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Abstract
The decrease in tungsten (W) content with the higher ion cyclotron resonance heating (ICRH)
power is observed and explained for the first time in a high power injection (Pinj > 10 MW),
high performance (βN ∼ 2, βP ∼ 2.8, ne/nGW ∼ 80%, f BS ∼ 60%) H-mode discharge on
experimental advanced superconducting tokamak. Unlike the previous phenomenon of electron
cyclotron resonance heating core W control (Shi et al 2022 Nucl. Fusion 62 066031), there is a
slight change in the background plasma temperature when higher ICRH is applied, but the
toroidal rotational velocity decreases by ∼10 km s−1 . Under this condition, the intensity of W

unresolved transition array spectral structure in the region of 45–70 Ǻ (which is composed of
W27+-W45+ line emissions) and W44+ density through spectroscopy in the Extreme Ultraviolet
region decreases markedly. In addition, the poloidal asymmetry of radiation distribution from
the tomographic inversions of Soft x-ray emission is reduced obviously. Theoretical modeling
results indicate that the reduction in toroidal rotation leads to less W poloidal asymmetry and
neoclassical pinch, which is more efficient in alleviating the core W accumulation than the
improvement of isotropic hydrogen (H) minority temperature. The effects of isotropic and
anisotropic H minority from ICRH on W transport are compared in the simulation lastly.
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1. Introduction

Due to the favorable properties such as high melting point,
low tritium retention and low sputtering yield, tungsten (W)
is selected as the plasma-facing components (PFCs) in the
International Thermonuclear Experimental Reactor (ITER).
Additionally, W is a candidate material for future fusion react-
ors and has been applied in many tokamaks such as JET [1],
EAST [2], WEST [3–5] and ASDEX Upgrade (AUG) [6,
7]. Furthermore, DIII-D is also planning to update the PFCs
with W as the frontrunner choices [8]. In particular, the first
wall material of the ITER has been decided to change from
light/low-Z Beryllium to W [9]. However, at thermonuclear
fusion relevant temperature, non-fully ionized W can generate
a very high line radiation, if they accumulate in the core region
and the concentration exceeds a certain level, the plasma per-
formance will be degraded significantly, even H to L-mode
back transition and radiative collapse will also happen [10–
12]. Consequently, understanding W transport and develop-
ing effective methods to control core W accumulation has
become increasingly important for ensuring optimal plasma
performance and stable operation in both present tokamaks
and future fusion reactors. A quite promising method for core
W control is on-axis electron cyclotron resonance heating
(ECRH), which has been extensively studied in AUG, DIII-D
and EAST [13–15]. Compared to ECRH scheme, ion cyclo-
tron resonance heating (ICRH) offers additional advantages
for core W control. ICRH not only can increase the temperat-
ure and its gradient thus changing the background plasma tur-
bulent regime to enlarge the W turbulent diffusion coefficient
[16], but also can decrease even reverse the inward neoclas-
sical pinch [17–20] through (1) flatting the main ion dens-
ity and rotation profile; (2) increasing the neoclassical tem-
perature screening from main ion and fast ion; (3) reducing
W poloidal asymmetry caused by toroidal rotation accord-
ing to the parallel force balance. ICRH is also well-suited for
central plasma heating under high density conditions due to
there is no high density cut-off. These benefits of ICRH on
core heavy impurities control are very attractive for EAST
high performance operation. Currently, the PFCs of EAST are
all metals, with upper and lower divertor covered by W and
molybdenum (Mo) wall in themain chamber [21]. The counter
current neutral beam injection (NBI) is also changed to co-
NBI in EAST [22], when they are simultaneously applied in
the high power injection experimental campaign, the increased
toroidal rotation can produce a large centrifugal force (CF)
for W, leading W poloidal distribution asymmetry, then
enlarge W neoclassical portion, especially increase the inward
neoclassical pinch, which may result in W accumulation
[23–25].

