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Abstract
An electrostatic Quasi coherent mode has been observed in density fluctuations and
perpendicular velocity fluctuations with the frequency range of 3–80 kHz on the Experimental
Advanced Superconducting Tokamak using multi-channel Doppler reflectometry. It appears in
the edge localized mode (ELM)-free period after L-H transition or in the inter-ELM period. The
mode rotates almost together with the plasma with the poloidal wave number around 0.6 -cm ,1

and its frequency chirps with plasma poloidal velocity. The mode can exist in a large radial
coverage (ρ=0.75–0.98), and peaks near the top of pedestal, suggesting that it might be excited
in the steep gradient pedestal region, and spread into the core area.
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1. Introduction

The high-confinement mode (H-mode) operation, character-
ized by a large transport barrier in edge plasma [1, 2], always
accompanied with the edge localized modes (ELMs). The
ELM is a kind of periodic magnetohydrodynamics (MHD)
instability, which may generate large transient heat loads on
plasma facing component from plasma. It occurs when the
pressure and/or current at pedestal exceed the critical value,
meanwhile, the pedestal will collapse and then rebuild after
the ELMs burst. So it is important to investigate the nature of
pedestal for ELM control and optimizing plasma operation. In
the plasma edge, many kinds of instabilities can arise because
of the free energy from the high gradient. Nowadays, QCMs
have been observed at the pedestal of plasma in different
tokamak devices. In Alcator C-Mod tokamak, the Quasi

coherent mode (QCM) in density and magnetic fluctuations at
the pedestal of enhanced aD (EDA) H-mode plasma was
investigated [3, 4]. It reported that the QCM is a kind of
resistive ballooning mode, and can enhance the particle and
impurity transports. In DIII-D [5], a set of high frequency
coherent modes with the frequency range of 80–250 kHz in
high density quiescent H-mode plasma were observed. They
belong to the kinetic ballooning mode, and play an important
role in pedestal saturation. In HL-2A [6], a kind of electro-
magnetic QCM with a frequency range of 50–100 kHz has
been observed using Doppler reflectometry (DR). It appears at
the pedestal during the ELM free period after L-H transition
or inter ELM period, and is driven by the density gradient.

In Experimental Advanced Superconducting Tokamak
(EAST), the coherent mode (CM) exists in the H-mode
operation widely, and different types of CM have been
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reported [7–17]. In the 2012 campaign, an electrostatic edge
coherent mode (ECM) with 20–90 kHz has been observed at
the high steep-gradient pedestal region of H-mode plasmas
firstly. It drives the outflow of particles and heat, and the
simulations shows that it is dissipative trapped electron mode
(DTEM) dominated [7]. Later in the 2014 campaign, the CM
with a frequency from 80–100 kHz down to 40–50 kHz has
been investigated. It reported that the ECM’s behavior is
related to the pedestal pressure, and may affect the outward
transport in the pedestal region [8]. Simulations of CMs
during the inter-ELM phase in EAST have also been achieved
using BOUT++, and it showed that the density profile can
provide more energy than electron temperature to drive the
turbulence [9]. However, the investigations mainly focused
on the edge plasma, and the relationship between the poloidal
rotation and the coherent mode is still unknown. In this paper,
the radial distribution of QCM and the evolution of the
QCM’s frequency as the poloidal rotation are investigated by
the multi-channel DR system [18]. The multi-channel DR
system is installed at the K-port of EAST, and it can provide
the turbulence measurements at eight different radial locations
simultaneously by launching eight different probing beams
into plasma at the same time.

The paper will be organized as follows. In section 2, the
experimental arrangement and the main diagnostic are intro-
duced. Section 3 details the experimental results of QCM. In
section 3.1, the recognition of QCM by DR is introduced. The
evolutions of the poloidal velocity, the frequency and the
amplitude of QCM are performed. In section 3.2, the radial
distribution of QCM has been demonstrated, and the dis-
charges in which the QCM may exist in the regions inside the
pedestal are displayed. Section 4 is the summary of the
experimental results.

2. Experimental arrangement

EAST is a medium-sized full superconducting tokamak, with
the parameters ~R 1.85 m,0 ~a 0.45 m, I 1 MA,P BT

3.5 T [19]. DR is a powerful turbulence diagnostic, which can
provide measurements of the poloidal rotation and local
fluctuations with medium wavenumber. The main diagnostics
in this paper is the eight-channel DR, which can launch eight
different frequencies (55, 57.5, 60, 62.5, 67.5, 70, 72.5,
75 GHz) into the plasma simultaneously [18]. Since the
probing beam is oblique to the cutoff layer, the Doppler shift
caused by the movement of the fluctuations around the cutoff
layer can be written as p= ^ ^f k u 2 ,D / here û is the
perpendicular velocity of the measured fluctuation around the
cutoff layer, and k̂ is the measured perpendicular wave-
number. The measured perpendicular wavenumber and radial
locations of the cutoff layer are calculated by the raytracing
[20]. In the experiments, the incident angle is  - 5 12 , and
the measured wavenumber coverage is 2–15 -cm .1 In the
laboratory frame, the perpendicular velocity is the sum of the

