different phases. In order to reduce the random error,
we choose the density profiles from 3.51 s to 3.52 s for the
first phase and those from 3.54 s to 3.545 s for the second
phase. The density profiles at each phase are put together and
fitted by the above modified tanh function. It can be observed
from figure 9(f) that both the density pedestal height and the
gradient are higher during the phase without CM; in particular

∣ ∣nmax e (figure 9(g)) increases from 184×1019 m−4 to
243×1019 m−4, i.e. an increase of about 32%.

5. Discussion and summary

From the correlation analysis of CM in section 3, the mode
phase velocity can be estimated. For the case in figure 3(a),
the mode poloidal wavenumber at midplane is about 0.6 cm−1

and the mode frequency is at about fCM=23 kHz. Then the
mode phase velocity can be estimated as VCM≈2πfCM/
kθ=2.4 km s−1. The electron diamagnetic velocity

Figure 7. Statistical analysis of 68 EAST discharges for (a) the relation between the increasing rate of Nel1 and the normalized CM amplitude
and (b) the relation between the particle flux onto the divertor and the normalized CM amplitude.
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* = V p enBe e at the edge pedestal gradient region was
estimated as being between 10 and 30 km s−1 and the ion
diamagnetic velocity Vi

* will be similar if we assume Ti=Te
in the pedestal region since there is no Ti profile measurement
in pedestal region in our present studies. So the mode phase
velocity is much smaller than the diamagnetic velocity. One
possible explanation is as follows. The estimated VCM is in
the machine frame and includes the contribution from E×B
velocity from the radial electric field (Er). Although there is as

yet no Er measurement in the pedestal region on EAST, it is
believed that the Er is similar to that of other machines, i.e. a
negative Er well in the pedestal gradient region. If the CM
rotates in the ion diamagnetic drift direction in the plasma
frame, but with a value a little less than the E×B velocity,
then the observed velocity in the machine frame, as seen in
the experiment, will be in the electron diamagnetic drift
direction but it will be much smaller than the diamagnetic
velocity. In order to clarify this point, measurement of Er in
pedestal region is necessary in the future on EAST.

In section 4 we showed that the CM mode is highly
correlated with the rate of increase of edge density and the
particle flux onto the divertor. In particular, the CM bursts
lead to the particle flux bursts shown in figure 8. These results
make us confident that the CM mode can drive outward
particle flux. But the question is how large is the contribution
of the CM to outward particle transport? It is seen from
figure 6(f) that the particle flux onto the divertor during the

Figure 8. (a) Band-pass filtered signal of Nel6 and particle flux onto
the lower divertor for the fifth inter-ELM phase in figure 5. (b) An
enlarged plot for (a) from 4.285 to 4.29 s; the dashed lines show the
delay between CM bursts and lower divertor particle flux bursts. (c)
The cross-correlation function between the envelopes of CM bursts
and particle flux bursts.

Figure 9. (a) Dα signal, (b) edge line-integrated density Nel1, (c)
spectrum of core line-integrated density Nel6, (d) density pedestal
height ne,ped, (e) maximum of absolute pedestal density gradient, (f)
density profiles with CM and without (w/o) CM and (g) the absolute
density gradients with CM and w/o CM.
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phase without CM (e.g. inter-ELM phases 8–11 ) has an
average value of about 1.3×1024 s−1, while the particle flux
can be up to 2.1×1024 s−1 during the phase with a CM. If
the CM contributes to all the additional particle flux, the
contribution of the CM can be up to about 38% of the total
particle outward flux for the case shown in figure 6. It should
be noted, however, there are possibilities that some other
modes, which cannot be detected by the present diagnostics,
could make a contribution to the outward particle flux. The
main diagnostics for measuring density fluctuation in this
paper is the horizontal interferometer (POINT) which can
only respond to fluctuations with kθ�1.44 cm−1, as dis-
cussed in section 2. The CM mode is actually in the response
range of this diagnostics. This would be next step to study the
effect of fluctuation with higher mode numbers. In the present
analysis, all the analyzed discharges have LHW heating and
this precludes an analysis how the CM mode influences the
fast dynamics of pedestal temperature by using ECE diag-
nostics. This will be left for future study.

Although we have confidence that the CM observed on
EAST can enhance particle transport in the edge pedestal
region, the transport mechanism is unclear at the moment. In
fact, coherent structures in the pedestal region, which can
enhance particle transport, have also been observed in other
devices, such as the quasi-coherent mode (QCM) in the EDA
H-mode on Alcator C-Mod [29] and the edge harmonic
oscillations (EHO) in the quiescent H-mode (QH-mode) on
DIII-D [30]. Langmuir probe measurement on QCM showed
that this mode induced a particle flux due to E×B convec-
tion, Γ=〈δnδvr〉, comparable to the total fueling rate [31].
For EHO, it is speculated the EHO-induced particle transport
is a function of edge rotation or edge rotation shear [32]. The
recent nonlinear simulation for the DIII-D QH-mode has
observed a saturated kink/peeling mode (KPM), which is
thought to be a candidate EHO [33]. The simulation results
showed that particle loss by KPM was mainly also due to
E×B convection. It was also found that the appearance of a
KPM can significantly increase the mean E×B flow due to
Maxwell stress. This implies a very complex interaction
between KPM and plasma flow, and this interaction should
have effects on KPM-induced particle transport since the
plasma flow can influence the amplitude of density fluctuation
and the radial velocity fluctuation as well as their cross-phase.
We are just at the beginning studying the CM observed on
EAST, and in order to understand the transport mechanism of
the CM more work needs to be done, including: (1) is it the
E×B convection or the magnetic component that contributes
to particle transport, and (2) how does the CM interplay with
the plasma flow and how does this interplay influence the
CM-induced particle transport?

In summary, the CM in pedestal region on EAST has
been observed in density, electron temperature and magnetic
fluctuations. Poloidal asymmetry of the local poloidal wave-
number for the CM has been observed and has been explained
by assuming that the mode is flute-like, i.e. k//∼0. Based on
this flute-like assumption, the toroidal mode number of the
CM has been estimated as being between 12 and 17. In
addition, the poloidal distribution of the amplitude of CM

density fluctuation demonstrates a ballooning structure. Fur-
ther analysis shows that as the CM mode amplitude increases,
the rate of increase of the edge density decreases and the
particle flux onto the divertor increases. The CM usually
shows a bursty nature and CM bursts can lead to bursts of the
particle flux onto the divertor with a time of about 230 μs,
which is close to the time for particle flow from outer mid-
plane to the divertor targets along the SOL magnetic field
line. The analysis of density profiles shows that the existence
of a CM mode can reduce the pedestal density and the density
gradient. This suggests that the CM can drive outward particle
transport.
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