However, in addition to generating fast waves for heating,
the ICRH antennas can also excite a slow wave that corres-
ponds to the parallel electric field [26–28]. The lighter elec-
trons are easily accelerated by this parallel electric field and
lose at PFCs surfaces, which leads to the formation of Radio-
Frequency (RF) sheaths. Ions accelerated by RF sheaths cause
a strong interaction with the PFCs along the magnetic field
lines, which produces additional impurities sources in EAST
[29] andWEST [30]. Fortunately, since 2020, EAST hasmodi-
fied the ICRH window and optimized the ICRH antennas [31,
32], and a significant reduction in W content by ICRH after
these upgrades was first observed in a high power injection
and high performance (βN ∼ 2, βP ∼ 2.8, ne/nGW ∼ 80%,
f BS ∼ 60%) H-mode discharge on EAST, which will be
detailed in the section 2. The physics of decreased W content
by ICRH will be illustrated in section 3. The discussions and
conclusions will be given in sections 4 and 5 respectively.

2. Experimental observation of core W reduction by
ICRH

High power injection and high performance regimewith heavy
metal material as the PFCs is the major goal for EAST to sup-
port ITER’s scientific research. In order to achieve this goal,
EAST has undertaken a series of upgrades as mentioned in
the introduction, especially, the ICRH system optimization.
The process is briefly described as follows: (1) The window
of ICRH and 2.45 GHz LHW1 has been swapped to improve
the heating efficiency of the 4.6 GHz LHW2 [32], which leads
to a 30% reduction in the magnetic connection area between
the 4.6 GHz LHW2 antennas and the ICRH antenna. In addi-
tion, the W source from LHW antennas sputtered by the ions
accelerated by ICRH RF sheaths through magnetic connec-
tions may also be decreased. (2) The ICRH antennas them-
selves have also been improved. The main parameters of the
new antennas are the lower k|| of the power spectrum, field
aligned Faraday screen and two current strap configuration.
With these upgrades, a high power injection (Pinj > 10 MW)
and high performance (βN ∼ 2, βP ∼ 2.8, ne/nGW ∼ 80%,
f BS ∼ 60%) H-mode discharge is obtained successfully with
low W content.

Time traces of this high performance discharge (shot
#107838) are shown in figure 1. The toroidal magnetic field
(BT) and the plasma current (IP) are ∼2.3 T and 400 kA,
respectively, with a double null divertor configuration. During
5.3–7.5 s, the 5.4 MW NBI, 2 MW LHW and 1.2 MW
ECRH are almost kept constant. After 6.3 s, the ICRH power
increases to 2.8 MW from 2 MW as shown in figure 1(a). The
poloidal beta (βP) and normalized beta (βN) can be sustained
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Figure 1. The time traces of (a) heating power, (b) plasma beta, (c) line-averaged density, Greenwald density fraction, q95 and H98, (d)
central electron and ion temperature, (e) intensity of W-UTA line normalized to electron density (f ) central relative toroidal rotation velocity
for EAST discharge 107 838.

Figure 2. Kinetic profiles of (a) ne measured by REFL, (b) Te provided by ECE, (c) T i diagnosed by TXCS, (d) V t based on the TXCS and
CXRS assumptions, (e) reference shot.

around 3 and 2, respectively, as shown in figure 1(b) with
large q95 ∼ 9, which leads to a high bootstrap current fraction
∼60% as shown in figure 1(c). The other two key parameters
for fusion energy, the plasma confinement factor H98y2 ∼ 1.1
and Greenwald density fraction fGW ∼ 0.8 [33], also can be
simultaneously maintained at a high level for EAST. Although
this shot is mainly developed by NBI, the electron heating is
still dominant (central electron temperature Te0 ∼ 4 keV, ion
temperature T i0 ∼ 2 keV) as shown in figure 1(d), which is
relevant to ITER research. When the ICRH is raised by only
0.8 MW (from 2 MW to 2.8 MW), the electron temperat-
ure profile measured by electron cyclotron emission (ECE)
and the ion temperature profile measured by tokamak x-ray

crystal spectroscopy (TXCS) showed little change, and the
electron density profile measured by fast sweep frequency
microwave reflectometer (REFL) increased slightly overall as
shown in figure 2. Due to the lack of charge exchange recom-
bination spectroscopy (CXRS) data, the toroidal rotation pro-
file cannot be measured directly. The method of obtaining
the toroidal rotation profile is as follows: The rotation pro-
file before the application of higher power ICRH is assumed
to be similar to that of shot#142 815, which has similar dis-
charge conditions and CXRS data. The background plasma
profile of shot#142 815 is shown in figure 2(e), where the
electron temperature is obtained from the Thomson scattering
(TS) diagnostic. Then based on the magnitude of the change
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Figure 3. (a) Chord-integrated line intensity and (b) density distribution of W44+ measured by EUV.