´E B velocity ´vE B and the phase velocity of turbulence
v ,phase which can be written as = +^ ´u v v .E B phase In most
tokamak and stellarator plasmas, the phase velocity at the

edge plasma is much smaller than the ´E B velocity, so we
can calculate the radial electric field Er from the expression

~ ^E u Br [21].
In the experiments, the received backscattered signals

of DR are obtained from the in-phase signal ( =I t( )
jA t tcos( ) ( )), and quadrature signal ( j=Q t A t tsin( ) ( ) ( )) of

I/Q mixer. It can be rewritten as a complex signal:
j j= + = +fA A t t A t t I Qe cos i sin i .i ( ) ( ) ( ) ( ) Then, the

amplitude and the phase of the signal can be expressed as
= +A I Q2 2 and f = arctan .Q

I
Two different methods are

commonly used to calculate the Doppler shift: the phase
derivation method f=f td dD / and the center of gravity
method. For turbulence measurements, the amplitude A is
proportion to the fluctuation level, and the phase derivation
f td d/ fluctuation corresponds to the perpendicular velocity
(radial electric field) fluctuations.

3. Experimental results

3.1. The identification of QCM by DR

Figure 1 shows a typical upper single null H-mode discharge
with QCM in EAST, with the parameters: the plasma current

~I 500 KA,P the toroidal magnetic field ~B 2.4 T,T the
edge safety factor ~q 5.2.95 It is an RF-dominating dis-
charge, with LHCD∼1.5 MW and ECRH ∼0.4 MW, as
shown in figure 1(a). The H-mode is achieved by LHCD.
Around 2.68 s, the Dα radiation decreases abruptly, the line-
averaged density and the stored energy increase quickly,
indicating the L-H transition, as shown in figures 1(b) and (c).
In the spectrum of the perpendicular velocity of DR
(figure 1(d)), a QCM appears a moment after L-H transition,
and the frequency changes from 65 kHz to 21 kHz. As the
increase of the density during L-H transition, the detecting
radius moves from r ~ 0.83 in the L-mode to r ~ 0.96 in
H-mode, as shown in figure 1(d). The QCM is strong in the
density fluctuation and the perpendicular velocity fluctuation.
As shown in figure 2, obvious peaks corresponding to the
QCM can be found both in the spectra of density fluctuation
and perpendicular velocity fluctuation. However, we cannot
find a corresponding peak in the magnetic fluctuation and the
cross coherence coefficient between magnetic probe and DR
signals is also quite weak, suggesting that QCM is a pre-
dominantly electrostatic mode.

The evolutions of perpendicular velocity at pedestal, the
QCM’s frequency and intensity during L-H transition are
exhibited in figure 3. It is also an RF-dominating discharge
(LHCD∼1.5 MW and ECRH ∼0.8 MW) with the para-
meters: the plasma current ~I 400 kA,P the toroidal magn-
etic field ~B 2.4 T,T and the edge safety factor ~q 6.2.95
The spectrum of density fluctuation and the perpendicular
velocity detected by DR around r ~ 0.95 (in H-mode) are
shown in figures 3(a) and (b). The L-H transition occurs
around 2.35 s, and the perpendicular velocity increases
rapidly in the electric diamagnetic direction, indicating the
formation of the pedestal. It is noted that the QCM appears a
moment later than the L-H transition (in keeping with that in
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figure 1), and it is aroused when the perpendicular velocity
almost achieves the maximum value. After the appearance of
QCM, its intensity increases and then keeps almost immobile,
as shown in figure 3(d). Its frequency decreases from 60 kHz
to around 20 kHz, and is consistent with the decreases of the
perpendicular velocity in figure 3(c).

To further study the relationship between the QCM’s
frequency and the perpendicular velocity, evolutions of the
perpendicular velocity and the QCM’s frequency during
neutral beam injection (NBI) are investigated, as shown in
figure 4. During the NBI blips, the power of LHCD and
ECRH are constant (LHCD∼3MW and ECRH ∼0.9MW)

with the plasma current ~I 500 kA,P the toroidal magnetic
field ~B 2.4 T,T and the edge safety factor ~q 6.5.95 There
are two NBI pulses in figure 4(a), and after the injection of the
neutral beam, the perpendicular velocity decreases from about
−3 km s−1 to −1.5 km s−1 at r ~ 0.96. Here, the positive

Figure 2. The power spectra of (a) the density fluctuation, (b) the
perpendicular velocity fluctuation for discharge #93358.

Figure 1. QCM identification (discharge #93358). Time traces of
the discharge: (a) LHCD and ECRH heating power; (b) the line-
averaged density and the stored energy; (c) Dα radiation; (d) the
spectrum of the perpendicular velocity detected by DR.