Figure 4. The tomographic inversions of SXR emission.

(∼10 km s−1) in the relative rotation velocity provided by the
TXCS as shown in figure 1(f ), we can infer the toroidal rota-
tion profiles with higher power ICRH. The intensity ofWunre-
solved transition array (W-UTA) diagnosed by Extreme Ultra
Violet (EUV) spectroscope [34] decreases by 20% as shown in
figure 1(e). The intensity profiles of W44+ measured by EUV
shows a reduction of more than 30% in the core, and the W44+

density profiles by EUV inversion also becomes less peaked
as shown in figure 3. Although the central electron temperat-
ure decreased by approximately 5% as shown in figure 1(d),
this would result in only∼1% change in impurity density (the
related analysis has been completed in [35]). However, the
W44+ density has decreased by more than 30%, far exceeding
the changes attributable to central electron temperature vari-
ations. In addition, the tomography from soft x-ray (SXR) dia-
gnostics in figure 4 indicates that the radiation on the low-field
side is stronger than that on the high-field side at t = 6.2 s, but
the degree of the poloidal asymmetry decreases with higher
ICRH power. It is well known that the poloidal asymmetry
of impurities significantly affects their neoclassical transport.
The smaller asymmetry can mitigate the core W accumulation
[36, 37]. Therefore, coreW content is reduced by ICRH in this
high power injection and high performanceH-mode discharge.

3. Theoretical modeling of ICRH core W alleviate

Theoretical modeling of ICRH core W alleviate is mainly per-
formed by TRANSP [38] and TGYRO [39]. The TRANSP cal-
culates the fast ion temperature distribution by invoking the
TORIC [40] + FPP [41] code package. The temperature dis-
tribution of hydrogen (H) minority from ICRH is calculated by
TRANSP assuming the H concentration of 6%. It is found that
with the higher ICRH power, the effective temperature of the
H minority (Teff = [T || + 2 T⊥]/3) at 6.8 s is much higher than
that of 6.2 s as shown in figure 5. However, when the import-
ant role of the finite orbit width (FOW) effect is included
[20], the Hminority temperature profiles before and after addi-
tion ICRH applied are flatted as the FOW effect broadens fast
ion orbits, increasing collisions with the background plasma,
which significantly reduces the temperature distribution of fast
ions. In this work, we will utilize the H minority temperat-
ure with the consideration of FOW to study the ICRH effects
on the core W transport. In addition, the TRANSP model-
ing shows that the H minority resonance position is located
at the high field side in figure 5(c), in this condition, we ignore
the influence of the H minority anisotropy [20, 42], and only
consider the effective temperature distribution on W transport
because the NEO will overestimate the change in impurity
asymmetry. Then the W transport coefficients are predicted
by TGYRO, which calls TGLF [43–45] and NEO [46, 47]
to calculate the turbulent and neoclassical transport, respect-
ively. This method for the calculation of the W transport has
been well explained in the [25, 48] and will not be detailed
here. TGLF-SAT0 is used with electromagnetic effects in this
modeling since the turbulence saturation amplitude coefficient
of SAT0 has been calibrated with a large amount of data and
has been thoroughly validated on EAST [15, 25, 31, 49–51].
The drift kinetic code NEO could compute the neoclassical
transport component including the CF effects generated by
toroidal rotation and ICRH H minority isotropic and aniso-
tropic effects on the W neoclassical transport. A single W spe-
cies with charge Z = 44 with trace level limit is considered
here to model the core W transport [52] based on the electron
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Figure 5. The distributions of (a) minority temperatures, (b) normalized minority temperature gradient and (c) minority heating power
calculated by TRANSP. The solid red line in (c) is the cyclotron resonance layer of hydrogen, and the dashed line represents the ion-ion
hybrid resonance position.

Figure 6. The distribution of (a)–(e) the neoclassical and turbulent transport coefficients calculated by NEO and TGLF respectively and (f )
W poloidal asymmetry calculated by NEO.

temperature. Trace limit means that setting a very low impurity
content, the plasma instability and turbulence are not affected
by impurities and the transport of tungsten under trace limit
conditions is determined by the background plasma.