Figure 3. (a) The spectrum of QCM, (b) poloidal rotation velocity,
(c) the evolution of QCM frequency, (d) the evolution of QCM
intensity for discharge #90507.

Figure 4. (a) NBI heating power, (b) poloidal velocity measured by
DR, (c) spectrum of density fluctuation measured by DR, and the
dashed line is the measured Doppler shift fDop/7, for discharge
#94234.
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direction is the ion diamagnetic direction. As the decrease of
the perpendicular velocity, the QCM’s frequency decreases
from 31 kHz to around 19 kHz. After NBI injection, the mode
frequency increases to 31 kHz again, along with the increase
of perpendicular velocity, as shown in figures 4(b) and (c).
The blue dotted line in figure 4(c) is the measured Doppler
shift divided by a constant number 7, which can be expressed
by f 7.Dop / It is almost entirely consistent with the evolution
of QCM’s frequency, indicating that the mode rotates with the
plasma, and its frequency is mainly affected by the poloidal
rotation. In the experiments, the wavenumber of DR system
k̂ is∼4 -cm ,1 and the wavenumber of QCM can be calcu-
lated by p p= = = »^ ^ ^

-k f v f v k2 2 7 7 0.6 cm .QCM QCM Dop
1/ / /

It should be pointed out that the QCM’s wavenumber is too
small to be measured directly by DR system, and here the
QCM is measured through the modulation of the cutoff layer
caused by QCM [6, 22].

3.2. Radial distribution of QCM

The QCM can be observed in the perpendicular velocity
fluctuation by all the eight channels of eight-channel DR
system, as shown in figure 5. It is a relatively low toroidal
magnetic field ~B 1.6 TT( ) discharge with the plasma current

~I 400 kA,P and the edge safety factor ~q 4.3.95 A benefit
from this low magnetic field is that the eight-channel DR
system can cover a large radial range from the bottom of
pedestal to the inner locations of pedestal, which makes it
possible to compare the intensity of QCM at different radial
locations. Figure 5(a) shows the density profile, and the blue

rectangles represent the measured locations of the eight
channels of the DR system, indicating that the DR system can
cover the whole pedestal and the inner regions. The
perpendicular velocity power spectra of the eight channels are
exhibited in figure 5(b), and the peaks corresponding to the
QCM are obvious in all the channels. This means that QCM
exits not only in the pedestal, but also in the inner regions
(r∼0.75). The radial distribution of QCM is calculated
by the DR system, as shown in figure 5(c), and it peaks near
the top of the pedestal, suggesting that QCM may be
aroused at the high steep-gradient pedestal region, and then
spreading to the inner and outer locations [23]. However,
the reason why the intensity of QCM around r∼0.75
is significant strong is still unknown, and needs a further
investigation.

The QCM exists widely in the ELM-free operation after
L-H transition and the inter-ELM periods, and in previous
works on EAST, the investigation of this mode mainly
focused on the edge region of plasma. Through the analysis of
a large number of discharges on EAST, we found that in most
cases it can also be observed in the regions inside the ped-
estal. In figure 6, the discharges in which the QCM can be
observed in the inside pedestal regions were exhibited. One
can note that the plasma parameters cover a large range: the
edge safety factor q95 from 3.5 to 6, the line-averaged density
ne from 3 ´ -10 m19 3 to 5.5 ´ -10 m ,19 3 and the toroidal
magnetic field BT from 1.60 T (the blue stars in figure 6) to
2.47 T (the blue, red and magenta circles in figure 6) with
different kinds of auxiliary heating methods, such as
LHCD+NBI heating (blue circles, squares, diamonds and
stars in figure 6), LHCD+ECRH heating (red circles in
figure 6), and LHCD+NBI+ECRH heating (magenta
circles in figure 6). This means that QCM existing in the
inside pedestal area is a ubiquitous phenomenon, and is
irrelevant to the plasma parameters and auxiliary heating
methods.

Figure 5. (a) The density profile and the detected location of incident
microwave beams, (b) the power spectra of perpendicular velocity
measured by DR, (c) the radial distribution of QCM intensity on
perpendicular velocity fluctuation for discharge #91297.

Figure 6. Discharges in which QCMs exist inside the pedestal area.
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4. Summary

In conclusion, an electrostatic QCM has been observed in
density and perpendicular velocity fluctuations in EAST
ELM-free operation after L-H transition and inter-ELM per-
iods using the multi-channel DR system. The mode frequency
range is 3–80 kHz, and is mainly affected by the poloidal
rotation. It rotates together with the plasma with the poloidal
wave number kQCM ∼0.6 -cm .1 The QCM can exist in the
whole pedestal and the inner regions, and peaks at the high
steep-gradient pedestal region, suggesting that QCM might be
aroused at the pedestal and then spreads to the inner and outer
locations. The statistical discharge result shows that QCM
existing in the inner pedestal regions is a universal phenom-
enon, and it can be observed widely in EAST H-mode
operations. However, how the mode spreads to the inner
locations and what determines the mode intensity in the inner
locations requires further investigation.
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