The predicted W transport coefficients at t = 6.2 s in
figure 6 show that the neoclassical diffusion coefficient is of
the same order of magnitude as the turbulent one, but the
turbulent convection can be ignored comparing the neoclas-
sical one. The turbulent transport with negligible inward pinch
and considerable diffusion coefficient is often conducive to
the elimination of W if the W turbulent transport physics
can be well captured by TGLF. On the contrary, the neoclas-
sical inward pinch is very large, leading to a high W peaking
factor. The W neoclassical pinch is caused by the main ion
density gradient and can be enlarged by the toroidal rotation
[25]. In the presence of toroidal rotation, W with large atomic
mass could form a strong in-out asymmetric distribution in the
poloidal direction produced by the CF, this asymmetry will
enhance the inward neoclassical convection [37]. Therefore,
at t = 6.2 s, the neoclassical inward convection is so strong
that the total turbulent and neoclassical cannot compensate

it, resulting in a large absolute value of vtot/Dtot as shown in
figure 6(c).

In order to distinguish the effects of different parameters
on the W transport, the black line in figure 6 considers all
changes in the kinetic profiles, including the higher electron
density and higher H minority isotropic temperature, while
still using the rotation profile at t = 6.2 s. The red line further
includes changes in the rotation profile. The results show that
the higher H minority isotropic temperature cannot reduce the
inward neoclassical pinch significantly and the inward neo-
classical convection is slightly enhanced with higher elec-
tron density. However, when the decreased toroidal rotation
is considered in the modeling, the poloidal asymmetry of W
is reduced markedly so that neoclassical transport especially
the neoclassical inward convection becomesmuch lower, lead-
ing to a less W peaking factor. To more intuitively illustrate
the impact of rotation on the core tungsten impurity content,
we statistics the relationship between IW-UTA/ne and Vt,0 based
on the data in figure 1. It should be noted that the rotation
data is obtained by combining the relative data in figure 1
with the reference rotation data in figure 2, and the results
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Figure 7. The IW-UTA/ne as a function of Vt ,0.

show that a significant dependence between the IW-UTA/ne and
rotation as shown in figure 7. An interesting phenomenon
in figure 6(d) is that a slight decrease in Dtur (ρ∼ 0.3 and
ρ∼ 0.42) can be observed at the locations where the ICRH
fast ion temperature gradient increases in figure 5(b) as the
ICRH power increases. To clearly illustrate the influence of
fast ion on Dtur, we replaced the minority temperature pro-
file at t = 6.8 s with that at t = 6.2 s, while keeping other
background parameters unchanged. As shown in figure 6(d),
the red solid line and green dashed line represent the original
and modified minority temperature profile, respectively. The
results show that the decrease of Dtur corresponds to the loc-
ation of the enhanced normalized minority temperature gradi-
ent. Experimental and simulation results indicate that ICRH
fast ions have a stabilizing effect on low-k turbulence (such as
ITG and TEM) [53, 54], which plays a dominant role in impur-
ity transport [55]. The interesting result in figure 6(d) may be
related to Shafranov shift as it can be enhanced by larger fast
ion temperature gradient with higher ICRH power, which is an
important mechanism for turbulence stabilization considered
by TGLF [56, 57]. It should be noted that the physical mechan-
isms by which fast ions influence turbulence not fully captured
by TGLF, such as the non-linear interactions between fast ion
modes, zonal flows and turbulence. However, since the ICRH
power only increased from 2 MW to 2.8 MW in this work,
the normalized temperature gradient growth of ICRH fast ion
was limited, resulting in a relatively small effect on the tur-
bulent transport of impurity. Therefore, ICRH can flat the W
density profile and reduce theW content by decreasing the tor-
oidal rotation in this high power injection and high perform-
ance H-mode discharge. ICRH-induced plasma toroidal rota-
tion has been observed in multiple devices, such as TFTR [58],
JET [59], and WEST [30]. However, the direction of ICRH-
driven rotation is not uniform, it can be co-current or counter-
current, depending on various factors such as ICRH reson-
ance conditions, minority concentration, and antenna paramet-
ers. Currently, there is no unified theory to explain the beha-
vior. On EAST, we observed that ICRH-driven plasma rotation
is predominantly in the counter-current direction, including

shot#107 838. Besides the ICRH-driven counter-current rota-
tion, the influence of electron density on toroidal rotation has
been observed in many tokamak experiments and the results
suggest that higher densities may also contribute to the reduc-
tion of rotation [60, 61], but it is unclear which effect has the
greater impact on rotation. This requires further investigation
in future studies.

To illustrate the relationship between W impurity beha-
vior and ICRH on EAST, we have statistically analyzed
the degree of IW-UTA change at different ICRH power on
EAST, where the positive and negative values indicate
the degree of increase and decrease, respectively (IW-UTA

change = [IW-UTA,t2/ne,t2—IW-UTA, t1/ne,t1]/ IW-UTA,t1/ne,t1).
Figure 8 shows that the content of tungsten increases with
higher ICRH power because the RF sheath generated by ICRH
enhances plasma-wall interactions, introducing additional
impurity sources [29]. However, as the density increases, the
growth rate of tungsten content decreases, probably because
the RF sheath is dissipated at higher densities, contributing
to the reduction of impurity sources. The increase in tungsten
content is negative, accompanied by higher electron density
in shot#107 838. For core transport, higher electron dens-
ity does not reduce the vtot/Dtot, as shown in figure 6(c). On
the other hand, the Fe4+ content, primarily located in the
extreme edge region, shows little change in figure 10. In the
absence of experimental data from W source, the trend of
Fe4+ can be regarded as the trend of W source. Therefore,
the significant reduction in tungsten content is related to
other factors. In the current analysis, we attribute this to the
reduction in plasma rotation. This is supported by the statist-
ical data on IW-UTA/ne and Vt,0, which indicate a significant
dependence between IW-UTA/ne and rotation. Additionally,
ICRH also causes a reduction in plasma toroidal rotation, as
shown in figure 8(b). The electron density in shot#107 838
is higher than the blue and red data points in figure 8(a),
and the rotation reduction is also larger than the trend in
figure 8(b). Consequently, the increase in tungsten content
becomes negative, as indicated by the pentagram data point in
figure 8(a).
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Figure 8. The dependence of IW-UTA change and rotation change on ICRH power.

Figure 9. The dependence of IW-UTA change on ∆Vt,0.

In addition, based on the data in figure 8(b), we further sat-
isficed the relationship between IW-UTA change and∆Vt,0. The
results in figure 9 show two distinct branches, corresponding
to different ICRH power levels. Although higher ICRH power
results in a larger increase in tungsten content, both branches
appear to follow a similar trend: the greater the reduction in
rotation, the smaller the increase in tungsten content. This res-
ult suggests that rotation changes induced by ICRH have a sig-
nificant impact on the behavior of W impurities.

4. Discussions

The decrease of tungsten content with higher power ICRH
may be related to multiple factors in shot#107 838. In addi-
tion to the ICRH antenna upgrades mentioned in sections 1
and 2, first, the well lithiated wall environment may control
the W source. It may also be related to the higher electron
density, which helps ICRH coupling. As shown in figure 10,
after additional ICRH is applied, the contents of Li2+ and C5+

slight increased but there is no significant change in Fe4+,
which mainly exists in the extreme edge region. Therefore, in
shot#107 838, ICRH may not introduce additional W source
as the previous EAST and WEST experiments [28, 29], which

may be the one of the important reasons for ICRHW alleviate.
It should be noted that although the collision transport between
light impurities andW is generally not considered in this work,
light impurities may still indirectly influence the behavior of
core W.

In fact, the fast ion also has a significant impact on the trans-
port of W impurities, which can enhance the neoclassical tem-
perature screening effect, thereby mitigating the accumulation
of W impurities in the core. Based on the kinetic profiles at
t = 6.2 s, we evaluate the effect of increasing the ICRH power
from 2 MW to 2.8 MW on the neoclassical screening effect
by adjusting the fast ion temperature in figure 11. The FOW
effect broadens fast ion orbits, increasing collisions with the
background plasma, which significantly reduces the temperat-
ure distribution of fast ion as shown in figures 11(a) and 5(a).
Regardless of whether the FOW effect is considered, the loc-
ation where the normalized temperature gradient of fast ion
increases corresponds to a reduction in the inward neoclassical
convection, indicating that the temperature screening effect of
fast ion also plays an important role. However, due to the lim-
ited increase in ICRH power, its impact on neoclassical trans-
port is not as substantial as the effect of rotational changes.

As mentioned in the section 3, ICRH enables core W alle-
viate by reducing the toroidal rotation. However, the rotation
direction driven by ICRH is related to many factors, and there
is no unified theoretical explanation. Therefore, this method
of alleviating W by ICRH reducing the toroidal rotation may
become difficult, a more general and effective approach is
needed. In this work, since the ICRH resonance location is
on the high filed side, only the H minority isotropic effects
are considered, indicating that a 0.8 MW increase in ICRH
power does not significantly affect W transport. However, if
resonance position of the ICRH can be changed from the
high field side to the low field side in EAST, ICRH is likely
to achieve more efficient control of W by increasing the H
minority temperature anisotropy. We import the perpendic-
ular and parallel temperatures of the minority into NEO to
assess the impact of minority anisotropy on the W trans-
port. The perpendicular temperature, parallel temperatures and
the magnitude of H minority anisotropy represented by the
ratio of perpendicular temperature to parallel temperature at
t = 6.2 s and t = 6.8 s are calculated by TRANSP and shown
in figures 12(a) and (b). Compared to the isotropic effect the

7
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Figure 10. The time traces of contents of Li2+, C5+ and Fe4+ measured by EUV for EAST discharge 107 838.

Figure 11. The distribution of (a) minority temperatures, (b) normalized minority temperature gradient without FOW, neoclassical
convection with (c) and without (d) FOW respectively.

Figure 12. The distribution of (a) perpendicular and parallel temperatures of the minority, (b) anisotropy magnitude of the minority, (c) W
poloidal asymmetry, (d)–(f ) the neoclassical transport coefficient.

additional ICRH could enlarge the magnitude of H minority
anisotropy. In this condition, the W poloidal asymmetry and
inward neoclassical convection are effectively reduced as
shown in figure 12. Although the W neoclassical diffusion
coefficient also decreases, the reduction in neoclassical con-
vection is more significant, resulting in a smaller absolute
value of vneo/Dneo, which greatly contributes to alleviating the

accumulation of W in the core region. The physical explana-
tion of the ICRHHminority anisotropic effect on theW trans-
port is that the anisotropic minority species with T⊥ > T || can
produce a poloidal electric field [18, 42] and this field can
push heavy impurities towards HFS to counteract (partially)
the effects of CF through parallel force balance equation, lead-
ing to the decreases of the neoclassical component especially

8
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for the neoclassical convection velocity. After ICRH increased
by 0.8 MW, the neoclassical convection reversed in more loc-
ations. Therefore, it is well worth for EAST investigating how
to experimentally realize the low field side resonance of ICRH
and the effects of ICRH of low field side resonance on the W
transport in the future.

5. Conclusions

The behavior of W in a high-power injection (Pinj > 10 MW)
and high beta (βN ∼ 2, βP ∼ 2.8) discharge with Li-coated
walls on EAST is analyzed. It is found that the W content
is reduced with higher ICRH power injection. The experi-
mental diagnosis shows that the plasma temperature profile
does not change much, but the core rotation is reduced by
∼10 km s−1. The difference from the previous results on
EAST may be related to several factors. The optimization
of the ICRH antenna and the swapping of the ICRH win-
dow were important prerequisites. The high density and well
lithiated wall discharge conditions ensured effective control
of the impurity sources. Finally, the effect of asymmetry in
the W impurity distribution on impurity transport could be
observed. The simulation analysis found that the inward neo-
classical convection enhanced by the tungsten poloidal asym-
metry caused by the rotation effect leads to the peak tung-
sten density distribution. With the reduction of rotation, the
poloidal asymmetry is alleviated, and the inward neoclas-
sical convection is significantly reduced, which is conducive
to alleviating the accumulation of tungsten impurities in the
core. The reduction in asymmetry is confirmed by the SXR
tomographic inversions. Compared with rotation reduction,
the change of H minority isotropic temperature has little effect
on the W transport for 0.8 MW power increase in ICRH.

Although ICRH helps to reduce the toroidal rotation, the
similar phenomenon has not been observed in all devices,
and the underlying physical reasons remain to be studied.
Therefore, it is meaningful to explore a more effective method.
The simulations indicate that the minority anisotropy has a
more significant impact onW impurity transport, but the effect
requires the ICRH resonance position is located at the low field
side. However, the ICRH resonance is often located on the
high field side and near the magnetic axis on EAST. Therefore,
the effect of ICRH on W impurity transport under different
ICRH resonance conditions will be a key focus for the future
research.
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